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1CHAPTER

Establishing the Relationship Between Fire
Behavior, the Model Codes, and Fire
Protection Systems

Basics of Fire Behavior
LEARNING OBJECTIVES
At the conclusion of this chapter, you will be able to:

Describe the difference between fire and combustion.
Identify and describe the elements of the fire triangle.
Identify and describe the elements of the fire tetrahedron.
List and describe the different types of fire.
List and describe the different stages of fire.
List and describe mechanisms of heat transfer.
List and describe methods used to extinguish fires.
List and describe the classes of fire and their relationship to extinguishing agents.

Case Study
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On July 23, 2018, in Shasta County, California, the perfect environmental conditions were
in place for a wildfire. The area was experiencing hot and dry conditions; there was
abundant fuel and erratic wind. The only thing needed was a source of heat. That
afternoon, it appears that source came from a trailer being towed that suffered a flat tire,
causing sparks to emanate from the tire rim. The sparks came in contact with dry
vegetation, and with the aid of the wind, the fire spread over 20,000 acres in the first 3
days. On July 26, the fire doubled in size to nearly 49,000 acres and became so intense
that at one point, a deadly fire tornado raged for about 30 minutes. The massive growth
that day was evident when the fire jumped what would usually be a natural fire break, the
Sacramento River. With unlimited air, fuel, no geographical or other physical limitations,
and the challenging topography that limited fire crew access to the area, the fire
continued to burn for a number of weeks. Eventually, the fire spread into Trinity County,
and over the 5 weeks from the start of the fire to containment, 229,651 acres burned,
1881 structures were damaged or destroyed, 11 people were injured, and 3 fire fighters
and 5 civilians lost their lives. Damage estimates were over $1.6 billion with just under
$159 million in suppression costs. At the time of the fire, the Shasta fire ranked as the
sixth most destructive wildfire in California history.

That changed in November 2018 as fires in Butte and Ventura Counties surpassed the
Shasta/Trinity fire with the Butte County fire becoming the most destructive and deadly
wildfire in California history. The Butte fire destroyed 18,804 structures and killed 85
people. The Ventura fire became the seventh most destructive wildfire in California with
1,643 structures destroyed and three people killed. All of these incidents demonstrate



how the most basic elements needed to start a fire—a heat source, abundant dry fuel,
and unlimited air—can come together and, in no time, result in a devastating and life-
altering event.

1. What impact does the public’s desire to build at the urban/wildland interface have
on the fire service’s ability to deal with wildfires?

2. What effects do you think climate change and the environment have on wildland
fires?

3. What type of planning, technology, and resources would help to reduce losses
associated with wildland fires?

4. Should state or federal agencies attempt to enact legislation to restrict a
developer’s or landowner’s right to build on property or require stricter development
and building codes when building in the urban/wildland interface?

5. What role do you think the insurance industry plays in this discussion?

Sources: Cal Fire. Carr Fire Incident Final Update 1/4/2019. Sacramento, CA: California
Department of Forestry and Fire Protection, 2019. Accessed January 6, 2019.
http://cdfdata.fire.ca.gov/incidents/incidents_details_info?incident_id=2164;

Cal Fire. Top 20 Most Destructive/Deadly California Wildfires (Updated 3/4/2019).
Sacramento, CA: California Department of Forestry and Fire Protection, 2019. Accessed
May 4, 2019.
http://www.fire.ca.gov/communications/downloads/fact_sheets/Top20_Destruction.pdf;

National Interagency Fire Center. Carr Fire Progression, July 29, 2018. Boise, ID:
National Interagency Fire Center, 2018. Accessed January 6, 2019.
https://ftp.nifc.gov/public/incident_specific_data/calif_n/!CALFIRE/2018_Incidents/CA-
SHU-
007808_Carr/GIS/Products/20180729/Progression_E_land_7282018_Carr_CASHU0078
08.pdf

http://cdfdata.fire.ca.gov/incidents/incidents_details_info?incident_id=2164
http://www.fire.ca.gov/communications/downloads/fact_sheets/Top20_Destruction.pdf
https://ftp.nifc.gov/public/incident_specific_data/calif_n/!CALFIRE/2018_Incidents/CA-SHU-007808_Carr/GIS/Products/20180729/Progression_E_land_7282018_Carr_CASHU007808.pdf


Introduction
Engineering and designing any fire protection system requires an
understanding of fire behavior as it relates to the type and size of the
fire hazard the system will protect. Most properties and structures
have some level of associated fire hazard that could be negligible,
moderate, or significant. When evaluating a fire hazard, several
factors come into play, including occupancy and use conditions; the
materials, products, and finishes involved in constructing a building;
the quantity, arrangement, and type of items within the building; and
the method of handling or storing the items that are present.
Consideration of all these factors is critical in the hazard evaluation
and design process when deciding on the type of fire protection
system that will best protect the structure or hazard.

From the moment a building is built and occupied, but especially
when buildings change owners or tenants, it is important to ensure
that all fire protection systems in the building are adequate for the
conditions of occupancy and use. Fire fighters performing
familiarization drills in buildings must remain cognizant of the
occupancy conditions, the types of hazards, the types of processes,
and the quantities and types of materials in a property. If any of
these conditions change, not only will the building’s preplan and
response protocol need updating, but the adequacy of the fire
protection systems will need to be reevaluated. Warehouses are a
good example to illustrate this point because it is not unusual for the
contents and the storage method to change over time. When the
contents and method of storing are changed, the fire hazard could
greatly increase owing to a change in the fuel load that could render
the fire protection system inadequate.

Although complacency about fire protection systems is typically
not intentional, the condition and adequacy of these systems are
commonly overlooked. Unfortunately, any failure to reevaluate a fire
protection system based on the fire hazards and fuel loads present



could result in property damage, property loss, injury, and possible
loss of life.

To assess any fire hazard, a basic understanding of fire chemistry
and fire dynamics is necessary. This information provides the
firefighting community with the insight and understanding of fire
behavior that form the basis for every manual fire attack undertaken
by firefighting crews. It is not necessary to be a researcher or
scientist to be a competent fire fighter, fire officer, or investigator, but
understanding how and why fire occurs is essential. To extinguish a
fire, it is critical to understand what sustains a fire.

There have been numerous research projects conducted and
textbooks written that provide in-depth analysis and study
documenting fire behavior, the combustion process, and the
chemistry and physics of fire. In this chapter, the discussion focuses
on some of the fundamental concepts related to the design of fire
protection systems.

TIP

The fuel load (the amount of combustible and flammable
materials within an area) is one of the factors that determine the
hazard classification of a building.



Combustion and Fire
Most people never contemplate the chemical and physical
circumstances that must come together to start a fire. When hearing
the word fire, most people probably do not think about atoms and
molecules in sustained chemical reactions or about ignition,
flammable limits, oxidation, or heat transfer. Instead, some
people might think about the fire used for cooking, warmth, and
illumination in homes or businesses. This type of fire is managed by
mechanical systems, controls, and safety mechanisms that regulate
how much oxygen, fuel, and heat mix to operate such things as a
gas oven, furnace, water heater, fireplace, lantern, or gasoline
engine. Other people might think about uncontrolled flames burning
a path of destruction and leaving behind extensive or total damage
to a structure and property. Whatever the initial perception, the
process that results in fire can be either beneficial when correctly
managed or destructive when incorrectly managed.

It is important to distinguish between the terms combustion and
fire. Combustion is a chemical reaction in which a combustible
material and an oxidizing agent (typically the oxygen in the air)
produce heat or energy and other products that promote a self-
sustaining process. To continue the process, heat must generate
more rapidly than it dissipates. If the process continues to grow at a
rapid rate and is unmanaged, the prevailing conditions could result in
an explosion. Fire is a chemical reaction that produces energy in the
form of heat, light, and flame that is rapid and self-sustaining. It
requires a combustible fuel, a source of heat (energy), and oxygen
(oxidizer).

It may appear that fire and combustion describe the same self-
sustaining chemical process, but there is a difference. In the
combustion process, the released energy stays in the reaction to
continue the reaction. Fire is a form of combustion that emits and
dissipates energy as heat and light. This basic distinction establishes
a platform for exploring the fundamental concepts of fire behavior.



The Fire Triangle
For many years, the fire triangle has served as a teaching tool to
geometrically depict the relationship between fuel, air (oxygen), and
heat (energy). Each is necessary for combustion, as illustrated by
the triangle in which each side represents one component FIGURE 1-1.
For fire to exist, all three must be present in sufficient quantities.
When the three elements are combined in sufficient quantities, the
heat source, oxygen, and fuel chemically react to cause a discernible
release of energy at a rate that correlates to the quantity of fuel
available to sustain the fire. The reduction or elimination of any one
of the three elements will result in extinguishment of the fire. In
addition, changing the proportions of the three elements determines
whether the fire will smolder, burn slowly, or burn rapidly.



FIGURE 1-1 The components of the fire triangle: fuel, oxygen, and heat.

© Jones & Bartlett Learning.

The fire triangle demonstrates that extinguishing a fire is possible
by several different methods. For example, applying sufficient
amounts of water to fire will reduce heat, shutting down a gas line to
a stove will remove fuel, or flooding an area with carbon dioxide gas
will reduce the amount of oxygen available to sustain a fire. For
many years, the fire triangle provided a simplified and
understandable model of the fire process. However, continued
research led to a more sophisticated and accurate model of the fire
process called the fire tetrahedron.



TIP

Segregating the three components of fire represented by the fire
triangle is also the basic method referenced by fire prevention
codes to prevent fires from occurring.

The Fire Tetrahedron
Fire research in the latter part of the twentieth century led to a better
understanding of the combustion process. Scientists and
researchers realized that certain extinguishing agents were effective
against fires, but in a manner that seemed to defy the rules. All three
legs of the fire triangle remained, yet the fire went out. There was no
appreciable cooling effect, there was sufficient fuel present, and
there was still adequate oxygen to support combustion. The question
repeatedly asked was, “Why did the fire go out?” The conclusion
reached by scientists and researchers was that the application of
certain extinguishing agents interrupted the chemical chain reaction
and interfered with its ability to self-sustain.

This ongoing research led to the development of an improved
four-sided geometric depiction of how fire is sustained. Refined from
the fire triangle, the fire tetrahedron illustrates how a fourth element
—the chain reaction—must also be present for ongoing fire FIGURE 1-

2. Elimination of any one of the four elements will result in
extinguishment. While the fire triangle depicts the three elements
needed to start a fire, the fire tetrahedron depicts fire’s nature as an
uninhibited, chemical, or self-sustaining chain reaction once ignition
occurs.



FIGURE 1-2 The fire tetrahedron includes the chemical chain reaction as an essential part

of the combustion process.
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Fire and Flame Types
There are four discernible types of fire: diffusion flame, smoldering,
spontaneous combustion or self-heating, and premixed flame.
Although all require fuel, a source of heat, and oxygen, each type of
fire has unique characteristics.

Diffusion Flame
The most recognizable type of fire, diffusion flame, is the flame
seen when lighting a match; this is also the flame seen from a
candle, campfire, forest fire, or structure on fire. As evident from
these examples, most natural flaming fires are diffusion flame fires.
This type of fire requires the presence of a combustible gas because
the visible flame is a gaseous reaction. When a flame is visible, it is
usually the result of a combustible gas emitted by the burning
material and mixed with the oxygen in the air surrounding the
material. In the diffusion flame process, the gas fuel and oxygen
move into the reaction zone of the flame from opposite sides. Once
consumed, the fuel and oxygen combustion products spread out or
“diffuse” from the flame.

Smoldering
Another type of fire is the smoldering fire. Smoldering is evident in
the glow of the charcoal in a backyard grill or cigarette paper and
tobacco burning in an ashtray. There is no flame with a smoldering
fire, but there is still significant heat. With this type of fire, the air
flows over the surface area of the burning material, providing enough
oxygen to sustain the slow combustion process. Sometimes
smoldering is the beginning phase of what could become a flaming
fire. For example, many house fires occur when a carelessly
discarded cigarette or match encounters furniture. When the source
of heat contacts the material, there may be enough heat and oxygen



to sustain combustion but not enough to produce a flame.
Essentially, the material of a smoldering fire glows, and when the
appropriate amount of oxygen is available and there is sufficient heat
generated, the material will erupt into a flame. Glowing, smoldering
material may also be present in the final phase of an earlier fire
event, when the fuel may have exhausted its ability to produce any
more combustible gases or the composition of the burning material is
unable to produce any combustible gases.

Spontaneous Combustion/Self-Heating
There are times when a fire will start without a known external heat
source applied to the material. This type of fire is known as
spontaneous combustion. Spontaneous combustion results when
certain materials undergo oxidation in an environment that limits heat
dissipation. Under this circumstance, the oxidation process creates
heat that is not adequately released into the air, resulting in the heat
remaining in the area of the reaction. Because the heat remains in
the area of the reaction, the temperature increases and further
promotes the reaction. Once there is a sufficient amount of heat
produced, it is possible for the material to flame or smolder. The
amount of time necessary for this process to take place depends on
the material and environment involved. Some materials, such as
cotton rags soaked with linseed oil, may ignite within a few hours.
Other materials, such as freshly cut hay, may take weeks to ignite.
Not all materials self-heat, but some with a high tendency could lead
to spontaneous combustion.

TIP

The term spontaneous combustion describes a general chemical
process, but there are other terms, including spontaneous heating
and self-heating, that are used interchangeably to describe the



process. Spontaneous combustion is commonly associated with
the improper storage of materials, inadequate ventilation at the
storage site, exposure of the stored materials to moisture, and
contact between stored materials and other fibrous combustible
materials.

Premixed Flame
A premixed flame fire is more familiar than most might expect. It is
used to help people get ready for the day ahead or to transport them
to a destination. When heating water or air with a gas fuel, cooking
meals, or driving to work in a gasoline-powered vehicle, a premixed
flame fire is involved. This type of fire requires gas fuel and air to mix
before ignition or combustion occurs. For any gas fuel to ignite there
must be an appropriate mix of the gas fuel and air. Specifically, the
gas fuel must be within its flammable limits, which describe the lower
and upper percentages of gas concentration in the air where the
mixture will ignite. For example, acetylene has a flammable limit
range between 2.5 and 100 percent, meaning that any concentration
of acetylene in air at 2.5 percent or above will ignite. Changes in
atmospheric temperature and pressure can increase or decrease the
flammable limit range of any material. Therefore, knowing the
flammable limits of any gas fuel that is part of a premixed fire flame
plays a key role in safely managing the incident, especially when
survivability is at stake.



The Stages of Fire
Fires develop and evolve through a specific series of phases or
stages identified as the incipient, growth, fully developed, and
smoldering/decay stages. Fire suppression methods must be
appropriate for the conditions that exist during each stage.

Incipient Stage
To start a fire, three things are necessary: a heat source, fuel, and
enough oxygen to support combustion. In most instances, the heat
source is external, such as from a small flame or spark. However, a
source of heat can start internally by spontaneous combustion or
spontaneous heating to the point of ignition. No matter the source,
the incipient stage occurs when the heat source, fuel, and oxygen
come together to generate more heat than is dissipated to promote
the uninhibited chain reaction FIGURE 1-3. At that point, there is no
need for any additional sources of heat because the process will
generate the necessary heat to self-sustain if sufficient fuel and
oxygen are present. With sufficient fuel and oxygen, the fire will
intensify and transition to the growth stage.



FIGURE 1-3 The incipient stage of a fire.

Courtesy of NIST.

Growth Stage
Once there is ignition, the fire will survive by consuming the air and
materials necessary to generate the flammable gas and sustain the
combustion process. How fast and large a fire grows depends on
several factors, including the oxygen supply, the amount and type of
fuel, the container or compartment size, and the quality of
compartment insulation.

In the growth stage (also called the free burning stage),
adequate oxygen must be available, or fire growth will subside and
extinguishment will result FIGURE 1-4. The oxygen may be present in
gaseous form or in the form of a chemical oxidizer. The amount of
available oxygen directly affects the speed at which fire growth



occurs. Fires that occur in oxygen-enriched atmospheres or that
involve chemical oxidizers often develop rapidly.

FIGURE 1-4 The growth stage of a fire.

Courtesy of NIST.

Additional growth factors include the amount, type, and form of
the fuel. For example, a fire involving 100 lb of hardwood has the
potential to release about 860,000 British thermal units (Btu) of
energy in the form of heat. (Note: The generally accepted heat value
for hardwood at zero moisture is 8600 Btu/lb; therefore, 8600 Btu/lb
× 100 lb = 860,000 Btu.) Fire growth would be slow developing if the
wood pieces were tightly stacked in rows and on top of each other
because oxygen would not easily reach the pieces deeper in the
stack. However, fire growth would be rapid and intense if the wood



pieces were stacked in cribs that exposed the wood to enhanced air
circulation. That same 100 lb of wood in the form of sawdust
suspended in air could burn with explosive speed and force. In all
three cases, the same amount of fuel, if fully consumed, releases the
same total amount of heat energy; the difference is how fast that
amount of energy is released.

The size of a structure, as well as the shape of surrounding walls,
ceilings, and roofs, also has a significant impact on fire growth.
Large compartments allow heat to dissipate. Low ceilings hold in
heat and reflect radiant heat energy back down to the space, further
preheating available fuel. Insulation or the ability of the container or
compartment to retain heat and prevent dissipation further
accelerates preheating of the available fuel. Returning to the
example of spontaneous combustion involving linseed oil–soaked
rags, the storage or disposal of the rags in close proximity to each
other can create conditions in which the rags themselves act as
insulation and hold enough heat to reach their ignition temperature.
However, if the heat dissipates prior to ignition, the rags merely dry
and stiffen.

If the fire continues to grow and is able to contain the energy,
preheat the fuel, and increase the temperature, flashover could
occur. Flashover is a term describing the transition between the
growth and fully developed stages in which the temperature in a
room or space reaches a point at which all of the surfaces of the
room or space simultaneously ignite, immediately leading to full
room involvement. With the use of more plastics and synthetic
materials in the built environment, flashover can occur more rapidly
than with natural materials. However, not all fires reach flashover or
the fully developed stage owing to rapid fire department intervention,
lack of oxygen, or lack of fuel. No matter when or where flashover
occurs, chances of survival in the area of flashover is pretty much
zero, and at that point, the fire has reached the fully developed
stage.

Fully Developed Stage



The fully developed stage is the instant the fire is consuming all
available fuel and releasing the most amount of heat produced from
the available oxygen and fuel in the compartment FIGURE 1-5. At this
point in the fire’s development, the heat level is extremely high and
starts to break down the available fuel producing gases and smoke.
The amount of heat released from the compartment is dependent on
the size of the compartment and the ventilation openings. If the
ventilation is limited, more unburned gases are produced and the
pressure from the gas and smoke will build in the compartment.
Once the heat release is high enough and gases escape, they will
migrate, mix with the available oxygen, and transfer enough heat to
start fires in the areas adjacent to the area of fire origin. This process
will continue as long as there is fuel or oxygen. However, at some
point, the fuel will be consumed, or the oxygen depleted, which leads
to the smoldering/decay stage.



FIGURE 1-5 The fully developed stage of a fire.

Courtesy of NIST.

Smoldering/Decay Stage
When a fire begins to subside to the point at which the available fuel
is exhausted or the oxygen level drops below 16 percent, it has
reached the smoldering/decay stage FIGURE 1-6. Burning that
continues after that point will be in the form of glowing combustion,
or smoldering, and will continue until all the fuel is completely
exhausted or the temperature within the compartment drops below
the ignition temperature of the fuel. Even though there is no visible
flame, carbon monoxide, other toxic gases, and hazardous
chemicals and materials will most likely be present; therefore,
caution must be taken. Depending on the available fuel, the
introduction of additional air may stimulate enough burning to
regenerate a flaming fire.



FIGURE 1-6 The smoldering/decay stage of a fire.

Courtesy of NIST.



Forms of Heat Transfer
Heat transfers from one object to another in three ways: conduction,
convection, and radiation. All three mechanisms of heat transfer are
used every day to cook, heat homes, and protect automobiles from
overheating, but sometimes hostile fires develop from one of these
methods. An understanding of the mechanisms of heat transfer is
important to reducing fire spread and extinguishing fires.

Conduction
To conduct means to transmit or convey. Conduction is the transfer
of heat from one body of material to another by direct contact FIGURE

1-7. When objects are exposed to heat, the movement of molecules
within them increases, causing the temperature of the objects to
increase as heat energy naturally attempts to move to lower
temperature areas or objects. Some materials conduct heat better
than others. Heavy, dense materials are generally the best for heat
conduction because they absorb and transmit heat rapidly and
evenly. Metals such as copper and aluminum are good conductors of
heat and thus are effective as a material for cookware. Glass
cookware, although easier to clean and maintain, is not as good for
cooking because glass is less dense and thus does not conduct heat
as well. Other less dense or porous materials like fiberglass, wood,
and air are generally poor conductors. The rate of heat transfer is
dependent on the efficiency of the material as a conductor.



FIGURE 1-7 Conduction.

© Jones & Bartlett Learning.

Convection
Convection is the transfer of heat from one body to another through
a medium such as a liquid or gas FIGURE 1-8. Automobile radiators
use coolant to transfer heat from the engine to the radiator, where it
dissipates by convection. In building fires, heat can transfer through
the air in convection currents. The size and shape of the fire
compartment directly influence the effect of convection. Although it is
known that convection is a major factor in fires that occur inside
structures, it is also a significant factor in major conflagrations.
Reports of hurricane-force winds generated from the updraft of
convection currents are common.



FIGURE 1-8 Convection.

© Jones & Bartlett Learning.

Radiation
Radiation is the transfer of heat through electromagnetic energy,
such as light FIGURE 1-9. The most profound example of radiation is
the sun that heats the earth through millions of miles of space.
Radiant heat travels in a straight line. Within structure fires, it has a
significant impact on the speed at which flashover occurs. During
conflagrations, radiation is a significant cause of fire spread from
building to building and from block to block.



FIGURE 1-9 Radiation.

© Jones & Bartlett Learning.



Methods of Extinguishing Fires
The basic methods used to extinguish a fire are cooling, oxygen
reduction, removing the fuel supply, and interrupting the chain
reaction FIGURE 1-10. These basic methods are the basis for the
design of fire extinguishing systems.



FIGURE 1-10 The four basic methods of fire extinguishment. A. Cool the burning material.

B. Exclude oxygen from the fire. C. Remove fuel from the fire. D. Interrupt the chemical

reaction with a flame inhibitor.

© Jones & Bartlett Learning.

Description

Cooling
The design of water-based fire extinguishing systems is based on
the premise that 1 gallon of water, properly applied, can absorb
about 8000 Btu. Fittingly, this is the same amount of heat that 1 lb of
common combustible material releases during combustion. However,



with the use of composite materials, plastics, and increased fuel
loads in the home and workplace, the Btu output developed by an
ordinary room-and-contents fire can more than double. Many plastics
produce twice the amount of heat per pound as common
combustibles. This means that it could take twice the amount of
water to extinguish a fire involving these materials than it would a fire
involving the same total weight of ordinary combustible material.
Therefore, the required amount of water properly applied is essential
to extinguish a fire. Water application must be at a sufficient rate and
quantity to reach the seat of the fire, or the fire might flare up. The
types of fuel, the form of the material, and the storage arrangement
also have a significant impact on the effectiveness of water-based
systems in cooling the fire.

Oxygen Reduction
To starve a fire, control of the air intake in the area of the fire helps to
reduce or remove the oxygen supply. Foam is a commonly used
suppression agent because it can cover leaking liquid fuel so that
oxygen cannot reach the fuel. On many ships, cargo holds have
sealed hatches to prevent oxygen from getting into the hold. Below-
grade utility vaults may lack airtight hatches or doors, but the
introduction of heavier-than-air carbon dioxide (CO2) displaces the
atmospheric oxygen to accomplish the same goal. Both the
application of foam and the introduction of carbon dioxide are
common oxygen reduction techniques.

Removing or Interrupting the Fuel Supply
In some circumstances, fire fighters may set intentional, controlled
fires known as backfires to remove the fuel ahead of a hostile,
uncontrolled fire. Backfires are sometimes set ahead of wildland fires
in an effort to interrupt the fuel supply of combustible material. In
other cases, the use of foams that blanket flammable and
combustible liquids works to prevent the liberation of vapors and



provides cooling to spills and leaks. Additionally, water flow from an
automatic sprinkler head will not only attack a fire by cooling, it will
also pre-wet any adjacent fuels, making it difficult for the fuel to ignite
and thus assisting with the removal of the fuel supply.

Interrupting the Chain Reaction
Dry chemical, halon, and other clean agent suppression products
break the chain reaction needed to sustain fire through a chemical
reaction with the products of combustion. Depending on the
suppression agent, breaking the chain reaction is accomplished by
displacing the available oxygen, chemically decomposing and
isolating the material from the other available elements, or changing
the environment so that more energy is required to heat the
environment and sustain combustion.



Classes of Fire
In the early 1900s, UL (formally known as Underwriters
Laboratories) developed a method of classifying or categorizing fires
based on the extinguishing agent that was appropriate for the type of
fire. The classification system recognized that fires involve different
materials, which necessitate the use of specific extinguishing agents
and techniques. The application of the wrong agent may not only
prove ineffective, it could compound the hazard. The fire
classification system is a quick, no-frills method of matching
extinguishing agents to fire hazards by using letters from the
alphabet to designate the classification. The system is still in use
today, and labels bearing the classifications are affixed to portable
fire extinguishers, tanks, and vessels containing extinguishing
agents and appear on packaging and in literature regarding fire
hazards, including Safety Data Sheets (SDS).

Class A Fires and Extinguishing Agents
A Class A fire involves ordinary combustibles such as cloth, grain,
paper, some plastics, rubber, and wood FIGURE 1-11. Class A
materials such as wood or similar products release between 7000
and 8000 Btu per pound. Water is the most effective suppression
agent for Class A fires because it has the ability to absorb the heat
and reduce the temperature below the material’s ignition
temperature. Although some dry chemical agents and some halon
gas mixtures hold listings for use on Class A fires, water or Class A
foam may be the better choice.



FIGURE 1-11 A Class A fire involves wood, paper, or other ordinary combustibles.

© schankz/Shutterstock.

TIP

Although considered a Class A ordinary combustible, rubber tires
can produce between 12,000 and 16,000 Btu per pound that in
some instances, makes the use of water or foam ineffective.

Class B Fires and Extinguishing Agents
A Class B fire involves flammable and combustible liquids and
gases FIGURE 1-12. Class B agents typically extinguish fires through a
smothering or blanketing action or by a combination of smothering
and cooling to keep oxygen away from the flammable vapors in



order to interrupt the chemical chain reaction. There are many
approved types of foam as well as carbon dioxide and other gaseous
agents, dry chemical agents, and halons used on Class B fires.

FIGURE 1-12 A Class B fire involves flammable liquids such as gasoline.

© thaloengsak/iStock/Getty Images Plus/Getty Images.

Class C Fires and Extinguishing Agents
A Class C fire involves energized electrical equipment in which the
choice of extinguishing agents must be appropriate to minimize
potential danger to those involved in fighting the fire FIGURE 1-13.
Because electricity is the source of heat and energy, shutting off the
electricity is critical to stopping the process. However, the electricity
may have involved other classes of materials in the area of the fire;
as such, even if the electricity is shut off, the fire may require
additional suppression activities. Once the electricity is off, the fire



changes from the Class C electrical fire designation to another
classification of fire. Only fires involving energized electrical
equipment such as electric panels, transformers, and home
appliances are Class C fires. When a truck loaded with televisions is
in an accident and catches fire on the way to an appliance store, it is
not a Class C fire but rather a Class A fire. If the truck’s fuel tanks
rupture and leaking fuel ignites, the resulting liquid fuel fire is
classified as Class B.

FIGURE 1-13 A Class C fire involves energized electrical equipment.

© Shay Levy/PhotoStock-Israel/Alamy Stock Photo.

TIP

When encountering a Class C fire, electricity is the source of heat
and energy; therefore, shutting off the electricity is critical to



stopping the process. When the electrical equipment is de-
energized, the fire reclassifies as another type of fire depending
on what material or fuel is involved.

Class D Fires and Extinguishing Agents
A Class D fire involves combustible metals such as aluminum,
calcium, lithium, magnesium, potassium, sodium, titanium, and
zirconium FIGURE 1-14. During some manufacturing processes,
significant quantities of metal dust and fine particles develop. If
airborne, these metals can be dangerous and potentially explosive.
Fires involving metals require the use of extinguishing agents that
are appropriate to the type of metal and will not react with the
burning material. Many Class D extinguishing agents are termed dry
powder and are inert materials that smother the fire, reducing the
oxygen concentration around the fire to a level below what is
necessary to sustain combustion. The use of other classes of
extinguishing agents, including water, on Class D materials can be
extremely hazardous.



FIGURE 1-14 A Class D fire involves metals such as aluminum, calcium, lithium,

magnesium, potassium, sodium, titanium, and zirconium.

Andrew Lambert Photography/Science Source.

TIP

Many automobile manufacturers use magnesium components to
reduce the weight and increase the strength of the vehicle. Care



should be taken when dealing with combustible metals because
special agents are needed to prevent problems associated with
the application of water.

Class K Fires and Extinguishing Agents
A Class K fire involves cooking appliances using combustible
vegetable or animal oils and fats FIGURE 1-15. In 1994, UL adopted a
new standard titled UL 300, Fire Testing of Fire Extinguishing
Systems for Protection of Restaurant Cooking Areas. The new
standard was developed in response to a series of large-loss fires
involving commercial cooking operations in which existing fixed fire
suppression systems operated but failed to suppress the fire. The
investigation and research that followed revealed that cooking
establishments were updating their equipment and installing modern
high-efficiency insulated fryers that contained significantly larger
amounts of cooking oil compared with the amounts used years
before. In addition, to satisfy a health-conscious public, restaurant
owners were replacing animal fats and oils with vegetable oils, which
heat to higher temperatures than animal products. The combination
of a greater amount and hotter oil resulted in fires in which dry
chemical agents did not effectively cool or suppress the fire. With the
adoption of UL 300 and UL 711, Standard for the Rating and Testing
of Fire Extinguishers, a new class of fire was established.



FIGURE 1-15 A Class K fire involves combustible cooking oils and fats.

© Kathie Nichols/Shutterstock.

Class K extinguishing agents are wet-chemical agents that
extinguish fires through a process called saponification. Through
saponification, the fatty acids in the cooking medium react with the
extinguishing agent and convert to foam. This soapy foam blankets
the surface of the burning liquid, extinguishing the fire. Liquid in the
extinguishing agent cools the cooking medium sufficiently to help
maintain the foam blanket until the cooking medium cools below its
autoignition temperature.

In addition to fixed fire suppression systems, the model codes
and standards require supplemental hand-held fire extinguishers for
the protection of commercial cooking equipment. Class K first
appeared in the 1998 edition of the National Fire Protection
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Association (NFPA®) standard NFPA 10, Standard for Portable Fire
Extinguishers.

TIP

The United States and Canada follow the same fire classification
system, but different classification systems exist in other parts of
the world. For example, in Europe and Australia, fire classification
is as follows:

Class A—Ordinary Combustibles
Class B—Flammable Liquids
Class C—Flammable Gases
Class D—Combustible Metals
Class E—Live Electrical Equipment
Class F—Oil and Fats

This classification system adds a specific classification
category for flammable gas and uses different classification
names for live electrical equipment fire (Class E) and vegetable
oil/animal fat fire (Class F). Both systems are very practical, as
the fundamental purpose of classification is to facilitate the
application of the appropriate suppression agent to the type of fire
encountered.

Wrap-Up

CHAPTER SUMMARY



The fire triangle and fire tetrahedron describe the relationship
between the components required to sustain combustion. These
models provide a simple illustration of what elements are
necessary for fires to occur and show the logic behind the
methods used to extinguish fires.

The four different types of fire are diffusion flame, smoldering,
spontaneous combustion, and premixed flame.

The type of ignition, the amount of available fuel, the form of
fuel, and the amount of available oxygen all play significant roles
in fire development.

The four stages of fire are incipient, growth, fully developed, and
smoldering/decay.

The three methods of heat transfer are conduction, convection,
and radiation.

There are four basic methods used to extinguish fires: cooling,
oxygen reduction, removing the fuel supply, and interrupting the
chain reaction. These are the same basic methods used in the
design of fire protection systems.

A fire classification system helps to determine the types of
extinguishing agents to use, thus reducing the possibility of
applying an inappropriate extinguishing agent to a fire.

KEY TERMS

Autoignition temperature The lowest temperature at which a
combustible material ignites in air without a spark or flame (National
Fire Protection Association 2017, NFPA 921, Section 3.3.16).

British thermal unit (Btu) The quantity of heat required to raise the
temperature of 1 lb of water 1°F at the pressure of 1 atmosphere and
temperature of 60°F; a British thermal unit is equal to 1055 joules,



1.055 kilojoules, and 252.15 calories (National Fire Protection
Association 2017, NFPA 921, Section 3.3.22).

Class A fire Fires in ordinary combustible materials, such as wood,
cloth, paper, rubber, and many plastics (National Fire Protection
Association 2018, NFPA 1, Section 3.3.117.1).

Class B fire Fires in flammable liquids, combustible liquids,
petroleum greases, tars, oils, oil-based paints, solvents, lacquers,
alcohols, and flammable gases (National Fire Protection Association
2018, NFPA 1, Section 3.3.117.2).

Class C fire Fires that involve energized electrical equipment
(National Fire Protection Association 2018, NFPA 1, Section
3.3.117.3).

Class D fire Fires in combustible metals, such as magnesium,
titanium, zirconium, sodium, lithium, and potassium (National Fire
Protection Association 2018, NFPA 1, Section 3.3.117.4).

Class K fire Fires in cooking appliances that involve combustible
cooking media (vegetable or animal oils and fats) (National Fire
Protection Association 2018, NFPA 1, Section 3.3.117.5).

Combustion A chemical process of oxidation that occurs at a rate
fast enough to produce heat and usually light in the form of either a
glow or flame (National Fire Protection Association 2017, NFPA 921,
Section 3.3.35).

Conduction Heat transfer to another body or within a body by direct
contact (National Fire Protection Association 2017, NFPA 921,
Section 3.3.38).

Convection Heat transfer by circulation within a medium such as a
gas or a liquid (National Fire Protection Association 2017, NFPA
921, Section 3.3.39).

Diffusion flame A flame in which fuel and air mix or diffuse together
at the region of combustion (National Fire Protection Association
2017, NFPA 921, Section 3.3.48).



Fire A rapid oxidation process, which is a chemical reaction resulting
in the evolution of light and heat in varying intensities (National Fire
Protection Association 2017, NFPA 921, Section 3.3.66).

Fire hazard Any situation, process, material, or condition that, on the
basis of applicable data, can cause a fire or explosion or that can
provide a ready fuel supply to augment the spread or intensity of a
fire or explosion, all of which pose a threat to life or property
(National Fire Protection Association 2018, NFPA 1, Section
3.3.124).

Fire protection system Any fire alarm device or system or fire-
extinguishing device or system, or combination thereof, that is
designed and installed for detecting, controlling, or extinguishing a
fire or otherwise alerting occupants, or the fire department, or both,
that a fire has occurred (National Fire Protection Association 2018,
NFPA 1, Section 3.3.267.11).

Fire tetrahedron The geometric depiction of the relationship
between fuel, heat, oxygen, and the uninhibited, chemical, or self-
sustaining chain reaction necessary to sustain combustion; each
element is represented by one side of the tetrahedron.

Fire triangle The geometric depiction of the relationship between
the fuel, oxygen, and heat necessary for combustion; each element
is represented by one side of the triangle.

Flammable limits The range in which the concentration of a fuel
and air are in the proper mix to propagate combustion when ignited;
the limits for a material are defined by the upper flammable limits
(UFL) and the lower flammable limits (LFL).

Flashover A transition phase in the development of a compartment
fire in which surfaces exposed to thermal radiation reach ignition
temperature more or less simultaneously and fire spreads rapidly
throughout the space, resulting in full room involvement or total
involvement of the compartment or enclosed space (National Fire
Protection Association 2017, NFPA 921, Section 3.3.89).



Fuel load The total quantity of combustible contents of a building,
space, or fire area (National Fire Protection Association 2017, NFPA
921, Section 3.3.93).

Fully developed stage The stage reached when the fire is
consuming all available fuel and releasing the most amount of heat
from the available oxygen and fuel in the compartment or structure.

Growth stage The stage of a fire (also called the free burning stage)
at which the energy level begins to grow by consuming the air and
materials necessary to generate a flammable gas and sustain
combustion.

Heat transfer The exchange of thermal energy between materials
through conduction, convection, and/or radiation (National Fire
Protection Association 2017, NFPA 921, Section 3.3.106).

Ignition The process of initiating self-sustained combustion
(National Fire Protection Association 2017, NFPA 921, Section
3.3.112).

Incipient stage The stage of a fire at which the heat source, fuel,
and oxygen come together to generate more heat than is dissipated
to promote an uninhibited chain reaction.

Oxidation The process of combining a substance or material with
oxygen.

Premixed flame A flame for which the fuel and oxidizer are mixed
prior to combustion, as in a laboratory Bunsen burner or a gas
cooking range; propagation of the flame is governed by the
interaction between flow rate, transport processes, and chemical
reaction (National Fire Protection Association 2017, NFPA 921,
Section 3.3.144).

Preplan An evaluation of a facility or location from which the
emergency responders develop a plan of action to deal with the
potential hazards and emergencies.

Radiation Heat transfer by way of electromagnetic energy (National
Fire Protection Association 2017, NFPA 921, Section 3.3.153).



Safety Data Sheet (SDS) The document that describes composition
of a material, hazardous properties and hazard mitigation, and
disposal information (National Fire Protection Association 2019,
Section 3.3.77).

Saponification The process in which the fatty acids in a cooking
medium react with the extinguishing agent and convert to foam.

Smoldering Combustion without flame, usually with incandescence
and smoke (National Fire Protection Association 2017, NFPA 921,
Section 3.3.172).

Smoldering/decay stage The point at which the available fuel of a
fire is exhausted or the oxygen level has dropped below 16 percent.

Spontaneous combustion The process in which a material starts to
break down chemically, resulting in heat that cannot dissipate,
continued heating of the material, and eventually fire.

UL An independent organization (previously known as Underwriters
Laboratories) that is recognized throughout the world as a leader in
fire and safety testing and evaluation to determine if products meet
certain established safety and performance standards.

CASE STUDY

While conducting a preplan of a sheet metal shop, you document the
building’s layout and various use areas, materials used, storage
arrangements, exits, and fire protection features. The shop has a
business office and areas for cutting and welding, metal fabrication,
painting, and shipping. The only fire protection system in the building
is a dry chemical system for the paint booth. During your
walkthrough, you observe an oxyacetylene torch, metal shavings
around the fabrication equipment, flammable and combustible
liquids, plastic pallets, and paper products used for shipping.

1. Based on the information provided, what type of fire is most
unlikely to start at this facility?



A. Diffusion flame
B. Smoldering
C. Spontaneous combustion
D. Premixed flame

2. Which classification of fire is most unlikely to occur at this
facility?

A. Class D
B. Class K
C. Class B
D. Class C

3. Which method would best extinguish a fire that started in the
metal fabrication area of the facility?

A. Removing or interrupting the fuel supply
B. Interrupting the chain reaction
C. Cooling
D. Oxygen reduction

4. If a fire were to start at this facility, which mechanisms of heat
transfer are most likely to spread the fire?

A. Conduction and convection
B. Conduction and radiation
C. Convection and radiation
D. Conduction, convection, and radiation

CHALLENGING QUESTIONS

1. Define the terms fire and combustion and explain the difference
between them.

2. Explain the term oxidation.

3. Compare and contrast the fire triangle and the fire tetrahedron.



4. Using the fire tetrahedron, describe four methods of fire
extinguishment.

5. Differentiate the classifications of fire and give a practical
example of each.

6. List the types of fire and explain each.

7. List the stages of fire development and explain each.

8. What are the factors that contribute to flashover?

9. Fuel dispensers at service stations are equipped with signs that
include instructions and safety warnings. Use the fire
tetrahedron to explain the reasons for these warnings.

10. Each year, wildland fires destroy thousands of homes. Using the
modes of heat transfer for guidance, develop a list of strategies
to reduce the amount of damage.
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2CHAPTER

Establishing the Relationship Between Fire
Behavior, the Model Codes, and Fire
Protection Systems

Fire Protection Systems and
the Model Code Process
LEARNING OBJECTIVES
At the conclusion of this chapter, you will be able to:

Describe the advantages to governments and organizations that adopt model codes.
Define the terms code and model code.
Name the two most prominent model code organizations.
Describe the International Code Council® (ICC) model code development process.
Describe the National Fire Protection Association (NFPA®) model code development
process.
Define the terms referenced standard and code amendment.
List the two most important code-related conditions that determine the installation
requirements for fire protection systems.

Case Study
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The model code development cycle takes approximately 3 years from the start to the
publishing of the new model codes. During the code development process, new codes
are proposed, some are modified, and others deleted. Changes to the codes can be
proposed for a number of reasons, but generally, the changes are to make improvements
to existing requirements; deal with new processes, materials, equipment, or methods of
construction; and improve life safety. In the majority of state and local jurisdictions, new
codes are not retroactive if the use and occupancy of the facility have not changed.
However, for a number of events there was a significant loss of life and injury that
required a reevaluation of the conditions causing the event, the applicable codes, the
level of enforcement, and whether the applicable codes should be changed.

One such event took place on February 20, 2003, when a fire erupted during a
concert at an assembly occupancy (nightclub) in West Warwick, Rhode Island. The fire
started within seconds after the discharge of pyrotechnic devices that emitted sparks and
came into contact with polyurethane foam that was lining the walls around the stage.
Within 25 seconds of ignition, flames had reached the ceiling. At approximately 41
seconds, the fire alarm sounded, and within 1 minute, smoke had covered the entire
ceiling of the main room. One minute and 15 seconds after ignition, the smoke had
reached the front doors. As many of the occupants tried to exit through the front door, the
exit became clogged and nearly unusable. Before 2 minutes had passed, black smoke
had reached the front door, and now the occupants were piled on top of each other,
unable to move. Conditions rapidly deteriorated, and at approximately 3½ minutes, black
smoke was pouring out of all the front windows and the front door. Four minutes after



ignition, black smoke was venting out of all openings. Five and a half minutes after
ignition, flames had reached the front windows and door area. This unfortunate event
resulted in 100 deaths and 200 injuries.

Within weeks of the tragedy, the Rhode Island General Assembly convened a
commission to study changing the laws related to the existing fire codes. In June 2003,
the commission submitted more than 30 recommendations to the governor of Rhode
Island for review and consideration. Included in the recommendations were elimination of
the “grandfather clause” that permitted establishments to only meet the fire code in force
at the time of construction or major renovation; adoption of model codes; installation of
fire extinguishers, fire alarms, and fire sprinkler systems when certain thresholds are met
or conditions exist; installation of exit signs; crowd control measures; interior finish
requirements; and regulations on the use of pyrotechnics. The Commonwealth of
Massachusetts also convened a task force to review public safety in assembly
occupancies. This was mainly because a third of the victims in the fire were
Massachusetts residents. Many of the recommendations were similar to Rhode Island’s,
but others were more restrictive.

It is not uncommon for codes to remain in force as originally adopted. Strong
opposition to making any changes to codes can be due to financial or other hardships,
but many times, an event demands a new look at the conditions that resulted in a tragedy.
The Rhode Island event clearly illustrates how quickly a tragedy can unfold and force
change and improvements to life safety.

1. What is the process by which codes are developed and adopted in your
jurisdiction?

2. Does your jurisdiction have any authority to make retroactive code changes or does
the power lie with a higher authority of government?

3. Why is there still opposition from the public and private sectors to implement
retroactive code changes that could save lives and property?

Sources: Duvall, Robert F. NFPA Case Study: Nightclub Fires. Quincy, MA: National Fire
Protection Association, 2006;

Grosshandler, William, Nelson Bryner, Daniel Madrzykowski. NIST NCSTAR2: Vol. 1,
Report of the Technical Investigation of the Station Nightclub Fire. Gaithersburg, MD:
United States Department of Commerce, National Institute of Standards and Technology,
June 30, 2005.



Introduction
Building and fire codes provide uniform and consistent guidelines for
all parties involved in the construction of buildings and management
of the occupancy conditions throughout the life of a building.
Developers, design professionals, contractors, and building, health,
and fire officials deal with codes every day. The purpose is to ensure
the well-being of building occupants by preventing collapse, fires,
and unhealthy conditions. While many use codes every day, some
do not know or understand the process by which these codes
evolve, the organizations that create them, or the process of writing,
developing, and adopting codes. In order to understand the origin
and significance of building, fire, health, and life safety codes, it is
important to know how the code development process works. This
chapter explores the code development process and the model code
requirements related to installation of fire protection systems.



Code and Standards Development for
Government
For most governments, the task of writing and publishing codes,
standards, and recommended practices is daunting. The process
involves a great amount of time, effort, and personnel to keep up
with the latest design innovations, materials, methods, and
processes that emerge every day. It could take years to write a new
code or standard and years to adopt the code. Instead of writing
large volumes of codes, standards, and recommended practices that
cover all aspects of building design and construction, most federal,
state, and local governmental agencies adopt model codes written
by private, not-for-profit organizations. The model code organizations
devote significant time and effort to the code and standard
development process. As such, it is cost-effective and practicable for
a government to adopt model codes that have gone through an
extensive review process involving the input and recommendations
of many technical experts and interested parties. In addition,
adopting already-published model codes means they are
coordinated and compatible. A coordinated code development
process eliminates discrepancies or contradictions when applying or
enforcing the codes.



A Model Code
In order to understand the model code process, it is necessary to
understand the terms code and model code. A code is a system of
rules, regulations, or laws usually put into effect by local, state, or
federal governments that has statutory authority to be enforced.
Simply put, a code states what a person can or cannot do. A model
code is a system of rules, guidelines, methods, and regulations
typically developed by private, not-for-profit organizations. These
organizations provide a forum for interested parties, technical
committees, government, and the general public to come together to
propose, debate, modify, reject, or approve rules, regulations, and
processes by consensus. Once approved, the rules, regulations, and
processes form a code that is available for local, state, and federal
governments and agencies to adopt at no cost. Here, the term
“model” implies that the code is a guideline, standard, or rule written
by a nongovernmental organization. By adopting model codes into
law, the local, state, or federal government agency implements the
code for all to follow.



Model Code Organizations
The genesis of the model codes actually started with the stock fire
insurance industry in the mid-1800s. Rocked by large losses after
the Civil War and an 1866 $10 million conflagration in Portland,
Maine, the prominent fire insurance companies formed the National
Board of Fire Underwriters (NBFU) to deal with the many problems
plaguing the industry. Originally formed as an association to stabilize
insurance rates and commissions and look after the interests of the
stock fire insurance industry, the board evolved into a leading
developer and promoter of many fire protection and prevention
concepts still in use today. In addition, organizations such as the
National Fire Protection Association (NFPA®) and UL formed with
the support of the NBFU, and the NBFU either wrote or published
the first electrical, building, and fire prevention codes.

In the early to mid-1900s, three regional model code
organizations independently formed and eventually published their
own codes to be used within their regions. Although the NBFU was
still a prominent player, the Building Officials and Code
Administrators International (BOCA), the International Conference of
Building Officials (ICBO), the Southern Building Code Congress
International (SBCCI), and the NFPA® were becoming more
influential and dominant. Over time, these organizations expanded
their roles in the code development process to become the primary
writers, promoters, and promulgators of model codes and standards.
This eventually led to the NBFU discontinuing publication of its
building and fire codes in 1976.

By the mid-1990s, BOCA, ICBO, and the SBCCI merged to form
the International Code Council® (ICC), and it and the NFPA® are
the two prominent organizations that develop and publish the model
building and fire codes available for adoption by local, state, and
federal government agencies. In addition, the NFPA® develops and
publishes many of the standards used by government, design, and
industry professionals. The work of these organizations has led to a



national code development process that addresses the issues
arising in communities desiring to maintain fire-safe buildings and
environments.

Model code organizations are made up of groups or individuals
including code officials, design professionals, consultants, trade
associations, builders, contractors, manufacturers, suppliers,
industry experts, government agencies, and other interested parties.
These groups and individuals come together to propose, debate,
reject, or adopt changes to the existing codes and standards. The
purpose of the model code organizations has always been to
develop and maintain building, fire, mechanical, plumbing, electrical,
and other related codes, standards, and recommended practices
independent of the influence, affiliation, and pressure exerted by
special interest groups. While the model code organizations have
staff to support the process, the organization’s membership performs
the code development work and then votes on the proposed new
codes or changes to existing codes. This process has worked
reasonably well, and both the NFPA® and ICC remain at the forefront
of code regulation by determining the best and safest methods to
design, install, handle, and regulate the materials and processes
used to construct a building.

International Code Council®
The ICC evolved in the early 1990s because of two political events
with international implications. First, the ratification by the U.S.
government of the North American Free Trade Agreement (NAFTA)
allowed tariff-free trade among Mexico, Canada, and the United
States. Second, the formation of the European Common Market and
European Union (EU) eliminated trade boundaries between many
European countries, developed a common currency, and formed a
large regional political entity with the purpose of promoting European
and global economies. In addition, the EU established a committee
on construction that standardized construction practices and
materials. These events put the regional code development system
under scrutiny because of technical discrepancies between each of



the model codes (Diamantes 2015, 10). Without uniform codes, the
competitive advantage in manufacturing and construction could be
lost when working from region to region in the United States and,
potentially, throughout the world. One set of codes would permit
code officials, design professionals, and contractors to work from the
same codes no matter where they were in the country. In addition, it
would allow manufacturers to focus on research and development to
compete in the world market instead of spending their efforts trying
to meet three different design standards in the United States
(International Code Council® 2005, 2).

To overcome these problems, the BOCA, ICBO, and SBCCI
formed the ICC in 1994 to develop and maintain the International
Code Series. In 1996, the ICC started the process of developing and
publishing the new, collective ICC Model Code Series. An agreement
among the three organizations permitted each to continue
publication of its own codes until the entire series of the new
international codes was published. By 2000, the code series was
completed, and all organizations stopped independent publication of
their codes.

The ICC Code Development Process
The ICC code development process is open to anyone but structured
to avoid domination by proprietary interests. All meetings are open to
the public and held in the public forum. All actions and the reasons
for those actions are published. Individuals and organizations with a
material interest in the outcome of the code development process
participate in the committees that study these issues, but at least
one-third of each committee is composed of government officials.
Government-affiliated ICC members vote on the code changes
brought forward by the committees. The ICC divides its 15 published
codes into separate review groups. Starting 3 years prior to the next
code cycle publishing date, the first set of codes in Group A are
vetted by the assigned review committees. The following year the
Group B codes are vetted by the assigned review committees.
During the last year of the cycle, the Group C code vetting takes



place. At the end of the 3-year cycle, all of the codes are prepared
for publication with an expected publishing date set 6 to 8 months
before the next code cycle starts. There are a number of steps to the
ICC code development process, and a discussion of each step
follows FIGURE 2-1 (International Code Council® 2018, 9–10, 15, 21–
22).



FIGURE 2-1 International Code Council® code development process.

© Jones & Bartlett Learning.

Description

Step 1—Submit Code Changes. Anyone may submit a
proposed code change, but it must be received by the
announced due date within the review cycle to be considered.
As part of the proposed code change, the submitter must
provide the reason for the change, supporting documentation,
bibliography, copyright release, and the cost impact statement.
Once they are submitted, the ICC staff will review the proposed
code changes prior to public review to make sure the form and
format are correct, coordinated with other codes, properly



documented, and substantiated and any copyright issues are
resolved (International Code Council® 2018, 29, 31–32).

Step 2—Post and Distribute Code Changes. After the ICC staff
has reviewed the documents, the ICC posts the recommended
changes that will be presented at the code development public
hearing between 30 and 45 days in advance of the hearing.
This advance posting provides adequate time for review of the
changes by all interested parties (International Code Council®

2018, 33).
Step 3—Committee Action Hearing. Public hearings of the

proposed changes take place at the ICC national conferences.
These hearings provide interested parties the opportunity to
express their views to the code development committees. After
all parties have presented their views on the specific change,
the code development committee responsible for a particular
code will vote to approve as submitted, approve as modified, or
disapprove. If there are motions stating disagreement with the
committee actions, a second motion is required to move the
process forward. Approximately 2 weeks after the hearing, the
assembly motions are voted on by the members, and any
successful assembly action results in an automatic public
comment to be considered at the public comment hearing
(International Code Council® 2018, 34–37).

Step 4—Post and Distribute Committee Action Results. All
hearing results are posted on the ICC website approximately
30 days following the hearing (International Code Council®

2018, 38).
Step 5—Public Hearing Comment. The public hearing

comment step provides an opportunity for any interested
parties to consider specific disagreements to the results of the
public hearing and prepare comments for the public comment
hearing. Any comments must state why there is disagreement
with the committee and assembly action. In addition, the
comments must propose revisions to the code change that are
within the scope of the original proposal and provide the



reasons with supporting documentation (International Code
Council® 2018, 39–41).

Step 6—Post and Distribute Public Comment. As before, the
ICC staff receives public comment by the published deadline
and reviews these comments to ensure appropriate submission
and format procedures. Once released, the published results
become the agenda for the public comment hearing. Publishing
takes place between 30 and 45 days prior to the public
comment hearing (International Code Council® 2018, 42).

Step 7—Public Comment Hearing Consideration.
Consideration of all the proposed changes takes place at the
public comment hearing. The hearing is open to the public, and
anyone may participate in the floor discussion. However, once
all discussion, testimony, and motions are completed, only
active ICC governmental members may cast a vote. By
permitting only active governmental members to vote on the
final action, the ICC considers the process open, fair, and
objective with no proprietary interest serviced (International
Code Council® 2018, 43–44).

Step 8—Online Governmental Consensus Vote. This is the
final step before publishing a new edition of the code.
Approximately 2 weeks after the close of the public hearing,
online voting takes place with the results combined with votes
cast at the public comment hearing. Depending on the
committee action to approve as submitted, approve as
modified, or disapprove, either a simple majority or two-thirds
majority is required to pass a proposed code change. When a
proposed change does not receive any of the required
majorities, the final action records as disapproved
(International Code Council® 2018, 45–47).

Step 9—Publish New Edition. As soon as practicable, the votes
are tabulated and the final action on all proposed changes is
published and made available to interested parties, with any
changes in the code text published in the next supplement or
new edition of the model code (International Code Council®

2018, 48).



The mission of the ICC is to provide high-quality codes,
standards, products, and services for all those involved in the safe
construction of buildings and structures (International Code Council®

2018, 4). As such, it is easy to see the need for the many steps in
the code development process to ensure an open, balanced, and
consensus-based process.

National Fire Protection Association
The origin of the NFPA® dates to 1895. At the time, there were nine
different fire sprinkler system design and installation standards within
100 miles of Boston, Massachusetts, and it was becoming a problem
for the plumbers who installed fire sprinkler systems to keep track of
where each standard applied (Richardson et al. 2003, 255). A group
of men affiliated with stock fire insurance organizations and a pipe
manufacturer decided to solve the problem by establishing a uniform
standard. Impressed with the work of Frederick Grinnell, a pioneer in
manufacturing fire sprinkler products, and the success of Factory
Mutual (now FM Global® or FM) at underwriting properties with fire
sprinkler systems designed and installed from a consistent and
proven standard, the group published the Report of Committee on
Automatic Sprinkler Protection. During a subsequent meeting of the
group in late 1896, articles to form a new association to deal with fire
protection issues were outlined and reviewed. The Articles of the
Association was adopted by the group and established the
organization known as the National Fire Protection Association
(National Fire Protection Association 2018). The 1896 publication,
which established rules for the installation of fire sprinkler systems,
eventually was renamed NFPA 13, Standard for the Installation of
Sprinkler Systems. Today, it is the most widely used fire sprinkler
standard.

Originally, membership was limited to stock fire insurance
organizations and their representatives. However, by 1904 many
trade, engineering, and industrial associations, organizations, and
individuals not affiliated with the insurance companies were able to
join (Richardson et al. 2003, 257). As membership in the NFPA®



grew, the association’s role started to expand into providing public
education, engineering publications, disseminating fire research
information, and, most importantly, developing codes and standards.

Currently, the NFPA® publishes and maintains more than 300
safety codes and standards that are revised and completely updated
every 3 to 5 years. The codes and standards cover fire, building,
electrical, process, and life safety issues. Approximately 9000
volunteers work on more than 250 technical committees to
administer this process (National Fire Protection Association 2019).
The NFPA’s 50,000 members come from more than 100 nations and
include individuals from government, the fire service, business,
industry, health care, insurance, design, trade, manufacturing, supply
companies, and professional associations (National Fire Protection
Association 2019). All of these entities work to fulfill the NFPA®

mission to promote science and improve fire protection, prevention,
and electrical safety.

The NFPA® process starts with the NFPA Board of Directors,
which oversees all activities including the rules and regulations
regarding code and standards development. The board appoints 13
people to the Standards Council; this group is responsible for the
code and standards development activities, rules, regulations, and
appeals. In addition, the Standards Council appoints and oversees
the activities of the technical committees that are the primary
consensus bodies that develop and revise the codes and standards.
When the Standards Council receives a proposal for a new code or
standard, it will evaluate the merits and, if appropriate, request the
following information:

Comments on the proposed project

Organizations that may be involved or are interested

Available resource material

Indication of willing participants if the project is approved
(National Fire Protection Association 2016, 3–4)



Once the Standards Council receives and reviews the comments
concerning the proposed code or standard development project, it
will determine whether the project should move forward. If approved
to move forward, an existing technical committee or a newly created
technical committee will start developing the code or standard. The
technical committee members represent the insurance industry,
installation and maintenance organizations, manufacturers, end
users, special experts, labor organizations, research and testing
organizations, consumers, and enforcing authorities. To avoid
overrepresentation from any one group, no more than one-third of
the members on the technical committee can be from the same
interest category. Committee appointments rest on an individual’s
technical knowledge, standing in the professional community,
commitment to public safety, and ability to represent a viewpoint of a
group or interested people (National Fire Protection Association
2016, 5). For a technical committee to take action on a proposal, the
voting members must reach a consensus.

The NFPA® Code Development Process
There are four basic steps to the NFPA® code development process
FIGURE 2-2. The same steps apply when developing a new document
or revising the new edition of an existing document. Depending on
the type of document and code cycle, the process can take
approximately 101 or 141 weeks to complete. A discussion of each
step follows.



FIGURE 2-2 National Fire Protection Association (NFPA®) code development process.
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Description

Step 1—Public Input Stage. During the public input stage, all
interested parties are asked to submit written proposals for



revisions to existing standards or committee-approved new
standards. Once submitted, the proposals are evaluated and
voted on, and then a first draft report is issued (National Fire
Protection Association 2016, 7).

Step 2—Public Comment Stage. In this step, the responsible
technical committee meets to review and take action on all of
the submitted comments resulting from the first draft report.
The committee will evaluate all public comments, take action,
and respond to the public comments. The results are published
as a second draft report to be voted on by the committee. The
results of these actions are posted for public review so that
anyone who disagrees has a chance to make a motion to
amend at the next stage of the process. If there are no public
comments and the committee agrees that no revisions are
necessary, the proposal can go directly to the Standards
Council to be issued (National Fire Protection Association
2016, 8).

Step 3—NFPA® Technical Meeting. At this stage, anyone not
satisfied with the results of the second draft report can file a
Notice of Intent to Make a Motion. The motion provides an
opportunity to change the results of the recommendations of
the committee published as the second draft. This notification
places the issue in front of the NFPA® membership at the
annual meeting where the motion can be considered and
debated at the technical meeting. However, to be included as
part of the meeting agenda, the motion must be approved to
move forward and follow proper procedures regarding what
type of motion is permitted and when and who can make the
motion. Once debated and voted on, any successful motion
must be reviewed and approved by the responsible committee
(National Fire Protection Association 2016, 9–10).

Step 4—Council Appeals and Issuance of Standard. When
the Standards Council meets to issue the new standards, it
also hears appeals. The council reviews all activities
associated with the decisions to ensure procedures and rules
were followed and the process was fair throughout. Once the



council determines the disposition of all appeals, if appropriate,
the standard proceeds to be issued as an official NFPA®

standard. The decision is final and effective 20 days after
approval. However, the decision may be subject to limited
review by the Board of Directors. Proposals that do not require
any action or debate are sent to the Standards Council and
issued as consent standards (National Fire Protection
Association 2016, 11).

The NFPA’s mission is to advocate for “consensus standards,
research, training, and education on safety related issues” (National
Fire Protection Association 2016, 2). The NFPA’s code development
process promotes open and fair procedures, in which anybody with
an interest is encouraged to participate throughout the development
cycle. Although anybody can participate and provide input during the
process, the responsibility to decide on the merits of any change or
proposal ultimately rests with the technical committees that act as
the principal consensus body.



Referenced Standards
The model codes cover a wide variety of building, fire prevention,
and life safety topics. In order to thoroughly address all important
and related issues, the code writers recognize the necessity of
looking outside their organizations for additional and relevant
information. To ensure utilization and adoption of the best methods,
standards, and practices, the developers of the model codes
reference documents published by other nationally recognized
organizations that have specific knowledge and expertise to meet
the required performance characteristic or design intent. The model
codes call these documents referenced standards. When a
standard is developed, it must go through the consensus process, be
performance based, not specify products or materials, be mandatory,
and be readily available before it is considered adoptable.
Referenced standards provide specific information related to
materials, methods, procedures, equipment design, and installation
requirements. When a standard is referenced in a model code, it
becomes a part of the code and is enforceable.

The relationship between the model codes and referenced
standards is simple: The model codes determine “what to do and
where,” and the referenced standard explains “how to do it.” For
example, when an architect designs a new high-rise building, both
the NFPA® and ICC building codes require the installation of an
automatic fire sprinkler system throughout the building. In this
example, both model codes state “what to do and where”: install an
automatic fire sprinkler system in a high-rise building. In addition,
both codes state that NFPA 13, Standard for the Installation of
Sprinkler Systems, shall be used to design and install the system.
NFPA 13 is the design and installation standard referenced by both
codes that provides the “how to do it” part of the relationship.



TIP

Both the ICC and NFPA® rely on many of the same outside
organizations for their referenced standards. However, there are
differences between each model code; and the referenced
standards listed within each model code are specific to that model
code.

This practice is in the best interest of all parties; instead of trying
to write thousands of pages of additional code and text, the model
code organizations are able to reference specific documents to
facilitate design and installation requirements for a project. Without
these standards, effective enforcement would not be possible. The
2018 edition of the International Building Code® (IBC®) lists 55
organizations as providers of referenced standards. The 2018 edition
of NFPA 5000®, Building Construction and Safety Code®, lists 41
organizations as providers of standards. Both model code
organizations rely on standards published by NFPA® when dealing
with the different design, installation, inspection, testing, and
maintenance requirements for fire protection systems. Various
NFPA® and ICC 2018 codes reference a number of NFPA® fire
protection system–related standards that are found in TABLE 2-1.

TABLE 2-1 List of Referenced Fire Protection System Standards







Description
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TIP

The need to install specialized water-based fire protection
systems is determined when a standard automatic fire sprinkler is



not appropriate for the conditions and applications, when there is
a need or requirement for a supplemental suppression agent, or
where the method of application requires specialized equipment
and components.

Amendments
Based on years of data and experience with building and fire
problems, the model codes and standards establish a level of
performance and risk that is acceptable to all involved in the code
development process. However, the model codes are the minimum
acceptable level of performance or risk; therefore, there may be
instances when the code is not adequate for the circumstances and
it becomes necessary to apply stricter or additional performance
standards to deal with the risk. Generally, the level of performance
and acceptable risk meets the needs of a jurisdiction, but there may
be a situation in which a problem needs special review and
consideration. Perhaps the problem is unique to the jurisdiction, in
which case the community may choose to establish safety and
building standards that exceed the normal accepted level.
Alternatively, an organization such as an insurance carrier may
analyze a risk and determine that a more demanding requirement is
necessary in order to qualify for coverage. Although most
governmental organizations do not try to write comprehensive
building and fire codes, to some degree, most adopt and then amend
model codes to deal with the associated hazards and risks. Under
these circumstances, those with the authority may decide to amend
the model code and write different requirements. If the code
amendment establishes a higher level of required performance, the
amendment supersedes the model code and possibly the
requirements found in a referenced standard. Usually, this process
takes place at the state or local level and requires legislative
authority to enact. Therefore, it is important to know who in a state or



local jurisdiction establishes the requirements and how the process
works with regard to the adoption and amendment of model codes
for building, fire, and life safety.



Code-Required Fire Protection
Systems
One of the most frequently asked questions of local fire and building
departments is “Why do some buildings have fire protection systems
installed and others do not?” The technical answer is the building
codes that are in effect at the time of the design, approval, and
construction and the specific use and occupancy classification for
the structure establish the requirement to install fire protection
systems. In other words, the code requirements in effect at the time
of construction, the function of the structure, and the inhabitants who
will be using the structure are the primary determinants for whether
fire protection systems are required. TABLE 2-2 lists the major use and
occupancy classifications found in the model codes, but there are
some use and occupancy classifications that have subclassifications.
For example, the IBC® lists five subclassifications for assembly that
outlines the permitted use and occupancy conditions for each; NFPA
101® lists requirements for assembly as either new or existing; and
NFPA 5000® provides general requirements for their definition of an
assembly use and with each occupancy.

TABLE 2-2 ICC and NFPA® Use and Occupancy Classifications

International Code Council®—
International Building Code®

(2018 Edition)

National Fire Protection
Association—NFPA 101®, Life
Safety Code®/NFPA 5000®,
Building Construction and
Safety Code® (2018 Editions)

Assembly Assembly

Business Business

Educational Day care



International Code Council®—
International Building Code®

(2018 Edition)

National Fire Protection
Association—NFPA 101®, Life
Safety Code®/NFPA 5000®,
Building Construction and
Safety Code® (2018 Editions)

Factory/Industrial Detention and correctional

High-hazard Educational

Institutional Health care

Mercantile Health care ambulatory

Residential Industrial

Storage Mercantile

Utility and miscellaneous Residential

 Residential board and care

 Storage
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Other factors come into play as well including hazards and
conditions within the structure; how far people must travel to exit a
building; what level or floor in a building or structure they occupy; the
creation of a fire barrier between use areas; the protection of an
opening in a wall; the size of the use or occupancy area within a
building; and the number of occupants, products, commodities, and
processes. However, the practical answer for why some buildings
have fire protection systems and others do not is that current
building code requirements for fire protection systems in certain use
and occupancy classifications are primarily based on past fire
experiences TABLE 2-3.



TABLE 2-3 Requirements for Systems Based on Occupancy
Conditions

Occupancy Relative Hazard

Assembly Large number of people

Day care People who need care, maintenance,
supervision

Detention/Correctional People under varied degrees of restraint
or security mostly incapable of self-
preservation

Educational Large number of children

Large factory/Industrial High fire load

Hazardous Dangerous materials

Health care/Health care ambulatory People mostly incapable of self-
preservation due to age, physical or
mental disability, or security measures not
under the occupants’ control

Institutional People who are incapable of self-
preservation

Large mercantile High fire load

Covered mall Large area, high fire load

High-rise buildings Large area, difficult access for firefighting

Underground structures Difficult access for firefighting

© Jones & Bartlett Learning.

Those interested in solving the fire problem have documented
fires in which there was significant loss of life, property, or both.
Upon investigation of this history, many of the same factors or
conditions played a significant role in the loss, including the building
use and occupancy, the materials used to build the structure, the
distance to the exits, the capacity of the exits to handle the number



of people inside the structure, and the height and area of the
structure. Because of these past fire experiences, building codes
were changed to require the installation of fire protection systems,
but in many instances, this change only affected new building
construction, not existing buildings. For example, high-rise buildings
built before the 1980s were not specifically required to have
automatic fire sprinkler systems installed. However, because of a
number of catastrophic high-rise fires, high-rise buildings constructed
from the mid-1980s to the present require automatic sprinkler system
installation. Many high-rise buildings built before the initiation of this
requirement still do not have automatic fire sprinkler systems,
including a significant number of residential occupancies. Codes
generally do not contain retroactive requirements when a structure
has not changed use or occupancy classification from the time of
construction completion, unless the code is changed at the state or
local level.



Inducements to Install Fire Protection
Systems
Because there is such confidence in properly designed, installed,
inspected, tested, and maintained automatic fire sprinkler systems,
construction codes permit some increases and reductions in other
performance and construction characteristics when building a new
structure. Some of the increases include longer travel distances to
exits and reductions in the construction requirements for exits based
on the assumption that a properly operating fire sprinkler system will
offer occupants an equivalent level of protection and time for exiting
before conditions become untenable. In addition, the model codes
include incentives to install automatic fire sprinkler systems in
buildings that would not ordinarily be required to have automatic fire
sprinkler system protection. For example, when building with a
combustible material such as wood, structures are limited in size,
height, and the number of stories if there is no automatic fire
sprinkler system installed. However, increases are permitted if the
building is equipped with an automatic fire sprinkler system. These
types of incentives encourage the developer or builder to maximize
the use of the property, protect the occupants, and protect the
building.

Model construction codes attempt to achieve a balance between
the hazards posed by the structure itself, the combustible contents,
the floor areas above and below ground level that challenge manual
firefighting efforts, and the cost of construction. By incorporating fire
protection systems in the design, this balance is easier to achieve.

TIP



In most jurisdictions, the building codes in effect at the time a
structure is built remain in effect as long as the use and
occupancy classification of the structure do not change. However,
depending on the nature and level of construction, any new
building construction in an existing building must conform to
current code or existing building code requirements in the area of
the building where the construction takes place.

TIP

As a condition of an insurance policy, many insurance companies
require that commercial and industrial building owners install
some type of fire protection system. Depending on the hazard, it
may be that only fire detection devices are required, but most
insurance-required fire protection systems include the installation
of automatic fire sprinkler systems.

Mission Essential
Protecting human life is essential, but another reason for a building
owner to install a fire protection system is that it makes good
business sense. When evaluating a fire loss, the most obvious
damage is to the structure and its contents. Although the dollar figure
associated with the damage to the structure and its contents is often
staggering, it does not represent or account for the total loss. Loss
from the interruption of business is often much greater than the
damage to the structure. In the aftermath of a fire, many businesses
either close or lose their competitive advantage. During the time
required to rebuild or relocate, customers must find alternatives, and



furloughed employees must find other jobs. Unfortunately, there may
be few, if any, customers or employees left to sustain the business
once it is rebuilt. Minimizing business interruption is one of the many
reasons that insurance companies require the installation of fire
protection systems in buildings that do not have them. For example,
water damage cleanup and repair from a fire sprinkler system does
not take as long and, in most cases, cost as much as fire damage
cleanup and repair. Frequently, there is a good chance that the
business could reopen within hours, days, or weeks following a fire if
there is a fire sprinkler system in place. However, fire damage
cleanup and repair can take months or years or, in some cases, may
never happen.

TIP

Data compiled by NFPA® between 2010 and 2014 revealed that
when fire sprinklers were installed in a building, the fire was
confined to the room of origin 96 percent of the time compared to
an unsprinklered building where the fire was confined 71 percent
of the time (Ahrens 2017, 4).

Wrap-Up

CHAPTER SUMMARY

Building and fire codes provide uniform and consistent
standards and guidelines for all parties to ensure public safety in
buildings.



A model code is a system of rules, guidelines, methods, and
regulations that is typically developed by private, not-for-profit
organizations and is available to governments for adoption.

A code is a system of rules, regulations, or laws, usually
developed by government, that has statutory authority to be
enforced; it establishes what a person or entity can or cannot
do.

Currently two organizations, the ICC and NFPA®, in conjunction
with their membership, develop and publish model codes.

A model code determines “what to do and where”, a referenced
standard explains “how to do it”.

The model codes establish the minimum level of performance
and risk, but in some situations a problem needs special
consideration and the model code does not adequately address
the potentially higher risk or hazard. Under these circumstances,
those with the authority write amendments to the code and write
different requirements.

It is important to know who within any state or local jurisdiction
establishes the requirements and how the process works
regarding the adoption of model codes for building, fire, and life
safety.

Installations of fire protection systems are generally a result of a
code adopted by government to protect life and safety.

Fire protection systems are part of code-based inducements
that make the installation financially attractive, are a condition of
insurance, or are an element to manage risk and ensure
business continuity.

KEY TERMS

Adopt The process of officially accepting and putting something into
action.



Code A standard that is an extensive compilation of provisions
covering broad subject matter or that is suitable for adoption into law
independently of other codes and standards (National Fire Protection
Association 2018, NFPA 1, Section 3.2.3).

Code amendment The process of revising, changing, correcting, or
improving a code.

International Code Council® (ICC) A nonprofit member-supported
organization that develops and maintains construction codes that are
made available to government agencies for adoption.

Model code A system of rules, guidelines, methods, and regulations
typically developed through the consensus process by private, not-
for-profit organizations.

National Fire Protection Association (NFPA®) A nonprofit
member-supported organization that develops and maintains more
than 300 codes and standards for use by any organization.

Occupancy The purpose for which a building or other structure, or
part thereof, is used or intended to be used (National Fire Protection
Association 2018, NFPA 5000, Section 3.3.446).

Referenced standard A standard that is incorporated or adopted as
part of the model code and provides specific information as a guide
or model regarding the performance, design, installation, inspection,
testing, and maintenance requirements of systems, materials, and
equipment.

Use Building code categorization of buildings and structures based
on their use and the characteristics of their occupants.

CASE STUDY

While conducting a familiarization drill in a 1960s-era mercantile
building that recently added a very large storage area, you notice



that the original part of the building does not have an automatic fire
sprinkler system, but the new addition does.

1. What are the probable factors that determined the need to install
an automatic fire sprinkler system in the new storage area?

A. Products being stored
B. Size of the addition
C. Use and occupancy condition
D. All of the above

2. What is the most probable reason the old part of the building
was not required to have an automatic fire sprinkler system
installed when it was built?

A. Products being sold were not deemed dangerous at the
time

B. Size of the original building was not big enough
C. Not required by code
D. None of the above

3. What is the most probable reason the old part of the building
was not required to install an automatic fire sprinkler system
when the addition was built?

A. Too expensive to install
B. Use and occupancy did not change
C. Building size did not require it
D. Both A and C

4. From a development perspective, what were the possible
benefits gained by installing an automatic fire sprinkler system in
the new addition?

A. Increased building size and height
B. Increased travel distances to exits
C. Increased fire resistance rates
D. Both A and B



CHALLENGING QUESTIONS

1. What is the purpose of adopting building and fire codes?

2. What is the difference between a code and a model code?

3. Identify the two most prominent model code organizations that
are leading the code development process.

4. Discuss the events that led to the formation of the International
Code Council® in the 1990s.

5. What does it mean for an agency to adopt a code?

6. Describe the relationship between a model code and a
referenced standard.

7. Why would a jurisdiction amend a model code?

8. Why are referenced standards so important to the code
development process?

9. Discuss the pros and cons of the ICC and NFPA® code
development process. Do you feel that each organization has
adequate representation from all of the appropriate parties
throughout the process and that each arrives at a true
consensus? What suggestions would you make to improve each
organization’s methods?

10. What is the most important factor when determining the
installation requirements for a fire protection system in a
structure?
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3CHAPTER

Fire Alarm System Components
and Functions
LEARNING OBJECTIVES
At the conclusion of this chapter, you will be able to:

Describe the purpose of a fire alarm system.
List five functions fire alarm systems provide.
List and describe the three types of fire alarm signals.
Discuss the characteristics of conventional fire alarm system technology.
Discuss the characteristics of addressable fire alarm system technology.
Discuss the functions of a fire alarm control unit/panel and annunciator panel.
List and describe the different components that make up a fire alarm system.
List and describe devices that interface with a fire alarm system to supervise the
condition of other fire protection systems.

Case Study



© A. Maurice Jones, Jr./Jones & Bartlett Learning.

 
On March 14, 2018, a fire broke out in a Horn Lake, Mississippi home, resulting in the
death of one person and injuries to five others. Around 7:00 AM, one of the residents
awoke to a house filled with smoke and was forced to exit through a window. He
attempted to fight the fire with a hose, but his efforts were unsuccessful. When fire
fighters arrived, they encountered thick smoke and intense heat that required the use of a
thermal imaging camera to locate and rescue the other residents. Upon investigation, an
overloaded electrical circuit appeared to be the cause.

Significant to this event was the lack of any warning to the occupants from a smoke
alarm. One was located in the home, but it was stored in a box, disconnected, and
without a battery. The resident who attempted to fight the fire stated that the victim
probably removed the detector because of it activating every time a person took a
shower.

In the January 2019 National Fire Protection Association (NFPA®) report Smoke
Alarms in U.S. Home Fires, 2016 data from the U.S. Fire Administration’s National Fire
Incident Reporting System and NFPA’s annual fire department survey stated that the risk
of dying in a fire decreased by more than half in homes that had working smoke alarms
as opposed to those homes that did not have a smoke alarm or had a smoke alarm that
did not operate. When a smoke alarm was present but did not operate, two-thirds of fire
deaths occurred in homes with only battery-powered smoke alarms. The high number of
deaths where battery-only smoke alarms were installed but did not operate is troubling
when reviewing the reasons for failure. The majority of failures were due to missing,



disconnected, dead, or discharged batteries. In the report, NFPA® states that “people are
most likely to disable smoke alarms because of nuisance activation.” No matter the type
of detector, many nuisance alarms are directly related to cooking, steam from showers,
and the chirping the smoke alarm sounds when the battery power is low. A considerable
number of these issues could be easily resolved by relocating a smoke alarm away from
the nuisance source and educating the public through community outreach. Topics of
discussion should focus on the life expectancy of certain batteries that might need to be
changed about every 6 months, the use of a long-life battery, and the fact that the
chirping sound is a warning that the battery needs to be replaced.

There are many other factors related to smoke alarm performance or
nonperformance, the number of deaths and injuries, and the ability of the occupants to
react to a smoke alarm and take the appropriate action. However, the most important
issues to remember are smoke alarms need to be installed and remain installed to work
and when a smoke alarm is installed and properly maintained, the chances of surviving a
fire more than doubles.

1. Does your community have a program to determine which residential dwelling units
and homes do not have smoke alarms?

2. What measures can be undertaken to provide smoke alarms to residential dwelling
units and homes that do not have smoke alarms?

3. With so many installed smoke alarms only powered by a battery that have failed to
operate, what can be done to decrease the number of unit failures due to a missing,
disconnected, or dead batteries?

4. What measures can be undertaken to ensure that any type of smoke alarm is ready
to function when needed?

Sources: Holley, Jessica. “Man Killed, 5 More Injured in Horn Lake House Fire.” WMC
Action News 5, March 14, 2018. https://www.wmcactionnews5.com/story/37724205/man-
killed-6-more-injured-in-horn-lake-house-fire;

Holley, Jessica.“Smoke Detectors Were Unplugged in Horn Lake House Fire.” WMC
Action News 5, March 15, 2018.
https://www.wmcactionnews5.com/story/37736158/smoke-detectors-were-unplugged-in-
horn-lake-house-fire;

Ahrens, Marty. Smoke Alarms in U.S. Home Fires. Quincy, MA: National Fire Protection
Association, 2019, 1–15;

Ahrens, Marty. Smoke Alarms in U.S. Home Fires, Supporting Tables. Quincy, MA:
National Fire Protection Association, 2019, 1–27.
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Introduction
A person’s chance of surviving a structure fire is dependent upon the
amount of time that passes between the start of the fire, the person’s
realization there is a fire, and the associated evacuation time. Even
under the best circumstances, a person usually has very little time to
evacuate before the fire becomes dangerous. Installation of a fire
alarm system provides notification in a fire emergency and is critical
to an individual’s chance of survival. For this reason, many use-
group and occupancy conditions require some type of fire alarm
system to alert occupants of the situation and potential danger.

A fire alarm system is a group of interconnected components
and devices that are designed to cause a response by building
occupants. The three basic components of a fire alarm system are
the initiating device, the notification appliance, and the control panel.
Initiating devices may be automatic, such as a smoke detector, or
manually operated, such as a manual fire alarm box. Once the
initiating device activates, it triggers one or more notification
appliances, including bells, horns, or strobe lights, to alert building
occupants to evacuate.

In addition to occupant notification, fire alarm systems are
capable of sending a signal to on- or offsite locations where trained
staff receive the signal and take appropriate action that will involve
notification of building, property, or fire department personnel. The
fire alarm system may also send a signal to other building fire and
life safety systems to initiate other life safety functions. These
functions may include capturing elevators, unlocking exit doors,
starting fans, closing smoke dampers, pressurizing stair towers and
elevator shafts, and de-energizing magnetic door hold-open devices
to compartmentalize an area of a building. Fire alarm systems also
interface with and monitor the status of other fire protection systems
and react when there is a change in the normal ready condition of
the system, a system activation, or a problem related to the electrical
or electronic part of the fire protection system. Once first responders



arrive, most systems provide critical information, including the alarm
type and location of alarm origin.

There are many different components necessary to ensure full
functionality and operational capability of a fire alarm system during
a fire emergency. Some systems only have a few components that
perform basic tasks, whereas other systems have many
interconnected components that are capable of controlling related
fire protection or life safety systems within a building. No matter the
number, each component installed has a place and purpose in the
system and, therefore, must be evaluated and tested for listing and
approval by a nationally recognized testing laboratory such as UL,
FM Global, or Intertek.

The ability to recognize the components of a fire alarm system
and to have knowledge of their operational potential leads to a better
understanding of the system’s overall capabilities. This chapter
focuses on different fire alarm system components, how they
function, and the different types of signals generated by these
systems.



Fire Alarm Control Unit/Panel
One of the most important parts of any fire alarm system is the fire
alarm control unit, or as it is more frequently called, the fire alarm
control panel, which is often described as the “brain” of the system.
Over the past 45 or so years, fire alarm control panel technology has
evolved from simple, single zone, relay-type units that ring one or
more bells to logic circuit-type multiple zone units that provide
additional system information and capabilities to sophisticated
microprocessor-based software-driven panels that interface and
control other building and life safety systems.

Many of the early-generation fire alarm control panels used
conventional technology to link to manual fire alarm boxes and
bells to provide coded or noncoded alarm signals for evacuation
FIGURE 3-1. The earliest designs used two-wire circuits to establish
initiating device and notification appliance zones. Depending on the
arrangement of the wiring and devices, a break in a wire could
render any device beyond the break inoperative. A number of these
panels are still in service, and many continue to provide reliable
service.



FIGURE 3-1 An early-generation conventional fire alarm control unit.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



The next generation of conventional technology panels featured
modular equipment with smaller electronic components, logic or
relay circuits, two- and four-wire circuits to support initiating devices
and notification appliances, and expanded performance and system
monitoring capabilities FIGURE 3-2. The four-wire systems provided a
higher level of reliability because the setup typically allowed for two
wires to power the device and two to initiate the alarm, whereas in
most other wiring configurations, a break in the wire or a device
failure would disable other devices from operating. Again, many of
these panels are still in operation and continue to perform when
routinely serviced, maintained, and tested. However, the desire and
ability to install and support these panels are rapidly declining as
technology improves and manufacturers replace their older
equipment with new products; this causes technological
obsolescence, lack of parts, higher maintenance costs, and a lack of
qualified technicians to service the older equipment. The good news
is that when a conventional panel requires replacing, in some
instances, many of the new-generation panels can be installed with
existing two- and four-wire systems that utilize interface modules and
software to communicate with the field devices so entire systems do
not have to be replaced.



FIGURE 3-2 A later-generation conventional fire alarm control unit.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



Today, fire alarm control panels utilize state-of-the-art electronics,
microprocessors, and intelligent software that provide specific
information concerning device identification and alarm location and
type. Although many different terms are used to describe this
technology, it is commonly referred to as addressable technology,
intelligent technology, or multiplex technology.
Addressable/intelligent technology is very versatile, able to support
all sizes of fire alarm systems, and extremely valuable to first
responders, inspectors, building engineers, and service technicians
because information concerning the specific initiating device—such
as the exact location of the device and, in some instances, the
associated problem—is immediately available FIGURE 3-3.



FIGURE 3-3 An addressable/intelligent fire alarm control unit.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP

The desire and ability to install and support conventional
technology systems are rapidly declining as technology improves
and manufacturers replace their older equipment with new
products; this causes technological obsolescence, lack of parts,
higher maintenance costs, and a lack of qualified technicians to
service the older equipment.



The addressable fire alarm control panels constantly monitor the
integrity of the system circuits and devices, process manual and
automatic input signals from the initiating devices, drive the
notification appliances, provide an interface to control or activate
other fire protection and building systems in a fire emergency, and
provide the power supply to support all of the system devices.

Two independent and reliable sources of power are required to
supply a fire alarm system. Typically, the main or primary source of
power is supplied by a power utility. However, primary power could
be supplied by an engine-driven generator or equivalent that is under
the constant attention of a trained operator. Once the primary power
enters the facility, it must be protected from physical damage; it must
be on a dedicated circuit supplying the fire alarm control panel;
access to the circuit must be controlled; and the circuit must be
identified. While the earliest fire alarm control panel designs used
120 VAC (volts alternating current) to power the system, most
modern panels take the line voltage supplied by the utility and
convert the voltage to 24 volts direct current (VDC) through the
power supply circuitry. Often, the backup or secondary source of
power comes from rechargeable storage batteries, an engine-driven
generator, or a combination of both batteries and engine-driven
generator. If storage batteries are used, they must have the capacity
to sustain power for 24 hours in normal ready mode and 5 minutes in
full alarm mode at the end of the 24-hour loss-of-power period
(National Fire Protection Association 2019, NFPA 72, Section
10.6.7.2.1). These requirements differ for emergency voice alarm
communications systems and mass notification systems, for which
15 minutes of power in full alarm mode is required at the end of the
24-hour loss-of-power period (National Fire Protection Association
2019, NFPA 72, Sections 10.6.7.2.1.2, 10.6.7.2.1.7). When a
generator is used to provide the power, the generator must have 4
hours of battery capacity (National Fire Protection Association 2019,
NFPA 72, Section 10.6.7.3.1). No matter the secondary source,
power transfer must be automatic and seamless; not allow for loss of
system function, delay or interrupt signals; and take place within 10



seconds (National Fire Protection Association 2019, NFPA 72,
Section 10.6.6).

Through constant monitoring of the system power, wiring, circuits,
and devices, the fire alarm control panel is able to initiate the
appropriate type of signal to evacuate the building, investigate an
integrity problem with the system, or investigate a condition outside
the normal operating parameters.



Circuits and Wiring
In order for a fire alarm system to work, there has to be some
method tying together the initiating devices, notification appliances,
fire alarm control panel, and other internal and external components
and systems. Approved methods include fiber-optic cable and
bidirectional wireless communication, but most system installations
still use wire as the primary connection method. Installation of wire
must conform to the requirements found in NFPA70®, National
Electrical Code® (NEC), and NFPA 72®, National Fire Alarm and
Signaling Code®.

The NFPA 70® section on fire alarm systems provides information
concerning circuit types, power requirements, and limitation for the
circuits; the type and size of wire permitted; and in conjunction with
NFPA 72® requirements, installation wiring methods to ensure that
the wire maintains integrity and is able to survive in a fire or other
event that could inhibit the fire alarm system from operating. NFPA
70® designates fire alarm circuits as either power-limited, meaning
that the circuit receives power from a limited power source that is
typically 12 or 24 VDC, or non-power-limited, for which the power
source shall not exceed 600 volts. In addition, it designates how the
circuits and wiring must be labeled and identified so that the proper
type of wire is installed as listed or approved.

NFPA 72® discusses circuit classification and the types of circuits
installed as related to the systems and devices. Three different types
of circuits are used with conventional and addressable technology-
based systems: the initiating device circuit (IDC), signal line
circuit (SLC), and notification appliance circuit (NAC). Initiating
device circuits are installed with conventional technology systems,
signal line circuits are installed with addressable technology
systems, and notification appliance circuits are installed with both.

Conventional technology systems use initiating device circuits to
provide the power and monitor the wire integrity within a fire alarm
zone. Also known as a zone-module system, the conventional



system devices are in zones that connect to zone cards or circuit
modules. The conventional systems are set up where one or more
devices such as a smoke detector can be in a zone within a building.
For example, if a smoke detector in a zone activates, the information
provided to the fire alarm control panel only communicates the zone,
not the specific smoke detector that activated. This also means that
only the wiring is monitored for problems, not the smoke detectors.
In this example, the smoke detectors are switches that are on or
open, but when they are off or closed, they short the circuit, sending
a signal to the fire alarm control panel to initiate an alarm.

Addressable technology systems connect the field devices
(addressable initiating devices and signal line circuit interface
modules) to signal line circuits so the microprocessor software
recognizes the device on the circuit and the signal the device is
sending back to the fire alarm control panel. Simply stated, the signal
line circuits provide a communication path for data exchange
between the fire alarm control panel and field devices; the power for
the devices is also supplied through the circuit. Each field device is
programmed with a specific address so the panel knows the device it
is communicating with and the status of the device. The panel
constantly communicates with the field devices through the SLC that
is constantly sending out a status request to all the devices.
Basically, the panel is asking if the device is OK, and if it is OK, the
system status stays ready. However, if the device has a change in
status, it will respond with the appropriate signal.

In order for the notification appliances attached to a fire alarm
system to operate, they must be powered from the fire alarm control
panel or a power expander plan. This is accomplished with
notification appliance circuits. The normal condition for an NAC is the
supervisory mode, where the power is sent through the wire to make
sure the wire maintains integrity; in other words, there are no ground
faults, shorts, or broken wires. However, once an alarm is initiated,
the power switches to the notification appliances to provide visual
and audible notification signals.

Both conventional and addressable technology systems use two-
and four-wire wiring arrangements. When four wires are used to



connect the components, they are designated as a Class A pathway
because the wiring configuration provides an alternate pathway for
the signals to reach all the devices. For example, if there is a single
ground fault or open circuit on the wire, there is an alternative
pathway to reach the other devices beyond the affected device.
When these systems use two wires, they are designated as a Class
B pathway because there is no redundant or return pathway for the
wire to go back to the fire alarm control panel. As previously
discussed, devices beyond single-fault conditions on a two-wire
circuit will not operate.

TIP

Circuit integrity and survivability requirements and guidance are
found in both NFPA 70® and FPA 72®.
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Types of Fire Alarm Signals
From an early age, most people learn to evacuate a building if they
hear a fire alarm sound. However, not all of the audible and visible
information communicated by the fire alarm system means there is a
fire. Sometimes, a local signal sounds at the fire alarm panel to
indicate a system integrity problem or to indicate that the normal
operating parameters of the system have changed. Although these
signals are local to the panel and do not sound an alarm throughout
the building, they are sometimes mistakenly interpreted as a fire
alarm warning that results in a call to the fire department. A
discussion of the different types of signals generated by fire alarm
control panels, their purpose, and the different levels of response
associated with these signals follows.

TIP

NFPA 70® lists different designations for power-limited and non-
power-limited wire and cable that identify where the wire or cable
can be installed, but remember that there are exceptions that
permit installation beyond the designation.

FPLP: Power-limited plenum-rated fire alarm cable can be
installed in plenums or other similar spaces. This cable must
meet strict flammability requirements and must have low
smoke generation characteristics.
FPL: Power-limited non-plenum-rated fire alarm cable is a
general purpose cable that is not rated for plenum spaces.
FPLR: Power-limited riser-rated fire alarm cable is installed
where vertical cable runs are required. This cable must have



■

■

low flammability, but smoke generation characteristics can be
higher than those for a plenum-rated cable.
NPLF: Non-power-limited fire alarm cable is for general use
but not for plenum, riser, ducts, or spaces where there is
environmental air.
NPLFP: Non-power-limited fire alarm plenum cable can be
installed in plenums, ducts, and other similar spaces that must
be fire resistant and must have low smoke generation
characteristics.

TIP

Not only are there Class A and B pathway designations, NFPA
72® lists additional pathways as Class C, D, E, N, and X. The
designations are determined by the performance requirements
with one, Class E, listing only one condition and another, Class X,
required to meet seven conditions.

TIP

Signal line circuit interface modules connect to nonaddressable
devices such as a water flow switch so that the device can
communicate with the addressable fire alarm control panel.
These devices are also called zone addressable modules,
monitor modules, or popits.



Alarm Signals
When an alarm signal sounds in a building, it is alerting occupants
there is a fire emergency. The alarm signal should spur the
occupants to immediately leave the building, call the fire department,
or take other appropriate action to ensure life safety. Alarm signals
must sound within 10 seconds of a manual or automatic initiation
device activation such as a manual fire alarm box, a fire detector, or
a water flow or pressure switch. In many buildings, horns, bells, or
speakers are used to sound a general alarm throughout a facility.
However, in other situations, an alarm may sound on only a few
floors of a building or at a specific location within the building where
fire alarm and other critical system monitoring takes place. When an
alarm signal sounds, the level of response by occupants should be
immediate and urgent. Depending on the fire alarm system, this
signal either will automatically be transmitted offsite so the
appropriate action can be undertaken by the receiving party or might
require that a person make contact with the fire department to
respond.

Supervisory Signals
The supervisory signal sounds when there is a change in the
normal ready status of other fire protection systems or devices that
are connected to or integrated with the fire alarm control panel. The
typical supervisory signal sounds a constant tone, beep, or buzz
usually accompanied by a visible indication (lamp, LED, or text
information) on the fire alarm control panel and, if installed, the
annunciator. In many buildings, the fire alarm control panel
electrically monitors sprinkler system control valves; dry pipe
sprinkler system air pressure; fire pump status; air temperature of a
sprinkler system valve room; water temperature, level, and pressure
in a water storage tank; and, in some configurations, duct smoke
detector operation. For example, a change in the normal status of a
sprinkler system control valve could indicate someone closed a
valve, thus cutting off the water supply to the sprinkler system. This



act may have been accidental, malicious, or necessary for service or
maintenance activities. By electronically supervising the valve, those
responsible can initiate an immediate response and investigation to
determine the nature of the incident. This signal should not generate
a fire department response and should be handled by building
engineering, maintenance, or security staff. Supervisory signals take
precedence over the trouble signal discussed in the next section.

Trouble Signals
A third type of fire alarm signal generated by a fire alarm control
panel is the trouble signal. It sounds when there is a problem with
the system’s integrity, such as a power or component failure, device
removal, communication fault or failure, ground fault, or break in the
system wiring. It is common for the trouble signal to use the same
audible signal and visible indicator as the supervisory signal to notify
that there is a condition requiring attention. System problems that
generate a trouble signal should be investigated and resolved as
soon as practical by building maintenance or engineering personnel
because trouble conditions may prevent initiation or reception of
alarm signals. Many times, a trouble signal is acknowledged and
forgotten, but newer fire alarm systems must sound the trouble
signal every 24 hours until the problem is resolved. As with the
supervisory signal, a trouble signal is not an alarm signal, and fire
department response should not be necessary. However, any trouble
signal should be investigated in a timely manner to determine the
nature of the signal.



Initiating Devices
An initiating device interfaces with the fire alarm control panel to
provide manual or automatic means of activating fire alarm and
supervisory signals. Manual activation requires a person to operate
the initiating device. Automatic activation occurs when the products
of combustion or an event associated with a fire automatically
activates the initiating device. There are a number of different
operating principles for automatic activation, including thermal
sensitivity, aspirating, detection of products of combustion or radiant
energy, movement of water, changes in air pressure, and signals
from automatic extinguishing systems. A discussion of manual and
automatic initiating devices and their operational characteristics
follows.

TIP

Most fire alarm control panels use the same constant tone, beep,
or buzz accompanied by an indicating light to identify supervisory
and trouble conditions. Although supervisory and trouble signals
do not require the same level of response as a fire alarm signal,
building engineering, maintenance, or security personnel should
promptly investigate trouble or supervisory conditions.

Manual Initiating Devices
Most initiating devices operate automatically; however, there is one
exception. The manual fire alarm box is the only type of manual
alarm initiating device; it is known by a number of different names,
including manual box, manual pull box, and manual pull station. The



manual fire alarm box requires a person to pull a handle on the
device to initiate an alarm. It is critical that these devices are
accessible, unobstructed, visible, and consistently located so
building occupants and visitors are able to recognize and use them
FIGURE 3-4. The purpose is to provide a manual means of activating
the fire alarm system at the first sign of a fire. Still, activation of a
manual fire alarm box does not guarantee a fire department
response, as the fire alarm systems in many older buildings are not
monitored by an on- or offsite entity that would call the fire
department. Therefore, in many buildings, there are cards, placards,
or signs mounted above the manual fire alarm box providing
instruction to notify the fire department after safely exiting the
building FIGURE 3-5.



FIGURE 3-4 A manual fire alarm box is typically located within 5 ft of an exit door.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 3-5 A manual fire alarm box and instructional placard.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



To ensure consistency of installation, the model codes have
adopted the requirements found in NFPA 72®, National Fire Alarm
and Signaling Code®. To provide for easy reach when exiting a
building, NFPA 72® requires manual fire alarm boxes to be located
within 5 ft of an exit, mounted between 42 and 48 in. above the floor,
located on each side of an exit opening greater than 40 ft wide, and
located within every 200 ft of travel distance measured horizontally
on the same floor (National Fire Protection Association 2019, NFPA
72, Sections 17.15.9.4, 17.15.6, 17.15.9.6, 17.15.9.5). If the travel
distance exceeds 200 ft, additional boxes are required. In addition,
manual fire alarm boxes should be colored red unless the
environment precludes the use of the color (National Fire Protection
Association 2019, NFPA 72, Section 17.15.9.3). In those cases,
NFPA 72® suggests the use of an alternative material—such as
stainless steel—that meets the requirement for the box to remain
conspicuous, unobstructed, and accessible (National Fire Protection
Association 2019, NFPA 72, Section 17.15.9.2).

In locations where manual fire alarm boxes are subjected to
moist, damp, or wet environmental conditions, they must be listed or
approved for the conditions as well as appropriately protected to
avoid problems with corrosion, rust, electrical shorting, and
grounding. For these reasons, it is common to see some type of
protective cover over these devices FIGURE 3-6. In many instances,
the cover protects the box from the weather or other conditions that
may potentially cause physical damage, such as in a gymnasium
where activities that use sports equipment take place.



FIGURE 3-6 A manual fire alarm box with protective cover.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Protective covers also help to deter individuals from pulling the
box to create false and malicious alarms. Many of these covers



incorporate a built-in mini-horn or siren device powered by a battery.
Once the cover is lifted, the mini-horn or siren sounds a local alert
rather than tying into a fire alarm system. Although these covers help
to deter malicious alarms, some individuals might attempt to sound a
legitimate alarm and mistakenly believe that lifting the cover initiates
the fire alarm system. Unfortunately, they do not realize there is also
the need to pull the handle on the manual fire alarm box. Building
occupants should be instructed on how the cover works to ensure
proper alarm signal initiation.

Operational Characteristics
All manual fire alarm boxes operate on the same basic principle: you
must pull a lever on the box to initiate an alarm. However, some
boxes may have additional operational characteristics and,
according to these characteristics, may fall into one or more of the
following categories:

Noncoded. When activated, this type of box simply initiates an
alarm until it is reset.

Coded. This type of box is assigned a code that sounds from an
audible notification device when a mechanical or electrical
driven motor turns a wheel. A person can determine which box
is operating by counting the code that is sounding FIGURE 3-7. For
example, if a box is assigned the code “415,” then an audible
notification device such as a bell will ring four times, pause, ring
one time, pause, ring five times, and then pause again FIGURE 3-

8. Once the code is recognized, a person can look at the
annunciator or compare the number to a code list to determine
the location of the box. In addition, the system might record the
event by punching the code onto a paper tape recorder, allowing
responders or building personnel to verify the code or review the
alarm information later FIGURE 3-9. To make sure the code
transmits properly, coded boxes are required to repeat a code
signal of not fewer than three impulses at least three times to



give a person the opportunity to determine the code (National
Fire Protection Association 2019, NFPA 72, Sections 10.11.4,
10.11.5). However, if the equipment is not maintained, dust, dirt,
and dried-out lubricants may cause friction between the gears of
the motor, causing the code pattern to slow down, interrupt, or
stop altogether. Coded boxes are an old but reliable technology,
but as systems are upgraded, fewer remain in service.

FIGURE 3-7 A coded manual fire alarm box.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 3-8 A manual fire alarm box code number “415.”

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 3-9 Upon activation of a coded manual fire alarm box, some systems have a

machine that punches the code number onto a paper tape recorder so emergency

responders can determine the location of the station by comparing the number to a

location chart.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

General alarm. When operated, this type of box immediately
initiates an alarm throughout the structure.

Pre-signal. When operated, this type of box sends a signal to a
location where the boxes are constantly monitored, such as a
guard’s desk, the main office of a school, or a nursing station.
Once the signal is received, an individual can initiate an alarm;
however, this initiation is typically delayed in order for the
receiver to investigate the validity of the alarm.

Break-glass. With this type of box, a glass rod or other
breakable material must be broken before the lever can be
pulled to complete the initiating action to sound the alarm FIGURE

3-10.



FIGURE 3-10 A break-glass-type manual fire alarm box.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Non-break-glass. This box does not have any materials that
must be broken to complete the initiating action FIGURE 3-11.



FIGURE 3-11 A non-break-glass-type manual fire alarm box.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Single-action. Initiating an alarm on this type of box only
requires the person to perform one action such as pulling on a
lever FIGURE 3-12.



FIGURE 3-12 A single-action manual fire alarm box.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Double-action. Initiating an alarm on this type of box requires
the person to perform two actions, such as opening a protective
cover and then pulling on a lever FIGURE 3-13.



FIGURE 3-13 A double-action manual fire alarm box.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Once a manual fire alarm box is pulled, the box requires
resetting, and in almost every instance, the fire alarm system will not
reset unless the box is back to normal (ready) service. Restoring a
manual fire alarm box requires opening the box, usually with the use



of a special key, wrench, screwdriver, or manufacturer-provided tool.
Once the box is opened, some type of switch may need to be reset
to the normal ready position and/or a glass or plastic rod may need
to be replaced.

TIP

In order to deter malicious manual fire alarm box activation, some
boxes have a tamper liquid, gel, or powder applied or
incorporated that once touched, adheres to the person’s skin or
clothing. This deterrent is commonly used in schools and other
locations that are susceptible to malicious alarms and helps to
identify who activated the fire alarm box.

TIP

Restoring a manual fire alarm box requires opening the box,
usually with the use of a special key, wrench, screwdriver, or
manufacturer-provided tool. Once the box is opened, some type
of switch may need to be reset to the normal ready position
and/or a glass or plastic rod may need to be replaced.

Automatic Initiating Devices
There are a number of different types of automatic initiating devices.
Some require movement of water through a pipe, the loss of air
pressure from a system, or the operation of other extinguishing
systems to initiate an alarm. However, many of these devices are



some type of fire detector that provides early detection and warning
to start notifying occupants and, in many cases, the fire department
of a fire. An automatic fire detector is classified by the fire
signature component it detects—heat, smoke, flame, or gas. Each
class of detector operates differently and one may be more
appropriate than another for a particular fire hazard.

In addition to the fire signature classifications, fire detectors are
categorized by the class and size of the hazard they protect.
Generally, there are three types of detectors: spot-type detectors,
line-type detectors, and air sampling–type detectors. A spot-type
detector covers a specific area or location. A line-type detector
covers an area along an uninterrupted linear route. An air
sampling–type detector pulls air from the protected area into a unit
that analyzes the air by utilizing a laser or other device to check for
products of combustion. Choosing to install the correct class and
type of detector is critical for fast and dependable detection, prompt
notification to occupants and the fire department, and a better
chance of engaging, controlling, and extinguishing the fire.

Heat Detectors
Heat detectors are typically installed in areas where environmental
conditions are challenging, where temperatures fluctuate, where the
heat output of a fire will be high, or where the speed of fire detection
is not a concern. This type of detector is very stable and not prone to
false alarms, is low in cost to install and maintain, and operates by
sensing predetermined fixed temperatures or sensing specified rates
of temperature change. Heat detectors can be slower to detect fires
than other detectors—especially smoke detectors—because they
rely on the heat generated by the fire, not on the smoke that forms
before sufficient heat buildup. Because they are slower to detect a
fire, heat detectors are typically not considered life safety devices
and, unless approved by the reviewing authority, should not replace
a smoke detector. Heat detectors may substitute for smoke detectors
in certain circumstances and environments where smoke detectors
will not function properly because of the ambient conditions. Some



heat detectors must be replaced after a fire (nonrestorable type),
while others, if not damaged by the fire, can remain in service
(restorable type). The type of fuel hazard, fuel configuration, and its
associated rate of fire development determine which type of heat
detector—spot-type or line-type, fixed-temperature, rate-of-rise, or
rate compensation—should be installed.

TIP

Because they are slower to detect a fire than smoke detectors,
heat detectors are not life safety devices and, unless approved by
the reviewing authority, should not replace smoke detectors.

Fixed-Temperature Heat Detectors. A fixed-temperature
heat detector operates when a sensing element within the detector
reaches a predetermined temperature. Some fixed-temperature heat
detectors use a fusible link sensing element that melts when the
predetermined temperature is met, therefore requiring the detector or
the detection element to be replaced after activation FIGURE 3-14.
Other fixed-temperature heat detectors use bimetal sensing
elements, which include different bonded metals that expand at
different rates and, when exposed to increasing temperatures, cause
the contacts to close, sending a signal to the fire alarm panel. Once
the temperature returns to a normal level, the bimetal sensing
element returns to its normal shape and, if not damaged by fire, is
ready for future service.



FIGURE 3-14 Once activated, the fusible link sensing element of this fixed-temperature

heat detector must be replaced.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Fusible link and bimetal element units are usually spot-type
detectors, but fixed-temperature heat detectors can also be line-type
detectors or detectors with electrical resistance components. Line-
type heat detectors are frequently installed in challenging locations
and environments because the detector, in the form of a cable, can
be laid to conform to the physical conditions. Some line-type
detectors are restorable but others may need to be replaced or at
least have the part exposed to the fire replaced. There are different
kinds of line-type heat detectors, but they all basically consist of
sensing elements (e.g., conductors in a special cable) surrounded by
materials that change condition when exposed to heat, causing the
elements to make contact or become conductive. A newer



technology uses fiber-optic cable that sends a light source through
the cable. When there are changes in the light source parameters
due to the temperature change, the cable distorts, causing an alarm.

Owing to a condition called thermal lag, some fixed-temperature
heat detectors will not reach their predetermined temperature as
quickly as the surrounding air will. In order to minimize the time it
takes for the detector to operate when exposed to a fire, it is
important to choose a temperature rating that is close—but not too
close—to the normal high ambient temperature. Typically, the
detector should be rated at least 20°F higher than the normal high
ambient temperature. A color-coded dot or color-coded ring is
typically placed on the spot-type fixed-temperature heat detector to
identify its activation temperature, ranging from 100°F (no color) to
575°F (orange).

TIP

After initiating an alarm, some heat detectors require replacing,
while others restore to normal ready condition if not damaged
from the heat of a fire.

Rate-of-Rise Detectors. A rate-of-rise detector is a heat
detector that uses pneumatic or electronic methods to monitor how
much temperature change takes place over a fixed amount of time.
When the temperature rises at a rate exceeding the fixed amount—
either 5°F in 20 seconds or between 12°F and 15°F per minute,
regardless of the starting temperature—a signal transmits to the fire
alarm control panel. The pneumatic rate-of-rise detectors can be
line- or spot-type detectors, both of which use rubber diaphragms to
initiate an alarm. Changes in temperature are detected when heat
expands the air in a tube that exerts pressure on the diaphragm (line
type) or when the air in the diaphragm is heated (spot type). Once



the diaphragm is heated, it enlarges to close electrical contacts
connected to the fire alarm system. The electronic rate-of-rise
detectors detect temperature change through the use of a
semiconductor component (thermistor) that responds to increased
temperature by increasing electrical resistance FIGURE 3-15.

FIGURE 3-15 A ceiling-mounted spot-type rate-of-rise heat detector.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP

A reset problem with a fire alarm system may stem from the need
to replace a nonrestorable heat detector.



Rate-of-rise detectors typically detect temperature changes more
rapidly than fixed-temperature detectors and, therefore, may not be
appropriate in locations where normal ambient conditions dictate
rates of temperature change that could cause false alarms. In
addition, although rate-of-rise detectors are usually restorable after a
fire, they may need some time to cool down before they can be
reset.

Combination Detectors. A combination detector combines
the operational characteristics of the fixed-temperature and rate-of-
rise heat detectors into one unit. The benefit of this type of detector
is that no matter whether a fire develops slowly or rapidly, the
detector has the components to detect and send a signal to the fire
alarm panel. However, if the fixed-temperature portion of the detector
activates, the detector must be replaced. Another typical
combination detector pairing is combining a smoke detector and a
heat detector in one unit.

TIP

It is important to determine the normal expected high ambient
temperature of the protected area because installation of a heat
detector with a temperature rating that is too low could cause
false alarms.

Rate-Compensation Heat Detectors. The rate-
compensation detector is a type of heat detector that responds to
predetermined air temperatures and is not dependent on rates of
temperature change. Rate-compensation detectors are typically
tubular and use a two-element sensing system FIGURE 3-16. To
compensate for slow or fast temperature changes, the sensing
elements are manufactured with metals that are designed to expand
at different rates. During a slow rate of temperature rise, there is



more time needed to heat the inner sensing element, thus giving the
entire detector, including the outer sensing element, time to reach
the rated temperature before an alarm is sounded. During a fast rate
of temperature rise, it takes much less time for the outer sensing
element to heat than it does the inner sensing element, resulting in
the entire device activating an alarm at a lower temperature. This
method of operation compensates for thermal lag conditions
associated with the fixed-temperature detectors. In addition, these
types of detectors are restorable.

FIGURE 3-16 A rate-compensation heat detector.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Smoke Detectors



A smoke detector does not rely on the heat generated by a fire for
activation because initially, some fires put out very little heat.
Instead, they rely on detection of the smoke particles emanating
from a fire. Generally, smoke from a fire develops in small but
sufficient quantities to activate a smoke detector before enough heat
builds up to set off a heat detector. Because they operate faster and
provide early warning of a fire condition, smoke detectors are
considered life safety devices. Most fire deaths are due to smoke
and toxic gas inhalation; therefore, the need for early warning is
essential. Without question, many lives have been saved by model
building, fire, and life safety code requirements to install smoke
detectors, especially in residential and institutional occupancies.

Even though smoke detectors are recognized as one of the best
early warning detectors and life safety devices, they still have
limitations. For example, spot-type smoke detectors can only cover a
small area reliably. Environmental conditions including temperature,
dust, dirt, and moisture or humidity can limit smoke detector
installation opportunities. In addition, smoke detectors must have a
level of sensitivity that is appropriate for the environment in which
they are installed. If too sensitive, the detector could trigger false
alarms; however, if not sensitive enough, it may not be able to detect
smoke particles as rapidly as needed. Finally, smoke detectors are
only as good as the level of inspection, testing, and maintenance
provided. Fortunately, most of these limitations disappear with
installation of the appropriate number of detectors to cover the
hazard, picking the detector best suited for the environment,
utilization of new technologies that enable self-calibration of the
detector, constant checking of the detector integrity, and notification
of the detector’s condition and specific location.

To select the proper smoke detector for the installation
conditions, it is best to evaluate certain factors including life safety
and protection goals; environmental conditions; construction and
design issues; building contents; ceiling height, shape, and surface;
ventilation and airflow conditions; and the burning characteristics of
combustible materials. For example, while a spot-type smoke
detector is suitable in the sleeping area of a patient room at a



nursing facility or in the hallway or bedroom of a home, it is not
suitable at the top of a 60-ft atrium where the chances of a sufficient
amount of smoke reaching the detector in a timely manner are slight.
Instead, a projected beam smoke detector would be better suited for
installation in an atrium. In addition, a spot-type smoke detector is
suitable in an elevator lobby inside a building; however, move the
elevator to an outdoor, multilevel parking structure where it is
exposed to all types of weather conditions, and the smoke detector
would no longer be suitable for the conditions. Not only would there
be more of a chance for false alarms caused by the exposures, but
more importantly, the detector would probably be operating outside
approved specification parameters. In this instance, a heat detector
may be a better choice. Because of issues such as these,
consideration of the correct type and location of smoke detector for
the protected facility is critical to providing the quickest response.

Smoke detectors work predominantly on two operating principles.
One detects smoke by using a radioactive element (ionization
smoke detector) and the other by scattering light or obscuring light
(photoelectric smoke detector). Each type adequately detects fire,
but one type may respond faster than another based on the
detector’s operating principle.

Ionization Smoke Detectors. Ionization smoke detectors
use two electrically charged plates and a small amount of radioactive
material to detect a fire. The radioactive material positively and
negatively charges the air particles within the detector’s sensing
chamber, making the air conductive. Because the air is conductive,
the ionized particles attach to the oppositely charged plate and a
small but measurable current is created. When smoke particles enter
the sensing chamber, they attach to the charged air particles and
reduce the rate of current flow between the plates. Once the current
flow reduces to a predetermined level, the detector activates FIGURE

3-17.





FIGURE 3-17 Principle of operation for an ionization smoke detector.

© Jones & Bartlett Learning.

Description

Changes in humidity and atmospheric pressure can affect the
operation of ionization detectors, often causing false alarms. For this
reason, many of these detectors have a second chamber that
monitors humidity and pressure conditions, establishing a reference
to compare against the air within the sensing chamber. If both
chambers have the same atmospheric level, there should be no false
activation; however, if the atmospheric levels are not the same, the
detector will initiate an alarm. Ionization detectors are spot-type
detectors and are best suited for fire that rapidly develops flame,
such as that coming from a burning piece of paper.

Light-Scattering Photoelectric Smoke Detectors. Light-
scattering photoelectric smoke detectors are spot-type detectors that
use a light source and receiver (photoelectric cell) to initiate an
alarm. The light source and receiver install within the sensing
chamber at an angle to each other; if smoke or other particulate
matter enters the sensing chamber, the light refracts into the receiver
and initiates an alarm FIGURE 3-18. Rapidly developing flaming fires
tend to give off smaller particles that do not refract as much light,
thus delaying the alarm initiation. Instead, the photoelectric smoke



detector responds more quickly to smoldering fires, which tend to
generate larger smoke particles.



FIGURE 3-18 Principle of operation for a light-scattering photoelectric smoke detector.

© Jones & Bartlett Learning.

Description

Light-Obscuration Photoelectric Smoke Detectors.
Light-obscuration photoelectric detectors project a beam of light to a
receiver or reflector that spans a protected area; an alarm is initiated
when the receiver senses a reduction in light intensity FIGURE 3-19. A
typical projection range can exceed 300 ft long by 60 ft wide. Also
known as a beam detector, this type of smoke detector is common in
locations where ceilings are very high such as in atriums, concert
halls, shopping malls, warehouses, gymnasiums, and factories
FIGURE 3-20. The detector must mount on a very stable wall or ceiling
surface because movement and strong vibration could misalign the
projector and receiver, causing fault conditions. Many beam
detectors mount on the wall because access and maintenance tend
to be more manageable. One appropriately placed beam detector
can replace multiple spot-type detectors.



FIGURE 3-19 Principle of operation for a light-obscuration photoelectric smoke detector.

© Jones & Bartlett Learning.

Description



FIGURE 3-20 This beam detector provides the light source to the companion receiver on

the other side of the protected area.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Air Sampling–Type Detectors. One of the more
sophisticated types of smoke detectors is the air sampling detection
system. This type of system, which is also known as aspirating
detection, is designed to draw air from the protected area into a
detection chamber for analysis. The major benefit of an air sampling
system is the capability of detecting unseen by-products that form
when a material breaks down during the pre-combustion stage of a
fire, long before an occupant or even a smoke detector would notice.
Air sampling detectors have multiple threshold alarm levels that
provide those responsible with very early warning to investigate the
situation and conditions that initiated the alarm. Once the detector
analyzes the particles, the detector communicates how much smoke



is present in the protected area. At the first level, the system detects
any abnormal air characteristics. Even at this level, it is important to
investigate the signal because failure to determine the source could
lead to the next two stages of alarm. When the second level of alarm
is reached, there is a potential fire; at this level, emergency
procedures should immediately start. If the final stage of alarm is
reached, it is usually an indication that an actual fire is in progress.

There are different detection methods for these types of systems
and each operates on very different principles. One method, called
continuous air sampling smoke detection, continually draws air
through piping, past filters that remove large dust particles, and into
a detector that uses a light source (such as a xenon strobe or laser
beam) and receptors to measure how much light is reflected by the
particles in the air (Cote 2008, Section 14, Chapter 2, p. 22). Once
predetermined thresholds are reached, the system initiates the
appropriate alarm level based on the conditions.

Another method—commonly referred to as cloud chamber
detection—creates an environment within the detector’s chamber in
which condensation forms on any smoke particles that may be
present, causing the particle’s size to increase (Cote 2008, Section
14, Chapter 2, p. 22). If the particle exceeds a predetermined size,
an alarm initiates. A third method is called spot-type detection. This
method utilizes filtered photoelectric detection with air sampling
technology in a spot-type detector for use in environments where the
dust level can be higher than normal such as in paper plants, food
processing facilities, or cotton and textile mills (Cote 2008, Section
14, Chapter 2, p. 22). Spot-type aspirating detection is not suited for
outdoor or potentially explosive environments and requires periodic
filter replacement (Cote 2008, Section 14, Chapter 2, p. 22).

TIP

Air sampling detection provides very early detection and
notification, allowing extra time for safe evacuation of building



occupants and investigation of the alarm, helping to avoid
unwanted discharge of a suppression agent that might result in
shutdown of equipment or an unworkable environment.

Many air sampling detection systems are installed as stand-alone
systems to protect a critical operational area of a building such as a
computer room or telecommunication center FIGURE 3-21 and FIGURE 3-

22. However, air sampling systems may also be used in conjunction
with fire suppression systems. The early detection and notification
provide extra time for safe evacuation of building occupants. In
addition, in some types of buildings or areas, an unintended release
of suppression agent may result in a shutdown of equipment or an
unworkable environment where the down time of operation could be
detrimental. The early detection of air sampling systems provides
extra time for investigation of the alarm, helping to avoid the expense
caused by unintended discharge of a suppression agent.



FIGURE 3-21 An air sampling smoke detection system control panel/analyzer.
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FIGURE 3-22 The ends of these tubes have small holes to capture air samples that are

analyzed by a control panel/analyzer.
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Air sampling systems are also installed in areas where concealed
detection is important, maintenance access is limited, or critical
processes cannot be disrupted. Examples of locations suited for air
sampling–type detection include historic buildings,
telecommunications facilities, bank operations centers, production
facilities, electrical substations, clean rooms, warehouses, aircraft
hangars, textile mills, and atriums.

Duct Smoke Detectors. Commercial air distribution systems
can move large amounts of air throughout a building in a relatively
short amount of time. Under normal operating conditions, these
systems maintain a pleasant work environment for building
occupants, but if a fire were to erupt, these units may move smoke
and toxic gases from one side or floor of a building to another. This
could expose occupants to the products of combustion, creating
significant and potentially life-threatening problems for them. In order
to reduce the spread of smoke and toxic gases, it is critical to shut
down these units in the event of a fire. To ensure this is
accomplished, the duct smoke detector samples air as it moves
through the air distribution system ductwork FIGURE 3-23. Upon
detecting smoke, the detector shuts down the unit and may close
any associated smoke dampers or initiates smoke control system
operation. Although these important functions help to manage smoke
movement throughout a building, a duct smoke detector is not an
early warning detector and, therefore, should not be used as a
replacement for an area-type smoke detector or other required fire
detector.



FIGURE 3-23 A duct detector mounted on an air duct line.
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Some duct smoke detectors mount on the inside of the ductwork,
while others mount on the outside and attach to air sampling tubes
located inside the ductwork FIGURE 3-24. Many duct detectors are very
difficult to see from floor level and may even be concealed behind a
ceiling. Because of these reasons, the location of the detector must
be documented and clearly identified. In addition, NFPA 72® states
that any detector installed more than 10 ft above the finished floor or
in a location not readily visible requires a remote indicator that
clearly labels and identifies the HVAC units (National Fire Protection
Association 2019, NFPA 72, Sections 17.4.6, 17.4.6.1). Typically, a
small remote lamp or annunciation device is mounted on a wall or
ceiling below or as close as possible to the detector so the detector
can be quickly located by responding fire fighters or maintenance
personnel FIGURE 3-25. To avoid operational and sensitivity problems
that could lead to false alarms, it is extremely important to have
adequate access to the detector for post-incident inspection,
cleaning, or, if necessary, replacement. In addition, not all duct
detectors have remote reset capabilities, so access may be
necessary to perform a manual reset on both the detector and the
unit.



FIGURE 3-24 Duct detector air sampling tubes.
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FIGURE 3-25 A remote indicator for concealed smoke detector.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP

Depending on the code requirement or the level of acceptable
risk the authority is comfortable with, a duct detector may sound a



fire alarm or supervisory signal. NFPA 72® permits a duct smoke
detector to send a supervisory signal to a constantly attended
location.

Some code authorities require the duct smoke detector to sound
an alarm condition, while others only require the duct detector to
sound a supervisory signal. The reason for requiring an alarm to
sound is that some authorities feel a duct detector is no different
from any other type of detector and, therefore, should sound an
alarm for investigation. Other authorities feel that because a duct
detector’s purpose is to shut down air units, only initiation of a
supervisory signal is necessary. In the end, the type of signal
sounded by a duct detector really comes down to what level of risk is
acceptable to the authority.

Not all air distribution systems require duct detectors. The system
capacity—based on the cubic feet per minute of airflow—determines
the need for duct detectors. Generally, duct detectors are required
for air systems with a capacity greater than 2000 ft3 per minute or for
air return risers serving more two or more stories and having a
capacity greater than 15,000 ft3 per minute; however, there are
exceptions. Like all fire protection equipment, duct detectors require
a listing or approval for the use and the expected conditions. More
importantly, the detectors must be able to operate over the complete
range of air velocities, temperatures, and humidity expected for the
installation conditions.

Video Smoke and Flame Detectors. One type of detection
technology uses high-definition video cameras to detect smoke and
flame. This type of technology analyzes the digital images and
senses changes in pixels before there are enough smoke particles
for visual detection, making detection many times faster than would
be possible with a standard detector. Video detection is not affected
by any of the usual physical or environmental conditions that could
delay more conventional detector activation including air movement,



dilution, stratification, thermal barriers, and distance from the source
of ignition. In addition, these cameras can provide a video feed so
those monitoring the video feed or first responders can see the
protected area before entering.

Multiple-Parameter, Low-False-Alarm Fire Detectors.
Another detection technology involves detectors that analyze and
compare the physical and chemical components of detected gases
and particulate matter against profiles of real fire components to
distinguish between non-fire situations and real fires. The goal of this
technology is to increase system reliability and decrease false
alarms. The multiple-parameter, low-false-alarm fire-detection
system, which was introduced by NASA around 2005, digitizes and
processes the readings of multiple sensors through advanced signal-
processing hardware and software that then compares the readings
with the chemical indicators of fire (National Aeronautical and Space
Administration, Tech Briefs, December 2007, pp. 29-30). In addition,
the systems use microelectromechanical systems (MEMS)–based
particle detector and classifier devices to increase the reliability of
the measurements of chemical species and particulates (National
Aeronautical and Space Administration, Tech Briefs, December
2007, pp. 29-30). These detection systems protect locations that are
difficult to reach and inspect, including storage depots, cargo bays of
ships, and aircraft.

Radiant Energy–Sensing Fire Detectors
A radiant energy–sensing fire detector (also known as flame and
spark/ember detector) looks for specific portions of the visible and
invisible light spectrum produced by flames, sparks, or embers and
does not depend on smoke and heat plumes to operate. These
detectors operate in many different environments, especially in
industrial and manufacturing environments where exposure to non-
fire-related sources of radiant energy is generally greater. Radiant
energy–sensing fire detectors protect many high-risk and high-value
facilities and are typically installed where the hazard level is



extremely great, where rapid and sensitive detection is critical, and
where remote detection of small fires is crucial. Among the types of
risks protected are petroleum processing, storage, and loading
facilities; print shops; paint application facilities; airplane hangars;
woodworking facilities; textile mills; museums; ordnance facilities;
and, in some cases, computer rooms. The appropriate type of
radiant energy–sensing fire detector must be carefully selected for
the environment and fuel type present, with attention directed to
other sources of non-fire radiant energy that could cause false
alarms or, in some cases, no alarm when a true emergency occurs.

TIP

There are ultraviolet/infrared detectors available that monitor
three different infrared frequencies. These types of detectors
require all signals to be in the correct ratio and relationship before
initiating an alarm.

Flame detectors are further identified by the part of the light
spectrum they are designed to detect: ultraviolet (UV), infrared (IR),
ultraviolet/infrared (UV/IR), and infrared/infrared (IR/IR) FIGURE 3-26.
The UV/IR and IR/IR types of detectors have two sensing
components; both must detect a specific light spectrum band before
an alarm initiates. The purpose of this dual sensing mechanism is to
improve detection of an actual fire and reduce the susceptibility of
the detector to non-fire radiant energy sources. Because radiant
energy–sensing fire detectors initiate an alarm by optically sensing
radiant energy, the detectors must have an unobstructed view of the
protected area and be close enough to detect the energy. If this is
not possible, additional detectors are required to ensure complete
coverage of the hazard area.



FIGURE 3-26 An ultraviolet/infrared detector.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Whereas flame detectors work in specific environments and with
specific fuels, spark/ember detectors are not fuel-specific; instead,
they detect sparks or embers that may be present because of a
manufacturing process. Typically, spark and ember detectors install
on, in, or near equipment where solid materials move through a duct
line or conveyor belt. Spark/ember detectors operate in the IR range
and require installation in a closed, dark environment to function
properly. Upon detection of a spark or ember, a signal operates
suppression equipment, typically a water spray nozzle connected to
an ultra-high-speed water spray system.

Gas-Sensing Fire Detectors



Gas-sensing fire detection utilizes a number of different sensing
technologies, including infrared, semiconductor, electrochemical, and
catalytic bead. Gas detectors work by either detecting a specific gas,
any type of toxic gas, or a variety of gases and vapors associated
with processes utilizing hydrocarbons. Gas detectors protect high
hazard environments; off-shore oil and gas rigs; oil, gas, and
petrochemical facilities; gas turbines; HVAC air intakes; oil and gas
wells; and enclosed air handling ductwork.

Signal Processing/Alarm Verification
In an effort to reduce false alarms, most modern fire alarm systems
and smoke detectors have the capability to implement a protocol that
validates the smoke condition before a fire alarm signal sounds. For
example, some smoke detectors use a method called signal
processing. This method checks the smoke within the detector at
specified intervals to ensure it continues to remain above a threshold
amount. If the smoke remains above the threshold amount for the
required time, alarm initiation takes place.

Other detectors may use a method known as alarm verification.
With this method, the fire alarm panel receives a signal from the
smoke detector and, in turn, either cuts the power to the detector or,
in newer systems, ignores the alarm signal for no longer than 1
minute to allow the condition to clear. If after this verification period
the smoke condition remains, the detector sends a signal back to the
panel to alarm. Alarm verification is beneficial in locations where
nuisance alarms are common, including dormitories or near snack
food–dispensing areas where people may overcook food in a
microwave or toaster oven. NFPA 72® lists alarm verification
requirements, including maximum allowable alarm delay, automatic
alarm override, and actuation if other initiating devices operate. This
type of method is prohibited if more than one smoke detector is
required to actuate an alarm such as is found in computer rooms
protected by cross-zoned smoke detectors connected to a preaction-
type automatic sprinkler system.



TIP

Paddle-type water flow switches can only be installed on wet pipe
sprinkler systems. If installed on a dry, preaction, or deluge
system, the velocity and force of the water rushing through the
pipe could blow the paddle off the switch arm and create a
blockage somewhere in the pipe.

Water Flow Initiating Devices
A water flow initiating device, also known as a water flow switch,
utilizes a flexible round plastic paddle or vane that inserts into the
wet sprinkler system piping. The paddle is slightly smaller than the
inside diameter of the pipe; once there is sustained water flow
through the piping, the paddle moves to activate the switch. Once
the switch activates, it sends a signal to the fire alarm panel to sound
a fire alarm. When the water stops flowing, the switch returns to the
normal ready position, and the fire alarm system only needs to be
reset at the fire alarm panel.

Although installed by the fire sprinkler contractor, the water flow
initiating device is wired to the fire alarm system by a fire alarm or
electrical contractor. Depending on the size of the pipe, the switch
might screw into a threaded fitting, as is the case for smaller pipes,
or it might be held in place by a U-bolt, as is the case for larger pipes
FIGURE 3-27 and FIGURE 3-28. In order for the switch to operate properly,
an arrow on the frame must point in the direction the water will flow.
In addition, a sprinkler system may have one water flow switch or
multiple switches, depending on the size of the building and the
number of systems within the building. However, these switches can
only be installed on wet pipe sprinkler systems. If installed on a dry,
preaction, or deluge system, the velocity and force of the water
rushing through the pipe could blow the paddle off the switch arm
and create a blockage somewhere in the pipe.



FIGURE 3-27 A threaded-type water flow switch.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 3-28 A U-bolt-type water flow switch.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP

When installing a water flow switch it is imperative that the
installer of the flow switch removes the cutout (called the coupon)
of the pipe when drilling. The coupon is typically attached to the
fitting, device, or pipe at the location where the hole was bored. If
the coupon falls into the pipe and is not retrieved, it could block
the piping or a sprinkler head during an activation and allow the
fire to spread.



There are different water flow switches for different types of
pipes, and installing the wrong type of switch could cause leaks or
malfunctions. For example, a water flow switch made for steel pipe
should not be installed on a copper pipe system. First, the outside
diameters of the same size copper and steel pipe are not the same
and the improper fit will cause leaks. Second, most dissimilar metals
need to be isolated in order to avoid a condition called galvanic
corrosion. Galvanic corrosion occurs when dissimilar metals are in
direct contact and exposed to a moist or wet environment. The
reaction between the metals might cause leaks or cause the
formation of hard crystalline-like structures in and around the point of
contact, preventing the flow switch paddle from moving. In addition, it
is important to ensure installation of the correct size paddle because
a paddle that is too small may require higher than normal flow rates
to activate and a paddle that is too large may bind with the pipe and
block water flow or hold the switch in constant alarm.

The switch has a built-in adjustable time delay mechanism to
compensate for fluctuations in water pressure between the sprinkler
system and the water supply. The delay mechanism device is usually
pneumatic and can be set for no delay or for a delay of any time up
to 90 seconds. When set for no delay, multiple false alarms will most
likely result from normal water surges; therefore, some delay is
required. Many local jurisdictions determine the time delay, but
typically it is set between 30 and 60 seconds.

Alarm Pressure Switch Initiating Devices
The alarm pressure switch is also installed by the fire sprinkler
contractor and wired by the fire alarm or electrical contractor FIGURE

3-29. Most pressure switches screw into a fitting that is a part of the
pipe components package for the sprinkler system. Depending on
the application, pressure switches operate when the pressure setting
either rises above or drops below a preset pressure threshold. Many
pressure switches use a diaphragm and spring to detect changes in
pressure; others may use a mercury switch.



FIGURE 3-29 A pressure-type water flow switch.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



Pressure switches do not have time delay mechanisms; upon
reaching the pressure threshold, a signal is sent to the alarm panel.
Additionally, unlike the water flow switch that returns to the normal
(ready) position once water stops flowing, the pressure switch may
require a manual reset achieved by bleeding off the water that is
holding the switch in the alarm position. This type of switch is best
suited to signal an alarm condition for dry pipe, preaction, and
deluge systems; wet sprinkler systems with retard chambers; and
other types of water-based fire protection systems.

A pressure switch has more capabilities than just initiating an
alarm signal; it can also monitor air pressure and generate a
supervisory signal when installed on dry pipe, preaction, and
pressure tank systems. For example, when the air pressure in a dry
pipe system drops to a preset threshold limit, the pressure switch will
detect the drop and start an air compressor to increase the air
pressure in the pipes. Once the desired pressure is reached, the
compressor will automatically turn off. If the loss of air pressure
continues and drops below a minimum threshold, the pressure
switch will signal a “low air pressure” supervisory alarm condition.
Conversely, if the compressor causes the system to exceed the
maximum air pressure threshold, the same switch will signal a “high
air pressure” supervisory alarm condition.



Notification Appliances
Notification of the occupants is the most important function of the fire
alarm system. Once an initiating device sends a signal to the fire
control panel to sound an alarm, a notification appliance produces
audible and visible signals to prompt evacuation or relocation of
occupants and, in some cases, to report system problems that need
attention or investigation by building personnel. Different types of
notification appliances are used to audibly and visually alert building
occupants. These devices include bells, horns, speakers, chimes,
buzzers, sirens, rotating beacons, strobe lights, various types of
lamps, and combinations of these devices. The loudness or
brightness of the notification appliance is established by the adopted
codes and standards including the accessibility standards (ANSI
A117.1, Accessible and Usable Buildings and Facilities and the
Americans with Disabilities Act).

The type of system and location of the devices installed will
depend on the code requirements, environment, occupancy
conditions, and how much information needs to be conveyed and to
whom. Systems can be as simple as a single electric bell attached to
a pressure switch on a storage warehouse dry system, as advanced
as a voice/alarm/evacuation/annunciator system found in a high-rise
building, or even designed to selectively report to a specific location
to better control challenging, complicated, or dangerous situations
and occupancy conditions.

Public Operating Mode/Private Operating
Mode Notification
One of the first considerations when designing a fire alarm system is
whether the alarm should sound to alert the public or instead send a
signal to a monitored location at the property where trained
personnel receive and interpret the signal. For most occupancy
conditions, a general alarm will sound so all occupants are alerted



audibly or visually to take the appropriate action. This arrangement is
known as public operating mode notification and is appropriate for
places such as grocery stores, schools, office buildings, and
apartment buildings where people can make decisions and take
action during an evacuation. When designed for public operating
mode, the alarm devices are seen and heard in all locations
throughout the building. However, it may be impractical to sound a
general alarm in all occupancy situations, such as those in which the
occupants are not physically or mentally capable of responding or
those in which the occupants’ movement within the building is
restricted. For those types of situations, the arrangement is known
as private operating mode notification. Private operating mode is
appropriate for occupancies such as nursing homes, hospitals,
prisons, and jails. In this arrangement, trained individuals receive the
signal at a location within the facility and then respond to implement
the appropriate emergency procedures.

Coded, Noncoded, and Textural Signals
Depending on the system design, notification appliances may
communicate additional information to assist first responders. Coded
signals generate a predetermined number of visual or audible
patterns for a specific duration to identify the location of the initiating
device that is operating. For systems that use coded signals, the
initiating device is assigned a code and can be located when
activated by counting the code sounding from the audible
appliances. A noncoded signal provides a constant visual or audible
signal that remains activated until reset. In addition, some notification
appliances are capable of providing constant and specific
information via voice, pictorial, or alphanumeric messaging. A
textual signal may be a voice message heard from loud speakers, a
text message on an annunciator, or a symbol flashing on a computer
screen at an attended location.

Audible Appliances



In order to be effective, audible devices for the fire alarm system
must sound above the normal noise of the protected area or room.
To ensure people hear the audible devices, NFPA 72® establishes
audibility sound-level requirements for any occupied area. According
to the standard, the public operating mode audible sound level must
last more than 60 seconds and must be at least 15 decibels (dB)
above the average ambient sound level in the occupied area or 5 dB
above the maximum sound level in the occupied area (National Fire
Protection Association 2019, NFPA 72, Sections 18.4.1.3, 18.4.4.1).
Private operating mode audible sound must also last more than 60
seconds; however, the sound level must be 10 dB above the
average ambient sound level or 5 dB above the maximum sound
level in the area (National Fire Protection Association 2019, NFPA
72, Section 18.4.5.1). In rooms where people sleep, the sound level
must last more than 60 seconds and must be at least 15 dB above
the average ambient sound level in the occupied area or 5 dB above
the maximum sound level in the occupied area, or a sound level of at
least 75 dB—whichever is greater (National Fire Protection
Association 2019, NFPA 72, Section 18.4.6.1). The sound level
measurements for sleeping areas are taken at the pillow level to
ensure accuracy. Maximum sound levels in all modes shall never
exceed 110 dBA (National Fire Protection Association 2019, NFPA
72, Section 18.4.1.2).

In addition, the audible devices for the fire alarm system must
make a distinctive sound to avoid confusion with other audible
sounds found in the same area, including other signals generated by
the fire alarm system. Consider the example of a high school where
the design specification called for bells as the fire alarm notification
appliance and bells to notify the student and teachers the class
periods were over. The same bell sound being used for different
purposes would most likely create confusion. Although this scenario
could happen, the likelihood that it would happen in a new building is
very small because NFPA 72® now requires the evacuation signal be
in accordance with ANSI S3.41, American National Standard Audible
Evacuation Signal. According to this standard, the evacuation signal
must be a three-pulse temporal pattern, best described as a



continuous series of three short sound bursts followed by a slight
pause. The actual pattern of the sound bursts is ½ second on, ½
second off, ½ second on, ½ second off, ½ second on, 1½ seconds
off (National Fire Protection Association 2019, NFPA 72, Section
18.4.2.1).

Although the model codes require the temporal pattern for new
construction, it might be difficult to require an entire building fire
alarm system to be upgraded for a small tenant renovation in an
older building unless there is code language to enforce it. In
buildings that have undergone a partial or entire floor renovation, it is
common to have different audible appliances producing different fire
alarm sounds on the same floor or different floors. To solve this
problem, many jurisdictions require an entire floor be upgraded with
at least the same type of device to avoid confusion on the particular
floor. As other floors are renovated, the notification upgrade
continues.

Another important characteristic of notification appliances—
especially those such as speakers that propagate information
through a human voice—is the intelligibility of the information. The
information heard from the notification appliance should be clear and
understandable. If the voice signal is loud enough to hear but the
information is not understood, then the information is useless.
Sometimes problems with intelligibility stem from the quality or age
of the system components (e.g., audiotape). In other cases, the lack
of synchronization of the audible devices within a zone creates
echoes or other audio effects that produce confusing and
unintelligible information. With the advent of digital audio and proper
evaluation of the architectural characteristics of the building, a
system designer should be able to avoid this problem and deliver the
required intelligibility for the building occupants.

In order to produce the sound needed to alert building occupants,
a fire alarm system uses different types of audible devices; these
devices include horns, speakers, bells, chimes, buzzers, sirens, and
piezos (mini-horns).



Horns
Horns are one of the most commonly installed audible appliances in
non-high-rise buildings FIGURE 3-30. The sound a horn makes is loud,
piercing, and distinctive enough to gain the attention of occupants.
The appliance mounts on the wall or ceiling, and can be installed as
recessed, semi-recessed, or surface-mounted. Depending on the
installation situation, horns may sound continuously, sound a specific
coded signal, or sound the three-pulse temporal pattern.

FIGURE 3-30 A wall-mounted horn.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Speakers
Speakers are the most versatile audible notification appliance
available owing to their ability to reproduce many different sounds



and signal sources; however, they are mainly used in high-rise fire
alarm systems where they propagate the three-pulse temporal
pattern, a prerecorded voice message, or a live voice message. In
the past, the signals were generated by analog devices such as tape
players, tone generators, microphones, or telephones, all of which
are subject to normal mechanical problems and periodic failure.
However, digital technology has eliminated the need for most of
these devices. Today, speakers are usually ceiling-mounted and
driven by remote source and amplification equipment or integrated
source and amplification equipment FIGURE 3-31.

FIGURE 3-31 A ceiling-mounted speaker.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Bells
Most early-generation fire alarm systems used bells to sound the fire
alarm and many are still in use today. In addition, some early



systems also used very small bells to sound trouble and supervisory
signals at the fire alarm panel. A bell can be used as a fire alarm
notification appliance as long as it makes a distinctive sound and is
not confusable with any other audible device, or it can be used if the
building occupants already know and identify the bell as the building
fire alarm sound FIGURE 3-32.

FIGURE 3-32 A wall-mounted bell.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Bells used for fire alarm systems are wall-mounted, with a striking
mechanism located underneath a domed cover. Some bell
mechanisms strike continuously, while others make single strokes to
provide a coded signal. They come in different sizes and produce a
signal that can travel across the entire audible range, making them



suitable for people with mild to moderate hearing loss. However, bell
installations are becoming less frequent, as new installations and
renovations require notification appliances that produce a more
distinctive and louder sound.

Chimes, Buzzers, Sirens, and Piezos
A chime-type notification appliance sounds a gentle and soothing
tone and is commonly used where other notification appliances’ loud
and piercing sound could unnerve, startle, or trigger an adverse
reaction by occupants. For example, this type of notification
appliance is appropriate for hospitals, nursing homes, and, in some
cases, correctional institutions.

Buzzers, on the other hand, are rarely—if ever—used as a
general fire alarm signal. Instead, they are commonly used with fire
alarm and annunciator panels as an audible indicator of a system
trouble or supervisory condition. The sound of the buzzer is
constant, loud, and irritating, sometimes causing the person
investigating the problem to silence the buzzer but not fix the
problem. However, most old and new fire alarm control and
annunciator panels have an indicating lamp in addition to a buzzer;
this lamp stays on as a reminder to the responsible party that the
problem has not been resolved.

Sirens are another type of audible notification appliance. This
type of appliance is most suitable for outside or very loud
environments. For example, a siren might be found mounted on the
exterior of a building in order to notify the personnel who work there
or to assist first responders who are attempting to locate the building
where the signal originated. Sirens might also be found mounted
inside facilities where there is constant and loud noise, such as at a
soft drink bottling plant.

Piezos, sometimes called mini-horns, are sound-generating
devices that are commonly installed where a small, unobtrusive, yet
code-compliant notification appliance is desired. For example, piezos
are appropriate for residential occupancies such as hotels, motels,
apartments, and condominiums, where aesthetics are important to



the owners and occupants. Although small, these devices can
produce loud output levels and different tone and sound options,
including the sound of a horn.

Exit-Marking Audible Notification Appliances
When a person enters a building for the first time, it is not likely that
he or she will automatically locate the nearest exit relative to his or
her location in case an emergency arises and a safe exit is
necessary. However, owing to a renewed emphasis on safety and
security, the exit-marking audible notification appliance was
developed to help occupants move quickly to safety. By using tones
and intensities that differ from conventional fire alarm notification
appliances, these devices propagate audible sound designed to
guide people toward the nearest exit or area of refuge during a fire
emergency.

Visible Appliances
Visible appliances produce the flashing lights that can be seen when
a fire alarm system activates. The need for this type of appliance
stems from conditions and situations where people within an
occupancy will not hear the audible alarm, whether due to loud
ambient noise levels or to a physical disability such as hearing loss
or deafness. The requirement to install visible alarms can be found in
the adopted building, fire, accessibility, and life safety codes and
include installation in public and common areas, employee work
areas, high-ambient-noise-level areas in commercial and industrial
properties, and sleeping rooms that accommodate handicapped
individuals in institutional and residential occupancies. The number,
location, type, intensity, and size of the visible appliance depend on
the size and shape of the room or protected area.

When operating in the public operating mode, the goal of a visible
appliance is to provide the occupants with the ability to see the
flashing light directly or by reflection no matter where they are in the
protected area. To accomplish this goal, visible appliances must be



installed on walls between 80 and 96 in. above the finished floor or
on ceilings at no more than 30 ft above the finished floor (National
Fire Protection Association 2019, NFPA 72, Sections 18.5.5.1,
18.5.5.5.6.) The light source must be clear and nominal white. In
addition, the light intensity output, measured in terms of candela
(cd) rating, must not exceed 1000 cd (National Fire Protection
Association 2019, NFPA 72, Section 18.5.3.5). If two or more
appliances appear in the same viewing field, they must flash at the
same synchronized rate to avoid the potential for a person with a
photosensitive epilepsy condition to have a seizure (National Fire
Protection Association 2019, NFPA 72, Section 18.5.5.5.2 [3]).
Combined, these requirements provide the best opportunity for
individuals to see the devices operating and respond to the fire
emergency.

The strobe light, which is a commonly used visual appliance for
fire alarm systems, provides a constant and short yet bright flash
caused by a xenon lamp FIGURE 3-33. When operating, the strobe light
attracts attention in the same way a camera flash bulb does.
Although the strobe light has become the standard visual appliance
for fire alarm systems, there are a number of other visual notification
appliances also available or still in use. These appliances include
quartz halogen lamps, solid-state lamps, fluorescent lamps, and
incandescent lamps. Quartz halogen lamps provide high-intensity
light outputs that make them well suited for outdoor applications.
Solid-state lamps, such as light-emitting diodes (LEDs), are very
reliable and frequently found on annunciator panels. Fluorescent
lamps are commonly used to illuminate a sign or a message where a
constant light source is appropriate; they are not typically used for
coded or flashing applications because they have low-intensity
output and generally do not light immediately. Incandescent lamps
are still available for coded and noncoded applications, but they burn
out quickly and need replacing more frequently than any other type
of light or lamp FIGURE 3-34.



FIGURE 3-33 A ceiling-mounted strobe light.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 3-34 A wall-mounted incandescent lamp.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Tactile Notification Appliances



A tactile notification appliance is a type of notification device that
produces a vibration or provides touch sensory notification to the
person very near or in contact with the device. It is utilized when
conventional audible or visual notification appliances cannot
adequately notify the occupant because of their condition. Typically,
this type of appliance is for those who have severe hearing loss or
are deaf or for those who are nearly or totally blind. Depending on
the application, the appliance could interface with a stand-alone
device such as a smoke alarm or a building fire alarm system and is
primarily installed in bedrooms or areas that could be used for
sleeping. Some jurisdictions require that if there is a visual
notification appliance installed, a tactile notification appliance is also
required.

Combination Appliances
It is very common for audible and visible devices to be combined so
that the sound and visible light originate from a single notification
appliance. These devices are called combination appliances and
include horn/strobe combination devices, speaker/strobe
combination devices, and, in the days before strobe lights,
bell/flashing incandescent lamp combination devices FIGURE 3-35.
Advantages to using combination devices include providing the
audibility and light intensity necessary to cover an area with a single
device, providing a visible signal when the audible component
cannot be heard owing to an environmental condition, and helping to
identify and locate an audible device that is sounding outside a
cluster of buildings.



FIGURE 3-35 A combination horn/strobe.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Addressable Notification Appliances



An addressable notification appliance is a relatively new type of
notification appliance that can interact via software with the
microprocessor-based fire alarm control panel to program candela
rating, determine and adjust available power levels, perform self-
tests, and print status reports. This technology saves building
owners considerable time and money because when a problem with
the device arises, the alarm panel communicates the exact device,
location, problem, and other operating parameters as requested. In
addition, installation costs are lower because of wiring architecture
permitting longer wire runs, fewer circuits, and lower power
requirements and thus fewer power expander panels, and the use of
less costly wire products.



Annunciator Panels
When fire fighters arrive on a fire scene, the first arriving units
typically respond to the main entrance or address side of the building
to investigate and initiate operational activities. Upon entry into the
building, fire fighters are likely to immediately look for a piece of fire
alarm system equipment known as the annunciator panel. The
annunciator panel is a type of notification or indicating device that
provides valuable information concerning the initiating device,
system involved, and area of the building where the fire is located.
The panel can be as basic as a board displaying incandescent lights
and hand-written information, as advanced as liquid crystal display
(LCD) textual messaging, or even more advanced with touch-screen
computer technology FIGURE 3-36, FIGURE 3-37, and FIGURE 3-38.

FIGURE 3-36 An incandescent lamp annunciator panel.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 3-37 A liquid crystal display (LCD) annunciator panel.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 3-38 A touch-screen annunciator panel.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

All fire protection systems and associated devices within the
building should be included on the annunciator panel. Some
annunciator panels provide a graphic representation of the building’s
footprint, using backlights or bull’s-eye lamps to show stair locations,
critical areas of the building, zoning areas, floor levels, and device
identification FIGURE 3-39. In addition, different-colored lights, lenses,
or light-emitting diodes on the panel identify the type of signal being
generated by the initiating device. Green or white lights indicate a
power signal; amber, yellow, or orange lights indicate trouble and
supervisory signals; and a red light indicates an alarm signal.



FIGURE 3-39 A graphic annunciator panel.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP

Some annunciator and fire alarm control panels require a code
and/or a special key to access supplement information and
control functions including event history, programming
information, walk test functions, and auxiliary system control
including stair pressurization fans, generator, fire pumps, and
door locks.



Many panels also provide system reset; alarm silence and trouble
signal silence; alarm acknowledgment; alarm testing; status
indicators for other systems; and access and critical systems that
control features that assist first responders with management of the
fire scene. The more sophisticated panels can further define the
initiating device location, indicating whether the device is installed in
an elevator lobby, machine room, hoistway, air duct, air plenum, or
under a raised floor. In addition to providing specific device location
information, the annunciator panel might have system status
indicators and control switches so fire fighters can start critical
building equipment such as a fire pump, generator, and a smoke
control system or unlock stairway doors.

The annunciator panel is typically located at or very near the front
door of the building in order to provide first responders with
immediate information concerning the fire situation. Depending on
the size of the building, there may be additional annunciator panels
at other entrances or locations.

Although information provided by even the simplest annunciator
panel is valuable to first responders, the graphic type of panel offers
considerable information about the building’s layout, fire protection
systems, and other related building systems. To help pinpoint the
incident, this type of annunciator panel provides immediate visual
information by displaying the building footprint, zones, exit stair
locations, elevator locations, critical rooms or areas, and device type
and location. In addition, graphic annunciator panels should display
the building address, a North direction indication arrow, a “You Are
Here” indicator, fire department connection(s) location, and entrance
locations. It is very important that this information be accurate and up
to date; incorrect information could place fire personnel in a
dangerous situation. Many graphic annunciator panel screens are
manufactured; therefore, updating the graphic information takes
time. However, in some situations, it is acceptable to mount a
protected drawing or diagram next to a standard LCD-type
annunciator panel. In these instances, it is much easier and more
cost-effective to change the graphic display than to remove and
disable the annunciator for updating.



The computer touch-screen technology is the most advanced
type of annunciator system available. This type of system not only
provides information concerning the status of the building fire
protection systems, it also integrates with most—if not all—of the
other building systems, giving first responders access to information
that can help with determining operational strategies during a fire
emergency.



Power Expander Panels
When building renovation leads to fire alarm system changes, fire
system designers often discover existing fire alarm control panels do
not have the power capacity to support all of the additional required
audible and visual notification devices. Modern-day notification
appliances use considerable electrical current to operate, so it is not
always practical or cost-effective to place all of the power and
circuits in the fire alarm control panel. In addition, if the original fire
alarm system remains, additional power to support expansion or
power distribution to devices may become a design issue owing to
the requirements to comply with or improve accessibility features, or
the need to pursue an alternative design approach because of
space, location, and access limitations or considerations. These
issues can be resolved with the installation of a power expander
panel that provides supplemental power to support the devices.
These panels are also called notification appliance circuit panels,
NAC panels, or NAC power supplies.

Power expander panels should not be confused with fire alarm
control panels. Although they can monitor the integrity of notification
appliance circuits, they are simply a power supply that does not have
any control functions FIGURE 3-40. However, because power expander
panels act in conjunction with the main panel’s power supply, they
are also required to have a primary and secondary power source.
Depending on the number and location of the audible and visual
notification devices required for the system, power expander panels
may be located in utility closets on the floor of the building where
there is a need for the additional power.



FIGURE 3-40 Power expander panels.
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Other Components and Systems
Associated with Fire Alarm Systems
In addition to fire and annunciator panels, power supplies, and the
many other initiating devices and notification appliances, there are
other components associated with the fire alarm system. These
components ensure all fire protection systems and associated
equipment are being monitored for normal status, system integrity, or
an alarm condition.

Electronic Valve Supervisory Devices
Electronic supervision of control valves through the fire alarm system
is very important because one valve in the wrong position could
render an entire fire suppression system out of service. Devices
commonly known as tamper switches send a supervisory signal to
the fire alarm panel to alert the responsible party of any abnormal
condition with the system’s control valves. Depending on the type of
control valve, the tamper switch may be built into the control valve or
attached to the valve as an external device FIGURE 3-41 and FIGURE 3-

42. With as few as two revolutions of the hand wheel on the valve or
one-fifth the travel distance of the valve from the fully open position,
a signal is sent to the fire alarm control panel. In order to reset the
switch and fire alarm system, the valve must be returned to normal
position.



FIGURE 3-41 An integrated electronic valve supervisory device.
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FIGURE 3-42 An external electronic valve supervisory device (tamper switch).
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Air and Water Temperature Sensors/Water
Level Sensors
Air and water temperature sensors provide a means to monitor the
temperature conditions associated with rooms housing fire protection
equipment and the water in storage tanks used for fire protection
purposes FIGURE 3-43. These devices detect temperatures that could
render the system useless. For example, a temperature sensor
might be installed at an industrial fire pump building located away
from the main facility and sitting next to a water storage tank used for
fire protection purposes. If the heat sources failed in the building or
the tank and the temperature dropped below the threshold level, a
supervisory signal would notify the monitoring facility so the
maintenance staff could investigate the problem.

FIGURE 3-43 A temperature sensor.
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The water level sensor monitors the amount of water in a storage
tank. If the water level of the tank falls below or rises above a
threshold level, a supervisory signal notifies the monitoring facility so
the maintenance staff can investigate the problem.

Wrap-Up

CHAPTER SUMMARY

One of the most important functions of the fire alarm system is
to notify building occupants that there is a fire condition. The fire
alarm system is also capable of sending different signals to an
on- or offsite location where trained staff take the appropriate
action.

Over the past 45 or so years, fire alarm control panel technology
has evolved from very simple to very complex. The most
sophisticated and newest systems use microprocessor-based
software-driven systems that interface with building and life
safety systems.

Some fire alarm systems have the capability of sending signals
to other building systems to perform life safety functions such as
capturing elevators, recalling elevators to a particular floor,
turning off the power to elevators, unlocking exit doors, starting
fans, closing smoke dampers, pressurizing stair towers and
elevator shafts, and closing smoke doors to compartmentalize
an area of a building.

The fire alarm system provides critical information to first
responders by identifying alarm type and location and
supervising other fire and life safety systems and components.



Many different components are necessary to ensure full system
functionality and operational capability during a fire emergency.
One fire alarm system may only have a few components, while
another may have many interconnected components capable of
controlling other systems within a building.

Fire alarm panels monitor and control all system devices and
initiate the appropriate type of signal, which includes alarm (to
evacuate the building), trouble (to investigate an integrity
problem with the system), or supervisory (to investigate a
condition outside the normal operating parameters).

Initiating devices provide manual or automatic means of
activating fire alarm and supervisory signals.

Notification appliances provide audible, visual, and textual
signals to begin evacuation or relocation of occupants.

The annunciator panel provides visible and valuable information
concerning the device signaling an alarm and area of the
building where the fire is located.

KEY TERMS

Addressable notification appliance A notification device that is
identified by an electronic address and interfaces with a fire alarm
control panel to provide programming capabilities and information
concerning the device’s status, integrity, condition, and location.

Addressable technology The technology used in fire alarm and
detection systems that provides devices and system components an
assigned data address, two-way communication capabilities, and the
ability to perform certain activities based on signal output.

Air sampling-type detector A detector that consists of a piping or
tubing distribution network that runs from the detector to the area(s)
to be protected. An aspiration fan in the detector housing draws air
from the protected area back to the detector through air sampling



ports, piping, or tubing. At the detector, the air is analyzed for fire
products (National Fire Protection Association 2019, NFPA 72,
Section 3.3.70.1).

Alarm signal A signal that results from the manual or automatic
detection of an alarm condition (National Fire Protection Association
2019, NFPA 72, Section 3.3.263.1).

Annunciator A unit containing one or more indicator lamps,
alphanumeric displays, or other equivalent means in which each
indication provides status information about a circuit, condition, or
location (National Fire Protection Association 2019, NFPA 72,
Section 3.3.21).

Automatic fire detector A device designed to detect the presence
of a fire signature and to initiate action. For the purpose of this Code,
automatic fire detectors are classified as follows: Automatic Fire
Extinguishing or Suppression System Operation Detector, Fire–Gas
Detector, Heat Detector, Other Fire Detectors, Radiant Energy–
Sensing Fire Detector, and Smoke Detector (National Fire Protection
Association 2019, NFPA 72, Section 3.3.70.2).

Candela (cd) A measurement of luminance or light intensity in a
given direction.

Coded An audible or visual signal that conveys several discrete bits
or units of information (National Fire Protection Association 2019,
NFPA 72, Section 3.3.51).

Combination detector A device that either responds to more than
one of the fire phenomena or employs more than one operating
principle to sense one of these phenomena. Typical examples are a
combination of a heat detector with a smoke detector or a
combination rate-of-rise and fixed-temperature heat detector. This
device has listings for each sensing method employed (National Fire
Protection Association 2019, NFPA 72, Section 3.3.70.4).

Conventional technology The technology used in fire alarm and
detection systems that provides limited communication between the
fire alarm control panel and system devices and, upon activation of



an alarm, provides general information concerning the device and its
location.

Duct smoke detector A type of smoke detector that samples the air
moving through the air distribution system ductwork or plenum; upon
detecting smoke, the detector sends a signal to shut down the air
distribution unit, close any associated smoke dampers, or initiate
smoke control system operation.

Exit-marking audible notification appliance An audible notification
appliance that marks building exits and areas of refuge by the sense
of hearing for the purpose of evacuation or relocation (National Fire
Protection Association 2019, NFPA 72, Section 3.3.182.1.1).

Fire alarm control unit A component of the fire alarm system,
provided with primary and secondary power sources, which receives
signals from initiating devices or other fire alarm control units, and
processes these signals to determine part or all of the required fire
alarm system output function(s) (National Fire Protection Association
2019, NFPA 72, Section 3.3.108).

Fire alarm system A system or portion of a combination system that
consists of components and circuits arranged to monitor and
annunciate the status of fire alarm or supervisory signal-initiating
devices and to initiate the appropriate response to those signals
(National Fire Protection Association 2019, NFPA 72, Section
3.3.111).

Fixed-temperature heat detector A device that responds when its
operating element becomes heated to a predetermined level
(National Fire Protection Association 2019, NFPA 72, Section
3.3.70.7).

Galvanic corrosion Corrosion that occurs when dissimilar metals
are in direct contact and exposed to a moist or wet environment that,
in relation to fire protection systems, causes piping to break down
and leak or form hard crystal-like structures in and around the point
of contact between the metals.



Heat detector A fire detector that detects either abnormally high
temperature or rate-of-temperature rise, or both (National Fire
Protection Association 2019, NFPA 72, Section 3.3.70.10).

Initiating device A system component that originates transmission
of a change-of-state condition, such as in a smoke detector, manual
fire alarm box, or supervisory switch (National Fire Protection
Association 2019, NFPA 72, Section 3.3.141).

Initiating device circuit (IDC) A circuit to which automatic or
manual initiating devices are connected where the signal received
does not identify the individual device operated (National Fire
Protection Association 2019, NFPA 72, Section 3.3.142).

Intelligent technology The technology used in fire alarm and
detection systems that provides devices and system components an
assigned data address, two-way communication capabilities, and the
ability to perform certain activities based on signal input.

Ionization smoke detector A detector that uses a small amount of
radioactive material to ionize the air between two differentially
charged electrodes to sense the presence of smoke particles.
Smoke particles entering the ionization volume decrease the
conductance of the air by reducing ion mobility. The reduced
conductance signal is processed and used to convey an alarm
condition when it meets preset criteria (National Fire Protection
Association 2019, NFPA 72, Section 3.3.276).

Line-type detector A device in which detection is continuous along
a path. Typical examples are rate-of-rise pneumatic tubing detectors,
projected beam smoke detectors, and heat-sensitive cable (National
Fire Protection Association 2019, NFPA 72, Section 3.3.70.11).

Manual fire alarm box A manually operated device used to initiate a
fire alarm signal (National Fire Protection Association 2019, NFPA
72, Section 3.3.12.3).

Multiple-parameter, low-false-alarm fire-detection system a
detection system that uses multiple sensors to react with airborne
chemicals; the readings are then compared to the chemical



indicators of fires in conjunction with microelectromechanical
systems (MEMS)–based particle detector and classifier devices that
review different chemical species and particulates to improve
reliability.

Multiplex technology The technology used in fire alarm and
detection systems that provides devices and system components an
assigned data address, two-way communication capabilities, and the
ability to perform certain activities based on signal input.

Noncoded A constant visual or audible signal that remains activated
until reset.

Notification appliance A fire alarm system component such as a
bell, horn, loudspeaker, visual notification appliance, or text display
that provides audible, tactile, or visual outputs, or any combination
thereof (National Fire Protection Association 2019, NFPA 72, Section
3.3.182).

Notification appliance circuit (NAC) A circuit or path directly
connected to a notification appliance(s) (National Fire Protection
Association 2019, NFPA 72, Section 3.3.183).

Photoelectric smoke detector A type of smoke detector that uses a
light source and receiver within the sensing chamber to initiate an
alarm when the light source reflects or is obscured by smoke
particles.

Power expander panel A power supply that provides an additional
power resource to a fire alarm system when the system has reached
its maximum power capabilities.

Power supply A source of electrical operating power, including the
circuits and terminations connecting it to the dependent system
components (National Fire Protection Association 2019, NFPA 72,
Section 3.3.206).

Pressure switch A type of initiating device installed on all types of
wet-based fire suppression systems; the device initiates a fire alarm
signal once a water pressure threshold is met.



Private operating mode Audible or visual signaling only to those
persons directly concerned with the implementation and direction of
emergency action initiation and procedure in the area protected by
the fire alarm system (National Fire Protection Association 2019,
NFPA 72, Section 3.3.193.1).

Public operating mode Audible or visual signaling to occupants or
inhabitants of the area protected by the fire alarm system (National
Fire Protection Association 2019, NFPA 72, Section 3.3.193.2).

Radiant energy–sensing fire detector A device that detects radiant
energy, such as ultraviolet, visible, or infrared, that is emitted as a
product of combustion reaction and obeys the laws of optics
(National Fire Protection Association 2019, NFPA 72, Section
3.3.70.17).

Rate-compensation detector A device that responds when the
temperature of the air surrounding the device reaches a
predetermined level, regardless of the rate of temperature rise
(National Fire Protection Association 2019, NFPA 72, Section
3.3.70.18).

Rate-of-rise detector A device that responds when the temperature
rises at a rate exceeding a predetermined value (National Fire
Protection Association 2019, NFPA 72, Section 3.3.70.19).

Signal line circuit (SLC) A circuit path between any combination of
addressable appliances or devices, circuit interfaces, control units, or
transmitters over which multiple system input signals or output
signals or both are carried (National Fire Protection Association
2019, NFPA 72, Section 3.3.265).

Smoke detector A device that detects visible or invisible particles of
combustion (National Fire Protection Association 2019, NFPA 72,
Section 3.3.70.20).

Spot-type detector A device in which the detecting element is
concentrated at a particular location. Typical examples are bimetallic
detectors, fusible alloy detectors, certain pneumatic rate-of-rise
detectors, certain smoke detectors, and thermoelectric detectors



(National Fire Protection Association 2019, NFPA 72, Section
3.3.70.22).

Supervisory signal A signal that results from the detection of a
supervisory condition (National Fire Protection Association 2019,
NFPA 72, Section 3.3.263.9).

Tactile notification appliance A notification appliance that alerts by
the sense of touch or vibration.

Textual signal A signal that provides constant and specific
information via voice, pictorial, or alphanumeric messaging.

Thermal lag A condition in which the air temperature surrounding a
fixed-temperature device is higher than the operating temperature of
the device, resulting in a delay in device activation because of the
device not reaching the operating temperature.

Trouble signal A signal that results from the detection of a trouble
condition (National Fire Protection Association 2019, NFPA 72,
Section 3.3.263.10).

Water flow switch A type of initiating device installed on a wet pipe
sprinkler system; a paddle inserted into the pipe moves to initiate an
alarm signal when there is sustained water flow through the system
piping.

CASE STUDY

You and your crew are dispatched to a new building in your first due
area to investigate a fire alarm sounding. When you arrive, you find
the building in alarm, and the annunciator panel shows the following:
Dry Sprinkler System/G-1; Main Fire Service Line Flow/G-1; Valve
Tamper Switch/G-1. You and your crew proceed to the G-1 level,
where you encounter the building engineer, who states that a van
entered the parking garage and struck a dry pipe sprinkler system
pipe that tripped the dry pipe valve and activated the fire alarm
system. Once the building engineer discovered what happened, he



closed an OS&Y valve in the valve room to stop the water flow but
still could not silence the alarm.

1. What types of signal indications should be showing on the
annunciator panel?

A. Alarm and trouble
B. Supervisory and trouble
C. Alarm and supervisory
D. Alarm and coded

2. What type of evacuation signal is most likely sounding
throughout the building?

A. A private operating mode evacuation signal
B. A three-pulse temporal evacuation signal
C. A noncoded evacuation signal
D. A textural evacuation signal

3. What type of initiation device most likely activated the fire alarm
system?

A. Pressure switch
B. Manual fire alarm box
C. Water flow switch
D. Heat detector

4. What is the probable cause of the fire alarm signal continuing to
sound?

A. The fire alarm panel is broken.
B. The valve tamper switch is closed.
C. The main fire service line water flow switch is activated.
D. The dry pipe sprinkler system pressure switch is holding

pressure.

CHALLENGING QUESTIONS



1. What is the primary function of a fire alarm system?

2. What are the secondary functions of a fire alarm system?

3. Compare and contrast the characteristics of conventional fire
alarm control panels and addressable/intelligent/multiplex
technology fire alarm control panels.

4. What type of signal should sound when a fire alarm system has
a problem with power or system integrity?

5. What type of signal should sound when there is a change in the
normal ready status of the fire protection system devices
connected to the fire alarm system?

6. Why is the fire alarm control unit/panel often referred to as the
“brain” of the fire alarm system?

7. What are the three types of fire alarm system circuits, and what
is their function?

8. What is the purpose of a power expander panel?

9. Discuss the different fire detector classifications.

10. Why should heat detectors not be used in place of smoke
detectors?

11. What are the limitations of smoke detectors?

12. Why is it so important to document the location of a duct
detector?

13. Why would it be inappropriate to install a water flow switch on a
dry pipe sprinkler system?

14. Under what conditions is it appropriate to use private operating
mode notification?

15. What evacuation signal is a fire alarm system required to
sound?

16. Why is there a need for visual notification appliances?

17. What is a tactile notification appliance, and how does it operate?



18. Why is an annunciator panel valuable to the responding fire
personnel and building maintenance personnel?
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4CHAPTER

Fire Alarm and Detection Systems

Types of Fire Alarm and
Detection Systems
LEARNING OBJECTIVES
At the conclusion of this chapter, you will be able to:

List and discuss the different fire alarm system classifications.
List and discuss the interface capabilities between fire alarm systems and other
building fire protection and life safety systems.
List and discuss the different conditions, situations, and circumstances used to
determine manual fire alarm and automatic detection system installation
requirements.
Describe the different acceptance and periodic inspections, tests, and maintenance
activities required for fire alarm and detection systems.

Case Study
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The value of monitoring a fire protection system is measured by how quickly a fire event
is detected and the signal is received, interrupted, and then retransmitted to the
responding fire agency. This is especially true when monitoring a property that only has
fire detection systems but no automatic fire suppression systems installed.

On October 25, 2018, between 1:30 and 2:00 AM, an electrical short started a fire in
the attic of a home in Brentwood, Tennessee. The home did not have a fire sprinkler
system, but it did have an extensive smoke alarm and security system that was monitored
by a fire and security monitoring company. The occupant was asleep on the other side of
the house unaware of the fire until the smoke alarms activated. Upon activation of the
smoke alarms, the home fire and security system panel sent a signal to the monitoring
company that a smoke alarm had activated. Once the monitoring company personnel
received the signal, an immediate call was placed to the area emergency
communications center and the resident warning that they had received a signal that the
smoke alarms activated. The fire department arrived within 6 minutes of the dispatch and
brought the fire under control within an hour. There were no injuries, but the home
suffered an estimated $100,000 in damage.

The resident stated and believed that a standard smoke alarm system would not have
worked as well as the installed system, and although the resident was awakened by the
smoke alarm activation, the call to the emergency communications center by the
monitoring company personnel quickened the dispatch and fire department response.



1. How do you think the outcome would have changed if the smoke alarms were not
monitored by the fire and security monitoring company?

2. What are your jurisdiction’s code requirements for monitoring commercial and
residential (multifamily) fire protection systems?

3. Many older properties have fire protection systems but are not monitored and have
operated without monitoring for years. What reasons could you present to the
property owner to start monitoring the fire protection systems?

Sources: Lupas, Hannah, and Rebecca Cardenas. “Woman Safe After Her Brentwood
Home Catches Fire, Thanks to Her Security System.” October 25, 2018. Accessed
January 27, 2019. https://www.wsmv.com/news/woman-safe-after-her-brentwood-home-
catches-fire-thanks-to/article_9eafd2d2-d830-11e8-a009-
7b757ec3bdd9.htmlwww.wsmv.com;

Herald Reports. “Brentwood House Fire Caused by Electrical Shortage in Attic.”
Williamson Herald, October 29, 2018. Accessed January 27, 2019.
http://www.williamsonherald.com/communities/brentwood/brentwood-house-fire-caused-
by-electrical-shortage-in-attic/article_1ad59f80-db7f-11e8-b437-fb378aac5000.html

https://www.wsmv.com/news/woman-safe-after-her-brentwood-home-catches-fire-thanks-to/article_9eafd2d2-d830-11e8-a009-7b757ec3bdd9.htmlwww.wsmv.com
http://www.williamsonherald.com/communities/brentwood/brentwood-house-fire-caused-by-electrical-shortage-in-attic/article_1ad59f80-db7f-11e8-b437-fb378aac5000.html


Introduction
The type of fire alarm system installed in a particular building or
structure depends on many factors established by the model codes.
The different systems are classified according to certain operational
events that take place when the system activates. In addition, the
person or party responsible for the activities associated with the
alarm is determined by the type of system installed.

This chapter covers the different system classifications; the
integration of fire alarm systems with other fire protection, building,
and life safety systems; the installation requirements for a particular
type of system; the referenced standards used to design and install
manual fire alarm and automatic detection systems; and the
requirements for system acceptance inspection and testing and
periodic inspection, testing, and maintenance.



Classification of Fire Alarm Systems
When a fire alarm system activates, certain operational events take
place. These events include a wide range of activities, from manual
alarm activation within a building to wide-area mass notification.
Some systems are designed in such a way that the person who
initiated the alarm must also contact the fire department, whereas
other systems will automatically activate and report to an onsite
location for investigation by staff or to an offsite location for
interpretation and response by a third-party organization.
Additionally, there are systems that perform the previously stated
functions but serve other purposes as well.

System classification is based on which operational events take
place, how these events take place, and if the system serves more
than one purpose. NFPA 72®, National Fire Alarm and Signaling
Code®, establishes two broad system classifications: alarm systems
and emergency communication systems. The two broad
classifications are further divided into five categories. It is important
to be familiar with the different operational characteristics and
technologies of each of these systems.

Alarm Systems
The alarm system classification covers the different types of systems
that protect homes, buildings, and communities. Within this
classification are three categories: fire alarm systems, supervising
station alarm systems, and public emergency alarm reporting
systems FIGURE 4-1.



FIGURE 4-1 Alarm systems classification categories.
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Description

Fire Alarm Systems
The category of fire alarm systems is further categorized into single-
and multiple-station, combination, household signaling systems, and
protected premises fire alarm systems. Single- and multiple-station,
combination, and household signaling systems are typically found in
residential occupancies; protected premises fire alarm systems are
typically found in commercial and industrial buildings. All devices and
equipment associated with these fire alarm systems require listing or
approval for the type of service (residential or commercial use) they
will provide.

Single- and Multiple-Station, Combination, and
Household Signaling Systems. Fire alarm systems found in
homes, apartments, hotels, motels, dwelling units, and other similar
residential occupancies fall into one of four categories: single-station,
multiple-station, combination, or household. Most alarm/detector



systems found in the home are either single-station or multiple-
station detector systems that sound a local alarm FIGURE 4-2.
However, these types of systems can be as complex as a
combination smoke, heat, burglary, and medical alert system
supervised by an offsite monitoring company. The number of
alarms/detectors and the type of system installed usually depend on
the size and layout of the building, the desire of the owner to improve
life safety beyond the minimum requirements, the year of
construction, and the code in force at the time of construction. For
example, a single-family home built in the mid-1980s may have been
required to have only one smoke alarm/detector on each level of the
home. However, if the same home was built today, installation of
alarm/detectors would be required outside or near all sleeping areas,
inside all sleeping areas, and on all levels of the home.

FIGURE 4-2 Single-station smoke alarm/detector.
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Smoke alarm/detectors require a visible power light on the unit so
that it is possible to determine upon looking at the device if the
detector has power. In addition, a means of testing the device, such
as a test button, is required so that the owner or occupant of the
residency can determine the operational status of the device.
Alarm/detectors should be tested at least every month. In addition, it
is strongly recommended that alarm/detectors found in residential
occupancies be replaced after 10 years.

The single-station alarm system is an alarm/detector that
operates independently from other alarm systems and detectors.
More commonly called a smoke alarm, it incorporates an integrated
sensing device, a power source (plug-in cord, hard-wired, and/or
battery), and an audible alarm FIGURE 4-3. Battery-powered single-
station alarm systems are frequently found installed in older homes
that were built before there were mandatory requirements for smoke
alarms/detectors in residential occupancies. Since there is no wiring
involved, they are easy to install and reasonably priced. In addition,
these systems are frequently installed in homes already equipped
with alarms/detectors to provide supplemental protection in areas
where the code does not require a detector, such as in a home utility
or storage room.



FIGURE 4-3 A single-station smoke detector consists of a sensing element, sounding

device, and battery.
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A multiple-station alarm system consists of a number of
interconnected smoke alarm units; upon activation of one unit, all
units sound an alarm. This operational setup has been required for
years by all model code organizations to ensure that the alarm is
heard throughout the protected structure or dwelling unit, not just
from a single unit in the area of the fire. In addition, these detectors
are required to be installed in all sleeping areas, outside or near
each sleeping area, and on each level of the residency. Each unit of
a multiple-station alarm system consists of an integrated sensing
device, a power source, and an audible alarm. The primary power for
these detectors is supplied by the commercial power utility through
the building wiring; however, backup power is supplied by a battery
inside the unit. When the battery starts to lose power, is removed, or
is disconnected, the detector provides a distinctive audible or visible
trouble signal.

A combination system consists of fire warning equipment,
burglar alarms, medical alert, and other sensing equipment such as
a carbon monoxide detector FIGURE 4-4. These systems also monitor
other fire systems (such as a fire sprinkler system) and transmit
alarms to a monitoring company when appropriate. When installing a
combination system, the fire alarm signal must take precedence,
overriding all other types of signals. In addition, the fire alarm signal
must be different from other signals so there is no confusion as to
the type of signal that is sounding.



FIGURE 4-4 This control panel provides the homeowner with the ability to manage security,

fire, and medical emergencies.
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Description



A household fire alarm system utilizes a fire control panel to
provide interface between system devices, primary and backup
power for the devices, alarm functions, and monitoring capabilities to
ensure system integrity. These systems sound a trouble signal if
there is an open circuit or ground fault in the system.

Protected Premises Alarm and Signaling Systems. The
protected premises alarm system provides audible and visual
notification within the property it is protecting to alert occupants of a
fire emergency. In addition to alarm notification, the protected
premises system notifies occupants or staff of system trouble and
supervisory conditions. The protected premises system may be a
simple manual fire alarm box and bell system, or it may be a more
sophisticated system that interfaces with other fire protection,
building, and life safety systems. Some systems have automatic
communication capabilities that report to on- or offsite locations to
initiate the appropriate response. However, older systems may not
have this automatic communications link; if this is the case, someone
must contact the fire department to initiate the response if an alarm
activates.

Supervising Station Alarm Systems
Supervising station alarm systems protect homes and buildings by
providing on- or offsite monitoring for alarm system signals. This
category of systems is further categorized into central station
service, remote supervising station, and proprietary supervising
station alarm systems. These categories establish how and to whom
the fire alarm systems report their condition and what level of
response is required to address the alarm condition.

Central Station Service Alarm Systems. The term central
station monitored has become an overused and often incorrectly
applied term that seemingly covers any protected property monitored
by an offsite contract monitoring company. However, a true central
station service alarm system establishes a high level of service to
ensure timely, efficient, and appropriate handling of any fire



protection system–related issue at a protected property. A listed
central station or local service company under contract with the
protected property provides services at the protected property and at
an offsite monitoring facility, including installation, testing and
maintenance, runner (human response) service, signal monitoring,
retransmission of the signals, and record keeping at the supervising
station FIGURE 4-5 (National Fire Protection Association 2019, NFPA
72, Section 26.3.3). The services provided by these companies must
meet strict performance requirements established by NFPA 72® and
UL 827, Central-Station Alarm Services. A third-party testing and
acceptance authority such as UL verifies these requirements by
periodic audit of the operation. A placard or certificate is installed at
the protected property and the central station monitoring facility to
show that the facility has met the requirements as a central station.

FIGURE 4-5 A central station facility monitors alarm systems at many locations.

Courtesy of www.acimonitoring.com, Doug Beaulieu.

http://www.acimonitoring.com/


A number of approved systems and means can provide
communication between the protected property and central station,
but the most common is still the digital alarm communicator
transmitter (DACT) at the protected premises and a digital alarm
communicator receiver (DACR) at the central station facility. Once
a fire alarm system activates a fire, trouble, or supervisory signal, it
sends the signal to the DACT panel or the DACT circuitry within the
panel. The panel then transmits the signal to the central station
facility via an approved transmission medium. To ensure the signal is
received at the monitoring facility, two methods of transmission are
required so that if the primary transmitting link fails, the system will
automatically switch to the backup method (National Fire Protection
Association 2019, NFPA 72, Section 26.6.4.1.5 [1]). Approved
primary and backup methods include telephone line, one-way private
radio alarm system, two-way RF (radio frequency) multiplex, other
approved transmission means, or a second telephone line (National
Fire Protection Association 2019, NFPA 72, Section 26.6.4.1.4). The
primary and backup communication links require supervision and
must be capable of reporting any failure for investigation. Once the
central station monitoring facility receives and recognizes a signal,
the station personnel take the appropriate action. If the signal is a
fire alarm, the central station notifies the fire department and then
dispatches a runner who must arrive within 2 hours of the alarm to
silence and/or reset any systems (National Fire Protection
Association 2019, NFPA 72, 26.3.8.1.2 [2]). For a supervisory signal,
a runner must also arrive within 2 hours; however, for trouble signals,
arrival is required within 4 hours (National Fire Protection
Association 2019, NFPA 72, Sections 26.3.8.3 [2], 26.3.8.4 [2]).
When the central station fails to receive the guard’s tour supervisory
signal (the person at the monitored property responsible to tour and
report the status of the system) within the 15-minute grace period, a
runner must be dispatched to investigate within 30 minutes (National
Fire Protection Association 2019, NFPA 72, Section 26.3.8.2.1 [2]).



TIP

With the telecommunications companies abandoning their
hardwire copper phone lines, DACT systems will eventually
become obsolete and need to be replaced with new technologies
that work with and utilize Internet protocol and wireless
communications technologies.

Remote Supervising Station Alarm Systems. The
remote supervising station alarm system is set up to report alarm,
trouble, and supervisory signals generated by protected premises
systems to a location distant from the protected facility for property
protection purposes. Signals are transmitted directly to a fire or
public safety communications center via approved fire department
radio frequencies, a dedicated one-way (outgoing only) telephone
line, or dedicated communication circuits (National Fire Protection
Association 2019, NFPA 72, Sections 26.5.3.1.2, 26.5.4.4). If signals
are not sent directly to a fire or public safety communications center,
they are instead sent to an approved location where trained
individuals monitor the signals at all times (National Fire Protection
Association 2019, NFPA 72, Sections 26.5.3.1.3, 26.5.3.1.4). If a
location other than the fire department communications center
receives a fire alarm signal, personnel monitoring the signals must
immediately contact the communications center (National Fire
Protection Association 2019, NFPA 72, Section 26.2.1.2). If a trouble
or supervisory signal is received, the owner or owner’s
representative must be contacted for immediate investigation and
resolution of the problem (National Fire Protection Association 2019,
NFPA 72, Sections 26.5.6.3.2, 26.5.6.3.3).

Proprietary Supervising Station Alarm Systems. The
proprietary supervising station alarm system establishes building
and property owners as the responsible party to monitor the fire



alarm system signals at their facilities. Typically, the proprietary
system consists of a number of fire alarm systems on a property or
spread throughout an area or region in buildings that are under the
control of a single owner. All signals are transmitted to a central
monitoring location on the property, to a regional monitoring location,
or to a central monitoring location somewhere in the county FIGURE 4-

6. Staffing of the monitoring facility is provided 24 hours a day by
trained personnel who monitor and transmit fire alarm signals to the
fire department and, if established, the facility’s emergency response
personnel. Monitoring facility personnel also notify the emergency
response personnel or service personnel of any trouble or
supervisory signals, regardless of whether they are located at the
site or at a remote location.



FIGURE 4-6 In a proprietary system, fire alarms from several buildings are connected to a

single monitoring site owned and operated by the building’s owner.

© Jones & Bartlett Learning.

Description

Proprietary systems also can be set up to handle building control
functions such as elevator control, smoke control, stair tower



pressurization, stair tower and exit door lock release, and shutdown
of manufacturing or other processes. The building or room housing
the monitoring equipment must be separate from any hazardous
processes and constructed of fire-resistant materials to ensure
survival if there is a fire or other facility emergency. In addition, both
links require testing, which is performed automatically, at no more
than 24-hour intervals to ensure integrity (National Fire Protection
Association 2019, Section 26.4.6.1.3.1).

TIP

As the name implies, proprietary supervising fire alarm systems
are operated by the owner of the protected property. These
property owners may only monitor accounts specifically under
their ownership.

Public Emergency Alarm Reporting Systems
The public emergency alarm reporting system is an old
technology but there are still some of these systems in service. After
an initiating device activates, this type of system transmits alarms
through circuits connected to municipal communications centers.
Typically, the initiating devices are a publicly accessible alarm box
located on streets in the community. These alarm boxes can be
operated by the public to initiate an alarm or to interface between the
protected location and an auxiliary reporting system. When permitted
by the local authority, the auxiliary alarm system connects to and
uses the same transmission equipment as the public emergency
alarm reporting system to transmit fire alarm signals from protected
facilities through the public emergency reporting system to a public
safety communications center.



There are two types of auxiliary alarm systems that protect
communities: the local energy–type and the shunt-type. The local
energy–type is a self-contained system with a power source that is
not dependent on the current from the municipal circuits (National
Fire Protection Association 2019, NFPA 72, Section A.27.6.3.2.2.1
[1]). The shunt-type system uses power from the municipal fire alarm
circuits to supply current to the building fire alarm system, but only
manual initiating and water flow switches can connect to this type of
system (National Fire Protection Association 2019, NFPA 72,
Section A.27.6.3.2.2.1 [2]). The shunt-type system is not preferred
because problems with grounds faults and short circuits may send
false alarms or prevent transmission to the municipal center.

Emergency Communications Systems
An emergency communications system has been around since
World War II. The Civil Defense Alert System used loud warning
sirens in towns and cities to notify residences of a pending disaster
such as a flood or tornado, air raid, or nuclear attack. However, the
emergency communication systems of today are much different from
the systems of the World War II era. Many tragic fire and non-fire
events resulting in the loss of multiple lives and numerous injuries
over the past 15 to 20 years have prompted the need for change in
the way people are notified of an emergency and what actions to
take FIGURE 4-7.



FIGURE 4-7 Emergency communications systems classification categories.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Description

One-Way Emergency Communications
Systems
The 2007 edition of NFPA 72® established new signaling priorities,
placing emergency communications systems signals over all other
signals, including fire alarm signals. When an emergency exists,
receiving accurate and timely information is critical to building,
facility, campus, and complex occupants, and mass notification
systems can relay the information and instructions needed to protect
life. These one-way emergency communications systems may
instruct occupants to evacuate, relocate, or lock down; they may also
provide information to occupants concerning a fire, hazardous
materials incident, natural disaster, or terrorist attack.

One of the transmitting methods of these systems is by way of a
distributed recipient mass notification system (DRMNS) in which
the communication and information are transmitted directly to
individuals or groups through devices that use Internet protocol



technologies. This technology includes text messages, paging alerts,
reverse 911, emails, and phone calls to cell phones. These systems
can also interface with other traditional communications systems to
provide the necessary information.

Another means of transmission is through the use of a in-
building fire emergency voice/alarm communications system
(EVACS). These systems provide first responders with a notification
tool to manage occupant evacuation when it is not practical or
necessary to evacuate an entire structure during a fire or other
emergency FIGURE 4-8. Emergency voice systems, which can be
either stand-alone or an integrated part of the facility’s fire alarm
system, use a building-wide speaker system to broadcast
instructional messages to the occupants on selected areas or floors
of a building or throughout the entire building. Notification can be
either manually provided by a person using a microphone or
automatically provided by a prerecorded message circuit in the fire
alarm system.



FIGURE 4-8 Emergency voice/alarm communications systems are typically an integrated

part of modern fire alarm control panels.



© A. Maurice Jones, Jr./Jones & Bartlett Learning.

EVACS are primarily installed in high-rise buildings and buildings
with large occupant loads such as arenas, stadiums, covered malls,
and special amusement buildings. They are an integral part of a
high-rise building fire alarm system because these types of
buildings present rescue challenges for fire personnel; buildings that
are more than seven or eight stories high are beyond the normal
reach of most standard ladder trucks, have increased evacuation
times owing to the number of occupants, present an increased travel
distance to get out of the building, and can make the management of
smoke and gases difficult.

When the fire alarm sounds in modern high-rise buildings, the
alarm protocol can be much different from many pre-1980s high-rise
and non-high-rise buildings, in which a general alarm typically
sounds throughout the building. In a modern high-rise building, the
alarm and voice message must, at a minimum, sound on the floor of
alarm origin, on the floor above alarm origin, and on the floor below
alarm origin. Additional alarms two floors above or below alarm
origin or even throughout the entire building may also sound.

Once the required temporal alarm signal sounds, the high-rise
protocol dictates that a voice message follows; this message
typically includes the following: “May I have your attention please!
May I have your attention please! There is a fire emergency in the
building. Please evacuate the building immediately by the nearest
exit or stairway. Please do not use the elevator.” The message may
also ask people on certain floors to stay in place or to relocate to a
different area or floor, or it may communicate that the fire department
is running a drill and no evacuation is required. To deliver the voice
message, older systems used a prerecorded tape that over time
would either break or become unintelligible. Now, the use of digital
technology offers clear, intelligible, and exceptionally reliable
messages.

Finally, once the alarm signal and voice message sound, the
required visual notification is provided; this notification typically



consists of flashing strobe lights. As a whole, the high-rise protocol
permits first responders to evaluate the situation and determine
whether there is a need to evacuate additional floors, relocate, or, if
necessary, terminate the alarm and message in order to
communicate live with selected floors or the entire building.

Other features of the typical high-rise fire alarm system package
include requirements for a fire command center. The fire command
center houses the fire alarm control and annunciation panels as well
as many different building system control panels, giving first
responders full access to all life safety systems, equipment, and
documentation. The command center must be separated from the
remainder of the building by a 1-hour fire resistance–rated fire
barrier. In addition, the command center must consist of a room that
is at least 200 ft2 with a minimum dimension of 10 ft. These size
requirements provide first responders, who typically are wearing full
turnout gear, with adequate space to conduct operations FIGURE 4-9.



FIGURE 4-9 High-rise fire command center.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

An in-building mass notification system is similar to EVACS,
but they can play a larger role in an emergency situation. Not only
can these systems interface with the building EVACS and fire alarm
systems, they also contain many other monitoring devices that can
provide input to alert individuals inside and outside the building by
means of message boards, graphics, and textual, tactile, or voice
notification. Inputs can be derived from gas-detection monitoring
devices, weather alert systems, and regional and national
emergency alert systems.

TIP
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Typical fire/emergency command centers contain most—if not all
—of the following:

Fire alarm control panel
Fire alarm annunciation panel
Emergency voice/alarm communication system
Two-way fire communication system
Elevator control panel
Generator control panel
Door lock override switch
Fire pump status indicators
Air handling/stair pressurization/smoke control status and
control panels
Telephone
Emergency and standby power control panels
Emergency building access system
Building plans for all systems
Building information cards
Worktable

A wide-area mass notification system serves outdoor areas
including business complexes, campuses, military bases, and, in
some cases, communities. This type of system distributes
information primarily through high-powered speaker arrays; however,
there are many different distribution systems, including public
address systems, paging systems, reverse 911 systems, email, fax,
cell phones, paging, personal computing devices, highway radio alert
systems, and message boards that can interface with the wide-area
systems.



Two-Way Communications Systems
The two-way communications systems permit first responders and,
in some cases, building occupants the opportunity to communicate
between specific locations within the building and the fire control
room via an internal communication system. This two-way telephone
system, also known as fire phones or fire fighter telephones, offers
backup when fire department radios cannot transmit or receive
signals in a building; it also provides building occupants with a tool to
communicate with fire department personnel.

The phones used in these systems directly connect to the fire
control room and are located on each floor level of exit stairways,
elevators, elevator lobbies, and other areas critical to fire department
operations, such as a fire pump room or areas of refuge. Some of
the older systems used phone jacks instead of hard-wired handset
phones, necessitating first responders to use critical time to locate
and distribute the transportable phones so they could carry them and
plug into the jacks if needed FIGURE 4-10 and FIGURE 4-11. Although still
installed, phone jacks are not as reliable as handset phones
because of a lack of maintenance where oxidation, corrosion, or
other foreign objects such as gum or pencils have rendered the jacks
unusable.



FIGURE 4-10 A plug-in two-way fire fighter’s telephone system.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 4-11 A hard-wired two-way fire fighter’s telephone system in a wall cabinet.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



TIP

Some authorities permit the use of other proven and reliable
communication devices, systems, and equipment as alternatives
to hard-wired two-way communication systems. These
alternatives include radio repeaters, signal boosting systems,
bidirectional amplification, leaking transmission cables, and
transponders.

Two-way communication systems are one of the more expensive
components of a fire alarm system and, as previously discussed,
often lack maintenance, creating unreliable service for first
responders. However, many jurisdictions are now adopting codes
that permit the installation of alternative technologies that work with
the jurisdiction’s radio system, thus eliminating the need for some of
the two-way communication systems.



Interface with Other Systems
The primary function of fire alarm systems is to initiate an alarm that
prompts evacuation and notifies the appropriate personnel of other
conditions that may need response. However, fire alarm systems can
also play a critical role in the overall management of a building
during a fire emergency by interfacing with other building, control,
and suppression systems. For example, fire alarm systems can
perform the following functions:

Unlock exit doors. Unlocked exit doors provide occupants and
responding emergency personnel with the opportunity to reenter
floors or areas within a building and find another exit if a
stairway or passageway fills with smoke. Initiation of this
function can be automatic or manual FIGURE 4-12.



FIGURE 4-12 Emergency personnel can unlock stair tower doors by using a release

switch or button that is typically found in the fire command center.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Description

Close doors. Some smoke and fire doors are held open by
magnets or other devices to allow easy movement from one part
of a building to another, but upon activation of the fire alarm
system, the device holding the door open releases so the door
can close to create a smoke or fire barrier FIGURE 4-13.



FIGURE 4-13 A. Magnets hold the fire door in the open position. B. Upon activation of

the fire alarm or fire suppression system, the magnets are deenergized, allowing the

door to close.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Recall and shut down elevators. Initiation of the elevator recall
sequence starts when an elevator lobby, machine room, or
hoistway smoke detector activates and sends a signal to the
elevator control system to capture control of the elevator car(s).
The cars travel to a predetermined location; this location is
usually on the ground level exit floor but may be located on
another floor if the ground floor detector initiated the recall. The
recall function serves two purposes: first, to prevent use of the
elevator during a fire emergency and, second, to place the
elevators in a position so fire fighters have access to the cars
and can take control of the cars if necessary. Whenever there
are sprinkler heads in the elevator hoistway or machine room, a
heat detector must be installed within 2 ft of any sprinkler head.
The purpose of the heat detector is to turn off the power to the
elevator’s electrical equipment before a sprinkler head operates.



Turn on or shut down air handling equipment. It is common for
HVAC equipment to condition and supply air to many different
areas of a building. Stopping the circulation of air contaminated
by smoke and hot gases is critical to life safety. By interfacing
this equipment with the fire alarm system, widespread
propagation of smoke or hot gases can be prevented.

Start up smoke control and management equipment. By
interfacing smoke control and management equipment with the
fire alarm system, automatic startup of pressurization systems
or other smoke removal equipment is possible. Smoke control
and management provide a tenable environment that is critical
to ensure the building occupants are able to exit a property
safely during a fire emergency.

Close fire dampers. By interfacing fire dampers with the fire
alarm system, the dampers can automatically shut to prevent
propagation of smoke, hot gases, and flame.

Monitor and activate fire suppression systems. Fire alarm
system devices play a critical role in the monitoring and, in some
cases, activation of certain types of fire suppression systems.
Devices such as tamper switches, high/low air pressure
switches, water temperature sensors, and water level sensors
are monitored through the fire alarm system to generate the
appropriate response. For most automatic fire sprinkler systems,
alarm activation occurs through the system’s water flow switch
and pressure switch. However, some types of water-based and
gaseous suppression systems interface with the fire alarm
system and are activated by an alarm initiation device. For
example, a deluge system requires an interface to a fire alarm
system component; in this case, an initiating device such as an
automatic fire detector or manual fire alarm box activates a
solenoid valve to allow water flow into the piping. Gaseous fire
suppression systems rely on fire alarm system devices, such as
smoke detectors and manual fire alarm boxes, to tie directly to
the mechanism that releases the suppression agent. Chemical-
based suppression systems also have some type of automatic



detector and manual fire alarm box that upon activation, sends a
signal to the building fire alarm control panel to sound an alarm.
Interfacing suppression systems with fire alarm systems
provides first responders with another tool to manage and
control a fire emergency or other critical occupant and building
situation at the incipient stage.

TIP

In the past, an elevator system’s power source was contained in
a separate machine room. However, in new types of elevator
systems, the drive motor for the elevator is located in the elevator
shaft instead of in a machine room. In this situation, the shaft
essentially becomes the machine room, necessitating smoke
detection, heat detection, and sprinkler system installation (if the
building has a fire sprinkler system).



Required Installations
The NFPA® and the International Code Council® (ICC) model codes
establish the requirements for where a manual fire alarm system
and automatic fire detection system must be installed based on a
wide range of characteristics including use and occupancy, number
of occupants, levels above or below exit discharge, types of products
used or manufactured, and whether other fire protection systems will
be installed.

Many people believe installing a manual fire alarm or automatic
detection system is necessary in every property. However, in some
situations the use or occupancy conditions are not suited for a
manual fire alarm system or an automatic detection system because
the inherent level of hazard does not warrant an alarm or detection
system or because installation of these systems could create
unwanted false alarms or offers little or no additional protection. In
addition, the model codes permit the exclusion or a reduction in
number of some devices when an automatic fire sprinkler system is
installed. Exploration of the different conditions, situations, and
circumstances that require manual fire alarm and automatic fire
detection system installation follows.

Use-Group and Occupancy
The use and occupancy of a building or area within a building are the
first factors used to determine any installation requirement. The
ability to provide prompt notification to occupants of a fire emergency
has mandated the installation of manual fire alarms and automatic
fire detectors in many use and occupancy situations. Installing a fire
alarm system can be especially important when a building is large or
a large number of people work, visit, or live in the building. Typical
issues that arise with these types of buildings include limited
occupant familiarity with the entire building, limited occupant ability to
know what is going on throughout the entire building, and limited



ability to provide quick notification to occupants throughout the
building. These issues are dealt with by installing fire alarm and
detection systems.

TIP

As important as the use and occupancy conditions are in the
overall determination of fire alarm or detection system installation,
other factors and conditions—including occupant load, the ability
of the occupant to respond, and building height or the number of
levels above or below the level of exit discharge—may affect the
actual installation requirements.

Additional factors and considerations specific to the use or
occupancy—such as occupant load, occupant capability, and
building height or number of levels above or below exit discharge—
may be used to determine the final requirements to install these
systems. All of these factors and conditions must meet a specific
threshold before the installation requirement is valid or before an
exception changes the requirement.

Number of Occupants
When reviewing installation requirements for manual fire alarms
based on use or occupancy, the number of individuals occupying the
facility and their location in the structure are important factors. For
example, based on the 2018 editions of NFPA 1, Fire Code, NFPA
101®, Life Safety Code®, and NFPA 5000®, Building Construction and
Safety Code®, a new business occupancy building with a total
occupancy load of 300 or more is required to have a manual fire
alarm system installed; however, installation is also required in a



business occupancy building when 50 or more occupants are
located above or below the level of exit discharge (National Fire
Protection Association 2018, NFPA 1, Section 13.7.2.25 [2] [3];
National Fire Protection Association 2018, NFPA 101®, Section
38.3.4.1 [2] [3]; National Fire Protection Association 2018, NFPA
5000®, Section 28.3.4.1 [2] [3]). On the other hand, the 2018 edition
of the ICC’s International Building Code® (IBC®) states that a manual
fire alarm is required in a business occupancy when the occupant
load is 500 or more or when the occupant load is 100 or more above
or below the level of exit discharge (International Code Council 2018,
Section 907.2.2). Although there are differences in the occupant
threshold limit between the NFPA® model codes and the IBC®, both
require manual fire alarms in business occupancies based on the
number of occupants or their location within the building.

For assembly occupancies, NFPA 1, 101®, and 5000® have the
same installation requirement; occupant loads exceeding 300
occupants require installation of manual fire alarms (National Fire
Protection Association 2018, NFPA 1, Section 13.7.2.1.1.1; National
Fire Protection Association 2018, NFPA 101®, Section 12.3.4.1.1;
National Fire Protection Association 2018, NFPA 5000®, Section
16.3.4.1.1). The IBC® also requires occupant loads exceeding 300 to
install a fire alarm system but additionally requires occupant loads of
100 or more above or below the level of exit discharge to install a fire
alarm system (International Code Council 2018, Section 907.21).
This requirement applies no matter where the occupants are in the
building. Typically, people who visit assembly occupancies are not
fully familiar with the facility or all of the possible egress components;
once the number of occupants reaches or exceeds 300, it becomes
even more difficult for people to see, hear, and react to an
emergency. Factors contributing to high injury and death counts in
assembly occupancies include delayed notification of occupants or
delayed notification to the fire department. Therefore, prompt
notification is necessary.

The occupancy load does not factor into requirements for
automatic smoke detection in assembly or business occupancies.



Building Height
The height of a building may also determine whether a manual fire
alarm is required. This requirement does not necessarily hinge on
how many feet the building is above ground or grade level but rather
is dependent on the number of levels above or below exit discharge.
Consider the previously discussed business use and occupancy
example—NFPA 5000® determines manual fire alarm installation
based on the total number of occupants and the number of
occupants above or below the level of exit discharge. However,
NFPA 5000® also requires a manual fire alarm be installed in any
business-use building two or more stories in height (National Fire
Protection Association 2018, NFPA 5000®, Section 28.3.4.1 [1]).
NFPA 1 and 101®, on the other hand, require a manual fire alarm be
installed in any business-use building three or more stories in height
(National Fire Protection Association 2018, NFPA 1, Section
13.7.2.25 [1]; National Fire Protection Association 2018, NFPA 101®,
Section 38.3.4.1 [1]). In the IBC®, there is no manual alarm
requirement for business occupancies based solely on the number of
levels of the building. Neither NFPA® nor the IBC® determines
requirements for smoke detection based on building height.

Level of Exit Discharge
Various use and occupant conditions listed in the IBC® and NFPA®

model codes require the installation of fire alarm systems be tied to
the level of exit discharge. Once the level of exit discharge is
determined, the number of occupants who are above or below the
discharge level will determine if a manual fire alarm is required. The
IBC® indicates that business, factory, mercantile, and residential
apartment buildings are required to have manual fire alarm systems
installed based on the level of exit discharge. NFPA® requirements
include business and industrial occupancies.

Neither of the model codes requires automatic smoke detection
installation purely based on the level of exit discharge; however,
there are requirements based on general exiting conditions. For



example, the 2018 edition of the IBC® requires smoke detection in
hotels, motels, and boarding houses (all classified as R-1
occupancies) when an interior corridor facilitates exiting from
sleeping units. No requirement exists, however, if the occupant is
able to directly exit the unit to the outside or if an exterior exit access
leads to an exit.

Manufacturing and Use of Products
Certain manufacturing processes establish requirements for manual
fire alarm systems. For example, both NFPA® and the IBC® require
manual fire alarm systems in semiconductor manufacturing facilities.
The IBC® also requires manual fire alarm systems in occupancies
used for the manufacturing of organic coatings.

The use of certain products also establishes requirements for
automatic fire detection systems. For example, the IBC® requires
automatic fire detection in a room or area of a building where the
level of highly toxic gases, organic peroxides, or oxidizers stored or
used exceeds the maximum permitted amount.

Special Use and Occupancy Conditions
In some instances, requirements for manual fire alarms and
automatic fire detection exist due to special use and occupancy
conditions where the normal level of protection is inadequate. For
example, the IBC® requires a manual fire alarm system be installed
in deep underground buildings where the lowest level of the structure
is more than 60 ft below the lowest level of exit discharge
(International Code Council 2018, Section 907.2.18). The IBC® also
requires automatic fire detection in certain areas of any building
classified as a high-rise building. This requirement applies to any
type of use classification, regardless of whether the building is an
office building, a hotel, an apartment, a condominium, or a
telephone-switching center. In addition, both model codes require
automatic fire detection if the building is considered a special
amusement building.



Installation of Other Fire Protection Systems
In some use and occupancy situations, installation of an automatic
sprinkler system permits the exclusion of manual fire alarm boxes as
long as the notification appliances sound an alarm when a water flow
alarm activates. In addition, automatic sprinkler or extinguishing
system installations permit omission of smoke detectors in a few
situations. TABLE 4-1 and TABLE 4-2 outline some of the differences in
the NFPA® and the IBC® model code requirements for manual fire
alarm and detection systems. Note that the tables are general lists of
the use and occupancy conditions where fire alarm systems or
smoke detection is required; there are other specific use, occupancy,
process, storage, or hazardous conditions that also require these
systems.

TABLE 4-1 International Building Code® (2018 Edition)
Occupancy-Based Requirements

Occupancy
Manual Fire
Alarms

Automatic Fire
Detection or
Smoke Alarms

Assembly X  

Business X  

Educational X  

Factory/Industrial X  

Hazardous X X

Institutional X X

Mercantile X  

Residential X X

Storage   



Utility/Miscellaneous   

Data from: International Code Council. International Building Code®, 2018 Edition.
Washington, DC: International Code Council, 2018.

TABLE 4-2 NFPA 1, 101®, and 5000® (2018 Editions) Occupancy-
Based Requirements



Description
Data from: NFPA 1, Fire Code, 2018 Edition. Quincy, MA: National Fire Protection
Association, 2018. NFPA 101, Life Safety Code®, 2018 Edition. Quincy, MA: National Fire



Protection Association, 2018. NFPA 5000, Building Construction and Safety Code®, 2018
Edition. Quincy, MA: National Fire Protection Association, 2018.



Design and Installation Standards
All of the widely used model building and fire codes—NFPA 1, NFPA
101®, NFPA 5000®, the IBC®, and the International Fire Code® (IFC®)
—reference NFPA 72® as the standard to use when dealing with fire
alarm and detection system issues. The first published NFPA® fire
alarm–related standard appeared in 1898 and was about 15 pages
long. Over time, NFPA 72® became a multivolume standard. The
different volumes dealt with system classifications, components,
inspection, testing, and maintenance. These volumes were identified
as the alphabet series, NFPA 72® A through NFPA 72® H. The 1990
and 1993 editions brought together all of these and a few other
related documents as one to improve usability and correlation. Now,
NFPA 72® is hundreds of pages long and provides application,
design, installation, inspection, testing, and maintenance
requirements, with information concerning components, hardware,
system types, calculations, power requirements, performance,
reliability, and supplemental integration and interface guidance.
Although NFPA 72® provides extensive information concerning fire
alarm and detection systems, it is not an installation specification or
approval guide, nor does it provide the methods necessary to
achieve the requirements. Instead, the purpose of the standard is to
establish the minimum requirements for installation performance,
reliability, and quality.

NFPA 72® references other standards to deal with specific issues
relating to the installation of fire alarm and detection systems and the
associated devices. Included on the NFPA 72® reference list are
NFPA 70®, National Electrical Code®; NFPA 90A, Standard for the
Installation of Air-Conditioning and Ventilating Systems; ANSI/ASME
A17.1a, Safety Code for Elevators and Escalators; ANSI/UL 217,
Standard for Single and Multiple Station Smoke Alarms; and
ANSI/UL 268, Smoke Detectors for Fire Alarm Systems. Each of
these documents provides specific information concerning topics
associated with fire alarm and detection systems to ensure



incorporation of the best information, methods, and practices when
designing and installing these systems.

Two other fire alarm and detection system standards that are
noteworthy are FM Global publications Loss Prevention Data Sheet
5-40, Fire Alarm Systems; and Loss Prevention Data Sheet 5-48,
Automatic Fire Detection. These data sheets, which are primarily
used by FM Global’s insured customers, incorporate NFPA 72®

requirements and also establish minimum requirements for
installation performance, reliability, and quality. However, these
publications also include some requirements that are either more
stringent or different from the NFPA 72® requirements, including
classification of system types, standby power requirements, and
frequency of testing. NFPA 72® is a minimum standard; therefore, an
organization such as FM Global may require its customers to meet a
higher standard at its insured facilities. As always, remember to
consult with the state or local code authority to determine which
standard has been adopted.



Fire Alarm System Inspection and
Testing
As is the case with any fire protection system, the operational
integrity of the system hinges on the initial acceptance test as well as
a lifetime of periodic inspections and tests. For the most part, the
acceptance test and subsequent periodic inspections and tests
follow the same procedures, so understanding the process and
requirements is consistent and straightforward. The acceptance test
establishes that the system is ready to operate as designed. The
periodic inspections and tests ensure continued reliability and
performance. However, failure to appropriately perform either could
contribute to death and injury. In this section, the discussion will
focus on the required inspection and testing protocols.

Acceptance Test
The importance of the fire alarm system acceptance test cannot be
overstated; a fire alarm system is only as good as its installation.
Therefore, it is essential that a fire alarm system acceptance test
follow prescribed methods to ensure minimum acceptable
performance. The process starts with a sound design, thorough plan
review, and solid documentation. Next, proper installation and
inspection oversight throughout the construction phase visually verify
device location, installation methods, and the appropriate installation
of wiring and equipment. Once all construction has been completed
—but before the building is occupied—the system must go through a
final operational and functional inspection and test.

Before the final acceptance test takes place, the person or
organization responsible for installing the system must provide a
“Record of Completion” stating that the system installation is in
accordance with the approved plans and will function as designed
and required. The authority should obtain this document before an



acceptance test takes place as further verification that the system is
ready for inspection. In some situations, authorities require the
documents be submitted before the acceptance test is even
scheduled.

Once the test is scheduled, it is important that the appropriate
people be notified and present during the test; they include the
system installers, other people or organizations with systems that
interface with the fire alarm system (e.g., fire sprinkler, elevator,
mechanical contractors), and the authority that certifies the
installation. If there is a unique or complicated system installed, the
surrounding fire companies should also witness the inspection and
testing so there is a clear understanding of the operational aspects
of the system. In addition, when new devices and components are
installed in an occupied building, the contractor or building
management should post notification to alert building occupants of
the date and expected time of the test. Finally, the appropriate tools
and equipment must be available and onsite for the test; these may
include but are not limited to the approved equipment submittals and
shop drawings, the approved building permit set or plans, radios,
ladders, hand tools, a light intensity meter, and a sound pressure
meter.

One of the first items checked during an inspection and test is the
fire alarm system monitoring. In cases in which there is offsite
monitoring, the approving authority will ask that the monitoring facility
not be notified of the upcoming test so the various fire alarm signals
can be verified with the fire communications center. Once verified,
the system should go offline and remain offline for the duration of the
test. Equipped with the approved plans and supporting
documentation, the certifying authority visually inspects and
witnesses functional tests of all devices and components, including
the power supplies, wiring, annunciation panels, control panels, and
initiation and notification appliances. The authority should verify that
these devices and components are in the correct location, operate
as required, and perform as designed. In order to determine if the
new system operates as designed, all fire alarm system devices and
system components must go through a complete functional



inspection and test to ensure system integrity and reliability FIGURE 4-

14.

FIGURE 4-14 A fire protection systems inspector verifies that the fire alarm devices are

annunciating the proper information on the annunciation panel in the fire command center.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP

To ensure that fire protection and life safety systems are properly
designed, installed, and tested, NFPA has published two
relatively new standards: NFPA 3, Standard for Commissioning of
Fire Protection and Life Safety Systems; and NFPA 4, Standard
for Integrated Fire Protection and Life Safety System Testing.
NFPA 3 provides guidance on how to establish a process that
verifies that fire protection and life safety systems are properly
planned, designed, and installed and perform as outlined in the



owner’s project and design requirements. NFPA 4 provides a
protocol for the testing of interactive fire protection and life safety
systems to ensure that they perform as intended.

TIP

Many state and local jurisdictions require contractors to obtain a
business license and contractor’s license that lists the trades and
disciplines in which they are permitted to work; this is to avoid
problems with the design, installation, and operation of the
system. Although not a guarantee of quality work, licensing
establishes that the licensee is permitted to perform the work in
one or more trades or disciplines.

TIP

It is important to have surrounding fire companies witness the
inspection and testing of any complicated or unique fire alarm
system so there is a clear understanding of the system’s
operational capabilities and functionalities during all emergency
and nonemergency events.

Functional testing requires that the devices be put through an
actual operational test, not a simulated test. For example, some
individuals test a water flow switch by removing the cover and
manually operating the switch to close the contacts that initiate the



alarm. All this verifies is that the electrical part of the switch is
working; it does not verify that the mechanical part of the switch is
working. For the water flow switch to undergo a true function test,
water must flow through the pipe and past the switch paddle to verify
that both the electrical and mechanical components of the switch are
working.

When an existing system is repaired, modified, or added to,
NFPA 72® specifies testing of 100 percent of the devices directly
affected by the changes as well as testing of 10 percent (up to 50
units) of the existing initiating devices not affected by the change
(National Fire Protection Association 2019, NFPA 72, Section
14.4.2.4). In addition, when devices are removed from the system,
all devices on the remaining circuit require testing. Whether repaired,
modified, added, or removed, devices and equipment associated
with software-based systems require retesting and recertification
because errors in program changes could drastically affect the
system operation and disable many devices in the system. Following
these guidelines ensures system functionality and integrity.

Periodic Inspection, Testing, Service, and
Maintenance
A compelling statistic compiled by NFPA® in 2012 revealed that U.S.
fire departments responded to 2,238,000 false alarms that year and,
of that total, 31.9% were due to fire protection system malfunctions
(Karter 2013, 1). False alarms cause two significant problems for fire
departments. First, a response to a false alarm removes resources
from service or delays response to a legitimate incident. Second,
false alarms change human behavior; many people become
unresponsive, oblivious, flippant, or defiant when they feel they have
no reason to believe the alarm is real.

Many false alarms are due to a lack of or improper inspection,
testing, service, and maintenance. Failing to inspect, test, service, or
maintain a fire alarm system, device, or component can lead to
unknown operational conditions. Fire alarm systems must be



inspected, tested, serviced, and maintained just as frequently as
other building, electrical, plumbing, and mechanical systems (if not
more so) to ensure reliable and optimum performance when needed.
When other building systems malfunction, the maintenance staff or
occupants often discover the problem quickly because these
systems are constantly used. However, fire alarm systems are
infrequently used, and problems usually are only discovered when
the system must operate but instead fails. In addition, there are
times when a trouble or supervisory problem occurs, yet the
responsible party chooses to ignore the signal, resulting in a system
that is impaired or unable to provide the proper protection as
designed. It is better to test and have a component fail than to have
a fire alarm system device fail when called upon in a fire emergency.
Periodic inspection, testing, service, and maintenance help to
prevent fire alarm system false alarms, troubles, and service
interruption. Most, if not all, jurisdictions require periodic system
inspection and testing, but enforcement varies from jurisdiction to
jurisdiction. Regardless of the level of enforcement, the responsibility
to inspect, test, service, and maintain a fire alarm system is that of
the building owner or a designated representative, and this
responsibility should be taken very seriously.

NFPA 72® provides detailed inspection and test intervals for all
fire alarm system components; it also includes task-specific
information to indicate the minimum acceptable level of system
recertification. Included in the process are visual inspections to
confirm that the conditions of installation have not changed and the
device is the correct type; functional testing of devices and
components to verify alarm signals and release operations; various
voltage, current, and power measurements to determine system
integrity and capacity; and planned disarrangement to check
supervisory and trouble functions. The inspection and test intervals
vary for the different devices and components but range from weekly
to annually. These are minimum requirements, and in certain
situations and conditions, it is advisable to increase the frequency.
Persons responsible for the inspection and testing of fire alarm
systems must have the training and qualifications required to



perform the work, having completed local, state, and national
certification, factory training, and/or another acceptable certification
process. Maintenance activities of these systems are based on the
manufacturer’s requirements and the conditions under which the
equipment must operate.

Wrap-Up

CHAPTER SUMMARY

NFPA 72® classifies fire alarm systems based on the operational
events of the system and how signal monitoring and reporting
take place in the system. Some systems rely on a person to
initiate an alarm and notify the fire department. Other systems
automatically activate and report to an onsite location for
investigation by staff. The most sophisticated systems
automatically activate and report the exact location and type of
device to on- and offsite personnel.

Installation requirements for fire alarm and detection systems
depend on the use and occupancy conditions, and specific
factors and considerations, including occupant load, occupant
capability, and the building height or number of levels above or
below exit discharge.

Additional requirements for fire alarm and/or detection system
installation are determined by special use and occupancy
conditions, the manufacturing of certain products, and the
installation of other fire protection systems.

NFPA 72®, National Fire Alarm and Signaling Code®, has been
and continues to be the standard for fire alarm and detection
system design, installation, inspection, testing, and service.
However, as comprehensive as NFPA 72® is, reference to other



standards is needed to properly design and install fire alarm and
detection systems.

The fire alarm system acceptance test establishes the minimum
system installation and operation characteristics. Periodic
inspection, testing, service, and maintenance ensure system
reliability.

KEY TERMS

Automatic fire detection system A form of fire alarm system that
uses smoke, heat, flame, duct, or other types of detectors to
automatically initiate an alarm signal.

Auxiliary alarm system A protected premises fire alarm system or
other emergency system at the protected premises and the system
used to connect the protected premises system to a public
emergency alarm reporting system for transmitting an alarm to the
communications center (National Fire Protection Association 2019,
NFPA 72, Section 3.3.221.1).

Central station service alarm system A system or group of
systems in which the operations of circuits and devices are
transmitted automatically to, recorded in, maintained by, and
supervised from a listed central station that has competent and
experienced servers and operators who, upon receipt of a signal,
take such action as required by this Code. Such service is to be
controlled and operated by a person, firm, or corporation whose
business is the furnishing, maintaining, or monitoring of supervised
alarm systems (National Fire Protection Association 2019, NFPA 72,
Section 3.3.291.1).

Combination system A fire alarm system in which components are
used, in whole or in part, in common with a non-fire signaling system
(National Fire Protection Association 2019, NFPA 72, Section
3.3.111.1).



Digital alarm communicator receiver (DACR) A system
component that accepts and displays signals from digital alarm
communicator transmitters (DACTs) sent over a managed facilities-
based voice network (National Fire Protection Association 2019,
NFPA 72, Section 3.3.72).

Digital alarm communicator transmitter (DACT) A system
component at the protected premises to which initiating devices or
groups of devices are connected. The DACT seizes the connected
telephone line, dials a preselected number to connect to a DACR,
and transmits signals indicating a status change of the initiating
device (National Fire Protection Association 2019, NFPA 72, Section
3.3.74).

Distributed recipient mass notification system (DRMNS) A
system meant to communicate directly to targeted individuals and
groups that might not be in a contiguous area (National Fire
Protection Association 2019, NFPA 72, Section 3.3.90.1.1).

Emergency communication system A system for the protection of
life by indicating the existence of an emergency situation and
communicating information necessary to facilitate an appropriate
response and action (National Fire Protection Association 2019,
NFPA 72, Section 3.3.90).

Fire command center The principal attended or unattended room or
area where the status of the detection, alarm communications,
control systems, and other emergency systems is displayed and
from which the system(s) can be manually controlled (National Fire
Protection Association 2019, NFPA 72, Section 3.3.112).

Fire warning equipment Any detector, alarm, device, or material
related to single- and multiple-station alarms or household fire alarm
systems (National Fire Protection Association 2019, NFPA 72,
Section 3.3.115).

High-rise building A building that has an occupied floor that is
greater than 75 ft above the lowest level of fire department vehicle
access.



Household fire alarm system A system of devices that uses a fire
alarm control unit to produce an alarm signal in the household for the
purpose of notifying the occupants of the presence of a fire so that
they will evacuate the premises (National Fire Protection Association
2019, NFPA 72, Section 3.3.111.2).

In-building fire emergency voice/alarm communication system
(EVACS) Dedicated manual or automatic equipment for originating
and distributing voice instructions, as well as alert and evacuation
signals pertaining to a fire emergency, to the occupants of a building
(National Fire Protection Association 2019, NFPA 72, Section 3.3).

In-building mass notification system A system used to provide
information and instructions to people in a building(s) or other space
using intelligible voice communications and including visual signals,
text, graphics, tactile, or other communication method (National Fire
Protection Association 2019, NFPA 72, Section 3.3.90.1.3).

Level of exit discharge The level in a building where occupants no
longer must move up or down in the building to reach the exit
discharge.

Local energy–type An auxiliary system that employs a locally
complete arrangement of parts, initiating devices, relays, power
supply, and associated components to automatically activate a
master box or auxiliary box over circuits that are electrically isolated
from the public emergency alarm reporting system circuits (National
Fire Protection Association 2019, NFPA 72, Section 3.3.221.1.1).

Manual fire alarm system A form of fire alarm system requiring an
individual to actuate a manual fire alarm box to initiate an alarm
signal.

Multiple-station alarm A single-station alarm capable of being
interconnected to one or more additional alarms so that the actuation
of one causes the appropriate alarm signal to operate in all
interconnected alarms (National Fire Protection Association 2019,
NFPA 72, Section 3.3.170).



Proprietary supervising station alarm system An installation of an
alarm system that serves contiguous and noncontiguous properties,
under one ownership, from a proprietary supervising station located
at the protected premises, or at one of multiple noncontiguous
protected premises, at which trained, competent personnel are in
constant attendance. This includes the protected premises fire alarm
system(s); proprietary supervising station; power supplies; signal-
initiating devices; initiating device circuits; signal notification
appliances; equipment for the automatic, permanent visual recording
of signals; and equipment for initiating the operation of emergency
building control services (National Fire Protection Association 2019,
NFPA 72, Section 3.3.291.2).

Protected premises fire alarm system A fire alarm system located
at the protected premises (National Fire Protection Association 2019,
NFPA 72, Section 3.3.111.4).

Publicly accessible alarm box An enclosure, accessible to the
public, housing a manually operated transmitter used to send an
alarm to the communications center (National Fire Protection
Association 2019, NFPA 72, Section 3.3.12.5).

Public emergency alarm reporting system A system of alarm-
initiating devices, transmitting and receiving equipment, and
communications infrastructure—other than a public telephone
network—used to communicate with the communications center to
provide any combination of manual or auxiliary alarm service
(National Fire Protection Association 2019, NFPA 72, Section
3.3.221).

Remote supervising station alarm system A protected premises
fire alarm system (exclusive of any connected to a public emergency
reporting system) in which alarm, supervisory, or trouble signals are
transmitted automatically to, recorded in, and supervised from a
remote supervising station that has competent and experienced
servers and operators who, upon receipt of a signal, take such action
as required by this Code (National Fire Protection Association 2019,
NFPA 72, Section 3.3.291.3).



Shunt-type An auxiliary system electrically connected to the public
emergency alarm reporting system extending a public emergency
alarm reporting circuit to interconnect initiating devices within a
protected premises, which, when operated, opens the public
emergency alarm reporting circuit shunted around the trip coil of the
master box or auxiliary box. The master box or auxiliary box is
thereupon energized to start transmission without any assistance
from a local source of power. (National Fire Protection Association
2019, NFPA 72, Section 3.3.221.1.2).

Single-station alarm A detector comprising an assembly that
incorporates a sensor, control components, and an alarm notification
appliance in one unit operated from a power source either located in
the unit or obtained at the point of installation (National Fire
Protection Association 2019, NFPA 72, Section 3.3.269).

Smoke alarm A single or multiple-station alarm responsive to smoke
(National Fire Protection Association 2019, NFPA 72, Section
3.3.275).

Wide-area mass notification system A communication system that
provides information and instructions through high-powered speaker
arrays primarily to people who are outdoors (National Fire Protection
Association 2019, NFPA 72, Section 3.3.90.1.4).

CASE STUDY

You and your crew are dispatched to investigate a smoke detector
that activated in an elevator lobby on the fourth floor of a recently
constructed high-rise building. Upon arrival, it is determined the
alarm is accidental, so the system is reset. However, before you
depart, you and the crew are stopped by building occupants who live
on the 7th, 10th, and 14th floors. They are concerned that they either
barely heard or did not hear the alarm; the only way they found out
something was going on was by looking out their windows and
seeing the fire trucks. In addition, they had to use the stairs to leave



their floors because the elevators never came. How would you
answer the following questions from the occupants?

1. Why was the alarm barely audible or not heard at all on the 7th,
10th, and 14th floors of the building?

A. That is just the way the fire alarm system works.
B. The fire alarm system needs its volume turned up.
C. The fire alarm system is broken and needs repairing.
D. It is typical for the alarm in a modern high-rise building to

sound only on the floor of origin, the floor above origin, and
the floor below origin.

2. Why would fire alarm signals—but no voice instructions—have
been heard on every floor in the much older high-rise buildings
where some of the occupants previously resided?

A. Unlike today’s modern high-rise buildings, most—if not all—
high-rise buildings built before the mid-1980s only sounded
a general alarm throughout the building; emergency voice
alarm communication systems were not required when
these buildings were constructed.

B. There must have been something wrong with the system
because only certain floors should have sounded an alarm.

C. There must have been something wrong with the system
because voice instructions should have been heard along
with the alarm.

D. That part of the fire alarm system must have needed its
volume turned up.

3. Why did the elevators fail to come to the floor when the call
button was pushed?

A. The elevators must be broken and need to be repaired.
B. Once an alarm activates, the elevators travel to the first

floor or, if the alarm originates on the first floor, to an
alternative floor so fire fighters can use them to investigate
the alarm.



C. Once an alarm activates, the elevators shut down so
nobody can use them.

D. Once the building alarm activates, the elevators stop at the
closest floor and stay until reset by the fire department.

4. What should the occupants do if the alarms are not heard but
the fire trucks can be seen and heard arriving at the building?

A. Occupants should not do anything. If they are in danger, the
fire department will save them.

B. Occupants should find a manual station and pull it to sound
the alarm. They should then go back into their unit and wait
for instructions from the fire department.

C. Occupants should leave the building.
D. Unless occupants feel they are in danger, they should wait

for instructions from the fire department. The fire
department will provide information and instruction through
the emergency voice alarm communication system.

CHALLENGING QUESTIONS

1. What factors and conditions associated with the use and
occupancy of a building determine the requirements to install
manual fire alarm and detection systems?

2. What occupancies require installation of emergency voice alarm
communication systems?

3. Where does the initial fire alarm signal sound in a modern high-
rise building?

4. Explain the purpose and the features of a fire command center.

5. List and explain the differences between the four types of
residential fire alarm systems.

6. Explain the importance of interfacing a building fire alarm
system with other building systems.



7. List and explain the differences between the five NFPA
categories for fire alarm systems.

8. Why would a certifying authority request the “Record of
Completion” before the actual acceptance test of a fire alarm
system?

9. What problems are created when a fire alarm system
experiences false alarms?

10. Why is it so important to perform fire alarm system acceptance
testing and periodic inspections and tests?
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5CHAPTER

Water-Based Fire Suppression Systems

Water Supplies for Fire
Protection Systems
LEARNING OBJECTIVES
At the conclusion of this chapter, you will be able to:

Define the terms pressure, flow, and duration as they relate to the movement of water.
Discuss the characteristics of the source/supply network and the distribution network.
Discuss the difference between a municipal/public water system and a private water
system.
Describe how pumped, gravity, and combined supply systems operate.
Define friction loss and discuss how it affects water flow.
Identify and describe the components of a source/supply network and distribution
network.
List and describe the different types of valves found in a source/supply network and
distribution network.
List and describe the different types of fire hydrants found in a source/supply network
and distribution network.
Define the terms static pressure and residual pressure.
List and discuss the characteristics of the two types of National Fire Protection
Association (NFPA)-approved stationary fire pumps.
Define the terms churn, total rated head, and peak load in relation to stationary fire
pump testing.

Case Study
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On February 15, 2011, at 1:45 PM, a fire broke out in an unsprinklered, three-story
residential garden apartment complex in Alexandria, Virginia, that quickly spread
throughout the unit and into the attic. The first arriving engine reported heavy smoke and
fire showing from the front of the building and the roof. The engine driver/operator
dropped a hose line at the nearest hydrant to the building so the next arriving engine
could establish the water supply. The second engine arrived within 30 seconds and the
driver/operator started the process of establishing a water supply. He grabbed the hose
and a hydrant wrench but before connecting the hose to the hydrant, opened the hydrant
to flush out any rocks, dirt, or debris that might be in the hydrant line. As the
driver/operator opened the hydrant, it quickly became clear that the water available from
the hydrant was inadequate and that another hydrant needed to be accessed. The next
closest hydrant was about 200 ft away but was on the other side of the parking lot. Direct
access to the hydrant was blocked by parked cars and a hedge row. This required
repositioning the engine, and once it was repositioned, the driver/operator opened the
hydrant, flushed the line, and proceeded to establish a water supply. Additional water
supplies were established on adjacent streets, but owing to the intensity of the fire and
the delay in establishing the primary water supply, the fire was not declared under control
until 4:25 PM.

After the fire was extinguished, an investigation was initiated to determine the cause
of the fire and why the hydrant failed to provide adequate pressure and flow. It was
quickly determined by city fire protection systems inspectors that the hydrant’s street
valve was almost completely shut but once opened provided the expected pressure and



flow rate at that hydrant. A fire marshal interviewed the maintenance supervisor, who
indicated the hydrants were inspected and tested in the fall of 2010 with no problems
found. He provided inspection reports that verified his claim, but he also indicated that a
few weeks prior to the fire, a plumber was called in to deal with a water leak in the
building next to the low-flowing hydrant. The work required the water to the building to be
shut off to make the repair, and he remembered the plumber telling him that he had to
turn off “a few valves” to get the water turned off. Based on the information provided, the
fire marshal theorized that the plumber could have shut the valve to the hydrant off and
then failed to turn it completely back to the full on position. Unfortunately, without
conclusive proof, there was no action the fire marshal could take against the contractor.

Two years later at the same apartment complex, the same city fire protection system
inspectors were inspecting and testing the hydrants and discovered two with low pressure
and flow. They immediately reported this to the maintenance supervisor, who responded
that the same plumbing company that had possibly been responsible for the previous
hydrant shutdown had recently been working at the buildings near the hydrants. Upon
investigation, it was discovered that the hydrant valves were partially closed.

1. Based on the information provided, how significant was the initial lack of an
adequate water supply in controlling this fire?

2. What procedures should have been in place to ensure that any street valve closed
during a repair was fully reopened?

3. Who is ultimately responsible to ensure that any type of water control valve is
turned back on after a repair?

Sources: William G. Stein, Fire Protection Systems Specialist, Alexandria Fire
Department.



Introduction
Water is one of our most important resources, and its importance to
a community is undeniable. Used to support domestic, commercial,
and industrial processes, the source must be reliable, sustainable,
and accessible to ensure the viability of a community. Because the
water demand of a community changes throughout the day, week,
month, and year, engineers need to determine not only if the source
or sources will meet a community’s current and future water needs
but also if the delivery system is adequate to support manual
firefighting and water-based fire suppression systems.

In order to determine if the delivery system is adequate for
manual firefighting, engineers calculate the needed fire flow. The
fire flow is the number of gallons of water per minute the fire
department will need at a particular location to manually fight a fire.
There are various fire flow analysis models available; some arrive at
a value by analyzing various factors including the type of
construction, size of the structure, occupancy conditions,
communication between buildings, and exposure to other buildings
or structures. Other models arrive at a value based on simple
formulas using the construction type, building dimensions, and the
number of stories. Once the necessary number of gallons is
determined, an evaluation of the water supply system determines if
the water distribution system can deliver the required amount of
water to the fire hydrants needed for firefighting.

The same delivery system that supplies water for a community’s
domestic, commercial, industrial, and manual firefighting needs also
supplies water-based fire protection systems. The ability of these
systems to protect hazards depends on whether the water delivery
system is capable of supplying the pressure, flow, and duration
necessary to support the proposed design of the water-based fire
protection system. If any of these factors are insufficient, the system
will not perform as required and will fail to protect the intended
property or hazard. Determining the adequacy of the water supply is



one of the most critical factors when designing a water-based fire
protection system, and the adequacy should be determined as early
as possible in the design process.



Water Supply Systems
Most water supply systems are divided into a source/supply
network and a distribution network. The source/supply network is
made up of a water source (such as a pond, lake, or river); a water
intake, pumping, and treatment system; a purification system; and
the transmission mains that feed the distribution network. The
distribution network is made up of water storage facilities, distribution
pumps, and the water distribution mains that feed domestic,
commercial, and industrial sites; fire hydrants; and water-based fire
protection systems.

In most populated areas of the country, the water supply system
is controlled by a public utility, a local or state government agency, a
private company regulated by a local or state government, or a
regional water authority. These types of systems are typically
referred to as a municipal or public water system, and the
organizations that control them are responsible for engineering,
managing, and maintaining the systems. Conversely, a private
water system typically supports industrial and commercial facilities
and is controlled by the property or facility owner. Many private
systems obtain water from a public system; the water is then stored
in reservoirs or tanks for distribution. The maintenance of the water
storage and distribution system is the responsibility of the owner of
the private system.

Source/Supply Network
Ground or surface sources provide water to a water system’s supply
network through pumping systems, gravity systems, or a
combination of these systems. The water supply for a pumped
system may come from a deep well or from a surface source such
as a lake, river, or reservoir FIGURE 5-1. The supply for a pumped
system is located at a lower elevation than the location served,
therefore requiring a pump to generate sufficient suction to draw



water into the supply network. The water supply for a gravity
system, on the other hand, is stored at a higher elevation than the
location served, thus eliminating the need for pumping equipment
because the water flows into the network at sufficient pressure
FIGURE 5-2.

FIGURE 5-1 Direct-pumped water distribution system.

© Jones & Bartlett Learning.

Description

FIGURE 5-2 Gravity-fed water distribution system.

© Jones & Bartlett Learning.

Description



TIP

When calculating needed fire flow, the resulting number of gallons
represents the amount of water required for manual firefighting at
a particular location. It is not a measure of the water needed for a
water-based fire suppression system to properly operate.
However, some needed fire flow models permit reducing the
calculated flow by 50 percent when an NFPA 13 sprinkler system
is installed or base the needed fire flow on the fire sprinkler and
hose system demand if greater than the calculated needed fire
flow rate.

A combined water supply system utilizes both gravity and
pumps FIGURE 5-3. In this type of system, pumps fill water towers or
other types of storage tanks that subsequently feed water into the
distribution network by means of gravity. The majority of water
supply systems treat the source water, making it potable, or
drinkable, before feeding it to the distribution network; however,
some systems may feed the source water directly into the
distribution network for purposes associated with industrial
processes or fire department operations.

FIGURE 5-3 Combination gravity-pumped water distribution system.



© Jones & Bartlett Learning.

Description

Distribution Network
From the supply network, the water flows into the distribution
network’s water main piping, which consists of transmission
mains, distribution mains, and service laterals/lines. The
transmission mains are made up of very large piping that transports
the bulk of the water into an area of the city or community.
Depending on the size and the water needs of an area, the
transmission mains can be many feet in diameter. The distribution
mains, which are smaller than the transmission mains, then take the
water from the transmission mains to supply a number of smaller
areas within the system.

For a distribution network to be most effective, water should flow
from multiple directions to any point in the system. The best method
to achieve this goal is to connect the transmission mains and
distribution mains together to form loop and grid patterns FIGURE 5-

4. Water can then flow from different directions, minimizing service
interruption and improving system reliability when part of the system
needs to be shut down for repair or service. In addition, creating
loops and grids increases the flow capacity to an area, helping to
overcome possible problems with friction loss in the system.



FIGURE 5-4 A water map shows a loop and grid pattern piping network.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Another pipe configuration is called the branch or tree pattern
because the pipe layout resembles the trunk of a tree and branches
sprouting from the trunk. Basically, a large pipe feeds smaller pipes
that do not interconnect. Each smaller pipe feeds even smaller pipes
that extend away from the source FIGURE 5-5. The water flow is in one
direction from the source to the point of termination. However, this
configuration unavoidably results in dead-end water lines that must
receive regular service and maintenance to ensure water quality.
Branch or tree patterns are common in communities where a
dynamic infrastructure is not necessary.



FIGURE 5-5 A water map shows a branch or tree pattern piping network.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP

When water or any fluid flows through a pipe, there is a loss of
pressure due to the friction created by the water making contact
with the pipe walls and system components. Friction loss is
affected by a number of factors including velocity of the water or
fluid flowing through the pipe; changes in the direction of the pipe;
length, type, age, size, and interior roughness of the pipe; types
and size of the fittings; and the other components in line with the
piping. If the pressure loss is significant, the loss could render a



water supply inadequate and require changes to the supply and
distribution networks.

From the distribution mains, the service laterals/lines take water
and supply it to individual properties for domestic, commercial,
industrial, and fire protection system uses. In addition, service
laterals/lines supply fire hydrants and, in many instances, water
storage facilities such as tanks, reservoirs, and/or a cistern.

Fire Lines and Fire Mains
Service laterals/lines that feed water-based fire protection systems
and fire hydrants are often referred to as a fire line, fire main, or
private fire service main. These types of lines tap off the
distribution mains and directly connect to the water-based fire
protection system or fire hydrants FIGURE 5-6. In many jurisdictions, no
other connections or service laterals/lines—domestic or otherwise—
can connect to these lines. The reason behind this exclusivity is that
the line size must be large enough to meet the demands of the
water-based fire protection system and other connecting systems
would deplete the water supply to the fire protection system. In order
to avoid the possibility of someone tapping the line for any non–fire
system purpose, many water system maps clearly mark these lines
with an FL (“fire line”) or FM (“fire main”). Depending on the demand,
type of system, and age of the system, a fire line could range from 1
in. to 16 in. or more.



FIGURE 5-6 A valve box and fire line connect to a distribution main that will supply water to

a new fire hydrant.
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The water purveyor in most communities requires a separate
fire line for the fire protection system; some buildings have only one
water line to supply both the domestic and the fire protection needs.
In the past, this was a common practice, as usually the only fire
protection component in the building was the standpipe system or
dry sprinkler system protecting an underground parking garage.
Now, it is rare to find a combined line, but if one is installed, it is
extremely important that the water line be correctly sized to provide
adequate water flow, pressure, and duration to handle the total
system demand to protect the hazard. What this means is the
incoming water supply must be able to handle not only the fire
protection system needs but any other water needs that would
normally be active if a fire were to start. For example, if a fire started
in the morning at a sprinklered multifamily residential building,
residents will be readying for the day with showers and sinks running
and toilets flushing. Therefore, the question is if there is only one
incoming water line for the entire building, will the water supply be
sufficiently to support both the domestic and fire protection needs?

In many jurisdictions, the responsibility to pay for and install all of
the water and fire mains in a new community or industrial area falls
on the developer or property owner, not the water company. Also, it
is very common for the developer to pay a fee to the water company
to connect to the water supply system. Usually the water company or
its contractor taps into a distribution line and then installs a control
valve and enough piping to reach the property line of the project
where the line terminates. From the termination, the developer might
install distribution mains and secondary mains for the domestic water
lines, fire lines, and fire hydrants within the development site.

TIP



Water lines that supply residential sprinkler systems for one- and
two-family dwellings and that are designed to meet NFPA 13D,
Standard for the Installation of Sprinkler Systems in One- and
Two-Family Dwellings and Manufactured Homes, are permitted to
supply both domestic and sprinkler needs from the same supply
line if that line is appropriately sized for the demand.

Commonly used construction materials for new water lines
include ductile iron, polyvinylchloride (PVC), and polyethylene (PE,
HDPE, LDPE) plastics; however, specialty materials are also used in
specific situations. For example, concrete is used for large
transmission mains, steel or ductile iron is used for mains across
bridges, and copper or plastic is used for service laterals. Materials
are chosen based on system requirements and the possibility of
corrosion due to moisture and other reacting elements in the ground.

Water Line Installation, Inspection, Testing,
and Maintenance
Requirements for fire mains installed on public water systems can
usually be found in locally drafted and adopted civil engineering
documents or, for private water systems, in NFPA 24, Standard for
the Installation of Private Fire Service Mains and Their
Appurtenances. These documents provide information concerning
general installation requirements; material specifications; depth of
ground cover requirements; methods of joining and restraint; and the
process for inspection, testing, and approval. In addition, the
documents incorporate information from nationally recognized
standards published by organizations such as the American Water
Works Association and the American Society for Testing and
Materials.



The approving authority or a third-party engineer usually
handles all inspections, tests, and certification of new public and
private water lines, including visual inspection of bedding and depth
of cover, materials and securing methods, hydrostatic pressure
testing, line flushing, and disinfection. However, when existing water
lines are located on a private property, such as a warehouse
complex, the responsibility to inspect, test, and maintain all
secondary feeders and distribution lines, including fire lines and fire
hydrants, typically shifts to the property owners. If the lines are
located in the public right-of-way or easement, servicing and
maintenance usually remains the responsibility of the local
jurisdiction or the water company.

Water Distribution System Valves
In order to manage the water that flows through a water distribution
network, there are two different types of valves installed: valves that
control whether the water flows and valves that control the direction
of water flow.

Valves That Control Water Flow: Public Water
Systems
Controlling the water flow within a distribution network requires many
valves. These valves are used to facilitate shutdown and isolate
sections of the distribution network for maintenance, repair, or new
installations. The gate valve is the most commonly installed control
valve for this purpose. Because these valves are buried under
streets, public right-of-ways, or the ground, accessing a gate valve
requires removing the lid or cover of a valve box or roadway box.
Once the cover is removed, a special valve wrench called a street
key, valve key, or T-wrench is necessary to open or close the valve
FIGURE 5-7.



FIGURE 5-7 A street key is placed in a valve box to operate a nonindicating gate valve that

controls the water supply to the fire hydrant.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Gate valves used in the public water distribution system are
usually a nonindicating valve, meaning a person cannot look at the
valve and determine if it is open, partially open, or closed FIGURE 5-8.
When operated, the gate rises into the body of the valve to allow the
water to flow. Valves can “open left” or “open right,” but usually all
valves in a system open in the same direction. If a valve will not turn
to the left (counterclockwise), it may be an open left valve that is fully
open or it may be an open right valve that is fully closed. A person
must observe the effect on flowing water to determine if the valve is
opening or closing. It is very important to make this determination
because a valve that is partially open will create turbulence, increase
friction loss, and decrease the water flow in the piping, resulting in a
degraded water supply. By using the following general formula, it is



possible to determine if the valve is fully open, partially open, or
closed:

FIGURE 5-8 Looking down into the valve box, a street key rests on top of the nonindicating

gate valve nut that is approximately 4 ft below grade.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

(Valve size in inches × 3) + 2 = Number of Turns to Fully Open or
Close Valve

When applying this formula to a typical 10-inch nonindicating
gate valve, the 10-inch valve requires approximately 32 full turns to
open or close [(10 × 3) + 2 = 32]. A 6-in. nonindicating gate valve, on
the other hand, requires approximately 20 turns to open or close [(6
× 3) + 2 = 20].



In many situations, there is no way to determine the size of the
valve without a water line map, but by rearranging the formula, the
valve size and the corresponding water line size can be determined:

(Number of turns – 2) ÷ 3 = Valve Size

TIP

Many different types of valves are used in the public water supply
system, but most used in the public way or public easement are
the nonindicating type, meaning a person cannot look at the valve
and determine if it is open, partially open, or closed.

For example, if it takes 26 turns to open or close a valve, then the
valve size is 8 in. [(26 – 2) ÷ 3 = 8]. If it takes 74 turns to open or
close a valve, then the valve size is 24 in. [(74 – 2) ÷ 3 = 24].

When a water-based fire protection system or fire hydrant takes
water from a public water distribution system, a nonindicating gate
valve may be installed to provide isolation between the public system
and the fire line feeding the system or hydrant. This is a common
arrangement provided for maintenance or repair purposes, but it has
the potential to create problems. For example, if a water line breaks,
crews from the water company may isolate the problem by closing
valves in the affected area. Sometimes, many valves are partially
closed or fully closed, including valves controlling water-based fire
protection systems and hydrants that had no involvement in the
emergency. These events could go on for a considerable time, and
the unfortunate result is these valves are forgotten and remain fully
or partially closed. With no or an insufficient water supply, the water-
based fire protection system or fire hydrant cannot provide the
proper pressure and flow to support the demand, resulting in an
inadequate or nonexistent water supply. Because these valves are



out of sight and may not be routinely inspected or confirmed to be
open, it is especially important to inspect and test water-based fire
protection systems and hydrants at the recommended intervals and
to confirm that an adequate and unobstructed water supply is
available.

TIP

The leading reason for fire sprinkler system failure is due to a
water supply line, fire line, or system control valve being shut off
to the fire sprinkler system (Ahrens 2017, 6).

Valves That Control Water Flow: Private
Water Systems
When a water-based fire protection system or fire hydrant is part of a
private water system, the valves controlling the water supply are
usually some type of indicating valve. Indicating valves allow a
person to look at the valve and determine whether it is open, partially
open, or closed. This determination is very helpful when performing
periodic inspections. The different indicating valves installed in
private water systems are the post indicator valve (PIV), wall post
indicator valve (WPIV), or outside screw and yoke (OS&Y) valve.
PIV, WPIV, and OS&Y valves are the gate-type valves previously
discussed.

Post Indicator Valves. The PIV is a valve with a freestanding
post that houses the stem extension of an underground valve control
FIGURE 5-9. The position of the valve is indicated through a window on
the post, in which plates with the words OPEN or SHUT are
displayed FIGURE 5-10. When operating the valve stem, the plates
move to indicate the relative position of the valve. If one of the words
is fully visible, then the valve is fully in that position, but if the valve is



not fully in position, the word will not be fully visible. The ability to
quickly locate a valve and look at the indicator to determine if the
valve is in the correct operational position can be helpful when
performing inspections or operating on the fire ground. Operation of
the valve requires a special wrench that is attached to the top of the
valve nut and hangs down the side of the post. This storage
arrangement helps to secure the valve in the desired position to
prevent tampering. In addition, securing the valve usually involves
some type of lock or other device placed on the handle to prevent
removing or turning.



FIGURE 5-9 To operate this post indicator valve, the padlock must be removed so the

wrench can be freed and placed on the operating nut.
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FIGURE 5-10 The post indicator valve viewing window indicates that the valve is OPEN.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

A PIV that is installed outside, and sufficiently away from, the
hazard or building usually controls fire lines that feed water-based
fire protection systems. NFPA 24 requires the valve to be at least 40
ft away from a building for safe access during a fire emergency. If the
distance requirement is not obtainable for a building that is less than
40 ft in height, the valve should be placed as far away from the wall
as the wall is high in order to reduce the risk of injury from falling
debris and exposure to smoke or heat (National Fire Protection
Association 2019, NFPA 24, Section 6.2.9 [1]).

Wall Post Indicator Valves. There are situations in which it
would be impossible or impractical to install a freestanding PIV, yet
the requirement for some type of indicator valve remains. In these
situations, a wall post indicator valve (WPIV) might be the best
alternative FIGURE 5-11. Mechanically, the WPIV is similar to a PIV, but
instead of sticking out of the ground, a WPIV mounts on the side of a
building, with the valve stem feeding through the wall and connecting
to the valve body located inside the building. In addition, the valve
operates with a wheel instead of a wrench; however, it does have the
same indicator window as the PIV for determination of the valve
position.



FIGURE 5-11 Wall post indicator valves are typically found on the sides of buildings that do

not have openings or exposures.
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Outside Screw and Yoke Valves. Another indicating valve
used in private water systems is the OS&Y valve FIGURE 5-12. This
valve is operated by turning a wheel attached to a yoke coupled to a
threaded stem. When the wheel is turned, the stem rises or falls
according to the turning direction and positions the gate within the
valve. The wheel is marked with an arrow indicating the direction to
turn the wheel to open the valve. When the threads are fully
exposed, the valve is completely open. Conversely, if no threads are
visible, the valve is closed. It is common to find OS&Y valves in
underground valve pits or vaults. Any pit or vault housing water
system components must be clearly marked, free of obstructions,
accessible, appropriately sized to house the equipment, and
constructed to protect the valve from movement of earth, freezing,
and accumulation of water (National Fire Protection Association
2019, NFPA 24, Sections 6.4.2, 6.4.3, 6.4.4).



FIGURE 5-12 Outside screw and yoke valve.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



TIP

When an OS&Y valve is fully open, the amount of exposed thread
will be equal to the size of the valve; for example, when an 8-in.
OS&Y valve is fully open, 8 in. of stem thread will be exposed.

TIP

Pits and vaults are considered confined spaces, and appropriate
safety measures should be followed when entering, including
taking air samples to ensure there are no poisonous gases or
toxins that could lead to injury or death.

Valves That Control the Direction of Water
Flow
In order to prevent water from flowing in the wrong direction and to
prevent potable and nonpotable water from mixing, the installation
of a check valve and backflow prevention device is required in the
water supply network. Check valves and backflow prevention
devices permit water to flow in one direction. To ensure that the
device is installed correctly, an arrow on the body of the device
shows the direction the water should be flowing. In addition, the
device must be installed in the proper vertical or horizontal
orientation. Installing a check valve or backflow device in the wrong
direction or orientation may result in water flowing back toward the
source, water not flowing in the direction needed, or water not
flowing at all. Both public and private water systems use check
valves and backflow prevention devices throughout their networks;
however, there are differences in the performance levels of these



devices, and the water supply source will determine which device
should be installed. This determination is especially important when
a water-based fire protection system is connected to the public water
supply.

Check Valves. In most installations, check valves are part of
the water-based fire protection system but are not usually part of the
incoming water supply network FIGURE 5-13. The main purpose of
these valves is to prevent water from flowing out of the system and
back into the network. For example, a fire department connection
requires a check valve in the supply line to prevent the water in the
fire sprinkler or standpipe system from flowing back to and out of the
fire department connection couplings. To accomplish this purpose,
check valves have a plate or disk inside their body called the
clapper. When the water pressure is higher on the supply side of the
check valve, the clapper swings in the direction of water flow to
open. When the pressure on the system side is higher than the
supply side, the clapper swings back in the opposite direction and
closes. If the flow and pressure equalize on each side of the clapper,
the clapper rests on the valve seat.



FIGURE 5-13 Swing-type check valve.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Backflow Prevention Devices. In the past, check valves
were most commonly used to connect public and private water
systems, but more recently water purveyors have required the
installation of backflow prevention devices. The reason for this
change is that check valves alone offer little, if any, protection
against contamination of the water supply. Unlike a domestic water
system in which treated water regularly flows through the pipe, the
water feeding the water-based fire protection system rarely moves
through the system unless there is a water flow condition such as a
broken pipe or fitting, a water flow test is being conducted, or the
system has activated. When the water in the system does not move
very often or at all, it becomes stagnant and mixes with the metal
shavings, cutting oil, solder, paste, plastic shavings, glue, and any



other leftover particulate matter from the installation process. If
permitted to flow back into the public water system, this mix of water,
oil, metals, and other matter could contaminate the public water
supply. This is where backflow prevention devices come into the
picture. They are made to greatly reduce the chance of water flowing
back into the supply network.

The two most common types of backflow prevention devices
installed on water-based fire protection systems are the double
check valve assembly and the reduced pressure/zone assembly.
The double check valve assembly contains two independent, spring-
loaded check valves FIGURE 5-14. These check valves open when
there is a 1-psi pressure differential in the direction of flow. The first
check valve closes if there is backsiphonage occurring from reverse
flow; the second valve closes when backpressure occurs. This
configuration provides a measure of reliability and is well suited for
low-hazard-level installations, such as for food and drink
manufacturers. Still, while the double check valve assembly works
very well when properly maintained, it is a mechanical system, and
failure of both check valves is possible. To minimize the potential for
contamination, most jurisdictions require annual testing of the
assembly to ensure proper operation.



FIGURE 5-14 Double check valve assembly.
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The double check detector valve assembly is similar to the
double check valve assembly except that it has a water meter
assembly attached to the body. Generally, water purveyors do not
place water meters on the incoming fire service line but some do
require installation of a double check detector valve assembly FIGURE

5-15. The meter does not measure water flow when the fire protection
system is operating; instead, the purpose of the meter is to measure
small amounts of water flow that may be due to system leaks or
unauthorized water usage.



FIGURE 5-15 Double check detector valve assembly with bypass water meter.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

The other commonly used backflow device is the reduced
pressure/zone assembly FIGURE 5-16. In addition to the two spring-
loaded check valves, this device has a diaphragm-based spring-
loaded relief valve that is located between the check valves. The
relief valve operates when the diaphragm detects an imbalance in
pressure from one side of the valve to the other side caused by a
backpressure or backsiphonage condition. Normal water flow and
pressure changes do not affect the diaphragm and will not open the
relief valve. A change in pressure of 2 psi between the check valves
and the relief valve is required to open the relief valve to the
atmosphere.



FIGURE 5-16 Reduced pressure/zone assembly.
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The reduced pressure/zone assembly offers the highest level of
protection because the relief valve opens and drains to the
atmosphere even if both check valves fail to operate. However, like
any mechanical device, the reduced pressure assembly requires
periodic inspection, testing, and service to ensure proper operation.
In fact, some jurisdictions require a complete rebuild of the device
every few years even if the device certifies as operational. Because
of this level of safety and reliability, a reduced pressure/zone
assembly can be installed on any type of water system but is most
common to systems where the hazard levels are higher than normal,
such as in chemical plants, manufacturing facilities, and hospitals.
Although some jurisdictions permit double-check valve assemblies
on water-based fire protection systems, other jurisdictions only
permit installation of a reduced pressure/zone assembly.

TIP

Most water purveyors deem the use of two single check valves in
series inadequate to protect the water supply. Instead, the water
system is protected by a double check valve assembly, a double
check detector valve assembly, or a reduced pressure/zone
assembly.



Fire Hydrants
Fire hydrants are one of the most important parts of any water
distribution network because they support manual firefighting
operations by providing a point of connection to the water supply
FIGURE 5-17. Upon arrival at a fire scene, fire fighters connect fire
hoses to the hose nozzles on the fire hydrant. To do this, the caps on
the hydrant first need to be removed with a hydrant wrench. Once
the caps are removed and the hydrant is opened, water flows from
the hydrant through hoses onto the fire apparatus (pumper).
Onboard, an operator determines pressure and flow requirements
and uses a pump to supply water to the fire fighters’ hose lines or to
the hose lines connected to the fire department connection that is
feeding the water-based fire protection system.



FIGURE 5-17 A common location for a fire hydrant is at or near a street corner.
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Local building and fire codes establish the required location and
number of hydrants in a community based on such factors as an
area’s inherent fire hazard level, water flow requirements, and, in
some cases, insurance requirements. Most jurisdictions require
hydrants where streets intersect, within 100 ft of a fire department
connection (although it is usually the fire department connection that
is installed within 100 ft of the hydrant), and where the distance from
hydrant to hydrant exceeds a maximum interval. For most residential
areas, this interval is no greater than 600 ft. In commercial and
industrial areas, the interval might be as little as 300 ft. In addition to
distance and interval requirements, the number of hydrants within an
area or associated with a structure may hinge on the amount of hose
carried by a fire apparatus or the required fire flow for the area.

Types of Hydrants
Dry Barrel and Wet Barrel Hydrants
The two most common types of hydrants are the dry barrel hydrant
and the wet barrel hydrant. Commonly found where the
temperature drops below freezing, dry barrel hydrants hold the water
that feeds the hydrant in the ground and below the frost line until the
hydrant is opened. A nut on the top of the hydrant connects to a
stem that drops through the hydrant body and attaches to a valve at
the bottom of the hydrant FIGURE 5-18. The hydrant wrench attaches to
the nut to turn the stem and open the hydrant. The valve holds back
the water until it is opened; water then fills the hydrant barrel to
supply the hose nozzles. These nozzles are covered by protective
caps that must be removed by the hydrant wrench FIGURE 5-19.





FIGURE 5-18 A dry barrel hydrant is controlled by an underground valve located at the

bottom of the hydrant barrel.
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FIGURE 5-19 A hydrant wrench is necessary to remove the hydrant caps and operate the

hydrant.

Courtesy Cynthia Wong, Carlsbad Fire Department.

When operated, the dry hydrant must be either fully opened or
fully closed. Failure to fully open or close the hydrant can cause
water to flow out of the drains located at the base of the hydrants at
enough pressure to undermine the hydrant and anything that is close
to the hydrant, such as a curb or roadway. In addition, the hydrant
should be opened or closed at a managed rate to prevent water
hammer, which can cause damage to or break water mains. Once
the hydrant is closed, the residual water discharges out of the drains



in the bottom of the hydrant into gravel or rock pits to prevent freeze
damage to the hydrant.

The wet barrel hydrant, on the other hand, contains water in its
barrel at all times and is commonly found where temperatures
remain above freezing FIGURE 5-20. A separate valve controls each
outlet, so connecting to the hydrant does not require turning off the
entire hydrant; however, the wet barrel hydrant does have a main
control valve that shuts down all nozzles.

FIGURE 5-20 A wet barrel hydrant has a valve for each nozzle.

Courtesy Cynthia Wong, Carlsbad Fire Department.

Typically, both types of hydrants have one large nozzle and two
smaller nozzles, although there are hydrants with fewer. The size of
the nozzles also varies, but for the most part, the large nozzle or
steamer nozzle is usually between 4 and 5 in. in diameter, and the
two smaller nozzles are 2½ in. in diameter. The local fire department



or building department determines the type of thread used on the
hydrant. In those areas where neighboring jurisdictions provide
mutual aid but use different thread types or sizes, it is extremely
important for each jurisdiction to obtain the necessary adapters and
couplers so that, when responding, connection to the hydrant
proceeds without a problem. The fire lines that feed the fire hydrants
must be no less than 6 in. in diameter and must have a control valve
installed between the water supply and hydrant for maintenance
purposes. In addition, hydrants must be located at least 40 ft from
structures to prevent falling debris or exposure to the radiant heat of
the fire from hurting the fire fighters or rendering the hydrant useless.

TIP

In those areas where neighboring jurisdictions provide mutual aid
but use different thread types or sizes, it is extremely important
for each jurisdiction to obtain the necessary adapters and
couplers so that when a neighboring jurisdiction calls for
assistance, connection to the hydrant proceeds without delay.

Because fire hydrants are located where fire department vehicles
can access them, they sometimes suffer mechanical damage due to
vehicle strikes. To minimize damage to the water system piping and
the hydrant itself, hydrants break away from their base and, in some
cases, have protection barriers. Installing protection barriers around
the hydrant helps to absorb the initial impact of a vehicle or other
moving object before it damages the hydrant. Typically, these
barriers consist of metal pipes called bollards FIGURE 5-21. Bollards,
which are typically filled with concrete, are capable of absorbing low-
speed impact and provide protection to the hydrant. When installed,
these barriers must allow full access to and operation of the hydrant;



otherwise, the hydrant becomes just as useless as it would be if it
were damaged.

FIGURE 5-21 Appropriately placed bollards provide protection for fire hydrants.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Wall, Roof, Flush, and Yard Hydrants
Although dry and wet barrel hydrants are the most commonly
installed types of hydrant, there are other types of hydrants that
provide access to a water supply in locations where the environment
and accessibility presents a challenge to fire department operations.
One such type of hydrant is the wall hydrant. This type of hydrant is
installed on a structure—such as a blank wall—at a location where
exposure to fire and falling debris is minimal FIGURE 5-22. Many times,



the water supply for a wall hydrant is from the building fire sprinkler
system water supply.

FIGURE 5-22 Wall hydrant and wall hydrant control valve.



© A. Maurice Jones, Jr./Jones & Bartlett Learning.

The roof hydrant is installed on large roofs that would require a
significant hose lay, on roofs with a significant amount of equipment
that complicates hose deployment, or to have a water source to
apply to an adjacent building. Also, roof hydrants can be used for
testing standpipe system performance FIGURE 5-23.



FIGURE 5-23 Roof hydrant and control valve.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Another type of hydrant is the flush hydrant. This type of hydrant
may be installed in a belowground vault or pit when there is great



potential for hydrant damage and barrier protection is not practical
FIGURE 5-24. Flush hydrants are commonly found on the runways at
airports throughout the United States. The hydrant nozzles and stem
nut are accessed by opening a ground-level access cover FIGURE 5-

25.

FIGURE 5-24 Flush hydrant cover.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 5-25 Once the access cover is removed, the flush hydrant nozzles and stem nut

are accessible.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

The yard hydrant is commonly found at industrial facilities where
fire brigades operate. A yard hydrant may have a number of outlets
like other hydrants, or it may have individual valves that are operated
by a hand wheel or quarter-turn handles instead of a hydrant wrench
FIGURE 5-26.



FIGURE 5-26 Yard hydrant at an industrial facility.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Hydrant Markings
Many jurisdictions paint their hydrant barrels one color and the caps
and bonnet a different color. In some instances, the colors mark the
hydrants for easy identification by approaching apparatus. In other
instances, the colors correspond to a color code that indicates an
expected water flow rate in gallons from the hydrant. Typically, the
cap and bonnet color—not the barrel color—corresponds to the flow
rate. For example, NFPA 291, Recommended Practice for Fire Flow
Testing and Marking of Hydrants, recommends caps and bonnets be
painted light blue when the hydrant flows 1500 gpm or greater, green
when the flow is between 1000 and 1499 gpm, orange when the flow



is between 500 and 999 gpm, and red when the hydrant flows 500
gpm or less.

Some localities use different color codes for public, private, and
nonpotable hydrants to make clear who is responsible to inspect,
test, service, and maintain the hydrant as required. In addition, many
jurisdictions that experience significant snowfall or other
environmental conditions that may prevent a hydrant from being
easily seen require that hydrants be marked with a locator flag. The
flag attaches to the hydrant by an extension device or pole to provide
a visual marker so hydrants can be quickly located in an emergency
FIGURE 5-27.

FIGURE 5-27 Fire hydrant and locator flag.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



Hydrant Inspection, Testing, Maintenance,
and Service
Just like water supply lines, new fire hydrants require different
inspections and tests to ensure that the hydrants operate as required
when needed. In fact, the tests for hydrants are very similar to those
for water lines, and the approving authority or a certified third party
handles all inspections, tests, and certifications. New fire hydrants
require a visual inspection of pipe materials, bedding materials,
securing methods, and the nozzles to ensure they are the correct
size and thread type. Additional required testing includes a
hydrostatic pressure test to ensure that there are no leaks; a line
flush to get rid of any dirt, rocks, or debris that may be inside the
pipe and hydrant; a flow test to determine if the system is delivering
the required gallons and pressure; and disinfection to kill any
bacteria in the new pipe and hydrant.

Once installed, fire hydrants need periodic inspection, testing,
maintenance, and service to ensure proper operation. The minimum
required interval for inspection and testing of a hydrant is 1 year. The
responsibility to perform these duties varies from jurisdiction to
jurisdiction, but generally, when dealing with a public hydrant, the
local government, the water authority, or the fire department share or
take all of the responsibilities. When dealing with hydrants on private
property, the owner of the property is usually required to take full
responsibility, although some jurisdictions will inspect, test, service,
and maintain private hydrants for a fee.

The inspection consists of making sure the hydrant is accessible,
checking the hydrant for damage to the body and nozzles, making
sure the hydrant operates properly, and making sure there are no
worn parts. When testing, the hydrant must be fully opened and
flowed for at least 1 minute with no foreign material observed or until
the water runs clear. Although only required every 5 years, flow and
pressure readings should be taken and documented to determine if
the hydrant is performing as required for the conditions and hazards.
In addition to checking for leaks or other problems, it is important to



observe if the hydrant drains properly. Hydrant maintenance consists
of repainting (when necessary), cleaning the nozzle threads, and
lubricating the stems, caps, plugs, and nozzle threads to ensure
proper operation. These tasks are very easy to perform, but many
hydrants do not receive periodic testing or maintenance, and
discovery of most problems occurs at a working fire.

TIP

Although only required every 5 years, many fire departments take
the time to flow public and private hydrants yearly to measure
pressure and flow and ensure that the hydrants are in good
condition and operational.



Water Supply Design Considerations
for Water-Based Fire Protection
Systems
One of the first tasks that a design professional performs when
planning the design and installation of a water-based fire protection
system is to obtain water pressure and flow readings from the water
source that will supply the system. Once these readings are
obtained, design professionals evaluate the supply system’s
adequacy by comparing the measurements from these readings to
the design standards that provide minimum density, flow, pressure,
and duration information for the water-based fire protection system
design. This information can be found in adopted design and
installation standards such as NFPA 11, Standard for Low-,
Medium-, and High-Expansion Foam; NFPA 13, Standard for the
Installation of Sprinkler Systems; and NFPA 750, Standard on Water
Mist Fire Protection Systems.

Comparing the readings to the information found in the standards
verifies that the available pressure, flow, and duration meet or
exceed the required demand to protect the property or the hazard
within the property. For example, because the fuel load under normal
conditions in a sawmill would be much greater than in an office
building, NFPA 13 requires that the water-based fire protection
system deliver more water, at a higher density, over a greater area,
for a longer period at a sawmill than at an office building.

Water Flow Test
The water flow test is one of the most important tests performed to
ensure the water supply is adequate to meet the flow, pressure, and
duration of the water-based fire protection system design. When
designing a water-based fire protection system for a new structure,
fire hydrant flow tests are most commonly used. These tests require



special equipment, information concerning the water distribution
system, and knowledge of the proper test procedures. If not properly
performed, the data will be inaccurate and the water-based fire
protection design may be flawed. In addition, hydrant flow tests must
be planned and safely executed because large amounts of water are
flowing at different pressures and can damage the surrounding area,
especially when the hydrants being tested are located near
sidewalks or roads.

When upgrading existing water-based fire protection systems in a
structure containing a fire pump, it is more common to use fire
pump performance tests or, to a lesser degree, 2-in. drain tests.
Conducting a fire pump test also requires special equipment and
knowledge of the proper test procedures; otherwise, the ability of the
fire pump to provide the required pressure and flow will not be
accurately determined. Just like hydrant flow tests, fire pump flow
tests must be planned and safely executed because there is the
potential to damage the surrounding area. The 2-in. drain test is
simpler; it involves opening a 2-in. valve and reading a water gauge.
Mainly, a 2-in. drain test verifies that there is an adequate and
unobstructed water supply available to the existing water-based fire
protection system. There are few problems associated with this test
because the pipe is relatively small and usually runs out of the
building to discharge on the ground. However, there are times when
the drain line discharges into a floor drain inside a building that is
incapable of handling the resulting volume of water. Obviously, this
creates a problem and should be avoided if possible by connecting a
hose to the drain so the water can be discharged to a location that
can manage the volume.

Many times water flow testing reveals one or more of these
variables (flow, pressure, duration) as deficient for the required
demand. In those instances, further testing of the system might help
to determine if there are impairments to the system, if the distribution
system infrastructure needs to be improved, or if the water-based fire
protection system design needs to be reevaluated. When faced with
a deficiency in the flow, pressure, or duration of the water supply, the
designer has many design parameters to explore and can determine



the best design method to overcome the particular problem.
Depending on the deficiency, different methods—including
increasing the size of the system piping to provide more flow,
installing a water storage tank to provide supplemental water to
improve the duration, or installing a pump to boost the water
pressure—are available. Whether used singularly or in combination,
employing these techniques can lead to successfully overcoming the
deficiency.

As important as the water flow test is to the design of any water-
based fire protection system, it is even more important to perform
after the system is installed. Performing the water flow test after the
system is installed ensures the water supply is delivering the
minimum required flow and pressure that the system was designed
to provide. If the water flow and pressure for the system are below
the minimum requirements, the water-based fire protection system
could fail to perform as designed. Performing tests at periodic
intervals allows for comparison with previous test results and can
reveal or predict problems related to the delivery system. Problems
and impairments usually stem from partially or fully closed control
valves, pipes with particulate matter built up on the inside or resting
at the bottom, or foreign materials that entered the system because
of a line break or material placed in the pipe during construction. Any
of these conditions could drastically alter the performance abilities of
the water-based fire protection system, so it is important to resolve
them as quickly as possible.

Water Pressurization
Many water-based fire protection systems obtain their water directly
from the municipal/public water network. In these networks, the
pressure has been determined by the water purveyor to meet the
projected water needs of the community. Many of these systems
provide constant water pressure throughout the community that is
generally in the range of 40 psi to 100 psi. However, in some
communities the water purveyor might deem it necessary to create
different pressure zones within the network to support the diverse



development. For example, if a community has three distinct zones
—one supplying the historic district, one supplying a newer
residential district, and one supplying the light industrial and
business district where there are many high-rise buildings—the
pressure needs of each area could be very different.

TIP

In many communities, gravity tanks are still a major component of
the water distribution system, but they are also an important
component of a fire protection system that needs large amounts
of water to meet the design requirements and system demands in
facilities such as a high-piled storage warehouse.

Whether the pressure is constant or varied within the system, the
fire protection system design professional must determine if the
pressure is adequate to support the design in that part of the
community. For this reason, the system design professional must
know the static pressure and residual pressure as well as the flow
rate at the residual pressure. A static (no water flowing) pressure
reading of 80 psi would appear to be adequate for many design
situations, but once water flows, pressure may be lost because of
changes in elevation, the friction created by the water contacting the
pipe, an obstruction in the pipe that causes turbulence, or changes in
the direction the water is flowing. Once the residual (water flowing)
pressure is determined, it might be considered insufficient to support
the design requirements of the water-based fire protection system.
When this occurs, the design of the water-based fire protection
system could be supported by the installation of a gravity tank,
pressure tank, or stationary fire pump in conjunction with the
municipal/public network water supply or natural water sources.



Gravity and Pressure Tanks
A gravity tank or elevated tank is a freestanding tank that rises
above the ground in a community or industrial area FIGURE 5-28.
Gravity tanks can serve the community water supply or just the fire
protection needs in a commercial or industrial setting. Tank
capacities can be relatively small (50,000 gallons) or very large
(500,000 gallons or more) if required. Because the tanks must
support the weight of the water, they are engineered to handle the
water weight and withstand constantly changing environmental
conditions, including wind loads and earthquakes. Cold temperatures
are another concern, and unless there is constant water circulation in
and out of the tank, the tank needs a heater to prevent the water
inside the tank from freezing. In most cases, a pump is used to fill
the tank, but gravity pulls the water out. Public water system tanks
are designed to keep fresh water moving in and out of the tank
during the day; however, the water in private tanks constructed for
firefighting purposes stagnates and should only be connected to fire
hydrants and water-based fire protection systems.



FIGURE 5-28 Gravity tanks store large quantities of water that feeds the water distribution

system in a community.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

In older cities and communities, gravity tanks used for fire
protection purposes were usually located on top of a building;
however, few building-top gravity tanks remain in service due to the
cost of maintenance and modernization of the building water
systems.

In general, tanks are used to supplement the supply of water
when the distribution system cannot meet the instantaneous fire flow
demand needed to fight fires. They provide an automatic, reliable,
and positive pressure water source because the tank is elevated



many feet in the air and water flows down and out of the tank into the
water system because of the pull of gravity. The resulting pressure is
not dependent on the shape or size of the tank, just the height of the
tank relative to the elevation of the water system.

As the tank’s height above ground increases, so does its
pressure at ground level. Every foot of elevation exerts a pressure of
0.433 psi per foot, so it is easy to calculate how much pressure
would be created if, for example, the water level in a tank was
elevated 150 ft above ground level. The resulting calculation would
be 150 ft × 0.433 psi/foot = 64.95 psi (height × 0.433 = pressure).
Therefore, a tank 150 ft in the air would produce a pressure of
approximately 65 psi at ground level. Sometimes the pressure is
expressed in terms of head-feet pressure, where 150 ft ÷ 2.31
foot/psi = 64.94 or 65 psi.

A pressure tank uses compressed air to push water out of the
tank and into the water-based fire protection system. The amount of
water needed to protect the hazard and the amount of air needed to
push the water out of the tank determine the tank size. Tank sizes
generally range from 1000 to 3000 gallons but can be as much as
9000 gallons. Typically, water makes up two-thirds of the total
capacity and air one-third of the total capacity. NFPA 22, Standard
for Water Tanks for Private Fire Protection, states that the water
supply must be capable of replenishing the tank within 4 hours, and
depending on the size of the tank, the air compressor must be able
to deliver between 16 and 20 ft3 per minute of air to repressurize the
tank. The best location for a pressure tank is above all of the system
piping, but some are installed at or below grade level.

Stationary Fire Pumps
When water-based fire protection systems have an adequate water
supply but need additional pressure and flow of water to operate as
designed, the stationary fire pump is usually the first and obvious
option explored by the fire protection system design professional
FIGURE 5-29. In the past, gravity tanks were a very prominent
component used to develop pressure for water-based fire protection



systems. Some older high-rise buildings also used water booster
pumps to pressurize standpipe systems. While many of these water
booster pumps are still in service today, the fire pump has replaced
the gravity tank and water booster pumps as the most common
method used to pressurize water-based fire protection systems.

FIGURE 5-29 A stationary fire pump.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

A fire pump takes water from a source and boosts the pressure to
the desired level so that the system is able to meet the required
pressure demand. Depending on the source, the pump might add
pressure to meet the design requirement or produce all of the
pressure for the design requirement. In addition to boosting the
water pressure, a fire pump delivers a certain amount of flow



(measured in gallons per minute) to the water-based fire protection
system. However, in order for the fire pump to flow the amount of
water it is designed to deliver and be deemed adequate, the water
supply must also be capable of meeting or exceeding the system
flow and duration demand.

The importance of a fire pump to a water-based fire protection
system is essential because it acts as the heart of the system and if
not working properly, or at all, will cause the water-based fire
protection system to fail to control or extinguish the fire it was
designed to protect against.

Categories of Stationary Fire Pumps. In the past, pumps
used for fire protection purposes fell into three categories: fire
pumps, booster pumps, or special fire service pumps. The distinction
hinged on whether the water source was under pressure or whether
the pump generated all of the pressure. A fire pump took water from
a reservoir, tank, or pond and supplied all of the pressure. The
booster pump took water from a pressurized source such as a
municipal water system. The special fire service pump was a small
booster pump installed where there was limited pressure and flow.
Today, the term fire pump describes any of the different pump
categories; each takes water from a source and increases water
pressure to supply water-based fire protection systems. In addition,
the design and installation requirements are pretty much the same
for each category of pump, and certain pumps categorized as fire
pumps are technically booster pumps. Based on these
circumstances, the 1999 edition of NFPA 20, Standard for the
Installation of Stationary Fire Pumps for Fire Protection, removed the
term booster pump and it has not returned in subsequent editions
(Isman and Puchovshy 2002, 67).

Types and Styles of Stationary Fire Pumps. There are
two types of fire pumps installed to support fire protection system
service: the centrifugal type and the positive displacement type. The
decision of the fire protection system design professional to specify
one type of pump or another depends on a number of factors
including the water source, the system demand, the size of the room



the fire pump will be in, and the type of water-based fire protection
system that is being installed. To accommodate the different factors,
fire pump manufacturers build pumps to cover standard flow
intervals between 25 gpm and 5000 gpm and, depending on the type
and style of pump, pressure boosts ranging from 26 psi to 510 psi
(Cote 2008, 15–85). This diverse range of flows and pressures
provides system designers considerable flexibility to choose the
appropriate type of pump for the system it will support.

Centrifugal Pumps. The centrifugal pump creates pressure
by drawing water into the center of a precision manufactured disk-
shaped piece of metal called the impeller. The components of an
impeller are the eye, vanes, and shrouds. The eye is the opening in
the center of the impeller, the vanes direct the water, and the
shrouds are the plates on each side of the impeller. The impeller is
located inside the pump casing, attached to the pump shaft and
connected to the driver. The driver is the power source that turns the
shaft and impeller at a high rate of speed, measured in rotations per
minute (rpm). When water enters the pump, it surrounds the impeller
and primes the pump. Upon operation, the impeller pulls water into
the eye while rotating, and the vanes hurl the water out toward the
casing and to the pump discharge outlet. Simply stated, as the water
moves away from the eye of the impeller toward the casing, it
gathers momentum and increases velocity. Once the water reaches
the discharge outlet, it creates pressure. The physical characteristics
of the impeller and the speed at which the impeller turns determine
the flow and pressure ratings of the pump.

By far, the centrifugal-type pump is the most widely installed
stationary fire pump and is available in different styles, including
horizontal and vertical split case, end suction, vertical in-line, and
vertical shaft turbine. With the horizontal-styled pump, the pump
impeller shaft and driver are horizontal to the ground. With the
vertical-styled pump, the pump impeller shaft and driver are
perpendicular to the ground. With the exception of the vertical shaft
turbine pump, all of the pumps require the water supply to be under
pressure to operate. Some styles are better suited than others for a



particular situation and selection is impacted by the water source,
the system demand, the size of the room, the location, and the type
of water-based fire protection system being supplied. For example:

Split case pumps are the most frequently installed because they
can support many different flow and pressure requirements;
they are relatively easy to install and operate; and they are
efficient, dependable, and available in single-stage and
multistage designs.

End suction pumps operate at lower pressure and flow rates
because the water discharges out of the top of the pump; the
simplified pipe layout makes it easier to install.

In-line pumps operate at lower pressures and flows and are well
suited for new and retrofit installations because they do not take
up much space or require as much installation preparation.

Vertical shaft turbine pumps are required when the water source
is below grade and not under pressure, such as a pond, lake,
reservoir, river, or cistern FIGURE 5-30. Essentially, a vertical shaft
turbine pump is a multistage pump that can handle high flow
and pressure rates.



FIGURE 5-30 The vertical shaft turbine pump discharge head (red) connects to a

diesel driver coupling (gray).

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



Positive Displacement Pumps. The positive
displacement pump has been around for many years. Although
they are more commonly found on a fire apparatus (pumper) than
connected to a water-based fire protection system, they are suited
for water-based fire protection system applications, including
foam/water fire protection systems and water mist systems (Cote
2008, 15–85). Positive displacement pumps operate at a specific
speed to deliver a predetermined pressure and constant rate of flow.
Suction or discharge pressures do not affect the flow rate; in order to
increase flow, the speed of the pump must increase. This type of
pump might operate by reciprocating motion, with the liquid being
drawn into a cylinder on the intake stroke and expelled under
pressure on the discharge stroke by plunger or piston; or it might
operate by rotary motion, with the liquid contained in the casing and
carried between the threads of a screw, gears, or lobes until
discharged.

Positive displacement pumps are well suited for high-pressure
applications, but unlike centrifugal pumps, which deliver and
maintain a maximum head pressure, the positive displacement pump
can build unwanted pressure on the discharge side of the pump if
the flow continues but is not able to discharge. Therefore, the
positive displacement pump must have an internal or external
pressure release mechanism on the discharge side of the pump.

Performance and Rating Characteristics. The design
professional of a fire protection system determines the performance
criteria for a fire pump based on the available water supply and the
design requirements for the water-based fire protection system.
Once calculated, the design professional states the performance
criteria in gallons of water flowing (gpm) at a predetermined pressure
(psi).

Consider the example of a pump designed to provide 1000 gpm
at 100 psi. When the pump is flowing 1000 gpm, the pressure
increase should be 100 psi. The flow and pressure reading (1000
gpm at 100 psi) establishes the total rated head, which is the basis
for the overall performance characteristics of the pump. The ability of



the pump to perform as designed is then determined by comparing
the rated flow and pressure readings with two other specific
performance points on a graph to create a
performance/characteristic/discharge curve. The other points
included on this graph are measurements of churn and peak load.
Churn measurements, also called shutoff, minimum, deadheading,
or no-flow, are taken when the pump is running at rated speed with
no water flowing. Because no water is flowing, the flow reading will
be zero but the pressure reading should be greater than the rated
value. Typically, the pressure should register between 101 percent
and 140 percent of the rated pressure. Peak load, also called the
maximum or overload point, is 150 percent of the rated flow at 65
percent of the rated pressure. Using the example of 1000 gpm at
100 psi, the pump performance criteria and characteristics curve can
be determined and plotted TABLE 5-1 and FIGURE 5-31. Notice that as
the flow increases, the pressure decreases.

TABLE 5-1 Performance Criteria for a Centrifugal Fire Pump
Rated at 1000 gpm and 100 psi

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 5-31 Performance curve for a centrifugal fire pump rated at 1000 gpm and 100 psi.

© Jones & Bartlett Learning.

Description

Performance point calculations:

Churn (0 gpm at 120% of rated pressure) = (0 gpm at 100 psi ×
1.2) = 0 gpm at 120 psi

Rated = 1000 gpm at 100 psi

Peak (150% of rated flow at 65% of rated pressure) = (1000 gpm
× 1.5 at 100 psi × .65) = 1500 gpm at 65 psi

Initially, these measurements are taken at the factory; once
plotted, they become the pump’s certified pump curve. A certified



pump curve establishes the pump’s performance capabilities and is
specific to the fire pump. In addition to the certified pump curve, the
pump manufacturer creates a name or data plate that attaches to
the pump FIGURE 5-32. The data plate states all of the important pump
performance information so that this information is available when
evaluating the pump. After installation, the pump is field tested and
the results compared with the certified pump curve. The field test
ensures the pump and all components of the pump assembly are
installed and operating properly to deliver the desired flows and
pressures. When performing the annually required fire pump flow
test, it is important to compare the results of the flow test with the
certified pump curve to determine if the pump is still performing as
designed. If the certified pump curve is not available, then the results
should be compared to the data found on the name plate. In either
case, the flow and pressure test results cannot be less than 95
percent of the certified pump curve or name plate data.



FIGURE 5-32 The data plate on this fire pump provides considerable information including

manufacturer (Peerless), model (4AEF10), rated flow (750 gpm), and rated pressure (115

psi).

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Fire Pump Assembly Components. A stationary fire pump
is made up of components that function as a unit. Aside from the
pump, this unit includes the driver, controller, in some installations
a transfer switch, and a number of additional components, fittings,
valves, and devices FIGURE 5-34. These components connect and
control the water flow, provide the pump’s power, monitor and control
pump operation, and provide opportunities to verify pump
performance. All components are integral to the operation and
performance of the fire pump, and it is critical that all are properly



installed, inspected, tested, serviced, and maintained at
recommended intervals to avoid system failure. Because of the
performance and reliability demands, recognized testing agencies
such as UL or FM Global list or approve the components necessary
for fire protection system service. In addition, the design and
installation requirements for stationary fire pumps can be found in
NFPA 20. Specifically, NFPA 20 requirements apply to stationary
horizontal or vertical shaft design centrifugal single-stage, centrifugal
multistage, or positive displacement pumps (National Fire Protection
Association 2019, NFPA 20, Section 1.3.1). NFPA 20 also
establishes the design and installation requirements for pump
drivers, controllers, and other equipment interrelated with a fire pump
assembly; the environmental conditions and physical protection of
fire pump equipment; and the requirements for acceptance testing,
performance, and maintenance.



FIGURE 5-34 Stationary fire pump assembly.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP

Many older fire pump data plates only provided basic information
about the pump’s performance characteristics and expressed the
pressure in “head feet” or “total dynamic head” (TDH). For
example, the data plate in FIGURE 5-33 states that the pump is

rated at 1000 gpm and 404 head feet. In order to convert head
feet to psi, either divide by 2.31 or multiply by 0.433 (404 / 2.31 ≈
175 psi or 404 × .433 ≈ 175 psi).



FIGURE 5-33 The early generation fire pumps stated the performance rating as “head feet”

or “total dynamic head” (TDH) instead of psi (pounds per square inch).

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Drivers. In order for a fire pump to operate, it connects to a
driver that provides the power to turn the pump. The type of driver
specified will depend on a number of different issues, but those that
play key roles are usually performance requirements, the availability
of reliable electric power, insurance requirements, space, cost, and
the availability of a particular resource. The pump manufacturer
matches a particular type of driver with a pump because that driver is
able to deliver the necessary power over a wide range of load
conditions and demanding circumstances. The use of a different
driver could change the performance of the pump, so once the



manufacturer matches the pump with a driver, it is factory tested and
remains as a unit.

In the early days, belt, steam, and gasoline engines—among
other types of hydrocarbon fuel engines—provided the power to turn
the pump. While it is still possible to find a few of these engines in
service, electric motors, diesel engines, and steam turbines have
become the dominant types of drivers used today due to improved
technology and the need for improved safety and reliability.
Currently, NFPA 20 recognizes these three types of drivers as
acceptable power sources for fire pumps.

When reliable electric power is available, electric motor drivers
are usually the first choice of fire pump driver installed. They are very
dependable and relatively inexpensive and require little maintenance
FIGURE 5-35. Electric motors used for fire service duty must be listed
and conform to a number of manufacturing standards and
performance characteristics established by UL and the National
Electrical Manufacturer’s Association. In addition, all associated
electrical equipment and installations must conform to NFPA 70,
National Electrical Code® requirements. The standards and
performance characteristics for the drivers are very demanding
because they must be able to run continuously throughout a fire
incident. In most urban and suburban areas, the power utility grid is
reliable; loss of power is possible, however, and depending on the
property and occupancy condition, a secondary power source such
as a generator provides backup.



FIGURE 5-35 An electric driver (motor).
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Although electric motors are the most commonly installed type of
driver, many insurance companies consider diesel engine drivers to
be the most reliable type of driver because they are self-contained
units FIGURE 5-36. Diesel engine installation requires more space than
an electric driver because, in addition to the diesel engine driver,
these systems contain a fuel tank, a cooling system, an exhaust
system, and batteries to start the engine. Diesel drivers must be
listed or approved for fire service duty and, according to NFPA 20,
must contain a governor that regulates engine speed, an over-speed
shutdown device, a tachometer, an oil pressure gauge, a
temperature gauge, and battery recharging capabilities. In addition,
NFPA 20 requires adequate drainage, adequate air supply, adequate
room ventilation, and appropriate exhausting outside the pump room



so as not to affect people or property. Like any piece of mechanical
equipment, a diesel driver requires exercise and periodic
maintenance to ensure operability; however, even if properly
exercised and maintained, it is still possible for diesel drivers to fail in
a fire emergency.



FIGURE 5-36 Diesel engine driver.
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Steam turbine drivers are not as frequently installed as electric or
diesel drivers because they require a large capacity high-pressure
steam source that must be available at all times of the day or night.
This setup may only be practical at large industrial facilities such as
paper mills that constantly generate steam or are powered by steam
plants.

Controllers. The controller acts as the brain for the fire pump
system, performing logic, sensing, and supervisory functions FIGURE

5-37 and FIGURE 5-38. For example, when sensing a loss of system
pressure, the controller sends an electric signal to supply power to
the driver. Additional functions include automatic pump start when
there is a sufficient loss of system pressure, automatic shutdown
after a period of stable and normal pressure operation, emergency
manual start, and emergency manual stop. The controller also
provides the capability to monitor when the pump is running, if it fails
to operate (fault), and if it is turning in the wrong direction (phase
reversal). Each of these circumstances sends an alarm signal to
initiate the appropriate investigation.



FIGURE 5-37 Controller and transfer switch for an electric driver fire pump.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 5-38 Controller for a diesel engine-driven fire pump.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



The controller requires certification for fire service duty and must
be installed in the room with the pump and as close to the pump and
driver as practicable. All wiring, controls, and components reside
within the controller cabinet because a controller can be located
inside or outside a building where protection from water, corrosion,
and dust is necessary. When installed outside, the controller must
meet design and installation requirements geared to protect the
internal components from the weather and environment.

Some controllers start the fire pump electrically from a remote
location or upon activation of a fire protection system; however, most
older controllers start the fire pump by using a water pressure switch
that uses a mercury component to detect changes in water pressure
FIGURE 5-39. Typically, these pressure switches have the capability to
sense preset high- and low-pressure settings to determine start and
stop pressures. When the system pressure drops to the
predetermined level, the pump runs. When the pressure recovers to
the normal system pressure, the pump turns off. All controllers
require some type of mechanical or digital pressure recording device
to monitor the changes in pressure measured at the sensing line that
feeds the controller.



FIGURE 5-39 The mercury-type switch is set to detect changes in water pressure; the

switch turns on the pump when the water pressure drops to a predetermined setting.



© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Many of the new generation controllers use electronic- and
microprocessor-based technology to control, monitor, and store
information, resulting in less dependency on mechanical
components that are more prone to fail and a higher level of safety
for building personnel, service technicians, and fire fighters. For
example, the variable speed controller is a microprocessor-based
controller that adjusts the pump driver speed so the fire pump can
maintain a constant output pressure in the water-based fire
protection system based on the suction pressure and water supply. A
loss of pressure sensed by a pressure switch starts the controller,
and once running, the controller regulates the driver speed at the
preset pressure. A microprocessor monitors the suction pressure
and flow, and adjusts the speed accordingly to provide the
appropriate output pressure. Some of the advantages of this
technology include elimination of pressure-reducing valves,
elimination of high-pressure piping, and decreased system pipe size.

Most controllers have a run timer installed, so even if the system
pressure stabilizes, the pump will continue to run for a
predetermined amount of time unless manually stopped. Usually the
pump will run for a minimum of 10 minutes if attached to an electric
driver and 30 minutes if attached to a diesel driver. Some insurance
companies and code authorities require disabling this function so the
pump will continue to run until manually shut down or until it self-
destructs. The reason for this requirement is to ensure that water
continues to flow during a fire. There have been situations in which
the run timer has shut off the pump during a fire emergency, causing
problems with sprinkler and standpipe system operation. The
thinking is that it is better to replace a pump assembly than to
replace part or all of a building.

The controllers used with electric driver motors are different from
those used with diesel motors. For example, to start an electric
driver, there are at least eight different electrical configurations used.
These configurations define the controller’s characteristics, with the



major difference being the amount of current or voltage applied to
start the electric driver. One configuration supplies full voltage at
startup, another reduces voltage, one varies voltage, and others
regulate the current. In addition, controllers can be characterized by
whether they are full service controllers or limited service
controllers or by the voltage necessary to operate the controller. A
controller is considered low voltage if it operates with 600 volts or
less and medium voltage if it operates up to 7200 volts.

Diesel controllers only need a low-current power source to
operate because the starting power for the driver derives from the
batteries and the starter motor. Still, diesel controllers perform more
functions than most electric controllers do because they monitor the
status of and will sound an alarm for many engine- and power-
related parameters, including battery charge and status, oil pressure,
fuel level, water/coolant temperature, speed, start/stop functions,
engine run, engine fault, main switch off, and room temperature.
With so many functions to perform and monitor, it is extremely
important to make sure that the entire assembly receives the
necessary exercise; therefore, some diesel controllers are
programmed to automatically start the driver and turn the pump for
30 minutes per week.

Transfer Switch. Fire pumps powered by electric drivers that
require connection to an emergency backup power source must also
connect to a transfer switch that facilitates the change from the
normal power source to the backup source. The transfer switch
monitors both the normal and backup power sources for issues such
as voltage drop, proper frequency, automatic transfer back to the
normal power source, transfer delay, transfer delay to the normal
power source, generator start, and generator shutdown delay. The
controller and transfer switch are part of the fire pump assembly;
however, there are also some applications where a transfer switch is
stand-alone.

Jockey or Pressure Maintenance Pump. System
pressure losses are common to any wet pipe fire protection system,
and when a fire pump is also part of the system, it may be necessary



to manage the pressure losses by installing a smaller pump called
the jockey/pressure maintenance pump FIGURE 5-40. The pressure
maintenance pump connects to an electric motor operated by a
pressure/starter switch. More commonly referred to as the jockey
pump, this pump’s only purpose is to boost and maintain the system
pressure above the fire pump start-pressure setting in order to avoid
frequent fire pump operation and excessive component wear that
could lead to repeated maintenance and costly repairs.



FIGURE 5-40 A pressure maintenance pump or “jockey pump” with a pressure relief valve.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

The jockey pump is set up to monitor normal system pressure
changes due to a component, fitting, or pipe leak or, in some
instances, changes in the temperature. Once the pressure falls
below a certain level, the jockey pump operates until it reaches the



cutoff pressure. If the pressure loss is too rapid or significant for the
jockey pump to maintain the pressure—as would be the case if a
sprinkler head activated—the fire pump takes over and provides the
needed pressure. If the jockey pump is running frequently, it may be
a sign of a significant leak or a problem with the pressure/starter
switch. Jockey pumps also require a separate controller, and the
electrical power to power the pump cannot come from the fire pump
controller.

Control Valves. All control valves installed with the fire pump
assembly must be indicating-type valves and supervised by one of
the methods listed in NFPA 20, which includes electronic monitoring,
locking or sealing the valves, or limiting access in conjunction with a
weekly inspection program.

Typically, control valves are installed on the suction and
discharge sides of the fire and jockey pumps, the fire pump bypass
line, and the fire pump test header line. The location and number of
valves required are based on the need to facilitate maintenance,
service, and testing of the fire pump. For example, a listed OS&Y-
type gate valve is required on the suction side of the fire pump, but
no other valve is allowed within 50 ft of the pump suction flange
(National Fire Protection Association 2019, NFPA 20, Sections
4.16.5.1, 4.16.5.4). Unlike other valves, such as a butterfly valve
(wherein a plate stays in the water stream), the gate valve plate
retracts into the valve body and opens the full pipe diameter to water
flow, minimizing turbulence in the pipe that could affect performance.
All of the valves—with the exception of the fire pump test header line
valve—should be kept in the open position. The fire pump test
header line valve only opens when a fire pump performance test is
being conducted, but it is available for use as a wall hydrant in an
emergency.

System Relief Valves. There are different types of relief
valves required on fire pumps, including a main relief valve, a
circulation/casing relief valve, and an automatic air release
valve. The main relief valve is located on the discharge side of the
pump FIGURE 5-41. It is required when a pump driver operates at a



constant speed, when the suction and churn pressures are greater
than the pressure rating of the components, or when there is an
adjustable speed driver. The purpose of the main relief valve is to
relieve excessive system pressure and to stabilize the system output
pressure. The circulation or casing relief valve is also located on the
discharge side of the pump, with the purpose of preventing the pump
from overheating when no water is flowing FIGURE 5-42. The automatic
air release valve sits on top of the pump and, once the pump starts,
vents any air that has entered the pump casing or discharge head
FIGURE 5-43. In addition, it allows air to enter the pump to release the
vacuum when the pump stops.

FIGURE 5-41 Main pressure relief valve.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 5-42 Circulation pressure relief valve.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 5-43 Automatic air release valve attached to the top of the fire pump.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



Bypass. The system bypass provides a pipe path around the
pump in case the pump fails to operate FIGURE 5-44. The bypass pipe
connects the suction side pipe to the discharge side pipe of the fire
pump. In addition to the piping, the bypass requires water control
valves and a check valve that prevents water from flowing back into
the water supply system. The control valves should remain open and
should only be closed when the check valve requires maintenance or
service.

FIGURE 5-44 The fire pump bypass (the large horizontal pipe near the top of the picture)

provides a path for the water in case of fire pump failure.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP



Counting the number of fire hose valve outlets on a fire pump test
header can help to determine the flow capacity of a fire pump,
with each outlet equaling 250 gpm.

Test Headers and Flowmeters. Verifying that a fire pump is
operating as designed requires discharging water out of the system
or circulating water back to the source. When discharging water out
of the system, a component called the test header provides hose
valve outlets to facilitate flow and pressure measurements with test
equipment. The test header is typically located on the exterior of a
building. A pipe on the discharge side of the pump connects to the
test header. A control valve in the pipeline remains closed until
testing or if needed as a wall hydrant during an emergency. When
testing the performance of the fire pump, it is necessary to open the
control valve so water can flow through the pipe to the test header.
The pipe must be large enough to meet the flow capacity and feed
multiple valve outlets at the same time. These valve outlets facilitate
the connection of hoses, nozzles, and other test equipment used to
take water pressure and flow measurements. Typically, the valves
connected to the header are 2½-in. hose valves. The flow capacity of
the fire pump determines the number of necessary outlets, with each
hose valve able to handle 250 gpm. Therefore, a fire pump rated at
500 gpm would require two hose valves on the test header, but a fire
pump rated at 1500 gpm would require six valves FIGURE 5-45.



FIGURE 5-45 Building fire department connection (left) and fire pump test header valves for

a 1500-gpm fire pump (right).

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP

It is good practice to flow water through the system before using
the flowmeter; circulating water can only verify the pump’s
hydraulic performance, not the water supply feeding the pump.

When testing a pump through the header there is a significant
amount of water flowing, so it is important to consider how to



manage and dispose of the water in a manner that does not damage
or flood an area. Although a significant amount of water flows and
dumps on the ground during the test, many prefer this test method
and consider it to be the best way to simulate a pump’s operation
during an actual emergency.

When testing the pump by circulating water through the system, a
flowmeter measures fire pump water flow FIGURE 5-46. A number of
manufacturers build flowmeters, and many use different operating
principles to measure flow. Basically, all flowmeters are installed in
line with the system piping and measure water as it flows from the
discharge side of the pump back to the source, which in many
instances is a tank or reservoir, or to the suction side of the pump.
Returning water to the source or suction side of the pump prevents
water waste, and in many areas of the country, water conservation is
a daily necessity. When this method of testing by circulation is used,
a discharge flow test is required every 3 years through hoses, drains,
or flowing back to the water source (National Fire Protection
Association 2017, NFPA 25, Sections 8.3.3.6.1–8.3.3.6.3.4).
However, it is good practice to flow water through the system—
perhaps by opening an inspector’s test connection or hose valve—
before using the flowmeter because circulating water can only verify
the pump’s hydraulic performance, not the water supply feeding the
pump. If there is a problem with the water supply, there will be a
problem with the pump.



FIGURE 5-46 The flowmeter measures the fire pump’s hydraulic performance but not the

water supply that feeds the fire pump.
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Gauges. Gauges are required on the suction and discharge
sides of the fire pump. The gauges must be at least 3½ in. in
diameter and equipped with a gauge valve to facilitate gauge
removal for replacement or calibration. In addition, the gauge
pressures must be at least twice the working pressure of the pump
but not less than 200 psi for the discharge gauge. If the minimum
suction pressure falls below 20 psi, the suction gauge needs to be a
compound pressure or vacuum gauge (National Fire Protection
Association 2019, NFPA 20, Sections 4.12.1, 4.12.2.1.1).

Eccentric or Concentric Reducers/Increasers. Entrained
air in the fire pump impeller casing can be a big problem because
the fire pump could cavitate and damage the impeller. When this
problem is caused by the fire pump suction and discharge flanges
being a different size than the system piping, installation of eccentric
or concentric reducers/increasers is a solution FIGURE 5-47. The
reducer/increaser couples to the fire pump flanges on the suction
and discharge piping to make sure water flows in and out of the
pump without creating the turbulence that would be caused by air
pockets. However, a reducer/increaser is not necessary if the suction
and discharge piping and the fire pump flanges are the same size.



FIGURE 5-47 Concentric reducer.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Fire Pump Operation. A fire pump operates when there is
sufficient loss of water pressure in the connected fire protection
system. However, before the fire pump starts, the jockey pump
handles system pressure losses. If the pressure losses are too great
for the jockey pump to maintain the necessary system pressure, then
the fire pump starts. Both jockey and fire pumps detect pressure
changes through half-inch nominal size pressure-sensing lines made
of brass, copper, or series 300 stainless steel pipe or tube that taps
into the piping between each pump’s discharge check valve and
discharge control valve. These lines terminate at each controller
where either a mechanical or an electronic pressure-sensing device
determines the amount of pressure loss and, if sufficient, sends an
electric signal to the controller to start the pump.



The pressure setting that signals the jockey pump to start is the
churn pressure of the fire pump plus the incoming water supply
pressure minus 10 psi. The stop pressure setting is the churn
pressure plus the incoming supply pressure. In order for the fire
pump to start, the pressure must drop an additional 5 psi less than
the jockey pump start pressure; the fire pump stop pressure is the
same as the jockey pump stop pressure. For example, if the pump’s
churn pressure is 90 psi and the incoming supply pressure is 50 psi:

The jockey pump start pressure is 90 psi + 50 psi –10 psi = 130
psi.

The jockey pump stop pressure is 90 psi + 50 psi = 140 psi.

The fire pump start pressure is 130 psi –5 psi = 125 psi.

The fire pump stop pressure is 140 psi.

If the run timer is permitted to be operational, the fire pump will
continue to run for at least 10 minutes after the system pressures
return to normal.

Fire Pump Inspection, Testing, Maintenance, and
Service

Acceptance Testing. Before placing a fire pump in service,
NFPA 20 requires a number of different inspection and test
processes to ensure that the fire pump assembly operates and
performs as designed. Performed at different intervals of the
installation process, these inspections and tests require trained
individuals and special equipment to execute.

One of the first processes is to flush the incoming suction side
supply line before the pump connects to the suction piping. Flushing
the suction side supply line of the piping removes materials such as
rocks, dirt, particulate matter, and other debris that could damage the
pump impeller. NFPA 20 publishes minimum flow rates based on the
size of the suction piping. For example, a 4-in. line requires a
minimum of 590 gpm flowing out of the pipe, but a 12-in. line
requires 5290 gpm (National Fire Protection Association 2019, NFPA



20, Table 14.1.1.1). If there is a considerable amount of debris
observed while flushing the line, water might need to flow for several
minutes to ensure that the line is clean. If a 12-in. line is flushed for 5
minutes, over 25,000 gallons of water will discharge from the pipe,
so it is important for the contractor and authority to ensure safe water
discharge and management.

In addition to flushing the pipe, a 2-hour hydrostatic pressure test
ensures that the pump’s suction and discharge piping does not leak
and can handle the high pressures the pump will generate when
operating. For any maintained system pressure below 200 psi, the
pressure required for testing is a minimum of 200 psi; for any
maintained system pressure above 200 psi, the contractor must add
50 psi to the test pressure. For example, if the maintained system
pressure is 220 psi, then the test pressure will be 270 psi.

Usually during the hydrostatic test, the approving authority also
performs a visual inspection of the fire pump assembly to verify that
all components are the correct size, type, and make and are installed
in the correct location as specified in the approved drawings. This
verification is especially important because a fire pump system is an
approved assembly of components, and any component that is not
correct or in the correct location will change the pump’s ability to
perform as designed and certified. Successfully completing the flush,
hydrostatic, and visual inspections ensures that the pump is ready
for the most important test of all—the field acceptance test.

The field acceptance test determines if the pump is able to
produce the required flows and pressures necessary to support the
approved design of the fire protection system. However, before water
flows, the pump and drive alignment, the pump bearings and
packing, the electrical connections between the controller and
motors, the pump rotation, and the pressure-sensing components
should be checked for proper setup. In addition, the contractor,
certifying authority, and the manufacturers of the pump, controller,
transfer switch (when installed), and engine (when installed), or their
factory-authorized representatives, should be present to witness the
test.



The acceptance test measures the fire pump’s performance at
churn, total rated head, and peak loads, as compared to the
manufacturer’s shop test certified pump curve. In order for the
installed pump assembly to pass the test, its measurements must
match the manufacturer’s shop test certified pump curve within the
accuracy limits of the test equipment.

TIP

In some situations, a water supply cannot supply 150 percent of
the rated pump capacity, but NFPA 20 states that the fire pump
acceptance test is acceptable even at reduced capacity if the
pump discharge exceeds the pressure and flow requirements for
the fire protection system design.

Performing the field acceptance test requires specialized and
calibrated test equipment to measure pressure and flow, including a
voltmeter, a current meter, and a tachometer when installing an
electric driver. For centrifugal and vertical turbine pumps, the
pressure and flow readings must be provided by approved
measuring devices. Usually, this involves hoses that are connected
to the test header and are run away from the building to manage the
water discharge. At the end of the hose an approved device, such as
an Underwriters Playpipe, provides a smooth 1-in. or 1¼-in. hose
stream for measurement by a handheld pitot tube FIGURE 5-48. In
recent years, other test devices that incorporate a pitot in the design
have also gained approval to test fire pumps, standpipes, and
hydrants FIGURE 5-49.



FIGURE 5-48 Playpipes have been used for many years to test fire pumps but require a

person to place the pitot tube in the water stream.

Courtesy of Paul Mitchell.



FIGURE 5-49 Hose Monsters® are a type of test device in which the pitot tube is fixed in the

center of the water stream.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

For positive displacement pumps, only one performance point is
required to be measured to determine if the pump flow meets the
rated performance characteristic; in this case, a flowmeter or orifice
plate is used to measure the flow rate. Once water flow is stable at
the minimum, rated, and peak discharge flow rates, measurements
of pressure, rpm, voltage, and current help to establish if the pump is
operating as designed and required.

In addition, NFPA 20 requires the controller to be started at least
six times manually and six times automatically. It must also operate
at full speed for at least 5 minutes after each start, and any
automatic starting method—including remote starting signals or



pressure switches—requires testing. Variable-speed pressure-
limiting controllers must be tested at all required test points including
while the pump is operating at variable speed pressure limiting
control and at rated speed. Other tests include starting the pump
from all power sources, checking for phase reversal from all power
sources, and properly transferring between power sources.

Periodic Inspection, Testing, Maintenance, and
Service. There are different types of problems that affect pump
performance, and failure to correct them will most likely render the
fire protection system inadequate. Once installed and operational, it
is critical for fire pumps with an electric driver to be exercised for 10
minutes a week with no water flow and for fire pumps with diesel
drivers to be exercised for 30 minutes a week with no water flow.
Exercising the pump ensures that it will start on command and
continue to deliver the required churn pressure; it also ensures that
all of the associated mechanical components, including the various
relief valves, operate properly. Failure to exercise will ultimately
result in pump breakdown.

In addition, the pump should be flow tested on an annual basis by
the owner or the owner’s representative. This test should be
performed in much the same manner as the field acceptance test to
ensure that the pump still delivers the minimum, rated, and peak
pressure and flow readings FIGURE 5-50. If any of the various
performance readings change and the pump does not provide the
proper flow and pressure readings, an investigation is necessary to
determine the cause. For example, insufficient water discharge could
be due to an obstruction on the suction side of the pump, a damaged
impeller, or a driver that is not turning at rated speed. Similarly,
insufficient discharge pressure could be due to an air pocket in the
suction pipe, an obstructed impeller, or a pump that is turning in the
wrong direction. Many things can go wrong with a fire pump
assembly; performing the weekly and annual inspections and tests
will help to ensure that any problem is uncovered before a fire
emergency occurs.



FIGURE 5-50 A fire protection systems inspector records pressure readings during the

annual fire pump flow test.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Wrap-Up

CHAPTER SUMMARY

In most populated areas of the country, the water supply system
is typically controlled by a public utility, a local or state
government agency, a private company under charter that is
regulated by a local or state government, or a regional water
authority. These organizations are responsible for the



engineering, maintenance, and management of the municipal or
public water system.

The water supply system is divided into the supply/source
network and the distribution network. The supply/source network
takes the water into the system, treats and purifies it, and then
sends it into the distribution network for storage and delivery
purposes.

The water supply system supplies water for a community’s
domestic, commercial, industrial, and fire protection needs. In
addition, it supplies water to privately owned water systems that
support fire hydrants and water-based fire protection systems.

Dedicated water lines, called fire lines or fire mains, connect the
water supply to hydrants and fire protection systems. These
lines should only supply the intended fire protection system,
because their size must be adequate to meet the system
demand.

Various types of valves control water flow and the direction of
water flow. These valves include nonindicating valves, indicating
valves, check valves, and backflow prevention devices.

Fire hydrants offer fire fighters a ready water source for manual
firefighting. Most jurisdictions require a hydrant where streets
intersect, where the distance from hydrant to hydrant exceeds a
maximum interval, and within 100 ft of a fire department
connection.

The two most prominent types of hydrants are the dry barrel,
installed where temperatures fall below freezing, and the wet
barrel, installed where temperatures remain above freezing.

Water flow tests are used by fire protection engineers and
design professionals to determine if the water pressure, flow,
and duration adequately meet the design requirements of
various types of water-based fire protection systems. These
tests might involve a 2-in. drain, a fire hydrant, or a fire pump.



To overcome pressure problems, design professionals utilize
gravity tanks, pressure tanks, or fire pumps to provide the
needed pressure boost so the systems will operate at the
required performance level.

There are two types of fire pumps listed or approved for fire
service duty: centrifugal and positive displacement. The
centrifugal pump is the most common type of pump installed to
support water-based fire protection systems. The positive
displacement pump is the best choice for foam and water mist
systems where a constant flow and pressure are necessary to
protect the hazard.

A fire pump is part of an assembly of components, which
includes a controller and a driver. Other important components
of the assembly include the transfer switch, pressure
maintenance pump, relief valves, test header, and
eccentric/concentric reducers/increasers.

Once installed, fire pumps require periodic inspection, testing,
and maintenance to ensure reliability and performance,
including weekly 10-minute no-flow operation for electric drivers
and weekly 30-minute no-flow operation for diesel drivers.

KEY TERMS

Approving authority An entity, organization, group, or individual
with the inherent authority to review designs and conduct
investigations, inspections, and tests.

Automatic air release valve A valve installed at the top of the fire
pump casing that is designed to relieve air trapped around the pump
impeller.

Backflow prevention device A device that prevents the backward
flow of liquids into the potable water system.



Backpressure A condition wherein the pressure of the liquid in the
nonpotable system is greater than the pressure of the potable
supply.

Backsiphonage A condition caused by a partial vacuum in the
potable water system where the nonpotable water flows in reverse.

Bollards A freestanding post typically filled with concrete that is
installed to protect fire hydrants or other fire protection system
equipment from damage.

Branch or tree pattern A pipe configuration that resembles the
branches of a tree where a large pipe feeds smaller pipes that do not
interconnect and water flows in one direction from the source to the
point of termination.

Butterfly valve A type of valve that is opened or closed by a disk in
the water stream that rotates 90 degrees.

Bypass A pipe connecting the suction and discharge sides of a fire
pump, providing a path for the water to flow around the fire pump
should it fail to operate.

Centrifugal pump A pump in which the pressure is developed
principally by the action of centrifugal force (National Fire Protection
Association 2019, NFPA 20, Section 3.3.49.3).

Check valve A valve that allows flow in one direction only (National
Fire Protection Association 2019, NFPA 24, Section 3.3.17.1).

Churn The condition of zero flow when the fire pump is running but
the only water passing through the pump is a small flow that is
discharged through the pump circulation relief valve or supplies the
cooling for a diesel engine driver (National Fire Protection
Association 2019, NFPA 20, Section 3.3.42).

Circulation/casing relief valve A valve used to cool a pump by
discharging a small quantity of water. This valve is separate from
and independent of the main relief valve (National Fire Protection
Association 2019, NFPA 20, Section 3.3.75.4.1).



Cistern An underground tank that stores water for fire protection or
other water emergencies.

Clapper The swinging disk inside a check valve that prevents water
from flowing back to the source.

Combined water supply system A supply system utilizing both
gravity and pumping methods to support the system.

Control valve A valve controlling flow to water-based fire protection
systems and devices (National Fire Protection Association 2019,
NFPA 13, Section 3.3.46).

Controller A group of devices that serve to govern, in some
predetermined manner, the starting and stopping of the fire pump
driver and to monitor and signal the status and condition of the fire
pump unit (National Fire Protection Association 2019, NFPA 20,
Section 3.3.23).

Distribution mains Pipes that supply a number of smaller areas
within the distribution system.

Distribution network The part of the water supply system where the
water is stored and delivered to properties for various uses.

Double check detector valve assembly A mechanical device
designed to prevent backflow of liquids that incorporates a water
meter assembly.

Double check valve assembly Two internally loaded check valves,
either spring-loaded or internally weighted, installed as a unit
between two tightly closing resilient-seated shutoff valves as an
assembly, and fittings with properly located resilient-seated test
cocks (National Fire Protection Association 2017, NFPA 25, Section
3.3.9).

Driver An electric motor, diesel engine, or steam turbine that
provides the power to turn the pump.

Dry barrel hydrant A type of hydrant with the main control valve
below the frost line between the footpiece and the barrel (National



Fire Protection Association 2017, NFPA 25, Section 3.3.12.1).

Duration The amount of time that the water supply is able to sustain
the required water pressure and flow measured in minutes.

Fire line, fire main, or private fire service main As used in this
standard, a pipe and its appurtenances on private property that is
between a source of water and the base of the system riser for
water-based fire protection systems; between a source of water and
inlets to foam-making systems; between a source of water and the
base elbow of private hydrants or monitor nozzles; and used as fire
pump suction and discharge piping, beginning at the inlet side of the
check valve on a gravity or pressure tank (National Fire Protection
Association 2019, NFPA 24, Section 3.3.13).

Fire pump A pumping device designed to boost water pressure and
provide a certain amount of water flow to support a fire protection
system.

Flow The amount of water flowing at any given time, measured in
gpm.

Flowmeter A device installed in line with the pump discharge side
piping that measures water flow to determine if the fire pump is
performing as designed.

Flush hydrant A fire hydrant installed below the ground, requiring
removal of a cover to access the hydrant.

Friction loss The progressive loss of water pressure that results
when water flows away from the source and through a hose, pipe,
pipe fittings, and water meters.

Gate valve A type of valve that uses a disk that fully withdraws into
the body of the valve so the water can flow without restriction.

Gravity system A supply system in which the water source is
located at a higher elevation than the properties and systems it
feeds, allowing the water to flow freely into the system.



Gravity tank A storage tank that uses elevation (head) as a source
of pressure (National Fire Protection Association 2018, NFPA 22,
Section 3.3.2.3).

Hydrant wrench A special tool used to operate a fire hydrant.

Impeller A precision manufactured disk-shaped piece of metal that
is surrounded by water and spins inside a pump casing to increase
water pressure.

Indicating valve A valve that has components that show the valve
operating condition as open or closed (National Fire Protection
Association 2019, NFPA 24, Section 3.3.17.2).

Jockey/pressure maintenance pump A pump designed to maintain
the pressure on the fire protection system(s) between preset limits
when the system is not flowing water (National Fire Protection
Association 2019, NFPA 20, Section 3.3.49.15).

Limited service controller A controller made for motors rated at 30
horsepower or 600 volts or less.

Loop and grid patterns A series of interconnected transmission
and distribution mains.

Main relief valve A valve mounted on the discharge side of the
pump that is designed to relieve excessive system pressure.

Municipal or public water system A water system under the
control of a publicly regulated or governmental agency.

Name or data plate A plate affixed to the fire pump that displays
information about the manufacturer, type of pump, serial number,
approvals, model, and performance ratings.

Needed fire flow The estimated number of gallons of water per
minute the fire department will need at a particular location for
manual firefighting.

Nonindicating valve A type of control valve that does not provide a
visual indication of whether the valve is open or closed.

Nonpotable Water that is not conditioned for drinking.



Outside screw and yoke (OS&Y) valve A type of valve; a wheel
raises or lowers a screw to indicate if the valve is open, partially
open, or closed.

Peak load As it pertains to acceptance testing in this standard, the
maximum power required to drive the pump at any flow rate up to
150 percent of rated capacity (flow) (National Fire Protection
Association 2019, NFPA 20, Section 3.3.45).

Performance/characteristic/discharge curve A graphic
representation of the measured flow and pressure performance data
points of a fire pump.

Pitot tube A device that is manually inserted or incorporated into the
design of equipment used to measure the amount of velocity
pressure flowing from an orifice. This value can be utilized to
calculate the amount of water flowing in gallons per minute (gpm).

Positive displacement pump A pump that is characterized by a
method of producing flow by capturing a specific volume of fluid per
pump revolution and reducing the fluid void by a mechanical means
to displace the pumping fluid (National Fire Protection Association
2019, NFPA 20, Section 3.3.49.14).

Post indicator valve (PIV) A freestanding post that houses the stem
extension of an underground valve, with the valve control located on
top of the post. The post has a status window that displays the
position of the valve, allowing a person to determine whether it is
open or closed.

Potable Drinkable or clean water.

Pressure The force at which the water flows through and out of the
system, measured in psi.

Pressure tank A tank that uses air or some other gas under
pressure as a means of expelling its contents (National Fire
Protection Association 2018, NFPA 22, Section 3.3.2.4).

Private water system A water system under the control of a
property owner.



Pumped system A supply system in which the water source is
located at a lower elevation than the properties and systems it feeds,
thus requiring a pump to draw water from the source.

Reduced pressure/zone assembly A mechanical device intended
to prevent backpressure and backsiphonage.

Residual pressure The pressure that exists in the distribution
system, measured at the residual hydrant at the time the flow
readings are taken at the flow hydrants (National Fire Protection
Association 2019, NFPA 24, Section 3.3.11.1).

Roof hydrant A roof-mounted hydrant for which the water is usually
supplied from a fixed water source such as a fire sprinkler system,
standpipe, or fire pump.

Service laterals/lines Lines that supply individual properties with
water for domestic, commercial, industrial, and fire protection system
use.

Source/supply network The part of a water supply system where
the water source is established and processed for delivery to the
distribution network.

Static pressure The pressure that exists at a given point under
normal distribution system conditions measured at the residual
hydrant with no hydrants flowing (National Fire Protection
Association 2019, NFPA 24, Section 3.3.11.2).

Stationary fire pump A fire pump permanently installed at a location
and dedicated to supporting the fire protection systems at that
location.

Steamer nozzle The large outlet or connection on a fire hydrant.

Street key, valve key, or T-wrench A tool used to open and close
water supply control valves.

Test header A component on the discharge side of the fire pump
assembly equipped with hose valves to facilitate water flow for
testing the performance characteristics of the fire pump.



Total rated head The total head developed at rated capacity and
rated speed for a centrifugal pump (National Fire Protection
Association 2019, NFPA 20, Section 3.3.29.4).

Transfer switch A component of a fire pump assembly that transfers
the power between the normal power source and the emergency
power source.

Transmission mains Piping that transports the bulk of the water into
an area of the community.

Underwriters Playpipe A portable hose nozzle developed in the
nineteenth century that was later adapted to measure the flow
characteristics of fire protection systems.

Valve box or roadway box A metal sleeve and cover that provides
access to water supply valves located under the street or ground.

Variable speed controller A type of fire pump controller that senses
changes in suction pressure and flow to control the speed of the fire
pump driver to maintain a constant system output pressure.

Wall hydrant A wall-mounted fire hydrant for which the water is
usually supplied from a fixed water source such as a fire sprinkler
system or fire pump.

Wall post indicator valve (WPIV) A valve that mounts on the side of
a building; the valve stem feeds through the wall to connect to the
valve body located inside the building.

Water hammer A condition wherein a rapid increase or decrease in
water pressure, usually due to the rapid opening or closing of a valve
or nozzle, results in pulsations in the water line that sound like a
hammer striking the pipe.

Water main A water supply line, such as a transmission or
distribution main.

Water purveyor An organization that supplies the water and is
responsible for the management of the water supply system.



Wet barrel hydrant A hydrant installed in areas not subject to
freezing temperatures; water is in the barrel at all times.

Yard hydrant A type of fire hydrant commonly installed at industrial
facilities with separate control valves for each outlet.

CASE STUDY

You are dispatched to a building fire, and your assignment is to
establish a water supply. The water supply for the building’s sprinkler
systems is fed from 4-in. fire service lines that are controlled by a
post indicator valve. The first arriving units report that the sprinkler
system has activated, but there does not appear to be a strong water
discharge from the heads. Upon arrival, you connect to a hydrant;
once the hydrant is opened, you find the volume is lower than
normal, and there is a considerable pressure drop. According to the
water system maps, there is a 24-in. main in the street, so there
should be adequate volume. However, you are aware that there was
a recent water line break on the street and you can see a fresh
asphalt patch in the road where the water line was repaired.

1. What type of pressure was observed when the hydrant was
opened and water flowed from the hydrant?

A. Flow pressure
B. Elevation pressure
C. Static pressure
D. Residual pressure

2. What is the most likely cause of the low volume from the fire
hydrant?

A. A partially or nearly closed valve
B. A broken hydrant
C. Dirt and debris in the water line that was not removed by

flushing after repair
D. Low water pressure



3. How can a person confirm that a gate-type street valve is fully or
partially opened or closed?

A. By looking at the valve to see if it is on or off
B. By using a street key to turn the valve and observe the

effect on the amount of flow from the fire hydrant
C. By contacting the water company to determine if the valve

is on or off
D. Gate valves are either fully open or fully closed.

4. How can a person confirm the post indicator valve to the
building fire sprinkler system is open?

A. By looking at the valve window that shows the word OPEN
or SHUT

B. By removing the valve handle, operating the valve, and
observing the water discharge out of the main drain

C. Only a fire sprinkler technician with special tools can
determine if the post indicator valve is open or closed.

D. Both A and B

CHALLENGING QUESTIONS

1. What measurable characteristics of a water supply must be
deemed sufficient before a fire protection system can
adequately protect a hazard?

2. Discuss the different water supply systems that provide water to
the supply network.

3. Why is it so important to ensure that fire mains only supply
water to fire protection systems and fire hydrants?

4. Why is it important that fire mains are the correct size?

5. Discuss the different types of control valves found on private
water systems.



6. Name and describe the different types of valves used to control
the water flow in a water supply network.

7. Compare and contrast the different types of hydrants.

8. Why is it important to perform periodic water flow testing on a
water-based fire protection system after the system’s
installation?

9. What role do static and residual water pressures play in the
design of a water-based fire protection system?

10. What options are available to a fire protection system designer
when it is determined that the water pressure is inadequate to
support the design?

11. What are the two types of fire pumps listed and approved for fire
service duty? How do they differ?

12. Why is it important to have a data plate attached to a fire pump?

13. When a fire pump is running at peak load, how much flow and
pressure relative to the total rated head should it be able to
generate?

14. What are the major components of a fire pump assembly
besides the fire pump?

15. Why do some insurance companies prefer a diesel driver to an
electric driver?

16. What is the purpose of a pressure maintenance pump?

17. Why is it so important to have relief valves on a fire pump?

18. What is the purpose of a fire pump bypass?

19. When determining the water supply demand for a water-based
fire protection system at a particular location, what role does the
fuel load play?

20. How does friction loss affect a water supply and what are some
of the ways to overcome it?

21. Why is it so important to have an accurate water flow test when
designing a water-based fire protection system?



22. What is the purpose of calculating fire flow for a particular
location? Should reductions in the calculated fire flow be
permissible if a partial or full fire sprinkler system protects a
structure?
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6CHAPTER

Water-Based Fire Suppression Systems

Standpipe and Hose Systems
LEARNING OBJECTIVES
At the conclusion of this chapter, you will be able to:

List and describe the different types of standpipes and the different standpipe
classifications.
List and describe the different standpipe system components.
State when and where standpipes and hose systems are required in buildings.
Reference the design and installation standards that apply to standpipes.
State the minimum standpipe system design pressure and flow requirements.
Reference the inspection, testing, and maintenance requirements.
Recognize the possible impairments to standpipe systems.

Case Study
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In August 2005, fire protection systems inspectors for the Alexandria, Virginia, Fire
Department scheduled witnessed inspection and testing of the fire protection systems at
a 16-building garden apartment complex built in the mid-1960s. Each building had five
levels and was equipped with a manual fire alarm system, one fire sprinkler head in the
trash room, and a manual wet standpipe system. Because the use and occupancy
conditions had not changed from the time of construction, there was no requirement to
install fire sprinkler systems in the buildings. All of the systems were scheduled for full
annual inspection and testing, but the standpipe systems were also scheduled for the
required 5-year hydrostatic test to ensure pipe integrity. The inspection and testing of the
fire alarm systems and sprinkler heads were conducted with minor deficiencies
documented by the inspectors. However, the manual wet standpipe system inspections
and tests revealed major problems in all 16 buildings.

Each building had two fire department connections that were interconnected and fed
two stairway standpipe risers. The connection between the fire department connections
and standpipe risers were made under the building and under resident units. A 1-in.
copper water line provided priming water to the steel standpipe system at the top level of
the building. During the hydrostatic test on the first building, the fire protection contractor
pumped the pressurized water into the system but noticed that once the pressure
reached approximately 175 psi, the system lost pressure. Because the system was
unable to meet the 200 psi minimum test pressure for the 2-hour time requirement, the
fire inspectors failed the system test. As the fire protection contractor packed up to move
to the next building, a resident came out of the first building and said the unit had water



coming in through the floor. The maintenance staff investigated, but at the time was
unsure of the origin. At the next building, the same situation unfolded; the standpipe could
not hold the pressure and water appeared in the basement-level units. This unfortunate
situation was repeated in every building in the complex, rendering all without working
standpipes. In addition, visual inspections of the exposed piping revealed that there were
a number of pinhole leaks and hose valves on the top two floors of many buildings that
were badly corroded and rusted. It appeared that the maintenance staff knew about the
problems and had attempted to apply body putty used for vehicle car repair to stop the
leaks. At the end of the inspection and testing, notification was made to the battalion chief
for that area of the city, and it was decided that additional personnel would be necessary
to handle hose lines until the systems were back in service. Therefore, any fire alarm
from the complex would result in a multi-company dispatch to deal with the lack of a
working standpipe system.

The ensuing investigation revealed that there were no records documenting that the
standpipes had ever been hydrostatically tested; the contractor’s previous inspection
records did not discuss any observed problems with the standpipe system; the
underground piping that interconnected the risers was unprotected black steel pipe that
was directly exposed to the ground elements and ground moisture for many years; and
the copper pipe supplying the priming water was not isolated from the black steel pipe,
which resulted in galvanic corrosion. All of these issues contributed to this problem, and it
was noted by one fire officer that it was good to find the problem now and not during a
fire. A Notice to Correct was issued by the inspectors requiring the systems to be repaired
or replaced under the city’s review and permitting process.

Once repair started, inspections revealed substantial internal corrosion had built up
that reduced the internal diameter of the pipe. This discovery required that every
standpipe in every building had to be replaced. Because the work took many months, the
fire department’s response to any fire call remained as a multi-company alarm until the
work was completed.

This situation illustrates what happens when fire protection systems are neglected or
not properly inspected, tested, or maintained. This is especially problematic when the
only water-based fire protection in a building is the standpipe system. When a standpipe
is not available, additional time and personnel are required to deal with an incident that
ordinarily could be handled with fewer personnel and in less time.

1. Who was responsible for making sure the fire protection systems were properly
inspected, tested, and maintained?

2. What role do you think the contractor played in this event?

3. In terms of liability, who would have been responsible for any damage, injury, or
loss of life had there been a fire?

4. What possible impact was there on the city’s resources with the enhanced
dispatch/response assignment?

Source: Stein, William G. (Senior Fire Protection System Specialist, Alexandria Fire
Department).



Introduction
The importance of a standpipe system to firefighting is enormous
because the standpipe system may be the only available fire
protection equipment in a structure. Standpipe systems enable fire
fighters, fire brigades, or occupants to rapidly engage the fire. These
systems are especially essential when fighting fire in tall buildings
where floor levels are beyond the reach of ground ladders, aerial
ladders, or aerial platforms. A standpipe system is a network of
piping and components that transports water through a structure to
provide ready access to a water delivery system for manual
firefighting. The fixed pipes in a standpipe system are usually
between 4 and 6 in. in diameter and rise vertically or horizontally
through structures to feed hose valve outlets or hose stations.

When retrofitting an old building or installing a new fire sprinkler
system, many fire protection system design strategies combine
standpipe and automatic fire sprinkler systems, with the standpipe
doubling as the water supply riser for the sprinkler system. Although
properly designed, installed, and maintained automatic fire sprinkler
systems are extremely reliable, manual intervention may be
necessary at times. In these cases, the standpipe system is
available to support fire department operations.



Types of Standpipe Systems
There are five different types of standpipe systems—each defined by
its operational and configuration features. Operational features refer
to whether the water supply will be immediately available for
firefighting, available after automatic or manual activation releases
water into the pipe, or available only after water is manually supplied
through the fire department connection. Configuration features refer
to whether the standpipe system ordinarily has water in the pipe.
Based on these features, the five different types of standpipe
systems are identified as automatic wet, automatic dry,
semiautomatic, manual wet, and manual dry.

In addition to these five types of systems, there is one other
system that is commonly installed in many new buildings where
standpipe and sprinkler systems are required; this system is known
as the combined system.

Automatic Wet Standpipe
The automatic wet standpipe system contains water in the pipe at
all times and is required to supply sufficient quantities of water to
support manual firefighting operations FIGURE 6-1. Sometimes that is
accomplished by a fire pump or another type of pressure
maintenance pump that connects to the system to ensure that the
appropriate pressure and flow are available to operate modern fire
hose nozzles. Once a hose valve opens, an automatic and dedicated
water supply immediately provides water. The advantage of having
an immediate supply of water available for firefighting is obvious, and
without question, the wet standpipe system is the preferred type of
system. However, installation of all wet standpipe system
components requires an environment where the temperature
remains above 40°F at all times, such as interior stair towers in mid-
and high-rise office buildings.



FIGURE 6-1 The gauge at the top of the standpipe riser displays the water pressure in the

automatic wet standpipe system.
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Automatic Dry Standpipe



The automatic dry standpipe system contains pressurized air or
nitrogen in the pipes. Water does not enter the piping until a hose
valve opens and the air or nitrogen pressure in the piping drops to a
particular level. The loss of pressure allows a system component,
such as a dry pipe valve, to open, permitting water to flow into the
system piping. Just like the automatic wet standpipe system, the
water supply must be able to deliver sufficient quantities of water to
support manual firefighting operations. Installation of this type of
system requires the incoming water supply, dry pipe valve, and other
system components to reside in an area or room where the
temperature remains at 40°F or above at all times; however, the
system piping and hose valves may reside in areas that are likely to
be exposed to temperatures below 40°F. Automatic dry systems are
common in residential multifamily mid-rise buildings where the stair
towers, corridors, and breezeways are unconditioned and exposed
to the varying weather conditions.

Semiautomatic Standpipe
The semiautomatic standpipe system contains either pressurized
air or atmospheric air in the pipe. Typically, the pressurized air is
used for supervisory purposes and has little or nothing to do with
admitting water into the pipe. In order for water to enter the pipe,
activation of a remote control device is required; typically, this device
is a manual release that is located at each hose valve FIGURE 6-2. The
manual release then activates another device, most likely a deluge
valve, which operates and allows water to flow into the pipe. As with
the wet and automatic dry standpipes, the water supply for these
systems must be able to deliver sufficient quantities of water to
support manual firefighting operations. Also like the automatic dry
standpipe, the semiautomatic standpipe system is typically installed
where the incoming water supply, deluge valve, and other system
components are housed in an area or room where the temperature
remains at 40°F or above, yet the system piping and hose valves
may reside in areas that are likely to be exposed to temperatures



below 40°F. Semiautomatic systems are common in industrial
complexes or public areas where the environment exposes the
building features to varying weather conditions.

FIGURE 6-2 Semiautomatic standpipes require a manual actuation device to release the

system valve that supplies water to the hose valve.
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Manual Wet Standpipe
The manual wet standpipe system contains water in the pipe at all
times. However, the water is typically supplied from the building’s
domestic water system—not from a dedicated fire service water
main. Usually, the pressure and amount of water available from the
domestic system are inadequate to support manual fire department



operations; therefore, the required water flow and pressure are
supplied through the fire department connection from the fire
apparatus pumps. The domestic supply line tap size is typically not
more than ¾ or 1 in. in diameter, so the water contained within this
system serves as priming water to reduce the time needed for water
to reach the hose valve. In addition, it helps to detect leaks and
reduce the corrosive effects on the internal surfaces of the standpipe
(Bryan 2006, 10). Manual standpipe systems are still found in many
older mid- and high-rise buildings, but with the arrival of combined
standpipe systems and fire pumps, these systems are rarely—if ever
—newly installed.

Manual Dry Standpipe
The manual dry standpipe system does not have an attached
water supply. All that is in the pipe is atmospheric air. In order to use
the standpipe, fire fighters must connect a water source to the fire
department connection. This type of standpipe is common in remote
or freestanding structures such as parking garages where
temperature control is impractical and environmental concerns and
tampering are difficult to monitor FIGURE 6-3.



FIGURE 6-3 Manual dry standpipes protect structures such as parking garages.
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Combined Standpipe and Sprinkler Systems
When installing a standpipe and automatic sprinkler system in a
building, the fire protection system design professional will make
every effort to use the standpipe system pipe as the sprinkler system
supply pipe. Known as a combined system, this practice is
common in old buildings where there is an existing standpipe and in
new buildings where the standpipe design provides outlets for the
sprinkler system FIGURE 6-4. For contractors and developers, the
benefits of combining the standpipe and automatic sprinkler system
include manageable designs, better use of space, and potential cost
savings. From the fire department perspective, the benefits include
ready access to the automatic sprinkler system floor control valves
and manual hose valves in a fire-resistive environment.



FIGURE 6-4 Combination standpipe and sprinkler system. The sprinkler system feed is the

topmost horizontal pipe outlet from the standpipe riser pipe.
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In 1971, the National Fire Protection Association (NFPA®)
formally adopted the concept of combining standpipe and sprinkler
systems to promote installation of automatic fire sprinkler systems in



high-rise buildings. The 1971 requirements included (1) a sufficient
water supply to support the standpipe and sprinkler system demand,
(2) a minimum 6-in. supply pipe, (3) a sprinkler system with separate
control valves on each floor, and (4) riser, hose valves, and sprinkler
system control valves located in a fire-resistive stair enclosure
(Bryan 2006, 41–42). These requirements are still in place with one
minor exception: if hydraulic calculations can prove that the pressure
and flow meet the appropriate requirements, the supply pipe is
permitted to be reduced to 4 in.

TIP

The system demand is the minimum pressure and flow
requirements necessary to support fire department operations
inside a building.



Classification of Standpipe Systems
The classification system for standpipes dates back to one of the
early editions of NFPA 14, Standard for the Installation of Standpipe
and Hose Systems. The classes of service established in this
standard are still used today and are the basis for the design,
installation, use, water supply, and outlet size requirements (Bryan
2006, 3). According to NFPA 14, standpipes can be classified into
one of three general categories: Class I, Class II, or Class III.

Class I Standpipe System
The Class I standpipe system is designed for use by fire fighters or
fire brigade personnel who are trained to handle heavy fire streams.
Depending on the model building code requirements, these systems
are commonly found in high-rise buildings, open parking garages,
covered malls, and underground buildings. A Class I system must
deliver sufficient quantities of water at high pressure to support
manual firefighting operations FIGURE 6-5. Because of the high
pressure and volume, more than one person may be required to
handle the hose line during suppression operations. Although 2½-in.
threaded hose connections are required for these systems, the hose
valves are commonly fitted with 2½ × 1½-in. reducing caps to
facilitate the use of smaller diameter hoses found in some standpipe
packs.



FIGURE 6-5 A Class I standpipe is designed to deliver sufficient quantities of water for

manual firefighting to hose valves that sometimes discharge at high pressure as indicated

by the warning sign.
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TIP

When the pressure at the hose valve outlet exceeds a
predetermined pressure (such as 150 psi), some jurisdictions
require warning signs to alert fire fighters there is high pressure at
the outlet.



Class II Standpipe System
The Class II standpipe system is equipped so building occupants,
fire brigade members, or fire fighters have access to a water supply
through a hose rack, preconnected 1-in. or 1½-in. hose, and hose
nozzle FIGURE 6-6. The water pressure and volume requirements for
Class II systems are much less demanding than those required for
Class I or Class III systems. The lower water pressure and volume
provide better control of the hose and nozzle, making it easier for
any individual to start suppression activities during the initial fire
stage. Although these systems provide building occupants with
ready access to a water supply and fire hose, fire departments
generally encourage occupants to evacuate the building rather than
attempt any fire suppression activity that cannot be handled by a fire
extinguisher. In some instances, individuals who attempt to fight a
fire without proper training, equipment, and protective clothing place
themselves, other occupants, and fire department personnel at a
greater risk for injury or death.



FIGURE 6-6 Class II standpipe system hose cabinet.
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Many fire departments do not use Class II standpipe system
equipment unless absolutely necessary because there is no way to
know if the hoses and nozzles have been inspected, tested, and
maintained at the required intervals, making their reliability unknown.
In addition, the installed hoses are smaller than those normally
carried by fire fighters; therefore, the amount of water delivered from
the hose and nozzle may not be capable of controlling a fire after it
develops beyond the incipient stage. Another reason that fire fighters
tend not to use Class II hose stations has to do with the location of
the installation. Most hose stations are located in open areas,
hallways, or corridors so individuals can easily access the equipment
in an emergency. Unfortunately, these locations offer little or no
protection to fire fighters when preparing to fight a fire. For these
reasons, careful consideration must be given when determining
whether a Class II standpipe system installation is appropriate.

TIP

Many fire departments do not use the hoses or nozzles
associated with Class II standpipes because the condition of the
hose and nozzle is unknown and the equipment could fail during
a fire emergency. This is due in part to the fact that many building
owners or their representatives do not understand that this
equipment must be periodically inspected and tested by qualified
individuals or organizations that have the required training and
equipment to ensure the hose and nozzle can be safely used by
occupants, a fire brigade, or fire fighters.

TIP



Operating a hose rack requires turning on the water valve and
removing the nozzle and hose from the rack. Once the last loop
of hose is off the rack, water enters the hose.

Class III Standpipe System
The Class III standpipe system incorporates Class I and Class II
requirements to provide equipment that can be used by fire
department personnel, fire brigades, and trained building occupants
FIGURE 6-7. Class III systems provide 2½-in. and 1½-in. hose outlets
or 2½-in. hose outlets with a 1½-in. adapter. In addition, each hose
station has a 1½- or 1-in. hose and nozzle. The water and pressure
requirements are the same as those for a Class I system, but
because of many of the same safety and reliability concerns listed
for Class II systems, careful consideration must be given when
determining whether to install a Class III system. Therefore, many
authorities suggest or require Class I standpipe systems be installed
instead of Class II or Class III systems.



FIGURE 6-7 Class III standpipe system. The lower pipe feeds a Class II hose cabinet on

the other side of the wall.
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Description



Standpipe System Components
A standpipe system requires a number of components. Each
component has a pressure rating, so when installed it is able to
withstand the pressure demands placed on the system. Different
factors, such as the type and classification of system, determine
which components will be installed. Fire department personnel
should be familiar with the functions of these components.

Fire Department Connections
When responding to a fire in a building equipped with a standpipe or
fire sprinkler system, one of the initial operational tasks that first
responders will undertake is connecting hose lines to the fire
department connection (FDC). The FDC is a coupling device found
on the exterior of a building; the device is attached to a pipe
connected to the standpipe system, fire sprinkler system, or both.
The coupling may be a swivel-fitting type with internal (female)
threads, or it may be a large diameter “quick connect” type. The
purpose of an FDC is to provide a means of supplying a primary or
secondary water source to the fire protection system during fire
department operations.

For example, consider an open parking garage equipped with a
manual-dry standpipe system; the primary and only water supply for
fighting a fire would be through hoses connecting a fire apparatus
(pumper) vehicle to the FDC. Now consider a fire in a building
equipped with a wet standpipe/fire sprinkler system; if manual
firefighting was still required in this building, the hose streams might
reduce the effectiveness of the sprinkler system, necessitating a
secondary water supply to increase the pressure and flow into the
sprinkler system. As in the parking garage example, the secondary
water supply would be established through hoses connected to a
hydrant that feeds the fire apparatus that would then supply the
FDC.



For good reason, no control valve of any type can be installed
between the FDC and the standpipe system; however, a check valve
is required. The check valve prevents water from flowing back and
out of the system. All check valves must be accessible and as close
to the FDC inlets as possible and have an automatic drip valve to
remove any condensation or residue water in the pipe on the FDC
side. This prevents potential freeze damage or other damage to the
pipe, such as internal rust, that will lead to pipe leaks. Additionally,
protective caps or plugs are required to protect the FDC threads and
the FDC from being stuffed with debris, trash, bottles, cans, or other
objects. To avoid tampering or other related problems, locking FDC
caps are permitted with the permission of the fire code official.

Types of Fire Department Connections
Most FDCs are single-inlet or double-inlet-threaded type, although
there may be additional inlets depending on the system demand
FIGURE 6-8. When the threaded type of FDC is installed, the coupling
must be compatible with the thread standard used by the local fire
department. NFPA 14 requires 2½-in. National Hose Standard (NHS)
threads, and many departments have adopted this standard.



FIGURE 6-8 Because of the number of dry standpipe system risers, this wall-mounted fire

department connection requires four inlets to meet the system demand.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

When the FDC has more than one inlet, clappers swing between
the couplings to prevent water from flowing out of the other inlets of
the FDC. Once a hose is connected to the FDC and the fire
apparatus pumps water, the hose-connected inlet clapper swings
open while the other clappers are forced to close by the water
pressure. This prevents water from flowing out of the other inlets and
allows hoses to be connected and disconnected without loss of
water or any backpressure. If all inlets are being pumped into, the
clappers open so water can enter through all inlets.

Another type of FDC coupling is the “quick connect” type.
Commonly known as the Storz type connection, this FDC uses locks



or cams to couple with the hose FIGURE 6-9. The couplings align and
lock together after twisting a one-quarter turn. Typically this type is
used in conjunction with a large-diameter hose and is becoming
more common for use with not only FDCs but also fire hydrants.

FIGURE 6-9 Wall-mounted “quick connect” fire department connection.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP



If approved or required by the fire code official, both model fire
prevention codes permit the use of locking FDC caps to deter
tampering and other malicious activity.

Location of Fire Department Connections
The location of an FDC is critical to fire department operations.
When fire apparatus approach a building from the street or nearest
point of accessibility, the FDC must be visible, recognizable, and
accessible without interference from obstructions such as trees,
bushes, buildings, fences, posts, or other FDCs. In addition, NFPA
14 requires FDCs be no less than 18 in. and no more than 48 in.
above the level of the adjoining ground, sidewalk, or grade surface
(National Fire Protection Association 2019, NFPA 14, Section 6.4.6).
NFPA 14 also requires the FDC to be located within 100 ft of a fire
hydrant to reduce the amount of hose and time needed to connect to
it. However, if permitted by the approving authority, FDCs can be
located more than 100 ft away from a hydrant (National Fire
Protection Association 2019, NFPA 14, Sections 6.4.5.4, 6.4.5.4.1).
Many jurisdictions require more than one FDC on buildings over five
stories in height, and any building classified as a high-rise is required
to have two or more remotely located connections per zone.
Installing two or more FDCs ensures that the fire department will
have continued operational capabilities in the event of damage or
blockage or if one FDC becomes unusable because of fire-ground
impairments and other conditions.

FDCs can be wall mounted or freestanding. The wall-mounted
FDC breaches the exterior wall of a building and is mounted a few
feet above the ground level. The freestanding FDC rises out of the
ground away from the building. The pipe for the freestanding FDC is
buried underground and runs from inside the building to a location
outside the building. Once the pipe of a freestanding FDC reaches



its appropriate location, it turns up and extends a few feet out of the
ground where the FDC coupling attaches to the piping FIGURE 6-10.

FIGURE 6-10 A freestanding fire department connection.
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Wall-mounted FDCs are preferable because freestanding FDCs
face a greater possibility of damage and significant exposure to
environmental conditions; freestanding FDCs also generally receive
less maintenance than wall-mounted FDCs. However, a freestanding
FDC may be necessary depending on the topography, maximum
allowable distance from a fire hydrant, and other safety
considerations FIGURE 6-11.

FIGURE 6-11 When wall-mounted fire department connections cannot be located within

100 ft of a fire hydrant, freestanding fire department connections provide an alternative

solution.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



TIP

From a maintenance standpoint, it is preferable to install wall-
mounted FDCs because freestanding FDCs face a greater
possibility of damage and significant exposure to environmental
conditions. Freestanding FDCs also generally receive less
maintenance than wall-mounted FDCs. However, from a safety
standpoint, it is preferable to install a freestanding FDC beyond
the collapse distance of a structure’s wall to allow fire fighters a
safe area to operate.

Fire Department Connection Identification
FDCs are required to have identification signs so fire fighters know
the type of system they are supplying. Some FDCs only supply the
standpipe system, whereas others supply both the standpipe and
automatic sprinkler systems. NFPA 14 requires that signs having at
least 1-in. raised letters cast on a plate or fitting be installed, and
depending on the type of system, these signs should read
STANDPIPE, AUTO SPKR AND STANDPIPE, or STANDPIPE AND
AUTO SPKR FIGURE 6-12. In addition to identifying the type of system,
a sign is required to report the inlet pressure requirements for the
system demand and what part of the building the system serves.
However, if the demand pressure is 150 psi or less, the sign is not
required (National Fire Protection Association 2019, NFPA 14,
Sections 6.4.5.2–6.4.5.2.2.1). Providing this information is critical to
fire department operations and helps to avoid unnecessary delays
due to incorrect assumptions.



FIGURE 6-12 Fire department connections are required to have signs that identify the type

of system(s) they feed.
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Pipe and Fittings
The components used to install standpipe systems and the way they
join must meet or exceed one of the many adopted standards
published by organizations such as the American Water Works
Association, the American Society for Testing and Materials, the
American Welding Society, and the American National Standards
Institute. Materials commonly used to manufacture the components
include ductile iron, cast iron, malleable iron, steel, and copper, with
consideration given to the pipe schedule, type, and joining method.
There are a number of different fitting types, but all have one
purpose, and that is to connect pipe and other system components



together. Fittings join piping and components together by a number
of different methods, including thread, groove, flange, weld, solder,
or braze, but it is important to remember that no matter what pipe,
fitting, or component is installed, it must be rated for the maximum
anticipated system pressures.

Gauges
Pressure gauges are a small but important component of the
standpipe system. They are required to be installed at the top of
each standpipe and on the inlet and outlet of pressure-regulating
devices. In addition, gauges should not be subject to freezing
temperatures, and each should have a shut-off valve and provisions
for draining. When gauges are installed at certain locations on the
system, fire fighters and building maintenance workers can use them
to determine the available water pressure in the system; abnormal or
unexpected readings can help determine whether there is a problem
with the system.

Valves
Standpipe systems use many different types of valves, including
check valves, control valves, drain valves, hose valves, and valves
to control system pressure and flow. Check valves are installed
between the FDC and standpipe system piping to prevent water from
flowing back to the FDC, where it could either freeze or place
backpressure on the caps or plugs, making them difficult to remove.
Control valves permit water to flow into and through the system
when open and isolate parts of the system for servicing when closed.
The drain valve permits water to purge from the system for testing or
servicing, and hose valves provide a means for the fire department
to connect their hoses to a water supply for manual firefighting.
Traditionally, hose valves have been located on the floor landing
level, but now the model building codes require installation on the
intermediate landing unless the approving authority authorizes the
risers to be on the floor landing FIGURE 6-13.



FIGURE 6-13 Standpipe riser located on the intermediate landing of a stairway.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Pressure-Restricting, Pressure-Reducing,
and Pressure-Regulating Devices and Valves
On standpipe systems where pressures exceed the maximum
allowable levels, it is necessary to install devices that restrict
pressure, reduce pressure, or control pressure. By installing a
pressure-restricting device, pressure-reducing device, or
pressure-regulating device (PRD) or valve (PRV), it is possible to
design a system where the boost pressure is high but manageable
FIGURE 6-14 and FIGURE 6-15. These devices require extra attention and
care because the ability of the system to provide the required
pressure and flow directly relates to their proper application,



installation, testing, and maintenance. The use of these devices
provides the design professional more design flexibility when trying
to determine zoning requirements and dealing with high-pressure
water supplies. When appropriately tested and maintained, they
provide a manageable water pressure for manual fire department
hose operation.

FIGURE 6-14 Pressure-restricting hose valve.
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FIGURE 6-15 Some pressure-restricting hose valves have a breakaway stop. Once the stop

is broken, the valve can be fully opened. Many jurisdictions only permit the installation of

valves with override capabilities to ensure that the valves can be fully opened in the event

there is a problem.
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Because of documented cases where these types of devices
failed to perform or where the contractor failed to install the device in
the proper location or elevation, the need to perform a flow test at
the time of acceptance, and periodically thereafter, is crucial FIGURE 6-

16. It is not enough to verify the device merely operates; the
inspector must verify the required flow rate and that inlet/outlet



pressures are appropriate for the elevation, floor level, or location.
This is especially true for devices that are set up in a factory and are
not field adjustable. Most manufacturers affix tags or mark the valves
so that all pertinent information including floor level and expected
pressures is provided FIGURE 6-17. Failure to install the correct device
at the specified location or elevation will result in either too much or
too little pressure and flow being delivered to both the fire sprinkler
system and hose valves, further complicating fire department
operations. It is important for fire companies and inspectors to
identify properties and locate these devices to make sure that all
required testing and maintenance are current. In addition, fire fighter
training must include not only valve operation but also valve
adjustment if conditions require such an activity.

FIGURE 6-16 During the final system inspection, the contractor uses a test rig to verify the

flow and pressure readings from this factory-set pressure-reducing hose valve.
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FIGURE 6-17 The manufacturer of this pressure-reducing hose valve attaches a design

specifications tag to the valve so the installer knows the correct installation location and the

expected static and residual pressure readings at that location.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP

When flushing a supply main or performing a rooftop flow test,
make sure the water is discharged to an area where the flow
stream and runoff do not create a hazard or nuisance.



The most prominently documented case related to pressure-
reducing hose valve fire ground issues was the Meridian Plaza fire in
1991 that claimed three Philadelphia fire fighter’s lives. Failure of
many significant building systems contributed to the overall disaster
of the fire but one of the most significant problems encountered was
the lack of adequate water pressure at the pressure-reducing fire
hose valves. Although failure of the electrical system prevented the
building fire pumps from operating, the fire engine pumps should
have been able to deliver the necessary pressure through the FDCs.
A post-fire investigation determined that the standpipe system
pressure-regulating fire hose valves were improperly installed and
adjusted, preventing the water pressure and flow needed at the hose
valve outlet to support manual firefighting in the building.

TIP

Owing to documented cases in which pressure-restricting, -
reducing, and -regulating devices failed to perform or the
contractor failed to install the device in the proper location or
elevation, the need to perform a flow test at the time of
acceptance, and periodically thereafter, is crucial.

Hose Cabinets, Hose, Hose Racks, and
Nozzles
The hose cabinet or closet is a metal enclosure mounted in the wall
or column of a building. The purpose of the cabinet is to hold fire
protection equipment including hoses, nozzles, hose valves, and, in
some cases, fire extinguishers. Therefore, hose cabinets must be
sized to house the preconnected hose and other related equipment
to ensure easy use during a fire emergency. In addition, there must



be at least 1 in. of clearance between the valve handle and any part
of the cabinet to allow the full range of motion to open or close the
valve. The cabinets require labeling, although typically the cabinet
has a glass door so the equipment is visible and accessible.
Depending on security concerns, the cabinet door may be locked. In
cases such as these, the cabinet must have a breakable front, and a
device to strike the glass must be stored in the immediate area of the
cabinet to facilitate rapid access to the equipment.

On Class II and Class III standpipe systems, 1½-in. hose must be
lined and ready for use, may not be more than 100 ft in length, and
may be collapsible or noncollapsible (National Fire Protection
Association 2019, NFPA 14, Section 4.6.2.1). If the hose diameter is
less than 1½ in., then noncollapsible hose diameter is required
(National Fire Protection Association 2019, NFPA 14, Section
4.6.2.2). Hose racks holding 1½-in. hose require a listing; if the hose
diameter is less than 1½ in., the hose mounts on a continuous flow
reel (National Fire Protection Association 2019, NFPA 14, Section
4.6.3.2). Nozzles installed on Class II system hose lines also require
a listing and must be able to flow at the lower expected operating
pressures for use by untrained building occupants.



Required Installations
Often fire fighters, design professionals, and building occupants ask
why some buildings have a standpipe system and others do not. To
review, the adopted model codes published by the NFPA® and the
International Code Council® (ICC) determine when a standpipe
system is required to be installed. Specifically, NFPA 5000®, Building
Construction and Safety Code®; NFPA 101®, Life Safety Code®;
NFPA 1, Fire Code; and the ICC’s International Building Code®

(IBC®) establish the “when to install” requirements. In addition, these
model codes reference NFPA 14 as the standard to follow for the
“how to install” requirements.

A number of factors affect standpipe system installation
requirements, including the building height above or below the level
of fire department access, whether a fire sprinkler system is
installed, the use and occupancy of the building, and the occupant
load. Although the specific requirements differ, both the NFPA® and
the ICC consider what is required in time and effort for fire fighters to
establish water supply for suppression operations based on these
factors.

Before researching standpipe system installation requirements,
determine which adopted model code and referenced standard the
local, state, or other approving authority uses to avoid problems with
design and installation requirements. When evaluating occupancies,
processes, structures, or building conditions that are considered
more hazardous than normal, the hazard should be fully researched
as well. As with building height and occupancy issues, hazardous
conditions present unique challenges and fires can grow
exponentially within a few moments. For the most part, standpipe
system requirements are straightforward, but the model codes
occasionally have exceptions to the requirements, and code sections
should be read in their entirety in order to avoid problems.



TIP

For the most part, standpipe system requirements are
straightforward. However, it is important to read the code
language in its entirety because there are typically exceptions to
the requirements.

When dealing with existing conditions, determine if other
retroactive code requirements were in effect when the building was
constructed and reference those codes. For example, the 2000
edition of the IBC® required the installation of Class I automatic wet
or manual wet standpipes in any building with an area greater than
10,000 ft2 per story if any portion of the building’s interior was a
distance of more than 200 ft from the fire department vehicle access
point (International Code Council 2000, Section 905.3.2). However,
the 2003 edition of the IBC® dropped this requirement, and it has not
returned in any of the later editions. Knowing when the construction
of the building took place and the code requirements at the time of
construction is critical information when evaluating an existing
standpipe system installation.

Requirements Based on Building Height and
Levels
A building’s height above grade and distance below grade have a
considerable effect on the ability of a fire department to operate
during a fire. Therefore, one of the first considerations in determining
the requirements to install a standpipe system in a building is the
number of feet or levels above or below fire department access or
grade level. For example, NFPA 1 requires standpipe installation
when any of the following conditions exist (National Fire Protection
Association 2018, NFPA 1, Section 13.2.2.2):



A building not protected by an automatic fire sprinkler system
has more than two stories above grade or a building protected
by an automatic fire sprinkler has more than three stories above
grade.

A building has more than 50 ft above grade and contains
intermediate stories or balconies.

A building has more than one story or more than 20 ft below
grade.

TIP

Detached one- and two-family dwellings that are more than three
stories high do not require standpipe systems.

NFPA 5000® has almost the same requirements as NFPA 1,
except that a standpipe must be installed when the building has four
or more stories above grade. In addition to these requirements, both
NFPA 1 and NFPA 5000® have other occupancy-based requirements
and, in certain situations, more restrictive or different requirements
for particular occupancy conditions. The IBC® also states
requirements for standpipes. According to the IBC®, a standpipe is
required if the vertical travel distance inside any part of a building is
more than 30 ft above or below the fire apparatus access level
(International Code Council 2018, Section 905.3.1).

Occupancy Requirements
Although the height of a building or the levels above or below grade
of a particular occupancy play a major role in determining standpipe
requirements, other factors regarding occupancy—such as
occupancy load or lack of other fire protection features—may
generate additional requirements. One of the best examples of the



occupancy type generating additional requirements is the assembly
occupancy. NFPA 1, NFPA 101®, NFPA 5000®, and the IBC® all have
additional standpipe requirements based on this type of occupancy.

For example, NFPA 5000® requires standpipe systems be
installed in nonsprinklered assembly occupancies that contain an
area that is more than 150 ft from fire department access to the
building (National Fire Protection Association 2018, NFPA 5000®,
Section 16.3.5.2.3). The IBC® requires standpipes be installed in
nonsprinklered assembly buildings when the occupancy load
exceeds 1000 people (International Code Council 2018, Section
905.3.2). Both the NFPA® and ICC consider the lack of an automatic
fire sprinkler system significant and acknowledge the need for
manual firefighting capabilities.

The dimensions and open area of a building design in an
assembly-based occupancy can affect requirements for standpipe
systems. Performance stages are a part of many assembly
occupancies and NFPA 101®, NFPA 5000®, and the IBC® all state the
same requirement: stages over 1000 ft2 in area are required to have
standpipe systems or hose connections. In addition, NFPA 1
discusses a requirement for standpipes and hose systems to be
installed in airport terminals that are more than two stories in height
or 100 ft or more in horizontal dimension (National Fire Protection
Association 2018, NFPA 1, Section 21.2.10).

Buildings Under Construction,
Rehabilitation, or Demolition
Construction and demolition sites by their very nature create many
access and fuel load problems for fire departments. Typically,
fencing, equipment, trenches, piles of dirt, gravel, sand, and other
construction materials surround the building under construction,
complicating an already difficult job. NFPA 1, NFPA 5000®, and the
IBC® establish various requirements for the installation of standpipes
and fire department connections when buildings are under
construction, rehabilitation, or demolition. If required by the authority



(NFPA 1) or when a building reaches 40 ft in height above the lowest
level of fire department access (IBC®), at least one temporary or
permanent standpipe is required.

In addition, requirements exist for at least one hose connection
per floor level and a clearly marked and accessible fire department
connection installed at street level, equipped with plugs and caps to
protect the fire department connection and hose valves. As the
building progresses upward, the standpipe must extend with each
floor. Any temporary standpipe should remain in service throughout
the duration of construction. When demolishing a building with an
existing standpipe system, the standpipe must remain in service
within one floor of the demolition for fire department use if needed. In
a building undergoing rehabilitation work, NFPA 5000® states that
standpipes must be installed on all floors below and including the
highest floor where the rehabilitation work is taking place.



Design and Installation Standards
NFPA 14, Standard for the Installation of Standpipe and Hose
Systems, is the most widely known and used document outlining
design and installation requirements for standpipe and hose
systems. First adopted in 1915, the standard has since been revised
31 times in an effort to deal with changes in design philosophy,
equipment, and advances in engineering; however, the basic ideas
and principles of the document have remained substantially the
same (National Fire Protection Association 2019, NFPA 14, 14-1).

NFPA 14 is currently cited by NFPA 1, NFPA 101®, NFPA 5000®,
and the IBC® as the referenced standard for design and installation
requirements. The standard establishes the minimum requirements
for components, hardware, system types, design, plans, calculations,
installation, water supply, and system acceptance. In addition, it
discusses standpipe requirements for buildings under construction
and provides explanatory information to clarify the material used. It
should be noted, however, that when designing a standpipe system
based on the IBC® model code, additional requirements exist
concerning the location of standpipe hose connections, protection of
risers and laterals, interconnection, control valve supervision, cabinet
identification, and cabinet security.



Water Pressure and Flow
Requirements
Standpipe systems require sufficient water pressure and water flow
to support fire department operations. Factors such as class of
standpipe and type of standpipe establish the water supply
requirements for the system. In addition, calculation of system
demand ensures the available water supply provides the minimum
pressure and flow requirements for the installed standpipe system.

Minimum and Maximum Pressure
Requirements
According to NFPA 14, the minimum design pressure for standpipe
systems is 100 psi at the hydraulically most remote 2½-in. hose
valve outlet and 65 psi at the hydraulically most remote 1½-in. hose
valve outlet (National Fire Protection Association 2019, NFPA 14,
Section 7.8.1). This minimum value ties directly to the pressures
required to properly operate many of the hose nozzles used by fire
departments. Pressures lower than the allowable minimums could
adversely affect nozzle operation and water delivery. This is
especially true of standpipe systems installed before the mid-1990s,
when the design requirements called for less pressure and flow at
the most remote hose outlet. For this reason, standard operating
procedure for many fire departments requires establishing the
connection between the fire apparatus (pumper) and standpipe
before any suppression activities commence to ensure that the
necessary pressure is available at the nozzle.

When considering maximum pressure, there are a number of
factors to evaluate, including the ability of individuals to handle a
hose under high pressure, the pressure rating of standpipe system
components, and, if part of a combined system, the sprinkler system
components. Depending on whether fire hoses are for supply or



attack, they are required to be periodically tested at pressures
between 200 psi and 300 psi. Although the hoses are not likely to
burst, even trained personnel are likely to have trouble controlling a
hose at pressures exceeding 175 psi, and untrained individuals are
likely to have difficulty at pressures exceeding 100 psi. In addition,
the maximum listed pressure for most standpipe and sprinkler
system components is 175 psi; when exceeded, installation of
pressure control devices is required.

Pressure Requirements in High-Rise
Buildings
In high-rise buildings, the need to provide adequate pressure and
flow to overcome pressure loss due to elevation change places great
demand on the standpipe system components. Designing a fire
protection system in a high-rise building can be a challenge for
design professionals. In order to deliver the standpipe pressure
required at the top of the building, the pressures at the hose valves
on the lower levels need to be much greater. Although some
components are listed up to 350 psi in order to handle these high
pressures, there remains concern for fire fighter safety and the
reliability of system components subjected to such high water
pressures. To overcome this problem, design professionals may
employ different strategies.

For example, to design a system where the boost pressure is
high but manageable, pressure-restricting, pressure-reducing, or
pressure-regulating devices may be installed. Typically, these
devices are a part of the piping network and restrict flow in the pipe.
They might also consist of a special type of valve that regulates
static and residual outlet pressures. Some of these devices are set
up at a factory, whereas others are field adjustable. No matter where
the device is set up, it is extremely important that it is installed and
calibrated at the appropriate pressure, appropriate flow, exact
location, and correct elevation as designed for the building. Failure to
do so could result in flow and pressure problems that greatly hinder



fire department operations, putting occupants and first responders at
risk.

When a building exceeds a certain height, however, it is no
longer practical or feasible to manage the high pressure. In this
case, systems are subdivided into upper and lower zones. The water
supplying the zones may come from a number of sources, including
lower-level fire pumps that take water from a street main and feed it
to an upper-level pump, a direct water supply from the street main to
a fire pump dedicated to the zone, or an upper floor water storage
tank feeding fire pumps in the zone. By zoning the standpipe system
and using high-pressure fittings and devices, the need for pressure
control is minimized.

Minimum and Maximum Flow Requirements
According to NFPA 14, Class I and Class III standpipe systems
require a minimum flow rate of 500 gallons per minute (gpm) from
the hydraulically most remote standpipe and an additional 250 gpm
per standpipe riser where building floor areas do not exceed 80,000
ft2 per floor (National Fire Protection Association 2019, NFPA 14,
Sections 7.10.1.1.1, 7.10.1.1.3). For a building floor area exceeding
80,000 ft2 per floor, 500 gpm is required for the second standpipe,
and 250 gpm is required for the third standpipe riser if the building
has no sprinkler system (National Fire Protection Association 2019,
NFPA 14, Section 7.10.1.1.3.1). Class II standpipe systems, on the
other hand, require 100 gpm at the hydraulically most remote hose
connection, and no additional flow is required when more than one
hose is provided (National Fire Protection Association 2019, NFPA
14, Sections 7.10.2.1.1, 7.10.2.1.2).

When a building is equipped with an NFPA 13 automatic sprinkler
system, the maximum flow requirement is 1000 gpm; that
requirement increases to 1250 gpm if the building is not equipped
with a sprinkler system (National Fire Protection Association NFPA
14, 2019, Section 7.10.1.1.5). When installing a horizontal standpipe
with three or more hose connections on any floor, the minimum flow
requirement is 750 gpm (National Fire Protection Association 2019,



NFPA 14, Section 7.10.1.1.2). No matter the class of standpipe
installed, the minimum duration of the water supply to meet the
system demand is 30 minutes (National Fire Protection Association
2019, NFPA 14, Section 9.2).



Inspection, Testing, and Maintenance
Requirements
To ensure that a new standpipe system complies with established
design standards and installation requirements, the system must go
through acceptance testing. Fire, building, insurance, or certified
third-party inspectors conduct acceptance tests to verify compliance
with current code, design, and installation standards. A number of
different inspections and tests are required. Some of the inspections
and tests occur during construction, whereas others occur at the
conclusion of construction. In addition, it is essential for all standpipe
systems to undergo periodic inspection, testing, and maintenance
procedures throughout their lifetime. Contractors, maintenance
engineers, representatives of insurance companies, and, in some
cases, fire department personnel perform these tests to ensure the
reliability and readiness of the standpipe. NFPA 14 devotes a
chapter to system acceptance, and a discussion of the different
types of inspection and test requirements specified by NFPA 14
follows.

Hydrostatic and Air Test
One of the first and most important tests performed is the hydrostatic
test. After system installation, the hydrostatic test subjects the
system piping, fitting, valves, and other components (including the
FDC) to a minimum 200 psi of pressurized water for a 2-hour
duration. Measuring the hydrostatic pressure takes place at the
lowest elevation point of the individual system or zone under test. At
the end of the 2-hour period, release of the pressurized water from
the piping allows the system pressure to drop to zero, ensuring a
valid test. If the standpipe system is a dry standpipe system, a 24-
hour air test is also required. The 24-hour air test subjects the
system to 40 psi of air pressure for a 24-hour period, with a



maximum allowable loss of 1½ psi over that period. As with the
hydrostatic test, the purpose is to ensure that the system will
maintain integrity and not leak. When weather conditions prevent
hydrostatic testing, the air test can be used as an interim measure to
determine system integrity.

TIP

Depending on the evaluating organization (for example, FM
Global, UL, Warnock Hersey-Intertek), the terms Listed, Labeled,
Approved, and Classified are applied to equipment or
components once they meet strict inspection and testing
standards that are acceptable to the approving authority.

TIP

Where the static water pressure feeding the standpipe system
exceeds 150 psi, the test pressure of the standpipe system is
required to be 50 psi above the static water pressure.

Most jurisdictions require both the hydrostatic test and air test be
performed on any dry system because the system will be exposed to
both water and air pressures. The 200-psi water pressure value and
the 40-psi air pressure value generally represent the high end of
system pressure exposure and are good indicators of system
integrity. In addition, if a dry standpipe system is supplied water
through a dry pipe valve, a dry pipe valve trip test is also required.



Visual Inspection
In conjunction with the hydrostatic test, an inspector visually inspects
all system components for compliance to ensure that the system
maintains integrity. For example, if system pressures exceed 175
psi, the inspector needs to verify that the components are listed for
pressures exceeding 175 psi. Inspection includes checking for leaks,
verifying that the components are installed according to the
approved plans, and making sure that the piping and components
specified by the designer and approved by the authority are the ones
actually installed. The visual inspection takes place at floor level and
is just as important as the hydrostatic test. Failure to visually verify
the components as specified could lead to damage of the system,
injury of a person, or delay of fire department operations.

Flushing
Before the standpipe system connects to any water service, the
water supply piping needs to be flushed to remove dirt, stones, mud,
debris, or any other particulate matter that could clog, damage, or
compromise the performance of the standpipe system. Flushing is a
very simple process that usually requires the inspector to observe
the underground fire service mains and lead-in connections while
they flow water. It is best if the outlet used to flush is equal in size to
the pipe being flushed to ensure that any size item that entered the
pipe is able to exit it. In addition, the recommended flow rate is 10
ft/sec, but the minimum flow rate should not be less than the water
demand rate designed for the system, with the greater value used.
To ensure thorough pipe cleaning, the inspector should continue
flushing until water flows clear.

Flow Tests
Once the system is ready for service, another important test required
is the flow test. To ensure that the system delivers the designed level
of performance and that the required flow and pressure are



available, water is flowed from the hydraulically most remote hose
valve outlet. Typically, a pitot tube and a riser gauge are then used to
determine flow and pressure readings.

The flow test usually takes place on the roof of a building; hose
lines and nozzles or other flow testing equipment are required to
perform the test FIGURE 6-18 A and B. Water should not leave the roof,
but if it must, it is necessary to block any affected areas below the
testing area to protect vehicles and pedestrians from becoming wet
or injured. In some buildings, there may not be roof access, and
under these conditions, the water flows out of a window or down the
stairs through hoses and outside the building so the contractor or
inspector can take readings. In these situations, additional protection
of the property may be required.



FIGURE 6-18 A. The use of specialized equipment during a roof test helps to protect people

and property by safely controlling and dissipating the water and not allowing it to leave the

roof of a building. B. By controlling and dissipating the water, technicians can safely take

pressure readings to determine system performance.
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To verify a manual standpipe system design and system demand,
a fire apparatus (pumper) may be necessary to pump into the
system through the FDC. If the standpipe system is equipped with
pressure-restricting, pressure-reducing, or pressure-regulating
devices that are typically hose valves, verifying that the hose valves
are set and flow the required pressure for the elevation and location
is an absolute must. Failure to verify the appropriate setting could
result in a deficient pressure or flow and greatly hinder fire
department operations. In addition, fire fighter training must include
not only valve operation but also valve adjustment if conditions
require such an activity.

Main Drain Test
Not all standpipe systems will have a main drain; however, if the
system has an automatic water supply or is a combined system, a
main drain will be available. This drain should be piped to an exterior
location or interior drain that is capable of handling the discharge of
water in a manner that will not cause flooding or damage at the
location of discharge. The main drain serves two purposes. First, it
provides a means to take the system water and safely remove it so it
will not be a hazard. More importantly, the main drain allows the
inspector to determine if there is an adequate and unobstructed
water supply available to the system. As the main drain valve is fully
opened, the system gauges display static and residual pressure
readings. The purpose of this test is to compare the new readings
with previous readings to determine if the water supply has changed.

Operation of Components
Any standpipe system component capable of manual or automatic
movement requires testing under actual operating conditions. This
includes hose valves and caps, fire department connection caps or
plugs, control valves, flow switches, pressure switches, supervisory
alarms and valve tamper switches, check valves, drain valves,
automatic drip valves, gauges, nozzles, hoses, pumps, automatic



filling devices for tanks, and devices that regulate pressure. Almost
every one of these components only requires unscrewing a cap or
turning a valve to move water through the system. Doing so provides
a means to determine whether the system will operate when needed.

Periodic Inspection, Testing, and
Maintenance
Many fire protection systems have never actually operated, but they
still need to be ready if a fire emergency arises. Fortunately, most of
the inspections and tests utilized to accept standpipe systems are
the same to verify proper operating condition. Inspection and testing
occur at defined intervals as outlined in NFPA 25, Standard for the
Inspection, Testing, and Maintenance of Water-Based Fire Protection
Systems. As with any mechanical system, it is important to exercise
the components because many sit idle for long periods of time.
When a device is not periodically inspected and tested, the
operational condition is unknown. It is better to test and have a
component fail than to have a device fail when called upon in a fire
emergency. A simple visual inspection can reveal leaks, corrosion,
and damage to critical system components including hose threads,
piping, fittings, and hand wheels. A water flow test might reveal a
closed system control valve or determine if the system is still able to
provide the required system flow and pressure. Hydrostatically
testing a dry standpipe system or a freestanding FDC will determine
if the components are able to handle the water pressure delivered by
a fire apparatus (pumper) FIGURE 6-19.



FIGURE 6-19 Within the first few minutes of starting a hydrostatic test, the pipe feeding this

freestanding fire department connection ruptured.

© Jones & Bartlett Learning.

As one would expect, many different types of impairments can
create problems for fire fighters. Some may be system related, but
others may not, and that is why it is very important for fire companies
to frequently tour their first-due area. Even before fire fighters set
foot in a building, such things as fencing, barricades, bushes, and
other physical barriers will create access problems to buildings,
control valves, and FDCs. In addition, if the responsible party has not
maintained the standpipe system, freestanding FDCs may blow
apart when pressurized; protective plugs or caps may be missing,
resulting in cans or trash being stuffed into the coupling; or FDC
threads may be damaged or unusable. Once inside a building,
broken hand wheels, damaged hose valve threads, bad hoses and
nozzles, closed valves, bad gauges, bad gaskets, defective
pressure-controlling devices, and rusted components all create
problems FIGURE 6-20.



FIGURE 6-20 During a routine safety inspection, inspectors found this and other standpipe

hose valves throughout the building in extremely poor condition. A copper water line that

provided priming water for a manual wet standpipe was directly connected to black steel

without any isolation. This created an electrochemical reaction between the metals called

galvanic corrosion that resulted in the valve body rusting and leaking. The maintenance

staff attempted to repair with body putty used to repair damaged vehicles.

Photo courtesy of William G. Stein, Alexandria Fire Department.

Unfortunately, discovery of these problems usually occurs when
there is a fire and it is much too late to solve them. At a minimum,
conducting periodic fire protection system inspection, testing, and
maintenance in accordance with the schedules established by NFPA
25 will ensure system performance when needed and provide some
level of certainty that the systems will operate as designed.



Wrap-Up

CHAPTER SUMMARY

In many structures, a standpipe and hose system is the only fire
protection system required or available to fire fighters for manual
firefighting.

Generally, the height, area, occupancy, and hazard determine
when a standpipe is required in a new structure.

NFPA 14 is the standpipe design and installation standard
referenced by all model code organizations. This standard
establishes the three standpipe system classifications;
discusses the five different types of standpipe systems; and
provides design, installation, use, outlet size, and water supply
requirements.

Achieving the minimum water supply pressure and flow
requirements for a standpipe system is critical because
pressures and flows below the minimums could render some fire
department equipment and some standpipe system equipment
unusable. This is especially true when dealing with high-rise
buildings where loss of pressure due to elevation creates design
and operational challenges.

Fire department connections are a very important system
component, and engine companies should make every effort to
be sure they are clearly visible and operational when needed.

Devices that control pressure are another important standpipe
system component requiring identification, documentation, and
monitoring, including proper inspection, testing, and
maintenance.

Witnessed inspections and tests during the installation and
throughout the life of any standpipe system are critical; failure to
inspect, test, and maintain a standpipe system could be



extremely dangerous to fire fighters, especially when a problem
is discovered too late to resolve.

KEY TERMS

Automatic dry standpipe system A standpipe system permanently
attached to a water supply capable of supplying the system demand
at all times, containing air or nitrogen under pressure, the release of
which (as from opening a hose valve) opens a dry pipe valve to allow
water to flow into the piping system and out of the opened hose
valve (National Fire Protection Association 2019, NFPA 14, Section
3.3.20.1).

Automatic wet standpipe system A standpipe system containing
water at all times that is attached to a water supply capable of
supplying the system demand at all times and that requires no action
other than opening a hose valve to provide water at hose
connections (National Fire Protection Association 2019, NFPA 14,
Section 3.3.20.2).

Class I standpipe system A system that provides 2½ in. (65 mm)
hose connections to supply water for use by fire departments
(National Fire Protection Association 2019, NFPA 14, Section
3.3.22.1).

Class II standpipe system A system that provides 1½ in. (40 mm)
hose stations to supply water for use primarily by trained personnel
or by the fire department during initial response (National Fire
Protection Association 2019, NFPA 14, Section 3.3.22.2).

Class III standpipe system A system that provides 1½ in. (40 mm)
hose stations to supply water for use by trained personnel and 2½ in.
(65 mm) hose connections to supply a larger volume of water for use
by fire departments (National Fire Protection Association 2019,
NFPA 14, Section 3.3.22.3).



Combined system A standpipe system that supplies both hose
connections and automatic sprinklers (National Fire Protection
Association 2019, NFPA 14, Section 3.3.20.3).

Fire department connection (FDC) A coupling device that provides
fire fighters with the ability to connect a primary or secondary water
source to a fire protection system through hose lines.

Fitting Parts used to join piping and other system components
together.

Manual dry standpipe system A standpipe system with no
permanently attached water supply that relies exclusively on the fire
department connection to supply the system demand (National Fire
Protection Association 2019, NFPA 14, Section 3.3.20.4).

Manual wet standpipe system A standpipe system containing
water at all times that relies exclusively on the fire department
connection to supply the system demand (National Fire Protection
Association 2019, NFPA 14, Section 3.3.20.5).

Pipe schedule A number that designates the wall thickness of a
pipe and the pressure the pipe can withstand.

Pressure-reducing device A valve designed for the purpose of
reducing the downstream water pressure under both flowing
(residual) and nonflowing (static) conditions (National Fire Protection
Association 2019, NFPA 14, Section 3.3.16.1).

Pressure-regulating device A device designed for the purpose of
reducing, regulating, controlling, or restricting water pressure
(National Fire Protection Association 2019, NFPA 14, Section
3.3.16).

Pressure-restricting device A valve or device designed for the
purpose of reducing the downstream water pressure under flowing
(residual) conditions only (National Fire Protection Association 2019,
NFPA 14, Section 3.3.16.2).

Semiautomatic standpipe system A standpipe system
permanently attached to a water supply that is capable of supplying



the system demand at all times, arranged through the use of a
device such as a deluge valve, and that requires activation of a
remote control device to provide water at hose connections (National
Fire Protection Association 2019, NFPA 14, Section 3.3.20.6).

Standpipe system An arrangement of piping, valves, hose
connections, and associated equipment installed in a building or
structure, with the hose connections located in such a manner that
water can be discharged in streams or spray patterns through
attached hose and nozzles, for the purpose of extinguishing a fire,
thereby protecting a building or structure and its contents in addition
to protecting the occupants (National Fire Protection Association
2019, NFPA 14, Section 3.3.20).

CASE STUDY

A new high-rise building and adjacent six-story parking garage
(which is open to the elements) are nearing completion in your first-
due area. Before the construction wraps up and the building is
occupied, you want your crew to tour both structures to become
familiar with the fire protection systems, especially the standpipe
systems and fire department connection locations. Before the tour,
you decide to quiz your crew and ask the following questions:

1. What possible type(s) of standpipe systems could be installed in
the parking garage?

A. Semiautomatic dry, manual dry, and automatic dry
standpipes

B. Manual dry, manual wet, and wet standpipes
C. Semiautomatic dry, automatic dry, and manual wet

standpipes
D. Wet, automatic dry, and semiautomatic dry standpipes

2. What possible type(s) of standpipe systems could be installed in
the high-rise building?



A. Wet standpipe
B. Combined standpipe and sprinkler system
C. Manual wet standpipe
D. Both A and B

3. What is the minimum amount of time that the water supply must
be able to provide water to a standpipe system?

A. 15 minutes
B. 30 minutes
C. 45 minutes
D. 60 minutes

4. What is the maximum distance the fire department connection
can be from a fire hydrant?

A. 300 ft
B. 100 ft
C. 50 ft
D. 150 ft

CHALLENGING QUESTIONS

1. List and describe the different types of standpipe systems.

2. List and describe the different classes of standpipe systems.

3. What are the three main considerations that determine the
required standpipe system installation?

4. What NFPA® standard establishes the design and installation
requirements for standpipe systems?

5. What is the minimum design pressure for standpipe systems at
the hydraulically most remote 2½-in. hose valve outlet?

6. What is the minimum design pressure for standpipe systems at
the hydraulically most remote 1½-in. hose valve outlet?



7. What are the minimum flow rates required for a Class I, II, or III
standpipe system at the hydraulically most remote hose
connection?

8. When determining total standpipe system demand, how many
gallons per minute are required for each additional standpipe
riser in the system?

9. Installation of which type of fire department connection
overcomes topography and distance from hydrant problems?

10. Based on all of the maintenance and operational concerns
associated with Class II standpipe systems, is there still a need
to install Class II standpipe systems?
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7CHAPTER

Water-Based Fire Suppression Systems

Automatic Fire Sprinkler
Systems
LEARNING OBJECTIVES
At the conclusion of this chapter, you will be able to:

Describe an automatic fire sprinkler system.
Discuss the myths and realities associated with automatic fire sprinkler system
operation.
List and describe the different components that make up an automatic fire sprinkler
system.
List and describe the different types of automatic fire sprinkler system heads.
Describe the different types of automatic fire sprinkler systems and the best
applications for those systems.
State the factors that determine requirements to install automatic fire sprinkler
systems.
Discuss the design concepts behind automatic fire sprinkler systems.
List and describe different occupancy and commodity classifications.
Discuss the inspection and testing requirements for automatic fire sprinkler systems.

Case Study
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The value of an automatic fire sprinkler system to provide life safety and protect property
has been documented for many years. Unfortunately, many older facilities do not have
fire sprinkler systems because at the time of construction, the system was not required or
the facility did not meet the threshold to require installation. However, tragic events often
require another look at existing conditions, resulting in changes to improve life safety and
property protection.

In October 2008, the U.S. Department of Health and Human Services (HSS), Center
for Medicare and Medicaid Services, Centers for Medicaid and State Operations/Survey
and Certification Group issued a memorandum to all HHS State Survey Agency Directors
that automatic fire sprinkler systems would be required in all long-term care facilities by
August 13, 2013. The requirement was a result of two deadly 2003 nursing homes fires,
one in Connecticut and the other in Tennessee that killed 16 residents in each fire. Similar
events in the 1990s prompted Virginia lawmakers to pass laws requiring retrofitting all
nursing home and hospital facilities with fire sprinkler systems after fatal fires. The
memorandum stated that the systems were required to be installed in accordance with
NFPA 13, Standard for the Installation of Sprinkler Systems, 1999 Edition, and
maintained in accordance with NFPA 25, Standard of the Inspection, Testing, and
Maintenance of Water-Based Fire Protection Systems, 1998 Edition.

The value of installing a fire sprinkler system in a long-term care facility was realized
on February 19, 2015. On that day, a fire broke out in a Des Plaines, Illinois, rehabilitation
and nursing facility that injured four. The fire started in a second floor unit but was
contained to the unit by the activation of one sprinkler head. No deaths were reported,



and a fire official stated that he did not want to think about the outcome if no fire sprinkler
system had been installed. This fire is just one example of how a properly designed,
installed, inspected, tested, and maintained fire sprinkler system is highly effective in
controlling and in many cases extinguishing a fire before emergency responders arrive.

1. Many retroactive requirements are a reaction to a tragic event. Why do you think it
takes events such as those that happened in Connecticut and Tennessee to finally
enact retroactive requirements for fire sprinkler systems?

2. Has your state or local government enacted any legislation to require installation of
fire sprinkler systems in occupancies that were not previously required to be
sprinklered?

3. If you could enact retroactive requirements to require fire sprinkler system
installation, what use or occupancy would you choose, and why?

Sources: Hamilton, Thomas E. “Adoption of New Fire Safety Requirements for Long Term
Care Facilities, Mandatory Sprinkler Installation Requirement.” Baltimore, MD: Centers for
Medicare & Medicaid Services; October 3, 2008. Accessed January 27, 2019.
https://www.cms.gov/Medicare/Provider-Enrollment-and-
Certification/SurveyCertificationGenInfo/Downloads/SCLetter09-04.pdf;

Song, Susanna. “Four Hospitalized After Fire at Des Plaines Nursing Home.” CBS
Chicago, February 19, 2015. Accessed January 27, 2019.
https://chicago.cbslocal.com/2015/02/19/four-hospitalized-after-fire-at-des-plaines-
nursing-home/.

https://www.cms.gov/Medicare/Provider-Enrollment-and-Certification/SurveyCertificationGenInfo/Downloads/SCLetter09-04.pdf
https://chicago.cbslocal.com/2015/02/19/four-hospitalized-after-fire-at-des-plaines-nursing-home/


Introduction
An automatic fire sprinkler system is a network of underground
and overhead piping fed by an automatic water supply that, upon
activation, releases water through the orifice of a sprinkler head
spaced at specific intervals to apply water over a fire area. For well
over 130 years, properly designed, installed, inspected, tested, and
maintained automatic fire sprinkler systems have protected property
and provided life safety with unmatched success by accomplishing
the primary design and installation goal: control of a fire. However,
there are still many disparaging myths associated with the expense
and damage caused by these systems that far too many people
believe TABLE 7-1.

TABLE 7-1 Automatic Fire Sprinkler System Myths and Realities

Myth Reality

All sprinkler heads
operate
simultaneously.

With the exception of the deluge type of sprinkler system,
sprinkler heads operate independently; only the sprinkler head(s)
in the fire area—not every head in the building—activates to
control or suppress a fire.

Sprinkler heads
activate for no
reason.

Sprinkler heads undergo numerous tests by third-party testing
and certification organizations to ensure that they maintain
stability when standing ready to operate. It is rare that a sprinkler
head accidentally activates unless it has suffered mechanical
damage, exposure to freezing conditions, or excessive heat not
related to a fire.

The amount of
water discharged
from a sprinkler
system is enough
to cause a flood or
drown a person.

The amount of water discharged from a residential sprinkler head
is about the same as that from a showerhead, a minimal amount
when compared to that discharged from a manual fire hose
stream. A manual fire hose stream delivers 10 to 100 times more
water than one sprinkler head during a fire event and could
cause substantially more collateral damage. A commercial
sprinkler head is able to discharge considerably more water, but
it is uniformly distributed over a number of square feet of area
and is still less than most manual fire hose stream applications.



Expenses related to
water damage from
sprinkler systems
are higher than
those related to fire
damage.

Fire sprinkler systems deliver as little water as required to control
and, in numerous cases, extinguish a fire; and, in many cases,
property can be salvaged from the water exposure more easily
than it could from exposure to fire and smoke. In addition,
sprinklers limit the spread of fire and smoke, therefore limiting the
amount of fire and smoke damage.

The activation of a
smoke detector will
cause the sprinkler
head to operate.

The vast majority of smoke detectors operate independently of
fire sprinkler systems. Although there are some smoke detectors
that integrate with specialized fire suppression systems, they do
not activate sprinkler heads; instead, the detectors send a signal
to a panel that releases water into the piping system.

New homes are
safer because
smoke alarms are
required to be
installed on all
levels and that
provides sufficient
protection.

Properly installed and maintained smoke alarms will alert
occupants that there is a fire, but because many new homes are
built with lightweight construction materials that burn and fail
faster, and the newer furnishings are made of synthetic materials
that increase fuel load, burn faster, and emit toxic by-products,
the amount of time available to escape once the alarm sounds
can be reduced, whereas a fire sprinkler system will apply water
to control or possibly extinguish a fire before the fire department
arrives.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Dispelling these myths for good requires providing more
education to the public about how these systems work; there are a
number of practical reasons why fire sprinkler systems are so
effective and are often installed even when they are not required by
code. For example, an automatic fire sprinkler system stands ready
to operate without human interaction by applying water to a fire well
before the fire department or fire brigade arrives, thereby limiting the
spread of the fire, soaking the fuel so it is more difficult to ignite, and,
in many cases, extinguishing the fire altogether. In most cases, this
is accomplished with much less water than a fire fighter’s hose
stream would apply.

Automatic fire sprinkler systems offer building owners and
homeowners a reliable, effective, economical, and proven protection
system that will keep them from losing the things they value,
including their property and the lives of their families, employees,
and other occupants of the buildings they own.



Effectiveness in Property Protection
Imagine the following scenario: Hours after a large social event
concludes, an unattended candle left on a table in the corner of a
hotel ballroom starts a fire involving ordinary combustibles, furniture,
and draperies. The fire quickly grows as heat rises to the ceiling, but
fortunately, a sprinkler head nearest the fire reaches its
predetermined activation temperature. Its heat-sensitive element
releases, and water in the piping (under hydraulic pressure) forces
the components and orifice cap (under mechanical tension) to fly
away from the frame of the sprinkler head, allowing water to flow out
of the sprinkler head orifice. As the solid water stream exits the
sprinkler head orifice, the water hits the sprinkler head deflector,
breaking the water into smaller water droplets to create an umbrella-
shaped spray pattern that is able to absorb more heat.

However, the growth of the fire is rapid and intense, and within a
few seconds another sprinkler head activates. The second head
operates just like the first head, and with both heads flowing, there is
sufficient water to absorb the heat, cool the area, and pre-wet the
surrounding combustibles to prevent further fire growth. At this point
—approximately 5 minutes from the start of the fire—the ceiling and
room temperatures start to fall below the remaining sprinkler heads’
activation temperature; therefore, no other heads operate. Within
another 5 minutes, the fire department arrives to find the fire is out.
After ensuring the fire is out, the emergency responders need only
turn off the sprinkler system so the building maintenance personnel
can replace the activated fire sprinkler heads, turn the system back
on, and clean up the mess.

The basis for fire sprinkler system design is to keep a fire at a
relatively small size and under control, not necessarily to extinguish
it. In this scenario, however, the sprinkler system not only controlled
and extinguished the fire, it also prevented possible injury or death to
hotel occupants as well as the extensive damage that could have
closed the facility. If the hotel were the main employer in the area
and had to close for repair or even permanently, the owner would not
generate revenue to pay employees, suppliers, and taxes. Economic



losses would reverberate throughout the entire community, including
other businesses that provide goods and services. The suppliers to
the hotel would also suffer, seeing an immediate and large cutback
on deliverables. Tax revenue generated by the hotel for the town
would drop, and funding for other critical town functions dependent
on the tax revenue would make it more difficult to provide some of
the necessary services. If a guest or employee had suffered an injury
or died in the fire, the business most likely would never have
recovered. This scenario illustrates how a fire sprinkler system, by
controlling or extinguishing a fire, can improve the chances of a
positive outcome, not only for a business but for all parties in a
community who would be affected by a large fire incident.

TIP

A building fire at a major employer in any community not only
causes potential business and revenue interruption to the
employer; it affects the economy of the entire community.

Effectiveness in Life Safety
Beginning with the very first fire sprinkler system design concept and
through today, the primary purpose of a commercial or industrial fire
sprinkler system is not necessarily to provide life safety but to
provide property protection. However, statistics compiled by the
National Fire Protection Association (NFPA) between 2010 and 2014
show that when a fire sprinkler system was installed in a building,
there was an 87 percent reduction in fire deaths compared to those
buildings that did not have a fire sprinkler system installed (Ahrens
2017, 3). This information indicates that fire sprinkler systems
provide some level of life safety just by activating and applying water
to the fire.



In addition, many of these sprinkler systems not only apply water
to protect property but also further life safety goals by interacting with
other building safety systems, including fire alarm and detection
systems; on- and off-site monitoring facilities; and elevator, smoke
control, and access/egress control systems. For example, activation
of a sprinkler head causes water to flow through the system,
potentially sounding a mechanical bell, closing the contacts on a
water flow switch to cause an audible alarm to notify building
occupants, or sending a signal to a monitoring center to initiate a
response by the appropriate party or fire department. Depending on
the type of building and the code requirements, signals may recall
elevators to the primary egress floor, pressurize stairways, and
unlock certain security and egress doors. All of these activities help
to manage the fire danger to improve the building occupants’
chances of avoiding injury or death.

TIP

Before the development of residential fire sprinkler systems, the
primary purpose of a fire sprinkler system was to provide property
protection, not necessarily to provide life safety. Today, many of
these systems interact with other building safety systems to help
manage the fire danger and improve the building occupants’
chances of avoiding injury or death.



Fire Sprinkler System Components
An automatic fire sprinkler system is made up of many components
including pipe, fittings, gauges, various valves, pipe support
components, and sprinkler heads. Most components require listing
or approval from a recognized third-party testing and certification
laboratory such as UL or FM Global. These organizations verify that
each component meets or exceeds certain manufacturing and
performance standards for use in the particular application. In this
section, the discussion focuses on the various components that
make up fire sprinkler systems.

Pipe and Fittings
Pipe and fittings join together to provide a conduit for the water that
flows to and then out of the fire sprinkler heads. Commonly used
joining methods include threads, grooves, flanges, welds, solder,
heat fusion, brazing, pressure fittings, and glue. To be acceptable for
use as part of a fire sprinkler system, components must meet or
exceed certain standards set by the American Society of Testing and
Materials (ASTM), American Society of Mechanical Engineers
(ASME), American National Standards Institute (ANSI), and
American Welding Society (AWS). Pipe and fittings must have a
pressure rating and must be able to handle the maximum permitted
system working pressure of 175 pounds per square inch (psi) or
carry an appropriate rating for an anticipated pressure above 175
psi.

TIP

To avoid failure, the pressure rating for all piping, fittings, and
components in a system must exceed the maximum anticipated



system pressure.

Commonly used piping and tubing materials include ferrous
piping, black steel pipe, galvanized steel pipe, copper tubing, alloy
materials, chlorinate polyvinyl chloride (CPVC), and brass pipe.
Different ASTM standards establish internal and external pipe
dimensions and wall thickness based on a schedule for the various
types of pipes. The larger the pipe schedule number, the thicker the
pipe wall and the smaller the internal pipe diameter. Thinner pipe, on
the other hand, has a larger internal diameter and offers hydraulic
design advantages; the larger the internal diameter, the less velocity
of water traveling through the piping and, therefore, less friction loss.
Typical steel pipe schedules are Schedules 5, 7, 10, 30, 40, and, in
some challenging hazard installations, 80. Commercial fire sprinkler
system designers frequently use Schedule 40 steel pipe for sizes up
to 2 in. in diameter and Schedule 10 steel pipe for anything larger.
When copper tube is used for fire sprinkler system installations, a
letter K, L, or M—instead of a number—establishes the wall
thickness and diameters of the various sizes of tubes, with Type K
the thickest and Type M the thinnest.

TIP

The pipe schedule or type indicates the thickness of the pipe wall.

TIP

The smaller the internal pipe diameter, the greater the velocity of
the water traveling through the piping; therefore, as velocity
increases, friction loss also increases.



Many of the first-generation residential sprinkler systems used
polybutylene piping, but today CPVC is the dominant type of piping
used for residential installations because it is easy to install and
relatively inexpensive. CPVC also has approval for nonresidential
light hazard occupancies under strict installation conditions spelled
out in the listing criteria. Brass pipe, on the other hand, is expensive
and rarely installed unless there is a special situation and specific
need for the material, such as an environmental condition.

Many different types of fittings connect piping, valves, sprinkler
heads, and other components; these include elbows, tees, flanges,
crosses, unions, couplings, bushings, plugs, and reducers FIGURE 7-1.
Commonly used fitting materials include cast iron, malleable iron,
wrought steel, forged steel, and wrought copper that meet various
ASME standards. CPVC fittings are also used, and must meet ASTM
standards. It is important to remember when installing any pipe or
fitting that the component rating must exceed the maximum
anticipated system pressure; otherwise, it may fail.



FIGURE 7-1 These fittings use various joining methods to connect fire sprinkler piping.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Gauges
Pressure gauges are a small but important component of the fire
sprinkler system. Some systems only have water gauges, but others
also have air gauges. Gauges help fire fighters, sprinkler system
contractors, and building maintenance workers to determine the
available water or air pressure at the gauge location. In addition, a
gauge can help to determine whether there is a problem with the
system if the gauge reading is outside the normal or expected
pressure readings. Water gauges are typically installed on the supply
and system sides of the various fire sprinkler system valves and fire
pumps, at the tops of standpipes, at the main drain, at each floor
level when feeding a sprinkler system from a standpipe, and on each



side of pressure-regulating devices. Air gauges are installed on the
system side of certain fire sprinkler valves, on system air sources, on
air supply lines, and on quick-opening devices. Gauges should not
be subject to freezing temperatures, should have a shut-off valve,
and should be capable of draining.

Valves
A fire sprinkler system uses a number of different types of valves
including control, check, drain, test, isolation, pressure-relief, and
pressure-reducing valves. In addition, each of the different types of
sprinkler systems uses a particular valve designed specifically for the
system application. For example, a dry pipe sprinkler system uses a
dry pipe valve, a preaction system uses a preaction valve, and a
deluge system uses a deluge valve. Without valves, there would be
no way to control the water supply or water flow in a fire sprinkler
system.

When open, control valves permit water to flow into and through
the system; when closed, they prevent water flow or isolate parts of
the system for servicing. In smaller buildings, only one valve may be
needed to shut off the entire sprinkler system, but in bigger buildings
the sprinkler system might cover many zones or floors, requiring
multiple sectional control valves. It is important that control valves be
installed in locations that are clearly accessible or marked so that
building maintenance and responding emergency personnel have
ready access to the valves. Some fire sprinkler system installations
have more than one source of water that supplies a floor or zone.
Controlling the water supply requires closing all control valves
associated with the specific floor or zone.

All automatic fire sprinkler system control valves must be
indicating-type valves so that a person can look at the valve and
determine if the valve is open, partially open, or shut. In addition,
these valves require identification with a permanent metal or rigid
plastic weatherproof sign, which must identify the area of the building
served by that valve (National Fire Protection Association 2019,
NFPA 13, Section 16.9.12.1). All indicating valves must be able to



handle 175 psi or carry an appropriate rating for an anticipated
pressure above 175 psi. Fully open indicating valves shall not close
in less than 5 seconds when operated at maximum possible speed
(National Fire Protection Association 2019, NFPA 13, Section 7.6.1).
Indicating valves in fire sprinkler systems are usually 2 in. or larger
and include the outside screw and yoke (OS&Y) valve, butterfly
indicator valve, wall post indicator valve (WPIV), and post indicator
valve (PIV).

Check valves permit water or air to flow in one direction and
prevent the water or air from flowing back in the direction of supply.
Drain valves provide a way to remove all water from the fire sprinkler
system; when opened, the main drain valve provides a way to flow
water and monitor the system’s static and residual water pressures,
ensuring that there is no reduction in the available water supply. The
inspector’s test valve and the alarm test valve provide a way to
simulate automatic fire sprinkler system water flow to verify that
alarms are properly operating. Isolation valves provide a way to
segregate components or sections of the fire sprinkler system when
service or maintenance is necessary. Pressure-reducing and
pressure-relief valves manage the system water pressure so that
static and residual pressures do not exceed maximum working
pressures. General-purpose valves are usually globe-type or
quarter-turn valves found on the small air and water trim lines
associated with fire sprinkler system valves. General-purpose valves
allow isolation of components or allow air or water to enter the main
fire sprinkler system valves. For example, if a water gauge needs to
be replaced, closing the general-purpose valve permits the gauge to
be removed without causing water to spray everywhere. It is
common to see many of these components and valves grouped
together to form a point of connection between a standpipe riser and
the fire sprinkler system FIGURE 7-2.



FIGURE 7-2 Sprinkler systems connecting to standpipe risers use many components and

valves; components include (from left to right) the butterfly indicator control valve, pressure-

reducing valve, check valve, water flow switch, test and drain valve, and water gauge.
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Description

Pipe Support and Stabilization Assemblies
The majority of sprinkler piping runs horizontally across a building’s
ceilings; in order to ensure that it stays in place and does not fall or
move too much, hangers, bracing, supports, guides, restraints, and
different types of fasteners are used. Bracing, guides, and restraints
hold the pipe in position and prevent movement in an unwanted
direction. A typical hanger assembly consists of a fastener or clamp,
threaded rod, and a ring that holds the pipe. Fasteners secure the
other components to the structure and are available for many



different materials and installation situations. Fasteners can be
attached by hammering, screwing, power driving, or drilling, but it is
extremely important that the correct type of fastener attach to the
compatible building material to ensure that the assembly carries the
load for the type and size of the pipe. For piping that runs vertically,
riser-type clamps hold the pipe in position and prevent upward and
downward movement. These support and stabilization assemblies
hold the weight of the sprinkler system pipe and water by attaching
to the structure or providing a place for the pipe to rest on.

With the exception of materials that passed fire tests and have a
listing for the purpose, all hanger and supporting components must
be made of ferrous materials, which can handle the heat of a fire
better than aluminum or copper (National Fire Protection Association
2019, NFPA 13, Section 17.1.2 [4]). In addition, hanger assemblies
must be able to hold five times the weight of the water-filled pipe plus
250 lb (National Fire Protection Association 2019, NFPA 13, Section
17.2.1 [1]). Spacing and location of the hanger components depend
on the size and type of piping. NFPA 13, Standard for the Installation
of Sprinkler Systems, provides the maximum allowable spacing
requirements for various types of pipe materials. For example,
maximum hanger spacing for 1-in. CPVC is 6 ft, 1-in. copper tubing
is 8 ft, and 1-in. steel pipe is 12 ft. As the pipe size increases, so do
the maximum allowable spacing requirements; however, CPVC pipe
hangers are never spaced more than 10 ft between hangers, and
copper and steel pipe hangers are never spaced more than 15 ft
between hangers (National Fire Protection Association 2019, NFPA
13, Table 17.4.2.1 [a]).

Automatic Sprinkler Heads
An automatic sprinkler head is a device that distributes water over a
limited area at a designated flow rate to reduce the heat from a fire,
thereby limiting and controlling the fire’s growth beyond the early
stage of development. With few exceptions, sprinkler heads are
heat-activated devices that operate at a predetermined temperature.
When a fire breaks out, the heat generated by the fire rises to the



ceiling and anything at the ceiling level—including the sprinkler
heads—will be subject to the higher temperatures. When the
sprinkler head reaches the critical minimum activation temperature,
the heat-sensitive element of the head (under mechanical tension)
releases, so the parts holding back the water fall away from the
head, allowing the water (under hydraulic pressure) to flow from the
head and spray onto the fire FIGURE 7-3. Because each head operates
independently, only the heads that reach the critical activation
temperature will operate. Depending on the type of head, the
installation conditions, and the heat source, this process could be
very rapid or take a few minutes to occur.

FIGURE 7-3 Once activated, a sprinkler head develops a water spray pattern that covers a

certain area below the head.
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A sprinkler head might appear to be a relatively simple device,
but considerable engineering and research go into the design of
each head. For example, the heat-sensitive component must operate
at the expected temperature, all associated components must fall
away as required, the orifice must deliver the appropriate amount of
water, and the deflector must develop the appropriate spray pattern
over the coverage area. One of the most important characteristics of
any sprinkler head is the listing or approval obtained by the
manufacturer through a recognized testing and certification agency,
such as UL or FM Global, that performs multiple tests and
evaluations to make sure the head operates and performs as
intended. The listing or approval specifies the application, design,
and installation criteria for the head. Failure to follow these
specifications will compromise the ability of the fire sprinkler head
and system to perform as designed.

TIP

Each fire sprinkler head operates independently; therefore, only
the heads that reach the critical activation temperature will
operate.

Fire Sprinkler Head Components
A number of components make up a fire sprinkler head, including the
frame, a heat-sensitive element, the orifice, the orifice cap, the
deflector, and, in some cases, an escutcheon plate FIGURE 7-4. Each
component is important to the operation of the head, but the frame is
the central component that holds the other pieces of the sprinkler
head in place and screws into the fittings connected to the sprinkler
system piping supplying the water. The threads on the frame must
conform to the “National Pipe Thread” (NPT) or “Taper” standard, but



the actual size from one side of the thread to the other side can be ½
in., ¾ in., or even 1 in. for some of the large water output sprinkler
heads.

FIGURE 7-4 A fire sprinkler head consists of a frame, heat-sensitive element, orifice, orifice

cap, and deflector.
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The heat-sensitive element and its associated components
attach to the frame of the sprinkler head and hold the orifice cap in
place until it is released at the critical activation temperature. There
are three common types of heat-sensitive elements: glass bulb type
(frangible bulb), metal solder link type (fusible link), and solder or
chemical pellet type. The glass bulb type is made up of a thin glass
bulb that contains a glycerin-based liquid and small air bubble. As



the temperature increases, the liquid inside the bulb heats and
expands, eventually breaking the bulb. The temperature rating and
thermal sensitivity of the head are determined by the size and
thickness of the glass bulb and the air bubble inside the liquid. The
metal solder type of heat-sensitive element uses metal links soldered
together; once the solder melts, the links release to allow the
components holding the orifice cap to fall away. The solder pellet
type operates in a similar fashion, with solder holding the
components in place until reaching the critical activation
temperature.

Each type of element is reliable and operates at a predetermined
fixed temperature that ranges from 135°F to 650°F. The
manufacturing process determines the temperature rating of the
head, but the decision on what temperature head is appropriate for
the installation conditions rests with the system designer, who must
determine the normal high ambient ceiling temperature in the hazard
area. For example, installing a sprinkler head with a temperature
rating of 165°F in a factory where there is a heat source that typically
generates heat within a few degrees of 165°F could result in
unwanted sprinkler head activations. In this instance, a sprinkler
head with a higher temperature rating, such as 212°F or 286°F,
would be appropriate to protect the area.

Higher temperature–rated sprinkler heads may also be installed
on systems for a completely different reason: to manage the number
of sprinkler heads that activate during a fire. Too many heads
activating in a fire will result in too much water flowing. Too much
water flow will reduce the adequacy of the water supply, thereby
reducing the effectiveness of the system to be able to control the fire.
When lower temperature–rated heads—such as those with a
temperature rating of 165°F—are installed, more heads tend to
operate outside the fire area, reducing the amount of water
discharged onto the fire. However, when a system has heads with
temperature ratings of 212°F or 286°F installed, fewer heads tend to
activate; and the heads that do activate tend to be within the fire
area, resulting in water discharge that is directed onto the fire.



The orifice is the smooth opening in the head through which the
water flows from the pipe. The size of the orifice regulates the
amount of water that will flow out of the head; the larger the orifice,
the more water discharge. Depending on the application, the orifice
can be as small as ¼ in. or as large as 1 in., with the most common
size being ½ in. The decision to use a smaller or larger orifice
depends on the available water supply and available water pressure
required to protect the hazard.

TIP

Installation of a sprinkler head with a temperature rating that is
too low relative to the normal high ambient temperature could
result in unwanted sprinkler head activation. Installation of higher
temperature–rated heads also may be necessary to manage the
number of heads flowing to ensure the water supply remains
adequate to control the fire.

Covering the orifice is the orifice cap. The heat-sensitive
element and associated components hold the orifice cap in place to
form a tight seal that keeps the water from flowing until needed.
Once the water flows out of the orifice, it hits the deflector. The
deflector breaks up the water stream into smaller droplets and forms
a relatively even distribution spray pattern. The spray pattern is
generally umbrella shaped and covers a specific area of the hazard.

Many sprinkler heads are installed on a finished ceiling or wall, so
some type of trim ring, cover, cup, or escutcheon plate is
required. These finishing components may appear to be only a
decorative touch; however, depending on the installation condition,
the escutcheon plate may be required as part of the listed assembly
to meet the fire-resistive rating for the ceiling or wall. If the



escutcheon plate is part of the listing or approval for the sprinkler
head, one manufacturer’s plate cannot be used or replaced with
another manufacturer’s plate; the plates must be consistent with the
approved listing.

A very important accessory to the sprinkler head and system is
the sprinkler head wrench. The sprinkler head wrench is a tool
designed to install or remove a sprinkler head so there will be no
damage to the critical head components. Universal wrenches that fit
old-style and standard heads exist, but most specialty heads require
a wrench specifically designed for use with the head; attempting to
use other sprinkler head wrenches or common tools such as
adjustable wrenches, pliers, or pipe wrenches could result in
damage to the head and void the manufacturer’s warranty. At the
conclusion of any new project, the contractor must provide a
sprinkler head wrench for every type of installed sprinkler head
FIGURE 7-5.



FIGURE 7-5 A complement of spare sprinkler heads and the appropriate head wrenches

are required to be left by the contractor at the completion of the system installation.
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Types of Sprinkler Heads
There are a considerable number of sprinkler heads available, and
they fall into many different categories and subcategories. This
section covers the traditional way of identifying the different
categories and subcategories of sprinkler heads.

Old-Style Heads. Until the early 1950s, the deflector of most
sprinkler heads could be oriented to discharge water up and down,
with 40 to 60 percent of the water initially flowing downward upon
activation (National Fire Protection Association 2019, NFPA 13,
Section 3.3.205.4.10). This type of head became known as the old-
style sprinkler head or conventional head FIGURE 7-6. Old-style



heads are still being produced today; however, NFPA 13 limits the
use to fur storage vaults and situations that require unique water
distribution patterns (National Fire Protection Association 2019,
NFPA 13, Sections 9.3.12, 15.4.2).

FIGURE 7-6 Once activated, the deflector on these old-style sprinkler heads flows water up

and down.
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Standard Spray Heads. Research in the early 1950s
indicated that it was better to have all of the water flowing downward.
This information led to the next generation of sprinkler heads, with
the standard spray sprinkler head emerging in the late 1950s and
remaining the most prominently installed head today for the most
common applications. A standard spray head has a ½-in. orifice,
activates based on the established response time standard for
sprinkler heads when exposed to heat, develops an umbrella-shaped
or similar water distribution pattern, and directs all of the water
toward the ground.



Unlike the old-style head—which could point up or down—
standard spray heads can only point in one direction. Therefore,
these types of heads require further categorization as a pendent
sprinkler head, an upright sprinkler head, or a sidewall sprinkler
head. These categories refer to the orientation of the head relative to
the way the water flows from the head, and the choice of head
depends on the installation conditions. The pendent head points
down, the upright head points up, and the most common sidewall-
type head—the horizontal sidewall—installs parallel to the ceiling or
floor. The importance of head orientation is critical to the successful
installation of a sprinkler system; placing a head in the wrong
orientation will compromise the ability of the head to perform as
intended because the water discharge pattern will be ineffective at
controlling a fire in the area designated for protection FIGURE 7-7. For
this reason, the standard spray sprinkler head is marked at the
factory with SSP or SSU to identify the head as either a standard
sprinkler pendent or a standard sprinkler upright, respectively.



FIGURE 7-7 This upright head is pointing down; therefore, the water will flow up toward the

ceiling and the head will not perform as intended.

Courtesy of William Stein.

It is common for system designers to specify installation of
pendent heads where there is a finished ceiling, such as in an office
building, and upright heads where there is no ceiling, such as in a
storage warehouse FIGURE 7-8 and FIGURE 7-9. Many insurance carriers
prefer the installation of upright heads to pendent heads because the
pendent head is placed on the bottom side of the pipe where debris
can settle in the orifice and potentially clog the head. The upright
head’s orifice, on the other hand, is placed on the top side of the
pipe, so the chance of debris clogging the orifice is less likely.



FIGURE 7-8 Pendent sprinkler heads are typically installed in buildings with finished

ceilings, such as office buildings.
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FIGURE 7-9 Upright sprinkler heads are typically installed in buildings that do not have

finished ceilings, such as warehouses.
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Installation of sidewall heads is usually specified where
construction conditions present too little or no space to run the pipe,
an unheated area on the top floor of a building, or no way to properly
support the pipe FIGURE 7-10. It is common to find sidewall heads in
hotels and multifamily residential occupancies, but system designers
try not to use sidewall heads unless absolutely necessary because
more heads are often required to cover an area than are required for
pendent and upright heads, thus requiring more water to meet the
system demand. In addition, installation of a sidewall head requires
areas where heat can collect rapidly to activate the head because
they tend not to operate as quickly because of the convection
patterns and currents developed by a fire.



FIGURE 7-10 Sidewall sprinkler heads are typically installed in buildings where construction

restrictions do not permit pipe to be installed in the ceiling.
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TIP

The importance of head orientation is critical to the successful
installation of a sprinkler system; placing a head in the wrong
orientation will compromise the ability of the head to perform as
intended because the water discharge pattern will be ineffective
at controlling a fire in the area designated for protection.

Specialty Heads. Over the past 40 years, the emergence of
the specialty head has helped to handle many unique and
challenging design situations. A specialty head has different physical
characteristics from those of a standard spray sprinkler head. The
head might have a smaller or larger orifice, a protective coating or
special finish, or a different and uniquely designed frame and/or
deflector for use with a specific installation or application. Developing
subcategories of specialty heads provides better information to
identify the type of head that is appropriate for the installation
requirements.

For example, dry sprinkler heads can be installed in
environments where the temperature cannot be maintained at 40°F
or higher. Once installed, the dry sprinkler head looks pretty much
like any other head; however, these heads attach to a cylinder with
an internal tube that has a plug on the end by the threads. The head
screws into a fitting in a temperature-managed environment, with the
cylinder providing isolation between the water in the pipe and the
installation environment. The head requires a “T” fitting because it
must slightly project into the waterway for proper installation. Upon



activation of the heat-sensitive element, the internal tube falls and
releases the plug at the end of the cylinder to allow water to flow
through the tube and out of the orifice. Dry sprinkler heads are
available in various lengths as pendent, upright, sidewall, or 45-
degree sidewall heads; however, no head has received listing or
approval over 48 in. FIGURE 7-11. The heads are common in parking
garages, freezer boxes, and refrigerators and on the exterior of
buildings to protect corridors, balconies, and decks.



FIGURE 7-11 Various lengths of dry sprinkler heads are available so that the appropriate

isolation is maintained between the water source and the environment.
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Corrosion-resistant heads are specified when the installation
environment promotes corrosion that could damage the head,
resulting in malfunction or inoperability. A corrosion-resistant head is
not a special head per se; it can be almost any type of sprinkler head
that has a factory-applied coating or plating such as wax, Teflon,
polyester, or stainless steel or one that uses a material to protect the
head from the corrosive environment. These heads are found in
locations including but not limited to alkali plants; organic fertilizer
plants; fumigation, pickle, and vinegar works; battery storage and
electroplating rooms; areas exposed to outside weather; piers and
wharves exposed to salt air; and areas around swimming pools such
as chlorine storage rooms and pool pump rooms (National Fire
Protection Association 2019, NFPA 13, Section A 7.2.5.1).

Institutional sprinkler heads are commonly found in mental
health, correctional, or detention facilities. A person living in these
types of occupancies might use a sprinkler head to harm someone
or himself or herself, so the institutional sprinkler head is designed
so that there are no components that can be used as a weapon. In
addition, very little force or weight placed on the head will result in
the head operating and flowing water.

Open sprinkler heads are used for deluge sprinkler systems in
which water must flow from all heads over a large area without
waiting for heat to activate them. Therefore, these types of heads
lack a heat-sensitive element and orifice cap. Usually, the installation
contractor removes the heat-sensitive element and orifice cap from
the head and then covers the orifice opening with a dust cap to
prevent blockage. The dust cap will easily blow off when water flows.

On/off sprinkler heads protect areas of a building where water
damage is a great concern, such as in a computer room or museum.
These heads have two heat-sensitive elements that control the flow
of water FIGURE 7-12. One element activates at a lower temperature
than the other element, but water will not flow until the second
element reaches the desired activation temperature. The first



element is a standard fusible link, pellet, or bulb; the second element
consists of a diaphragm or valve and a bimetal snap disk that
deforms with changes in temperature. Unlike most sprinkler heads,
that, once activated, will flow water continuously until the water
supply is shut off, the disk on the on/off head opens to allow water to
flow once the desired temperature is met but closes when the
temperature drops to a predetermined level. If the temperature starts
to go back up to the desired activation temperature, the head will
flow water again; however, just like any other sprinkler head, the
on/off head requires replacing after activation. Although this type of
head can still be found, because of leakage problems, no
manufacturer is currently producing these heads, and none has a
current listing or approval.

FIGURE 7-12 These on/off sprinkler heads, which are no longer manufactured, were

typically installed in computer rooms, museums, and locations where minimizing water



damage was important.
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A quick-response sprinkler head uses thinner or less massive
material for the heat-sensitive element than a standard response
head. This type of head has become very popular with the model
code community because the head operates more rapidly than most
other heads. The model codes require installation of this type of
head in the smoke compartments and sleeping areas of some types
of institutional occupancies, the dwelling units and sleeping areas of
residential occupancies, and light hazard occupancies. The quick-
response head is also popular with the design community because
the head offers some design advantages, including reduction of the
remote design area and fewer sprinkler heads. Quick-response
heads are common in light and ordinary hazard occupancies,
including schools, offices, hotels, motels, hospitals, and other
healthcare facilities. In addition, there are also listings for quick-
response early suppression heads that are installed to protect
specific hazards with the purpose of suppressing the fire and quick-
response extended coverage heads that distribute water over a
greater area. There are a growing number of heads using quick-
response elements, and almost any type and style of head can be
fitted to do so FIGURE 7-13.



FIGURE 7-13 The sidewall head on the left has a quick-response heat-sensitive element

that is much thinner than the standard response heat-sensitive element that is used in the

sidewall head on the right.
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Extended-coverage sprinkler heads use a deflector designed to
discharge water over a greater area than a standard sprinkler head.
Although more water must flow from the head to ensure proper
coverage, in many instances, the design requires fewer heads to
cover the same area as standard sprinkler heads.



One of the first heads to be specifically designed to protect
storage was the large-droplet sprinkler head. Although many
facilities have this type of head installed, few—if any—manufacturers
still produce heads specifically designated as large-droplet heads. In
fact, the 2007 edition of NFPA 13 was the last edition to use the term
large-droplet sprinkler head. The large-droplet head is a standard
response head that discharges great amounts of water at lower
pressures to penetrate strong updrafts generated by challenging
fires. The head is installed in the upright position with a deflector
designed to create large water droplets. The orifice size is a nominal
0.64 in. and the head discharges about twice as much water as a ½-
in. orifice sprinkler head. Large-droplet heads can be located at the
ceiling or at an intermediate level of storage racks. Eventually, the
large-droplet sprinkler head became known as the control-mode
specific-application sprinkler head. In addition to producing large
water droplets, the control-mode specific-application sprinkler head
is designed to control specific high-challenge fire hazards. Another
storage application head is called the control-mode density/area
sprinkler. The choice of this head is based on density/area curves
related to a specific hazard or product and the type of storage,
method of storage, and height of storage.

The early-suppression fast-response (ESFR) sprinkler head uses
a quick-response heat-sensitive element and a much larger orifice
that discharges great amounts of water to penetrate strong updrafts
generated by challenging fires such as those that start from high-
piled storage arrangements found in warehouses FIGURE 7-14. These
heads are designed not just to control a fire but also to suppress a
fire if installed per the manufacturer’s design specification. Many
ESFR heads have an orifice size of 0.70 in. or greater. The head
installs at the ceiling level and is available as an upright or pendent.
For cold-storage applications, dry pendent heads are available.



FIGURE 7-14 The early-suppression fast-response sprinkler head is larger than a standard

sprinkler head and discharges about four times the amount of water.
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In-rack or intermediate-level sprinkler heads provide sprinkler
protection within storage racks where it would be difficult for water to
penetrate during a fire. These heads can be upright or pendent and
use a large plate to cover the heat-sensitive element to avoid “cold
soldering” of a sprinkler head when installed at a higher level FIGURE

7-15.



FIGURE 7-15 A cage and shield protect this head from damage and water flow from

another sprinkler head at a higher level.
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The vertical-sidewall sprinkler head distributes water in much the
same manner as a horizontal sidewall head except the head
installation is in the pendent or upright position. The head must be
located near the intersection of a wall and ceiling and cannot be less
than 4 in. or more than 6 in. away from the wall and ceiling. The
deflector distributes most of the water forward and to the side of the
head, and depending on the design and the available water
pressure, water distribution can be between 7 and 10 ft FIGURE 7-16.

FIGURE 7-16 Vertical–sidewall heads can be oriented in the pendent or upright position but

they must be pointing in the correct direction; to ensure this occurs, the new heads have a

directional arrow for water flow.
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Some sprinkler heads are designated as special sprinklers
because they are designed to handle specific hazards and
construction features. Two such heads are the attic and concealed-
combustible-space sprinkler heads. The attic sprinkler head protects
attic spaces by producing a discharge pattern that covers
considerably more area per head than a standard sprinkler head,
thus reducing the number of standard sprinkler heads that would be
required to cover the same area. Attic heads are installed in the peak
of the attic to ensure the heads activate and the water discharge
pattern is correct for the installation conditions. Because of the
unique water discharge pattern, installing attic sprinkler heads also
reduces the amount of piping and fittings necessary compared to
installing standard heads in an attic FIGURE 7-17.

FIGURE 7-17 Attic sprinkler heads are a specialty head designed to protect peak/saddle

roof construction.
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Concealed-combustible-space sprinkler heads protect areas of
buildings such as interstitial spaces constructed of combustible
materials. Once water hits the deflector of a concealed-combustible-
space sprinkler head, it develops a spray pattern that is similar to an
old-style head in that the water flows up and down within the space,
not just up or down. It is acceptable to install CPVC pipe to supply
sprinkler heads in concealed spaces. The few listed and approved
heads on the market provide limited coverage in the protected area.

Fire sprinkler systems that protect residential occupancies and
dwelling units require a sprinkler head specifically listed and
approved for residential installations. This type of head must meet a
completely different testing criterion than a standard fire sprinkler
head because, when exposed to a fire, the residential sprinkler head
must operate substantially quicker than any standard fire sprinkler
head. Quicker activation is needed to prevent harmful fire by-
products and the associated temperatures from reaching levels that
could inhibit rescue of or safe exiting by an occupant. An important
physical characteristic of a residential head is that the heat-sensitive
element uses thinner materials—in most cases metal or glass—than
standard response sprinkler heads. The thinner materials absorb
heat much more rapidly, leading to quicker activation and water
application. In addition, the deflector on a residential head generates
a high-on-the-wall discharge pattern to ensure that the water is
getting to the fuel. Since much of the fuel or fire load in a residential
occupancy is situated near the walls, the spray pattern can reach the
fuel as it wets the wall. The fuel is provided by drapes, curtains,
other hanging decorations, couches, wall units, tables, and chairs.
More importantly, the high-on-the-wall spray pattern intersects with
the smoke and gases to help keep the area somewhat tenable.
Residential sprinkler heads do not flow large amounts of water and
can operate at lower pressures, making them ideal for the inherent
limitations of domestically fed water supplies for residential fire
sprinkler systems FIGURE 7-18.



FIGURE 7-18 These residential sprinkler heads use a small and thin heat-sensitive element

that rapidly collects heat to quicken head activation.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Concealed heads install above the ceiling and are hidden by a
flush cover plate that can be factory painted to match the ceiling. The
cover plate solders to the cup surrounding the head and has a lower
activation temperature than the head so it can fall away well before
discharge is necessary. Once the cover plate falls away, the heat
goes directly to the heat-sensitive element, leading to head
activation. Concealed heads are usually requested by architects,
interior designers, or developers concerned with aesthetics;
however, they tend to cost more and be more expensive to install
than standard sprinkler heads FIGURE 7-19.



FIGURE 7-19 Concealed sprinkler heads have a cover plate that falls away at a lower

temperature than the sprinkler head’s activation temperature.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Flush sprinkler heads install flat or even with the ceiling; the only
exposed component is the heat-sensitive element and associated
components. Once the head is activated, the concealed deflector
drops down to achieve the water distribution pattern. Mainly installed
for aesthetic purposes, these heads are low profile and not
obtrusive.

The components of the recessed sprinkler head—with the
exception of the deflector—are installed partially above the ceiling
line and mount in a cuplike housing that recesses into the ceiling.
The opening around the head is sealed by an escutcheon plate that
is attached to the cup.



An ornamental sprinkler head is covered with a factory-applied
paint or finish that is usually requested by an architect, an interior
designer, or a developer to achieve a certain look or feel in a
building. Almost any type of sprinkler head can become an
ornamental head, but application of the paint or finish must not affect
the operation of the head.

A non-ferrous sprinkler head is made specifically for installation in
a magnetic resonance imaging (MRI) room. This type of head is
made with metals and material that are not magnetic such as glass,
copper, brass, and aluminum.

Nozzles are designed for use where the water needs to be
directed at the hazard, where there is a need for a specialized spray
pattern, or where an unusual discharge characteristic is required.
Spray sprinkler heads are designed to handle many different and
challenging hazards and the pilot-line detector is a type of standard
spray sprinkler or fixed temperature releasing device that either
pneumatically or hydraulically releases the main sprinkler valve so
water can flow into the system.

Identification, Labeling, and Markings on
Sprinkler Heads
Traditionally, the information stamped on a sprinkler head provided a
considerable amount of information regarding its operational
characteristics. However, this information and the way in which
sprinkler heads have been traditionally categorized essentially
became obsolete with the implementation of the sprinkler
identification number (SIN). In 2001, NFPA mandated that all
sprinkler head manufacturers begin assigning a unique character
and number identifier to each head, distinguishing operational
characteristics from head to head. The SIN eliminates the use of the
traditional terms and identifiers discussed in the previous section.

For example, by looking at the sprinkler head deflector in FIGURE

7-20, a person can determine the manufacturer (triangle with the G:
Grinnell [formally known as Tyco, now Johnson Controls



International]), the temperature rating (155°F/68°C), the type of head
(QR EC/EC: quick-response extended-coverage), the orientation
(pendent), the model number (F890), the K-factor (11.2), the SIN
(G1878), the listing or approval agencies (UL, UL Canada, and FM
Global), and the UL control number assigned to the head (458A).
Similarly, the head in FIGURE 7-21 displays the SIN (V2734),
temperature rating (155°F/68°C), K-factor (4.9), type (residential
pendent), and the listing agencies (UL and UL Canada).

FIGURE 7-20 By looking closely at a sprinkler head, a person can determine the

manufacturing year, type, model, listing and approvals, sprinkler identification and control

numbers, K-factor, temperature rating, and manufacturer.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 7-21 Heads manufactured after 2001 were required to have a sprinkler

identification number. The sprinkler identification number for this head is V2734.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

All of this information is important, but the type of head,
temperature rating, and K-factor are critical to the design process.
Installing a head that has the wrong temperature rating for the
installation conditions could lead to unwanted activation, delayed
activation, or no activation. During construction it is important for the
installer to verify that the temperature rating of the head is as
indicated on the approved plans. Once the building is occupied, the
responsible party must also verify this information whenever a
sprinkler head needs changing. The temperature rating may appear
as engraved text on the head; as a particular paint color applied to
the head; or, in the case of glass bulb sprinkler heads, as a particular
color of the bulb. The 2019 edition of NFPA 13, Table 7.2.4.1, lists



the temperature ratings, classifications, and color codes for sprinkler
heads. For example, examination of the table shows that a sprinkler
head with a temperature activation range between 175oF and 225oF)
is classified in the intermediate range. An intermediate range head
using a glass bulb requires either a yellow or green color liquid, but a
head without a glass bulb will require white paint to be applied,
typically, to the frame of the head.

For calculation and design purposes, the K-factor establishes the
mathematical relationship between the pressure and flow from a
sprinkler head. With Q being the discharge in gallons per minute, K
being the discharge coefficient for the orifice of the sprinkler head,
and P being the water pressure in pounds per square inch, the
relationship for determining flow is expressed in the following
formula:

Q = K √ P

Each size orifice has a K-factor value that applies when
performing hydraulic calculations. For example, a ½-in. orifice has an
applied nominal K-factor of 5.6, a ¾-in. orifice has a nominal K-factor
of 14.0, and a 1-in. orifice has a nominal K-factor of 25.2 FIGURE 7-22.



FIGURE 7-22 Sprinkler head orifices with K-factors of 25.2, 14.0, and 5.6 (from left to right).

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

The K-factor also serves to classify the head, eliminating the
need to refer to certain descriptors or types of heads. In the past,
any sprinkler head that did not have the standard ½-in. 5.6 K–type
orifice had a small pin, known as a pintle, protruding from the
deflector FIGURE 7-23. The pintle notified the person installing or
servicing the system that the head was not standard and further
investigation was necessary to determine the exact type of head.
Today, a pintle is no longer required because the K-factor stamped
on the head is the main identifier of the orifice size.



FIGURE 7-23 Although no longer required, a pintle helps to identify sprinkler heads with

nonstandard orifices.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP

There are many different types of fire sprinkler heads in use
today. Specifying and installing the proper head for the conditions
are critical because most sprinkler heads are not
interchangeable.



Even with the evolution of sprinkler technology, there are still
similarities between the heads manufactured 100+ years ago and
the heads of today. Many of the same basic concepts from the
earliest designs are still in use, but there are now many more types
of fire sprinkler heads. Specifying and installing the proper head for
the conditions are critical because most sprinkler heads are not
interchangeable.



Types of Systems
There are four basic types of automatic fire sprinkler systems: wet
pipe systems, dry pipe systems, preaction systems, and deluge
systems. These systems are the most commonly installed types of
systems and are the basis for other types of water-based fire
suppression systems. Each type of system has characteristics
appropriate for particular situations and applications. In this section,
the discussion covers the systems built from the components
previously discussed and the specialized system valves employed.
In addition, this section discusses the evolution of residential fire
sprinkler systems.

Wet Pipe Systems
The wet pipe sprinkler system is the least expensive, most
frequently installed, easiest to maintain, easiest to modify, and most
reliable type of fire sprinkler system available. This type of system is
preferred to other types of systems because water is in the pipes at
all times. When the sprinkler head activates, water flow is immediate
FIGURE 7-24. However, because water is in the pipes at all times, a wet
pipe sprinkler system should only be installed in environments that
can be maintained at 40°F or higher. Otherwise, the water could
freeze, resulting in broken components, unwanted water flow, water
damage, and a system that must be put out of service. There are
some instances in which a part or all of a wet pipe sprinkler system
could be subject to freezing temperatures; in these situations,
antifreeze mixed with water might be an alternative to protect the
system components. However, this alternative is not preferable. The
antifreeze/water solution requires periodic testing to ensure that the
specific gravity of the mixture is appropriate for the expected
temperatures and to potentially prevent a fire from getting worse.



FIGURE 7-24 Wet pipe sprinkler system schematic. OS&Y, outside screw and yoke.

© Jones & Bartlett Learning.

Description

It is extremely important to ensure that the mixture is correct
because there are two problems that could arise: the solution could
be too weak or too strong. When fire sprinkler systems are
connected to an automatic water supply, water surges are a common
occurrence. In time, the surges could dilute the solution, thus
changing the effective temperature of the mixture. If the effective
temperature of the solution is above the expected low temperatures,
it will not protect the system from potential freeze damage. If the
solution has too much antifreeze, it could actually enhance a fire
because antifreeze is flammable. Propylene glycol and glycerin have
been used in systems for many years, but a number of unfortunate
events involving antifreeze solutions discharging from a sprinkler
head led to larger fires and, in at least one case, an explosion.
These events had a common issue: The percentage of the antifreeze
to water ratio was well beyond the limits needed to protect the
system components for the anticipated low temperatures. NFPA now
requires that any new antifreeze system use a listed antifreeze. The



listing requires that the antifreeze not ignite, but to date, no listed
antifreeze has been developed. There are exceptions to this
requirement, but essentially, there are few new antifreeze systems
being installed.

TIP

In most cases, antifreeze system testing requires draining the
system and capturing the solution, testing the solution, remixing
the solution as necessary, and then pumping the solution back
into the system. The entire process can take considerable time,
labor, and material to complete.

Wet sprinkler system installations are common in almost every
type of building, including office buildings, churches, stores,
factories, hospitals, nursing homes, post offices, and homes. These
systems require a dedicated and automatic water supply and usually
have an alarm check valve or other water flow detecting alarm
device. The alarm valve serves two functions: to provide an alarm
function to notify that water is flowing and to act as a check valve to
hold pressure in the system and not allow the fire sprinkler water to
flow back into the potable water supply FIGURE 7-25. The alarm
function may be mechanical, wherein water flows through a small
pipe that connects to a water-driven bell called a water motor gong,
or electrical, wherein water flows through a small pipe that feeds into
a retard chamber with a pressure switch tied to an electric bell, fire
alarm, or monitoring panel. Most wet pipe systems use a water flow
switch installed on the riser pipe to perform the alarm function,
eliminating the need for a conventional alarm valve. No matter the
configuration, testing the alarm function is as simple as opening a
valve to permit water flow to drive the gong, pressurize the switch, or
move the flow switch vane.



FIGURE 7-25 Alarm valves act as a check valve and provide an alarm output to operate a

water motor gong. The retard chamber (at upper right of valve) handles water surges and

changes in pressure to prevent false alarms.
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TIP

Because antifreeze is flammable, periodic testing of the
antifreeze mixture is extremely important to ensure that it is in the
proper proportion. Although too little antifreeze could result in
broken fittings, piping, and unwanted water flow, too much
antifreeze mixture that is exposed to high temperatures could
enhance the fire or even cause an explosion. Because of the
danger, NFPA requires (with some exceptions) that antifreeze
must be listed as not ignitable if discharged from a sprinkler head.

TIP

Wet pipe sprinkler systems are preferred to other types of
systems because water flow from these systems is immediate. In
addition, wet pipe sprinkler systems are the least expensive,
easiest to maintain, easiest to modify, and most reliable type of
fire sprinkler system available.

To hold pressure in the system and prevent backflow, a clapper
resting on a seat inside the alarm valve acts as a check valve. If the
water supply pressure is greater than the system pressure, the
clapper will open to allow water into the system. Once the pressure
between the supply side and system side becomes equal again, the
clapper closes and rests on the valve seat. Pressure gauges on the
supply and system sides of the valve display the pressure values;



typically, the pressure on the system side is greater than that on the
supply side because of domestic water usage during the day.

Limited Area Sprinkler System
Some wet sprinkler systems are installed to only protect a storage
area or basement of a building while the building itself does not
require a full system installation. In cases such as this, a limited
area sprinkler system provides protection. NFPA 13 loosely
identifies a limited area system as a “partial sprinkler system,” but
the International Building Code® (IBC®) states specific requirements
for this type of system. The requirements include the following: No
more than six sprinkler heads can be installed in any single fire area;
installations are limited to NFPA 13 light hazard and ordinary group 1
occupancy classifications; systems must be hydraulically calculated;
if the building has a wet standpipe, the system must be connected to
the standpipe, but if there is no standpipe, it must be connected to a
plumbing system capable of supplying both the domestic and
sprinkler demand; and a control valve shall not be installed, but if
installed, it must be a supervised indicating-type control valve
(International Code Council 2018, Sections 903.3.8–903.3.8.5).

TIP

The vane-type water flow switch should never be installed on a
dry pipe system because the sudden rush of water could break
off the paddle, sending it into the piping network where it could
create a blockage in the piping or in a sprinkler head.

Dry Pipe Systems



When a fire sprinkler system must protect an area of a building
where the temperature falls below 40°F, the best system to protect
the area is a dry pipe sprinkler system FIGURE 7-26. Properly
designed, installed, and maintained dry pipe systems provide
excellent protection for unheated warehouses and attics, loading
docks, parking garages, and commercial freezers. Instead of
containing water in the pipes, a dry pipe sprinkler system maintains
pressurized air (or in some installations, nitrogen gas) in the system
piping until the system activates and floods the pipe with water. A
compressor is usually the source of the pressurized air. The
compressor is equipped with a pressure switch that senses changes
in pressure and, once reaching a preset minimum threshold
pressure, pumps more air into the system as needed. The incoming
water supply, dry pipe valve, air compressor, and associated
components must stay in a heated and protected area to prevent the
water from freezing or the components from suffering mechanical
damage.

FIGURE 7-26 Dry pipe sprinkler system schematic. OS&Y, outside screw and yoke.

© Jones & Bartlett Learning.

Description



The dry pipe valve is the key component used to prevent water
from entering the dry pipe system until needed FIGURE 7-27. The valve
uses a hinged clapper plate to separate the water and pressurized
air, and many dry pipe valves operate on an air-to-water differential
(ratio) design principle. For example, the air to water pressure
differential may be 5:1, where 1 lb of air pressure will hold back 5 lb
of water pressure. Using this ratio, a building fire sprinkler system
with a normal static water pressure of 75 psi would require a
minimum air pressure of 15 psi to maintain the dry pipe valve in the
closed position. The principle derives from the fact that the surface
area of the clapper is larger on the top or air side of the clapper than
the opening on the bottom or water side of the clapper. However,
owing to surges in the water system, an increase in air pressure—
usually 20 psi above the established air pressure—helps to keep the
valve from tripping until it is needed. The air-to-water differential
design principle is still in use today; however, some manufacturers
have developed dry pipe valves that manage activation through the
use of low-pressure single set point air pressure, diaphragms,
actuators, and pilot lines. These low-pressure single set point dry
valves are becoming more popular as they tend to be more stable
and not affected by water surges. No matter the water pressure, a
specific low air pressure (typically between 10 and 15 psi) holds the
valve closed until activation. Although more stable, maintenance and
cleaning of some components are required after every valve
activation. This will ensure that the valve will operate when needed,
as failure to maintain and clean could result in delayed or no
activation of the valve.



FIGURE 7-27 Multiple dry pipe valves protecting a parking garage.
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Once one or more sprinkler heads activate to reduce the system
air pressure, the air-to-water ratio is disrupted and the water
pressure trips the dry pipe valve, causing the clapper plate to swing
off the seat and latch in an open position. With the clapper latched
open, water flows into the pipe, pushing the air out until eventually
reaching the open sprinkler heads where it sprays onto the fire.
While all of this is happening, water is also flowing into an
intermediate chamber in the dry pipe valve. From the intermediate
chamber, the water flows out of the alarm port that connects to a
water motor gong or pressure switch to sound an alarm. A higher air
pressure could delay the valve activation because more air pressure
must purge from the system before the valve trips. This is one of the
challenging characteristics of dry sprinkler systems: the inherent



delay in applying water onto a fire and overcoming that delay. The
dry system design must compensate for the possibility of many more
heads activating and flowing water than a wet system would
because more heads on the dry system could open before the water
reaches the fire area. For this reason, the square footage of the
remote design area of a dry sprinkler system is 30 percent larger
than that of a wet sprinkler system. For example, if a wet sprinkler
system had a remote area of 1500 ft2, the remote area of a dry
sprinkler system protecting the same hazard area would be 30
percent larger, measuring at 1950 ft2.

TIP

The air-to-water differential design principle is the most common
design principle in use today; however, some manufacturers have
developed dry pipe valves that manage activation through the use
of low-pressure single set point air pressure, diaphragms,
actuators, and pilot lines.

TIP

Many old dry pipe valves were low-differential valves, where
1:1.1, 2:1, 3:1 was the standard. Today, 5:1 and 6:1 are most
common, although some manufacturers have developed 8:1
valves that are becoming extremely popular with contractors.

TIP



One of the challenging characteristics of dry sprinkler systems is
the inherent delay in applying water onto a fire. That is why the
square footage of the remote design area is 30 percent larger
than that of a wet sprinkler system.

Size and layout of the system have a great impact on how much
time it takes to deliver water to an open sprinkler head. NFPA 13
establishes different time requirements to deal with certain
installation situations. One is to calculate the maximum permitted
amount of time for water delivery based on the occupancy
classification; another is to designate the maximum permitted
amount of time for water delivery no matter the size of the system;
yet another is to limit system size if delivery time exceeds a
prescribed interval or to install quick-opening devices such as
accelerators or exhausters.

An accelerator attaches to the dry pipe valve and senses system
air pressure loss; when this occurs, the accelerator opens an internal
exhaust valve to redirect the pressurized air from the system side of
the valve into the intermediate chamber of the valve so it will disrupt
the differential and force the clapper to open and latch FIGURE 7-28.
Most accelerators are mechanical devices, but there are electronic
accelerators available from a few manufacturers as well.



FIGURE 7-28 Accelerators redirect air to disrupt the air-to-water differential in order to trip

the dry pipe valve as quickly as possible.
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Exhausters can attach to the dry pipe valve or any location on a
dry pipe system where there is 2-in. piping. The exhauster senses
rapid losses of air pressure and opens a port that purges air out of
the system at a rate roughly equivalent to 15 open sprinkler heads
FIGURE 7-29. Not only does it remove air so the clapper can open more
rapidly, it also removes air from the system piping to accelerate the
speed at which water fills the pipe and reaches the open sprinkler
heads. In the past, exhausters were a common component of many
large dry systems; today, however, there are few—if any—still in
service, and the likelihood of finding parts to maintain or repair is
remote. The exhauster and accelerator both require careful and
continuous maintenance; once these devices trip, it is very common
to find them out of service because of the time required to properly
restore and maintain them.



FIGURE 7-29 Exhausters require careful and considerable maintenance and must be

cleaned and reset after each dry pipe system activation.
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TIP

Because of reliability issues, there are few, if any, companies still
manufacturing exhausters or the components necessary to make
repairs for those devices still in service. Because of this, NFPA 13
has made no more than a passing reference to these devices
since the 2007 edition.

In general, dry pipe sprinkler systems are more complex than wet
pipe sprinkler systems and require more maintenance to ensure
proper operation. This complexity starts with the system installation,
for which the piping must slope back to system drains that facilitate
removal of moisture or residual water in the pipes. If poorly installed
and maintained, moisture will collect in the pipe, freezing and
breaking fittings and causing unnecessary tripping of the system and
response by emergency personnel. Any moisture within the dry pipe
system is a problem because over time it increases the likelihood of
particulate matter—such as internal rust, scale, or corrosion—to form
and cause leaks or blockage in the piping. It is extremely important
to remove residual water from a system by using the low-point drains
throughout the year, but it is especially important after the dry pipe
valve trips or during the cold weather months FIGURE 7-30.



FIGURE 7-30 Residual moisture and water collect in this “drum-drip” type low-point drain.

Periodically, the collected water needs to be purged from the drain to prevent the water from

freezing and breaking a drain fitting that will result in a tripped dry pipe system.
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Another maintenance issue for the dry pipe sprinkler system is
resetting the dry pipe valve. Although many of the new-generation
dry pipe valves have an external reset feature, the majority that are
installed do not. They require opening the valve, cleaning the inside
of the valve, manually resetting the clapper, purging all low-point
drains, and waiting for sufficient air pressure to build and hold the
clapper in place. Failure to perform these functions can lead to a
false valve trip, a significantly delayed trip, or a complete malfunction
of the dry pipe valve. In addition, all components require listing for
the specific purpose.

Preaction Systems
Preaction sprinkler systems are similar to dry pipe sprinkler
systems in that they use closed sprinkler heads; under normal
conditions there is no water in the system piping; and, depending on
the type of preaction system, there might be low-pressure
supervisory air in the piping FIGURE 7-31. However, unlike the dry pipe
sprinkler system in which the dry pipe valve clapper releases due to
loss of air pressure upon sprinkler head activation or other condition
where the air pressure drops, the activation of a preaction valve
can occur by hydraulic, pneumatic, or electrical methods FIGURE 7-32.
The hydraulic method of activation uses quick-response sprinkler
heads on a wet (water-filled) pilot line to release the preaction valve.
The pneumatic method uses quick-response sprinkler heads on a
dry (air-filled) pilot line to release the preaction valve. The electrical
release method uses heat, smoke, or flame detectors interfacing with
a fire control panel to release the preaction valve. Depending on the
operational arrangement, one or more of these activation methods
could be employed.



FIGURE 7-31 Preaction sprinkler system schematic. OS&Y, outside screw and yoke.
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Description



FIGURE 7-32 The preaction valve assembly includes the preaction valve, fire alarm control

panel, and small air compressor.
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The different operational arrangements for preaction systems
provide progressively higher levels of certainty that there is a fire
before water flows. The operational arrangements include non-
interlock, single-interlock, and double-interlock. The most basic
arrangement is the non-interlock arrangement, and the most
advanced is the double-interlock. The non-interlock arrangement is
set up so either a fire detector or sprinkler head activation floods the
piping with water. If the fire detector activates, the water is already in
the pipes; if the sprinkler head activates, the valve opens and water
flows out of the activated sprinkler head. The single-interlock
arrangement follows the requirement that only a detector releases
water into the pipes, so even if a sprinkler head activates, until the



detector activates, water will not flow out of the sprinkler head. The
double-interlock arrangement requires that both a detector and a
sprinkler head activate before any water flows into the piping and out
of the sprinkler head.

Other operational features of these systems include activation of
detectors in different zones before the valve releases the water
(cross-zone detection); the use of low air pressure to monitor pipe
integrity; the use of higher air pressure to hold the preaction valve
closed; pre-alarms, trouble alarms, and supervisory alarms to
indicate a change in system status; and manual release capabilities.
Another operational feature is called the multicycle system, where a
preaction system will turn off when sensors detect that the
temperature has cooled enough to stop the water flow. However, if
the fire were to restart, the sensors would release the water again.

Preaction systems are complex systems, but they offer an added
level of certainty that there is a fire event and a level of protection
against accidental or inadvertent discharge. In addition, the
operational characteristics of preaction systems make them
appropriate for environments where minimizing water damage is
critical, such as in computer operation centers, server farms,
telecommunication centers, freezers, libraries, museums, and places
housing valuable and irreplaceable items.

Deluge Systems
Deluge sprinkler systems operate in a manner similar to preaction
systems. Both require fire detector activation or manual station
release to open the system valve so water will flow into the pipe.
However, the major difference between these systems is that the
deluge system piping and sprinkler heads or nozzles are open to the
surrounding environment FIGURE 7-33. Open sprinkler heads do not
have a heat-sensing element or the associated components that
must release before water discharge. Instead, once water reaches
the open sprinkler heads, discharge is immediate and simultaneous
from all of the sprinkler heads. The open head arrangement provides



large amounts of water over a predetermined area so that a rapidly
growing fire will not spread. The design requires hydraulic calculation
analysis to determine if the available water supply and pressure
meet the system demand. In many cases, a fire pump is necessary
to make the system viable.

FIGURE 7-33 Deluge sprinkler system schematic. OS&Y, outside screw and yoke.
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Description

Operationally, the deluge valve receives the appropriate signal
from the detection system to release the clapper FIGURE 7-34. Just like
preaction systems, there are various methods used to release the
valve, including electrical, hydraulic, or pneumatic methods, as well
as a requirement for a manual emergency release. The electrical
method of release usually employs a solenoid valve tied to some
type of detector that sends a signal through a panel to the release
device to free the clapper. Although typically more expensive, this
type of release method provides more design flexibility, can interact
with other building systems, and is the fastest operationally.



FIGURE 7-34 These deluge valves protect transformers at a power generating plant.
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The hydraulic method of release uses a wet sprinkler (pilot) line
over the hazard area; the sprinkler heads are closed but once
activated, the water pressure drops in the pilot line to release the
clapper. This type of system requires installation in areas where
freezing is not a concern, where ambient temperatures are not
excessively high, and where the line does not exceed the height
above and the distance from the deluge valve as specified by the
manufacturer.

The pneumatic method may use one of two different means of
release. A dry sprinkler (pilot) line with closed sprinkler heads may
be used over the hazard area; once the sprinkler head activates and
releases the air (or nitrogen), pressure drops in the pilot line to
release the clapper. For these systems, it is best to include an



automatic air maintenance system to prevent false activations. The
pneumatic method may also use heat-activated devices that tie to
small-diameter copper lines. In response to an increased level of
heat, the heat-activated device senses a change in pressure that
transmits through the copper to exert pressure on a diaphragm that
releases the clapper. This type of system is common in areas subject
to freezing temperatures or where the wet line height and distance
are too far from the deluge valve.

Deluge systems protect high hazard occupancies such as power
plants, aircraft hangars, woodworking facilities, explosive and
ordinance factories, refineries, cooling towers, and chemical storage
or processing facilities. Because deluge valves typically protect high
hazard facilities, it is common for the system to use foam as part of
the suppression agent.

Residential Sprinkler Systems
Because of the belief that smoke alarms and detectors are enough
fire protection in a home, as well as the incorrectly perceived high
cost of installation and maintenance, there are still some business
and governmental organizations throughout the country that do not
support the installation of residential fire sprinkler systems.
Regardless, each year more and more communities adopt
ordinances requiring installations in new home construction and in
certain residential occupancies that did not require fire sprinkler
installation at the time of construction. While the established goal of
commercial fire sprinkler systems is property protection, residential
fire sprinkler systems also aim to protect life safety. In order to
achieve this goal, residential fire sprinkler systems are designed to
(1) prevent flashover in the room where the fire starts and (2)
improve the occupants’ chance for rescue or escape (National Fire
Protection Association 2019, NFPA 13D, Section 1.2.2). The design
includes reduced system water supply requirements, a special type
of sprinkler head, and sprinkler head placement in locations where a
fire is most likely to start.



Although manufacturers have gained approval to make dry pipe
valves specifically for residential applications, the vast majority of
residential sprinkler systems are still wet pipe systems. At first
glance, the components required to construct a residential fire
sprinkler system are very similar to those found in a commercial
system. There is a water supply line, a system manifold consisting of
a control valve, a check valve or backflow prevention device, a drain
valve, a gauge, and an alarm device. From the manifold, the riser
piping, branch lines, fittings, pipe hangers or fasteners, and the
sprinkler heads complete the installation. The main observable
difference between the systems is that the piping, fittings, hangers,
fasteners, and valves of a residential system tend to be smaller in
diameter and size and, instead of steel, the primary piping materials
are CPVC, copper, polyethylene, and, in early-generation residential
systems, polybutylene. The reason the pipe and components tend to
be smaller is that less water is necessary to support the total
required water demand for the system. While commercial sprinkler
systems require greater amounts of water to support multiple heads
flowing simultaneously, sprinkler systems in one- or two-family
dwellings only require a minimum of 0.05 gallon per minute for each
square foot (gpm/ft2) to supply the two most demanding sprinkler
heads for at least 10 minutes or, for one-story dwellings less than
2000 ft2 in area, for at least 7 minutes (National Fire Protection
Association 2019, NFPA 13D, Sections 6.1.2, 6.1.3, 10.1.1.1). In
low-rise residential buildings that are four stories or less, the
sprinkler system only needs 0.05 gpm/ft2 or 0.10 gpm/ft2 (depending
on the type of sprinkler head) to supply the four most demanding
sprinkler heads for at least 30 minutes (National Fire Protection
Association 2019, NFPA 13R, Sections 7.1.1.1, 7.1.1.3.1, 9.2).

TIP

By design, residential fire sprinkler systems are engineered and
installed to provide a high level of life safety.



The minimum water flow per head may also hinge on the
sprinkler head manufacturer’s requirements for a particular
installation. For example, when installing a pendent head on a
horizontal ceiling, the data sheet for one manufacturer states that the
model must have 13 gpm at 7 psi to cover a 16-ft by 16-ft area, but it
must have 20 gpm at 16.7 psi to cover a 20-ft by 20-ft area. By using
the manufacturer’s data to support the design, the additional flow
and pressure allow the system designer more flexibility when
choosing a fire sprinkler head for the intended application.

Many residential sprinkler systems are supplied water by an
appropriately sized domestic water line fed from a reliable
community water system. With these systems, the water line splits
inside the dwelling or building to supply the fire sprinkler and the
domestic water systems FIGURE 7-35. Other systems have a water line
specifically dedicated to supply the fire sprinkler system; still others
are supplied from an adequately sized stored water source that has
an automatically operated pump. A stored water source is common
in communities where there is no water system or other reliable
automatic source. In these communities, well water is usually the
main source of water and, as part of the fire sprinkler system, a
storage tank with an automatic fill line holds the water until needed
FIGURE 7-36. Because of the size and capacity of the storage tank, this
arrangement is predominantly associated with systems used to
protect one- or two-family dwellings, as opposed to systems
protecting low-rise residential occupancies such as hotels, motels,
apartments, and condominiums. Approvable water sources for
residential systems must be automatic and supply an adequate
amount of water to the system.



FIGURE 7-35 The incoming water supply splits to feed the fire sprinkler system and the

domestic water system.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 7-36 Water supply storage tank and pump assembly for use with a residential fire

sprinkler system.



© A. Maurice Jones, Jr./Jones & Bartlett Learning.

A less noticeable yet major difference between commercial and
residential fire sprinkler systems is the type of fire sprinkler head
installed to protect the dwelling. A residential sprinkler head must
meet a different testing criterion than a standard fire sprinkler head
because, when exposed to fire, it must prevent harmful fire by-
products, gases, and the associated temperatures from reaching
levels that could inhibit rescue of or safe exiting by an occupant. As
previously discussed, this is accomplished by designing the sprinkler
head to discharge water higher on the wall to wet the fuel that is
typically on or near the walls of a room.

The last major difference between commercial and residential
systems is the locations of the fire sprinkler heads. While commercial
systems require fire sprinkler heads—with a few exceptions—to
protect every square foot of the building, head installation is exempt
in certain locations within a residence because the area is less likely
to be the room of fire origin. For example, the sprinkler standards for
residential systems do not require fire sprinkler heads to be installed
in bathrooms that are less than 55 ft2, closets and pantries that are
no greater than 24 ft2 that do not have combustible walls or ceilings,
garages, open attached porches, carports, attics, equipment rooms,
concealed spaces, and other areas not intended for living purposes
(National Fire Protection Association 2019, NFPA 13D, Sections
8.3.2, 8.3.3, 8.3.4, 8.3.5).

TIP

When installing a complete automatic fire sprinkler system, the
model codes permit some increases in height and area and some
reductions in building performance and construction
characteristics.



Required Installations
Most of the earliest requirements to install fire sprinkler systems
came directly from property insurance companies. It was not until the
development of the model codes in the twentieth century that there
was any substantial movement to change these requirements. Even
then, change was gradual, as the earlier model code editions only
required system installation in certain use and occupancy situations.
Usually, new requirements to install automatic fire sprinkler systems
resulted from a number of similar fire incidents that progressed to the
point where the frequency and conditions mandated some type of
action. Still, in many instances, these code changes only affected
new building construction—not existing buildings—unless the
authority established retroactive requirements. Although many of the
changes were reactive, writers of the model codes strongly believed
and still believe in the use of fire sprinkler systems because they
provide significantly improved life safety and property protection. For
this reason, incentives for automatic fire sprinkler system installation
are offered; increased building height and area, increased travel
distances to exits, and increased maximum allowable storage
quantities of certain hazardous materials. In addition, installation of
an automatic fire sprinkler system permits some reductions in
passive performance characteristics for firewalls, fire separation
assemblies, and wall finish ratings.

TIP

The incentives offered by the model codes to install a fire
sprinkler system are based on the installation of an automatic fire
sprinkler system designed per NFPA 13, NFPA 13R, or NFPA
13D, not any other type of suppression system.



TIP

When designing a building, the design professional must carefully
review the requirements because thresholds specific to the use or
occupancy condition actually establish whether the code requires
or omits an automatic fire sprinkler system.

Today, the model codes published by the NFPA and the
International Code Council (ICC) establish requirements for
automatic fire sprinkler systems primarily based on the use and
occupancy conditions. A review of NFPA 5000®, Building
Construction and Safety Code®, and the IBC® reveals that almost
every use and occupancy condition is linked to some sort of
requirement to install an automatic fire sprinkler system. However,
the building design professional must carefully review the
requirements because thresholds specific to the use or occupancy
condition—such as occupant load, building height, storage
conditions, and number of levels above or below exit discharge—
actually establish whether the code requires or omits an automatic
fire sprinkler system. Here are two examples illustrating how
thresholds from the model codes come into play: TABLE 7-2 outlines
the general thresholds for educational occupancies; TABLE 7-3

outlines the general thresholds for mercantile occupancies. As such,
thresholds can influence the design of a building if the design
professional has a tight budget, limited space, or a developer who
does not want to install fire protection that is not required by the
model code.

TABLE 7-2 Educational Occupancy Thresholds

Model Code
Threshold for Automatic Fire Sprinkler
System



1.

2.

3.

1.
a.
b.
c.
d.

2.
a.

b.

1.
a.

b.
c.
d.

2.
a.

b.
c.

1.

2.
3.
4.

International
Building
Code®/International
Fire Code®

Fire areas greater than 12,000 ft2

Portions located on a level other than the level of exit
discharge (Exception: Not required if every classroom has at
least one exterior exit door at ground level)
If the occupancy load is 300 or more

NFPA 1, Fire Code New buildings

Building exceeding 12,000 ft2

Four or more stories in height

Portions below level of exit discharge
Unprotected openings

Existing buildings
Student occupied and unoccupied floors below level of exit
discharge (Exception: If approved by the approving
authority and rescue windows and ventilation provided)

Unprotected openings

NFPA 101, Life
Safety Code®

New buildings

Protection throughout (Exceptions: Non-relocatable and
relocatable buildings 1000 ft2 or less; non-relocatable
single classroom buildings; relocatable buildings 30 ft or
more from another building)
Portions below level of exit discharge

Unprotected openings
As required by other provisions within the chapter

Existing buildings
Student occupied and unoccupied floors below level of exit
discharge (Exceptions: If approved by the approving
authority and rescue windows and ventilation provided)

Unprotected openings
As required by other provisions within the chapter

NFPA 5000,
Building
Construction and
Safety Code®

Protection throughout (Exceptions: Non-relocatable and
relocatable buildings 1000 ft2 or less; non-relocatable having
a single classroom; relocatable buildings 30 ft or more from
another building)

Portions below level of exit discharge
Unprotected openings

As required by other provisions in the chapter

Data from 2018 editions of NFPA 1, NFPA 101®, NFPA 5000®, International Building
Code®, and International Fire Code®.



1.
2.
3.
4.

5.

1.
a.
b.
c.

d.

e.
2.

a.

b.
c.

d.

1.
a.
b.
c.

d.

TABLE 7-3 Mercantile Occupancy Thresholds

Model Code
Threshold for Automatic Fire Sprinkler
System

International
Building
Code®/International
Fire Code®

Group M fire area exceeding 12,000 ft2

Fire area located more than three stories above grade plane

Combined Group M fire areas on all floors exceed 24,000 ft2

Display and sale of upholstered furniture or mattresses
exceeding 5000 ft2

High-piled storage or rack storage arrays

NFPA 1, Fire Code New buildings
Three or more stories in height

Gross area exceeds 12,000 ft2

Stories below the level of exit discharge exceeding 2500
ft2 used for sale, storage, or handling of combustible
goods and merchandise

Multiple occupancies protected as mixed occupancies
where conditions a, b, and c apply to mercantile
occupancies
Bulk merchandising retail buildings

Existing buildings (other than one story)

Stories over 15,000 ft2

Gross area exceeds 30,000 ft2

Stories below the level of exit discharge exceeding 2500
ft2 used for sale, storage, or handling of combustible
goods and merchandise

Multiple occupancies protected as mixed occupancies
where conditions a, b, and c apply to mercantile
occupancies

NFPA 101, Life
Safety Code®

New buildings
Three or more stories in height

Gross area exceeds 12,000 ft2

Stories below the level of exit discharge exceeding 2500
ft2 used for sale, storage, or handling of combustible
goods and merchandise

Multiple occupancies protected as mixed occupancies
where conditions a, b, and c apply to mercantile



2.
a.

b.
c.

d.

1.
2.

3.

4.

occupancies

Existing buildings

Stories over 15,000 ft2

Gross area exceeds 30,000 ft2

Stories below the level of exit discharge exceeding 2500
ft2 used for sale, storage, or handling of combustible
goods and merchandise

Multiple occupancies protected as mixed occupancies
where conditions a, b, and c apply to mercantile
occupancies

NFPA 5000,
Building
Construction and
Safety Code®

Three or more stories in height

Gross area exceeds 12,000 ft2

Stories below level of exit discharge exceeding 2500 ft2 used
for sale, storage, or handling of combustible goods and
merchandise
Multiple occupancies protected as mixed occupancies where
conditions a, b, and c apply to mercantile occupancies

Data from 2018 editions of NFPA 1, NFPA 101®, NFPA 5000®, International Building
Code®, and International Fire Code®.



Design and Installation Standards
Published fire sprinkler system design and installation standards are
available from model code and insurance organizations, but three
NFPA standards seem to factor into more installations than any other
available standards. NFPA 13 primarily applies to commercial and
industrial properties and is one of the most widely referenced NFPA
standards. NFPA 13D, Standard for the Installation of Sprinkler
Systems in One- and Two-Family Dwellings and Manufactured
Homes, provides guidance to design, layout, and install an
affordable home fire sprinkler system that will allow occupants
enough time to escape or receive rescue assistance. NFPA 13R,
Standard for the Installation of Sprinkler Systems in Low-Rise
Residential Occupancies, combines elements of NFPA 13 and NFPA
13D to address the challenges associated with multi-occupant and
multi-dwelling residential facilities in providing both life safety and
property protection. All standards provide guidance to design, lay
out, and install a fire sprinkler system within the scope of the
standard. They do not state the locations, occupancies, or building
types requiring installation.

NFPA 13, Standard for the Installation of
Sprinkler Systems
In the late 1800s, there were nine very different sprinkler standards
used within 100 miles of Boston, Massachusetts; a group of like-
minded individuals decided it was time to provide consistency and
standardization for the design, layout, and installation of automatic
and open fire sprinkler systems (National Fire Protection Association
1996, 9). First published in 1896 as the Rules and Regulations of the
National Board of Fire Underwriters for Sprinkler Equipments,
Automatic and Open Systems, the document was one of the first
standards published by the newly formed NFPA and later became



known as NFPA 13, Standard for the Installation of Sprinkler
Systems.

TIP

The primary performance objective of an automatic fire sprinkler
system is to control the fire, not necessarily to extinguish it.

The performance objective from the first edition of the standard to
the most current edition is to maintain control of a fire to the point
that emergency responders can complete the suppression activity by
manual firefighting techniques and not necessarily rely on the fire
sprinkler system to extinguish the fire. Controlling a fire necessitates
containing the fire to the general area of origin by applying adequate
water to keep the heat and gases from involving additional materials
in the surrounding area. This means, with few exceptions, that fire
sprinkler heads cover all spaces in the building, including concealed
combustible spaces, attics, and, in some instances, the space above
and below ceilings. The same requirements and performance
objectives apply to all the different occupancy, commodity, and
storage conditions covered by the standard because every system
design establishes a minimum performance level for the occupancy
based on an evaluation of the hazard. Although control of a fire
remains as the basis for an NFPA 13 fire sprinkler system design, in
many instances the fire sprinkler system is more than adequate to
extinguish a fire before manual firefighting is necessary. This
success is attributed to more than 120 years of evaluating
technology, construction, materials, and research to improve the
document and maintain it as one of the most widely used NFPA
standards.



NFPA 13D, Standard for the Installation of
Sprinkler Systems in One- and Two-Family
Dwellings and Manufactured Homes
In 1973, the National Commission on Fire Prevention and Control
published a report called America Burning that evaluated the fire
problem in the United States. According to the report, 87 percent of
all fire deaths occurred in the home (National Commission on Fire
Prevention and Control 1973, 54). Although a design professional
could have used NFPA 13 to design a home sprinkler system, these
statistics made it clear that the fire problem in the home was different
from the fire problem in commercial or industrial properties;
therefore, a new way of thinking and type of system needed to be
developed. That same year, the NFPA began work on a new
standard that dealt with residential occupancies; the result was
NFPA 13D, Standard for the Installation of Sprinkler Systems in One-
and Two-Family Dwellings and Manufactured Homes.

First published in 1975, NFPA 13D addressed the residential fire
problem by placing fire sprinklers in the areas of a home where a fire
would most likely start, including the kitchen, living room, and
bedrooms. Sprinkler head installation was excluded from small
bathrooms, small closets, and unheated areas such as attics not
used for storage. The initial design and installation requirements
came from the committee members who wrote the standard based
on their understanding and experience with residential fires. To that
end, the standard established that the system must be economically
viable, provide sufficient time for escape or rescue, and prevent
flashover. Subsequent revisions to the standard relied on research,
testing, and performance data compiled by a number of
governmental and private organizations to develop requirements for
sprinkler heads designed specifically for residential applications,
duration of water supply, and minimum flow output for sprinkler
heads. Recent editions concern technological advances in products,
materials, components, design concepts, installation methods, and
clarifications to existing requirements.



NFPA 13R, Standard for the Installation of
Sprinkler Systems in Low-Rise Residential
Occupancies
The development of NFPA 13R, Standard for the Installation of
Sprinkler Systems in Low-Rise Residential Occupancies, further
addressed the residential fire problem by dealing with low-rise
residential occupancies such as hotels, motels, apartments,
condominiums, and, in some cases, large single-family dwellings
that reached four stories. The first edition—which appeared in 1989
with the title NFPA 13R, Standard for the Installation of Sprinkler
Systems in Residential Occupancies Up to and Including Four
Stories in Height—incorporated elements of NFPA 13 and NFPA
13D.

NFPA 13R loosely follows NFPA 13 requirements, including
installation of at least one fire department connection in buildings
over 2000 ft2 or more than one story, sufficient water to support
multiple sprinkler heads flowing simultaneously, design proved by
hydraulic calculation, and hydrostatic testing consistent with NFPA
13 requirements when the system has 20 or more heads or a fire
department connection. NFPA 13R also follows the NFPA 13D
concepts of placing sprinkler heads in areas where a fire is most
likely to start, maintaining a tenable environment long enough for a
person to be rescued or safely exit the dwelling, preventing
flashover, and being economically feasible to install. Since 1989, the
standard’s name has changed to Standard for the Installation of
Sprinkler Systems in Low-Rise Residential Occupancies, and it has
evolved to deal with the technological advances in products,
materials, components, design concepts, and installation methods
and to offer clarifications to existing requirements.

Other Fire Sprinkler Standards
Other standards dealing with fire sprinkler systems exist; however,
these are typically used when there is a level of hazard exceeding



the scope of NFPA 13, when the standard has specific design
requirements for the hazard, or when the approving authority
requires the use of a different standard. For example, there are a
number of NFPA standards that deal with specific hazards, including
NFPA 30, Flammable and Combustible Liquids Code; NFPA 30B,
Code for the Manufacture and Storage of Aerosol Products; NFPA
214, Standard on Water-Cooling Towers; and NFPA 804, Standard
for Fire Protection for Advanced Light Water Reactor Electric
Generating Plants. Generally, these standards state the applicability,
establish certain fire sprinkler design criteria based on a certain
condition, and specify sprinkler head characteristics and types
appropriate for the installation. They do not specify installation
methods or dictate how to lay out a system. However, many of these
standards’ design criteria are now incorporated into NFPA 13 or
other water-based fire protection system standards.

In addition, a few insurance providers develop their own
standards for use at their clients’ facilities. For example, FM Global
publishes many different data sheets that deal with fire protection
systems, including Data Sheet 2-0, Installation Guidelines for
Automatic Sprinklers; and Data Sheet 2-5, Installation Guidelines for
Automatic Sprinklers in Residential Occupancies. FM Global also
publishes many fire protection data sheets specific to a hazard—
such as Data Sheet 8-9, Storage of Class 1, 2, 3, 4 and Plastic
Commodities—that establish fire protection guidelines for the many
different storage configurations of materials.

TIP

Automatic fire sprinkler systems require periodic reevaluation to
ensure that the hazard has not changed to the point where the
original system design and installation are no longer adequate to
protect it.



Ultimately, the design professional must determine the type of
system that is best suited to protect the hazard and utilize the
appropriate standard to implement the design and installation for the
occupancy and building conditions. In some instances, more than
one standard may apply to a given facility; therefore, it is possible
that the design professional will reference more than one of these
and other standards to determine the best fire protection system
design requirements for a particular hazard or building.

TIP

Systems may have similar characteristics, but changes in
occupancy, contents, storage arrangement, or process can
render an automatic fire sprinkler system inadequate to protect
the building or structure.



Design Concepts for Automatic Fire
Sprinkler Systems
An automatic fire sprinkler system is not just a series of pipe and
sprinkler heads randomly placed throughout a building. It is an
engineered system designed to control a fire within minutes of
inception. For an automatic fire sprinkler system to be competently
designed, laid out, and installed, a thorough understanding of the
hazard is required. In addition, the system requires periodic
inspection, testing, maintenance, and reevaluation to ensure that the
hazard has not changed to the point where the original system
design and installation are no longer adequate to protect it. Although
the different types of systems may have similar characteristics, any
changes in occupancy, contents, storage arrangement, or process
could render the system inadequate to protect the building or
structure.

The basis for most system designs starts with classifying the
occupancy, commodities, or storage arrangement that the system
must protect relative to the level of severity of a potential fire.
Evaluating the combustibility, amount of combustibles, storage
arrangement, and rate of heat release by the commodity, material, or
product is critical to determining the hazard classification and design
approach. Any occupancy, commodity, or storage arrangement
produces certain combustible characteristics that will output energy
through fire development. Based on the level of energy output, the
system design must deliver enough water to absorb the energy from
the fire so it does not grow any larger.

To that end, NFPA 13 establishes a number of different hazard
classifications based on occupancy, commodity, and storage
arrangement. TABLE 7-4 and TABLE 7-5 summarize occupancy and
commodity classifications found in NFPA 13. Other hazard
classifications found in NFPA 13 include plastics, elastomers, rubber,
and rolled paper storage. These classifications derive from fire loss



investigations, research, and testing. By establishing a classification
system, a consistent and uniform set of guidelines can be applied to
the design of automatic fire sprinkler systems. However, as
previously mentioned, there are instances in which the conditions will
exceed the scope of NFPA 13, thus requiring the use of other
standards that specifically deal with the hazard.

TABLE 7-4 Occupancy Hazard Classifications and Characteristics

Description
Data from National Fire Protection Association. NFPA 13, Standard for the Installation of
Sprinkler Systems, 2019 Edition. Quincy, MA: National Fire Protection Association, 2019.

TABLE 7-5 Commodity Hazard Classifications and Characteristics



Description
Data from National Fire Protection Association. NFPA 13, Standard for the Installation of
Sprinkler Systems, 2019 Edition. Quincy, MA: National Fire Protection Association, 2019.

Initially, the design professional will review the design and
construction documents to determine the occupancy and other
conditions that will have an effect on the overall design. If, for
example, the building is a school, the design professional will consult
NFPA 13 and establish that schools fall into the light hazard
category. The characteristics of light hazard occupancies are low
combustibility, low fuel load, and a low rate of heat release from the
fuel. However, if the building was a sawmill (which falls into the extra
hazard group 1 category), the characteristics are very high
combustibility, large amounts of fuel, and a high rate of heat release
from the fuel.

After determining the occupancy and conditions, the design
professional will decide whether to use a pipe schedule design or
hydraulic design for the design of the system. Pipe schedule
designs date back to the beginning of NFPA 13 but are now limited
to new systems that are 5000 ft2 or less; new systems that are 5000
ft2 or more where the required flow is outlined in NFPA 13 and the
pressure at the highest elevation head is at least 50 psi; additions or
modifications to existing pipe schedule systems sized per NFPA 13
requirements; and additions or modifications to existing extra hazard
systems (National Fire Protection Association 2019, NFPA 13,



Section 19.3.2.3). Because of these design limitations, very few pipe
schedule systems are specified and few authorities accept pipe
schedule designs unless they are tied to an existing pipe schedule
system. Instead, most design professionals choose to hydraulically
calculate the system, using density/area curves found in the 2019
edition of NFPA 13, Figure 19.3.3.1.1.

Density/area curves provide a graphic representation of the
minimum amount of water (design density) that the fire sprinkler
system must provide at the most remote part of the system (remote
area). Each curve provides a number of points from which the
design professional can select a density (measured in gallons of
water per minute per square foot [gpm/ft2]) over a given area. As the
density of the water flow decreases, the remote area increases. For
example, the designer of the school or sawmill would determine the
hazard classification and then reference the curves for the required
flow and area values. According to the NFPA 13 density/area curve
for light hazard occupancies, the school system must be able to
deliver 0.10 gpm/ft2 covering 1500 ft2. For an extra hazard group 1
occupancy such as the sawmill, the system must be able to deliver
0.30 gpm/ft2 covering 2500 ft2. Most design professionals try to flow
as much water as possible over the smallest area possible.
However, be aware that there are multiple points on the density/area
curves and, if the designer is so inclined, the school design density
could just as easily be 0.07 gpm/ft2 covering 3000 ft2 and the sawmill
design density could be 0.20 gpm/ft2 covering 5000 ft2. Properly
performed hydraulic calculations provide a more accurate indication
of pressure and flow throughout the system, allowing for more
design flexibility.

For many installations—but not all—the remote area is the piping
farthest from the water source. The density/area curve establishes
that, at a minimum, all of the sprinkler heads in the most
hydraulically demanding part of the system must be able to deliver
the stated minimum amount of water for the required amount of time.
The maximum permitted head spacing is a function of the hazard
level and construction conditions. For example, for light hazard
occupancies such as a school, each fire sprinkler head can protect



up to 225 ft2 based on NFPA 13’s maximum permitted spacing of 15
ft by 15 ft for hydraulically calculated systems. The 225 ft2 spacing is
contingent on an open floor plan with smooth, flat, unobstructed
ceilings, but spacing could change based on construction features
that create obstructions. As previously mentioned, NFPA 13 requires
the system to flow at least 0.10 gpm/ft2 over the entire remote area.
Therefore, the amount of water needed per sprinkler head for a light
hazard occupancy would be 225 ft2 × 0.10 gpm/ft2 = 22.5 gpm in the
remote area. With a remote area equaling 1500 ft2 and each head
covering 225 ft2, the number of heads needed in the remote area is
1500 ft2/225 ft2 = 6.66 heads, rounded up to 7 heads. Therefore, the
total amount of water required in the remote area is 22.5 gpm per
head × 7 heads = 157.5 gpm. (Another method of determining the
amount of water needed would be to simply multiply 0.10 gpm/ft2 by
1500 ft2, but that method is less accurate and provides only an
estimated amount.) Based on the required design density and
coverage area, the fire sprinkler system water supply must be able to
deliver at least 157.5 gpm to the remote area to support the system
water demand plus the inside and outside hose stream demand.
The combined hose demand for light hazard occupancies per NFPA
13 is 100 gpm, making the total required amount of water to be
257.5 gpm.

Returning to the sawmill example, the maximum permitted
square footage per sprinkler head from the NFPA 13 spacing table
for extra hazard is between 100 ft2 and 130 ft2. Using 100 ft2, the
calculated demand is 100 ft2 × 0.30 gpm/ft2 = 30 gpm/head. With a
remote area equaling 2500 ft2, the number of heads in the remote
area is 2500 ft2/100 ft2 = 25 heads. Therefore, the total amount of
water required in the remote area is 30 gpm per head × 25 heads =
750 gpm. Adding in the combined hose demand of 500 gpm as cited
by NFPA 13 for extra hazard occupancies, the total required water
demand is 1250 gpm.

In addition to the gallons of water needed, the pressure must be
adequate at the sprinkler heads in the remote area. In the school
example, the pressure required to flow the most hydraulically remote
head would be determined by referencing the formula for calculating



the water discharge from a sprinkler head, which is Q = K√P (Q is
the discharge in gallons per minute; K = 5.6, the constant
representing the discharge coefficient for a ½-in. orifice sprinkler
head; and P is the water pressure in pounds per square inch). To
solve for P, the equation would read P = (Q/K)2, or (22.5/5.6)2 =
16.11 psi. Therefore, the water supply for the school sprinkler
system must be capable of delivering at least 16.11 psi at the most
remote head on the system.

Before releasing the fire sprinkler system to the building owner or
representative, the contractor is responsible for recording the system
information on a hydraulic design information sign or data plate.
The contractor posts the sign or plate near or on the system riser
with information including the hazard, design density, size of the
remote area, required gallons and pressure for the water supply, and
location that the system is serving. This sign provides a ready record
of the original system design parameters so, if modified later, the
designer will know what the system is capable of delivering FIGURE 7-

37.



FIGURE 7-37 Hydraulic design information sign.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



Description

Be aware that the calculated flows and pressures in these
examples are the minimum theoretical values at the end head of the
system and are for demonstration purposes only. In actual practice,
these values will be higher due to pressure losses throughout the fire
sprinkler system pipe network caused by friction loss and changes in
elevation. Friction loss is a progressive pressure drop when the
flowing water makes contact with the piping and components in the
water system. As water flows away from the source, pressure is lost
due to changes in the direction of the pipe, length of the pipe, type of
the pipe, size of the pipe, types and size of the fittings, and other
components in line with the piping. Changes in elevation must also
be accounted for when calculating a fire sprinkler system because—
relative to the water source elevation—the pressure can either
increase or decrease in the system.

TIP

A design density only applies to areas of a building that meet the
characteristics of the hazard group being referenced. Buildings
frequently have multiple hazard areas that require application of a
different design density than the most prominent hazard
classification in the building.

When designing an automatic fire sprinkler system, there are a
number of modifiers and qualifiers that come into play, but there are
two that specifically require mentioning. First, a design density only
applies to areas of a building that meet the characteristics of the
hazard group being referenced; frequently, buildings have areas that
present a different hazard from the prominent hazard condition. If a



school had a woodworking shop or automotive repair shop, a light
hazard design density would not adequately protect those areas. In
those areas, the fire sprinkler system would require additional water
based on the NFPA 13 ordinary group 2 hazard requirements.
Second, the square footage of the remote area increases by 30
percent when the fire sprinkler system is either a dry pipe or a
preaction-type system. For example, if a sawmill operated in an
unheated building and required a dry sprinkler system, the remote
area would increase from 2500 ft2 to 3250 ft2 (2500 ft2 × 1.3 = 3250
ft2), but the design density would not change.

TIP

The basis for the design of an NFPA 13 system requires the
design professional to determine the hazard, the design density
required to protect the hazard, and if there is an adequate water
supply available to support the system demand.

Once the estimated flow and pressure requirements for the
system are available, the designer determines if the available water
supply can support the system demand. This determination requires
measuring the flow and pressure that are available from the source
and then comparing those readings to the system demand. If the
demand is less than the supply, then the water supply is adequate to
support the system; but if the demand is more than the supply, then
the designer must figure out how to make up for the water supply
deficit. This could involve a number of possible remedies, including
redesigning the system, upsizing the fire service line, or installing a
water storage tank.

Although a complete discussion of design concepts and the
entire design process is beyond the scope of this text, it is important
to understand that the basis for the design of an NFPA 13 system



requires the design professional to determine three factors before
the design can move forward: (1) the hazard, (2) the design density
required to protect the hazard, and (3) the water supply necessary to
support the system demand. When these factors are determined, the
designer will set out to provide the best system to control, and in
some instances extinguish, the fire by deciding (among other things)
the specific type of system, pipe layout, pipe size, type of head, head
spacing, and head location. When these factors are incorrectly
determined or when the system is not reevaluated after there are
changes to the hazard, commodity, or storage arrangement, it is
possible the fire sprinkler system will not perform as required to
control or suppress a fire.



Inspection, Testing, and Maintenance
Requirements
Similar to fire lines, fire pumps, and standpipes, automatic fire
sprinkler systems must go through an approval process to be
accepted as a system that is ready to operate and perform as
designed. The purpose of these inspections and tests is to make
certain that the materials and workmanship follow the design and
manufacturer’s requirements and that the systems perform the
functional requirements as installed. The approving authority will
determine if the system installation was done according to approved
plans, the components are in the correct place and as specified,
there is an adequate water supply, there are no leaks, and all control
valves are in the correct position. All of these requirements can be
found in the various standards used to design the systems. In
addition, periodic inspections, tests, and maintenance provide
verification that the system is still capable of performing as designed
and that the conditions of installation have not changed in such a
way that the system will not operate and perform as installed. Most
periodic inspections, tests, and maintenance of fire sprinkler systems
follow inspection and testing protocols consistent with those
established when accepting a system. This section provides
descriptions of the different types of required acceptance inspections
and tests and periodic inspections, tests, and maintenance activities.

TIP

Although not always practical or necessarily required, the best
practice to flush a water supply line is with an outlet equal in size
to the incoming supply pipe. This ensures that any size item that
entered the pipe is able to exit it.



Acceptance Inspections and Tests
For the most part, the types of acceptance inspections and tests
performed during and at the conclusion of construction on any fire
sprinkler system are very similar from system to system, with
differences due to a specific system function, an operational
requirement, or a performance measure for the type of system under
inspection and testing. At the conclusion of the inspections and tests,
the system installer must provide documentation to the approving
authority stating the installation followed approved plans and
detailing the materials specified, the work performed, and the results
of the required inspections and tests. The various NFPA standards
provide sample documentation and reports for this purpose.

Flushing
Before connecting the water supply to a fire sprinkler system, the
incoming fire line requires flushing to remove dirt, stones, mud,
debris, or other particulate matter that could clog, damage, or
compromise the performance of the fire sprinkler system. Because
these lines typically terminate inside a building, additional hose or
pipe might be necessary to direct the water to a location that is able
to handle the potentially large volume of discharged water. Once it is
determined that discharging the water is safe, the control valve must
be fully opened to allow the water to discharge from the pipe and
meet one of the following minimum flow rates: (1) a velocity of 10 ft
per second or (2) the maximum flow rate available to the system
(National Fire Protection Association 2019, NFPA 24, Sections
10.10.2.1.3, 10.10.2.1.3.1). Flushing the line should continue until
the water flow is clear to ensure a thorough cleaning of the pipe.
Once the line has been completely flushed, the fire sprinkler system
connects to the incoming line to conclude the water supply
installation.



TIP

When cold temperatures prevent hydrostatic testing, the air test
substitutes as an interim measure to determine system integrity.

Hydrostatic and Air Tests
Without question, the hydrostatic test is one of the most important
tests performed during the construction phase of a fire sprinkler
system installation. The test requires pumping water into the
sprinkler system to subject the system piping, fitting, valves, and
other components to a predetermined pressure for a minimum time
duration, usually 200 psi for 2 hours. For situations where the water
pressure exceeds 150 psi, the test should be performed at 50 psi
over that pressure for 2 hours (National Fire Protection Association
2019, NFPA 13, Sections 28.2.1.1, 28.2.1.3). For example, if the
static water pressure is 175 psi, the system test pressure must be
225 psi. Typically, the visual inspection and hydrostatic test are
concurrent inspections, wherein the inspector reviews the
contractor’s approved shop drawings, walks the entire system to
ensure that the installation matches the approved drawings, checks
to make sure there are no leaks, and ensures that the system
maintains integrity. All hydrostatic pressure measurements are taken
at the low elevation point of the individual system or test area. At the
end of the 2-hour test period, a test valve is opened to purge the
piping and release the pressurized water from the system, allowing
the system pressure to drop to zero to ensure a valid test.

If the system is a dry or preaction system, an air test is also
required. The air test requires subjecting the system piping to 40 psi
of air pressure for a 24-hour period; a maximum loss of 1½ psi is
allowed over that period (National Fire Protection Association 2019,
NFPA 13, Section 28.2.2.1). As with the hydrostatic test, the purpose
of the air test is to ensure that the system will not leak and that it
maintains integrity. The 200-psi water pressure and the 40-psi air



pressure are generally considered the high end of system pressure
exposure; therefore, they are good indicators of system integrity.

Hydrostatic Tests for Residential Systems. When
hydrostatically testing an NFPA 13D residential sprinkler system, the
hydrostatic test pressure should be equal to the water pressure of
the system’s source. For example, if the source were the local water
purveyor, the test pressure would be equal to the incoming static
street pressure. The reason to test at the source pressure is that the
pressure generally remains unchanged; therefore, the sprinkler
system will not be exposed to pressures that are significantly greater
than what is available. However, if the system requires a fire
department connection, the hydrostatic test must follow the
requirements in NFPA 13 because fire department pumping
apparatus can generate much higher pressures than the normal
operating pressures associated with domestic water supplies and
small pressure pumps, and the sprinkler system must be able to
handle these higher pressures.

For NFPA 13R systems that have fewer than 20 installed
sprinkler heads and no fire department connection, the required test
pressure is 50 psi higher than the maximum system pressure for 2
hours. When there are more than 20 installed sprinkler heads or a
fire department connection, the required test pressure is 200 psi for
2 hours (National Fire Protection Association 2019, NFPA 13R,
Sections 10.2.2.1, 10.2.2.2).

Visual Inspection
Visual inspections confirm that the design and installation meet the
minimum standards and are consistent with the approved plans. By
visually examining the components, a person can determine if the
system has any damage or leaks, if the components are the correct
size and in the correct location, and if the components are the type
specified. It is common to perform more than one visual inspection
during a system installation, and usually these inspections are
concurrent with the hydrostatic tests, operational tests, and final



inspections. These inspections are very important. Failure to verify
the components as specified could damage the system, cause injury
to persons, or delay fire department operations.

Consider the example of component pressure ratings. Verifying
component pressure ratings should happen during hydrostatic
testing or even during final inspection. If the water pressure in a
system routinely exceeds 175 psi, then the components must have a
pressure rating that is higher than 175 psi. Visually verifying that the
component rating is higher than the expected pressure is essential to
ensure system integrity and general safety FIGURE 7-38. This is
accomplished by simply looking at the component’s markings when
installed, in the pipe and fitting storage area during construction, or
on the manufacturer’s data sheet. Another example of the
importance of the visual inspection relates to dry sprinkler heads and
the types of fittings the head requires for installation. Because of the
way the dry head activation/release mechanism operates and the
need for dry sprinkler heads to protrude into the sprinkler piping,
installation requires that the dry head screw into a “tee” fitting, not an
“elbow” fitting. If the incorrect fitting is used, the activation/release
mechanism could fail to fully release, causing the head not to
operate properly. These are just two examples of the importance of
visual inspection; even a cursory visual inspection could result in the
finding of a significant system problem.



FIGURE 7-38 This fire hose valve was constantly subjected to pressure in excess of its

rating and eventually failed.

© Jones & Bartlett Learning.

Operation of Components
Any sprinkler system component that is capable of manual or
automatic movement requires testing under actual operating
conditions. Components that should be tested include control valves;
movable fire department connection components; water flow
switches; pressure switches; valve tamper switches; drain valves;
automatic drip valves; gauges; pumps; automatic filling devices for
tanks; quick opening devices; dry pipe, deluge, alarm, and preaction
valves; and devices that regulate pressure.

For many components, this step only requires operating a valve
to verify movement of water through the system and operation of the



associated components, manually turning a component to make sure
it has free range of movement, and observing that a device functions
and performs as designed and required. For example, opening an
inspector’s test valve on a sprinkler system provides confirmation
that water is flowing through the system and that either an electrical
or a mechanical alarm sounds. Opening an inspector’s test valve can
also start a sequence wherein a dry pipe, deluge, or preaction valve
opens or trips to permit water to enter the system, sound an alarm,
and notify personnel monitoring the system alarm functions. This is
an especially important test for the dry pipe valve because there
might be a maximum allowable time for the valve to trip, flow water,
and deliver the water to the open sprinkler heads.

Other examples of testing under actual operating conditions
include manually turning the swivels on a fire department connection
and observing gauge readings while water flows out of a test
connection for a pressure-reducing or backflow prevention device.
Manually turning the swivels on a fire department connection verifies
free range of movement so emergency responders do not have
difficulty supplementing the water supply to a fire sprinkler system.
Observing gauge readings while water flows confirms that proper
water capacity and pressure are available at the appropriate location
in the system. Performing tasks such as these will verify that the
system will properly operate when needed.

Main Drain Test
The main drain test is a very simple test that establishes that the
incoming water supply is adequate for the system demand and that
there are no impairments to the piping and valves controlling the
water supply. The main drain test requires a person to look at the
system water pressure gauge, record the static pressure, fully open
the main drain valve, permit the water flow to stabilize, look at the
same gauge, record the residual pressure, and then shut off the
valve. However, it is important and necessary to make sure that the
drain line piping runs to an exterior location or interior drain that is
capable of handling the discharge of water in a manner that will not



cause flooding or damage at the location of discharge. This problem
periodically arises and requires attention during the plan review and
installation phase. Once the system is installed, it becomes a
challenge to find appropriate methods to handle water discharge,
usually leading to continued cancellation or rescheduling of the main
drain test during periodic inspection and testing. TABLE 7-6 provides a
matrix for all required acceptance inspections and tests.

TABLE 7-6 System Acceptance Inspection and Test
Requirements for New Water-Based Fire Protection Systems

Description
© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Periodic Inspection, Testing, and
Maintenance
Periodic inspection, testing, and maintenance of fire sprinkler
systems provide a level of certainty that the system will operate
when called upon. Most of the same inspections and tests utilized to
accept fire sprinkler systems verify proper operating conditions, but
these inspections and tests occur at defined intervals. In addition, it
is important to exercise the components—as it is with any
mechanical system—because many sit idle for long periods of time.
Failure to exercise components results in an unknown operational
condition. When called upon, the component may not perform as



required. It is better to test and have a component fail than to have a
device fail during a fire emergency.

A simple visual inspection of a system can reveal leaks,
corrosion, and damage to critical system components. A water flow
test can determine if the system is still able to provide the required
water capacity and pressure or determine if there is a closed system
control valve. A trip test determines if the dry, deluge, or preaction
valve releases and delivers water to the system in the appropriate
time. A hydrostatic test on an underground fire department
connection can determine if the piping remains intact or will fail when
subjected to fire apparatus pump pressures. At a minimum, all fire
sprinkler system inspection, testing, and maintenance should be in
accordance with the established intervals listed in NFPA 25,
Standard for the Inspection, Testing, and Maintenance of Water-
Based Fire Protection Systems. Depending on the type of fire
sprinkler system, NFPA 25 establishes inspection and test intervals
based on weather, environmental, and operational conditions.
Intervals range from day-to-day to every 5 years.

TIP

It is better to test and have a component fail during testing than it
is to have the component fail when called upon in a fire
emergency.

TIP

The periodic inspections, tests, and maintenance activities
performed on a fire protection system are the responsibility of the
building owner, not the fire department.



Where cold weather conditions dictate, daily inspections of dry
pipe, preaction, and deluge system enclosures are necessary to
make sure there is adequate heat to prevent freezing at the valve.
Weekly, monthly, quarterly, and semi-annual system inspections
make sure that system control valves are open; air and water
pressure readings are within normal range; sprinkler heads are not
blocked; there is no damage, leakage, or corrosion to components;
and components operate as designed. Quarterly and semi-annual
main drain, water flow, and supervisory alarm tests; partial trip tests;
and operation of control valves confirm that an adequate water
supply is available, that there are no obstructions, and that alarm
functions work. Annually, all systems receive a complete visual
inspection and operational test to ensure that the hazard has not
changed in such a way as to require a reevaluation of the hazard,
and that all components operate as designed and installed (National
Fire Protection Association 2017, NFPA 25, Tables 5.1.1.2, 13.1.1.2).

Every 3 years, dry pipe systems require a full trip test consisting
of opening the inspector’s test valve to purge the air from the system
to release the dry pipe valve clapper, thus allowing water into the
system so it can flow to the most hydraulically remote point. Every 5
years, a sample of extra high-temperature sprinkler heads needs to
be tested to make sure the heads operate as required, and system
gauges need to be replaced or calibrated if not accurate within 3
percent of the actual reading. A sample of fast/quick response
sprinkler heads requires testing initially at 20 years of service and
then every 10 years thereafter to make sure they operate as
required. At 50 and 75 years of service, a sample of all sprinkler
heads requires testing; if they fail to perform, all heads require
replacing (National Fire Protection Association 2017, NFPA 25,
Tables 5.1.1.2, 13.1.1.2). Conducting these periodic inspections and
tests will provide a level of certainty that the systems will operate and
avoid many of the impairments that befall them.

Impairments to a fire sprinkler system result from component
failure; environmental conditions; carelessness; or a lack of any or
proper inspection, testing, and maintenance. Typical fire sprinkler
system impairments include closed control valves; painted, corroded,



damaged, loaded, or obstructed sprinkler heads; leaks; broken
fittings; and broken piping due to freezing or impact damage. In
addition, obstructions in piping can be due to many conditions,
including water quality, introduction of materials to stop system
leaks, foreign materials, pipe scale, debris, mud, dirt, stones, and
corrosion due to microbiological influences FIGURE 7-39. When faced
with system impairment, a plan should be in place to use alternative
resources, implement a fire watch, document and tag the system as
out of service, contact all affected parties, and start the impairment
investigation to expedite repairs.

FIGURE 7-39 The importance of the main drain test was revealed when the water supplying

a building fire sprinkler system dropped from 50 psi to nearly 0 psi. The water pressure did

not recover to 50 psi for nearly an hour, and an investigation revealed that the water main

was almost completely blocked by tuberculation. This section of the water main pipe that

was removed is almost completely clogged. Had there been a fire at this building, the fire



sprinkler system would probably have had great difficulty supplying the water demand

required to control a fire.
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A review of NFPA statistics compiled between 2010 and 2014
indicates that the overwhelming reason sprinkler systems failed to
operate was due to systems being shut off (59%). Data also
revealed that 10 percent of failures were due to lack of maintenance,
7 percent were due to component failure, 7 percent were due to the
wrong type of system, and 17 percent were due to manual
intervention (Ahrens 2017, 9). Many failures are preventable and
require periodic inspection, testing, and maintenance to discover and
correct. A vigilant inspection, testing, and maintenance program
should be supported by building owners and their representatives.
Without support, employees will not buy into the property protection
and life safety programs that can prevent significant business
interruption, loss of wages, loss of jobs, or even a business shutting
down for good.

Wrap-Up

CHAPTER SUMMARY

Automatic fire sprinkler systems are not just a series of pipes
and sprinkler heads randomly placed throughout buildings; they
are engineered systems designed to control a fire within minutes
of the fire starting.

The basis for commercial and industrial fire sprinkler system
design is not necessarily to extinguish the fire but to keep the
fire at a relatively small size and under control until fire
department personnel arrive.



Automatic fire sprinkler systems offer building owners and
homeowners a reliable, effective, economical, and proven
protection system that will keep them from losing the things they
value, including their property and the lives of their families, their
employees, and the occupants of the buildings they own.

For well over 130 years, properly designed, installed, inspected,
tested, and maintained automatic fire sprinkler systems have
provided property protection and life safety with unmatched
success.

The model codes permit some increases and some reductions
in building performance and construction characteristics full
automatic fire sprinkler systems are installed.

Though fire sprinkler systems may seem simple, they require an
understanding of the hazard; competent design, layout, and
installation; periodic inspection, testing, and maintenance; and
reevaluation to ensure that the hazard has not changed to the
point where the original system design and installation are no
longer adequate to protect it.

The different types of automatic fire sprinkler systems may have
similar characteristics, but not all systems are alike and to
assume so is a mistake. Changes in occupancy, contents,
storage arrangement, and process can render a sprinkler
system inadequate and may require a different type of system to
protect the building or structure.

Acceptance inspection and testing are critical to ensure that the
system is installed per the approved plans and that it operates
as designed.

Periodic inspection, testing, and maintenance are extremely
important to ensure that the system and components operate as
designed and that no condition exists or a change has been
made that might affect the system’s ability to operate properly.



KEY TERMS

Accelerator A type of quick-opening device that attaches to the dry
pipe valve; upon sensing a loss of system air pressure, the device
opens an internal exhaust valve to redirect the pressurized air into
the intermediate chamber of the valve so it will disrupt the differential
and force the clapper to open.

Air-to-water differential The ratio of air pressure required to hold
back a given amount of water pressure based on the surface area of
a clapper for which the air side of the clapper is larger than the water
side.

Alarm check valve A valve that uses a clapper to prevent backflow
of water from the sprinkler system and initiates an alarm when water
flows through the system.

Automatic fire sprinkler system A network of underground and
overhead piping with fire sprinkler heads connected to the overhead
piping at specific intervals; upon activation of the sprinkler heads, the
system applies water over the fire area.

Deflector The component of a fire sprinkler head that breaks up the
water stream into small droplets and forms a water distribution
pattern over the coverage area of the head.

Deluge sprinkler system A sprinkler system employing open
sprinklers or nozzles that are attached to a piping system that is
connected to a water supply through a valve that is opened by the
operation of a detection system installed in the same areas as the
sprinklers or the nozzles. When this valve opens, water flows into the
piping system and discharges from all sprinklers or nozzles attached
thereto (National Fire Protection Association 2019, NFPA 13, Section
3.3.206.3).

Deluge valve A type of sprinkler system valve that holds back water
until manually or automatically activated.



Density/area curve A graph that establishes the relationship
between the required amount of water flow from a sprinkler head
(density) and the area that must be covered by the water based on
different hazard classifications.

Design density The minimum predetermined amount of water that
must flow from the fire sprinkler heads in the most hydraulically
demanding part (remote area) of a fire sprinkler system to control or
extinguish a fire.

Dry pipe sprinkler system A sprinkler system employing automatic
sprinklers that are attached to a piping system containing air or
nitrogen under pressure, the release of which (as from the opening
of a sprinkler) permits the water pressure to open a valve known as
a dry pipe valve, and the water then flows into the piping system and
out the opened sprinklers (National Fire Protection Association 2019,
NFPA 13, Section 3.3.206.4).

Dry pipe valve A type of sprinkler system valve that holds back
water until a sufficient reduction in air pressure releases the clapper
to flood the system piping.

Exhauster A type of quick-opening device that attaches to the dry
pipe valve or any location on a dry pipe system where there is 2-in.
piping; upon sensing a rapid loss of air pressure, the device opens a
port that purges air out of the system at a rate roughly equivalent to
15 open sprinkler heads.

Fire area An area of a building contained within firewalls, fire
barriers, or exterior walls.

Frame The central component that holds the other pieces of a
sprinkler head in place and screws into the fittings connected to the
sprinkler system piping.

Heat-sensitive element The component of a fire sprinkler head that
absorbs heat and activates when reaching a predetermined and
engineered temperature to release the water from a fire sprinkler
system.



Hydraulic design information sign or data plate A permanent and
rigid sign posted on or near a fire sprinkler system riser that provides
information regarding the system, including the protected hazard, the
design density, the remote area size, the required gallons and
pressure for the water supply, and the location that the system is
serving.

Hydraulic design Mathematical method of determining flow and
pressure at any point along the sprinkler system piping for the
purpose of determining pipe size throughout the system.

Inside and outside hose stream demand The amount of additional
water required to support the total fire sprinkler system water
demand based on the need to provide water for interior and exterior
fire department hose operations.

K-factor A number assigned to represent the discharge coefficient
for the orifice of a sprinkler head; used when calculating the water
flow or water pressure at a specific location in the fire sprinkler
system.

Limited area sprinkler system A type of automatic fire sprinkler
system that has a limited number of heads and does not require a
control valve or water gauge; usually fed from a domestic water
supply.

Old-style sprinkler head A sprinkler that directs from 40 percent to
60 percent of the total water initially in a downward direction and that
is designed to be installed with the deflector either upright or pendent
(National Fire Protection Association 2019, NFPA 13, Section
3.3.205.4.10).

Orifice The smooth opening in the fire sprinkler head through which
water flows from the pipe.

Orifice cap The component of a fire sprinkler head that covers the
orifice and is held in place by the heat-sensitive element.

Pendent sprinkler head A sprinkler designed to be installed in such
a way that the water stream is directed downward against the



deflector (National Fire Protection Association 2019, NFPA 13,
Section 3.3.205.3.3).

Pintle A pin that protrudes from the deflector of a fire sprinkler head;
serves to identify a sprinkler head with an orifice that is either smaller
or larger than the standard ½-in. orifice.

Pipe schedule design A sprinkler system design method where the
occupancy classification determines from a schedule the pipe sizes
and the number of heads that are permitted to be on the pipe.

Preaction sprinkler system A sprinkler system employing
automatic sprinklers that are attached to a piping system that
contains air that might or might not be under pressure, with a
supplemental detection system installed in the same areas as the
sprinklers (National Fire Protection Association 2019, NFPA 13,
Section 3.3.206.9).

Preaction valve A type of sprinkler system valve that holds back
water until a fire detector activates and an automatic fire sprinkler
head operates.

Remote area The minimum square footage of the most hydraulically
remote piping in a fire sprinkler system where the minimum design
density must be available from all heads in that area.

Residential fire sprinkler system A type of automatic fire sprinkler
system equipped with fast response automatic sprinkler heads
specifically created for low heat release and low water pressures.

Residential sprinkler head A type of fast-response sprinkler having
a thermal element with an response time index of 50 (meters-
seconds)½ or less that has been specifically investigated for its ability
to enhance survivability in the room of fire origin and that is listed for
use in the protection of dwelling units (National Fire Protection
Association 2019, NFPA 13, Section 3.3.205.4.17).

Retard chamber A chamber, usually 1 gallon in capacity, attached
to an alarm check valve that dissipates the energy of a water surge
or pressure fluctuation by draining faster than it fills.



Sidewall sprinkler head A sprinkler having special deflectors that
are designed to discharge most of the water away from the nearby
wall in a pattern resembling one-quarter of a sphere, with a small
portion of the discharge directed at the wall behind the sprinkler
(National Fire Protection Association 2019, NFPA 13, Section
3.3.205.3.5).

Specialty head A type of fire sprinkler head with different physical
characteristics than a standard spray sprinkler head for use with a
specific installation or application; a specialty head may have a
smaller or larger orifice, a protective coating or special finish, or a
special frame and/or deflector with a unique design.

Sprinkler head A spray device that distributes water over a limited
area at a designated flow rate to reduce the heat from a fire, limiting
and controlling the growth of the fire beyond the early stage of
development.

Sprinkler head wrench A type of wrench designed specifically for a
particular sprinkler head to facilitate installation and removal of the
head.

Sprinkler identification number (SIN) A unique character and
number identifier specific to a fire sprinkler head; assigned by the
manufacturer to distinguish the operating characteristics of the head
from other heads.

Standard spray sprinkler head A type of fire sprinkler head that
discharges an umbrella-shaped water spray pattern down toward the
floor and is characterized by a ½-inch orifice; the head activates
based on an established response time standard when exposed to
sufficient heat.

Trim ring, cover, cup, or escutcheon plate A component that fits
around a sprinkler head in a finished environment and seals the
opening around the head for esthetics and, in some instances, to
maintain the fire-resistive rating at the ceiling or wall as a component
of the head’s listing or approval.



Upright sprinkler head A sprinkler designed to be installed in such
a way that the water spray is directed upward against the deflector
(National Fire Protection Association 2019, NFPA 13, Section
3.3.205.3.6).

Water motor gong A hydraulically operated bell that sounds an
alarm when water passes through a paddle wheel, which turns a
shaft connected to a striker that hits the bell housing.

Wet pipe sprinkler system A sprinkler system employing automatic
sprinklers attached to a piping system containing water and
connected to a water supply so that water discharges immediately
from sprinklers opened by heat from a fire (National Fire Protection
Association 2019, NFPA 13, Section 3.3.206.10).

CASE STUDY

During a familiarization drill at a new high-rise office building that
contains a large computer room, retail stores on the ground level,
and three levels of underground parking, you decide to ask a rookie
fire fighter some questions about automatic fire sprinkler systems
before you enter the building.

1. What standard was most likely used to design and install the fire
sprinkler systems in the building?

A. NFPA 13
B. NFPA 13D
C. NFPA 13R
D. NFPA 30

2. What types of fire sprinkler systems are most likely installed in
this building?

A. Deluge, residential, and limited area systems
B. Preaction, wet, and deluge systems
C. Wet, dry, and preaction systems



D. Residential, dry, and deluge systems

3. Upon looking at a sprinkler head, how can the temperature
rating be determined?

A. The temperature is stamped on the head.
B. The sprinkler head frame is painted a certain color by the

factory to represent the temperature rating.
C. If the head uses a glass bulb to activate, the color of the

liquid represents the temperature rating.
D. All of the above

4. The fire sprinkler systems in the building were most likely
designed based on what occupancy/hazard classifications?

A. Extra hazard group I and ordinary hazard group II
B. Light hazard and ordinary hazard group I
C. Light hazard and ordinary hazard group II
D. Ordinary hazard group I and ordinary hazard group II

CHALLENGING QUESTIONS

1. What are some of the common myths and facts regarding
automatic fire sprinkler system operation and performance?

2. What was the primary purpose and the secondary benefit
derived during the first 80 or so years of automatic fire sprinkler
system design and installation?

3. How do thresholds affect the requirements to install automatic
fire sprinkler systems?

4. Name the three most widely used NFPA standards that deal
with automatic fire sprinkler system design and installation and
explain the application for each.

5. When designing an automatic fire sprinkler system, what is the
primary design goal?



6. When designing a residential fire sprinkler system, what are the
design goals?

7. What are the first factors evaluated when designing an
automatic fire sprinkler system?

8. Explain the differences between a pipe schedule designed
automatic fire sprinkler system and a hydraulically designed
automatic fire sprinkler system.

9. What is a density/area curve? How would the system designer
use the density/area curve when designing an automatic fire
sprinkler system?

10. What do the design density and remote area establish when
designing an automatic fire sprinkler system?

11. What is friction loss and how does it affect the design of an
automatic fire sprinkler system?

12. What are the different components of a fire sprinkler head?

13. List and describe the three broad categories used to identify fire
sprinkler heads.

14. List and describe the terms used to identify fire sprinkler heads
by their orientation relative to a ceiling or wall.

15. What are the differences between commercial application fire
sprinkler heads and residential fire sprinkler heads?

16. What information was stamped or applied to fire sprinkler heads
manufactured before 2001?

17. What is a sprinkler identification number (SIN) and what
purpose does it serve?

18. What is the K-factor and how does it apply to the design
process?

19. What are the four major types of fire sprinkler systems and for
what environment is each best suited for installation?

20. What is the air-to-water differential that governs the operation of
dry pipe valves?



21. Explain the differences between non-interlock, single-interlock,
and double-interlock preaction systems.

22. What are the three major differences between the NFPA 13
system and the residential fire sprinkler systems that change the
overall protection goals?

23. List the locations that do not require fire sprinkler heads when
installing a residential fire sprinkler system.

24. Name the various inspections and tests required when installing
an automatic fire sprinkler system.

25. What impairment remains the leading cause of fire sprinkler
system failure?
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8CHAPTER

Water-Based Fire Suppression Systems

Specialized Water-Based Fire
Protection Systems
LEARNING OBJECTIVES
At the conclusion of this chapter, you will be able to:

State three reasons why, under certain circumstances, the installation of specialized
types of water-based fire protection systems is a better choice than standard
automatic fire sprinkler systems.
Discuss the characteristics and applications for fixed foam systems.
Discuss the characteristics and applications for foam-water sprinkler and foam-water
spray systems.
Discuss the characteristics and applications for water spray fixed systems.
Discuss the characteristics and applications for water mist systems.
Discuss the inspection and test requirements for acceptance of specialized water-
based fire protection systems.
Recognize the possible impairments to specialized water-based fire protection
systems.

Case Study
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In November 2003, a foam system protecting two large methanol storage tanks, a
methanol pump room, and a methanol containment area was readied for a witnessed
acceptance test at a facility in Alexandria, Virginia. The purpose of the test was to confirm
that the system’s design, installation, and operation conformed to approved plans and
operational, discharge, and functional requirements. The test was a requirement for
approval by the statewide building code and followed the acceptance testing
requirements stated in NFPA 11, Standard for Low-, Medium-, and High-Expansion
Foam.

Upon arrival for the testing, the inspection staff for the local approving authority
requested the approved plans and manufacturer’s component data sheets for review. The
approved plans noted that the following witnessed tests were required: water supply line
visual inspection, hydrostatic pressure test, and flush; system piping hydrostatic test,
visual inspection, and flush; and operational, discharge, and functional test. Authority
inspectors had already visually inspected the water supply line, witnessed the water
supply line flush, and observed a hydrostatic piping test during a previous inspection. The
general contractor and system contractor indicated that the system had passed their
pretest and they were ready to perform operational, discharge, and functional testing of
the system by activating a heat detector.

Upon activation of a heat detector, the system deluge valve opened and foam started
to flow from the foam maker chambers that were attached to the sides of the methanol
storage tanks. However, the foam output from one chamber was noticeably less than the
other, so the agency inspectors terminated the test and instructed the contractor to



investigate the problem. The contractor disassembled the piping and discovered that the
pipe supplying the foam chamber was clogged with extra system components including
chamber membranes, gaskets, and bags of nuts and bolts that the contractor had
believed were lost or not shipped to the site. Although previously stating that personnel
had completed all required inspections and tests, the contractor admitted they had only
tested to confirm component operation and function and had not performed a full
discharge test. The contractor reassembled the piping and in the presence of the
inspector completed a successful operational, discharge, and functional test of the
system.

This incident illustrates the need to ensure that all required system inspections and
tests are witnessed and performed under actual operational conditions as stated in the
reference standards. Had the authority inspector not participated in the discharge test, the
blockage might not have been discovered until the system was required to perform during
an actual fire emergency. A system failure could place facility personnel, fire fighters, and
the public in danger.

1. Are there any circumstances for which full operational and discharge testing could
or should be waived by the inspectors?

2. Are there any circumstances for which installation contractors should be permitted
to certify their own work? If so, what are they?

3. If a fire broke out that was associated with the methanol storage, delivery, and
containment system, what would have been the likely outcome had the
undiscovered system components remained in the piping supplying the foam
chamber?



Introduction
The model codes published by the National Fire Protection
Association (NFPA) and the International Code Council (ICC)
establish requirements for when to install automatic fire sprinkler
systems based on a building or structure’s use and occupancy
classification. Once the model building codes state the requirement
to install an automatic fire sprinkler system, it is necessary to
determine what type or types of systems are appropriate for the
applications and conditions in the building or structure. Determining
the best system to provide the appropriate level and type of
protection requires an environmental and hazard evaluation by a
design professional.

Water-based fire sprinkler systems offer building owners and
homeowners a reliable fire and life safety protection system;
however, there are some situations in which the standard automatic
fire sprinkler systems are not appropriate for the applications and
conditions of a particular building, process, or hazard. This situation
might require a stand-alone alternative suppression system or an
alternative suppression system that supplements an automatic fire
sprinkler system. Alternative suppression systems include gas- and
chemical-based fire suppression systems as well as specialized
types of water-based fire protection systems, including low-,
medium-, and high-expansion foam systems, compressed air
foam systems, foam-water sprinkler and foam-water spray systems,
water spray fixed systems, and water mist systems. Specialized
types of water-based systems are typically installed to protect
conditions and hazards where standard automatic fire sprinkler
systems are not appropriate, where there is a need for a
supplemental suppression agent, or where the method of application
requires specialized equipment and components.

There are a number of similarities between the four types of
automatic fire sprinkler systems and the specialized types of water-
based systems. All of the systems use water as the primary



suppression agent, all must have an automatic water supply, all use
the same or similar components, all must automatically activate, and,
depending on the application, all use the same type of system
valves. Differences include the use of specialized spray nozzles
instead of fire sprinkler heads, the integration of foam agents with
water in certain types of systems, the use of specialized
components, and the design and application methods.

Both model building codes permit the use of alternative
suppression systems in lieu of an automatic fire sprinkler system
when the approving authority grants permission, and when the
system is designed and installed in accordance with the applicable
reference standard for the system type. However, no code language
specifies a certain type of fire suppression system installation for the
hazard; the use of a particular type of system is determined by its
ability to protect the hazard by controlling or extinguishing the fire.
Certain systems are appropriate for some hazards, conditions, and
applications but not for others. It would be extremely unlikely that
any approving authority would not grant permission to use a system
better suited to protect a hazard, but it is certainly critical to make
sure that all involved agree.

Although they are similar in so many ways, there are enough
differences between the prominent types of automatic fire sprinkler
systems and the specialized types of water-based fire protection
systems that separate standards for the design, installation,
inspection, testing, and maintenance of these systems have been
published. Like the model codes, none of these standards specify
where to install these systems; therefore, the design professional
must determine the type of system best suited to protect the hazard
and then utilize the appropriate standard to implement the design
and installation. A discussion of these systems, their components,
and the requirements and standards for design, installation,
inspection, testing, and maintenance follows.



Types of Specialized Water-Based Fire
Protection Systems
Fixed Foam Systems
Foam systems may be fixed, semi-fixed, portable, or mobile.
Specifying the use of a foam system frequently starts with
referencing NFPA standards that determine the appropriate type of
foam system to protect the hazard. This section focuses specifically
on fixed automatic foam systems. A fixed automatic foam system
protects flammable and combustible liquid hazards where two-
dimensional (surface) fires are possible FIGURE 8-1. The goal of
designing and installing fixed automatic foam systems is to ensure
that the system will accomplish one or more of the protection
objectives—extinguishing, preventing, controlling, or providing
exposure protection—for flammable and combustible liquid
processes, distribution, and storage facilities. These types of
systems are also used to protect facilities that store large quantities
of ordinary combustible materials; petroleum refining, storage, and
dispensing facilities; tank farms; chemical plants; aircraft hangars;
power plants; and rolled paper storage facilities.



FIGURE 8-1 A foam system protects these flammable liquid storage tanks by applying foam

onto the surface of the liquid inside the tanks through the foam maker chambers mounted

on the top-left side of the tanks.
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When properly applied and proportioned, the foam from these
systems smothers the fuel to isolate the ignitable vapors from the air,
isolates or separates the fuel from the fire, and cools the fuel and
surrounding area to prevent further ignition. However, one
manufacturer’s foam product and equipment cannot combine with
another manufacturer’s product or equipment unless listed or
approved for the purpose. All ingredients must be mixed in correct
proportions, and the associated equipment and agent must be
compatible and listed as a system to produce usable foam. If the
proportioning is incorrect or the equipment and foam are
incompatible, the foam will not work.



TIP

Semi-fixed foam systems have discharge devices that are
supplied by permanent piping that terminates at a safe distance
from the hazard. Mobile foam systems are towed or self-propelled
vehicles that can be connected to a water supply or carry
premixed foam; these systems connect to the semi-fixed system
and supply the foam. Portable foam systems consist of
equipment such as discharge nozzles, hose, and proportioning
devices, which are carried by the person operating the system.

TIP

In order to make usable foam in the correct proportions, the foam
and associated equipment must be compatible and listed for use
as a system.

Foam Products
Foam is an effective agent to meet all of the protection objectives for
flammable and combustible liquid hazards. Foam products are less
dense than fuel or water and will freely flow over the liquid surface.
In order to produce usable foam, a foam concentrate must first mix
with water to produce a foam solution. Common percentages of
foam concentrate are 1 percent, 2 percent, 3 percent, and 6 percent,
with each percentage representing the amount of concentrate that
mixes with water to create the foam solution. For example, in order
to ensure that the foam solution is properly proportioned, a 3 percent
foam concentrate would have a mixing ratio of 3 parts concentrate



mixed with 97 parts water, or 3 gallons of concentrate mixed with 97
gallons of water. Additionally, some foam concentrates have more
than one mixing rate, meaning the foam is usable on different types
of fuel. For example, if the foam concentrate has a mixing rate of 3
percent or 6 percent, the foam can be used on a fuel requiring a 3
percent mixture as well as on a fuel requiring a 6 percent mixture
when it is mixed appropriately for each respective fuel.

TIP

Specifying the use of a foam system frequently starts with
referencing NFPA standards such as NFPA 30, Flammable and
Combustible Liquids Code, and NFPA 409, Standard on Aircraft
Hangars. These standards provide the information necessary to
determine the appropriate type of foam system to protect the
hazard.

NFPA 11, Standard for Low-, Medium-, and High-Expansion
Foam, recognizes a number of different types of foam concentrates,
including aqueous film-forming foam (AFFF), alcohol resistant
aqueous film-forming foam (AR-AFFF), film-forming fluoroprotein
foam (FFFP), protein foam, fluoroprotein foam, medium-expansion
foam, and high-expansion foam. Certain foams are designated for
specific applications, while others have properties making them
usable with many different hazards and conditions. TABLE 8-1 lists the
general properties of foams used in fire protection systems, but keep
in mind that some manufacturer’s products may have wider
applications than shown in the table.

TABLE 8-1 Foam Comparison Table



Description
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Once the foam concentrate and water mix to form the foam
solution, the solution must mix with air to form bubbles. This process
occurs by mechanical means and results in the production of a foam
product. Foam products fall into three general categories: low-,
medium-, and high-expansion. Expansion is a function of properly
mixing the manufacturer’s defined percentage of foam concentrate
and water. Low-expansion foam increases from a 2:1 foam-to-
water ratio up to a 20:1 ratio, meaning the volume of foam can
increase up to 20 times the original volume of foam concentrate.
According to NFPA 11, low-expansion foam systems are used to
protect outdoor storage tanks, interior flammable liquid hazards,



loading racks, diked areas, and non-diked spill areas (National Fire
Protection Association 2016, NFPA 11, Section 5.1). Medium-
expansion foam increases from a 20:1 ratio up to a 200:1 ratio, and
high-expansion foam increases from a 200:1 ratio up to a 1000:1
ratio. Medium-expansion and high-expansion foam systems protect
ordinary combustibles, and flammable and combustible liquids; in
addition, high-expansion foam systems also protect liquefied natural
gas (National Fire Protection Association 2016, NFPA 11, Section
6.3). The foam used with these systems is not suitable for three-
dimensional flowing liquid or gas fires (National Fire Protection
Association 2016, NFPA 11, Section A 1.1).

TIP

Mixing different types of foam concentrate is prohibited by NFPA
11. However, mixing the same type of foam concentrate made by
different manufacturers is permitted if there is test data from the
manufacturer to support the compatibility.

Fixed Foam System Components
Many fixed foam system components, such as piping, fittings, and
valves, are the same as those used with other fire sprinkler systems.
However, additional components—such as the proportioner, the
foam concentrate tank, foam generating/distribution equipment, and,
in some installations, pumps—are necessary to generate foam for
the fixed foam system.

Operationally, these systems are automatically activated when a
fire detector, typically a UV/IR (ultraviolet/infrared) type, sends the
appropriate signal to the fixed foam system fire alarm control panel.
The panel then sends a signal to the system’s solenoid to open the
deluge or preaction valve. This causes the water and foam



concentrate to flow or be drawn, pumped, or pushed from the
storage arrangement (tank, drum, container) into a device called the
proportioner. The proportioner mixes the foam concentrate with
water and then sends it through the piping to the foam
generating/discharge device for application onto the fire. These
systems can also be manually activated by opening a special system
valve, activating a switch, or a manual fire alarm box FIGURE 8-2.



FIGURE 8-2 A manual fire alarm box is required as another method to activate a foam

system.
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Proportioners. NFPA 11 lists a number of different
proportioning methods. For example, with the venturi proportioner,
water moves over an open orifice within the proportioning device,
creating a lower pressure that draws the foam concentrate out of the
storage arrangement and into the water stream. The self-educting
nozzle and in-line eductor (both common to manual firefighting) and
the around-the-pump proportioners (common to mobile apparatus)
use venturi proportioning. With the pressure proportioner, some of
the incoming water supply is directed into a tank. A collapsible
bladder inside the tank holds the foam concentrate. As water is
directed into the tank, it exerts pressure on the bladder, pushing the
concentrate out of the tank to the proportioner for mixing. The
balanced pressure proportioner uses an atmospheric tank and
pump to introduce the foam concentrate into the water supply; the
proportioner then balances the foam and water pressures to achieve
the correct ratio. The balanced pressure proportioner method is used
by direct injection variable output foam pump systems, coupled-
water motor pumps, and balanced pressure pump-type
proportioners.

Foam Concentrate Tank. To avoid corrosion, the foam
concentrate tank must be made of materials that are compatible with
the foam concentrate. When the concentrate is stored directly in the
tank, the tank is usually made of fiberglass or polypropylene
materials that do not react with the foam. When the tank contains a
bladder that holds the concentrate, the tank is usually made of steel
and the concentrate fills the bladder’s rubber membrane FIGURE 8-3.
In addition, the size of the tank will depend on the amount of
concentrate necessary to protect the hazard for the minimum
required duration; certain facilities are likely to have more than one
tank for redundancy or reserve.



FIGURE 8-3 Upon system activation, water enters the tank and applies pressure on the

rubber membrane bladder that, in turn, pushes the foam concentrate out of the tank.
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Foam Generating/Distribution Equipment. Once the
proportioner has mixed the foam concentrate, it is sent through the
pipes to the foam generating/distribution device for application onto
the fire. Foam can be distributed subsurface, on the surface, into the
side of a tank, overhead, or into a confined area. Subsurface
injection occurs inside cone-roof fuel storage tanks. The
pressurized foam may flow in with the product being stored in the
tank, or it may travel through a separate foam line into the tank.
Once injected, the foam rises through the fuel to the surface. With
surface distribution and distribution into the side of a tank, the foam
flows to form a blanket that covers the fuel inside the tank. Overhead
distribution rains foam down on an area; this type of distribution



usually occurs through sprinkler heads or nozzles. Finally,
distribution into a confined area occurs by filling the entire area with
foam.

The application requirements determine the type of foam
generating/distribution equipment used to protect the hazard.
Devices such as the oscillating monitor nozzles, foam maker
chamber, sprinkler head and nozzles, and foam generator produce
and distribute foam where needed FIGURE 8-4. Oscillating monitor
nozzles sweep back and forth to distribute foam under aircraft wings
that overhead nozzles cannot reach or protect. Foam maker
chambers mount on the side of fuel storage tanks and apply foam on
top of the fuel inside the tank. Sprinklers cover an entire area with
foam; nozzles discharge foam into dikes or other surface
containment areas. Foam generators, which use fans, produce
medium- and high-expansion foam to fill a confined area such as a
warehouse or aircraft hangar FIGURE 8-5.



FIGURE 8-4 Low-expansion foam discharges from a nozzle and fills a containment dike.
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FIGURE 8-5 High-expansion foam is dispensed from generators located at the roof level of

an airplane hangar.

Courtesy of Tyco Fire and Building Products.

Pumps. Pumps are installed to move the foam concentrate or
additive out of a tank to ensure the maximum system demand is met.
When a fixed foam system requires a pump, a positive displacement
pump is better than a centrifugal pump because centrifugal pumps
may not work with concentrates exhibiting high-viscosity
characteristics (National Fire Protection Association 2016, NFPA 11,
Section A 4.6). When used for foam concentrate and additive
injection, NFPA 20, Standard for the Installation of Stationary Pumps
for Fire Protection, requires positive displacement pumps to have
seal material that is compatible with the foam concentrate or additive
(National Fire Protection Association 2019, NFPA 20, Section 8.2.3).
The pump must also be able to dry run for 10 minutes without



becoming damaged (National Fire Protection Association 2019,
NFPA 20, Section 8.2.4).

Compressed Air Foam Systems
A Compressed air foam system is a type of foam system that
combines air or nitrogen, water, and foam concentrate in correct
proportions to create high-momentum, greater-expansion-ratio foam.
The systems are very similar to other foam systems. The foam
concentrate is normally stored in nonpressurized tanks that range
from 5 to 500 gallons. When the tanks are pressurized, however,
they are equipped with relief valves to prevent over-pressurization.
The air or nitrogen is supplied from high-pressure cylinders that are
coupled with a high-pressure manifold and pressure regulation
devices. However, unlike other foam systems, compressed air foam
systems use mixing chambers to combine the solution that feeds the
piping and flows to the specialized nozzles that deliver the foam.

The foams used by these systems are Class A or Class B low-
expansion foams that protect flammable and combustible liquids,
liquid spill fires, and three-dimensional fires. These foams are stable
and uniform; they penetrate, isolate, adhere, and blanket the hazard.
Although compressed air foam systems have been used for ships,
wildland fires, and, to a degree, structural firefighting for many years,
the technology to use these systems as a fixed fire suppression
system was only developed about 20 years ago.

Design and Installation Standard
Although the first edition of the NFPA standard dealing with foam
suppression dates back to the early 1920s, there have been a
number of different standards developed since, including the
previous edition of NFPA 11, Standard for Low-Expansion Foam,
NFPA 11A, Standard for Medium- and High-Expansion Foam
Systems, and NFPA 11B, Standard on Synthetic and Combined
Agent Systems. However, in 2005 these various foam standards



were combined to form one comprehensive standard, known as
NFPA 11, Standard for Low-, Medium-, and High-Expansion Foam.

NFPA 11 covers the design, installation, inspection, testing, and
maintenance of fixed, semi-fixed, and portable foam extinguishing
systems; these systems include those that use low-, medium-, and
high-expansion foam and compressed air foam. However, NFPA 11
states that it is not applicable to the following:

Deluge foam-water sprinkler or spray systems or foam-water
closed-head sprinkler systems covered by NFPA 16, Standard
for the Installation of Foam-Water Sprinkler and Foam-Water
Spray Systems
Combined agent systems

Mobile foam apparatus covered by NFPA 1901, Standard for
Automotive Fire Apparatus
Class A foam systems covered by NFPA 1150, Standard on
Foam Chemicals for Fires in Class A Fuels
Obsolete chemical foams and systems

Standards such as NFPA 30, Flammable and Combustible
Liquids Code, and NFPA 409, Standard on Aircraft Hangars,
establish when foam systems such as those listed are needed.

Foam-Water Sprinkler and Foam-Water Spray
Systems
The foam-water sprinkler system and foam-water spray system
are different from the previously discussed fixed automatic foam
systems in that these systems use foam and water as companion
suppression agents, with the foam-water solution used as the
primary agent and the water used as the secondary agent. When the
foam supply from these systems is depleted, the water supply
continues until it is shut off. Establishing the need to install a foam-
water sprinkler system or foam-water spray system versus the



previously discussed foam system starts with referencing NFPA
standards that specify these types of systems to protect an area of a
building or structure, a specific hazard, or a piece of equipment. In
this case, NFPA 16, Standard for the Installation of Foam-Water
Sprinkler and Foam-Water Spray Systems, is the appropriate
standard.

Foam-water sprinkler or foam-water spray systems protect Class
B flammable and combustible liquid hazards including aircraft
hangars and petroleum dispensing and storage facilities; they are
also acceptable for use with certain Class A hazards. The primary
design goal of foam-water sprinkler and spray systems is to
extinguish fire, but they are also appropriate for prevention, control,
and exposure protection. The foam-water sprinkler system protects
areas of a building or structure and equipment, whereas the foam-
water spray system uses directional foam application to protect a
specific hazard or piece of equipment within a building or structure.
For example, a foam-water sprinkler system might protect a tanker
truck fuel-loading terminal, whereas the foam-water spray system
might protect a fuel storage tank. Only low-expansion foams are
appropriate for both of these types of systems.

NFPA 16 states that when designing a foam-water sprinkler or
spray system, the minimum design density is 0.16 gpm/ft2, the
maximum spacing is 12 between discharge devices, and the
coverage area can be no more than 100 ft2 per discharge device
(National Fire Protection Association 2019, NFPA 16, Sections
7.2.2.1, 7.6.1). The total design area for this type system is 5000 ft2

(National Fire Protection Association 2019, NFPA 16, Section
7.2.2.2.1). The minimum duration for a water supply must be 60
minutes, and the foam must be able to discharge at the required
density for at least 10 minutes (National Fire Protection Association
2019, NFPA 16, Sections 5.2.3.1, 7.2.3.1).

Foam-Water Sprinkler and Foam-Water Spray
System Components



Foam-water sprinkler systems are available in the same four
configurations available for the prominent types of automatic fire
sprinkler systems: the wet, dry, deluge, or preaction type. The
systems use the same basic components, and there are no real
operational differences. The installation and environmental
application of the systems are also similar, with the possible
exception that a wet foam-water sprinkler system might be a
preprimed system, meaning the piping contains a foam-water
solution instead of water.

However, there are equipment-related differences, including the
incorporation of proportioning equipment to mix the foam
concentrate with the water and, in some instances, the use of
specialized foam-water sprinkler heads or spray nozzles instead of
sprinkler heads. The proportioning equipment must mix the foam
concentrate and water to ensure the correct solution discharges onto
the hazard. According to NFPA 16, balanced pressure or positive
pressure injection are the preferred methods to mix the foam
concentrate and water. The choice of discharge device hinges on the
hazard, type of foam, and type of system TABLE 8-2. The discharge
device, proportioning equipment, and foam concentrate must be
compatible and listed for use as a unit.

TABLE 8-2 Relationship Between Systems, Discharge Devices,
and Foams



Description
AFFF, aqueous film-forming foam; AR-AFFF, alcohol resistant aqueous film-forming foam.
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Design and Installation Standard
NFPA 16, Standard for the Installation of Foam-Water Sprinkler and
Foam-Water Spray Systems, which was first published in 1954,
covers the design, installation, inspection, testing, and maintenance
of foam-water sprinkler and spray systems. Additional requirements
such as when a foam-water sprinkler or foam-water spray system
(limited to those using low-expansion type foam) is needed to protect
a hazard are established in standards such as NFPA 30 and NFPA
409.

Water Spray Fixed Systems
A water spray fixed system is a fixed piping network with
specialized spray nozzles that are available in most of the same
configurations available for the prominent types of automatic fire
sprinkler systems: the wet, deluge, or preaction type. These systems
are designed to protect a specific piece of equipment or the
structural members surrounding or supporting the equipment.
Equipment that may be protected by water spray fixed systems
includes electrical transformers, oil switches, motors, cable trays,
paper, wood, textiles, flammable liquid and gas materials, and
certain hazardous solids FIGURE 8-6. These types of systems may also
be designed to function in conjunction with other fire protection
systems as part of an overall fire protection installation. The idea
behind this type of system is to deliver a concentrated and directed
water spray pattern onto the surface of the hazard or into an area
within or around the hazard for the purpose of fire control,
prevention, extinguishment, or exposure protection (National Fire
Protection Association 2017, NFPA 15, Section 4.1).



FIGURE 8-6 A water spray fixed system protects a transformer.
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Water Spray Fixed System Components
Water spray fixed systems require at least one adequate automatic
water supply that is connected to deluge, preaction, high-speed, and,
in some instances, alarm check valves that release by automatic or
manual activation. Automatic activation occurs by a device such as a
heat, flame, or gas detector; a pilot sprinkler head; or a nozzle FIGURE

8-7. The device releases the valve to flood the piping with water.
Alternatively, some systems use plugs or blow-off caps on nozzles to
keep water within the piping at all times so that water application is
immediate upon fire detection.



FIGURE 8-7 A heat-activated device and nozzles protect a transformer.
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Nozzles are a very important component of a water spray fixed
system and are available in automatic or open configurations.
Automatic nozzles use the same basic technology as automatic
sprinkler heads (heat sensitive glass bulb/fusible link) and operate
when a predetermined design temperature rating is achieved. The
open nozzle, on the other hand, has no heat-sensitive element; this
type of nozzle is open to the atmosphere and, therefore, not
automatic FIGURE 8-8. Nozzles are also available in high- or low-
velocity configurations. High- and low-velocity nozzles have different
discharge patterns. For high-velocity nozzles, the water flows out in
a cone-shaped pattern; for low-velocity nozzles, the water flows out
in a cone or spherical pattern. The choice of nozzle is dependent on
an evaluation of the installation and environmental conditions.
Although discharge patterns should meet and overlap, vertical and
horizontal nozzle spacing should not exceed 10 ft (unless listed for
greater distances) (National Fire Protection Association 2017, NFPA
15, Sections 7.1.7, 7.1.8). Additionally, NFPA 15, Standard for Water
Spray Fixed Systems for Fire Protection, states the minimum nozzle
pressure for systems protecting exterior hazards should be 20 psi;
however, systems protecting interior hazards must meet the
minimum listed design pressure of the nozzle (National Fire
Protection Association 2017, NFPA 15, Sections 8.1.2, 8.1.3).
Depending on the hazard and desired protection, the design density
can range from 0.15 gpm/ft2 to 0.50 gpm/ft2 (National Fire Protection
Association 2017, NFPA 15, Section 7.2.1.3).



FIGURE 8-8 Open water spray nozzles protecting a transformer.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



Various types of steel pipe and copper tube have been approved
for use with water spray fixed systems. Depending on the installation
environment, galvanized or stainless steel pipe may be required.
Acceptable fitting materials include cast iron, malleable iron, copper,
steel, stainless steel, and ductile iron; however, depending on the
installation environment, some of these materials might be excluded.
The environment also affects the installation of nozzles; when
installing a nozzle in a corrosive environment, the nozzle requires
coating or use of a material that will prevent or resist corrosion.
Additionally, strainers should be installed in the supply lines or, in
some instances, in each nozzle in order to prevent clogging from
particulate matter in the water system or piping.

Ultra-High-Speed Water Spray Systems
An ultra-high-speed water spray system is a very specialized
water spray system that must operate and apply water to the hazard
within 100 ms of flame detection. This type of system requires water
to be in the pipes at all times. Pressurized water is released into the
pipes upon activation of either a primer or solenoid-actuated release
mechanism. Systems that use a primer, or squib-actuated valve, are
activated when a detector sends a signal to the control panel that, in
turn, sends a signal to the primer or squib-actuated valve to set off a
small explosive charge. This charge breaks a rod that is holding the
plunger in the closed position. With the plunger released, water flows
and the increased pressure ruptures the internal disk or blows off the
cap on the nozzle to release the water. The solenoid-actuated
system, on the other hand, uses a pilot line to open the system
valve. The system is activated when a detector sends a signal to the
control panel that, in turn, sends a signal to the solenoid valve to
release the solenoid. Once the solenoid releases, the water flows.

According to NFPA 15, local application ultra-high-speed systems
must be able to provide 25 gpm at each nozzle and area application
systems must deliver a water density of 0.5 gpm/ft2 for at least 15
minutes (National Fire Protection Association 2017, NFPA 15,
Sections 12.3.2.1, 12.3.2.3, 12.3.5.1). In addition, pressure



requirements for each system are no less than 50 psi and system
size are no larger than 500 gpm unless a larger system can meet the
100-ms response time requirement (National Fire Protection
Association 2017, NFPA 15, Sections 12.3.3.1, 12.3.4.1, 12.2.2).

Ultra-high-speed systems are used to extinguish or control
deflagration within process equipment or open, unconfined areas
and may be used to prevent detonation (National Fire Protection
Association 2017, NFPA 15, Sections 12.1.1, 12.1.3). These
systems are typically installed at facilities that manufacture or
process rocket fuel, solid propellant, ammunition or pyrotechnics, or
other volatile solids, chemicals, dusts, or gases. These systems
protect an area (area application) or a specific hazard (local
application) or act in combination to protect an area and a specific
hazard within the area (National Fire Protection Association 2017,
NFPA 15, Section A 12.1.1). These systems are not intended for the
suppression of deflagrations in enclosed spaces or to provide
extinguishment or control of detonations (National Fire Protection
Association 2017, NFPA 15, Section 12.1.2).

Design and Installation Standard
First published in 1940, NFPA 15, Standard for Water Spray Fixed
Systems for Fire Protection, covers the design, installation, and
acceptance testing of water spray fixed systems (including ultra-
high-speed water spray fixed systems). The standard does not apply
to sprinkler systems covered in NFPA 13, Standard for the
Installation of Sprinkler Systems; water mist systems covered in
NFPA 750, Standard on Water Mist Fire Protection Systems; monitor
and portable nozzles; or explosion suppression.

Water Mist Systems
A water mist system is a fixed fire protection system that
discharges a very fine-spray mist of water droplets out of specialized
sprinkler heads and spray nozzles FIGURE 8-9. In fact, NFPA 750,
Standard on Water Mist Fire Protection Systems, states that 99



percent of the droplets discharged from these systems must be 1000
microns or less in size (National Fire Protection Association 2019,
NFPA 750, Section A 3. 3.24). Taking into account that 25,400
microns equals 1 in., it is clear that droplets from water mist heads
and nozzles are extremely small—considerably smaller than the
water droplets discharged from a standard fire sprinkler head. These
droplets extinguish by cooling, displacing the oxygen, pre-wetting
combustibles, or blocking the radiant heat (National Fire Protection
Association 2019, NFPA 750, Section A 4.1). When extinguishing by
cooling, the extremely small droplets provide a greater surface area
for faster absorption. When displacing the oxygen, the droplets
become vapor and expand. Pre-wetting the combustibles helps to
stop the spread of fire beyond the point of origin. When blocking
radiant heat, the small droplets provide a barrier to prevent or lessen
the chance of the surrounding materials becoming involved.



FIGURE 8-9 A water mist system discharges a very fine-spray mist of water droplets out of

specialized sprinkler heads and spray nozzles.

Courtesy of Tyco Fire Protection Products.

Water mist systems protect land facilities and equipment,
including computer rooms, telecommunication equipment areas,
laboratories, data centers, tunnels, underground mass transit
systems, industrial machinery, electrical switchgear rooms, archives
and storerooms, transformer areas, aircraft hangars, aircraft cargo
spaces, museums and historic buildings, hotels, commercial
buildings, and food processing areas. In addition, these systems
have become an important fire protection component for marine and
offshore facilities and equipment, including luxury yachts, cargo,
naval or passenger ships, vessels, offshore platforms, machinery



rooms, galleys, power rooms, turbine rooms, generators, pump
rooms, and personnel accommodation areas. However, water mist
systems are not appropriate for use with materials that react with
water where direct or indirect application could result in violent
reactions and flammable, toxic, or hazardous products. These
materials may include some metals, carbides, halides, hydrides,
oxyhalides, silanes, sulfides, and cyanates (National Fire Protection
Association 2019, NFPA 750, Section 4.1.1.2). In addition, water
mist systems are not appropriate for use with liquefied gases at
cryogenic temperatures, as these types of gases can boil violently
when heated by water (National Fire Protection Association 2019,
NFPA 750, Section 4.1.1.3).

The different types of water mist systems are available in the
same basic four system configurations available for the prominent
types of automatic fire sprinkler systems; wet, dry, preaction, and
deluge. One automatic water supply is required from either a self-
contained or automatic water supply source. In addition, these
systems can be classified as the total flooding type, where the entire
compartment floods with water mist; local application type, where the
water mist is applied on a specific hazard or object; or zoned
application type, where detection equipment and control valves
determine which nozzles within the large system will flow water.
Water mist systems further classify into three categories based on
the maximum working pressure of the system. The low-pressure
system exposes the system distribution piping to pressures less than
175 psi. The intermediate-pressure system exposes the system
distribution piping to pressures between 175 and 500 psi; and the
high-pressure system exposes the system distribution piping to
pressures in excess of 500 psi and, in many installations, actually
requires pressures to be over 1000 psi. Finally, systems are
classified as either single- or twin-fluid systems. In single-fluid
systems, only one pipe supplies water to the nozzle; in twin-fluid
systems, two pipes supply the nozzle, one with water and the other
with a gas. The purpose of the gas, which is usually compressed air
or nitrogen, is to mix with the water at the nozzle to make the
droplets even smaller.



The use of water mist systems has become more prevalent
owing to a number of apparent advantages over other types of fire
sprinkler and suppression systems. For example, water mist systems
discharge less water than a conventional sprinkler system, thus
minimizing water damage. Additionally, when the water is supplied
from a clean potable source, it is generally not hazardous or toxic.
These systems are normally easy to install because many are self-
contained and do not need to rely on a water main. In addition, they
are listed and approved for complete fire extinguishment, not just for
control over a fire, as is the case for fire sprinkler systems. Some of
the disadvantages of these systems include a finite amount of water,
the need for reserve tanks, the need for adequate space to house
the tanks and related equipment, and the need for testing and
approval of each specific application. Generally, the cost of
designing and installing a water mist system is greater than the cost
of a standard sprinkler system and comparable to that of a gaseous
suppression system. In addition, nozzles can easily clog from
particulate matter, so water quality must be exceptional. Ultimately,
the design professional will determine if a water mist system is best
suited to meet the protection goal for the hazard and application.

Water Mist System Components
Although the types of components used in water mist systems are
the same as those used in other water-based systems, the
components are often subject to very high pressures and require the
appropriate rating. Specifying components that must operate at the
expected system pressures requires referencing NFPA 750 and the
other standards listed in NFPA 750. To that end, the pipe and fitting
standards for low-pressure systems are different from the standards
for intermediate- and high-pressure systems. Still, both types of
systems require the use of pipe and fittings that are as inherently
corrosion resistant as the approved stainless steel or copper pipe
and tubing listed in NFPA 750.

In addition, NFPA 750 states that to develop very small water
droplets and to reduce the likelihood that particulate matter will reach



and clog the heads and nozzles, a corrosion-resistant strainer must
be installed beyond the incoming water supply or at the nozzle
FIGURE 8-10. It is also important to protect the exteriorly located heads
and nozzles with a frangible disk, protective blow-off cap, or other
approved device that can prevent clogging (National Fire Protection
Association 2019, NFPA 750, Section 6.6.6.1). A wide variety of
heads and nozzles are available with different flow rates, distribution
patterns, and droplet size to suit the different hazard applications. In
addition, heads and nozzles may be automatic, non-automatic, or a
hybrid type. Automatic heads and nozzles have built-in flame
detection and can activate devices that operate independently of
other heads and nozzles. Non-automatic nozzles are open; water
flow occurs when the system valve releases upon activation of
detection devices. Hybrid heads and nozzles are able to activate by
automatic or non-automatic processes.



FIGURE 8-10 The components of this water mist sprinkler are the body, spool valve, micro-

nozzle, heat-sensitive glass bulb, and strainer.
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Once the system activates, there are a number of different ways
the water is delivered at the necessary high-pressure discharge rate.
Depending on the hazard, a pressurized gas or air housed in
containers or tanks could produce the pressure. In addition, a diesel
or electric pump could be used to produce the needed pressure. If
the gas and water are stored in pressurized containers or tanks, very
strict American Society of Mechanical Engineers (ASME) or
Department of Transportation (DOT) standards and regulations apply
to the tanks.

Design and Installation Standard
NFPA 750, Standard on Water Mist Fire Protection Systems, first
appeared in the mid-1990s. The standard provides the minimum
requirements for the design, installation, maintenance, inspection,
and testing of water mist systems; however, it does not establish an
operational measure or offer specific guidance on how to design,
control, suppress, or extinguish a fire. Instead, the complexity of
these systems requires the design professional to have the requisite
training and knowledge to analyze the hazard. These systems also
require the use of equipment that has performed as required under
test conditions and is listed for that purpose. In addition, when faced
with a complicated design challenge, the design requires verification
of its viability (National Fire Protection Association 2019, NFPA 750,
Sections 1.1–1.5.2).



Inspection, Testing, and Maintenance
Requirements
With few exceptions, specialized water-based fire protection systems
go through similar processes as those used for the approval,
periodic inspection, testing, and maintenance of standard fire
sprinkler systems. Failure to perform the various inspections and
tests results in an unknown operational disposition of the system that
could lead to system malfunction. All systems are subject to the
same acceptance inspections and tests including hydrostatic, air,
visual, flush, operational, discharge, and functional. These tests are
generally consistent with standard fire sprinkler system
requirements. In fact, some of the standards specifically refer to the
inspection and testing requirements established in NFPA 13 and
NFPA 25, Standard for the Inspection, Testing, and Maintenance of
Water-Based Fire Protection Systems. Hydrostatic test and air test
requirements are consistent with other types of systems for which a
predetermined pressure is the benchmark—usually 200 psi for 2
hours or, for situations in which the water pressure exceeds 150 psi,
50 psi over that pressure for 2 hours. The 200-psi minimum for 2
hours applies to low-pressure water mist systems for which the
working pressure of the system is less than or equal to 150 psi or, for
situations in which the pressure exceeds 150 psi, 50 psi over that
pressure for 2 hours (National Fire Protection Association 2019,
NFPA 750, Sections 14.2.2.2.1, 14.2.2.2.2). Intermediate and high-
pressure water mist systems require 1.5 times the working pressure
for 10 minutes followed by 110 minutes at working pressure
(National Fire Protection Association 2019, NFPA 750, Section
14.2.2.3.1).

Although many standards do not specifically require visual
inspection, this type of inspection is just as important for specialized
systems as it is for standard systems. Visual examination of the
components determines if the system has any damage or leaks, if



the components are the correct size and in the correct location, and
if the components are the specified type. It is common to perform
more than one visual inspection during a system installation; usually
these inspections are concurrent with hydrostatic tests, operational
tests, and final inspections.

All specialized water-based fire protection systems require
flushing of the incoming water service before connecting the water
supply in order to remove dirt, stones, mud, debris, or other
particulate matter that could clog, damage, or compromise the
performance of the system. No matter the pipe size, a flow rate of 10
ft per second, the maximum flow rate available under fire conditions,
or no less than the system demand rate—whichever is greater—will
provide the necessary volume to remove any debris in the line; this
rate should be maintained until the water flow is clear to ensure a
thorough cleaning of the pipe (National Fire Protection Association
2019, NFPA 24, Sections 10.10.2.1.1, 10.10.2.1.2, 10.10.2.1.3). In
addition to flushing the incoming supply line, all of the specialized
systems require additional flushing or cleaning of the system piping
FIGURE 8-11. Foam systems, water spray fixed systems, and foam-
water sprinkler/spray systems require flushing of all piping after initial
installation. Foam and foam-water sprinkler/spray systems require
additional flushing any time foam has been discharged through a
foam-water deluge or spray-type system. However, if the hazard is
such that pipe flushing is not feasible, an internal visual inspection is
acceptable. Water mist systems require internal cleaning of the
system piping or tubing after preparation (but before assembly) in
accordance with the manufacturer’s installation requirements. The
purpose of the internal cleaning is to rid the pipe of particulate matter
or oil residue.



FIGURE 8-11 This system failed the discharge test because of obstructions that caused the

flow from the foam maker chamber on the left to be extremely low and the flow from the

chamber on the right to be nonexistent. The supply piping was obstructed by components

that were thought to have been missing during installation but were located inside the

supply piping.
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Operational, discharge, and functional tests verify the design,
installation, and operation of the system. By manually and
automatically activating the system, inspectors are able to verify that
the system components operate properly, the alarm functions
operate properly, and the suppression agent arrives within the
required time frame and at the correct density, pressure,
concentration, and application rate. In addition, the main drain test
confirms there is an adequate and unobstructed water supply.



TABLE 8-3 provides a summary of the different types of acceptance
inspections and tests for the specialized water-based systems.

TABLE 8-3 Summary of Inspection and Test Requirements for
Water-Based Fire Protection Systems

Description
© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Periodic Inspection, Testing, and
Maintenance
Specialized water-based systems experience the same types of
impairments as primary water-based systems and these impairments
can cause the system not to operate as designed or to fail
altogether. Impairments may result from component failure,
environmental conditions, damage, carelessness, or a lack of any or
proper inspection, testing, or maintenance. Typical impairments
include closed control valves; painted, corroded, damaged, loaded,
or obstructed sprinkler heads and nozzles; leaks; broken fittings; and
broken piping due to freezing or impact damage. In order to have a
level of confidence that the system will operate when called upon,
periodic inspection, testing, and maintenance are required. These



tests occur at defined intervals and verify proper operation,
discharge, function, and overall condition.

At a minimum, specialized water-based fire protection system
inspection, testing, and maintenance should be performed in
accordance with the established methods and intervals listed in
NFPA 25, or as described within the various NFPA standard for the
particular system. Depending on the type of system, NFPA 25, NFPA
11, or NFPA 750 establishes inspection and test intervals based on
environmental and operational conditions; these intervals range from
daily to every 5 years. Foam and water mist systems require
additional periodic flushing to ensure removal of obstructions in
piping, which may be caused by many conditions, including water
quality, foreign materials, pipe scale, debris, mud, dirt, stones, and
corrosion due to microbiological influences. If system impairment
occurs, a plan should be in place to use alternative resources to
work around the impairment, implement a fire watch, document and
tag the system as out of service, contact all affected parties, and
start the impairment investigation to expedite repairs.

Wrap-Up

CHAPTER SUMMARY

Specialized water-based fire protection systems include low-,
medium-, and high-expansion foam systems, water spray fixed
systems, foam-water sprinkler systems, foam-water spray
systems, and water mist systems.

Specialized water-based fire protection systems provide
protection to hazards where automatic fire sprinkler systems
would not be appropriate for the conditions and applications,
where there is a need for a supplemental suppression agent or



different suppression agent, or where the method of application
requires specialized equipment and components.

In many ways, specialized water-based fire protection systems
are similar to the four types of automatic fire sprinkler systems.
However, the noted differences include the use of specialized
spray nozzles and discharge devices instead of fire sprinkler
heads, the integration of foam agents with water to protect
certain hazards, the use of specialized components for the
application, and the design and application methods.

Foam systems use different types of foam to protect hazards
where two-dimensional (surface) fires are possible. These
systems also protect facilities that store large quantities of
ordinary combustible materials, including petroleum refining,
storage, and dispensing facilities; tank farms; chemical plants;
aircraft hangars; power plants; and rolled-paper storage
facilities.

Water spray fixed systems protect equipment such as electrical
transformers, oil switches, motors, cable trays, paper, wood,
textiles, flammable liquid and gas materials, and certain
hazardous solids.

Foam-water sprinkler or foam-water spray systems protect
flammable and combustible liquid hazards including aircraft
hangars and petroleum dispensing and storage facilities. These
types of systems are also acceptable for use with certain Class
A hazards.

Water mist systems protect land facilities including computer
rooms, telecommunication equipment areas, laboratories, data
centers, tunnels, underground mass transit systems, industrial
machinery, electrical switchgear rooms, archives and
storerooms, transformer areas, aircraft hangars, aircraft cargo
spaces, museums and historic buildings, hotels, commercial
buildings, and food processing areas.

All of the water-based fire protection systems go through a
similar acceptance testing process to ensure the system is



ready to operate and perform as designed.

Periodic inspections, tests, and maintenance provide verification
that the system is capable of performing as designed and the
conditions of installation have not changed in such a way that
the system will not operate and perform as installed. Servicing
and maintaining systems at the prescribed intervals will help to
reduce and avoid system impairments.

KEY TERMS

Balanced pressure proportioner A foam proportioning system
utilizing a foam concentrate pump or a bladder tank in conjunction
with a listed pressure reducing valve. At all design flow rates, the
constant foam concentrate pressure is greater than the maximum
water pressure at the inlet to the in-line balanced pressure
proportioner. A pressure balancing valve integral to the in-line
balanced pressure proportioner regulates the foam concentrate
pressure to be balanced to incoming water pressure (National Fire
Protection Association 2016, NFPA 11, Section 3.3.24.1.1).

Compressed air foam system A system employing compressed air
foam discharge devices or hoses attached to a piping system
through which foam is transported from a mixing chamber (National
Fire Protection Association 2016, NFPA 11, Section 3.3.17.1).

Deflagration Propagation of a combustion zone at a velocity that is
less than the speed of sound in the unreacted medium (National Fire
Protection Association 2018, NFPA 68, Section 3.3.4).

Detonation Propagation of a combustion zone at a velocity greater
than the speed of sound in the unreacted medium. (National Fire
Protection Association 2018, NFPA 68, Section 3.3.6).

Fixed automatic foam system A fire protection system
incorporating foam concentrate, a deluge or preaction valve, piping
network, and proportioning and distribution equipment; the system



automatically activates by fire detectors or is manually activated
upon detection of fire, delivering usable foam to the protected
hazard.

Foam A stable aggregation of bubbles of lower density than oil or
water (National Fire Protection Association 2016, NFPA 11, Section
3.3.102).

Foam concentrate A concentrated liquid foaming agent as received
from the manufacturer (National Fire Protection Association 2016,
NFPA 11, Section 3.3.12).

Foam generator A device used with a foam solution that is blown or
aspirated to produce medium- or high-expansion foam.

Foam maker chamber A device mounted on the side of a fuel
storage tank that expands and discharges the foam solution into the
storage tank.

Foam solution A homogeneous mixture of water and foam
concentrate in the correct proportions (National Fire Protection
Association 2016, NFPA 11, Section 3.3.16).

Foam-water spray system A foam-water sprinkler system designed
to use nozzles rather than sprinklers (National Fire Protection
Association 2019, NFPA 16, Section 3.3.6.4).

Foam-water sprinkler system A piping network employing
automatic sprinklers, nozzles, or other discharge devices, connected
to a source of foam concentrate and to a water supply (National Fire
Protection Association 2019, NFPA 16, Section 3.3.6).

High-expansion foam A type of foam that increases from a 200:1 to
a 1000:1 ratio from the original volume of foam concentrate.

Low-expansion foam A type of foam that increases at a 2:1 to a
20:1 ratio from the original volume of foam concentrate.

Low-, medium-, and high-expansion foam systems Fixed fire
protection systems that mechanically mix foam concentrate, water,
and air to produce foam. Depending on the type of system, these



foams can expand at ratios between 20:1 and 1000:1 to smother,
isolate, and cool the fuel.

Medium-expansion foam A type of foam that increases from a 20:1
to 200:1 ratio from the original volume of foam concentrate.

Oscillating monitor nozzle A foam distribution device that sweeps
back and forth over an area.

Preprimed system A wet pipe system containing foam solution
(National Fire Protection Association 2019, NFPA 16, Section
3.3.6.5).

Pressure proportioner A proportioner that redirects some of the
water supply into the foam concentrate tank to either exert pressure
on a collapsible bladder or push the concentrate out of the tank to
the proportioner for mixing.

Subsurface injection Discharge of foam into a storage tank from an
outlet near the tank bottom (National Fire Protection Association
2019, NFPA 16, Section 3.3.15.2).

Ultra-high-speed water spray system A type of automatic water
spray system where water spray is rapidly applied to protect specific
hazards where deflagrations are anticipated (National Fire Protection
Association 2017, NFPA 15, Section 3.3.20).

Venturi proportioner A proportioner that uses water moving over an
open orifice to create a lower pressure at the opening that draws the
foam into the water stream.

Water mist system A distribution system connected to a water
supply or water and atomizing media supplies that is equipped with
one or more nozzles capable of delivering water mist intended to
control, suppress, or extinguish fires and that has been
demonstrated to meet the performance requirements of its listing
and this standard (National Fire Protection Association 2019, NFPA
750, Section 3.3.26).

Water spray fixed system An automatic or manually actuated fixed
pipe system connected to a water supply and equipped with water



spray nozzles designed to provide a specific water discharge and
distribution over the protected surfaces or area (National Fire
Protection Association 2017, NFPA 15, Section 3.3.24).

CASE STUDY

During a familiarization drill at a fuel tank farm that stores gasoline,
kerosene, and diesel fuel, you encounter a service technician in one
of the foam fire protection system equipment buildings who is filling
the foam storage tank with concentrate. A sign on the tank reads
“AFFF 3%.” Scattered around the technician are empty 5-gallon
containers of AFFF foam product that have been used to fill the tank.
The containers have come from three different manufacturers. Most
of them have come from Manufacturer A—who is also the
manufacturer of the system being used. Manufacturer A’s containers
read “AFFF 3% concentrate.” Manufacturer B’s containers read
“AFFF 3% or 6% concentrate,” and a container from Manufacturer C
reads “Class A 3% foam concentrate.” Based on your observations,
a number of questions arise regarding the foam concentrate being
poured into the storage tank.

1. Is it generally acceptable to mix three different manufacturers’
foam concentrates in the same tank?

A. No, different manufacturers’ foam concentrates cannot be
mixed.

B. Yes, as long as the same type of foam concentrate (e.g.,
AFFF) is being used, they can be mixed.

C. Yes, as long as the foam concentrates have the same
mixing ratio (e.g., 3 percent), they can be mixed.

D. Yes, as long as the foam concentrate is the same type, has
the same mixing ratio, and has been confirmed to be
compatible by test data from the manufacturer, they can be
mixed.



2. In this particular situation, is it acceptable to mix the three
different manufacturers’ foam concentrates in the same tank?

A. No, different manufacturers’ foam concentrates cannot be
mixed.

B. Yes, any manufacturer’s foam concentrate can be mixed
with another manufacturer’s foam concentrate.

C. Yes, as long as test data from the manufacturers confirms
the compatibility, the foam concentrates can be mixed
because they are all the same type of concentrate.

D. It is likely the foam concentrate from Manufacturer A and
Manufacturer B can be mixed, but it is unlikely
Manufacturer C’s foam concentrate is compatible.

3. Is there any specific reason why Manufacturer C’s Class A 3
percent foam concentrate should not be mixed with the other
foam concentrates?

A. Yes, this foam concentrate is meant to work on ordinary
combustible Class A fires, not on flammable and
combustible liquid Class B fires.

B. There is no reason why this foam concentrate should not
mix with the other foam concentrates; many Class A foam
concentrates work well on Class B fires.

C. There is no reason why this foam concentrate should not
mix with the other foam concentrates; it is only 5 gallons of
foam and it has the same foam concentrate ratio as the
others.

D. Yes, Class A foam concentrates only work with the
equipment of their product manufacturer.

4. If the tank farm also stored ethanol and methanol, what foam
product would be most appropriate to protect the facility?

A. Film-forming fluoroprotein (FFFP)
B. Protein
C. Fluoroprotein
D. Alcohol resistant aqueous film-forming foam (AR-AFFF)



CHALLENGING QUESTIONS

1. Discuss three reasons why a specialized water-based fire
protection system may be installed.

2. Are there specific building code requirements for the installation
of specialized water-based fire protection systems? If so, what
are they? If not, why not?

3. What are the differences between foam, foam solution, and
foam concentrate?

4. What are the expansion ratios for low-, medium-, and high-
expansion foams?

5. When a foam concentrate container is labeled 6 percent, what
does that signify?

6. When a foam concentrate container is labeled 1 percent or 3
percent, what does that signify?

7. How does pressure proportioning work?

8. What type of situation does an ultra-high-speed water spray
system prevent from occurring?

9. What are the differences between foam-water sprinkler systems
and foam-water spray systems?

10. What are the pressure ranges for low-, intermediate-, and high-
pressure water mist systems?

11. Besides NFPA 25, what standards provide information
concerning the inspections, testing, and maintenance of
specialized water-based fire protection systems?

12. Discuss the similarities and differences between specialized
water-based fire protection systems and standard fire sprinkler
systems.

13. Discuss the purpose of performing operational, discharge, and
functional inspections and tests on water-based fire protection
systems.
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9CHAPTER

Special Hazard Fire Suppression Systems

Fixed Wet and Dry Chemical
Extinguishing Systems
LEARNING OBJECTIVES
At the conclusion of this chapter, you will be able to:

Describe the characteristics of fixed wet and dry chemical extinguishing systems.
Discuss the hazards fixed wet and dry chemical extinguishing systems most likely
protect.
Describe how fixed wet and dry chemical agents control and extinguish fire.
Describe the characteristics of a pre-engineered system.
Describe the conditions that would require an engineered suppression system.
List the major components that make up fixed wet and dry chemical extinguishing
systems.
Describe the types of fixed wet and dry chemical extinguishing systems.
Discuss the various acceptance and periodic inspection, testing, and maintenance
requirements for fixed wet and dry chemical extinguishing systems.

Case Study
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On January 16, 2019, at 11:35 pm, a fire erupted in a fryer at a restaurant in Alexandria,
Virginia. When the fire started, an employee reached for and pulled the wet chemical
suppression system manual station, but no wet chemical discharged from the nozzles. As
the fire continued to grow, it breached the hood filters and melted the fusible links behind
the filters. Even after the fusible links released, no wet chemical agent discharged from
the system nozzles. Restaurant employees then tried to use a Class K fire extinguisher
but were not able to control the fire. During this time, a call was placed to the city
emergency communications center, and a full box alarm was dispatched. Arriving units
encountered heavy dark smoke at the door and advanced a hose line into the kitchen.
Initial suppression efforts with water quickly knocked down the fire, and then dry chemical
extinguishers were used to overhaul.

As a result of the failure of the wet chemical system to activate, the fire damaged the
hood, duct, and fryer. In addition, the ceiling grid and tiles in the area of the fire were
damaged so the fire fighters could check for extension. Investigation of the wet chemical
system failure revealed that the wet chemical agent tank was appropriately pressurized
with the wet chemical agent. All system nozzles were removed, inspected, and found to
be clean and unobstructed. Piping was also removed and inspected with no obstructions
found. Upon accessing the control head where the release cables for the manual station
and fusible links terminate, both had released tension on the control head components
that triggers the cartridge activation pin and shuts off the appliance gas supply valve.
Next the gas cartridge was removed and inspected. It was found to be sealed, meaning
the cartridge activation pin had failed to puncture the cartridge. The cartridge was placed



back into the control head, and the release mechanism was reset. Upon manual
activation, the actuation pin punctured the gas cartridge and released the gas. Based on
the observations and physical evidence, it was determined that the gas cartridge was not
properly installed into the control head housing, resulting in no gas discharge to operate
the tank valve that would have opened to release the wet chemical agent.

1. Who should be held responsible for the failure of the wet chemical system to
activate?

2. What precautions should have been taken to ensure the system was ready to
operate?

3. How would one determine who last inspected, tested, or serviced the wet chemical
system?

Source: Ross, Glenn A. (Lieutenant, Alexandria Fire Department). In discussion with
author, January 19, 2019.



Introduction
Fixed wet and dry chemical extinguishing systems provide an
alternative to water in situations where the use of water could have
little or no effect or make the situation worse. The most common use
for a fixed wet chemical extinguishing system is to extinguish
Class K fires involving commercial kitchen cooking equipment. The
most common use for a fixed dry chemical extinguishing system
is to extinguish Class B flammable and combustible liquid fires. Both
systems use similar types of components, share design and
operational characteristics, and, in many instances, are pre-
engineered. Additional similarities include the use of gas to expel the
agent, operation by manual and automatic means, and a finite
availability of extinguishing agent. The wet and dry chemical agents
used with these extinguishing systems are appropriate for particular
applications and conditions, requiring the design professional or
contractor to consider the environment, equipment, type of system,
and amount of agent needed to control and suppress a fire. In this
chapter, the discussion covers the wet and dry chemical agents used
in these systems, the operational characteristics of wet and dry
chemical extinguishing systems, the applicable design standards,
components, types of systems, applications for fixed wet and dry
chemical systems, and the inspection, testing, and maintenance
requirements.

Fixed Wet Chemical Extinguishing Systems
Fixed wet chemical extinguishing systems protect commercial
kitchen appliances—such as deep fat fryers, ranges, griddles, grills,
woks, or char, chain, and upright broilers—which generate grease-
laden vapors from the food prepared on or in them FIGURE 9-1. In
addition, wet chemical extinguishing systems protect the associated
ductwork, exhaust hoods, filters, and plenum chambers located
above the appliances FIGURE 9-2.



FIGURE 9-1 Fixed wet chemical extinguishing systems protect commercial kitchen

appliances.
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FIGURE 9-2 Fixed wet chemical extinguishing systems also protect the exhaust hoods and

ducts associated with commercial kitchen appliances.

© Jones & Bartlett Learning.

Any wet chemical extinguishing agent used with these
systems are proprietary water-based solutions mixed with potassium
acetate, potassium carbonate, potassium citrate, and, in some
instances, a mixture of these agents and other additives. This
solution is the medium for the agent to flow to the hazard. The agent
reacts with the cooking oil to form a soapy foam blanket that
provides separation between the oxygen and fuel. As discussed in
Chapter 1, the resulting saponification reaction decreases or
eliminates the fuel vapors by smothering and cooling the fuel to
prevent reignition. Manufacturers develop the mixture to work with
their appliances or equipment and then apply for listing or approval
from a third-party testing agency. Although wet chemical



extinguishing agents may corrode or stain equipment if not cleaned
up after discharge, generally they are harmless to humans. Wet
chemical extinguishing agents are the primary and most effective
agent used for Class K fires.

TIP

Mixing different manufacturers’ wet chemical agents together or
using one manufacturer’s agent with another manufacturer’s
equipment will violate the listing or approval of the system. In
addition, mixing these agents could seriously compromise the
extinguishing system’s ability to operate properly.

Fixed Dry Chemical Extinguishing Systems
Fixed dry chemical extinguishing systems have been in use since
the early 1950s to protect equipment and processes against
flammable and combustible liquid fires. These systems protect paint
spray booths, dip tanks, self-serve fuel-pump stations, and
equipment that uses hydraulic oils FIGURE 9-3. In addition, fixed dry
chemical extinguishing systems can be effective on energized
electrical equipment and some ordinary combustible fires that are
not deep-seated. For many years, it was also very common to use
fixed dry chemical extinguishing systems to protect commercial
kitchen cooking appliances. Although dry chemical extinguishing
systems still protect some commercial kitchens, installation of new
fixed dry chemical extinguishing systems for commercial cooking
applications stopped for a number of reasons. The main reason was
the inability of the dry chemical systems and agents to meet current
test and performance standards that are discussed later in this
chapter. Once it was determined that the systems and agents could
not perform as required, they lost their UL listing status. Without a



recognized listing or approval from a certification and testing agency,
manufacturers stopped making the agent and replacement parts to
support those systems.

FIGURE 9-3 A fixed dry chemical extinguishing system protects these self-service fuel-

dispensing pumps.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

A dry chemical extinguishing agents, which can also be
applied by fire extinguisher or hose line, is made up of small solid
particles that use a pressurized gas such as nitrogen, carbon
dioxide, or air as the transport medium. These agents work by
knocking down the flame and smothering the protected surface area
of a fire, cutting off the oxygen to the fuel to prevent reignition and
flame spread to adjacent areas. The particles suspend in the gas to



facilitate flow and distribution of the agent. Once the system
activates, the particle/gas mixture flows from the container into the
piping network and out of the nozzles. Nozzle type and placement
are dependent on the hazard and the protection requirements for the
hazard. Dry chemical extinguishing agents are effective on surface
fires where other types of agents would run off before they could
adhere, coat, and insulate the surface.

Dry chemical extinguishing agents fall into three general
categories: sodium bicarbonate–based, potassium-based, and
multipurpose. Known as regular or ordinary dry chemicals,
sodium bicarbonate–based and potassium-based dry chemicals
work well on Class B and C fires. Similar to baking soda, sodium
bicarbonate is one of the oldest and most widely used dry chemical
agents on grease fires related to cooking. To differentiate from other
dry chemical agents, it is colored white or blue. Potassium
bicarbonate, potassium chloride, and urea-based potassium
bicarbonate are similar to sodium bicarbonate but are much more
effective because lesser amounts of these products provide much
more fire extinguishing capability. Potassium bicarbonate, also
known as Purple K, is the color purple to differentiate it from other
dry chemicals. Ammonium phosphate is a multipurpose dry
chemical that works very well on Class A, B, and C fires; is yellow to
differentiate it from other dry chemicals; and is one of the most
commonly used agents found in portable fire extinguishers.

Dry chemical extinguishing agents are not considered dangerous
or toxic, they do not react with flammable liquids and gases, and
they are not conductive. However, once discharged, dry chemicals
can create a cloud that limits visibility and can cause respiratory
problems. In addition, although dry chemical agents cover the
hazard very well, some agents leave corrosive residue that when
exposed to moisture will damage certain metals, electronic
equipment, and components.

TIP



All dry chemical extinguishing agents have certain chemical
properties. Therefore, to avoid the potential for dangerous
chemical reactions, never mix different agents or even use a
container that stored another agent when refilling a system.

TIP

Dry chemical extinguishing systems and agents have lost
approval as a suppression agent in commercial kitchen
applications because they do not meet the UL 300 test standard
for control and extinguishment of commercial kitchen equipment
fires. Because of this, manufacturers have stopped making fixed
dry chemical extinguishing systems, parts, and the agent for
commercial kitchen applications.

TIP

There are still service organizations and companies that will
inspect, test, and maintain commercial kitchen dry chemical
extinguishing systems. However, with manufacturers no longer
making replacement parts or the suppression agent or supporting
service for these systems, it is extremely difficult and risky to try
to maintain these systems. Most service organizations and
companies will not risk the liability nor will most insurance
companies provide coverage to properties that keep these
systems in service.



Fixed Wet and Dry Chemical Extinguishing
System Operation
Fixed wet or dry chemical extinguishing systems require operation
by automatic and manual means. For automatic activation, a fire
must build to such a level that it activates an automatic sensing
device such as a fusible link or heat detector located near or within
the protected area. For manual activation, a person must make
physical contact with a releasing device such as a manual fire alarm
box to start the extinguishing sequence. Once the control panel
receives the signal from an automatic sensing device or manual
activation device, an electronic or mechanical release starts a
simultaneous operational sequence: the agent flows, control of the
associated utilities takes place, and an alarm sounds.

Depending on the system design, the operational sequence could
evolve in a number of different ways. If the container holds both the
agent and expelling gas, upon activation, a valve on the container
opens and the agent under pressure flows through the piping to the
nozzles to discharge on the hazard. If the expelling gas is in a
separate gas container, upon activation, a valve opens or punctures
the seal on the gas container to let the expelling gas flow into the
container holding the agent. The agent, now under pressure, then
flows through the piping to the nozzles and discharges on the
hazard. If there is a gas cartridge, upon activation, the sealed gas
cartridge is punctured and expels the gas that activates a control
valve on the pressurized agent container; the valve opens and
releases the agent into the piping that flows to the nozzles and
discharges on the hazard.

No matter the operational sequence, upon activation the flow of
any fuel source (such as natural gas), the associated electrical
supplies, and the associated processes or operations must terminate
to eliminate the potential to make the situation worse FIGURE 9-4. As
the agent is discharging, audible and/or visible alarms activate. If the
extinguishing system is in a building with a fire alarm system, it must
tie into the system and produce the appropriate alarm signals.



Depending on code requirements, it may also require on- or off-site
monitoring. Once the situation is resolved, the affected extinguishing
system device(s), agent, and expelling gas require repair,
replacement, or recharging before the process or operation can
return to normal service.

FIGURE 9-4 Once a wet chemical extinguishing system activates, the cable attached to the

gas shut-off valve releases to close the valve and stop the gas flow.
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Standards for Wet and Dry Chemical
Systems
Because each manufacturer’s agent and components are different,
the applicable standards do not offer specific design parameters.
Instead, the standards offer general design considerations,
information concerning which hazards the agents are best suited to
protect or not protect, requirements for system activation and
supervision, and requirements for acceptance testing, inspection,
and maintenance. This leads to the manufacturers taking on the
challenge of designing and engineering systems that protect the
hazards.

Many wet and dry chemical extinguishing systems are pre-
engineered systems that can be adapted to different situations.
When a system is pre-engineered, the manufacturers have spent
considerable time in their testing facilities to determine the type and
size of components, flow rates, operating pressures, and the
appropriate application of their products and systems to protect
various hazards. In other words, all the engineering has been
performed and the designs verified; it is just a matter of the design
professionals and contractors evaluating the hazard, applying the
information, and designing the system based on the conditions.
However, there are hazards that require an engineered system
because the specific conditions exceed the capabilities of pre-
engineered systems. In these situations, engineers and design
professionals evaluate the hazard and determine the best approach
to providing proper protection. Additionally, those involved in the
design must provide verification through practice and calculation that
the proposed design is viable. Most approving authorities will require
that a licensed professional engineer place the professional engineer
(PE) seal on the supporting documents that verifies the engineer has
reviewed and approved the design.



Whether a pre-engineered system or a hazard requiring an
engineered system is selected, the basis for any system design is
the amount of agent needed to protect the hazard. Once the amount
of agent is determined, the design of the system, including the size
and number of containers, piping, nozzles, and the other
components, is completed.

The applicable standard for wet chemical extinguishing systems
is NFPA 17A, Standard for Wet Chemical Extinguishing Systems.
Another NFPA standard, NFPA 96, Standard for Ventilation Control
and Fire Protection of Commercial Cooking Operations, covers the
minimum requirements for the design, installation, operation,
inspection, testing, and maintenance of public and private cooking
operations. NFPA 96 also establishes automatic fire extinguishing
equipment protection requirements for exhaust hoods, duct systems,
exhaust plenums, and grease removal devices. International Code
Council (ICC)–based requirements are covered in the International
Mechanical Code®. The standard for dry chemical extinguishing
systems is NFPA 17, Standard for Dry Chemical Extinguishing
Systems. These standards offer the necessary information and
guidance for purchasing, designing, installing, testing, inspecting,
approving, listing, operating, and maintaining wet or dry chemical
extinguishing systems.

Two very important standards—UL 300, Standard for Fire Testing
of Fire Extinguishing Systems for Protection of Commercial Cooking
Equipment, and UL 1254, Standard for Pre-Engineered Dry
Chemical Extinguishing System Units—also provide specific
requirements for the pre-engineered wet and dry chemical
extinguishing systems referenced in NFPA 17A and 17. NFPA 17
requires pre-engineered dry chemical systems meet UL 1254 or an
equivalent standard. As outlined in the scope of UL 1254, the
standard covers the operation and construction of fixed dry chemical
systems for restaurant cooking area protection, industrial total
flooding protection, automobile service station fueling protection,
open-faced and vehicle paint spray booth protection, Class B fire
local application protection, and off-the-road vehicle protection. Both
UL 1254 and NFPA 96 reference UL 300 (or an equivalent standard)



as the standard to follow when establishing fire extinguishing system
protection requirements for cooking operations.

TIP

Some states have required all commercial cooking operations to
install UL 300–compliant systems by a certain date, while a small
number of states have not mandated compliance or leave it to the
local authorities. The majority of states do not require
replacement of existing extinguishing equipment to comply with
the UL 300 standard, provided the commercial cooking
appliances and the cooking medium (oil, lard, fat) have not
changed from the original acceptance of the system. However,
once there are any changes, the systems must meet current
requirements.

TIP

UL 300 only defines a fire test and performance criterion; it is not
a type of extinguishing system. Therefore, any extinguishing
agent (dry chemical, wet chemical, or other) passing the UL 300
test requirements is considered UL 300 compliant. To date, only
wet chemical agents have been able to meet the UL 300
standard, as the very large amount of dry chemical agent needed
and the increased system component size make design and
installation of a dry chemical system far too costly and
impractical.



The genesis and importance of UL 300 can be traced back to the
early 1960s. Originally, UL developed a testing and performance
protocol called “Outline of Investigation, Subject 300.” The purpose
of Subject 300 was to provide a uniform process to evaluate the
effectiveness of the extinguishing agents and pre-engineered fixed
fire extinguishing systems that protected commercial cooking
equipment. Subject 300 remained the testing and performance
protocol for many years, as the guidelines proved adequate for the
existing agents, equipment, and conditions at the time. Then in the
early 1990s, UL became aware of fires in commercial cooking
equipment that were not controlled or extinguished by some of the
extinguishing agents meeting the requirements in Subject 300.
Investigations revealed that physical changes to cooking appliances
and the types of oils being used to cook the food greatly affected
how the extinguishing agents performed. Equipment manufacturers
had introduced high-efficiency appliances that could heat cooking
oils more quickly, cook at higher temperatures, and cool at slower
rates. For example, deep fat fryers went from being poorly insulated
single-wall units to well-insulated larger-volume double-wall units
that operated at higher temperatures, making the appliances less
costly to operate. In addition, the commercial cooking industry had
begun to replace animal fats with vegetable oils in an attempt to
address the public’s desire to eat healthier foods.

Testing and evaluation revealed that because of the higher
temperatures generated by the equipment and oil and the lack of
fatty acids in the vegetable oil to react with some of the extinguishing
agents, less saponification occurred and the likelihood of reignition
increased. With this information, UL reevaluated Subject 300,
decided to change the test conditions, and standardized the
document as UL 300. Although the basic testing procedures did not
substantially change, they were modified to more closely resemble
the actual field conditions and the hazards encountered. One
example of a change in testing procedures was an increase in the
pre-burn time from 1 minute to 2 minutes for deep fat fryers and
other similar equipment. In addition, the testing involved actual
equipment, not simulated conditions.



The effective date for UL 300 was November 21, 1994. A second
edition was published in 1996 with the scope revised in 1998 to
clarify that the document was not an installation standard but a fire
test standard. The third and current edition was published in 2005.
After the effective date, all new commercial cooking equipment
extinguishing systems required certification in accordance with the
revised UL 300 standard. The revisions did not affect any installed
systems previously certified through Subject 300 protocols; however,
if a change in the equipment or oil took place, the protection system
would need reevaluation to determine if the hazard had proper
protection.

Even though the UL 300 testing criterion has been in place for
almost 25 years, there are still some commercial kitchens or food
service operations that have not upgraded their fire extinguishing
systems. This is a major concern if the appliances and/or type of oil
used to cook have changed from the original approval of the system
(Walke 2007).



System Component Requirements
Wet and dry chemical systems use similar types of components. The
main components are the agent storage containers, expelling gas
cartridges, piping, fittings, nozzles that discharge the chemical agent,
and the activation and alarm devices.

Agent Storage Containers and Gas
Cartridges
Containers that store the wet and dry chemical agents are made of
metals that will not react with the agent. The containers must handle
high pressures, and the size must accommodate the amount of
agent needed to protect the hazard. Depending on the manufacturer,
wet chemical extinguishing system containers typically range in
capacity from 1.5 to 6 gallons FIGURE 9-5. Since the pre-engineered
systems are designed to deliver a specific amount of agent, all of the
container capacity must be available for the agent; therefore, many
manufacturers do not combine the wet chemical agent and expelling
gas. Instead, the gas—carbon dioxide or nitrogen—is stored in a
separate cartridge that either pushes the product out of the tank or,
when pressurized tanks are installed, activates a valve to move the
agent into the piping FIGURE 9-6. In addition, many manufacturers do
not fill the system containers with the wet chemical agent but ship
the agent separately, typically in plastic containers. When installed,
the container and cartridge should be located to keep the wet agent
within the manufacturer’s appropriate temperature range and to
avoid damage or exposure to the hazard.



FIGURE 9-5 Wet chemical agent tanks.
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FIGURE 9-6 Whether activated by manual or automatic means, a gas cartridge is punctured

and either flows into the tank to push the product out of the tank or activates valves on

pressurized tanks to release the agent and move the agent through the piping network and

out of the nozzles.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



Depending on the hazard, dry chemical containers can be larger
than wet chemical containers. Containers may hold hundreds or, in
some cases, thousands of pounds of dry chemical agent. The larger
engineered hazards usually require separate containers to hold the
agent and expelling gas. When the agent and gas are separate, the
containers must be as close as possible and practical to the hazard
FIGURE 9-7. The smaller pre-engineered installations that once
protected hazards such as commercial kitchen appliances only
required a small container to hold the dry chemical agent and
expelling gas. No matter the size of the container, it is important to
make sure the installation conditions do not promote heat or humidity
or subject the containers and agent to any other condition that could
damage or inhibit the proper operation of the system. All containers
must meet U.S. Department of Transportation (DOT) guidelines for
storage and shipping.



FIGURE 9-7 In order to be close to the hazard, these dry chemical agent containers and

expelling gas container are secured to a light post above the gas pumps at a self-service

fuel island.
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Piping and Fittings
The piping and fittings used to distribute the wet or dry agent to the
nozzles must be made of noncombustible materials, must be
compatible with the agent, and must be able to handle the
anticipated pressures. Usually, the material is a metal approved for
use with the specific agent and extinguishing system. Wet chemical
systems typically use Schedule 40 black iron, chrome-plated, or
stainless steel pipe and fittings; hot dipped galvanized iron pipe is
not typically used (unless permitted by the listing), as it can flake and
clog the nozzles. Dry chemical systems can use galvanized steel,
stainless steel, copper, brass, or other specialized materials suitable
for corrosive environments and black steel for noncorrosive
environments. However, certain types of steel pipe, cast iron,
aluminum, and nonmetallic materials are not approved for dry
chemical system use. Commonly installed fittings include elbows,
tees, and, in some instances, couplings.

The arrangement and size of the pipe and fittings depend on the
hazard and the particular agent used. Wet chemical system
arrangements and pipe sizes are standardized because the systems
are pre-engineered, tested, and approved for the type and size of the
hazard, which is mainly commercial kitchen cooking appliances. The
installing contractor must follow the manufacturer’s published
guidelines to ensure proper installation. On the other hand, many
new dry chemical systems require engineering to determine the
pressures, pipe arrangement, pipe size, fitting selection, and fitting
location. Good engineering is critical because dry chemicals and the
expelling agent must properly mix and maintain flow balance to
ensure even distribution of the agent throughout the system. The
mixing of the dry agent and expelling gas is known as fluidization. If
the dry agent and expelling gas do not properly mix, suppression will
be ineffective.



Nozzles
Nozzles distribute the extinguishing agent on to the hazard.
Manufacturers make different types of nozzles for wet and dry
chemical systems. Each type of nozzle is designed for an intended
application and requires listing for that particular application FIGURE 9-

8 and FIGURE 9-9. The manufacturer must also include permanent
marking on the nozzle to identify nozzle type. The selection and
arrangement of the design are based on the desired application, the
hazard, and the amount of agent required to protect against the
hazard. NFPA 17 and 17A require nozzles to be noncombustible and
to not deform when exposed to fire. In addition, nozzles must be
made of brass or stainless steel or use a listed corrosion-resistant
material to protect the nozzle. Other requirements include the use of
a blow-off cap or other approved protective device or material such
as foil to cover the nozzle orifice so foreign materials, vapors, and
moisture cannot clog the orifice. When installed on wet chemical
systems, nozzles require either a built-in strainer or an in-line
strainer.



FIGURE 9-8 Wet chemical nozzles protect a commercial kitchen appliance.
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FIGURE 9-9 Four dry chemical nozzles, two missing their protective blow-off caps,

safeguard a self-service fuel island.
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Activation Devices
Wet and dry chemical extinguishing systems operate by automatic
and manual activation, with each independent of the other so the
failure of one does not inhibit the other from working. Automatic
activation occurs by way of a mechanical or electrical sensing device
that is located in the hazard area. An example of a mechanical
device is a fusible link, which is commonly installed above
commercial kitchen cooking appliances and in the hood systems
FIGURE 9-10. An example of an electrical sensing device is a heat
detector FIGURE 9-11.

FIGURE 9-10 A fusible link is an example of a mechanical device used for automatic

activation of a chemical extinguishing system.
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FIGURE 9-11 A heat detector is an example of an electrical sensing device used for

automatic activation of a chemical extinguishing system.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

NFPA 17, 17A, and the International Building Code® (IBC®)
require that wet and dry chemical extinguishing systems employ
manual activation by some type of pull actuator. Typically, this pull
actuator is a manual activation device that is located near the
protected area. NFPA 17, 17A, and the IBC® all require the manual
device to clearly identify the protected hazard, be in the path of
egress, and be no less than 42 in. and no more than 48 in. above the
floor. In addition, NFPA 17A requires operating instructions next to
the manual device. The IBC® requires no more than 40 lb of force
and a maximum movement of 14 in. to activate the fire suppression
system (International Code Council 2018, Section 904.12.1). The
IBC® also requires that the manual activation device for commercial



cooking equipment must be located at least 10 ft but no more than
20 ft from the kitchen exhaust system FIGURE 9-12 (International Code
Council 2018, Section 904.12.1).

FIGURE 9-12 The manual activation station in this commercial kitchen must be located

between 10 and 20 ft from the kitchen exhaust system and in the path of egress.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Whether by automatic or manual means, once these devices
activate, the system must automatically operate any associated
safety equipment and shut down any heating, fuel, or electrical
power supply to the hazard.

System Alarms and Indicators



Upon activation, a wet or dry chemical system must initiate an alarm
signal and, where required, should send an alarm signal to a
contract monitoring company or emergency communication center
for proper interpretation and action. If installed in a building with a
fire alarm system, the extinguishing system must tie into the building
fire alarm system and activate the appropriate fire alarm system
signals indicating “alarm,” “supervisory,” or “trouble.” If installed in a
building with no fire alarm system, a local audible alarm or local
visual indicator will provide immediate notification of a fire or other
condition that needs attention. This is especially important when a
person is in the area of a dry chemical discharge. When flowing, the
dry chemical creates a potentially dangerous cloud of powder that
inhibits breathing and visibility. Supervisory alarms are required
when electrical or pneumatically controlled systems are used.
Mechanical or electrical audible or visual indicators are required on
wet and dry chemical extinguishing systems so a person can
determine if the system is in ready condition, is in need of
recharging, or needs a person to respond and investigate.



Types of Fixed Wet and Dry
Extinguishing Systems
There are two types of fixed extinguishing systems, the local
application system and total flooding system. Local application
systems are necessary when the hazard is exposed and not
surrounded or enclosed to provide containment of the agent. A local
application system can be a wet or dry chemical system with a
nozzle or nozzles directed to discharge on the hazard. A total
flooding system works best when protecting enclosed hazards or
hazards in confined areas. NFPA 17 states that installation of a total
flooding system is acceptable where the percentage of unclosable
openings surrounding the hazard does not exceed 15 percent of the
protected area (National Fire Protection Association 2017, NFPA 17,
Section 6.1.2). For the most part, total flooding systems protect the
types of hazards that require the use of dry chemical agents or gas-
based suppression agents.

Local Application Systems
A local application system protects a specific area, piece of
equipment, process, or operation. Depending on the hazard, local
application systems use wet or dry extinguishing agents and
discharge the extinguishing agent directly onto the hazard to
smother, cool, and extinguish the fire. In order for this type of system
to be effective, it must protect the entire hazard and the hazard must
be sufficiently isolated from other hazards to avoid the spread of fire.
Local application systems may protect inside hazards, such as
commercial cooking appliances or an open spray paint booth, or
outside hazards, such as a vehicle fuel island. When installing a
system that protects an outside hazard, consideration of nozzle
placement and environmental conditions is critical to ensure
appropriate application of the agent on to the hazard.



Total Flooding Systems
Total flooding systems protect enclosed hazards and areas within a
structure. For example, total flooding systems that use dry chemical
agents and extinguishing systems protect paint spray booths and
flammable and combustible liquid storage areas. Once discharged,
the agent fills the entire protected area to smother, cool, and disrupt
the fire’s chemical chain reaction. The amount of agent and number
of nozzles needed to protect the area depend on the total volume of
the area and the extinguishing system manufacturer’s design
calculations and approvals for their product. For some agents,
successful fire suppression requires adequate sealing or minimal
openings in the protected area. The protection scheme should
include automatic shutting of openings and stopping any forced-air
ventilation systems before or during discharge to ensure the
concentration level of the agent does not decrease to the point
where suppression is affected. If there are unclosable openings or
the ventilation cannot shut down, the design must compensate by
adding additional agent.

Because total flooding systems are installed to protect confined
or enclosed spaces, the need for people to exit the area as soon as
possible or before system activation prevents injury and other health-
related complications. Exposure to the agent that discharges at a
high pressure can inhibit breathing, visibility, and in some instances,
a person’s cognitive abilities. Where required and depending on the
type of agent and system, warning signs are required at the entrance
to and in the hazard area.

Other Wet and Dry Chemical Application
Methods
There are other methods of application for wet and dry chemicals,
including the use of hand hose lines and fire extinguishers. This
section discusses hand hose lines. Fire extinguishers are discussed
in Chapter 11.



Hand Hose Lines
Hand hose lines can stand alone, supplement fire extinguishers, or
supplement fixed dry chemical systems. NFPA 17 establishes that if
a fixed dry chemical system cannot provide adequate or
economically feasible protection, installation of a hand hose system
is permissible if approved by the governing authority. Also, when
installed to supplement a fixed dry chemical extinguishing system,
the hand hose line should have a separate dry chemical supply that
can last a minimum of 30 seconds (National Fire Protection
Association 2017, NFPA 17, Sections 8.1.2, 8.3.1). If both systems
must share a dry chemical supply, only one can operate at a time
and there must be a minimum effective 30-second dry chemical
supply available for the hose line (National Fire Protection
Association 2017, NFPA 17, Sections 8.1.2, 8.3.1). Hand hose lines
must be accessible and able to reach the hazard (National Fire
Protection Association 2017, NFPA 17, Section 8.2.1). They should
not be located where they will be exposed to the hazard, and the
nozzle must incorporate a shut-off device (National Fire Protection
Association 2017, NFPA 17, Sections A8.2.1, 4.2.2.1).



Inspection, Testing, and Maintenance
Once installed, wet and dry chemical extinguishing systems must
undergo acceptance inspections and tests to determine if the system
will perform as engineered and installed. The requirements for the
different types of acceptance and periodic inspections, tests, and
maintenance are found in NFPA 17 and 17A. The inspection and test
process is straightforward for both types of systems, but there are
many interconnected systems—including exhaust, electrical, gas,
and fire alarm systems—that require appropriate operation for final
acceptance. As the systems age, periodic inspections, tests, and
maintenance are required to ensure proper operation and system
integrity. Although some of the periodic inspections are within the
capabilities of facility maintenance staff, other periodic inspections,
tests, and maintenance must be performed by trained, certified, and
experienced personnel.

Acceptance of the System
When accepting the installation of a wet or dry chemical
extinguishing system, a visual inspection confirms the system
equipment is located and installed in accordance with the approved
plans and supporting documentation. This inspection includes
verification that the correct nozzle types are in the proper orientation
and location relative to the piece of equipment or hazard being
protected; the equipment or hazard is as specified or has not
changed; the piping material, size, and length are correct; the
components are properly fastened; where required, warning or
caution signs are posted at the entrance to and in the area of the
hazard; and the agent type and amount are correct. In addition, the
visual inspection determines if auxiliary equipment, such as the
alarm bell, manual release, automatic detector, or fusible link, are in
the correct location, are the correct type, and are free from damage,



obstruction, foreign material, or any condition that would inhibit
operation.

Discharge Test
As part of the system acceptance, the discharge test confirms proper
operation by manual or automatic release. Activating the manual
release, the automatic detector, or a fusible link will cause a number
of different safety processes to take place. All of these processes are
geared to minimize the possibility of fire spread, and each is
independent of the other to ensure backup. Included in these
processes are fuel shut-off to equipment, electrical supply shut-off to
equipment, supply air shutdown, alarm activation, and, in some
cases, exhaust fan shutdown and damper closing. If there is an
exhaust fan associated with the protected hazard, neither NFPA 17
nor NFPA 17A specifically requires the fan to shut down or dampers
to close; in fact, some manufacturers’ listings and governing
authorities require the fan to remain operational to remove smoke
and hot gases. However, the manufacturer’s testing criterion should
always be followed to ensure the system is operationally ready and
performs as designed. Once all testing is complete, the contractor or
authority records the event by placing a tag with the month and year
of testing in a conspicuous location on the equipment as a reminder
for the next series of inspections and tests.

The discharge test for a wet chemical extinguishing system
ensures that the appropriate amount of agent flows from the system
nozzles and that all of the associated equipment operates properly.
For wet chemical systems, balloons, containers, or bags are
attached to the nozzles to capture the agent or other product when
discharged FIGURE 9-13. Once captured, the wet chemical agent’s
weight is determined to make sure the proper amount of product
reaches each nozzle. Most manufacturers do not recommend
discharging the wet chemical product; instead, they recommend
discharging a gas propellant (usually nitrogen or dry air), water, or a
special testing fluid in order to avoid pipe corrosion by the wet



chemical agent. However, flushing the pipe with water and blowing
out with air after a discharge of the agent usually takes care of this
potential problem. If water is used, some manufacturers strongly
recommend using their flushing fluid to prevent rusting and
corrosion. Discharging the agent, water, or a pressurized gas also
confirms that the piping is clear and not clogged.

FIGURE 9-13 During a discharge test, bags tied to the nozzles collect the chemical agent to

ensure proper flow out of each nozzle.
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The discharge test for dry chemical extinguishing systems is
based on the manufacturers’ requirements but must be satisfactory
to the approving authority. In the past, NFPA 17 stated that if
required by the approving authority, a sufficient amount of dry



chemical agent should be discharged to ensure that the system is
operational, but now, NFPA 17 states that either nitrogen or dry air
shall be discharged through the piping to ensure that there is flow
out of each nozzle.

Once all acceptance and discharge testing is complete, the
contractor or authority records the event by placing a tag with the
month and year of testing in a conspicuous location on the
equipment as a reminder for the next series of inspections and tests.

Periodic Inspection, Testing, and
Maintenance
Many of the inspections and tests performed when commissioning a
system are the same when maintaining a system. However,
inspection, testing, and maintenance are more frequent, and it is the
owner’s responsibility to ensure that the inspections, tests, and
maintenance are performed by a qualified and certified individual or
organization. Some of the activities can be performed in-house, but
most of the test and maintenance activities require training and
experience that only qualified and certified personnel possess.
Therefore, it is in the owner’s best interest to either hire a qualified
individual or contract with a company that provides this type of
service. Depending on the type of system, inspections, tests, and
maintenance cycles run monthly, semi-annually, every 6 years, or
every 12 years.

Inspection
On a monthly basis, the owner or a representative should visually
inspect for conditions that could cause the system to fail or inhibit
operation. However, depending on the hazard, the need to inspect
may be more frequent. This is especially true when dealing with
commercial kitchens where the type, duration, and frequency of
cooking could lead to excessive grease build-up on the nozzles and
in the hood, plenum, and ductwork. Also, paint booths that are not



maintained are susceptible to residue build-up that can inhibit
operation of the automatic and manual releasing devices. The visual
inspection verifies that there are no obstructions to the equipment or
manual activation device, no physical damage to the components,
and no coating or deposits on the nozzles or equipment. The
inspection also verifies that the protective blow-off caps or orifice
covers are in place and not damaged and the nozzles are in the
proper location FIGURE 9-14. In addition, auxiliary systems, including
all associated fire alarm devices, should be in place and ready, no
system leaks or corrosion should be visible, the test/maintenance
record tag should be in place, and the pressure gauge (if provided)
should read in the normal range. The visual inspection also verifies
that the hazard, process, and equipment remain as originally
designed, approved, and installed. If there is any indication of
replacement, modification, or relocation of the hazard, process, or
equipment, then the system requires redesign to meet the new
conditions.



FIGURE 9-14 Visual inspections verify that blow-off caps or orifice covers are in place and

not damaged. Without the foil completely covering this orifice, the orifice will likely clog with

grease and prevent the wet chemical agent from discharging properly.
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When performing semi-annual inspections on wet and dry
chemical systems, the same visual inspections performed during the
monthly inspection should take place, but dry chemical systems that
use separate gas cartridges to expel the agent must also be checked
for proper pressure (nitrogen cartridges) or weight (carbon dioxide
cartridges). In addition, a check of the dry chemical agent ensures
that the agent remains in the proper physical state (a fine powder) so
it will flow freely when expelled. If the agent is exposed to moisture,
a chemical reaction will take place that causes a change in the
physical state of the agent. The agent will stick together and form a
clump or lump called caking. Discovery of clumps, lumps, or caked
dry chemical agent requires immediate discarding and replacement
of the agent. Every 6 years, any dry chemical agent housed in a
stored-pressure container requires disassembling, internal inspection
of the container, and replacement of the dry chemical agent.

Testing
Periodic testing determines if the system is operating as designed or
if there is a problem needing attention. The results of the monthly
and semi-annual inspections will determine the level of testing
necessary to keep the system functioning properly, but most
scheduled testing is semi-annual. When any monthly or semi-annual
inspection reveals a problem, the appropriate maintenance and
testing should take place immediately. Corrosion, leaks, damage,
and repairs to equipment require further investigation and the
possibility of more extensive testing and maintenance. At a
minimum, manual and automatic system activation determines if the
alarms activate and if the fuel and electricity shut down. Since NFPA
17 and 17A do not require discharging the agent when activating the



system, the use of the expelling gas determines the level of
performance. However, some insurance or governmental authorities
might require full discharge to ensure that the system provides the
appropriate amount of product at the nozzle. Once the product is
captured in bags or balloons, it is necessary to weigh it to ensure
delivery of the appropriate amount to each nozzle. The internal
piping should also be cleaned out and dried to avoid later problems
with corrosion or blockage.

Maintenance
Routine maintenance follows the manufacturer’s guidelines, but
conditions may dictate the need to perform maintenance before the
scheduled time. As previously stated, the results of the monthly and
semi-annual inspections and tests will determine the level of
maintenance necessary to keep the system functioning properly, but
there are certain maintenance activities that must take place at
prescribed intervals. At a minimum, fusible metal alloy–type fixed
temperature-sensing elements should be replaced annually.
However, fixed temperature-sensing elements that are not fusible
metal alloy–type do not require replacing and may remain in
continuous service as long as inspected, cleaned, or replaced as
necessary every 12 months and in accordance with the
manufacturer’s instructions. In addition, some system piping and
nozzles should be removed and internally examined to ensure there
is no debris or clogs that could prevent proper operation FIGURE 9-15.
Other maintenance and component replacement take place when
the equipment shows signs of corrosion, leakage, or damage. Some
manufacturers recommend that a full discharge test occur every 6
years.



FIGURE 9-15 Some system piping and nozzles should be internally examined to ensure

that there is no debris or clogs that could prevent proper operation. This clogged fitting

would have prevented any wet chemical agent flow from the attached branch line.
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The container and any other components exposed to high
pressures require hydrostatic testing at intervals dictated by the
manufacturer’s requirements but no greater than every 12 years.
The test should be in accordance with the manufacturer’s
procedures and at the pressure in the manufacturer’s literature or as
indicated by the factory. The purpose of the hydrostatic test is to
ensure that the components maintain integrity to withstand the
pressures encountered.

When performing a visual inspection, component test, or required
maintenance, it is important to tag the equipment so the responsible
party or authority has some indication when the system inspection



and testing took place. In addition, recording of inspection, testing,
and maintenance activities provides documents for review by the
authority or the person who is responsible for maintaining the
system.

Wrap-Up

CHAPTER SUMMARY

Wet and dry chemical extinguishing systems provide an
alternative protection agent when the use of water may not be
appropriate.

Wet chemical agents are a mix of water and other chemicals
that form a proprietary liquid that once discharged creates a
soapy foam barrier between the fuel and oxygen. This prevents
reignition and cools the fuel.

Dry chemical agents knock down the flame and coat the surface
area of the hazard. The chemical covers and smothers the
hazard and prevents oxygen from reaching the fuel. This stops
reignition and flame spread to adjacent areas.

Many wet and dry chemical extinguishing systems are pre-
engineered and can be adapted to handle different hazards. In
addition, these systems use similar components and operate in
a similar manner.

Wet chemical systems typically protect commercial kitchen
cooking appliances, and dry chemical systems typically protect
flammable and combustible liquid hazards.

NFPA 17 and UL 1254 are standards that apply to the design,
installation, inspection, testing, and maintenance of dry chemical
extinguishing systems.



NFPA 17A and NFPA 96 are standards that apply to the design,
installation, inspection, testing, and maintenance of wet
chemical extinguishing systems.

UL 300 is a testing criterion for protection of commercial cooking
equipment that involves actual equipment, field conditions, and
the hazards encountered.

There are two general types of wet and dry chemical systems:
the local application and total flooding system types.

Local application systems discharge the agent directly onto an
exposed hazard to prevent fire spread beyond the hazard.

Total flooding systems protect enclosed areas by discharging
the agent and filling the entire enclosed area with the agent.

All wet and dry chemical systems require both automatic and
manual activation capabilities. Upon activation, an alarm must
sound and associated mechanical, electrical, or plumbing
systems must shut down.

Wet and dry chemical extinguishing system acceptance and
periodic inspections, tests, and maintenance are critical to
ensure that the system will operate as designed to protect the
hazard.

KEY TERMS

Dry chemical extinguishing agent A dry powder suppression
agent made from sodium bicarbonate–based, potassium-based, or
ammonium phosphate chemicals that covers and smothers the
burning material.

Engineered systems Those systems requiring individual calculation
and design to determine the flow rates, nozzle pressures, pipe size,
area, or volume protected by each nozzle, quantities of dry chemical,
number and types of nozzles, and their placement in a specific



system (National Fire Protection Association 2017, NFPA 17,
Section 3.4.2).

Fixed dry chemical extinguishing system An automatic dry
chemical agent–based extinguishing system that is self-contained
and automatic and uses a pressurized gas to expel the agent
through a network of piping and nozzles onto the hazard.

Fixed wet chemical extinguishing system An automatic liquid
agent–based extinguishing system that is self-contained and
automatic and uses a pressurized gas to expel the agent through a
network of piping and nozzles onto the hazard, which is usually
commercial kitchen cooking equipment.

Fluidization The process of mixing an expellant gas with a dry
chemical agent to facilitate distribution of the dry chemical.

Hand hose line A hose and nozzle assembly connected by fixed
piping or connected directly to a supply of extinguishing agent
(National Fire Protection Association 2017, NFPA 17, Section 3.4.3).

Local application system A supply of dry chemical permanently
connected to fixed piping with nozzles arranged to discharge directly
onto the fire (National Fire Protection Association 2017, NFPA 17,
Section 3.4.4).

Multipurpose dry chemical Ammonium phosphate–based
extinguishing agent that is effective on fires involving ordinary
combustibles, such as wood or paper, and fires involving flammable
liquids (National Fire Protection Association 2017, NFPA 17, Section
3.3.6.1).

Nozzle An engineered device that directs a pressurized stream of
agent in a particular direction, at the desired density, and in a
specific pattern to cover the hazard with the agent.

Pre-engineered systems Those systems having predetermined
flow rates, nozzle pressures, and quantities of extinguishing agent
and having specific pipe size, maximum and minimum pipe lengths,
flexible-hose specifications, number of fittings, and number and



types of nozzles (National Fire Protection Association 2017, NFPA
17, Section 3.4.5).

Regular or ordinary dry chemicals Dry chemical agents rated only
for Class B and C fires.

Total flooding system A supply of dry chemical permanently
connected to fixed piping and nozzles that are arranged to discharge
dry chemical into an enclosure surrounding the hazard (National Fire
Protection Association 2017, NFPA 17, Section 3.4.6).

Wet chemical extinguishing agent A suppression agent that mixes
water with potassium acetate, potassium carbonate, potassium
citrate, and, in some instances, a mixture of these agents and other
additives; used primarily to suppress Class K fires.

CASE STUDY

During a walk-through at an auto repair shop in your first-due
response area, you notice some changes in the body shop
operation. Through observation and a discussion with the shop
foreman you confirm the following: (1) A new spray booth has been
installed; (2) the dry chemical extinguishing system that protected
the old booth was adapted to also protect the new booth; (3) all of
the inspection tags, tamper indicators, and seals are dated more
than 6 months ago; and (4) there is no inspection documentation for
the dry chemical extinguishing system. Based on your observations
and the information you obtained, answer the following questions.

1. Was it appropriate to adapt the existing dry chemical
extinguishing system to protect the new spray booth?

A. Yes, the system should work without any problem because
it meets UL 300 and NFPA 17A standards.

B. Yes, the system should work without any problem because
it meets UL 1254 and NFPA 17 standards.



C. No, dry chemical extinguishing agents do not work on
flammable and combustible liquids.

D. No, a design professional will need to evaluate the hazard
and current system to determine the level of protection
needed for each booth.

2. What type of fixed dry chemical extinguishing system would be
appropriate to protect the new spray booth?

A. Pre-engineered/total flooding
B. Pre-engineered/local application
C. Engineered/local application
D. Engineered/total flooding

3. What concerns do you have with the outdated inspection tags,
tamper indicators, or seals affixed to the system?

A. No concerns
B. Tags, indicators, and seals that are over 6 months old may

be an indication that the system is not being inspected,
tested, or maintained when necessary.

C. Since the booth is new, there is no need to inspect for 6
months.

D. Tags, indicators, and seals are not required.

4. What concerns do you have with the lack of an inspection report
or other documentation for the adapted dry chemical
extinguishing system?

A. Lack of an inspection report or other supporting
documentation could be an indication that the system was
not subjected to an acceptance test.

B. The system already existed and will be inspected when
required.

C. There is no documentation required.
D. No concerns



CHALLENGING QUESTIONS

1. Describe the type of hazard that wet chemical extinguishing
systems protect.

2. Describe the types of hazards that dry chemical extinguishing
systems protect.

3. How are the capabilities of pre-engineered extinguishing
systems determined?

4. Explain how wet and dry chemical systems control and
extinguish fire.

5. Name the standard that applies to wet chemical systems.

6. Name the standard that applies to dry chemical systems.

7. What three changes in the commercial cooking industry
prompted UL to update “Outline of Investigation, Subject 300” to
the UL 300?

8. What is fluidization?

9. What is the difference between regular/ordinary dry chemicals
and multipurpose dry chemicals?

10. Explain the differences between a local application system and
a total flooding system.

11. Briefly explain the activation and operational sequence for wet
and dry chemical extinguishing systems.

12. Under what circumstances should a dry chemical extinguishing
system upgrade to a UL 300–compliant wet chemical
extinguishing system? Name at least five reasons to require an
owner of such equipment to replace the existing system.

13. List and explain the various types of inspections and tests
performed when accepting and maintaining wet and dry
chemical extinguishing systems.



14. What are some of the problems associated with discharging wet
and dry chemical agents? Are there alternative methods that
would satisfy the minimum requirements of NFPA 17 and 17A
for accepting new wet and dry chemical extinguishing systems?
Should there be a requirement to perform a discharge test every
few years?
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10CHAPTER

Special Hazard Fire Suppression Systems

Gaseous Agent Extinguishing
Systems
LEARNING OBJECTIVES
At the conclusion of this chapter, you will be able to:

Describe the physical characteristics of carbon dioxide.
Describe the four application methods for delivery of carbon dioxide.
Describe the physical characteristics of halogenated hydrocarbons (halons).
Explain the halon numbering identification system.
Describe the physical characteristics of halocarbons and inert gases (clean agents).
Discuss the two categories of clean agents.
Explain the difference between the two types of aerosol generators.
Discuss the various acceptance and periodic inspections and tests that are required
to certify and maintain gaseous agent extinguishing systems.

Case Study
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The development and use of halogenated hydrocarbon extinguishing agents—also known
as halons—can be traced back to the late 1940s. At that time, the U.S. Army was looking
for replacement fire suppression agents that provided highly efficient suppression but with
much less toxicity than other agents used to protect equipment and systems. From the
late 1940s to the mid-1980s, halon was one of the first-choice suppression agents to
protect occupancies and equipment that were considered critical or of high value
including computer rooms, museums, and libraries. Not only were the halon-based
agents highly effective, they were noncorrosive, nonconductive, and less toxic and had
low chemical reactivity. These properties resulted in efficient fire suppression and their
use did not cause the secondary damage associated with water or other solid
suppression agents. However, over the past 30-plus years, the use has significantly
decreased due to the treaty known as the Montreal Protocol on Substances That Deplete
the Ozone Layer.

In 1987, 22 countries, including the United States, signed the Montreal Protocol treaty,
agreeing to stop the production and importation of chemicals believed to break down
ozone molecules and cause depletion of the earth’s ozone layer. The ozone layer
protects all forms of life by filtering the ultraviolet radiation produced by the sun. When
ultraviolet radiation is not absorbed in the ozone layer, it can cause skin cancers, damage
plants, and affect all forms of animal life. Halon extinguishing agents used in fire
extinguishing systems and a number of other agents including chlorofluorocarbon (CFC)
chemicals used as refrigerants, as propellants, and in air conditioners were determined to
be at the root of the problem.



Through the Environmental Protection Agency (EPA), the U.S. government amended
the Clean Air Act in 1990 to include timelines phasing out the production and importation
of halons, CFCs, and other contributing chemical agents. As part of the phase-out, a
schedule was established by the EPA dividing the ozone-depleting substances (ODSs)
into two classifications: Class I and Class II. Class I agents included halons, CFC, carbon
tetrachloride, and methyl bromide. Halons were required to be phased out by 1994, other
agents in the group by 1996, and the last agent in the group by 2005. Class II agents
include all hydrochlorofluorocarbons (HCFCs) that were developed as transition
substitutes for Class I ODSs. The Class II ODS phase-out started in 2003 with complete
cessation in production and importation by 2030.

Although the production and importation of halon ended in 1994, the treaty did not
prohibit recharging existing systems with recycled or reclaimed halon from systems that
were replaced or decommissioned. In addition, new halon fire extinguishing systems are
still permitted to be installed by both model building codes. However, new system
installations are rare, and with the development of replacement agents, many
organizations decided to replace halon extinguishing systems with other types of
extinguishing systems including clean agent and water mist systems. Even with
production and importation of halon ending nearly 25 years ago, there are facilities that
continue to operate with halon systems that protect the critical equipment, systems, and
high-value content. Eventually, there will be no more agent, parts, or manufacturer’s
support to maintain these systems.

1. What is the possible impact of not being able to obtain system repair parts or
factory support or find someone with the training and experience to service these
systems?

2. How might the lack of parts, factory support, and trained personnel affect a property
owner’s decision to convert to another gas-based extinguishing agent?

3. Although there is a manufacturing and importation ban on halon agents, it is still
permissible to install a halon system. What are the pros and cons of this issue, and
should a design professional ever suggest the use of halon?

Sources: Modified from Robin, Mark L. “A Short History of Clean Fire Suppression
Agents.” FS-World.Com Fire Safety Magazine, Fire Detection and Suppression, Spring
2011, 26–34. Accessed October 20, 2018.
https://www.chemours.com/FE/en_US/assets/downloads/pdf/Chemours_Reprint_FSWorl
d_Spring2011.pdf

U.S. Environmental Protection Agency. “Phaseout of Ozone-Depleting Substances.”
Accessed October 22, 2018. https://www.epa.gov/ods-phaseout/phaseout-class-ii-ozone-
depleting-substances

http://fs-world.com/
https://www.chemours.com/FE/en_US/assets/downloads/pdf/Chemours_Reprint_FSWorld_Spring2011.pdf
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Introduction
Water has been and continues to be the most commonly used and
abundant fire suppression agent. However, innovation and
development of new materials, machines, processes, and
technologies throughout the past 100 or so years have led to the
need to create alternative extinguishing agents that can deal with
fuels in situations where the use of water as the suppression agent
could make the situation worse. In some cases, the environment,
logistics, and technological application make it impractical to use and
store the large quantities of water necessary to control and
extinguish a fire. In addition, the use of water can cause damage to
some types of extremely valuable or irreplaceable property and
equipment.

The development of gaseous extinguishing agents offered an
alternative to water and has proven effective in certain environments
and applications in which water is not an appropriate extinguishing
agent. For example, computer, server, communications rooms, and
archive storage areas are well suited for gaseous extinguishing
systems. Three particular types of gaseous agents have emerged
and gained popularity over the past 110 years: carbon dioxide,
halogenated hydrocarbons known as halons, and, most recently,
halocarbons and inert gases, known as clean agents. This chapter
covers the agents, applications, applicable design standards, types
of systems, components, and inspection, testing, and maintenance
associated with these extinguishing systems.



Carbon Dioxide
Carbon dioxide (CO2) is an odorless, colorless, noncombustible,
nonconductive gas that exists in the air at a very small yet detectable
level—approximately 380 parts per million by volume. Depending on
the pressure and temperature of the environment, CO2 can exist as
a gas, solid, or liquid. However, carbon dioxide’s liquid state is the
most desirable and common for suppression applications because
containers are able to hold more weight of CO2 than if in the gas
state. Carbon dioxide leaves no residue and is effective on Class A
fires and very effective on Class B and C fires. In fact, NFPA 12,
Standard on Carbon Dioxide Extinguishing Systems, states that with
the exception of a few active metals, metal hydrides, and materials
that contain available oxygen, CO2 is suitable for most combustible
materials.

When used in sufficient concentration as a suppression agent,
CO2 gas displaces and reduces the level of oxygen below 15
percent of the air content that is necessary to sustain combustion in
the area of application. CO2 is approximately 50 percent heavier
than air and, once discharged, separates the air from the fuel as it
extinguishes the fire. This ability makes carbon dioxide especially
useful on deep-seated fires, but it also makes the gas dangerous to
anyone directly or indirectly exposed, especially in an enclosed area.
When discharging carbon dioxide in a confined space, asphyxiation
is probable; therefore, any person in the area where a discharge
could occur must leave the area prior to the discharge to avoid injury
or death. Fire fighters entering areas protected by carbon dioxide
systems that have discharged should wear self-contained breathing
apparatus and take readings to determine the level of oxygen, CO2,
or other gases present to ensure the safety of personnel.



TIP

The mechanism that makes carbon dioxide an effective
extinguishing agent—reducing the oxygen level—makes the gas
dangerous to anyone directly or indirectly exposed, especially in
an enclosed area where asphyxiation is probable. Any person in
the enclosed area must leave the area before system activation
and gas discharge to avoid injury or death. Fire fighters entering
these areas should wear self-contained breathing apparatus and
take readings to determine the level of oxygen, CO2, or other
gases present to ensure the safety of personnel.



Carbon Dioxide Extinguishing
Systems
Requirements for a carbon dioxide extinguishing system can be
found in the standard referenced by NFPA 5000®, Building
Construction and Safety Code®, and the International Building Code®

(IBC®), NFPA 12, Standard on Carbon Dioxide Extinguishing
Systems. First adopted in 1929, NFPA 12 provides design guidance;
installation requirements; operational requirements; activation and
supervision requirements; identification of the hazards the agent will
protect and the hazards to avoid; and inspection, testing, and
maintenance requirements.

Carbon dioxide extinguishing systems are engineered systems
that protect processes, equipment, and items of considerable value
or great importance including flammable and combustible liquid
storage, chemical storage, electrical hazards, computer and
electronic operations, industrial machinery, combustible dust
operations, marine/shipboard operations, industrial cooking
operations, fur vaults, records, and other important documents.
Carbon dioxide extinguishing systems are self-contained and use
fixed nozzles, manual hose reels, or, in some situations, both
nozzles and hose reels to deliver the agent. All equipment and
components require listing or approval by a recognized testing and
certification agency; the listing and approval are specific to the
application. Mixing one manufacturer’s equipment with another may
violate the listing or approval or, worse, may cause the system to not
operate properly.

When discharged, the highly pressurized CO2 liquid expands to a
gas vapor state and combines with moisture in the air to form a fog-
like cloud that consumes the hazard. The cloud quickly dissipates,
but the gas lingers for a period to maintain a non-ignitable
environment. The gas is especially helpful in situations where clean-
up of another type of agent could be a problem or where there are



physical obstructions associated with the hazard that would make
the use of another agent impractical or ineffective (e.g., a large
printing press).

There are a few different types of systems and application
methods available for CO2 extinguishment. The process of
determining which system and application is appropriate starts with
determining the size of the hazard and the amount of agent required
to protect the hazard. Once the hazard evaluation is complete,
considerations for engineering the system include the size and
number of cylinders, pipe size, nozzle types, valve types, and other
supporting components such as detection and activation equipment.

A number of different types of discharge nozzles are available
that provide the appropriate discharge velocity, flow rate, and
discharge pattern for the application of carbon dioxide extinguishing
systems FIGURE 10-1. Nozzles must be able to withstand the
significant heat of a fire and the anticipated discharge pressures of
the CO2. In addition, nozzles must have blow-off caps or frangible
discs if subject to foreign materials that could clog the nozzles.



FIGURE 10-1 Upon system activation, the nozzles will discharge carbon dioxide into an oil

tank.
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Carbon dioxide extinguishing systems can activate automatically
by some type of detector, manually by a person who must initiate an
electronic activation, typically a manual fire alarm box, or by a
person who must initiate the activation by full mechanical manual
release that is not dependent on any electrical system or component.
Posting of warning signs notifies personnel of the danger associated
with carbon dioxide and provides instruction regarding emergency
procedures FIGURE 10-2. Warning signs are especially important
because NFPA 12 prohibits the installation of an abort switch to
override activation. Once activated, the valves that keep the gas in
the tanks open to allow the CO2 to flow into the system piping and
out of the nozzles that discharge the gas to the hazard. Audible and
visual alarms operate simultaneously with system activation.
However, depending on the installation, the alarm can signal a
predischarge warning and initiate a predischarge delay to allow
enough time for personnel to evacuate an area and seek a safe
environment before discharge. Another type of alarm involves the
emission of a scent (such as wintergreen) to alert personnel of a
discharge.



FIGURE 10-2 A hazard warning sign is required for areas protected by carbon dioxide

systems.
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Description

Low- and High-Pressure Storage
There are two types of carbon dioxide extinguishing systems
employed by system designers: those where the storage pressure of
the CO2 is 300 pounds per square inch (psi) and those where the
storage pressure of the CO2 is 850 psi. When the carbon dioxide
stores at 300 psi, the method of storage is considered low-pressure
storage. When stored at 850 psi, it is considered high-pressure
storage. Whether at 300 psi or 850 psi, these pressures are high
enough to make liquid CO2 self-expel with no other pressurized gas
needed as a propellant. Instead, the choice between a low- or high-



pressure system depends on the hazard and the amount of CO2
required to protect the hazard. If the hazard or area is large or the
system is protecting multiple hazards at the same location, the
system designer will probably specify a low-pressure system to
protect the hazard. A low-pressure system allows for a large amount
of CO2 to be available in one container and location. This is to avoid
installing multiple systems with many small cylinders spread
throughout a facility. However, if protecting a small room or a piece
of equipment, the system designer will probably specify a high-
pressure system to protect the hazard.

Both low- and high-pressure CO2 systems utilize the following
components: pressure containers or cylinders, various types of
control valves, piping, fittings, hoses, discharge nozzles, automatic
detectors, manual stations, alarm notification appliances, and control
panels. Low-pressure systems also require refrigeration/heating
equipment that cools or heats as necessary to maintain the CO2
temperature at 0°F to ensure that it remains in a liquid state. In some
instances, the low-pressure system equipment—including the vessel
itself—resides in an enclosure, so temperature adjustments will
depend on the location of the enclosure or container. Because the
enclosure or vessel could be inside or outside a building, the range
of the expected ambient temperatures must be determined. If
located in an extremely cold climate, heating is more likely and
requires recirculating the CO2. If located in a normally warm or hot
climate, the carbon dioxide will require cooling to maintain 0°F.

Low-pressure systems may use one large pressure container that
can store as much as 60 tons of carbon dioxide FIGURE 10-3. NFPA 12
requires the pressure container to be equipped with liquid-level and
pressure gauges to monitor the amount and pressure of the liquid
carbon dioxide in the container. In addition, NFPA 12 specifies that a
high-/low-pressure supervisory alarm activates at no more than 90
percent of the container’s designed working pressure and no less
than 250 psi (National Fire Protection Association 2018, NFPA 12,
Section 4.6.6.2).





FIGURE 10-3 Low-pressure carbon dioxide extinguishing systems can store as much as 60

tons of carbon dioxide.

Courtesy of American Fire Technologies.

High-pressure systems use a number of small cylinders that
connect to a manifold and each holds 5 to 120 lb of carbon dioxide
FIGURE 10-4. The small cylinders used with high-pressure systems
generally do not have pressure gauges, and the amount of CO2 in a
cylinder is determined by the cylinder’s weight. Filled to 60 to 68
percent capacity, cylinders used with high-pressure systems must
meet U.S. Department of Transportation standards (National Fire
Protection Association 2018, NFPA 12, Section A4.6.5).

FIGURE 10-4 High-pressure carbon dioxide tanks can hold 5 to 120 lb of carbon dioxide

each.
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Carbon Dioxide Delivery Systems
There are four approved delivery systems for carbon dioxide: local
application, total flooding, hand hose, and standpipe/mobile supply
systems. General information covering these four delivery systems
follows.

Local Application Systems
A local application system protects a specific area, piece of
equipment, process, or operation by discharging carbon dioxide
directly onto the hazard. This method of application is most
appropriate for surfaces involving flammable liquids, gases, and
shallow solid fires. The carbon dioxide blankets and surrounds the
hazard, displacing the air to extinguish the fire. When there is more
than one hazard to protect, this type of system can direct the carbon
dioxide to a specific hazard by using selector valves. However, the
hazard must be sufficiently isolated from other hazards to avoid the
spread of fire. According to NFPA 12, local application systems must
be able to deliver CO2 for 30 seconds to 3 minutes, depending on
the hazard (National Fire Protection Association 2018, NFPA 12,
Sections 6.3.3.1, 6.3.3.5.1). Local application systems may protect
inside hazards, such as a printing press or dip tank, or outside
hazards, such as a generator or electric transformer. When installing
a system that protects an outside hazard, consideration of nozzle
placement and environmental conditions is critical to ensure
appropriate application of the CO2 onto the hazard.

Total Flooding Systems
Total flooding systems protect enclosed hazards, rooms, and areas
within a structure by filling the entire enclosure with CO2. The
amount of carbon dioxide and number of nozzles needed to protect



the area are dependent on the total volume of the area and the
calculated concentration of carbon dioxide needed for the type of
hazard. For example, NFPA 12 states that when dealing with
flammable liquids and gases, design concentration levels of CO2 will
range from approximately 34 to 75 percent but never less than 34
percent (National Fire Protection Association 2018, NFPA 12, Table
5.3.2.2, Section 5.3.2.1.2). Once the gas is discharged, the protected
enclosure must be able to hold the concentration of CO2 for the
period needed to extinguish the fire. In some instances, such as a
surface fire, a few minutes is probably adequate; but in other
instances, such as a concentrated paper storage fire, considerably
more time is necessary. Successful suppression requires adequate
sealing or minimal openings in the protected area. The protection
scheme should include automatic shutting of openings and stopping
any forced-air ventilation systems before or during discharge to
ensure the concentration level of the agent does not decrease to the
point where suppression is affected. If there are inherent delays in
shutting openings or ventilation, the design must compensate by
adding additional carbon dioxide. As long as the hazard is enclosed
and the level of concentrate maintained, total flooding systems will
work well on surface and deep-seated fires.

Hand Hose Line Systems
A hand hose line system is a manual carbon dioxide delivery system
in which an individual accesses a hose, reel, and nozzle assembly
connected to a fixed pipe carbon dioxide supply. Hand hose systems
can also stand alone when fixed systems are not adequate or
economically feasible to protect the hazard. Mainly, hand hose
systems provide an additional protection option near local
application, total flooding, and portable fire extinguishing systems.
NFPA 12 states that the hose system must have a sufficient supply
of carbon dioxide to fight a fire associated with the hazard with a
minimum supply of 1 minute (National Fire Protection Association
2018, NFPA 12, Section 7.4.1.2). Activation is by manual means, so



it is important that personnel have basic training to actuate and
operate a hand hose line. The discharge of carbon dioxide through
fixed and hose nozzles could create static electricity that under
certain conditions might create a spark. Hence, all systems require
grounding (National Fire Protection Association 2018, NFPA 12,
Section 4.2.1). This is especially important for hand hose systems
where a person will be in direct contact with the hose and nozzle.

Standpipe/Mobile Supply Systems
Primarily installed at industrial facilities for trained personnel and fire
department use, the standpipe/mobile supply system is a fixed
local, total, or hand hose system that does not have a permanent
carbon dioxide supply connected to the system. Instead, a vehicle
brings the carbon dioxide supply to the hazard and connects to the
standpipe system. The vehicle must have quick-connect-style
couplings and, in some instances, is equipped with a hose line to
augment the standpipe system (National Fire Protection Association
2018, NFPA 12, Sections 8.4.2.2, 8.4.5). For this type of carbon
dioxide delivery system, it is critical that the supply be located as
close as practical to the hazard and that the personnel using the
system be trained to use the equipment and to react quickly in an
emergency (National Fire Protection Association 2018, NFPA 12,
Sections 8.4.4, 8.5). This type of system may be impractical for fires
that spread rapidly, hazards in which personnel are in close
proximity, and conditions that slow response time. As these issues
have become more prevalent, many facilities have abandoned this
type of system and now use fixed pipe systems to protect the
hazards.



Halogenated Agents
Halogenated hydrocarbon (also called halon) is a mixture of
carbon and one or more elements from the halogen series: fluorine,
chlorine, bromine, or iodine. An easy way to determine the chemical
makeup of the halon agent is to use a numbering system that lists
the number of atoms for each element that make up the agent. For
example, Halon 1211 is a mixture of one (1) part carbon, two (2)
parts fluorine, one (1) part chlorine, and one (1) part bromine. Halon
1301 is a mixture of one (1) part carbon, three (3) parts fluorine, zero
(0) parts chlorine, and one (1) part bromine. Because neither of
these halons uses iodine, no corresponding number attaches to the
formula.

Halon 1211 and 1301 are the only two halons still in widespread
use with fire protection systems. Typically, Halon 1211 is the agent
used with local application systems and fire extinguishers. Halon
1301 is the agent used with total flooding systems. These agents are
odorless, colorless, noncorrosive, nonconductive, and nontoxic, and
they leave minimal residue after discharge.

There are a few theories regarding how halon extinguishes a fire,
but in simple terms, the agents break down the reaction sequence of
fire to disrupt the uninhibited combustion reaction that is the basis for
the fire tetrahedron. Halons are effective on Class B and C fires and
to some degree on Class A fires. Halon systems protect computer
rooms, electronic equipment, flammable and combustible liquids and
gases, aircraft engines, and high-value items, but they are not
suitable for use with reactive metals, materials containing their own
oxidizing agent, certain organic peroxides and hydrazine, or metal
hydrides. Halons are approximately five times as dense as air and
small amounts are significantly more effective at extinguishing a fire
than the same amount of carbon dioxide.

Generally, exposure to halon does not affect humans, but
depending on the concentration level and amount of time exposed,
exposure could cause dizziness and reduction in mental and



physical dexterity. Most systems deliver between 4 and 7 percent
concentrations and, in some instances, as much as 10 to 15 percent.
When the concentration is more than 10 percent, exposure could
cause a person to lose consciousness or worse. Fire personnel
entering areas protected by halon systems that have discharged
should take readings to determine if the environment is safe. In
addition, self-contained breathing apparatus should be available and
worn; as part of the extinguishing process, halons must decompose,
and dangerous by-products are produced at temperatures around
900°F.



Halon Extinguishing Systems
Requirements for a halon extinguishing system can be found in
the applicable standard referenced by NFPA 5000® and the IBC®,
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems.
Adopted as a tentative standard in 1966, NFPA 12A received formal
adoption in 1970. NFPA 12A provides design guidance; installation
requirements; operational requirements; activation and supervision
requirements; identification of the hazards the agent will protect and
the hazards to avoid; and inspection, testing, and maintenance
requirements. NFPA 12A is currently the only reference standard
available concerning halon extinguishing systems; there was another
NFPA standard published for Halon 1211, known as NFPA 12B, but
it was discontinued a number of years ago. As the phase-out of
halon agents and systems continues and the development of
alternatives advances, it is quite possible that NFPA 12A will
eventually become an obsolete standard as well.

Halon extinguishing systems are pre-engineered or engineered
self-contained systems that use a number of different components
including fixed nozzles, piping, control panels, automatic detection
devices, manual activation devices, releasing mechanisms, alarm
devices, control valves, and cylinders to hold the agent FIGURE 10-5.
All equipment and components require listing or approval by a
recognized testing and certification agency, and the listing and
approval are specific to the application.



FIGURE 10-5 These storage cylinders, control panels, control valves, and piping are part of

a building-wide halon extinguishing system that protects an historic property.
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There are a number of requirements stated in NFPA 12A that are
critical to ensure safe activation and operation of the system.
Although automatic detection and activation and manual control
devices are required for system activation, under certain conditions,
the approving authority can permit the exclusion of automatic
detection and permit manual-only control device activation (National
Fire Protection Association 2018, NFPA 12A, Section 4.3.1.2).
Additional component requirements include an emergency release
by single manual operation, and appropriate audible, visual, or
olfactory (relating to the sense of smell) warning devices (National
Fire Protection Association 2018, NFPA 12A, Sections 4.3.3.6,
4.3.5.1). Upon system activation, the control head operates and a



valve opens to allow the gas to escape the cylinders. The gas flows
into the piping, and then discharges the gas out of the nozzles. If a
manual abort switch is installed, it must be located within the hazard
area and requires constant pressure to maintain the abort status
(National Fire Protection Association 2018. NFPA 12A, Section
4.3.5.3). Activation of the normal manual or emergency release
overrides the abort status and activates the system FIGURE 10-6

(National Fire Protection Association 2018. NFPA 12A, Section
4.3.5.3). Substantial discharge must take place within 10 seconds of
activation; however, in areas where personnel must evacuate before
agent discharge, a time delay is allowable (National Fire Protection
Association 2018. NFPA 12A, Sections 5.7.1.2, 4.3.5.6). Posted
warning signs provide personnel with information and instructions
regarding emergency procedures. It is not permissible to use the
delay as a means to verify detector operation or a fire condition; the
better solution is to use cross-zone detection that requires detectors
in two areas to verify a fire condition before initiating an alarm.



FIGURE 10-6 Halon extinguishing system abort switch and manual activation station.
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Because discharge needs to occur so quickly, the appropriate
placement of nozzles is critical to uniform delivery of the agent within
the hazard area. Adding pressurized nitrogen to the cylinders helps
the halon to flow properly and rapidly. Considerable noise, air
turbulence, cloudiness, and lower temperatures at the nozzles are
characteristic of a discharge due to the high-pressure storage
arrangement. As halon flows, it changes from a pressurized liquid to
a vapor and discharges as a cloud that dissipates, but the gas
lingers for a period to maintain a non-ignitable environment. The gas
is especially helpful in situations where clean-up of another type of
agent could be a problem or where there are physical obstructions
associated with the hazard that would make the use of another agent
impractical or ineffective.

Just as with CO2 systems, there are different application methods
available for halon extinguishing systems. As always, the process for
determining which application method is appropriate starts with a
hazard evaluation. Once the hazard evaluation is complete,
considerations for engineering the system include size and number
of cylinders, pipe size, nozzle types, types of valves, and other
supporting components such as detection and activation equipment.

Halon Delivery Systems
There are two types of halon delivery systems: local application and
total flooding. These are the same types of delivery systems used by
CO2 and wet and dry chemical systems. The type of delivery system
installed determines the type of halon used, but most halon delivery
systems are total flooding systems.

Local Application Systems
Local application systems are appropriate when enclosing a hazard
is not possible or practical. They are installed to protect printing
presses, dip tanks, spray booths, or oil-filled electric transformers. In
addition, they are used in marine and aviation applications. Nozzle



placement and type are critical to ensure appropriate application of
the agent onto the hazard. When discharged, the agent expands as
a mixture of liquid droplets and vapor. Because Halon 1211 is a
liquid stream agent, it is the best halon for local application delivery.
Although there is no longer an NFPA standard for Halon 1211, there
are still some local application systems that protect specific areas,
equipment, processes, or operations by discharging halon directly
onto the hazard. Halon 1211 stores as a liquefied compressed gas;
the addition of nitrogen into the storage cylinders increases the
discharge pressure and flow characteristics to improve delivery and
application. Eventually, the remaining systems will be replaced by
clean agent systems or other alternative suppression systems
because parts will become scarce and manufacturers will not
continue to support the systems.

Total Flooding Systems
Total flooding systems protect enclosed hazards, rooms, and areas
within a structure by filling the entire enclosure with halon. The
amount of halon and number of nozzles needed to protect the area
are dependent on the total volume of the area and the calculated
concentration required for the type of hazard. Based on the type of
hazard, concentration levels range from 5 to 15 percent by volume.
Halon 1301 is the more appropriate agent for total flooding systems
and, with few exceptions, is the only agent used with these systems.

Some total flooding systems are integrated networks of
equipment in which all of the agent storage cylinders are tied
together through a manifold, and the initiation devices, control
panels, and cylinder discharge control valves operate as a unit to
allow the agent to flow from the cylinders to the nozzles. Another
type of total flooding system uses nozzles attached to stand-alone
storage containers that tie to initiating devices and a control panel.
Once discharged, uniform and rapid distribution throughout the
enclosure is necessary to provide the required results. Because
Halon 1301 discharges as a gas, it is critical for the enclosure to be
able to hold the concentration. Successful suppression requires



adequate sealing or minimal openings in the protected area. If
necessary, the protection scheme should include automatic door
closers, automatic fire dampers, and shutting down forced-air
ventilation systems simultaneous to activation.



Clean Agents
The need to replace halon extinguishing agents led to the
development of a new extinguishing agent called halocarbon, or
clean agent. Although carbon dioxide and halon are clean
extinguishing agents, the general classification of clean agent refers
to the agents developed to replace Halon 1301. The goal was to
develop agents that would perform as well as halon agents but
without the associated environmental concerns and potential toxicity.
Clean agents are environmentally safe, are not electrically
conductive, and leave no residue upon evaporation.

Clean agents are effective on Class A, B, and C fires. They
protect computer rooms, telecommunication facilities, radio and
television broadcast facilities, Internet server farms, electronic
equipment, marine and airplane applications, flammable and
combustible liquids and gases, art galleries, libraries, museums, and
other high-value locations and items. However, they are not suitable
for use with reactive metals, materials containing their own oxygen
supply, certain organic peroxides and hydrazine, and metal hydrides
(National Fire Protection Association 2018, NFPA 2001, Section
1.4.2.2). Although low-level short-term exposure to many currently
available clean agents does not adversely affect humans, there is
the possibility for health problems if exposed for an extended time at
high concentrations. Fire personnel entering areas protected by
clean agent systems that have discharged should take readings to
determine if the environment is safe. As part of the extinguishing
process, clean agents decompose, and exposure during a fire event
may subject the individual to higher levels of dangerous
decomposition by-products than would be the case with halon
exposure.

Categories of Clean Agents



Clean agents fall into the categories of halocarbon-based agents or
inert gas–based agents. Halocarbon-based agents extinguish fires
by interrupting the uninhibited chain reaction or removing the heat
from the reaction zone of the flame, whereas inert agents reduce the
oxygen level in the protected area. Halocarbon-based agents group
into five subcategory designations: FC, FK, FIC, HFC, and HCFC.
These categories identify the chemical composition of the mixture,
which may include carbon, chlorine, bromine, fluorine, iodine, and
hydrogen. For example, one of the most commonly used clean
agents, HFC-227ea, heptafluoropropane (C3F7H), also has the trade
name FM-200®. Once a fire is detected and the extinguishing system
activates, halocarbon-based agents extinguish the fire by flooding
the area with the agent that rapidly cools the fire area.

Inert gases have the designation IG and are a mixture of helium,
neon, argon, nitrogen, and small amounts of carbon dioxide. All of
these gases naturally occur in the atmosphere and are therefore
inherently safe. The inert agent IG-541 (N2ArCO2) has the trade
name Inergen® and is a combination of nitrogen, argon, and about 8
percent carbon dioxide. Inert agents reduce the level of oxygen
below the level needed to sustain combustion, but not below the
level for a person to breath normally.

TIP

Clean agents perform well as halon replacements, but a larger
amount of clean agent is needed than halon agent to protect the
same size room. Owing to the use of a larger amount of agent,
changes to system components—including pipe size and nozzle
type—are needed; therefore, clean agents are not a true direct
replacement agent for halon.



Clean Agent Extinguishing Systems
Requirements for a clean agent extinguishing system can be
found in the applicable standard referenced by NFPA 5000® and the
IBC®, NFPA 2001, Standard on Clean Agent Fire Extinguishing
Systems. Adopted in 1994, NFPA 2001 provides design guidance;
installation requirements; operational requirements; activation and
supervision requirements; identification of the hazards the agent will
protect and the hazards to avoid; and the inspection, testing, and
maintenance requirements. Other standards related to clean agents
are UL 2127, Standard for Inert Gas Clean Agent Extinguishing
Systems; UL 2166, Standard for Halocarbon Clean Agent
Extinguishing System Units; and ISO 14520-1, Gaseous Fire
Extinguishing System—Physical Properties and System Design—
Part 1, General Requirements. The International Organization on
Standardization (ISO) publishes ISO 14520, which is a design,
installation, inspection, testing, and maintenance standard similar to
NFPA 2001. ISO 14520-2 through 14520-15 are agent-specific. The
UL standards cover the construction and operation of inert and
halocarbon fire extinguishing systems inspected, tested, and
maintained in accordance with NFPA 2001.

When engineering a clean agent system, a complete hazard
evaluation determines the appropriate size and number of cylinders,
pipe size, nozzle types, valve types, and other supporting
components such as detection and activation equipment. Just like
halon extinguishing systems, clean agent extinguishing systems are
pre-engineered or engineered self-contained systems that use a
number of different components including fixed nozzles, piping,
control panels, automatic detection devices, manual activation
devices, releasing mechanisms, alarm devices, control valves, and
cylinders under pressure to hold the agent. However, unlike halon
systems, the only application method employed for clean agent
systems is the total flooding system. All equipment and components



require listing or approval by a recognized testing and certification
agency, and the listing and approvals are specific to the application.

To start the activation and discharge sequence, automatic
detection and activation and manual controls are required, but under
certain conditions, the authority will permit manual-only activation
(National Fire Protection Association 2018, NFPA 2001, Sections
4.3.1.2, 4.3.1.2.1). Additional component requirements stated in
NFPA 2001 include the manual activation device must have a
distinct appearance, is obvious for the purpose, and has the
appropriate audible, visual, or olfactory (relating to the sense of
smell) warning devices (National Fire Protection Association 2018,
NFPA 2001, Sections 4.3.3.6.1, 4.3.5.1). Upon system activation, a
discharge control head operates and a valve opens to allow gas to
escape the cylinders, flood the piping, and flow out of the nozzles
FIGURE 10-7.



FIGURE 10-7 Upon activation of a clean agent extinguishing system, a discharge control

head operates and a valve opens to allow gas to escape the cylinders, flood the piping, and

flow out of the nozzles. A. Control head and valve assembly located on top of a clean agent

storage cylinder. B. Discharge nozzle.
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If a manual abort switch is installed, it must be located within the
hazard area and requires constant pressure to maintain the abort
status (National Fire Protection Association 2018, NFPA 2001,
Section 4.3.5.3). Activation of the normal manual or emergency
releases overrides the abort status and activates the system
(National Fire Protection Association 2018, NFPA 2001, Section
4.3.5.3). Substantial discharge must take place within 10 seconds of
activation for halocarbons and, depending on the hazard, between
60 and 120 seconds for inert agents; however, in areas where
personnel must evacuate before agent discharge, a time delay is
allowable (National Fire Protection Association 2018, NFPA 2001,
Sections 5.7.1.1.1, 5.7.1.1.2, 4.3.5.6.1). Posting warning signs
provide personnel with information and instruction regarding
emergency procedures FIGURE 10-8. It is not permissible to use the
delay as a means to verify detector operation or a fire condition;
however, it is permissible to install a supervised disconnect switch to
stop unwanted discharge of the clean agent (National Fire Protection
Association 2018, NFPA 2001, Sections 4.3.5.6.3, 4.3.6.1). Another
solution is to use cross-zone detection that requires detectors in two
areas to verify a fire condition before initiating an alarm and
discharge.



FIGURE 10-8 This server room is protected by a clean agent extinguishing system that

includes a control panel, abort switch, manual station, maintenance switch, alarm devices,

warning sign, and tank inside the hazard area.
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Because discharge needs to occur so quickly, the appropriate
placement of nozzles is critical to uniform delivery of the agent within
the hazard area. As liquefied gases, clean agents are able to flood
an area and flow to obscured or difficult-to-reach fires. In order to be
able to flow effectively, most clean agent gases require the addition
of pressurized nitrogen to the cylinder. Halocarbon agents typically
store at pressures between 150 and 600 psi, and inert gases store at
pressures between 2000 and 4000 psi. Considerable noise, air
turbulence, cloudiness, and lower temperatures at the nozzles are
characteristic of a discharge due to the high-pressure storage
arrangement.



Aerosol
Aerosol is a chemical fire extinguishing agent that starts out as a
potassium-based compound. After undergoing an internal
combustion process, the compound turns into an ultra-fine spray that
is nontoxic, noncorrosive, and environmentally friendly. Aerosol
operates in a similar manner as halon by interrupting the uninhibited
chain reaction of a fire. In addition, once aerosol is discharged, it will
remain suspended in the environment for a sufficient period of time
to eliminate the possibility of fire reignition. This type of extinguishing
agent is suitable for most fire classifications but works best on Class
B and Class C fires.



Aerosol Extinguishing Systems
To deal with the evolving technology of aerosol extinguishing agents,
NFPA adopted NFPA 2010, Standard for Fixed Aerosol Fire-
Extinguishing Systems, in 2006. For certain applications, the
aerosol fire extinguishing system offers an alternative to clean
agent and specialized water-based fire protection systems. For
example, aerosol fire extinguishing systems are well suited for
closed spaces and areas appropriate for total flooding fire
suppression systems, including telecommunication sites, switchgear
rooms, flammable and combustible liquid storage rooms, machinery
spaces, transformer rooms, computer room network operations
centers, process control rooms, marine engine rooms, data
processing facilities, storage vaults, turbine enclosures, and power
plants. However, according to NFPA 2010, these systems are not
suitable to protect deep-seated fires in Class A materials, chemicals
subject to rapid oxidation, reactive metals, and chemicals that could
undergo autothermal decomposition unless tested to the satisfaction
of the approving authority (National Fire Protection Association 2015,
NFPA 2010, Section 4.2.2).

The main component of an aerosol extinguishing system is the
aerosol generator. There are two kinds of generators: the
condensed generator and the dispersed generator. Systems that
use the condensed generator are made up of self-contained
canisters that hang on walls or from ceilings throughout the hazard
area FIGURE 10-9. These systems have no pipes, nozzles, or pressure
vessels and can be manually or automatically activated. The
canisters are available in different sizes to provide the proper
amount of suppression agent to protect the hazard. Upon manual
activation or automatic detection of a fire, an actuator embedded in
the generator starts a chemical reaction that generates the aerosol
agent and then condenses it to produce a fog of suspended small
particles. These small particles discharge and mix with the air
throughout the hazard area. The dispersed generator, on the other



hand, already contains the chemical agent and keeps it pressurized
by suspending it in an inert gas or halocarbon. Upon manual
activation or automatic detection of a fire, the dispersed generator
uses pipe and nozzles to distribute the aerosol product.

FIGURE 10-9 A condensed generator canister is positioned in an enclosure to demonstrate

the extinguishing capabilities of the aerosol agent when exposed to an acetone fire.
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Approval and Periodic Inspection,
Testing, and Maintenance
All carbon dioxide, halon, clean agent, and aerosol systems must go
through an approval process. In addition, these systems must
receive periodic inspection, testing, and maintenance to ensure the
systems perform as designed. A discussion of the approval process
and the various inspections, tests, and maintenance follows.

Carbon Dioxide
Once the carbon dioxide extinguishing system is installed, NFPA 12
requires visual, operational, and discharge inspections and tests to
confirm the system will perform as designed. The visual inspection
confirms that all associated components and equipment are as
specified in the approved design. This includes verifying that the
components are the correct size and type and in the correct location.
The visual inspection provides an opportunity to look over the area
or equipment to ensure there are no conditions that could inhibit the
system’s effectiveness and that all appropriate signage is in place
and communicates the correct information. The operational test
confirms that all detection, activation, alarm, and emergency release
components perform and operate as required. The discharge test
ensures that all components function as required and that the carbon
dioxide floods and covers the hazard with the required concentration
for the required amount of time. To avoid injury, all safety precautions
must be followed when a discharge test is performed.

To ensure a carbon dioxide extinguishing system will operate as
designed, NFPA 12 outlines the frequency and requirements for
inspection, testing, and maintenance. Once the system is
operational, monthly visual inspections make sure there are no
conditions that could prevent the system from operating properly,
such as changes in hazard, damage to equipment, or signs of



system leaks. The gauges on low-pressure systems require weekly
inspection to make sure there is no decrease in the liquid level. High-
pressure system tanks require semi-annual weighing to ensure no
leakage and both low- and high-pressure systems require an annual
actuation test of the electronic components to ensure all detection,
alarm, and control devices operate properly. If the CO2 system is a
hose-type system or incorporates a hose, the hose requires
inspection and pressure testing every 5 years. When a system
discharges, the tanks require hydrostatic testing before refilling if
more than 5 years have passed between discharges; if the system
has been in continuous operation for 12 years without discharge, the
tanks require discharge and hydrostatic testing.

Halon
In the event a new Halon 1301 system is installed, NFPA 12A
requires acceptance and approval of the system thorough
mechanical, electrical, enclosure, and functional inspection and
testing. Visual inspection and operational testing confirm that the
system as installed conforms to the design and approved plans. A
visual inspection verifies the components are the correct size and
type and in the correct location and that all appropriate signage is in
place and communicates the correct information. In addition, the
visual inspection provides an opportunity to look over the area to
ensure there are no conditions that could inhibit the system’s
operation and effectiveness. Operational testing verifies that all
mechanical and electrical components—including detection
mechanisms, manual stations, abort switches, control units, valves,
and release mechanisms—perform as required.

As part of the mechanical testing, a 10-minute pneumatic
pressure test is performed to determine if there is pipe leakage and a
puff test ensures piping continuity. Prior to the discharge test, an
enclosure integrity test should be performed. This test determines
the amount of leakage from the protected area. Because many
systems are installed to protect areas within a building that were not



designed as a sealed enclosure, it is highly probable there will be
leakage from an existing enclosure; therefore, it is important to
determine the potential amount and location of the leakage to
mitigate the problem. Most authorities require the halon
concentration level to be at least 80 percent of the design amount
after 10 minutes of testing; however, this amount of time depends, in
part, on how long it takes for effective emergency response,
investigation, and action. After the enclosure is prepared, the
discharge test ensures the halon floods and covers the hazard with
the required concentration for the required amount of time and that
all components function as required. Significant leakage would
reduce the concentration below an acceptable level and result in a
failed discharge test.

TIP

Although NFPA 12A discusses and some approving authorities
might require a system discharge test, the use of halon for the
test is not recommended. However, the use of other agents with
characteristics similar to those of halon are recommended to
avoid depleting the stockpile of halon.

Once the system is in service, NFPA 12A outlines the
requirements and frequency for inspection, testing, and maintenance
of halon systems. Monthly visual inspections make sure there are no
conditions that could prevent the system from operating properly,
such as changes in hazard, damage to equipment, or signs of
system leaks. A semi-annual check for pressure loss is performed to
determine if more than 10 percent of the pressure listed on the
container has been lost. This check requires visual inspection of the
container gauges; after checking the pressure gauges, the
containers require weighing to determine if more than 5 percent of



the weight has been lost. Semi-annual inspection and testing of
electronic components ensures that all detection, alarm, and control
devices operate. The control head is detached from the assembly
during this test to prevent gas discharge. If the halon system
incorporates a hose, the hose requires inspection annually and
pressure testing every 5 years; the containers also require a
thorough visual inspection retest every 5 years.

TIP

Because clean agents can stay in the atmosphere for many years
and require substantially more agent to protect an area than
halon does, product and system manufacturers do not
recommend clean agent discharge tests.

Clean Agents
The approval and periodic inspection, testing, and maintenance of
clean agent systems follow the requirements found in NFPA 2001
and the same procedures as performed for a halon system.
Acceptance and approval of the system require thorough
mechanical, electrical, enclosure, and functional inspection and
testing. Visual inspection and operational testing confirm that the
system as installed conforms to the design and approved plans. As
part of the mechanical testing, a 10-minute pneumatic pressure test
is performed to determine if there is pipe leakage, and a puff test
ensures piping continuity. If a discharge test is required, prior to its
performance, an enclosure integrity test should be performed to
determine the potential amount and location of leakage from the
enclosure FIGURE 10-10 and FIGURE 10-11. Most authorities require 85
percent of the concentration level to be maintained for 10 minutes
after discharge; however, as with halon systems, the amount of time



the concentration level must be maintained depends, in part, on how
long it takes for effective emergency response, investigation, and
action. After the enclosure is prepared, the discharge test ensures
that the clean agent floods and covers the hazard with the required
concentration for the required amount of time and that all
components function as required.



FIGURE 10-10 Equipment used for an enclosure integrity test.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 10-11 Sealing the doorframe during an enclosure integrity test allows the fan to

pressurize the enclosure.



© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Once the system is in service and operational, NFPA 2001
outlines the frequency and requirements for inspection, testing, and
maintenance of clean agent extinguishing systems. Annual visual
inspections make sure there are no conditions or changes that could
prevent the system from operating properly. A check of the
containers for pressure loss is performed semi-annually. For
halocarbons, this check determines if more than 10 percent of the
pressure listed on the container has been lost; for inert agents, this
check determines if 5 percent of the pressure has been lost. This
check requires visual inspection of the container gauges; after
checking the gauges, the containers require weighing to determine if
more than 5 percent of the weight has been lost. An annual actuation
test of electronic components ensures all detection, alarm, and
control devices operate. In addition, the control head requires
operational testing while detached from the assembly. If the clean
agent system incorporates a hose, the hose requires inspection
annually and pressure testing every 5 years; the containers also
require a thorough visual inspection every 5 years.

Aerosol
Like any other type of fire extinguishing system, an aerosol system
requires acceptance inspection and testing and periodic inspection,
testing, and maintenance. The requirements for new systems and
the frequency and requirements for existing systems can be found in
NFPA 2010. The acceptance test requires the presence of a
qualified individual—most likely a factory representative—to perform
functional and operational testing of all associated components and
systems, pneumatic pipe integrity testing, and system monitoring.
Periodic inspections and tests include a 30-day visual inspection to
assess the system’s condition and a semi-annual weighing of all
pressure and pilot containers. In addition, a qualified individual must



annually inspect the condition of the enclosure and system
components and test the system as specified by the manufacturer.

Wrap-Up

CHAPTER SUMMARY

Alternative extinguishing agents are needed to deal with fires
where the use of water could make the situation worse or
damage extremely valuable or irreplaceable property and
equipment.

Gas-based extinguishing agents—in particular, carbon dioxide,
halons, halocarbons, and inert gases—offer viable, effective
alternatives in many environments and applications.

Gaseous systems are self-contained engineered or pre-
engineered systems that use similar types of components,
including nozzles; piping; containers; control panels; detection,
activation, and alarm devices; control valves; and releasing
mechanisms.

Gases work well on Class A, B, and C fires, but they do not
work well on fires involving reactive metals, materials containing
their own oxygen supply, metal hydrides, and in some instances,
deep-seated fires.

Gaseous system design requires extensive evaluation of the
hazard to make sure the right agent is used and the
concentration level is adequate.

The main application methods for gaseous systems are local
application and total flooding.

When discharged, carbon dioxide displaces the oxygen in a
protected area. If a person fails to leave the area, asphyxiation
is probable.



Because of environmental concerns, toxicity concerns, and the
requirements of the Montreal Protocol, halon agents are no
longer manufactured and the continued phase-out makes the
agents difficult to obtain and systems nearly obsolete.

Clean agents work well as halon substitutes, but none can
directly replace halons; exposure during a fire event subjects the
individual to higher levels of dangerous decomposition by-
products than would be the case with halon.

Aerosol extinguishing systems use two kinds of generators: the
self-contained condensed generator and the dispersed
generator that is part of an extinguishing system that uses pipe
and nozzles.

To ensure performance and reliability, all gas-based fire
suppression systems require acceptance inspection and testing,
and periodic inspection, testing, and maintenance.

KEY TERMS

Aerosol fire extinguishing system A type of fire suppression
system that delivers small chemical particles through a gas medium
to create an aerosol agent.

Aerosol generator A device that produces and delivers an aerosol
agent either directly from the generator or through a piping network
and nozzles.

Carbon dioxide An odorless, colorless, noncombustible,
nonconductive gas that when used in sufficient concentration as a
suppression agent displaces and reduces the level of oxygen below
the 15 percent threshold required to sustain combustion.

Carbon dioxide extinguishing system A self-contained and
engineered suppression system that consists of liquid carbon dioxide
stored in container(s), activation devices, releasing mechanisms,
piping, fittings, and special spray nozzles; these systems protect



flammable and combustible liquid storage, chemical storage,
electrical hazards, marine/shipboard operations, industrial cooking
operations, fur vaults, records, and other important documents.

Clean agent Volatile or gaseous fire extinguishant that is electrically
nonconducting and that does not leave a residue upon evaporation
(National Fire Protection Association 2017, NFPA 2001, Section
3.3.7).

Clean agent extinguishing system A self-contained pre-
engineered or engineered system that expels a gaseous agent;
these systems are used to protect computer and server rooms;
telecommunication, radio, and television broadcast facilities;
electronic equipment; marine and airplane applications; flammable
and combustible liquids and gases; art galleries; libraries; museums;
and other high-value locations.

Condensed generator A device that expels a mixture of small solid
particles and gas that results from the reaction of an aerosol-forming
compound.

Dispersed generator A device that expels a pressurized mixture of
small solid particles and clean agent gas through piping and nozzles.

Enclosure integrity test A test involving visual inspection and use
of a fan pressurization apparatus to determine the leakage rate of an
enclosure to ensure the concentration of the extinguishing agent will
not drop below the level needed to control or extinguish a fire.

Halocarbon An agent that contains as primary components one or
more organic compounds containing one or more of the elements
fluorine, chlorine, bromine, or iodine (National Fire Protection
Association 2018, NFPA 2001, Section 3.3.15).

Halogenated hydrocarbons A chemical compound mixture of
carbon and one or more elements from the halogen series of
elements (fluorine, chlorine, bromine, or iodine).

Halon A commonly used term for halogenated hydrocarbons.



Halon extinguishing systems Self-contained pre-engineered or
engineered systems that use a number of different components,
including fixed nozzles, piping, control panels, automatic detection,
manual activation devices, releasing mechanisms, alarm devices,
control valves, and cylinders to hold the agent; these systems
protect computer rooms, electronic equipment, flammable and
combustible liquids and gases, aircraft engines, and high-value
items.

High-pressure storage A method of storage for liquid carbon
dioxide characterized by multiple tanks that are stored at ambient
temperature and maintained at 850 psi for use with an extinguishing
system that protects a small room, an area, or a piece of equipment.

Inert gas An agent that contains as primary components one or
more of the gases helium, neon, argon, or nitrogen. Inert gas agents
that are blends of gases can also contain carbon dioxide as a
secondary component (National Fire Protection Association 2018,
NFPA 2001, Section 3.3.16).

Low-pressure storage A method of storage for liquid carbon
dioxide characterized by one large tank kept at 0°F to maintain 300
psi for use with extinguishing systems that protect either a large area
or multiple hazards at a location.

Puff test The discharge of nitrogen gas into an extinguishing
system’s piping to confirm the pipe is continuous and the gas flows
to the nozzle location.

Standpipe/mobile supply system A fixed local, total, or hand hose
system that does not have a permanent carbon dioxide supply
connected to the system; instead, a vehicle brings the carbon
dioxide supply to the hazard and connects the supply to the system.

CASE STUDY



During an inspection at the local museum, the museum director
expresses concern that the museum is being protected by a halon
system. His concern is based on information given to him by his fire
protection contractor, who told him that the halon cylinders were due
for hydrostatic testing and that the gas would need to be changed
from a halon product to a clean agent gas once the system
activated. He explained that the change would need to be made
because of the new codes and the “laws of the Montreal Protocol”
but that any clean agent gas could be used as a direct replacement
product for the halon system. The director is concerned about the
cost of maintaining the system and asks the following questions
about the system and the existing alternatives.

1. Can the halon gas be switched out for a clean agent gas without
any other system modifications?

A. Yes, clean agents are a direct replacement for halon.
B. Yes, but more clean agent gas will be required to replace

the halon, so the cylinders will be larger.
C. No, clean agents are only designed to protect electronic

equipment.
D. No, not only will more gas be required to protect the same

area, but the nozzles, piping, cylinders, and associated
equipment will have to be changed.

2. What are the requirements of the Montreal Protocol?
A. Halon can no longer be used, and once a system using

halons activates, the system will require replacement.
B. Halon cannot be imported or manufactured.
C. Existing systems can only be recharged with available

recycled supplies or products that have been reclaimed
when replacing, removing from service, or
decommissioning another extinguishing system.

D. Both B and C

3. What alternative suppression system would be recommended
for the museum?



A. A clean agent system
B. A non-interlock preaction system
C. A water-deluge system
D. A carbon dioxide system

4. How often do halon agent containers require a visual inspection
retest?

A. Only when damage has been found during visual inspection
B. Every 12 years
C. Every 5 years
D. Halon systems are being phased out so there is no need to

test.

CHALLENGING QUESTIONS

1. How does carbon dioxide extinguish fire, and what danger does
it pose to personnel?

2. Why is liquid carbon dioxide the best choice for suppression
purposes?

3. What are the two carbon dioxide storage methods, and what
criterion determines the selection of one storage method over
the other for a hazard?

4. List and discuss the four application methods used to deliver
carbon dioxide.

5. How do halon suppression agents extinguish fire, and what
dangers do they pose to personnel?

6. Why is there a halon numbering system? Explain how it is used
to identify halon agents.

7. Which delivery system is most appropriate for Halon 1211, and
why?



8. Which delivery system is most appropriate for Halon 1301, and
why?

9. When developing clean agents, what performance goals must
the agent meet to earn acceptance as a clean agent product?

10. List the two categories of clean agents and discuss their
characteristics.

11. How do clean agents extinguish fire, and what dangers do they
pose to personnel?

12. What characteristics of gaseous agents make them desirable as
suppression agents?

13. What are the two types of aerosol generators, and how do they
work?

14. Why are periodic extinguishing system inspection, testing, and
maintenance so important?
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11CHAPTER

Special Hazard Fire Suppression Systems

Portable Fire Extinguishers
LEARNING OBJECTIVES
At the conclusion of this chapter, you will be able to:

Discuss the fire extinguisher classification system.
List the different extinguishing agents and their applications.
Discuss the fire extinguisher rating system and identify to which classifications of
extinguishers it applies.
Explain why a certain extinguisher classification requires a conductivity test.
Describe the different types of fire extinguishers and how they operate.
Explain the acronym PASS in relation to fire extinguisher operation.
Discuss the inspection, testing, and maintenance procedures for portable fire
extinguishers.

Case Study



© A. Maurice Jones, Jr./Jones & Bartlett Learning.

 
When a fire starts, the perfect balance of heat, fuel, and oxygen merges to grow from a
small, barely detectable event to a potentially catastrophic event within minutes.
Installation of the various types of fire detectors, smoke alarms, and fire sprinkler systems
provides a level of protection that can and does save lives. However, in many instances,
none of these systems are installed or, if installed, they activate once a fire has grown
beyond the point where some type of immediate intervention could take place. Many fires
start and are observed by individuals who, with the proper tools and training, can control
and extinguish the fire before it grows beyond the incipient stage. One of those tools is
the fire extinguisher.

On January 30, 2018, a fire broke out in a travel bag that was being screened at a
Denver International Airport Transportation and Security Agency (TSA) security
checkpoint. As the bag passed through an X-ray machine, a small fire started in the bag
that caused the evacuation of the security area. Alerted to the fire, a TSA agent retrieved
fire extinguishers and in less than 1 minute had controlled and extinguished the fire. It
was later determined that the cause was the failure of a lithium-ion battery that had been
removed from an electronic vaporizing pen. The ability of the TSA agent to quickly
engage this incipient-stage fire with the proper fire extinguisher resulted in rapid
suppression action and stopped the fire before it could involve the X-ray machine, other
baggage, plastic bins, or the conveyor belt.

1. If no extinguishers were available, how different would the outcome of this fire have
been?



2. If the wrong type of extinguisher were used, how different would the outcome of this
fire have been?

3. What are three important considerations affecting fire extinguisher use at the
incipient stage of a fire?

4. When dealing with an incipient-stage fire, how significant is proper fire extinguisher
training to achieve successful control and suppression?

Source: Modified from Worthington, Danika. Vape Pen Sparks Mini Fire in Security Line at
DIA, Forcing Evacuation. The Vape Pen Owner Not Charged in Incident.” The Denver
Post, February 24, 2018. https://www.denverpost.com/2018/02/24/vape-pen-causes-fire-
dia

https://www.denverpost.com/2018/02/24/vape-pen-causes-fire-dia


Introduction
Intended for use at the incipient stage of a fire or on fires where
water would not be effective, a portable fire extinguisher is a
valuable and essential suppression tool. Portable fire extinguishers
have a fixed amount of suppression agent; therefore, it is essential
that they are rapidly accessible and the correct type for the class of
fire encountered. It is also important that the person using the
extinguisher is appropriately trained to effectively and efficiently use
the extinguisher. Rapid access prevents a small developing fire from
growing beyond a few fire extinguishers’ capacity to control or
extinguish it. In addition, using an extinguisher with the wrong type of
suppression agent or improperly using an extinguisher can result in
ineffective suppression. Ineffective suppression could potentially
increase the severity of a fire and endanger the person using the
extinguisher as well as the building occupants. Fortunately, fire
extinguishers are clearly labeled for the type of fire they are intended
to fight, require minimal training, and are designed for easy use.

A typical extinguisher only needs a few components to operate;
these components may include a cylinder, a discharge nozzle or
discharge horn and hose, a discharge trigger, a locking mechanism,
a carrying handle, and if equipped, a pressure gauge FIGURE 11-1. The
cylinder holds the suppression agent, which is released when the
discharge trigger is activated. The nozzle or horn directs the
suppression agent onto the fire, and the carrying handle makes it
easy to move the extinguisher. The locking mechanism, usually a pin
inserted through the trigger, prevents accidental discharge; the
pressure gauge indicates if the extinguisher has sufficient pressure
to discharge the agent. Knowledge of extinguishers and suppression
agents enables fire fighters and building occupants to select and
operate the appropriate extinguisher when encountering a fire. In this
chapter, the discussion covers code requirements for extinguishers,
the different types of fire extinguishers, the different suppression
agents in the extinguishers, and extinguisher ratings.



FIGURE 11-1 The basic components of a portable fire extinguisher.

Courtesy of Amerex Corporation.



Code Requirements for Fire
Extinguishers
Code requirements for installation of portable fire extinguishers exist
in all of the model codes. The requirements center on the use and
occupancy conditions of a building, but additional requirements exist
to manage specific hazards, industrial processes, equipment, and
special events. The International Building Code® (IBC®) requires
extinguishers in almost every new occupancy classification, and the
International Fire Code® (IFC®) provides additional information and
requirements related to certification of service personnel and
requirements for inspection, testing, and maintenance.

For the most part, NFPA 1, Fire Code; NFPA 101®, Life Safety
Code®; and NFPA 5000®, Building Construction and Safety Code®,
consistently require fire extinguisher installation in new and existing
use and occupancy classifications; the only across-the-board
exception is one- and two-family dwellings. However, there are also
a few differences between the codes with additional requirements or
exceptions found in each. For example, NFPA 101® does not require
fire extinguishers for new or existing educational occupancies, but
NFPA 1 and NFPA 5000® do require fire extinguisher installation in
educational occupancies. In addition, NFPA 101® and NFPA 5000®

do not require fire extinguishers in hotels or apartments when an
approved and supervised automatic fire sprinkler system is installed
throughout the building.

When the model codes require portable fire extinguishers in new
or existing use and occupancy conditions, requirements for
installation, testing, and maintenance originate with NFPA 10,
Standard for Portable Fire Extinguishers. NFPA 10 is a minimum
guide for people who select, purchase, install, approve, list, design,
and maintain portable fire-extinguishing equipment. The IBC® and
IFC® generally follow the installation requirements and guidelines
found in NFPA 10 but offer additional guidance and information.



Recognition of NFPA 10 as a standard took place in 1921, and since
then, there have been more than 42 editions to keep up with
research, changing technology, and new suppression products.



Fire Extinguisher Classification
When choosing a fire extinguisher, it is critical to assess the amount
and type of available fuel load so the correct size extinguisher and
the appropriate suppression agent are available for use. The fire
classification system establishes the basis for determining the
appropriate extinguishing agents. To review the classification system
discussed in Chapter 1, Class A fires involve ordinary combustibles
such as cloth, grain, paper, some plastics, rubber, and wood; these
fires are best suppressed by water, foam, or dry chemical agents.
Class B fires involve flammable and combustible liquids and gases,
with the best suppression agents being carbon dioxide, foam, and
some dry chemical agents. Class C fires involve energized electrical
equipment. Nonconductive agents such as dry chemicals or carbon
dioxide can be used, but because there is no extinguishing agent
specifically for Class C fires, it is best to eliminate the source of
electrical energy. After eliminating the electrical energy source, the
fuel that is involved determines the appropriate agent to use. Class
D fires involve combustible metals, such as aluminum, calcium,
lithium, magnesium, potassium, sodium, titanium, and zirconium; dry
powder agents are most effective for this type of fire. Class K fires
involve cooking media that use combustible vegetable or animal oils
and fats. Wet chemical agents are most effective for this type of fire.
The fatty acids in the cooking media react with the extinguishing
agent to become a soapy foam that blankets the surface of the
burning liquid to cool, cut off the oxygen, and extinguish the fire.

The various extinguishing agents are identified as most
appropriate for use with one or more fire classifications TABLE 11-1.

TABLE 11-1 Extinguishing Agents Matched to Fire Classification



Description
*Multipurpose dry chemical extinguisher only.
**Water mist–type extinguisher.
© A. Maurice Jones, Jr./Jones & Bartlett Learning.

The same lettering system used to classify fire (A, B, C, D, and
K) is used to label the fire extinguisher to indicate the class of fuel
the extinguisher will most effectively combat FIGURE 11-2. Some
extinguishers have more than one classification because the
suppression agent works well on different materials; the labels on
these types of extinguishers display multiple letters and icons
depicting the type of fire the extinguisher is intended to fight FIGURE

11-3. Some of the more common combination extinguisher
classifications are ABC, AB, and BC. The classification system
makes it easy to choose the correct type of extinguisher and
suppression agent for the environment and the type of fire likely to
start FIGURE 11-4 and FIGURE 11-5.



FIGURE 11-2 Traditional letter labels on fire extinguishers often incorporate a shape as well

as a letter.

© Jones & Bartlett Learning.



Description

FIGURE 11-3 The icons for Class A, B, C, D, and K fires.

© Jones & Bartlett Learning.

Description



FIGURE 11-4 The large “K” on this extinguisher label indicates that it is classified for use on

Class K fires. Note that the icon on the label also indicates that it can be used on Class A

fires.



© A. Maurice Jones, Jr./Jones & Bartlett Learning

FIGURE 11-5 The label on this extinguisher indicates that it is a water extinguisher and

should only be used on Class A fires. Note the red line drawn through the Class B and C

icons and the warning: DO NOT USE ON ELECTRICAL FIRES.

© A. Maurice Jones, Jr./Jones & Bartlett Learning



Common Fire Extinguisher Agents
Although stored in smaller amounts, the agents used in fire sprinkler
and fire suppression systems are the same agents used in fire
extinguishers. A discussion of the most common agents follows.

Water
Water is one of the best extinguishing agents because it can absorb
more heat per pound than just about any other extinguishing
material. It is most effective on Class A fires; it is not effective on
some fuels, and it is dangerous to use on others. When water is
used in an extinguisher, the extinguisher must be located to avoid
cold conditions, as the water will freeze unless mixed with antifreeze
(e.g., calcium chloride or ethylene glycol).

Foam
Foam is a good extinguishing agent for Class A fires and is even
better for Class B fires. Once applied, the foam forms a vapor barrier
between the fuel and atmosphere, cooling and smothering the fire. In
order to make the foam, the agent must discharge through a special
aspirating nozzle so that it can mix with air. There are only two types
of foams used with fire extinguishers: aqueous film-forming foam
(AFFF) and film-forming fluoroprotein (FFFP). Portable extinguisher–
applied foams work well on flammable-liquid fires that are limited in
size, but according to NFPA 10, they are not as effective if the
flammable liquid and gases are under pressure or on grease fires
attributed to a cooking process (National Fire Protection Association
2018, NFPA 10, Annex D4.2). In addition, because the foam solution
mixes with water, it will not work well in freezing temperatures
(National Fire Protection Association 2018, NFPA 10, Annex 4.2.1).



Carbon Dioxide
Carbon dioxide gas is an effective agent on Class B and C fires but
has limited use on Class A fires. When placed in the extinguisher
tank, carbon dioxide is in a high-pressure liquid state that once
released expands as a gas. Carbon dioxide extinguishers do not
have pressure gauges, and the quantity of agent in the tank is
determined by weighing the tank. The combined weight of the tank
and agent makes the extinguishers heavier than most extinguishers
of comparable size and rating.

Carbon dioxide gas depletes the available oxygen that surrounds
a fire and, to a very limited degree, cools the fuel source. The
operator must discharge the extinguisher at close range to the fire
because air movement can carry the gas away from the fire.
However, when discharging a carbon dioxide extinguisher in a
confined space, oxygen depletion will most likely take place. To
avoid asphyxiation, the operator must have an oxygen supply
available.

Dry Chemicals
Dry chemical extinguishing agents are small solid particles propelled
by a pressurized gas. When discharged, the chemical covers the
burning material and decreases the oxygen concentration around
(smothers) the material. Dry chemical agents are not considered
dangerous or toxic; they do not react with flammable liquids and
gases and are not conductive. However, once discharged, the dry
chemicals can create a cloud that limits visibility and may cause
respiratory problems. Because they cover the burning material so
well, some dry chemical agents leave corrosive residue that when
exposed to moisture is especially damaging to electronic equipment
and components.

Dry chemicals fall into three general categories: sodium
bicarbonate–based, potassium-based, and multipurpose. Sodium
bicarbonate–based and potassium-based dry chemicals work well on
Class B and C fires and are categorized as regular or ordinary dry



chemicals. Similar to baking soda, sodium bicarbonate is one of the
oldest and most widely used dry chemical agents that is effective on
grease fires related to cooking. Although it is still common in many
fire extinguishers purchased for home use, it has lost approval as a
suppression agent in commercial kitchens because it does not meet
the UL 300 test standard for control and extinguishing of commercial
kitchen equipment fires. To differentiate it from other dry chemical
agents, sodium bicarbonate is colored white or blue.

Potassium bicarbonate, potassium chloride, and urea-based
potassium bicarbonate are similar to sodium bicarbonate but are
much more effective because lesser amounts of these products
provide much more fire extinguishing capabilities. Potassium
bicarbonate is the color purple to differentiate it from other dry
chemicals and is commonly known as Purple K. Ammonium
phosphate is a multipurpose dry chemical that works very well on
Class A, B, and C fires and is yellow to differentiate it from other dry
chemicals.

All of the dry chemical agents have unique chemical properties.
Therefore, in order to avoid the potential for dangerous chemical
reactions when refilling an extinguisher, one should never mix
different agents or even use an extinguisher that stored another
agent.

Wet Chemicals
Wet chemical agents are the primary and most effective agents used
for Class K fires. These water-based solutions mix with potassium
carbonate, potassium acetate, potassium citrate, and, in some
instances, a mixture of these agents and other additives. As
discussed in Chapter 1, these agents react with the fat in the cooking
medium or food and develop a soapy foam blanket (saponification)
on the surface of the material to smother, cool, and extinguish the
fire. Liquid in the extinguishing agent cools the cooking media
adequately to help maintain the foam blanket.



Dry Powders
Class D fires can be a major challenge to control and extinguish
because there are few extinguishing agents as effective as dry
powders. Water is not a good choice of extinguishing agent for Class
D fires because it can react with metals, liberating the oxygen that
fuels combustion. In other words, applying water increases the
burning intensity and the potential for an explosion. Carbon dioxide
is also a poor choice because it reacts with the metals in a similar
manner as water. Although dry powders are one of the most effective
agents available to fight Class D combustible metal fires, no one dry
powder works on every type of combustible metal fire. Some of the
sodium-based agents form a crust on the burning material to deplete
the available oxygen; graphite-based agents conduct heat away from
the fuel. Therefore, it is important to know which agent will work on a
particular type of combustible metal fire. Because of the physical
characteristics of the agent, some do not work in an extinguisher and
must be applied by shovel, by scoop, or by hand.

Halon and Other Clean Agents
Halon is still in use as an extinguishing agent but is less available, as
it is being phased out due to environmental concerns. Halons leave
no residue, are not conductive, and are more effective than the same
amount of carbon dioxide. However, halons are somewhat toxic, and
exposure can cause physical problems including vertigo, loss of
agility, and loss of coordination. Two types of these agents—Halon
1211 and Halon 1301—are still in use, but halons have given way to
a new generation of clean agents that are environmentally friendly
and, in some cases, nearly as effective. These clean agents fall into
the category of either halocarbon or inert gas. The halocarbon-based
agents consist of hydrochlorofluorocarbon or hydrofluorocarbon. The
inert gas–based agents consist of measured combinations of gases
—mainly argon, carbon dioxide, and nitrogen—that are proportioned
to interrupt combustion. Neither halocarbons nor inert gases leave a



residue or conduct electricity; both are generally safe for the
environment and for use around humans.



Fire Extinguisher Ratings
In addition to the letter classification, Class A and B extinguisher
groups have a number rating that establishes the performance
capability of the extinguisher. The number rating expresses how
much fire the extinguisher should be able to handle based on testing
criteria found in ANSI/UL 711, Rating and Testing of Fire
Extinguishers. This particular standard was developed by UL and
adopted as an American National Standard by the American
National Standards Institute (ANSI) to establish the different test
criteria for each extinguisher type.

In order for Class A extinguishers to achieve a rating, they must
undergo a number of different tests. The tests establish the rating by
the extinguisher’s ability to consistently put out a certain amount of
material that is on fire. The materials are allowed to burn for a period
of time before the extinguisher is activated by expert extinguisher
operators. Tests involved in establishing the rating include setting a
specific size wood crib fire, determining water capacity (water-only
extinguishers), extinguishing various-sized wood-paneling fires, and
extinguishing different weights of excelsior (shredded paper) or other
softwoods shavings fires. Wheeled extinguisher ratings are based on
wood crib fire only.

Class A extinguishers can be rated 1-A, 2-A, 3-A, 4-A, 6-A, 10-A,
20-A, 30-A, or 40-A (National Fire Protection Association 2018,
NFPA 10, Annex G.2). Ratings from 1-A to 20-A are based on indoor
fire tests; 30-A and 40-A ratings are based on outdoor tests (National
Fire Protection Association 2018, NFPA 10, Annex G.2). If an
extinguisher rates as a 1-A extinguisher, UL guidelines state that it
must be able to repeatedly put out a 20-in. by 20-in. by 20-in.wood
crib fire, an 8-ft by 8-ft wood panel, and 6 lb of excelsior. Each
increment of 1 listed before the letter indicates that the extinguisher
has the extinguishing capacity available from 1.25 gallons of water.
For example, using an extinguisher rated at 4-A would be equal to
using 5 gallons of water (4 × 1.25 gallons = 5 gallons) to extinguish



the fire. Therefore, if an extinguisher rates as a 4-A extinguisher, it
must be able to extinguish a fire about four times the size that a 1-A
extinguisher can extinguish. Note that the higher the extinguisher
rating, the larger the extinguisher.

When testing a Class B extinguisher, a flammable liquid fire
(usually involving heptane) is set in various-sized square pans
FIGURE 11-6. The extinguisher’s rating is based on the size of the fire,
but the actual fire tests used by UL to achieve the rating are larger
than the rating would imply. For Class B extinguishers, the number
represents 40 percent of the actual test fire size (UL 2018). For
example, if an extinguisher is rated 40-B, it means that the non-
expert operator of the extinguisher should have enough product to
extinguish a 40-ft2 pan fire. However, an expert operator should be
able to consistently extinguish a fire that is in a 100-ft2 pan (100 ft2 x
0.4 = 40 ft2). Class B fire extinguishers have the following ratings: 1-
B, 2-B, 5-B, 10-B, 20-B, 30-B, 40-B, 60-B, 80-B, 120-B, 160-B, 240-
B, 320-B, 480-B, and 640-B (National Fire Protection Association
2018, NFPA 10, Annex G.2). Class 1-B through 20-B are based on
indoor fire tests, whereas Class B extinguishers rated at or above
30-B are based on outdoor fire tests (National Fire Protection
Association 2018, NFPA 10, Annex G.2).



FIGURE 11-6 Various-sized square pans are filled with a flammable liquid such as heptane

to determine the rating of Class B fire extinguishers.

© Jones & Bartlett Learning.

TIP

The fire extinguisher rating system only applies to Class A and
Class B extinguishers. The number rating on an extinguisher
expresses the amount of fire the extinguisher should be able to
consistently extinguish based on different performance tests.

Class C extinguishers do not receive a rating because there is no
actual fire test for Class C agents. However, there is a test to
determine if there is conductivity between the agent, the nozzle or



horn and hose, and an electrically energized source. Basically, the
test involves discharging the extinguishing agent onto an electrically
charged plate that is placed 10 in. away from the nozzle of the
extinguisher. In order for the extinguisher to pass the test, there can
be no conductivity between the agent, extinguisher components, and
the electrified plate. The purpose of the test is to make sure that the
agent and equipment are nonconductive so the extinguisher operator
is safe from arcing and shock potentials. Obviously, it is important
not to have conductivity between the extinguisher and electrical
source as this could lead to injury of the person using the
extinguisher.



Types of Fire Extinguishers
Generally, portable fire extinguishers fall into three categories: pump,
stored pressure, or cartridge/cylinder operated. Although not officially
a category, some extinguishers are filled with extinguishing gases
under high pressure that are considered “self-expelling” because
they do not need to be pumped or require any supplemental gas to
discharge.

Fire extinguishers use many suppression agents to fight fires,
including water, foam, carbon dioxide, dry chemical, wet chemical,
dry powder, halon, and clean agents. Although some of these agents
work well on various types of materials, they will not necessarily
work with each category of extinguisher. For example, it would be
impractical to use a pump-type extinguisher with a dry powder agent
or even a foam agent. In this section, the discussion covers the
different types of extinguishers that are available and the
suppression agents used in the extinguishers. The section also
discusses those extinguishers that have become obsolete.

Pump Extinguishers
The pump extinguisher requires manual operation of a pump
mechanism. Operating the mechanism creates the necessary
pressure in the tank to expel the extinguishing agent, which is either
water or an antifreeze solution. The pump-type extinguisher is easy
to operate and refill. The most demanding requirement is to keep
water in the tank. Pump-type extinguishers are available in 2.5- to 5-
gallon capacities and, depending on the type of extinguisher, may
have an internal or external pumping mechanism.

The internal pumping mechanism immerses in the water tank,
and each stroke of the handle pumps water out of the tank, through
the hose, and out of the nozzle. This type of mechanism is similar to
a floor-type bicycle pump. An external pump mechanism, on the
other hand, is similar to a hand-held bicycle pump. This type of



mechanism is used for backpack-type pump extinguishers, in which
the tank straps on a person’s back, with the majority of the hose and
the pump mechanism carried in front of the operator for ease of
operation FIGURE 11-7. With the pump and nozzle consisting of only
one unit, the operator just needs to point the nozzle and pump. The
backpack-type extinguisher is common in rural and wilderness
locations where wildfires are more likely.



FIGURE 11-7 The backpack-type extinguisher is commonly used when fighting brush and

wildfires.



© Jones & Bartlett Learning.

Stored Pressure Extinguishers
In the stored pressure extinguisher, a pressurized gas and the
extinguishing agent are mixed in the same tank. The gas, commonly
air or nitrogen, is stored above the agent, keeping constant pressure
on it. When operated, the pressure of the gas forces the
extinguishing agent out of the tank and through the nozzle or horn
FIGURE 11-8. By looking at the pressure gauge, the operator can
determine the gas pressure in the tank to make sure there is
sufficient pressure to discharge the agent. Stored pressure–type
extinguishers use many different extinguishing agents including
water, antifreeze, wetting agent, loaded stream charge, foam, dry
chemical, wet chemical, dry powder, and halon.



FIGURE 11-8 A Class ABC stored pressure fire extinguisher.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP



The water mist extinguisher is a type of stored pressure
extinguisher used on Class A and C fires where other fire
extinguishers could cause excessive damage. It delivers a very
fine-spray distilled or de-ionized water mist that provides safety
from electrical shock FIGURE 11-9.



FIGURE 11-9 A water mist fire extinguisher.

Courtesy of Amerex.



TIP

The dry powder extinguisher is a type of stored pressure
extinguisher that is identified by the yellow cylinder. It is used on
Class D fires, but the agent and application in the extinguisher
must be appropriate for the particular hazard FIGURE 11-10.

FIGURE 11-10 A dry powder fire extinguisher.

© Jones & Bartlett Learning. Photographed by Glen E. Ellman.



Cartridge/Cylinder Operated Fire
Extinguishers
The cartridge/cylinder operated fire extinguisher is similar to the
stored pressure type, except the pressurized gas is not stored in the
extinguisher tank; instead, it is stored in a separate cartridge
attached to the side of the tank. Activating the extinguisher
punctures the cartridge that expels the gas into the tank, forcing the
agent out of the tank. Because the cartridge is a sealed unit, this
type of extinguisher does not have or need a pressure gauge. In
addition, because the tank and agent are not under constant
pressure, the top removes without dumping the agent or losing the
gas pressure. This type of extinguisher allows for easy maintenance
of certain types of agents, especially agents that might settle in the
tank and need stirring to avoid clogging or caking FIGURE 11-11. The
cartridge/cylinder operated fire extinguisher is suitable for use with
loaded stream, foam, dry chemical, and dry powder agents.



FIGURE 11-11 A cartridge/cylinder operated fire extinguisher.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



TIP

Carbon dioxide, halon, and clean agents are “self-expelling
agents.” Because they can be stored at such a high pressure,
they do not require pumping or supplemental gas to expel FIGURE

11-12.



FIGURE 11-12 A carbon dioxide fire extinguisher.

© Jones & Bartlett Learning. Photographed by Glen E. Ellman.



Obsolete Types of Fire Extinguishers
There are a number of fire extinguisher types that are no longer
approved for use. Many are not safe to operate and could cause
injury to the person using the extinguisher, while other types contain
products that are conductive or corrosive. NFPA 10 lists the following
types of extinguishers and products as those requiring removal from
service (National Fire Protection Association 2018, NFPA 10,
Section 4.4):

Soda acid

Chemical foam (excluding film-forming agents)

Carbon tetrachloride, methyl bromide, and chlorobromomethane
(CBM)

Cartridge-operated water

Cartridge-operated loaded stream

Copper or brass shell (excluding pump tanks) joined by soft
solder or rivets

Carbon dioxide extinguishers with metal horns

Solid charge–type AFFF extinguishers (paper cartridge)

Pressurized water extinguishers manufactured prior to 1971

Any extinguisher that needs to be inverted to operate

Any stored pressure extinguisher manufactured prior to 1955

Any extinguishers with 4-B, 6-B, 8-B, 12-B, and 16-B fire ratings

Stored pressure water extinguishers with fiberglass shells (pre-
1976)

Excluding wheeled-type dry chemical stored-pressure fire
extinguishers, NFPA 10 states that any dry chemical stored-pressure
extinguisher manufactured in 1984 or before 1984 shall be removed
from service (National Fire Protection Association 2018, NFPA 10,
Sections 4.4.1, 4.4.1.1). In addition, any extinguisher that cannot be



serviced or maintained in accordance with the manufacturer’s
requirements is considered obsolete and should be removed from
service (National Fire Protection Association 2018, NFPA 10,
Section 4.4.2).



Fire Extinguisher Operation
Even with little or no training, a person should be able to effectively
operate a fire extinguisher and extinguish a fire. Most portable fire
extinguishers operate in a similar manner. Some are small enough to
carry by hand, while others must be transported on a cart with
wheels FIGURE 11-13. When carrying by hand, a person holds the
portable extinguisher by the handle, pulls the pin, aims the nozzle or
horn at the base of the fire, squeezes the trigger, and sweeps the
nozzle or horn at the base of the fire until the suppression agent runs
out or the fire is extinguished. These steps are referred to as PASS,
an acronym that stands for Pull, Aim, Squeeze, and Sweep FIGURE 11-

14. Since the 1980s, all fire extinguishers have been required to
display pictograph labeling to demonstrate each letter in the acronym
PASS. By reviewing the pictograph instructions on the label, the
operator is able to understand in a quick and easy manner the
proper way to discharge an extinguisher FIGURE 11-15. Any person
who could potentially use a fire extinguisher should be trained and
familiar not only with the operational procedures for the type of
extinguisher on hand but also with the location of all available
extinguishers.



FIGURE 11-13 A wheeled dry chemical fire extinguisher with a separate gas tank.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 11-14 PASS method of portable fire extinguisher operation: A. Pull the pin. B. Aim
the nozzle. C. Squeeze the handle. D. Sweep the base of the fire.

© Jones & Bartlett Learning. Photographed by Glen E. Ellman.



FIGURE 11-15 A portable fire extinguisher pictograph.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

TIP

It is imperative that training include hands-on use of an
extinguisher so the operator has experience with the extinguisher
during a controlled fire event. In addition, a discussion concerning



the limitations of the extinguisher, when it is appropriate to use or
not to use an extinguisher, and the importance of notifying any
occupants to evacuate the premises must be a part of the training
and discussion.

TIP

It is imperative that training include hands-on use of an
extinguisher so the operator has experience with the extinguisher
during a controlled fire event. In addition, a discussion concerning
the limitations of the extinguisher, when it is appropriate to use or
not to use an extinguisher, and the importance of notifying any
occupants to evacuate the premises must be a part of the training
and discussion.



Inspection, Testing, and Maintenance
Inspection, testing, and maintenance are the keys to ensuring that a
portable fire extinguisher will be in working order when needed. In
order to ensure extinguishers are in good working order, extensive
information is provided in NFPA 10 that outlines the minimum
inspection, testing, and maintenance requirements for the different
types of fire extinguishers. The property owner or the owner’s
representative has the responsibility to perform these tasks. Those
who perform the inspections and tests must be trained or certified.
The inspection, testing, and maintenance process involves a number
of different activities, including simple monthly visual inspections that
can be performed by almost anybody, annual maintenance that
requires specialized training and certification, and hydrostatic testing
of tanks that requires further specialized equipment, training, and
certification. When conducted at the prescribed intervals, an
inspection, testing, and maintenance program can identify
impairments before they become problems for the operator. When
properly inspected, tested, and maintained, the operator can feel
confident that the extinguisher will work as designed and perform the
intended task.

Visual Inspection
A visual inspection of a fire extinguisher is a valuable fire prevention
activity because, by observation, the general condition of the
extinguisher can be determined in a short amount of time.
Extinguisher inspections should take place, at a minimum, every 30
days, but certain environments and conditions may require a more
frequent schedule. During the visual inspection, a person should
determine if the extinguisher is present, visible, accessible, and in
the normal path of exit travel; has an inspection tag; and is placed in
the correct location. The features of an extinguisher being visible,
accessible, in the normal path of exit travel, and in the correct



location protect the occupant from having to go back toward the
hazard to retrieve the extinguisher and ensure that the extinguisher
has not been placed out of sight. Inspection should also confirm that
the extinguisher is the proper type for the potential hazard and fuel
load and that the label is readable FIGURE 11-16. In addition, the
person inspecting the extinguisher should check for any physical
damage to the extinguisher components, determine if the
components appear to be in working order, and make sure the seals,
pins, or safeties appear to be intact. If the extinguisher is the
wheeled type, the person should check to make sure the wheels,
tires, carriage, tanks, hose, and nozzle are in good condition FIGURE

11-17. The person checking the extinguisher will also determine if the
extinguisher gauge pressure is within the normal range. When an
extinguisher does not have a gauge, the person will determine if the
extinguisher is the appropriate weight. Finally, the person checking
the extinguisher will review the documentation from previous
inspections to ensure that any noted deficiencies or problems were
resolved. It is important to document the date, time, inspector’s
name, and any deficiencies to ensure continuity of the inspection
program.



FIGURE 11-16 When performing a fire prevention inspection, the fire inspector confirms

that the fire extinguisher is present, accessible, the correct type, in the path of travel, in

good condition, tagged, and within the proper pressure range.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 11-17 When inspecting a wheeled fire extinguisher, all components including the

tires and carriage must be evaluated.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



With technological advances, some of these functions are now
performed through electronic monitoring systems that supervise the
extinguisher against certain parameters. In some cases, monitoring
occurs through the fire alarm system; in other cases, a simple
monitoring panel exists. Changes in the normal parameters cause an
alert to the monitoring center so that an investigation and the
appropriate action will take place. The immediate advantage is that
problem investigation can start as soon as there is an alert instead of
someone discovering a problem during a monthly inspection cycle or
when the extinguisher is needed to fight a fire, which may be too
late. NFPA 1 and the IFC® recognize electronic monitoring, when
meeting certain requirements and conditions, as a viable technology
that permits longer intervals between visual inspections as long as
the system monitors circuit continuity and power source(s) between
the device and monitoring panel as well as monitors the extinguisher
for location, obstruction, and pressure changes.

Maintenance
Fire extinguisher maintenance procedures follow the manufacturer’s
requirements and usually involve a more thorough inspection than
the routine visual inspection. Maintenance usually occurs annually
but may take place sooner depending on the condition of the
extinguisher as determined by the visual inspection or if the
extinguisher is discharged. With the exception of the
nonrechargeable type, all other types of extinguishers require
internal examination at either 1-, 3-, 5-, or 6-year intervals. The
purpose of the internal examination is to look for conditions that
could impair the extinguisher, including corrosion, physical damage,
and broken or missing parts. If the maintenance inspection reveals a
problem, the person performing the inspection will need to determine
if the extinguisher is repairable, is in need of additional testing, or
should be discarded.

Depending on the extinguisher, maintenance activities could
include disassembling or emptying the extinguisher, performing an
internal inspection, cleaning, recharging, replacing the extinguishing



agent or propellant, replacing worn or damaged parts, and
performing a conductivity test. Because some of the maintenance
activities can be dangerous, personnel who perform the
maintenance, testing, and repair need the appropriate training,
certifications, skills, and tools to undertake these tasks.

Testing
One of the critical tests performed on all refillable extinguishers is the
hydrostatic test. The purpose of this test is to ensure the extinguisher
will not fail during use due to unnoticed conditions caused by
corrosion, physical damage, manufacturing defects, and/or exposure
to heat. Depending on the type of extinguisher, test intervals are
either 5 years or 12 years; however, the extinguisher should undergo
a hydrostatic test upon discovery of physical damage or corrosion,
no matter when it is due for hydrostatic testing. The components
requiring hydrostatic testing include cylinders, cartridges, and hose
assemblies. Typically, the test involves disassembling the
extinguisher, filling the component with water, immersing the
component in water (mainly for high pressure component testing),
and pressurizing the component until reaching the desired pressure
for the required time. Once the components successfully pass the
hydrostatic test, it is important to dry the components, reassemble,
recharge, and then stamp the cylinder with the date of the test,
company name, and the test pressure.

TIP

Nonrechargeable and pump-type extinguishers do not require
hydrostatic testing. However, nonrechargeable extinguishers
have a maximum service life and, once it is reached, require
removal from service. Usually, the maximum service life is 12
years from the date of manufacture.



NFPA 10 states that water-based extinguishers, such as those
that use stored pressure water, water mist, loaded stream, antifreeze
wetting agent, wetting agent, AFFF foam, and FFFP foam, require
hydrostatic testing every 5 years. In addition, dry chemical with
stainless-steel shells, carbon dioxide, and wet chemical types of
extinguishers also require hydrostatic testing every 5 years.
Extinguishers that require hydrostatic tests every 12 years include
dry chemical stored pressure extinguishers with mild steel shells,
brazed brass shells, or aluminum shells; dry chemical cartridge or
cylinder extinguishers operated with mild steel shells; dry powder
stored pressure cartridge or cylinder extinguishers operated with
mild steel shells; and halogenated agent extinguishers. The
performance of periodic inspections, tests, and maintenance in
accordance with NFPA 10 ensures that portable fire extinguishers
should operate in a safe and effective manner when needed.

Wrap-Up

CHAPTER SUMMARY

The intended use of portable fire extinguishers is to suppress
small incipient fires.

Because portable extinguishers hold a fixed amount of
suppression agent, there must be quick access to the
extinguisher, the person operating the extinguisher must know
the proper use and handling of the extinguisher, and the
extinguishing agent must be suitable for the type of fire
encountered.

The type of suppression agent determines the extinguisher
classification (Class A, B, C, E, or K).



Suppression agents used in the different types of portable
extinguishers include water, foam, carbon dioxide, dry chemical,
wet chemical, dry powder, halon, and other clean agents.

Some suppression agents work well on many different materials
but may not work with a particular category of extinguisher.

In addition to receiving a classification, Class A and Class B
extinguishers receive a rating that establishes their performance
capability where a number rating expresses the size of fire the
extinguisher should be able to handle.

Generally, portable fire extinguishers fall into three categories:
pump extinguishers, stored pressure extinguishers, or
cartridge/cylinder operated fire extinguishers.

Pump extinguishers require a person to pump a handle
manually to expel the suppression agent.

Stored pressure extinguishers use a gas that is contained with
the suppression agent in the extinguisher’s tank to expel the
suppression agent.

Cartridge/cylinder operated fire extinguishers have an external
cartridge that holds a gas. Once punctured, these cartridges
release the gas into the tank to expel the suppression agent.

Gas-based extinguishing agent fire extinguishers such as
carbon dioxide, halon, or clean agent types are “self-expelling”
because the storage pressure is high enough not to require
pumping or supplemental gas to expel.

All extinguishers require periodic inspection, testing, and
maintenance to ensure that they are operationally ready when
needed.

The frequency of inspections, tests, and maintenance depends
on the type of extinguisher, the suppression agent, and the
environment.



KEY TERMS

Cartridge/cylinder operated fire extinguisher A fire extinguisher in
which the expellant gas is in a separate container from the agent
storage container (National Fire Protection Association 2018, NFPA
10, Section 3.4.1).

Loaded stream charge A water-based extinguishing agent that
uses an alkali metal salt as a freezing point depressant (National
Fire Protection Association 2018, NFPA 10, Section 3.3.20).

PASS An acronym for the basic steps to operate a portable fire
extinguisher: Pull, Aim, Squeeze, and Sweep.

Portable fire extinguisher A portable device, carried or on wheels
and operated by hand, containing an extinguishing agent that can be
expelled under pressure for the purpose of suppressing or
extinguishing fire (National Fire Protection Association 2018. NFPA
10, Section 3.4.3).

Pump extinguisher A type of extinguisher that requires the operator
to pump a mechanism manually to create the necessary pressure to
expel the extinguishing agent from the tank.

Stored pressure extinguisher A fire extinguisher in which both the
extinguishing agent and expellant gas are kept in a single container,
and that includes a pressure indicator or gauge (National Fire
Protection Association 2018, NFPA 10, Section 3.4.6).

Water mist extinguisher A type of extinguisher that uses distilled or
de-ionized water to deliver a very fine spray from a misting nozzle
(National Fire Protection Association 2018, NFPA 10, Section 3.4.7).

Wetting agent A concentrate that, when added to water, reduces
the surface tension and increases its ability to penetrate and spread
(National Fire Protection Association 2018, NFPA 10, Section
3.3.28).



CASE STUDY

Every year, your jurisdiction’s birthday celebration brings in carnival
rides, musical acts, arts, crafts, and food venders to the area. Your
crew is assigned to assist the fire marshal’s office with the general
fire prevention assessment. As you tour the grounds, you notice a
number of issues regarding fire extinguisher types, their placement,
their use, and their lack of inspection tags.

1. Some of the food vendors using deep fat fryers have
multipurpose dry chemical Class ABC extinguishers, while
others have Class K extinguishers. Does it matter which type of
extinguisher these food vendors are using?

A. It does not matter because either type will do the job.
B. It does not matter because the fryers are located 10 ft away

from the serving tents.
C. It does matter because some of the extinguishers do not

have current or any inspection tags, so their ability to
perform is questionable.

D. It does matter because a multipurpose dry chemical Class
ABC extinguisher is not appropriate for the application,
cooking medium, and appliance.

2. Some of the vendors’ extinguishers do not have current
inspection tags or any inspection tag for that matter. With no
realistic way for all of the extinguishers to be inspected by a
licensed entity before the event becomes open to the public,
how should the situation be handled?

A. Perform a visual inspection and evaluation of the
extinguishers and certify that they are ready so the vendors
can open their booths. Notify the fire marshal’s office of
your findings.

B. Perform a visual inspection and evaluation of the
extinguishers and the vendors’ operation. Determine the
readiness of the extinguishers for the day, the associated



hazards related to their operation, and whether the
extinguishers are appropriate for conditions. If it appears
that the extinguishers are in good condition and functional,
require the vendors to have their extinguishers inspected by
a licensed entity or purchase new extinguishers before they
are permitted to open the following day. Notify the fire
marshal’s office of your findings.

C. Do not permit the vendors to open until they have their
extinguishers inspected by a licensed entity or purchase
new extinguishers. Notify the fire marshal’s office of your
findings.

D. Allow the vendors to open their booths because it does not
matter if the extinguishers have inspection tags.

3. One of the musical acts has a considerable amount of electronic
equipment in its light and sound booth. The backstage crew is
concerned that if a fire broke out, residue from the type 2A 10-B
extinguisher they currently have in the booth would ruin all the
equipment. What type of extinguisher would you recommend the
crew use?

A. A halogenated or clean agent extinguisher
B. A dry powder agent–based extinguisher
C. A carbon dioxide extinguisher
D. Either A or C

4. One of the carnival ride vendors has a carbon dioxide
extinguisher with a stamp for the last hydrostatic test dating 10
years ago. What is the maximum time permissible between
hydrostatic tests for carbon dioxide extinguishers?

A. 5 years
B. 6 years
C. 10 years
D. 12 years



CHALLENGING QUESTIONS

1. Under what conditions and circumstances are fire extinguishers
appropriate for use?

2. Why does the fire extinguisher rating system only apply to
certain extinguisher classifications?

3. What are the scope and purpose of NFPA 10 and ANSI/UL 711?

4. What is the purpose of performing a conductivity test on a Class
C fire extinguisher?

5. What is the difference between an ordinary and a multipurpose
dry chemical extinguisher agent?

6. Why is it easy to maintain the cartridge/cylinder operated fire
extinguisher?

7. What does the acronym PASS stand for, and how does it relate
to fire extinguisher operation?

8. Why is it important to perform periodic inspections, tests, and
maintenance on fire extinguishers?

9. In general, what activities are required when performing visual
inspection, maintenance, and testing on a fire extinguisher?

10. The model codes require fire extinguisher installation in almost
every use and occupancy condition, with the main exception
being one- and two-family dwellings. What are the reasons why
one- and two-family dwellings are exempt from this
requirement? Considering most fire injuries and deaths occur in
the home, should the model codes require fire extinguishers in
one- and two-family dwellings?
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12CHAPTER

Control and Management Systems,
Property Security, and Fire Protection
Systems

Smoke Control and
Management Systems
LEARNING OBJECTIVES
At the conclusion of this chapter, you will be able to:

Define the terms smoke control and smoke management.
State the design goals for smoke control systems.
State the design goals for smoke management systems.
Name the three general methods used to control smoke movement.
Describe the four pressure differential methods used to control smoke.
Describe five design requirements or operational characteristics of smoke control
systems.
List the different life safety and fire protection systems that interface with smoke
control systems and describe how they interact.
Discuss the importance of the acceptance testing and annual retesting of smoke
control and management systems.

Case Study
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On November 21, 1980, between 7:05 am and 7:10 am, a fire broke out in a first-floor
restaurant at a 26-story hotel complex in Las Vegas, Nevada. The fire quickly spread into
the adjoining casino area, generating substantial smoke and toxic gases that were able to
flow upward through many unprotected and substandard vertical openings. One of the
major pathways for the smoke and toxic gases to travel was up the elevator hoistways.
The hoistways allowed smoke and toxic gases to pour onto certain guest floors. In
addition, the air-handling units supplying conditioned air to the corridors on the guest
floors never shut down and recirculated the smoke from the elevator hoistways onto the
guest floors due to faulty dampers. Other major pathways for the smoke and toxic gases
were the exit passageways, interior stairs, smoke-proof towers, and associated vestibules
where substandard construction permitted the smoke to flow into these areas and impede
egress. There was no fire sprinkler system in the area of the building where the fire
started. Other than an announcement over the casino public address system, the fire
alarm system did not activate. Of significance was the fact that the fire started and was
contained on the first floor and part of the second floor; however, 61 of the 85 fire-related
deaths occurred between the 16th and 26th floors and were due to smoke and toxic gas
inhalation, not exposure to heat or burns.

Although this incident took place nearly 40 years ago, it is one of the most compelling
events that demonstrated how easily smoke can move throughout a building and cause
death and injury. This high-profile fire event made architects, engineers, and building and
fire officials rethink high-rise building construction, fire protection system installation, and



the use of smoke control and management systems in high-rise buildings and other
structures.

1. In many jurisdictions, retroactive code requirements cannot be enforced if the use
and occupancy of a building do not change from the time of construction unless
mandated through legislation. In those jurisdictions where no legislation has been
proffered, how likely is it that a similar event could occur with the same outcome
today?

2. What issue or issues do you think played the biggest role in the large number of fire
deaths: a lack of building-wide testing and maintenance of fire and life safety
systems, a lack of fire protection systems, poor construction and design, or a
combination of these issues?

3. How might the outcome have been different if any of the identified issues were not
a contributing factor?

Source: Modified from National Fire Protection Association. Investigations Report on the
MGM Grand Hotel Fire, Las Vegas, Nevada, November 21, 1980. Quincy, MA: National
Fire Protection Association, 1982.



Introduction
Whether a fire is contained within its area of origin or spreads
beyond, the smoke and toxic gases that develop can migrate outside
the fire area and throughout the structure. Stairways, corridors,
elevator hoistways, ductwork, airshafts, utility shafts, atriums, and
openings or breaches in a wall or ceiling provide avenues for smoke
and toxic gases to travel. The spread of smoke and toxic gases can
cause as much, if not more, damage to the structure than the fire
itself, and statistically more fire deaths and injuries result from smoke
and toxic gas inhalation than burns.

Smoke control and smoke management systems are relatively
new in the fire protection arena; the development of standards and
the requirements to install these systems were first established in
some of the model building codes in the early 1970s. Smoke
control is a term used to describe mechanical systems that
pressurize areas of buildings with fans to limit smoke movement
when there is a fire. Smoke management is a term used to describe
passive and active systems used alone or in combination to alter
smoke movement. When designing smoke control and smoke
management systems, the life safety objectives are to provide a
tenable environment in the areas adjacent to the fire area for building
occupants and fire fighters and to contain the smoke within the area
of origin. For building occupants, a tenable environment allows safe
evacuation from the structure or relocation within the structure. For
fire fighters, a tenable environment allows relocation within a
structure or management of the smoke intensity to facilitate fire
department operations.

There are two general design approaches employed to
accomplish this objective. The passive design approach utilizes
walls, bulkheads, doors, partitions, draft curtains, fire dampers, high
ceilings, smoke and heat vents, and sealed wall and floor openings
to create barriers. This design incorporates an adequate and
effective level of fire-rated construction, as the purpose is to contain



and minimize the amount of smoke leakage from the fire area.
Installation of smoke and heat vents coupled with draft curtains is an
example of passive design to manage and control smoke. Smoke
vents and draft curtains are typical in large one-story factories and
high-piled storage facilities. The vents are located at the roof level
and operate by either automatic or manual means. Once the vents
operate, the smoke and hot gases flow upward and out of the
building through the vent opening. Draft curtains sectionalize the
building to contain the smoke in an effort to speed up the activation
of the vents and, in some instances, fire sprinkler heads FIGURE 12-1.



FIGURE 12-1 The passive design approach uses barriers, such as this draft curtain, to

contain and minimize the amount of smoke leakage from a fire area.
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The active design approach uses mechanical systems to
exhaust, pressurize, and, in particular situations, oppose the smoke
with forced air. Most mechanical systems that are a part of a smoke



control or management system operate when they receive a signal
from a fire protection system initiation device that has detected or
reacted to a fire condition in the protected structure.

The choice of a particular system—passive, active, or a
combination of both—depends on certain factors. These factors
include the particular structure or occupancy’s design intent, the
appropriateness for the conditions, an evaluation of smoke
movement influenced by the physical design (geometry), and the
architectural features of the building. The physical design and
architectural features facilitate smoke movement throughout a
building by many obvious and not so obvious pathways of travel. The
obvious pathways are stairways, elevator hoistways, airshafts, and
ductwork. The not-so-obvious pathways are the unsealed
construction openings at the interface of floors and perimeter walls;
unsealed annular spaces around pipes, ducts, and conduits through
floor slabs; incomplete shaft wall seals; and the smoke barrier walls
at the juncture of overhead floor structures. Once smoke and toxic
gases are generated, smoke spread is also influenced by buoyancy
forces; stack effect (caused by air temperature and density
differences); exterior wind and the resultant forces; climate; function
and control of the heating, ventilation, and air-conditioning (HVAC)
systems; expansion forces as air is heated; and fuel load. A
discussion of the controlling laws of physics and buoyancy forces is
beyond the level of information offered in this chapter; however, it is
important to be aware that these laws influence the design and
operation of these systems.

Although the passive design approach and the use of smoke and
heat venting are important parts of smoke control and management,
the focus of this chapter is the different types of active smoke control
systems that contain, exhaust, and oppose the undesirable
movement of smoke and toxic gases. In addition, the chapter covers
code-required smoke control, design requirements, operational
characteristics, and interaction with fire protection systems.



Code-Required Smoke Control and
Smoke Management
Code-mandated installation of smoke control and smoke
management systems has always been limited to certain categories
of structures and occupancy classifications. By design, many
structures facilitate quick evacuation, are significantly
compartmentalized to inhibit smoke movement, have fire protection
systems, and, by use or occupancy condition, do not present a
moderate life safety or fire risk. Therefore, installation of these
systems in every structure and occupancy condition would not be
practical or cost-effective or offer a significant increase in life safety.
Instead, smoke control, removal, and management requirements
exist in the model codes for a number of structure and occupancy
conditions including high-rise buildings, atriums, covered malls,
underground buildings, stages, platforms, technical production
areas, detention and correctional facilities, and assembly, health,
and ambulatory care occupancies. All of these structures and
occupancies have considerable evacuation challenges, necessitating
increased life safety and fire protection features.



Smoke Containment, Removal, and
Opposed Airflow
The basic goal of smoke control and management is to maintain
tenability throughout a building by mitigating the spread of smoke
beyond the area or volume of fire origin and, where feasible, totally
contain the smoke within that space. Common smoke control
techniques can be, in many cases, stand-alone or integrated into a
building-wide smoke management approach. In most applications,
integrated building-wide smoke management achieves the best
results for individual systems as well as the overall system. In all
cases described in this section, systems utilize 100 percent outdoor
air for positive pressurization and smoke relief systems with 100
percent exhaust to the outdoors to contain and/or relieve smoke.
There are three general methods employed to accomplish this goal:
containment, removal, and opposed airflow. Each method is
appropriate for certain situations.

Containment by Pressure Differentials
Creating an adequate pressure differential between affected fire
areas and surrounding unaffected non-fire areas, particularly egress
paths, can result in effective smoke control. In many instances,
relatively low-pressure differentials across stairway doors, refuge
area doors, and elevator-landing doors having limited penetrations
can significantly reduce the spread of smoke and even contain
smoke within the area of fire origin. In fact, pressurization is one of
the most commonly used methods of smoke control. To achieve
containment, a design professional might design a system to create
relative negative pressure in the area of fire origin, relative positive
pressure in areas adjacent to the area of fire origin, or a combination
of both. The design requirements for these systems are outlined in
model building codes; design standards such as NFPA 92, Standard



for Smoke Control Systems; NFPA 92A, Standard for Smoke-Control
Systems Utilizing Barrier and Pressure Differences; NFPA 92B,
Standard for Smoke Management Systems in Malls, Atria, and Large
Spaces; and publications from the American Society of Heating,
Refrigerating, and Air Conditioning Engineers, Inc. (ASHRAE).
Typical applications include stairway pressurization, floating zone or
floor-by-floor pressurization, elevator hoistway pressurization, refuge
area pressurization, smoke relief/removal, and opposed airflow.

Stairway Pressurization
Stairway pressurization systems prevent or substantially reduce
smoke intrusion into egress stairways so occupants can use the
stairs to exit the building and fire fighters can use the stairway to
stage in a relatively smoke-free environment. Mechanical fans pump
100 percent outdoor air into the stairway and create a pressure
barrier that is slightly higher than the area outside the stairway,
preventing migration of the smoke into the stairway FIGURE 12-2 and
FIGURE 12-3. Some system designs only use one fan, while other
designs use multiple fans. One design uses a variable speed fan that
increases or reduces speed when the pressure changes because of
doors opening, and another design maintains a constant pressure in
the stairway and manages the pressure with automatic dampers.
These systems perform best when combined with smoke
removal/relief on the affected fire floor(s). When designing these
systems, consideration must be given to the types of construction
materials used, construction gap leakage, multiple doors opening
simultaneously or being propped open, and the number of stair
levels; all of these factors could affect system performance. In
addition, the design professional must be careful to avoid designing
a system in which the pressure differential makes it difficult for
people to open stairway doors. Requirements for stairway
pressurization have been included in the model building codes for a
number of years and are common in high-rise buildings.



FIGURE 12-2 Mechanical fans and duct lines supply the air used for stairway

pressurization.
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FIGURE 12-3 Mechanical fans pump air into the stairway to create a pressure barrier that

prevents smoke and gas migration into the stairway.
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Floating Zone/Floor-by-Floor Pressurization
In addition to stairway pressurization, high-rise buildings may utilize
floating zone/floor-by-floor pressurization methods. Also known
as the “sandwich effect” or the “containment method,” this approach
makes use of the basic components of the HVAC system to create a
negative pressure on the fire floor(s) while applying a positive
pressure to a specified number of floors above and below the fire
floor and, preferably, to all of the non-fire floors FIGURE 12-4. This
design approach is geared to contain the smoke on the floor of



origin. However, there are different methods to accomplish
containment. One method contains the smoke by shutting any
exhaust dampers in that zone or floor and pressurizing all the
surrounding zones or floors. Over-pressurization could be a problem,
so another method relieves smoke-laden air from the fire
zone(s)/floor(s) and outside air flows to all other floors. Here, outside
air migrates from pressurized floors to exhausted floors through
other gaps and cracks, including miscellaneous ventilation system
ductwork such as toilet exhausts. Because air moves from areas of
higher pressure to areas of lower pressure through paths of least
resistance, some floating zone or floor-by-floor systems provide
measurable pressurization in stairways and elevator hoistways.
However, dedicated stairway and hoistway pressurization systems
will more thoroughly ensure that the needed level of protection is
achieved. These methods are considered positive pressurization, but
there is another design approach that utilizes negative
pressurization. This method uses mechanical fans to remove the
smoke from the zone or floor through an exhaust shaft. When this
system activates, dampers open in the fire zone or on the fire floor,
the fan turns on to pull the smoke into the exhaust shaft, dampers
close in the non-fire zone/floors, and only stairway and, if provided,
elevator shaft pressurization activates. No other zones or floors are
pressurized.



FIGURE 12-4 Depending on the smoke control system design configuration, any number of

events could take place to achieve floating zone/floor-by-floor pressurization. One such

design might follow an operational sequence where activation of an area smoke detector,

duct detector, or water flow switch starts the exhaust fans on the floor of signal origin

(fourth) and supply fans for the two surrounding floors (third and fifth), shuts down the air-

handling units on the floor of signal origin (fourth) and the two surrounding floors (third and

fifth), shuts down all other floor supply (first to second and sixth to eighth), and starts the

stairway and elevator shaft pressurization fans. In addition, some systems also use the

toilet exhaust fans for smoke removal.
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Description



TIP

In addition to containing smoke on the fire floor(s), many floating
zone or floor-by-floor systems provide measurable pressurization
in stairwells and elevator hoistways without dedicated systems for
this purpose. However, having dedicated stairway and hoistway
pressurization will ensure that the needed level of protection is
achieved.

Elevator Hoistway Pressurization
Elevator hoistway pressurization systems operate in a similar
manner as stairway pressurization. Mechanical fans pump outdoor
air into the hoistway and create a pressure barrier that is slightly
higher than the area outside the hoistway to prevent or substantially
reduce smoke intrusion into elevator hoistways, elevator cabs, and,
in some configurations, adjacent vestibule areas and elevator lobby
refuge areas. Some design professionals believe it is better to
operate an elevator hoistway pressurization system as part of a
complete smoke management system that includes zoned or floor-
by-floor systems because stand-alone pressurization may not be
adequate. Other design professionals do not believe it is necessary
to install hoistway pressurization and express concern with how well
these systems will operate. The major concern is while elevators are
moving up and down the hoistway, the movement could cause
drastic changes in the hoistway pressure, potentially requiring larger
mechanical systems. In order to deal with the pressure issue, some
building designs incorporate enclosed elevator lobbies that help to
contain airflow. The requirement that upon elevator recall to the
designated floor level, the cab doors are to remain open is also a
concern. If the doors remain open, then a major opening in the
pressurized hoistway will occur. However, this problem would be
eliminated if the elevator controls were modified to open the landing



and cab doors for a specified time interval and then close them.
Even with the doors closed, fire fighters can take control of the cabs
by using the fire fighter’s elevator key.

Refuge Area Pressurization
Refuge area pressurization prevents or substantially reduces
smoke intrusion into refuge areas, either in elevator lobbies or in
areas that are part of or adjacent to stairways. When required or
used as a trade-off or equivalency, areas of refuge are typically
located on each floor of high-rise buildings, within or adjacent to
stairways, or within elevator lobbies FIGURE 12-5. Construction of the
enclosures consists of fire-rated materials with self-closing fire-rated
doors. These areas serve as holding areas for persons who are
unable to exit a building without assistance in an emergency. The
intent of pressurizing these areas is to keep the smoke out of the
areas until rescue personnel can evacuate occupants. Typically,
design professionals combine refuge area pressurization with
elevator hoistway pressurization or stairway pressurization systems
as part of a comprehensive smoke management strategy.



FIGURE 12-5 Elevator lobbies can be used as part of a pressurized area of refuge.

Magnets hold the lobby doors open but release upon fire alarm system activation to create

a protected area.
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Smoke Removal
Smoke removal is best suited for large-volume spaces such as
atriums, indoor stadiums, airport terminals, and indoor malls. In
addition, there are circumstances in which smoke removal systems
can help to create a tenable environment in egress corridors,
associated elevator lobbies, and refuge areas. As with any of these
smoke control and management systems, the purpose of smoke
removal is to maintain a tenable environment for exiting purposes by
providing vertical cross-flow ventilation from floor to roof or horizontal
cross-flow ventilation from non-fire to fire areas.



Large-volume spaces have no physical barriers to restrict smoke
movement, so the smoke and toxic gases will rise and spread
throughout the open space FIGURE 12-6. This lack of restriction creates
a number of problems, including production of large amounts of
smoke and gas, delayed activation of automatic sprinklers and fire
detectors, and damage to building components and equipment due
to direct exposure and heating by the smoke and toxic gases
(DiNenno et al. 2008, 4-387–4-388). To overcome these problems, a
source of unpolluted make-up air from a level lower than the smoke
layer is fed at a slower rate than the exhaust system rate; this
process enables one or more mechanical fans located near the
upper level of the large open space to exhaust the smoke FIGURE 12-7

(DiNenno et al. 2008, 4-407–4-408).



FIGURE 12-6 Large-volume spaces, such as this atrium, are required to have an exhaust

system.
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FIGURE 12-7 Unpolluted outside air or air from supply fans provides make-up air that

assists the exhaust fans at the upper level of large-volume spaces to remove smoke and

gases.
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Containment by Airflow Direction
Airflow velocity can control smoke across openings when the
pressure differential strategy is not practical. Large volumes of air
flowing in a particular direction prevent smoke and gases from
migrating into other areas of a building, such as through open
doorways and corridors into atriums and other large-volume spaces
and vice versa. Manipulating airflow direction is a common strategy
used to manage fires in railway, subway, and vehicle tunnels (Cote et
al. 2008, 18–52). However, airflow is the least common type of
smoke control containment strategy used by design professionals
because of the complex control and large air volumes required to
make this strategy work (Cote et al. 2008, 18–52). In addition, there
are concerns that supplying large volumes of air will feed a fire with
more oxygen, rapidly increasing the fire’s growth.



Design Requirements and Operational
Characteristics
The design of smoke control and smoke management systems can
be quite challenging because each situation and installation is
unique. As always, it is important to be familiar with the requirements
of the adopted model codes and standards used as the basis for the
design because there are some differences in the requirements
between the codes. Operational requirements found in the model
codes include immediate and automatic operations upon activation
of water flow devices, smoke detectors, manual operation and
override, primary/backup power source, minimum operation time,
and the ability to maintain the smoke level at 6 ft above the highest
level of seating or walking surface in the means of egress.



Fire Protection Systems and Smoke
Control
Containing smoke and gases in the area of fire origin is contingent
upon the geometry of the space, the size and growth rate of the fire,
the stage of fire when it is detected, the reaction time of the
automatic fire suppression system, the design and activation of the
smoke control system, and the integrity of the smoke barriers.
However, without automatic or manual detection and suppression,
even the best passive and mechanical smoke control systems have
a high probability of being overwhelmed by a fire. Therefore, properly
operating fire detection systems and automatic fire sprinkler systems
coupled with rapid fire fighter response offer the best opportunity to
control the production and spread of visible smoke and associated
toxic gases.

Interface with Fire Protection Systems and
Other Life Safety Systems
Smoke control and management systems interconnect with fire
protection systems, HVAC systems, elevator systems, and backup
power systems to initiate the appropriate control sequences and
response when a fire emergency arises. During the design phase,
coordination of the smoke control zones, fire sprinkler zones, and fire
alarm and detection zones is important to establish the proper
operational relationship between these systems. When functioning
properly, dampers on air supply and relief systems open or close, the
HVAC systems turn on or shut down, elevator cars locate at
predetermined floor levels, and backup power systems stand ready
to provide power when there is a loss of primary power to the smoke
control system.

Generally, activation of an automatic initiating device, such as a
fire sprinkler system water flow switch or a smoke, beam, heat, or



duct detector, starts the operation of the smoke control system
FIGURE 12-8. In some instances, any water flow or detection device in
the building will start the smoke control system, but in other
instances, the initiating device needs to be located near or within the
protected smoke control zone to start the smoke control. In addition,
a manual means of activation is required; this means of activation is
usually located on the smoke control system panel used by fire
fighters to manage the incident. Activating smoke control by a
manual fire alarm box is not recommended and rarely done because
of the potential for malicious activation. When a manual fire alarm
box is located far away from the point of fire origin, it can cause
considerable confusion regarding the actual location of the fire.



FIGURE 12-8 A beam detector shoots out a beam of light to a receiver; once the beam is

broken, the fire alarm and smoke control systems are activated.
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In some instances, an HVAC system that has failed to shut down
under fire conditions will be the strongest contributor to smoke
movement. However, by interfacing with building fire protection
systems, local smoke detectors, and fire or fire/smoke dampers,
HVAC systems and their associated components shut down, close,
and, in some design scenarios, open and turn on to control smoke
movement. If the HVAC systems and their associated fire, smoke,
and combination dampers respond appropriately, the only major
pathways left for smoke spread are stairways and elevator
hoistways, which in many cases are pressurized to prevent smoke
penetration.

Smoke detectors installed in elevator lobbies interface with
elevator control systems to establish recall priorities during fire
emergencies. In some jurisdictions, all smoke detectors, and
possibly all initiating devices within a building, interface with the
elevator control to perform recall functions. The conventional recall
method is to recall the elevator to the primary or alternate exit floor
and, upon arrival, park the cab and the landing doors in the open
position. However, parking the elevator cabs with their doors fully
opened at the designated recall floor results in a significant loss of
hoistway pressurization performance. To prevent the pressure loss,
some jurisdictions have modified their codes to allow automatic
closure of landing doors after an adjustable time interval. When this
approach is applied, pressing the designated recall floor elevator call
button(s) will automatically open all elevator-landing doors on that
floor to allow firefighting personnel to check all cabs for people in
need of evacuation or medical assistance. Some codes and code
authorities permit motorized damper installation in the fixed
ventilation openings at the top of the elevator hoistway; likewise,
smoke detectors mounted at the top of the hoistway can open the
dampers upon activation. These dampers improve pressurization
performance and also have the beneficial secondary purpose of
mitigating winter stack effect during normal occupied and
unoccupied building operation.

Similar to other life safety systems, smoke control systems
require both normal and emergency power sources so if the primary



power source is lost, the smoke control will continue to run by the
emergency source. Once emergency power is provided, all
components of the smoke control system must be reliable and must
function during a loss of normal power.

Whether automatically or manually activated, the functional
components of the smoke control system require monitoring to
indicate status and fault of all associated equipment including
damper position and fan status. In addition, operational controls for
all smoke control system equipment are required for each smoke
zone FIGURE 12-9. The smoke control panel must have status
indication and control functions that indicate the location of each
major system by floor, shaft, or equipment room location, with all
components clearly labeled. The smoke control panel should be
located in the same room as the fire alarm system control panel and
other life safety system monitoring and control equipment FIGURE 12-

10.



FIGURE 12-9 The smoke control panel must have status indication and control functions for

each major smoke control system.
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FIGURE 12-10 The smoke control panel should be located in the same room as the fire

alarm system control panel and other life safety system monitoring and control equipment.
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Testing and Performance Verification
Generally, the design professional who designed the smoke control
system develops a detailed test plan that provides the description of
the smoke control systems, the design criteria, how these criteria will
be demonstrated and proved, what will constitute successful
performance, the step-by-step procedures, and the test
instrumentation and equipment that will be used in the process. The
testing usually occurs after all other life safety and fire protection
systems have been successfully tested and approved because the
system relies on the fire protection systems to properly operate.
Testing smoke control is not much different from testing other fire
protection systems. The process usually starts with operational
testing at the component level followed by functional testing of the
individual systems, with performance documented for review and
certification.

Testing at the functional level and integrated performance level
involves recording smoke control system response time, air pressure
differential across smoke barriers (e.g., stairway/refuge enclosures,
elevator hoistway/refuge enclosures, horizontal floor separations,
atria and adjacent areas, miscellaneous smoke compartments), and
door opening forces in the direction of egress. When pressure
differentials are inconclusive, generation of artificial smoke or fog is a
possible option to provide some level of visual confirmation of
performance; however, artificial smoke or fog is not widely accepted
as an actual representation of the smoke and gas conditions that
would be present once smoke is cooled by activation of a fire
suppression system. Determining the amount of time required to
remove smoke is reasonable for some applications as long as the
generation of artificial smoke continues for an appropriate amount of
time and the quantity of generated artificial smoke is representative
of the smoke cooled by automatic fire sprinklers. Although this is not
a preferred method of smoke control system performance testing,
certain codes, owners, or the approving authority may require this



test to show the amount of time necessary to achieve an acceptable
level of visibility through smoke removal in an affected zone.

All final component tests, individual functional tests, and
integrated performance tests should be witnessed and fully
documented by the testing agent, engineer of record, approving
authority, and fire department personnel. In addition, the building
owner’s operation and maintenance personnel should be present to
gain a basic understanding of the system design, operations,
maintenance, and test procedures. The final report, outlining all final
individual component, individual functional, and integrated system
performance tests, is prepared and submitted to the approving
authority for review and approval, and the final approved test report
is maintained in the building’s fire control room and at the building
management office.

Annual Testing
To ensure proper operation of the smoke control systems through
the life of the building, the systems should undergo functional and
performance testing on an annual basis. Many local and state
jurisdictions require annual testing of fire protection systems, and
smoke control systems are no different. The annual tests should
address functional performance of individual components and
systems and integrated performance verification using procedures
similar to those established during the initial acceptance testing. The
owner’s operation and maintenance personnel usually can perform
individual component testing, but individual system and integrated
performance testing should be conducted and documented by
persons having the same credentials as those performing the initial
acceptance test.

Without annual testing and receipt of documented reports, smoke
control systems can rapidly fall into a state of disrepair or failed
performance; this is particularly true in multi-tenant office buildings
during the initial build-out of first generation tenants. Problems may
be due to reprogramming of the fire alarm system for new tenant
alarm devices, electrically disconnecting systems due to nuisance



operation, damper motors failing to operate, intentionally
disconnecting damper linkages, and fan motors tripped on thermal
overload. Verification of these control sequences and responses
takes place during the final acceptance testing phase of construction
where all components, functions, and performance are witnessed
and fully documented by the testing agent, engineer of record,
approving authority, and fire department personnel. Once under the
control of the owner or the owner’s representative, all smoke control
systems should undergo the same functional and performance
testing on an annual basis to ensure proper operation throughout the
life of the building.

Wrap-Up

CHAPTER SUMMARY

Smoke control and management systems can provide a tenable
environment or contain smoke in the area of origin so occupants
can exit a building and fire fighters can move or stage during a
fire incident.

The three general methods of smoke control are containment,
exhaust, and opposed airflow; the choice of method will greatly
depend on the physical design and architectural features of the
building.

Containment is the most commonly used method of smoke
control and depends on establishing pressure differentials
between the protected area and the fire area.

Typical pressure differential methods include stairway
pressurization, floating zone or floor-by-floor pressurization,
elevator hoistway pressurization, and refuge area
pressurization.



Smoke removal is common for large-volume spaces such as
atriums, but opposed airflow is another option to prevent smoke
and gas from flowing through large unprotected openings such
as those that would lead into an atrium.

In order to ensure appropriate system-wide operation, it is
extremely important that smoke control systems are
interconnected with fire protection systems, HVAC systems,
elevator systems, and backup power systems.

The design of smoke control and smoke management systems
offers the design professional many challenges, but a well-
designed, installed, and maintained system will provide building
occupants and fire fighters the tenable environment necessary
to evacuate, relocate, or stage during a fire emergency.

Acceptance testing and annual retesting of the smoke control
and management system verify that the system performs as
designed and are based on a detailed test plan that provides the
description of the smoke control system, the design criteria, how
these criteria will be demonstrated and proved, what will
constitute successful performance, the step-by-step procedures,
and the test instrumentation and equipment that will be used in
the process.

KEY TERMS

Active design approach A design approach that uses mechanical
systems to prevent smoke and gas movement by exhausting,
pressurizing, and, in particular situations, opposing the smoke with
forced air.

Buoyancy forces Upward forces that cause hot gases to rise when
fire plume temperatures are higher than the surrounding air.

Elevator hoistway pressurization A mechanical method of smoke
control in which 100 percent outdoor air is pumped into the elevator



hoistway at an increased pressure, forming a pressure barrier that
prevents smoke and gases from entering the elevator shaft.

Floating zone/floor-by-floor pressurization A mechanical method
of smoke control in which 100 percent outdoor air is pumped onto
the floors above and below the fire floor, forming a pressure
“sandwich” or barrier around the fire and mechanically relieving or
exhausting the air from the fire floor(s); this method is most
successful when all non-fire floors are pressurized.

Passive design approach A design approach that uses fixed
barriers, such as walls, bulkheads, doors, partitions, high ceilings,
and sealed floor openings, to prevent smoke and gas movement.

Pressure differential A smoke control strategy in which mechanical
systems create relative pressure differences between a protected
area and an adjacent area within a building.

Refuge area pressurization A mechanical method of smoke control
in which 100 percent outdoor air is pumped into the refuge area at
an increased pressure, forming a pressure barrier that prevents
smoke and gases from entering the refuge area.

Smoke control An engineered system that includes all methods that
can be used singly or in combination to modify smoke movement
(National Fire Protection Association 2018, NFPA 92, Section
3.3.23.5).

Smoke management A smoke control method that utilizes natural
or mechanical systems to maintain a tenable environment in the
means of egress from a large-volume space or to control and reduce
the migration of smoke between the fire area and communicating
spaces (National Fire Protection Association 2018, NFPA 92,
Section 3.3.19).

Smoke removal The use of unpolluted make-up air to push smoke
and gases toward exhaust equipment.

Stack effect The vertical airflow within buildings caused by the
temperature-created density differences between the building interior



and exterior or between two interior spaces (National Fire Protection
Association 2018, NFPA 92, Section 3.3.22).

Stairway pressurization A type of containment smoke control
system in which stair shafts are mechanically pressurized, with
respect to the fire area, with outdoor air to keep smoke from
contaminating them during a fire incident (National Fire Protection
Association 2018, NFPA 92, Section 3.3.10).

CASE STUDY

As part of a familiarization drill in a high-rise building, a number of
engine and truck companies have gathered to train on the
operational characteristics of the smoke control system. The building
has stair pressurization, elevator shaft and lobby pressurization, and
floating zone/floor-by-floor pressurization in the corridors. The fifth
floor is being used as the test floor, with theatrical smoke for
simulation purposes. Upon activation of an alarm to initiate the
smoke control system, the following observations are made: (1) The
alarm device used to initiate the smoke control system is a manual
fire alarm box located on a different floor than the test floor; (2) both
stairways pressurized, but one appeared to have a significantly
higher pressure than the other; (3) the elevator lobby doors on the
sixth floor did not close; and (4) the elevators recalled to the first
floor with all elevator doors staying open. Based on these
observations, answer the following questions.

1. Should a manual fire alarm box be able to initiate an alarm that
activates the smoke control system?

A. All initiation devices should be able to activate the smoke
control system.

B. A manual fire alarm box should only be able to activate the
system if the manual fire alarm box is located on the floor of
fire origin.



C. Manual fire alarm box activation of smoke control systems
is prohibited by code.

D. It is not prohibited, but if a manual fire alarm box is
activated on a different floor or area of the building, it could
cause confusion regarding the actual location of the fire.

2. What problem would most likely occur if one stairway had a
significantly higher pressure than another stairway?

A. The fans might work too hard and fail.
B. Smoke and hot gases might be let into the stairway with

less pressure, and the doors on the other stairway might be
difficult to open, delaying a person’s ability to enter the
stairway.

C. As long as there is pressure available, the amount does not
matter.

D. If a stairway door is propped open, the air from the stair
fans might feed the fire.

3. Does it matter if the elevator lobby area doors on the sixth floor
do not close?

A. It does not matter because the elevators will recall to the
designated floor or alternative floor for fire fighters.

B. It does not matter because the elevator shaft and lobby are
pressurized.

C. It does matter because the elevator lobby will not be a
protected enclosure and will not provide an area of refuge.

D. It does matter because the extra air will feed the fire.

4. Is there a problem with the elevator car doors staying open
when they recall to the first floor?

A. Yes; because the elevator shaft is pressurized, leaving the
car doors open could allow too much air to escape,
compromising the ability of the system to oppose the smoke
and gases.

B. No, that is the way they are supposed to operate.



C. It is only a problem if any of the elevator lobby doors on
other floors stay open as well.

D. No, it does not matter because the elevator car doors are
open on a non-fire floor.

CHALLENGING QUESTIONS

1. What is the difference between a smoke control system and a
smoke management system?

2. What are the design goals behind installing smoke control or
management systems?

3. What are the differences between the containment, exhaust,
and opposed airflow methods of smoke control?

4. Compare and contrast the four pressure differential methods
used to control smoke.

5. Which two of the four pressure differential methods are most
commonly used for a high-rise building and which one is more
difficult to design?

6. Which of the smoke control methods is best suited for a large-
volume space such as an atrium, and why?

7. Why is the opposed air method of smoke control rarely used?

8. What are the different life safety and fire protection systems that
interface with smoke control systems?

9. What initiation device is not recommended for use with smoke
control and management systems, and why?

10. Discuss the pros and cons of requiring smoke control and
management systems. Which use and occupancy conditions
would benefit from the installation of these systems, and which
would not?

11. What are the different elements of the smoke control
acceptance test plan, and why is it so important to perform



annual smoke control system inspection and testing?

12. Who are the different individuals or organizations that should be
present at the acceptance test of a smoke control system, and
why?
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13CHAPTER

Control and Management Systems,
Property Security, and Fire Protection
Systems

Property Security, Emergency
Response, and Fire Protection
Systems
LEARNING OBJECTIVES
At the conclusion of this chapter, you will be able to:

Identify and describe the three components of the means of egress.
List and describe the override requirements for interior exit stairway doors.
List and describe the requirements for delayed egress locking systems.
List and describe the requirements for sensor release of electrically locked egress
doors.
List and describe the requirements for door hardware release of electrically locked
egress doors.
Describe the purpose of an emergency building entrance system.
List what is typically found inside an emergency building entrance system.
List and describe the different methods of property access through security gates and
vehicle barriers.

Case Study
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On October 17, 2003, a fire broke out in a 35-story Chicago high-rise building built in
1964. At approximately 5:00 pm, an occupant notified colleagues that she smelled smoke
and discovered a small fire in a supply room near the southeast exit stair on the 12th
floor. At about the same time as her discovery, an alarm sounded at the lobby fire alarm
control panel that was investigated by security personnel, who notified the building
engineer of the alarm. As the occupant and her colleagues evacuated, another colleague
went to further investigate and then called security and confirmed that there was a fire. By
the time the building engineer made his way to the floor where the fire was located, he
was pushed back by the smoke that had dropped to head level. The engineer called
security on his radio and told them to call 911 and to notify the 12th-floor occupants by
the building Emergency Voice Alarm Communication (EVAC) system to evacuate. Shortly
thereafter, he advised security to announce an expanded evacuation but almost
immediately wanted a full building evacuation announcement. At 5:05 pm, a full building
evacuation announcement was broadcast by security to use the stairs and not the
elevators. At no time during the event was a fire alarm signal activated; only the
evacuation announcements were broadcast.

The first call to the Chicago Fire Department was within 2½ minutes of fire discovery,
and the first arriving units were on scene within 4 minutes of dispatch. Firefighters made
their way to the fire floor using an elevator to the 9th floor and then walked up the
southeast exit stair with hose lines connected to the standpipe system on the 9th and
11th floors. Advancing to the 12th floor, fire fighters initiated an attack at 5:16 pm. When
the fire fighters opened the door to the floor, they encountered high heat and intense



smoke that prevented them from advancing on the fire. While the door was open, smoke
and gases entered the exit stair.

Once the announcement was made, a number of building occupants entered the exit
stairs and started to descend. Those who exited through the northwest stair were able to
travel to the ground floor without any issues. However, some of the people in the
southeast exit stair who descended from above the 12th floor reported no or very light
smoke conditions once in the exit stair but worsening conditions as they descended.
Once they reached the 12th floor, they encountered fire fighters and were told to retreat
up the exit stair. Those descending from the upper floors turned around and started up
the exit stair but encountered heavy smoke and heat conditions. Attempting to reenter the
building on other floors, they found that the exit stair doors were locked. Eventually, a
person found that a door had not latched or locked on the 27th floor, and he called down
to the others to keep moving up to the 27th floor. Some occupants were able to make it to
the 27th floor, but others could not. Occupants who were unable to keep moving called
911 from the exit stair and attempted to breathe clean air from the cracks under the exit
stair doors. At about 6:38 pm, well after the fire was declared out, firefighters found a
number of people either injured or deceased in the southeast exit stair.

At the time of the building’s construction, fire protection and life safety requirements
for high-rise building construction were less stringent than at the time of the fire and
today. There were many issues related to how the incident was handled after the fire
started, including a lack of communication between building personnel and the
emergency responders, but the lack of certain fire protection and life safety systems
probably had the most significant impact on the unfortunate outcome. Some of the
contributing factors that led to the injuries and deaths of the six people included no
automatic fire sprinkler system throughout the majority of the building, absence of
pressurized exit stairs, no mechanism to remotely unlock the exit stair door locks, and
failure of the southeast stair smoke tower louvers to open.

1. What would have likely happened if a fire sprinkler system was installed, and how
would it have changed the outcome?

2. What would have likely happened if a stair pressurization system was installed, and
how would it have changed the outcome?

3. What would have likely happened if there was a mechanism to remotely unlock the
exit stair door locks, and how would it have changed the outcome?

4. What would have likely happened if the smoke tower louvers had operated
properly, and how would it have changed the outcome?

5. What would have likely happened had any of the above systems been installed or
operational?

Sources: Modified from Madrzykowski, Daniel M., and William D. Walton. Cook County
Administration Building Fire, 69 West Washington, Chicago, Illinois, October 17, 2003:
Heat Release Rate Experiments and FDC Simulations. (NIST Special Publication SP-
1021). Gaithersburg, MD: National Institute of Standards and Technology, 2004.

Proulx, Guylène, Irene M. A. Reid, and Neil R. Cavan. Human Behavior Study Cook
County Administration Building Fire October 17, 2003—Chicago, IL. (Research Report
No. 181). Ottawa, Canada: Fire Research Program, Institute for Research in
Construction, National Research Council of Canada, 2004.





Introduction
With the growing need to protect people, products, equipment,
materials, and information from criminals, corporate espionage, and
terrorism, property protection and personal safety have become
extremely important parts of building, facility, and property
management. Over the past 20 years, many high-profile mass-
casualty shootings, bombings, security breaches, and corporate
espionage cases have led building owners and their representatives,
businesses, industry, and government to devote considerably more
resources to safety and security. This includes the management and
documentation of who enters or leaves a building, facility, or property
and, in many cases, their purpose and destination. To accomplish
this task, security devices and systems specifically designed to
restrict or control who enters or leaves a space or facility are
installed on or near entrance doors to buildings, tenant spaces,
offices, critical operation areas, and vehicle entrances to properties.
Commonly used devices and equipment include card readers,
remote keyless entry fobs, door keys with specialized or proprietary
key patterns, motion sensors, keypads, manual push buttons,
biometric devices, and emergency vehicle siren or radio frequency
sensors.

Because many buildings and facilities are not occupied, open, or
guarded around the clock, these measures are critical to managing
the security and protection of the property. However, the ability of an
individual to get out of a building under any emergency or
nonemergency circumstance is vitally important as well. Conversely,
emergency responders must have the ability to enter the grounds of
a facility or a building during all hours to investigate calls for
emergency service. Balancing life safety and security creates a
unique challenge for property owners, security professionals,
building officials, and fire officials. Essentially, in any emergency—
especially a fire emergency—a person’s survivability and safety



when exiting a building, as well as the ability of emergency
responders to take action, hinge on one critical factor: time!

To balance life safety and security, the model codes outline
various requirements to deal with ingress and egress at buildings,
tenant spaces, offices, and critical operation areas. These
requirements, which first take into account the use and occupancy
conditions of the building, often require the security systems and
devices that affect the occupant’s ability to exit to tie into the building
fire protection systems. When a fire protection system activates, the
systems, hardware, or devices that restrict immediate exiting release
to allow free and clear egress. There are no requirements in the
model codes to install door security systems, hardware, or devices,
but, if installed, they must comply with a number of requirements to
ensure that a person is able to exit a structure.

TIP

The use and occupancy condition of the building play a major role
in determining what security systems are permitted to be installed
and, if installed, how they must operate. For example, in certain
institutional occupancies, it would be impractical to release the
door-locking devices because the occupants who are confined
are either a danger to the public or themselves. Although many of
the same code requirements regarding exiting apply to
institutional occupancies, there are also exceptions to restrict or
prevent these occupants from exiting without the proper
supervised control.

Another aspect of security that is becoming increasingly
widespread is the installation of security gates and barriers to control



vehicle access and egress. This level of perimeter security has
become prevalent at many state and federal facilities and locations
considered possible terrorist targets. Because many local fire and
police departments respond to these locations, the ability to gain
entry is necessary to ensure timely handling of incidents.
Fortunately, there are systems, methods, and tools available to help
emergency responders access properties and structures, many of
which integrate with fire protection systems.

In this chapter, the discussion covers the various specialized
locking arrangements for ingress and egress, how they interface with
fire protection systems, and the tools, methods, and systems
available to first responders that permit rapid entry to properties and
structures.



Means of Egress
Any discussion concerning ingress and egress control must start
with an explanation of the means of egress. The means of egress is
the continuous and unobstructed path of travel used by building
occupants from any point in a building or structure to get out of the
building or structure to the public way. The three distinct parts that
make up the means of egress are the exit access, the exit, and the
exit discharge. No matter where a person is located inside a building,
the individual must travel through the means of egress to get out of
the building FIGURE 13-1. Familiarity with the three components will
assist in understanding the when, where, and why of permitted
installation of ingress and egress control devices.

FIGURE 13-1 The three parts of the means of egress.
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Description

Exit Access



The exit access is the portion of the means of egress that leads to
the exit FIGURE 13-2. In other words, any usable space on any floor of
a structure or building is considered the exit access until the space
reaches an exit. Closed attics, crawl spaces, or roof spaces are
usually not usable space; therefore, these areas are usually not
considered part of the exit access. The model codes limit the
distance a person travels within the exit access to reach an exit. This
distance is known as the exit access travel distance and is the total
distance a person travels within the exit access to reach an enclosed
exit stairway, exit passageway, exterior door, or horizontal exit.
Limiting the travel distance minimizes a person’s exposure to a fire
condition before reaching an exit. The occupancy condition and the
presence or absence of a fire sprinkler system determine the
maximum allowable travel distance to an exit.



FIGURE 13-2 The exit access is any usable space in a building that leads to an exit.
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Exit
The exit is the portion of the means of egress separated from the
other parts of the building or structure by fire-resistant or fire-rated
construction. Fire-resistant or fire-rated construction provides a
protected path to the exit discharge FIGURE 13-3. In most instances,
once a person travels through the exit access and reaches the exit,
the person enters an area such as an exit stairway or horizontal exit
built to protect from smoke and fire. Entering this area provides safe
egress from the building or structure. In some cases, such as a one-
level stand-alone store where the entire floor area is open and exit
doors lead directly to the outside, there is no requirement for a fire-
rated enclosure.

FIGURE 13-3 The exit is separated from the other parts of the building or structure by fire-

resistant or fire-rated construction to provide a protected path to the exit discharge.
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Exit Discharge
The exit discharge is the portion of the means of egress between
the exit and the public way FIGURE 13-4. In other words, once a person
leaves the exit, which usually is through an exit door at street level,
the outside area from the exit door taking the person away from the
building until the person reaches a street, alley, or other land leading
to the street is the exit discharge.

FIGURE 13-4 The exit discharge is reached when a person travels through the exit door to

the outside and moves away from the building to reach a street, alley, or other land leading

to the street.
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Maintaining the Means of Egress
Inherently, some use and occupancy conditions offer a greater
exiting challenge than others. Over the past 115 or more years, there
have been fires in all types of use and occupancy conditions. These
fires resulted in a large number of injuries and deaths due to the
occupants’ inability to safely exit the structure because they
encountered locked, blocked, removed, obscured, or damaged exit
doors. To prevent these tragedies from recurring, the model code
organizations created requirements in the building, life safety, and
fire codes for door hardware, locks, and latches; the number of exits;
the exit capacity; the travel distance to exits; the direction a door
must swing; and door inspection and maintenance.

Even with these requirements in place, ingress and egress
control devices on doors further complicate the exiting process.
Although inspectors periodically mistake locked doors as building or
fire code violations, many of these situations are code-compliant
when the appropriate safeguards are in place. Therefore, it is
important to be able to identify the three means of egress
components and how they function. Without this knowledge, it would
be difficult to properly perform inspections and identify problems
related to ingress and egress door control devices.



Interior Exit Stairway Doors
Generally, interior exit stairway doors must be able to open from both
sides without any special knowledge, effort, tools, or key. However,
the model codes do have exceptions and under certain conditions
permit these doors to be locked, providing security and controlling
movement from floor to floor within a building. For example, in the
International Building Code® (IBC®), it is permissible to lock the doors
on the non-egress side. However, the doors must be able to open
from the egress side and be unlocked simultaneously with an
electronic signal from a fire command center or, when there is no fire
command center, from an unlocking device at the main entrance.
This provides an emergency responder with the ability to turn a key,
push a button, or flip a switch on or near the fire alarm annunciation
or fire control panel to disable all of the stair door locks FIGURE 13-5

and FIGURE 13-6. By unlocking the doors, the occupants and
emergency responders are able to move up or down the stairway in
the event they need to relocate to another floor or they need to
access an alternate exit stair on another floor. Once unlocked, the
doors must remain latched to ensure the integrity of the enclosure by
preventing the doors from blowing open and allowing smoke, hot
gases, or fire to enter the stairway. Therefore, the use of certain
types of hardware that do not latch to hold the door closed is
prohibited.



FIGURE 13-5 Key-type door lock override switch located on the annunciator panel at the

main entrance of a building.
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Description





FIGURE 13-6 Most door lock override switches in the fire command center are either a

switch type (A) or pull button type (B).
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TIP

The stairway discharge door—the last door a person goes
through when leaving an exit—must be able to open from the
egress side, but locking on the opposite side is permitted to
provide security if certain safeguards are in place.

TIP

Fire command centers have been required in all high-rise
buildings for the past 40 or so years. Besides the requirement to
unlock interior stairway and other doors from the fire command
center, one other required feature in a high-rise building stated in
the model codes is the need to install telephones or a two-way



communication system every five levels in locked stairways. This
equipment allows an occupant who is trapped in the stair or not
able to move in the desired direction due to safety or security
concerns to contact a person at a constantly attended location
inside the building or offsite monitoring facility to unlock a door.



Delayed Egress Locking
Under certain conditions, it is appropriate to lock an exit door to
delay a person’s ability to exit a facility or an area within a facility.
This may sound like a contradiction to the earlier statement that a
person should be able to exit at his or her own will, but there are
many situations that require a business or facility to have the ability
to control exiting for safety and security reasons.

For example, facilities that work with people who have cognitive
disabilities or are under psychiatric care often have a number of
clients that exceeds the number of staff. In these conditions it would
be difficult to monitor every client’s activities. If a client were able to
make his or her way out of a facility, it could endanger the client’s
well-being and potentially open the facility to legal action. Another
example of a facility where it would be appropriate to delay exiting
through certain exit doors during normal operating hours is a large
retail store. Because of the physical size of many retail stores and
the number of people who frequent them, requirements for multiple
exit doors exist to meet the number of mandatory exits, the required
exit capacity, and the maximum allowable distance between exit
doors. Even with security staff, not every door can be monitored 100
percent of the time, and if all doors were unlocked, it would be very
easy for a thief to pick up products and goods and walk out one of
the remote doors of the facility unchallenged.

For facilities such as those described, certain types of locking
and latching devices are often permitted to prevent clients from
being able to walk up to an exit door, open it, and leave the building
without staff ever noticing. The term for this hardware arrangement is
delayed egress locking FIGURE 13-7. In nonemergency situations,
the delayed egress lock hardware-latching device holds secure, but
once a person applies the appropriate amount of force to the door or
device, an irreversible process releases the lock or latch in a
predetermined amount of time. In addition, once the irreversible



process starts, an audible alarm sounds at or near the door to alert
that someone is using the door.

FIGURE 13-7 If no fire emergency exists, a door equipped with delayed egress hardware

will delay a person’s ability to immediately exit a facility or an area within a facility.
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In order to manage the need to allow people to exit a building
while providing facilities with the appropriate level of security, each
model code organization offers a code section that deals with
delayed egress locking. The model codes base the ability to install
delayed egress locks on two considerations: “What is the use and
occupancy condition for this arrangement?” and “Is there an
automatic fire sprinkler system or approved automatic fire or heat
detection system installed at the facility?” If the facility, based on the
model code in use, falls into one of the occupancy classifications
permitted to install delayed egress locks, then the installation of an
automatic fire sprinkler system or an approved automatic fire or heat
detection system is essential because some of the requirements to
make the door unlock tie directly to the operation of the fire
protection system.

Once it is determined that delayed egress locking is permitted to
be installed at the facility, there are model code requirements that
need to be followed that include:

Secured doors must unlock upon activation of the automatic
sprinkler or automatic fire detection system.

Secured doors must unlock upon loss of power to the lock or
locking mechanism.

Applying sufficient force to the controlled door for not more than
3 seconds must start an irreversible process that releases the
door in 15 seconds (30 seconds if approved) while sounding an
alarm at or near the door FIGURE 13-8.



FIGURE 13-8 Not all magnetic locks have this feature, but the built-in counter on this

lock shows the amount of time remaining until the lock releases to allow exiting.
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A sign must be posted within 12 in. of the secured door
hardware that instructs the occupant to push or pull on the
release device until an alarm sounds; the sign must also note
that the door will open within 15 seconds (30 seconds if
approved) FIGURE 13-9.



FIGURE 13-9 An instructional sign is required to be posted within 12 in. of delayed

egress door hardware.
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Emergency lights must be installed at the door so the occupant
can read the sign.

Relocking of the door must only occur by manual means.



The system hardware must be listed in accordance with UL 294,
Standard for Access Control System Units.

The 2018 edition of the IBC® also states that only one delayed
egress door lock is allowed in an occupant’s exit path out of a
building. This requirement exists to avoid people stacking at the
doors when trying to exit. In addition, the IBC® states that secured
doors must unlock by means of a deactivation signal from the fire
command center or other approved locations. Be aware that each
model code may have additional requirements specific to an
occupancy, and these requirements may differ from code to code.
For example, the IBC® does not permit delayed egress locking on
doors in assembly occupancies; however, the 2018 edition of NFPA
5000® permits delayed egress locking on doors in these types of
occupancies as long as the doors are not main entrance/exit doors.
As always, determine which model code has been adopted and
enforced by the jurisdiction to apply the appropriate requirements.



Sensor Release Egress Doors
In order to provide occupant safety and building security, there are
situations when it is critical to control who enters a building or tenant
space. In an effort to manage this process, many building and
business owners have installed electrically locked security devices
on the entrance doors to their buildings or tenant spaces to restrict or
prevent unwanted visitors from entering. Locking the door generally
accomplishes the desired goal of preventing a person from getting
into the building, but it may also prevent a person from getting out.
With the installation of sophisticated security hardware, such as that
involving a magnet or a pin that penetrates the doorframe or floor,
leaving a building may not be as easy as turning a knob to open the
door. As with delayed egress locking, the model codes have
developed a number of requirements for the electrically locked
sensor release egress door FIGURE 13-10.



FIGURE 13-10 A door equipped with sensor release egress components will allow exiting

but controls who enters a building or tenant space.
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As before, the model codes specify the uses and occupancies
where this security hardware arrangement is permitted to be



installed. The requirements for sensor release egress doors are
similar to those for delayed egress locking:

Secured doors must unlock by activation of an automatic
release sensor that detects occupants approaching the egress
side of the door FIGURE 13-11.



FIGURE 13-11 An automatic sensor release device located above the egress door

unlocks the magnetic lock hardware to permit exiting.
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Secured doors must unlock upon loss of power to the lock,
locking mechanism, or sensor.

Secured doors must unlock upon activation of the automatic
sprinkler, automatic fire detection, or fire alarm system (if
installed in the building) and must remain unlocked until the fire
protection system is reset. (NFPA 5000® excludes manual fire
alarm boxes from this requirement.)

Secured doors must unlock by activation of a manual-unlocking
device located no less than 40 in. and no more than 48 in.
vertically above the floor and within 5 ft of the secured door.

The manual unlocking device must be accessible and clearly
identified by a sign that reads “Push to Exit” FIGURE 13-12.



FIGURE 13-12 As part of the sensor release system requirements, the egress door

push-to-exit button must be accessible and clearly identified.
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There must also be emergency lights at the door so the
occupant can read the sign (NFPA 5000®).



When a manual unlocking device operates, it must immediately
interrupt the power to the lock and remain unlocked for at least
30 seconds.

The system hardware must be listed in accordance with UL 294,
Standard for Access Control System Units.

Depending on the model code, certain occupancies may be
required to leave main entrance doors unlocked during business
hours if open to the public. Always consult with the local building and
fire officials to determine requirements to design and install access
control systems.



Door Hardware Release of Electrically
Locked Egress Doors
For years, security experts searched for an alternative means of
releasing controlled doors that would provide an increased level of
security at the controlled doors. The fear was that a criminal or
terrorist could enter a building and activate a fire protection system
to unlock doors, permitting unauthorized entry into the building or
restricted areas of the building. In addition, there was concern that
occupant movement in and around the automatic release sensor
would unlock the controlled door and allow unauthorized entry into
the controlled area, potentially placing the occupants and the person
near the controlled door at risk.

To deal with these concerns, another method of controlling doors
was placed in the model codes: door hardware release of
electrically locked egress doors. The idea behind this method is to
eliminate the releasing hardware and the interface with fire
protection systems that created security concerns yet provide a
secure door that will allow an occupant to egress without restriction;
in order to work, the occupant has to make physical contact with the
door to exit.

The IBC® establishes the use and occupancy conditions that
permit this type of installation; however, the NFPA standards do not
have these restrictions. Both the IBC® and NFPA standards have
similar requirements that include:

The hardware installed on the door leaf must have an obvious
method of operation to the occupant.

Hardware for occupant release must be affixed to the door leaf.

Hardware for occupant release must be operable in all lighting
conditions.

The installed hardware must be operable by one hand.



When the listed hardware is operating, the power to the locking
device must immediately be interrupted, causing the door to
unlock.

The door must unlock if there is a loss of power to the listed
hardware.

Where panic or fire exit hardware is required, operation must
release the panic or fire exit hardware (IBC®).

The system hardware must be listed in accordance with UL 294,
Standard for Access Control System Units.

TIP

Functionality testing of the delayed egress locks and sensor
release devices and equipment should be conducted in
conjunction with the fire protection system inspection and testing
to ensure that the locks and devices release as required when the
fire protection system activates.



Fire Department Access Systems
If there is one thing emergency responders know how to do, it is gain
access to a locked building. Whether by axe, Halligan tool, crowbar,
saw, battering ram, or hydraulic spreader, forcible entry is usually
one of the first operations performed by emergency responders if
ready access is not available. This tactic is necessary to reduce
operational delays that could allow a fire to grow out of control or, if
responding to a medical emergency, to gain access to an injured or
incapacitated person. When the emergency is legitimate, most
property owners accept this tactic as necessary, but when calls turn
out to be false alarms, property owners often complain about the
results of forcible entry. To address this problem, the emergency
building entrance system was developed. Dating back at least 40
years, emergency building entrance systems have provided
emergency responders with a method of gaining entry to a building
without having to knock down the door or break through a window.

An emergency building entrance system is simply a safe-like
security box anchored in or to the wall at a building’s entrance FIGURE

13-13. This system holds building entry keys; pass cards; codes;
remote keyless entry fobs; and keys for fire alarm panels, manual
stations, locks on fire sprinkler system control valves, elevators, fan
control, smoke control, and the emergency generator. Many
jurisdictions require that any building—with the exception of one- and
two-family homes and dwelling units—that has any type of fire
protection system have an emergency building entrance system.



FIGURE 13-13 This emergency building access system box can hold keys and other

access devices so fire fighters can move freely through buildings or access critical

operations areas such as a fire command center.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

The older boxes use a special proprietary key where the key
pattern is specifically designed for the jurisdiction. No jurisdiction has



the same key pattern, and only the registered fire department has
the ability to obtain additional keys. In addition, many of the boxes tie
directly to the fire alarm or security system and, when opened, send
a supervisory signal to a security desk or offsite monitoring facility for
investigation. The newer boxes are using advances in engineering
that integrate electronic technology to perform a number of functions.
These systems employ a fob-type device that is programmed to
open boxes only within the registered jurisdiction, track when and
who opened the box, and provide improved security by setting a time
limit on how long the device will operate and deactivating the device
if lost or stolen.

In some instances, important documents such as a Safety Data
Sheet (SDS), Hazardous Materials Management Plan (HMMP),
and Hazardous Material Inventory Statement (HMIS) must be kept
on-site for fire department use; many times the amount of necessary
documentation requires additional and separate boxes. Depending
on the number of keys and if there is documentation, the box size
may vary from small to large. SDS and HMIS documents could
require large boxes that can be opened by an owner or the fire
department FIGURE 13-14. This access allows the owner the ability to
keep information up to date. However, many of these documents are
digitally available in USB flash drive, compact disc, or digital video
disc format. They can be easily stored, loaded into computer-aided
dispatch systems, or loaded into apparatus computer systems,
allowing for the use of a smaller box. In addition, with the continued
growth of wireless technology, this information is now readily
available on a smartphone or other wireless device.



FIGURE 13-14 The larger emergency building access system boxes can hold keys, other

access devices, documents, USB drives, compact discs, and digital video discs to assist

emergency responders with access and provide critical information about the facility.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



Security Gates
In addition to property owners, tenants, and managers wanting to
restrict who enters a building, it is now common to also restrict
access to entire communities or facilities through the installation of
security gates or barriers. Some security gates are no more than a
wooden or plastic arm that swings up and down FIGURE 13-15. Others
are large and heavy motor-driven metal gates that slowly roll on the
ground or concrete crash barriers that drop into or rise up from the
ground FIGURE 13-16 and FIGURE 13-17. Whatever type of gate or barrier
exists, emergency responders must be able to enter a property with
little or no delay. Although some communities and facilities have 24-
hour security guards posted who can open the gates or crash
barriers before the fire department arrives, many do not. When a
community or facility does not have 24-hour security guards, gates
and barriers must be operated by a siren-sensing device, a
proprietary fire department access key, an access code or card, a
radio signal, or a gate control mechanism that interfaces with the
building fire protection system. No matter the method, it is important
for emergency responders to be a part of any discussion and
decision regarding gate operation to ensure the best and most
appropriate response methods. The basis for these decisions should
include building plans, permits, and inspections to ensure that fire
apparatus can fit through the gates and negotiate turns.



FIGURE 13-15 A drop arm security gate with siren sensor.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 13-16 A rolling metal security gate with siren sensor and key override switch.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.



FIGURE 13-17 A metal and concrete barrier.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Siren Sensors
A sensor to detect emergency vehicle sirens is one of the most
commonly used detection and access systems FIGURE 13-18. As an
emergency vehicle approaches the gate, it sounds a predetermined
siren tone or siren sound for a few seconds; a sensor mounted near
the gate detects the siren sound to operate the gate mechanism.
The major benefit of the sensor is it allows fire personnel to stay in
their vehicle, thus reducing response time and increasing safety.
However, it is important to periodically inspect and test the sensor to
ensure appropriate operation, as the sensor is in an ever-changing
environment and sometimes loses sensitivity and detection



capabilities. When a sensor fails, most of the gate systems have
manual override capability.

FIGURE 13-18 Siren sensors are one of the most commonly used detection and access

systems.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Proprietary Fire Department Access Key
Some security gates and barriers require the use of a key to operate
the gate. Emergency responders increasingly are requiring the key
to be the same as the one used with the emergency building access
system. Instead of using the emergency building access key to open
the security box and then finding the gate key, fob, access card, or
piece of paper with an access code, the control system is fitted with
a lock core switch that matches the responder’s emergency access



key pattern. Although not as efficient or desirable as the siren
sensor, this setup only requires personnel to put the key into the
switch and turn. In addition to operating as the primary gate-opening
device, this setup operates as a backup to the siren sensor. If the
detector does not sense the siren and fails to open the gate, the key
switch is available to operate the gate instead FIGURE 13-19.

FIGURE 13-19 Siren sensor and key override switch.

© Jones & Bartlett Learning.

Access Cards, Fobs, and Access Codes
The least desirable access methods involve the use of access cards,
fobs, or codes. Under the best scenario, these setups require
emergency responders to leave their vehicle; open the building
emergency access system security box or other storage unit; locate



a card to swipe, a fob to present, or a code to enter into a security
access panel; initiate the operational sequence; and return to the
vehicle before entering the property. Under the worst scenario,
emergency responders must take all these steps only to swipe a
card, present a fob, or enter a code that fails because the device no
longer is programmed for entry or the access code has changed. By
the time all of these tasks are accomplished, emergency responders
have lost valuable time, placing life and property in greater danger.

Radio Frequency Sensor
The radio frequency sensor system is similar to the siren system, but
instead of the siren, the emergency responder’s radio is used. As an
emergency vehicle approaches the gate, the responder’s radio keys
a predetermined channel for a few seconds so that a sensor
mounted near the gate detects the frequency and operates the gate
mechanism. Just like the siren sensor, the radio frequency sensor
allows responders to stay in the vehicle, thus reducing response time
and increasing safety. However, it is critically important to
periodically inspect and test the sensor to ensure appropriate
operation. Although the sensor is sealed, it is located in an ever-
changing environment, and as a result of variations in temperature,
humidity, and even exposure to dirt or other debris, it can lose
sensitivity and detection capabilities.

Fire Protection System Interface
As with the previously discussed door-locking devices, security gate
control mechanisms can connect to a building fire alarm system to
perform a control function such as opening a gate. The process is
very simple and only requires an alarm initiation device to activate.
Usually, the device is a detector or water flow switch; rarely, if ever, is
the device a manual pull station because many false alarms result
from mischievous or malicious activation. Once signaled to operate,
the gate opens before the fire department arrives to provide free and
clear access to the property. Obviously, by opening the gates well



before the fire department arrives, there is less security, but this is a
small price to pay if there is a fire or medical emergency. If no fire
protection system exists, this method is not available, and siren
detection, key activation, or radio sensor are better choices.

Wrap-Up

CHAPTER SUMMARY

Building and occupant security has become a priority for many
organizations. However, some of the devices, equipment, and
methods used to secure a property complicate easy exiting by
occupants or entrance by emergency responders.

Under certain conditions, the model building, fire, and life safety
codes permit egress doors to be locked. However, a number of
different system overrides and, in some cases, connection to the
building fire protection systems ensure that building occupants
are able to exit during an emergency.

Delayed egress, sensor release egress, door hardware of
electrically locked egress doors, and other building egress
control systems are utilized to address this problem.

Depending on the code in force, the use and occupancy
conditions may permit or disallow the use of egress control
systems.

When properly installed, egress control systems effectively
control movement and access but in an emergency will allow
occupants to exit.

In some situations, emergency responders face a different
problem: how to enter a building. In these situations, emergency
building entrance systems provide emergency responders with



the necessary keys, electronically or magnetically encoded
devices, codes, or tools to enter a building.

When security extends to the property line, the ability of
emergency responders to enter a property becomes even more
important. In these instances, the use of siren sensors, keys,
interconnection to fire protection systems, pass codes, fobs, and
pass cards afford the emergency responder the ability to enter a
property.

In the end, people need to be able to exit buildings and
emergency responders need to enter. With the help of the model
codes, egress control systems balance life safety and security
for all concerned parties. In addition, installation of systems that
assist emergency responders with entering secured properties
cuts down on the one critical factor that could determine life or
death: time!

KEY TERMS

Delayed egress locking A mechanism that prevents a door from
opening for a predetermined amount of time but can be automatically
and manually overridden.

Door hardware release of electrically locked egress doors Door
hardware that is obvious to operate with one hand, that has listed
hardware attached to the door leaf, and that upon operation or loss
of power unlocks the door.

Egress The exit or way out of a property or structure to the public
way.

Emergency building entrance system A safe-like security box that
is anchored in or to the wall of a building; holds building keys, pass
cards, remote keyless entry fobs, fire alarm system keys, elevator
keys, keys to other emergency equipment, and, in some instances,
important information concerning the building and contents. The box



is typically located at the main entrance of the building and opens by
a proprietary key, electronic key, or smart key that is only available to
the emergency responders in the jurisdiction. Rapid entry system
and fire department access system are other names used to
describe these systems.

Exit That portion of a means of egress that is separated from all
other spaces of the building or structure by construction, location, or
equipment as required to provide a protected way of travel to the exit
discharge (National Fire Protection Association 2018, NFPA 5000,
Section 3.3.205).

Exit access The portion of the means of egress that leads to the exit
(National Fire Protection Association 2018, NFPA 5000, Section
3.3.207).

Exit discharge That portion of a means of egress between the
termination of an exit and a public way (National Fire Protection
Association 2018, NFPA 5000, Section 3.3.208).

Hazardous Material Inventory Statement (HMIS) A list of the full
inventory of hazardous materials found at the location, including
name and manufacturer of the material, products, and substances
and the maximum quantities used or stored at any one time.

Hazardous Materials Management Plan (HMMP) An approved
management or contingency plan for hazardous materials that
provides information concerning the facility, site, materials,
monitoring, telephone numbers to agencies, security, hazard
identification, inspection procedures, employee training, availability
of emergency equipment to deal with the problem, and any contract
clean-up contractors.

Horizontal exit A way of passage from one building to an area of
refuge in another building on approximately the same level, or a way
of passage through or around a fire barrier to an area of refuge on
approximately the same level in the same building that affords safety
from fire and smoke originating from the area of incidence and areas



communicating therewith (National Fire Protection Association 2018,
NFPA 5000, Section 3.3.206).

Ingress The entrance or way into a property or structure from the
public way.

Means of egress A continuous and unobstructed way of travel from
any point in a building or structure to a public way consisting of three
separate and distinct parts: (1) the exit access, (2) the exit, and (3)
the exit discharge (National Fire Protection Association 2018, NFPA
5000, Section 3.3.412).

Sensor release egress door An entrance door equipped with
automatic and manual unlocking devices on the egress side installed
with automatic or manual overrides.

Travel distance The total distance a person travels within the exit
access to reach an enclosed exit stairway, exit passageway, exterior
door, or horizontal exit.

CASE STUDY

During an inspection of a business building with no fire alarm, fire
detection, or sprinkler system, you encounter sensor release egress
devices and hardware on the interior stairway doors. When tested,
the devices and hardware work as required, but you are concerned
that the installation is not code-compliant because there are no fire
protection systems in the building to disable the locks when needed.

1. Does the lack of any fire protection system make this a
noncompliant installation?

A. Yes; sensor release egress systems require either a fire
alarm, fire detection, or fire sprinkler system to deactivate
the alarms.

B. Yes; sensor release egress systems require the building to
have complete fire alarm, fire detection, and fire sprinkler
systems throughout the building.



C. No; the codes do not require fire alarm, fire detection, or fire
sprinkler systems when a person can make physical
contact with the door hardware to unlock the door.

D. No; the codes state that the sensor release egress system
has to be connected and release upon activation only if
there is a fire alarm, fire detection, or fire sprinkler system
installed in the building.

2. In this situation, if delayed egress locking were substituted for
sensor release egress components, would the lack of any fire
protection system make this a noncompliant system?

A. Yes; delayed egress locking systems require a fire alarm,
fire detection, or fire sprinkler system to deactivate the
alarms.

B. Yes; delayed egress locking systems require the building to
have an automatic fire detection or automatic fire sprinkler
system to deactivate the alarms.

C. No; the codes do not require a fire alarm, fire detection, or
fire sprinkler system when a person can make physical
contact with the door hardware to unlock the door.

D. No; the codes state that only if there is a fire alarm, fire
detection, or fire sprinkler system present does the delayed
egress locking system have to be connected to release
upon fire protection system activation.

3. In this situation, if door hardware release of electrically locked
egress components were substituted for a sensor release
egress locking system, would the lack of any fire protection
system make this a noncompliant system?

A. Yes; door hardware release of electrically locked egress
components requires a fire alarm, fire detection, or fire
sprinkler system to deactivate the alarms.

B. Yes; door hardware release of electrically locked egress
components requires the building to have an automatic fire
detection or automatic fire sprinkler system to deactivate
the alarms.



C. No; the codes do not require a fire alarm, fire detection, or
fire sprinkler system when a person can make physical
contact with the door hardware to unlock the door.

D. No; the codes state that door hardware release of
electrically locked egress components has to be connected
only if there is a fire alarm, fire detection, or fire sprinkler
system present.

4. In this situation, if the use and occupancy condition was
assembly and delayed egress locking components were
installed on the main entrance/exit doors, would this installation
be code compliant?

A. The system is noncompliant if the adopted model code is
NFPA 5000® because NFPA 5000® does not permit delayed
egress components on the main entrance/exit doors in
assembly use and occupancies.

B. The system is noncompliant if the adopted model code is
the IBC® because the IBC® does not permit this type of
hardware in assembly use and occupancies.

C. The system is compliant if the adopted model code is NFPA
5000® because NFPA 5000® permits delayed egress
components in assembly use and occupancies.

D. Both A and B

CHALLENGING QUESTIONS

1. What one critical factor determines a person’s survivability and
safety when exiting a building as well as the ability of
emergency responders to take action?

2. List and describe the three components of the means of egress.

3. What is the purpose in limiting the travel distance in the exit
access to an exit?



4. What two features that relate to stairway door operation are
required in high-rise buildings, and why are they required?

5. What two factors restrict the installation of delayed egress
locking?

6. List the code requirements for delayed egress locking.

7. List the code requirements for sensor release egress doors.

8. List the code requirements for door hardware release of
electrically locked egress doors.

9. Describe an emergency building entrance system, its purpose,
and the contents typically found inside an emergency building
entrance system.

10. List and describe all methods used by emergency responders to
operate barriers and gates.

Reference
National Fire Protection Association. NFPA 5000, Building Construction and Safety Code,

2018. Quincy, MA: National Fire Protection Association, 2018.



1.

2.

3.

4.

5.

6.

© A. Maurice Jones, Jr./Jones & Bartlett Learning.

Appendix A
FESHE Correlation Guide

Fire Protection Systems (C0288)
Course Outcomes

Fire Protection
Systems, Third Edition
Chapter Correlation

Identify the different types, uses, and benefits of
fire protection systems found in various types of
structures.

2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13

Summarize the basic elements of a public water
supply system as it relates to fire protection
systems.

5

Explain the operation and appropriate
application for the different types of portable fire
protection systems.

1, 8, 9, 11

Identify the different types and components of
sprinkler, standpipe, and foam systems.

5, 6, 7, 8

Discuss residential and commercial sprinkler
legislation.

2, 7

Compare the basic components and detectors in
a fire alarm system.

3, 4



7.

Fire Protection Systems (C0288)
Course Outcomes

Fire Protection
Systems, Third Edition
Chapter Correlation

Describe the hazards of smoke, and list the four
factors that can influence smoke movement in a
building.

12
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Appendix B
Imperial and Metric Conversions

TABLE B-1 Length

1 inch = 0.08333 foot, 1,000 mils, 25.40 millimeters

1 foot = 0.3333 yard, 12 inches, 0.3048 meter, 304.8 millimeters

1 yard = 3 feet, 36 inches, 0.9144 meter

1 rod = 16.5 feet, 5.5 yards, 5.029 meters

1 mile = (U.S. and British) 55,280 feet, 1.609 kilometers, 0.8684 nautical mile

1 millimeter = 0.03937 inch, 39.37 mils, 0.001 meter, 0.1 centimeter, 100 microns

1 meter = .094 yards, 3.281 feet, 39.37 inches, 1,000 millimeters

1 kilometer = 0.6214 mile, 1.094 yards, 3,281 feet, 1,000 meters

1 nautical mile = 1.152 miles (statute), 1.853 kilometers

1 micron = 0.03937 mil, 0.00003937 inch

1 mil = 0.001 inch, 0.0254 millimeters, 25.40 microns

1 degree = 1/360 circumference of a circle, 60 minutes, 3,600 seconds



1 minute = 1/60 degree, 60 seconds

1 second = 1/60 minute, 1/3600 degree

TABLE B-2 Area

1 square inch = 0.006944 square foot, 1,273,000 circular mils, 645.2 square millimeters

1 square foot = 0.1111 square yard, 144 square inches, 0.09290 square meter, 92,900
square millimeters

1 square yard = 9 square feet, 1,296 square inches, 0.8361 square meter

1 acre = 43,560 square feet, 4,840 square yards, 0.001563 square mile, 4,047 square
meters, 160 square rods

1 square mile = 640 acres, 102,400 square rods, 3,097,600 square yards, 2.590 square
kilometers

1 square millimeter = 0.001550 square inch, 1.974 circular mils

1 square meter = 1.196 square yards, 10.76 square feet, 1,550 square inches,
1,000,000 square millimeters

1 square kilometer = 0.3861 square mile, 247.1 acres, 1.196,000 square yards,
1,000,000 square meters

1 circular mil = 0.7854 square mil, 0.0005067 square millimeter, 0.0000007854 square
inch

TABLE B-3 Volume (Capacity)

1 fluid ounce = 1.805 cubic inches, 29.57 milliliters, 0.03125 quarts (U.S.) liquid measure

1 cubic inch = 0.5541 fluid ounce, 16.39 milliliters

1 cubic foot = 7.481 gallons (U.S.), 6.229 gallons (British), 1,728 cubic inches, 0.02832
cubic meter, 28.32 liters

1 cubic yard = 27 cubic feet, 46,656 cubic inches, 0.7646 cubic meter, 746.6 liters, 202.2
gallons (U.S.), 168.4 gallons (British)

1 gill = 0.03125 gallon, 0.125 quart, 4 ounces, 7.219 cubic inches, 118.3 milliliters

1 pint = 0.01671 cubic foot, 28.88 cubic inches, 0.125 gallon, 4 gills, 16 fluid ounces,



473.2 milliliters

1 quart = 2 pints, 32 fluid ounces, 0.9464 liter, 946.4 milliliters, 8 gills, 57.75 cubic inches

1 U.S. gallon = 4 quarts, 128 fluid ounces, 231.0 cubic inches, 0.1337 cubic foot, 3.785
liters (cubic decimeters), 3,785 milliliters, 0.8327 Imperial gallon

1 Imperial (British and Canadian) gallon = 1.201 U.S. gallons, 0.1605 cubic foot, 277.3
cubic inches, 4.546 liters (cubic decimeters), 4,546 milliliters

1 U.S. bushel = 2,150 cubic inches, 0.9694 British bushel, 35.24 liters

1 barrel (U.S. liquid) = 31.5 gallons (various industries have special definitions of a
barrel)

1 barrel (petroleum) = 42.0 gallons

1 millimeter = 0.03381 fluid ounce, 0.06102 cubic inch, 0.001 liter

1 liter (cubic decimeter) = 0.2642 gallon, 0.03532 cubic foot, 1.057 quarts, 33.81 fluid
ounces, 61.03 cubic inches, 1,000 milliliters

1 cubic meter (kiloliter) = 1.308 cubic yards, 35.32 cubic feet, 264.2 gallons, 1,000 liters

1 cord = 128 cubic feet, 8 feet × 14 feet × 4 feet, 3.625 cubic meters

TABLE B-4 Weight

1 grain = 0.0001428 pound

1 ounce (avoirdupois) = 0.06250 pound (avoirdupois), 28.35 grams, 437.5 grains

1 pound (avoirdupois) = the mass of 27.69 cubic inches of water weighed in air at 4°C
(39.2°F) and 760 millimeters of mercury (atmospheric pressure), 16 ounces
(avoirdupois), 0.4536 kilogram, 453.6 grams, 7,000 grains

1 long ton (U.S. and British) = 1.120 short tons, 2,240 pounds, 1.016 metric tons, 1016
kilograms

1 short ton (U.S. and British) = 0.8929 long ton, 2,000 pounds, 0.9072 metric ton, 907.2
kilograms

1 milligram = 0.001 gram, 0.000002205 pound (avoirdupois)

1 gram = 0.002205 pound (avoirdupois), 0.03527 ounce, 0.001 kilogram, 15.43 grains

1 kilogram = the mass of 1 liter of water in air at 4°C and 760 millimeters of mercury



(atmospheric pressure), 2.205 pounds (avoirdupois), 35.27 ounces (avoirdupois),
1,000 grams

1 metric ton = 0.9842 long ton, 1.1023 short tons, 2,205 pounds, 1,000 kilograms

TABLE B-5 Density

1 gram per millimeter = 0.03613 pound per cubic inch, 8,345 pounds per gallon, 62.43
pounds per cubic foot, 998.9 ounces per cubic foot

Mercury at 0°C = 0.1360 grams per millimeter basic value used in expressing pressures
in terms of columns of mercury

1 pound per cubic foot = 16.02 kilograms per cubic meter

1 pound per gallon = 0.1198 gram per millimeter

TABLE B-6 Flow

1 cubic foot per minute = 0.1247 gallon per second, 0.4720 liter per second, 472.0
milliliters per second = 0.028 m3/min, lcfm/ft2, 0.305 m3/min/m2

1 gallon per minute = 0.06308 liter per second, 1,440 gallons per day, 0.002228 cubic
foot per second

1 gallon per minute per square foot = 40.746 mm/min, 40.746 l/min × m2

1 liter per second = 2.119 cubic feet per minute, 15.85 gallons (U.S.) per minute

1 liter per minute = 0.0005885 cubic foot per second, 0.004403 gallon per second

TABLE B-7 Pressure

1 atmosphere = pressure exerted by 760 millimeters of mercury of standard density at
0°C, 14.70 pounds per square inch, 29.92 inches of mercury at 32°F, 33.90 feet of
water at 39.2°F, 101.3 kilopascal

1 millimeter of mercury (at 0°C) = 0.001316 atmosphere, 0.01934 pound per square
inch, 0.04460 foot of water (4°C or 39.2°F), 0.0193 pound per square inch, 0.1333
kilopascal

1 inch of water (at 39.2°F) = 0.00246 atmosphere, 0.0361 pound per square inch,



0.0736 inch of mercury (at 32°F), 0.2491 kilopascal

1 foot of water (at 39.2°F) = 0.02950 atmosphere, 0.4335 pound per square inch, 0.8827
inch of mercury (at 32°F), 22.42 millimeters of mercury, 2.989 kilopascal

1 inch of mercury (at 32°F) = 0.03342 atmosphere, 0.4912 pound per square inch, 1.133
feet of water, 13.60 inches of water (at 39.2°F), 3.386 kilopascal

1 millibar (1/1000 bar) = 0.02953 inch of mercury. A bar is the pressure exerted by a
force of one million dynes on a square centimeter of surface

1 pound per square inch = 0.06805 atmosphere, 2.036 inches of mercury, 2.307 feet of
water, 51.72 millimeters of mercury, 27.67 inches of water (at 39.2°F), 144 pounds
per square foot, 2,304 ounces per square foot, 6.895 kilopascal

1 pound per square foot = 0.00047 atmosphere, 0.00694 pound per square inch, 0.0160
foot of water, 0.391 millimeter of mercury, 0.04788 kilopascal

Absolute pressure = the sum of the gage pressure and the barometric pressure

1 ton (short) per square foot = 0.9451 atmosphere, 13.89 pounds per square inch, 9,765
kilograms per square meter

TABLE B-8 Temperature

Temperature Celsius = 5/9 (temperature Fahrenheit – 32°)

Temperature Fahrenheit = 9/5 × temperature Celsius + 32°

Rankine (Fahrenheit absolute) = temperature Fahrenheit + 459.67°

Kelvin (Celsius absolute) = temperature Celsius 273.15°

Freezing point of water: Celsius = 0°; Fahrenheit = 32°

Boiling point of water: Celsius = 100°; Fahrenheit = 212°

Absolute zero: Celsius = 273.15°; Fahrenheit = – 459.67°

TABLE B-9 Sprinkler Discharge

1 gallon per minute per square foot (gpm/ft2) = 40.75 liters per minute per square meter
(Lpm/m2) = 40.75 millimeters per minute (mm/min)
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Glossary

A
Accelerator A type of quick-opening device that attaches to the dry

pipe valve; upon sensing a loss of system air pressure, the
device opens an internal exhaust valve to redirect the
pressurized air into the intermediate chamber of the valve so it
will disrupt the differential and force the clapper to open.

Active design approach A design approach that uses mechanical
systems to prevent smoke and gas movement by exhausting,
pressurizing, and, in particular situations, opposing the smoke
with forced air.

Addressable notification appliance A notification device that is
identified by an electronic address and interfaces with a fire alarm
control panel to provide programming capabilities and information
concerning the device’s status, integrity, condition, and location.

Addressable technology The technology used in fire alarm and
detection systems that provides devices and system components
an assigned data address, two-way communication capabilities,
and the ability to perform certain activities based on signal output.

Adopt The process of officially accepting and putting something into
action.



Aerosol fire extinguishing system A type of fire suppression
system that delivers small chemical particles through a gas
medium to create an aerosol agent.

Aerosol generator A device that produces and delivers an aerosol
agent either directly from the generator or through a piping
network and nozzles.

Air sampling-type detector A detector that consists of a piping or
tubing distribution network that runs from the detector to the
area(s) to be protected. An aspiration fan in the detector housing
draws air from the protected area back to the detector through air
sampling ports, piping, or tubing. At the detector, the air is
analyzed for fire products (National Fire Protection Association
2019, NFPA 72, Section 3.3.70.1).

Air-to-water differential The ratio of air pressure required to hold
back a given amount of water pressure based on the surface
area of a clapper for which the air side of the clapper is larger
than the water side.

Alarm check valve A valve that uses a clapper to prevent backflow
of water from the sprinkler system and initiates an alarm when
water flows through the system.

Alarm signal A signal that results from the manual or automatic
detection of an alarm condition (National Fire Protection
Association 2019, NFPA 72, Section 3.3.263.1).

Annunciator A unit containing one or more indicator lamps,
alphanumeric displays, or other equivalent means in which each
indication provides status information about a circuit, condition, or
location (National Fire Protection Association 2019, NFPA 72,
Section 3.3.21).

Approving authority An entity, organization, group, or individual
with the inherent authority to review designs and conduct
investigations, inspections, and tests.

Autoignition temperature The lowest temperature at which a
combustible material ignites in air without a spark or flame
(National Fire Protection Association 2017, NFPA 921, Section
3.3.16).



Automatic air release valve A valve installed at the top of the fire
pump casing that is designed to relieve air trapped around the
pump impeller.

Automatic dry standpipe system A standpipe system permanently
attached to a water supply capable of supplying the system
demand at all times, containing air or nitrogen under pressure,
the release of which (as from opening a hose valve) opens a dry
pipe valve to allow water to flow into the piping system and out of
the opened hose valve (National Fire Protection Association
2019, NFPA 14, Section 3.3.20.1).

Automatic fire detection system A form of fire alarm system that
uses smoke, heat, flame, duct, or other types of detectors to
automatically initiate an alarm signal.

Automatic fire detector A device designed to detect the presence
of a fire signature and to initiate action. For the purpose of this
Code, automatic fire detectors are classified as follows:
Automatic Fire Extinguishing or Suppression System Operation
Detector, Fire–Gas Detector, Heat Detector, Other Fire Detectors,
Radiant Energy–Sensing Fire Detector, and Smoke Detector
(National Fire Protection Association 2019, NFPA 72, Section
3.3.70.2).

Automatic fire sprinkler system A network of underground and
overhead piping with fire sprinkler heads connected to the
overhead piping at specific intervals; upon activation of the
sprinkler heads, the system applies water over the fire area.

Automatic wet standpipe system A standpipe system containing
water at all times that is attached to a water supply capable of
supplying the system demand at all times and that requires no
action other than opening a hose valve to provide water at hose
connections (National Fire Protection Association 2019, NFPA
14, Section 3.3.20.2).

Auxiliary alarm system A protected premises fire alarm system or
other emergency system at the protected premises and the
system used to connect the protected premises system to a
public emergency alarm reporting system for transmitting an



alarm to the communications center (National Fire Protection
Association 2019, NFPA 72, Section 3.3.221.1).

B
Backflow prevention device A device that prevents the backward

flow of liquids into the potable water system.
Backpressure A condition wherein the pressure of the liquid in the

nonpotable system is greater than the pressure of the potable
supply.

Backsiphonage A condition caused by a partial vacuum in the
potable water system where the nonpotable water flows in
reverse.

Balanced pressure proportioner A foam proportioning system
utilizing a foam concentrate pump or a bladder tank in
conjunction with a listed pressure reducing valve. At all design
flow rates, the constant foam concentrate pressure is greater
than the maximum water pressure at the inlet to the in-line
balanced pressure proportioner. A pressure balancing valve
integral to the in-line balanced pressure proportioner regulates
the foam concentrate pressure to be balanced to incoming water
pressure (National Fire Protection Association 2016, NFPA 11,
Section 3.3.24.1.1).

Bollards Freestanding post typically filled with concrete that is
installed to protect fire hydrants or other fire protection system
equipment from damage.

Branch or tree pattern A pipe configuration that resembles the
branches of a tree where a large pipe feeds smaller pipes that do
not interconnect and water flows in one direction from the source
to the point of termination.

British thermal unit (Btu) The quantity of heat required to raise the
temperature of 1 lb of water 1°F at the pressure of 1 atmosphere
and temperature of 60°F; a British thermal unit is equal to 1055
joules, 1.055 kilojoules, and 252.15 calories (National Fire
Protection Association 2017, NFPA 921, Section 3.3.22).



Buoyancy forces Upward forces that cause hot gases to rise when
fire plume temperatures are higher than the surrounding air.

Butterfly valve A type of valve that is opened or closed by a disk in
the water stream that rotates 90 degrees.

Bypass A pipe connecting the suction and discharge sides of a fire
pump, providing a path for the water to flow around the fire pump
should it fail to operate.

C
Candela (cd) A measurement of luminance or light intensity in a

given direction.
Carbon dioxide An odorless, colorless, noncombustible,

nonconductive gas that when used in sufficient concentration as
a suppression agent displaces and reduces the level of oxygen
below the 15 percent threshold required to sustain combustion.

Carbon dioxide extinguishing system A self-contained and
engineered suppression system that consists of liquid carbon
dioxide stored in container(s), activation devices, releasing
mechanisms, piping, fittings, and special spray nozzles; these
systems protect flammable and combustible liquid storage,
chemical storage, electrical hazards, marine/shipboard
operations, industrial cooking operations, fur vaults, records, and
other important documents.

Cartridge/cylinder operated fire extinguisher A fire extinguisher in
which the expellant gas is in a separate container from the agent
storage container (National Fire Protection Association 2018,
NFPA 10, Section 3.4.1).

Central station service alarm system A system or group of
systems in which the operations of circuits and devices are
transmitted automatically to, recorded in, maintained by, and
supervised from a listed central station that has competent and
experienced servers and operators who, upon receipt of a signal,
take such action as required by this Code. Such service is to be
controlled and operated by a person, firm, or corporation whose
business is the furnishing, maintaining, or monitoring of



supervised alarm systems (National Fire Protection Association
2019, NFPA 72, Section 3.3.291.1).

Centrifugal pump A pump in which the pressure is developed
principally by the action of centrifugal force (National Fire
Protection Association 2019, NFPA 20, Section 3.3.49.3).

Check valve A valve that allows flow in one direction only (National
Fire Protection Association 2019, NFPA 24, Section 3.3.17.1).

Churn The condition of zero flow when the fire pump is running but
the only water passing through the pump is a small flow that is
discharged through the pump circulation relief valve or supplies
the cooling for a diesel engine driver (National Fire Protection
Association 2019, NFPA 20, Section 3.3.42).

Circulation/casing relief valve A valve used to cool a pump by
discharging a small quantity of water. This valve is separate from
and independent of the main relief valve (National Fire Protection
Association 2019, NFPA 20, Section 3.3.75.4.1).

Cistern An underground tank that stores water for fire protection or
other water emergencies.

Clapper The swinging disk inside a check valve that prevents water
from flowing back to the source.

Class A fire Fires in ordinary combustible materials, such as wood,
cloth, paper, rubber, and many plastics (National Fire Protection
Association 2018, NFPA 1, Section 3.3.117.1).

Class B fire Fires in flammable liquids, combustible liquids,
petroleum greases, tars, oils, oil-based paints, solvents, lacquers,
alcohols, and flammable gases (National Fire Protection
Association 2018, NFPA 1, Section 3.3.117.2).

Class C fire Fires that involve energized electrical equipment
(National Fire Protection Association 2018, NFPA 1, Section
3.3.117.3).

Class D fire Fires in combustible metals, such as magnesium,
titanium, zirconium, sodium, lithium, and potassium (National Fire
Protection Association 2018, NFPA 1, Section 3.3.117.4).

Class I standpipe system A system that provides 2½ in. (65 mm)
hose connections to supply water for use by fire departments



(National Fire Protection Association 2019, NFPA 14, Section
3.3.22.1).

Class II standpipe system A system that provides 1½ in. (40 mm)
hose stations to supply water for use primarily by trained
personnel or by the fire department during initial response
(National Fire Protection Association 2019, NFPA 14, Section
3.3.22.2).

Class III standpipe system A system that provides 1½ in. (40 mm)
hose stations to supply water for use by trained personnel and
2½ in. (65 mm) hose connections to supply a larger volume of
water for use by fire departments (National Fire Protection
Association 2019, NFPA 14, Section 3.3.22.3).

Class K fire Fires in cooking appliances that involve combustible
cooking media (vegetable or animal oils and fats) (National Fire
Protection Association 2018, NFPA 1, Section 3.3.117.5).

Clean agent Volatile or gaseous fire extinguishant that is electrically
nonconducting and that does not leave a residue upon
evaporation (National Fire Protection Association 2018, NFPA
2001, Section 3.3.7).

Clean agent extinguishing system A self-contained pre-
engineered or engineered system that expels a gaseous agent;
these systems are used to protect computer and server rooms;
telecommunication, radio, and television broadcast facilities;
electronic equipment; marine and airplane applications;
flammable and combustible liquids and gases; art galleries;
libraries; museums; and other high-value locations.

Code A standard that is an extensive compilation of provisions
covering broad subject matter or that is suitable for adoption into
law independently of other codes and standards (National Fire
Protection Association 2018, NFPA 1, Section 3.2.3).

Code amendment The process of revising, changing, correcting, or
improving a code.

Coded An audible or visual signal that conveys several discrete bits
or units of information (National Fire Protection Association 2019,
NFPA 72, Section 3.3.51).



Combination detector A device that either responds to more than
one of the fire phenomena or employs more than one operating
principle to sense one of these phenomena. Typical examples
are a combination of a heat detector with a smoke detector or a
combination rate-of-rise and fixed-temperature heat detectors.
This device has listings for each sensing method employed
(National Fire Protection Association 2019, NFPA 72, Section
3.3.70.4).

Combination system A fire alarm system in which components are
used, in whole or in part, in common with a non-fire signaling
system (National Fire Protection Association 2019, NFPA 72,
Section 3.3.111.1).

Combined system A standpipe system that supplies both hose
connections and automatic sprinklers (National Fire Protection
Association 2019, NFPA 14, Section 3.3.20.3).

Combined water supply system A supply system utilizing both
gravity and pumping methods to support the system.

Combustion A chemical process of oxidation that occurs at a rate
fast enough to produce heat and usually light in the form of either
a glow or flame (National Fire Protection Association 2017, NFPA
921, Section 3.3.35).

Compressed air foam system A system employing compressed air
foam discharge devices or hoses attached to a piping system
through which foam is transported from a mixing chamber
(National Fire Protection Association 2016, NFPA 11,
Section 3.3.17.1).

Condensed generator A device that expels a mixture of small solid
particles and gas that results from the reaction of an aerosol-
forming compound.

Conduction Heat transfer to another body or within a body by direct
contact (National Fire Protection Association 2017, NFPA 921,
Section 3.3.38).

Control valve A valve controlling flow to water-based fire protection
systems and devices (National Fire Protection Association 2019,
NFPA 13, Section 3.3.46).



Controller A group of devices that serve to govern, in some
predetermined manner, the starting and stopping of the fire pump
driver and to monitor and signal the status and condition of the
fire pump unit (National Fire Protection Association 2019, NFPA
20, Section 3.3.23).

Convection Heat transfer by circulation within a medium such as a
gas or a liquid (National Fire Protection Association 2017, NFPA
921, Section 3.3.39).

Conventional technology The technology used in fire alarm and
detection systems that provides limited communication between
the fire alarm control panel and system devices and, upon
activation of an alarm, provides general information concerning
the device and its location.

D
Deflagration Propagation of a combustion zone at a velocity that is

less than the speed of sound in the unreacted medium (National
Fire Protection Association 2018, NFPA 68, Section 3.3.4).

Deflector The component of a fire sprinkler head that breaks up the
water stream into small droplets and forms a water distribution
pattern over the coverage area of the head.

Delayed egress locking A mechanism that prevents a door from
opening for a predetermined amount of time but can be
automatically and manually overridden.

Deluge sprinkler system A sprinkler system employing open
sprinklers or nozzles that are attached to a piping system that is
connected to a water supply through a valve that is opened by
the operation of a detection system installed in the same areas
as the sprinklers or the nozzles. When this valve opens, water
flows into the piping system and discharges from all sprinklers or
nozzles attached thereto (National Fire Protection Association
2019, NFPA 13, Section 3.3.206.3).

Deluge valve A type of sprinkler system valve that holds back water
until manually or automatically activated.



Density/area curve A graph that establishes the relationship
between the required amount of water flow from a sprinkler head
(density) and the area that must be covered by the water based
on different hazard classifications.

Design density The minimum predetermined amount of water that
must flow from the fire sprinkler heads in the most hydraulically
demanding part (remote area) of a fire sprinkler system to control
or extinguish a fire.

Detonation Propagation of a combustion zone at a velocity greater
than the speed of sound in the unreacted medium. (National Fire
Protection Association 2018, NFPA 68, Section 3.3.6).

Diffusion flame A flame in which fuel and air mix or diffuse together
at the region of combustion (National Fire Protection Association
2017, NFPA 921, Section 3.3.48).

Digital alarm communicator receiver (DACR) A system
component that accepts and displays signals from digital alarm
communicator transmitters (DACTs) sent over a managed
facilities-based voice network (National Fire Protection
Association 2019, NFPA 72, Section 3.3.72).

Digital alarm communicator transmitter (DACT) A system
component at the protected premises to which initiating devices
or groups of devices are connected. The DACT seizes the
connected telephone line, dials a preselected number to connect
to a DACR, and transmits signals indicating a status change of
the initiating device (National Fire Protection Association 2019,
NFPA 72, Section 3.3.74).

Dispersed generator A device that expels a pressurized mixture of
small solid particles and clean agent gas through piping and
nozzles.

Distributed recipient mass notification system (DRMNS) A
system meant to communicate directly to targeted individuals and
groups that might not be in a contiguous area (National Fire
Protection Association 2019, NFPA 72, Section 3.3.90.1.1).

Distribution mains Pipes that supply a number of smaller areas
within the distribution system.



Distribution network The part of the water supply system where the
water is stored and delivered to properties for various uses.

Door hardware release of electrically locked egress doors Door
hardware that is obvious to operate with one hand, that has listed
hardware attached to the door leaf, and that upon operation or
loss of power unlocks the door.

Double check detector valve assembly A mechanical device
designed to prevent backflow of liquids that incorporates a water
meter assembly.

Double check valve assembly Two internally loaded check valves,
either spring-loaded or internally weighted, installed as a unit
between two tightly closing resilient-seated shutoff valves as an
assembly, and fittings with properly located resilient-seated test
cocks (National Fire Protection Association 2017, NFPA 25,
Section 3.3.9).

Driver An electric motor, diesel engine, or steam turbine that
provides the power to turn the pump.

Dry barrel hydrant A type of hydrant with the main control valve
below the frost line between the footpiece and the barrel
(National Fire Protection Association 2017, NFPA 25, Section
3.3.12.1).

Dry chemical extinguishing agent A dry powder suppression
agent made from sodium bicarbonate–based, potassium-based,
or ammonium phosphate chemicals that covers and smothers the
burning material.

Dry pipe sprinkler system A sprinkler system employing automatic
sprinklers that are attached to a piping system containing air or
nitrogen under pressure, the release of which (as from the
opening of a sprinkler) permits the water pressure to open a
valve known as a dry pipe valve, and the water then flows into
the piping system and out the opened sprinklers (National Fire
Protection Association 2019, NFPA 13, Section 3.3.206.4).

Dry pipe valve A type of sprinkler system valve that holds back
water until a sufficient reduction in air pressure releases the
clapper to flood the system piping.



Duct smoke detector A type of smoke detector that samples the air
moving through the air distribution system ductwork or plenum;
upon detecting smoke, the detector sends a signal to shut down
the air distribution unit, close any associated smoke dampers, or
initiate smoke control system operation.

Duration The amount of time that the water supply is able to sustain
the required water pressure and flow measured in minutes.

E
Egress The exit or way out of a property or structure to the public

way.
Elevator hoistway pressurization A mechanical method of smoke

control in which 100 percent outdoor air is pumped into the
elevator hoistway at an increased pressure, forming a pressure
barrier that prevents smoke and gases from entering the elevator
shaft.

Emergency building entrance system A safe-like security box that
is anchored in or to the wall of a building; holds building keys,
pass cards, remote keyless entry fobs, fire alarm system keys,
elevator keys, keys to other emergency equipment, and, in some
instances, important information concerning the building and
contents. The box is typically located at the main entrance of the
building and opens by a proprietary key, electronic key, or smart
key that is only available to the emergency responders in the
jurisdiction. Rapid entry system and fire department access
system are other names used to describe these systems.

Emergency communication system A system for the protection of
life by indicating the existence of an emergency situation and
communicating information necessary to facilitate an appropriate
response and action (National Fire Protection Association 2019,
NFPA 72, Section 3.3.90).

Enclosure integrity test A test involving visual inspection and use
of a fan pressurization apparatus to determine the leakage rate of
an enclosure to ensure the concentration of the extinguishing



agent will not drop below the level needed to control or extinguish
a fire.

Engineered systems Those systems requiring individual calculation
and design to determine the flow rates, nozzle pressures, pipe
size, area, or volume protected by each nozzle, quantities of dry
chemical, number and types of nozzles, and their placement in a
specific system (National Fire Protection Association 2017,
NFPA 17, Section 3.4.2).

Exhauster A type of quick-opening device that attaches to the dry
pipe valve or any location on a dry pipe system where there is 2-
in. piping; upon sensing a rapid loss of air pressure, the device
opens a port that purges air out of the system at a rate roughly
equivalent to 15 open sprinkler heads.

Exit That portion of a means of egress that is separated from all
other spaces of the building or structure by construction, location,
or equipment as required to provide a protected way of travel to
the exit discharge (National Fire Protection Association 2018,
NFPA 5000, Section 3.3.205).

Exit access The portion of the means of egress that leads to the exit
(National Fire Protection Association 2018, NFPA 5000, Section
3.3.207).

Exit discharge That portion of a means of egress between the
termination of an exit and a public way (National Fire Protection
Association 2018, NFPA 5000, Section 3.3.208).

Exit-marking audible notification appliance An audible notification
appliance that marks building exits and areas of refuge by the
sense of hearing for the purpose of evacuation or relocation
(National Fire Protection Association 2019, NFPA 72, Section
3.3.182.1.1).

F
Fire A rapid oxidation process, which is a chemical reaction resulting

in the evolution of light and heat in varying intensities (National
Fire Protection Association 2017, NFPA 921, Section 3.3.66).



Fire alarm control unit A component of the fire alarm system,
provided with primary and secondary power sources, which
receives signals from initiating devices or other fire alarm control
units, and processes these signals to determine part or all of the
required fire alarm system output function(s) (National Fire
Protection Association 2019, NFPA 72, Section 3.3.108).

Fire alarm system A system or portion of a combination system that
consists of components and circuits arranged to monitor and
annunciate the status of fire alarm or supervisory signal-initiating
devices and to initiate the appropriate response to those signals
(National Fire Protection Association 2019, NFPA 72, Section
3.3.111).

Fire area An area of a building contained within firewalls, fire
barriers, or exterior walls.

Fire command center The principal attended or unattended room or
area where the status of the detection, alarm communications,
control systems, and other emergency systems is displayed and
from which the system(s) can be manually controlled (National
Fire Protection Association 2019, NFPA 72, Section 3.3.112).

Fire department connection (FDC) A coupling device that provides
fire fighters with the ability to connect a primary or secondary
water source to a fire protection system through hose lines.

Fire hazard Any situation, process, material, or condition that, on the
basis of applicable data, can cause a fire or explosion or that can
provide a ready fuel supply to augment the spread or intensity of
a fire or explosion, all of which pose a threat to life or property
(National Fire Protection Association 2018, NFPA 1, Section
3.3.124).

Fire line, fire main, or private fire service main As used in this
standard, a pipe and its appurtenances on private property that is
between a source of water and the base of the system riser for
water-based fire protection systems; between a source of water
and inlets to foam-making systems; between a source of water
and the base elbow of private hydrants or monitor nozzles; and
used as fire pump suction and discharge piping, beginning at the
inlet side of the check valve on a gravity or pressure tank



(National Fire Protection Association 2019, NFPA 24, Section
3.3.13).

Fire protection system Any fire alarm device or system or fire-
extinguishing device or system, or combination thereof, that is
designed and installed for detecting, controlling, or extinguishing
a fire or otherwise alerting occupants, or the fire department, or
both, that a fire has occurred (National Fire Protection
Association 2018, NFPA 1, Section 3.3.267.11).

Fire pump A pumping device designed to boost water pressure and
provide a certain amount of water flow to support a fire protection
system.

Fire tetrahedron The geometric depiction of the relationship
between fuel, heat, oxygen, and the uninhibited, chemical, or
self-sustaining chain reaction necessary to sustain combustion;
each element is represented by one side of the tetrahedron.

Fire triangle The geometric depiction of the relationship between
the fuel, oxygen, and heat necessary for combustion; each
element is represented by one side of the triangle.

Fire warning equipment Any detector, alarm, device, or material
related to single- and multiple-station alarms or household fire
alarm systems (National Fire Protection Association 2019, NFPA
72, Section 3.3.115).

Fitting Parts used to join piping and other system components
together.

Fixed automatic foam system A fire protection system
incorporating foam concentrate, a deluge or preaction valve,
piping network, and proportioning and distribution equipment; the
system automatically activates by fire detectors or is manually
activated upon detection of fire, delivering usable foam to the
protected hazard.

Fixed dry chemical extinguishing system An automatic dry
chemical agent–based extinguishing system that is self-contained
and automatic and uses a pressurized gas to expel the agent
through a network of piping and nozzles onto the hazard.

Fixed-temperature heat detector A device that responds when its
operating element becomes heated to a predetermined level



(National Fire Protection Association 2019, NFPA 72, Section
3.3.70.7).

Fixed wet chemical extinguishing system An automatic liquid
agent–based extinguishing system that is self-contained and
automatic and uses a pressurized gas to expel the agent through
a network of piping and nozzles onto the hazard, which is usually
commercial kitchen cooking equipment.

Flammable limits The range in which the concentration of a fuel
and air are in the proper mix to propagate combustion when
ignited; the limits for a material are defined by the upper
flammable limits (UFL) and the lower flammable limits (LFL).

Flashover A transition phase in the development of a compartment
fire in which surfaces exposed to thermal radiation reach ignition
temperature more or less simultaneously and fire spreads rapidly
throughout the space, resulting in full room involvement or total
involvement of the compartment or enclosed space (National Fire
Protection Association 2017, NFPA 921, Section 3.3.89).

Floating zone/floor-by-floor pressurization A mechanical method
of smoke control in which 100 percent outdoor air is pumped onto
the floors above and below the fire floor, forming a pressure
“sandwich” or barrier around the fire and mechanically relieving
or exhausting the air from the fire floor(s); this method is most
successful when all non-fire floors are pressurized.

Flow The amount of water flowing at any given time, measured in
gpm.

Flowmeter A device installed in line with the pump discharge side
piping that measures water flow to determine if the fire pump is
performing as designed.

Fluidization The process of mixing an expellant gas with a dry
chemical agent to facilitate distribution of the dry chemical.

Flush hydrant A fire hydrant installed below the ground, requiring
removal of a cover to access the hydrant.

Foam A stable aggregation of bubbles of lower density than oil or
water (National Fire Protection Association 2016, NFPA 11,
Section 3.3.102).



Foam concentrate A concentrated liquid foaming agent as received
from the manufacturer (National Fire Protection Association
2016, NFPA 11, Section 3.3.12).

Foam generator A device used with a foam solution that is blown or
aspirated to produce medium- or high-expansion foam.

Foam maker chamber A device mounted on the side of a fuel
storage tank that expands and discharges the foam solution into
the storage tank.

Foam solution A homogeneous mixture of water and foam
concentrate in the correct proportions (National Fire Protection
Association 2016, NFPA 11, Section 3.3.16).

Foam-water spray system A foam-water sprinkler system designed
to use nozzles rather than sprinklers (National Fire Protection
Association 2019, NFPA 16, Section 3.3.6.4).

Foam-water sprinkler system A piping network employing
automatic sprinklers, nozzles, or other discharge devices,
connected to a source of foam concentrate and to a water supply
(National Fire Protection Association 2019, NFPA 16, Section
3.3.6).

Frame The central component that holds the other pieces of a
sprinkler head in place and screws into the fittings connected to
the sprinkler system piping.

Friction loss The progressive loss of water pressure that results
when water flows away from the source and through a hose,
pipe, pipe fittings, and water meters.

Fuel load The total quantity of combustible contents of a building,
space, or fire area (National Fire Protection Association 2017,
NFPA 921, Section 3.3.93).

Fully developed stage The stage reached when the fire is
consuming all available fuel and releasing the most amount of
heat from the available oxygen and fuel in the compartment or
structure.

G



Galvanic corrosion Corrosion that occurs when dissimilar metals
are in direct contact and exposed to a moist or wet environment
that, in relation to fire protection systems, causes piping to break
down and leak or form hard crystal-like structures in and around
the point of contact between the metals.

Gate valve A type of valve that uses a disk that fully withdraws into
the body of the valve so the water can flow without restriction.

Gravity system A supply system in which the water source is
located at a higher elevation than the properties and systems it
feeds, allowing the water to flow freely into the system.

Gravity tank A storage tank that uses elevation (head) as a source
of pressure (National Fire Protection Association 2018, NFPA 22,
Section 3.3.2.3).

Growth stage The stage of a fire (also called the free burning stage)
at which the energy level begins to grow by consuming the air
and materials necessary to generate a flammable gas and
sustain combustion.

H
Halocarbon An agent that contains as primary components one or

more organic compounds containing one or more of the elements
fluorine, chlorine, bromine, or iodine (National Fire Protection
Association 2018, NFPA 2001, Section 3.3.15).

Halogenated hydrocarbons A chemical compound mixture of
carbon and one or more elements from the halogen series of
elements (fluorine, chlorine, bromine, or iodine).

Halon A commonly used term for halogenated hydrocarbons.
Halon extinguishing systems Self-contained pre-engineered or

engineered systems that use a number of different components,
including fixed nozzles, piping, control panels, automatic
detection, manual activation devices, releasing mechanisms,
alarm devices, control valves, and cylinders to hold the agent;
these systems protect computer rooms, electronic equipment,
flammable and combustible liquids and gases, aircraft engines,
and high-value items.



Hand hose line A hose and nozzle assembly connected by fixed
piping or connected directly to a supply of extinguishing agent
(National Fire Protection Association 2017, NFPA 17, Section
3.4.3).

Hazardous Material Inventory Statement (HMIS) A list of the full
inventory of hazardous materials found at the location, including
name and manufacturer of the material, products, and
substances and the maximum quantities used or stored at any
one time.

Hazardous Materials Management Plan (HMMP) An approved
management or contingency plan for hazardous materials that
provides information concerning the facility, site, materials,
monitoring, telephone numbers to agencies, security, hazard
identification, inspection procedures, employee training,
availability of emergency equipment to deal with the problem, and
any clean-up contractors.

Heat detector A fire detector that detects either abnormally high
temperature or rate-of-temperature rise, or both (National Fire
Protection Association 2019, NFPA 72, Section 3.3.70.10).

Heat-sensitive element The component of a fire sprinkler head that
absorbs heat and activates when reaching a predetermined and
engineered temperature to release the water from a fire sprinkler
system.

Heat transfer The exchange of thermal energy between materials
through conduction, convection, and/or radiation (National Fire
Protection Association 2017, NFPA 921, Section 3.3.106).

High-expansion foam A type of foam that increases from a 200:1 to
a 1000:1 ratio from the original volume of foam concentrate.

High-pressure storage A method of storage for liquid carbon
dioxide characterized by multiple tanks that are stored at ambient
temperature and maintained at 850 psi for use with an
extinguishing system that protects a small room, an area, or a
piece of equipment.

High-rise building A building that has an occupied floor that is
greater than 75 ft above the lowest level of fire department
vehicle access.



Horizontal exit A way of passage from one building to an area of
refuge in another building on approximately the same level, or a
way of passage through or around a fire barrier to an area of
refuge on approximately the same level in the same building that
affords safety from fire and smoke originating from the area of
incidence and areas communicating therewith (National Fire
Protection Association 2018, NFPA 5000, Section 3.3.206).

Household fire alarm system A system of devices that uses a fire
alarm control unit to produce an alarm signal in the household for
the purpose of notifying the occupants of the presence of a fire so
that they will evacuate the premises (National Fire Protection
Association 2019, NFPA 72, Section 3.3.111.2).

Hydrant wrench A special tool used to operate a fire hydrant.
Hydraulic design Mathematical method of determining flow and

pressure at any point along the sprinkler system piping for the
purpose of determining pipe size throughout the system.

Hydraulic design information sign or data plate A permanent and
rigid sign posted on or near a fire sprinkler system riser that
provides information regarding the system, including the
protected hazard, the design density, the remote area size, the
required gallons and pressure for the water supply, and the
location that the system is serving.

I
Ignition The process of initiating self-sustained combustion

(National Fire Protection Association 2017, NFPA 921, Section
3.3.112).

Impeller A precision manufactured disk-shaped piece of metal that
is surrounded by water and spins inside a pump casing to
increase water pressure.

In-building fire emergency voice/alarm communication system
(EVACS) Dedicated manual or automatic equipment for
originating and distributing voice instructions, as well as alert and
evacuation signals pertaining to a fire emergency, to the



occupants of a building (National Fire Protection Association
2019, NFPA 72, Section 3.3.90.1.2).

In-building mass notification system A system used to provide
information and instructions to people in a building(s) or other
space using intelligible voice communications and including
visual signals, text, graphics, tactile, or other communication
method (National Fire Protection Association 2019, NFPA 72,
Section 3.3.90.1.3).

Incipient stage The stage of a fire at which the heat source, fuel,
and oxygen come together to generate more heat than is
dissipated to promote an uninhibited chain reaction.

Indicating valve A valve that has components that show the valve
operating condition as open or closed (National Fire Protection
Association 2019, NFPA 24, Section 3.3.17.2).

Inert gas An agent that contains as primary components one or
more of the gases helium, neon, argon, or nitrogen. Inert gas
agents that are blends of gases can also contain carbon dioxide
as a secondary component (National Fire Protection Association
2018, NFPA 2001, Section 3.3.16).

Ingress The entrance or way into a property or structure from the
public way.

Initiating device A system component that originates transmission
of a change-of-state condition, such as in a smoke detector,
manual fire alarm box, or supervisory switch (National Fire
Protection Association 2019, NFPA 72, Section 3.3.141).

Initiating device circuit (IDC) A circuit to which automatic or
manual initiating devices are connected where the signal
received does not identify the individual device operated
(National Fire Protection Association 2019, NFPA 72, Section
3.3.142).

Inside and outside hose stream demand The amount of additional
water required to support the total fire sprinkler system water
demand based on the need to provide water for interior and
exterior fire department hose operations.

Intelligent technology The technology used in fire alarm and
detection systems that provides devices and system components



an assigned data address, two-way communication capabilities,
and the ability to perform certain activities based on signal input.

International Code Council® (ICC) A nonprofit member-supported
organization that develops and maintains construction codes that
are made available to government agencies for adoption.

Ionization smoke detector A detector that uses a small amount of
radioactive material to ionize the air between two differentially
charged electrodes to sense the presence of smoke particles.
Smoke particles entering the ionization volume decrease the
conductance of the air by reducing ion mobility. The reduced
conductance signal is processed and used to convey an alarm
condition when it meets preset criteria (National Fire Protection
Association 2019, NFPA 72, Section 3.3.276).

J
Jockey/pressure maintenance pump A pump designed to maintain

the pressure on the fire protection system(s) between preset
limits when the system is not flowing water (National Fire
Protection Association 2019, NFPA 20, Section 3.3.49.15).

K
K-factor A number assigned to represent the discharge coefficient

for the orifice of a sprinkler head; used when calculating the
water flow or water pressure at a specific location in the fire
sprinkler system.

L
Level of exit discharge The level in a building where occupants no

longer must move up or down in the building to reach the exit
discharge.

Limited area sprinkler system A type of automatic fire sprinkler
system that has a limited number of heads and does not require
a control valve or water gauge; usually fed from a domestic water
supply.



Limited service controller A controller made for motors rated at 30
horsepower or 600 volts or less.

Line-type detector A device in which detection is continuous along
a path. Typical examples are rate-of-rise pneumatic tubing
detectors, projected beam smoke detectors, and heat-sensitive
cable (National Fire Protection Association 2019, NFPA 72,
Section 3.3.70.11).

Loaded stream charge A water-based extinguishing agent that
uses an alkali metal salt as a freezing point depressant (National
Fire Protection Association 2018, NFPA 10, Section 3.3.20).

Local application system A supply of dry chemical permanently
connected to fixed piping with nozzles arranged to discharge
directly onto the fire (National Fire Protection Association 2017,
NFPA 17, Section 3.4.4).

Local energy–type An auxiliary system that employs a locally
complete arrangement of parts, initiating devices, relays, power
supply, and associated components to automatically activate a
master box or auxiliary box over circuits that are electrically
isolated from the public emergency alarm reporting system
circuits (National Fire Protection Association 2019, NFPA 72,
Section 3.3.221.1.1).

Loop and grid patterns A series of interconnected transmission
and distribution mains.

Low-expansion foam A type of foam that increases at a 2:1 to a
20:1 ratio from the original volume of foam concentrate.

Low-, medium-, and high-expansion foam systems Fixed fire
protection systems that mechanically mix foam concentrate,
water, and air to produce foam. Depending on the type of system,
these foams can expand at ratios between 20:1 and 1000:1 to
smother, isolate, and cool the fuel.

Low-pressure storage A method of storage for liquid carbon
dioxide characterized by one large tank kept at 0°F to maintain
300 psi for use with extinguishing systems that protect either a
large area or multiple hazards at a location.



M
Main relief valve A valve mounted on the discharge side of the

pump that is designed to relieve excessive system pressure.
Manual dry standpipe system A standpipe system with no

permanently attached water supply that relies exclusively on the
fire department connection to supply the system demand
(National Fire Protection Association 2019, NFPA 14, Section
3.3.20.4).

Manual fire alarm box A manually operated device used to initiate a
fire alarm signal (National Fire Protection Association 2019,
NFPA 72, Section 3.3.12.3).

Manual fire alarm system A form of fire alarm system requiring an
individual to actuate a manual fire alarm box to initiate an alarm
signal.

Manual wet standpipe system A standpipe system containing
water at all times that relies exclusively on the fire department
connection to supply the system demand (National Fire
Protection Association 2019, NFPA 14, Section 3.3.20.5).

Means of egress A continuous and unobstructed way of travel from
any point in a building or structure to a public way consisting of
three separate and distinct parts: (1) the exit access, (2) the exit,
and (3) the exit discharge (National Fire Protection Association
2018, NFPA 5000, Section 3.3.412).

Medium-expansion foam A type of foam that increases from a 20:1
to 200:1 ratio from the original volume of foam concentrate.

Model code A system of rules, guidelines, methods, and regulations
typically developed through the consensus process by private,
not-for-profit organizations.

Multiple-parameter, low-false-alarm fire-detection system a
detection system that uses multiple sensors to react with airborne
chemicals; the readings are then compared to the chemical
indicators of fires in conjunction with microelectromechanical
systems (MEMS)–based particle detector and classifier devices
that review different chemical species and particulates to improve
reliability.



Multiple-station alarm A single-station alarm capable of being
interconnected to one or more additional alarms so that the
actuation of one causes the appropriate alarm signal to operate
in all interconnected alarms (National Fire Protection Association
2019, NFPA 72, Section 3.3.170).

Multiplex technology The technology used in fire alarm and
detection systems that provides devices and system components
an assigned data address, two-way communication capabilities,
and the ability to perform certain activities based on signal input.

Multipurpose dry chemical Ammonium phosphate–based
extinguishing agent that is effective on fires involving ordinary
combustibles, such as wood or paper, and fires involving
flammable liquids (National Fire Protection Association 2017,
NFPA 17, Section 3.3.6.1).

Municipal or public water system A water system under the
control of a publicly regulated or governmental agency.

N
Name or data plate A plate affixed to the fire pump that displays

information about the manufacturer, type of pump, serial number,
approvals, model, and performance ratings.

National Fire Protection Association (NFPA®) A nonprofit
member-supported organization that develops and maintains
more than 300 codes and standards for use by any organization.

Needed fire flow The estimated number of gallons of water per
minute the fire department will need at a particular location for
manual firefighting.

Noncoded A constant visual or audible signal that remains activated
until reset.

Nonindicating valve A type of control valve that does not provide a
visual indication of whether the valve is open or closed.

Nonpotable Water that is not conditioned for drinking.
Notification appliance A fire alarm system component such as a

bell, horn, loudspeaker, visual notification appliance, or text
display that provides audible, tactile, or visual outputs, or any



combination thereof (National Fire Protection Association 2019,
NFPA 72, Section 3.3.182).

Notification appliance circuit (NAC) A circuit or path directly
connected to a notification appliance(s) (National Fire Protection
Association 2019, NFPA 72, Section 3.3.183).

Nozzle An engineered device that directs a pressurized stream of
agent in a particular direction, at the desired density, and in a
specific pattern to cover the hazard with the agent.

O
Occupancy The purpose for which a building or other structure, or

part thereof, is used or intended to be used (National Fire
Protection Association 2018, NFPA 5000, Section 3.3.446).

Old-style sprinkler head A sprinkler that directs from 40 percent to
60 percent of the total water initially in a downward direction and
that is designed to be installed with the deflector either upright or
pendent (National Fire Protection Association 2019, NFPA 13,
Section 3.3.205.4.10).

Orifice The smooth opening in the fire sprinkler head through which
water flows from the pipe.

Orifice cap The component of a fire sprinkler head that covers the
orifice and is held in place by the heat-sensitive element.

Oscillating monitor nozzle A foam distribution device that sweeps
back and forth over an area.

Outside screw and yoke (OS&Y) valve A type of valve; a wheel
raises or lowers a screw to indicate if the valve is open, partially
open, or closed.

Oxidation The process of combining a substance or material with
oxygen.

P
PASS An acronym for the basic steps to operate a portable fire

extinguisher: Pull, Aim, Squeeze, and Sweep.
Passive design approach A design approach that uses fixed

barriers, such as walls, bulkheads, doors, partitions, high ceilings,



and sealed floor openings, to prevent smoke and gas movement.
Peak load As it pertains to acceptance testing in this standard, the

maximum power required to drive the pump at any flow rate up to
150 percent of rated capacity (flow) (National Fire Protection
Association 2019, NFPA 20, Section 3.3.45).

Pendent sprinkler head A sprinkler designed to be installed in such
a way that the water stream is directed downward against the
deflector (National Fire Protection Association 2019, NFPA 13,
Section 3.3.205.3.3).

Performance/characteristic/discharge curve A graphic
representation of the measured flow and pressure performance
data points of a fire pump.

Photoelectric smoke detector A type of smoke detector that uses a
light source and receiver within the sensing chamber to initiate an
alarm when the light source reflects or is obscured by smoke
particles.

Pintle A pin that protrudes from the deflector of a fire sprinkler head;
serves to identify a sprinkler head with an orifice that is either
smaller or larger than the standard ½-in. orifice.

Pipe schedule A number that designates the wall thickness of a
pipe and the pressure the pipe can withstand.

Pipe schedule design A sprinkler system design method where the
occupancy classification determines from a schedule the pipe
sizes and the number of heads that are permitted to be on the
pipe.

Pitot tube A device that is manually inserted or incorporated into the
design of equipment used to measure the amount of velocity
pressure flowing from an orifice. This value can be utilized to
calculate the amount of water flowing in gallons per minute
(gpm).

Portable fire extinguisher A portable device, carried or on wheels
and operated by hand, containing an extinguishing agent that can
be expelled under pressure for the purpose of suppressing or
extinguishing fire (National Fire Protection Association 2018.
NFPA 10, Section 3.4.3).



Positive displacement pump A pump that is characterized by a
method of producing flow by capturing a specific volume of fluid
per pump revolution and reducing the fluid void by a mechanical
means to displace the pumping fluid (National Fire Protection
Association 2019, NFPA 20, Section 3.3.49.14).

Post indicator valve (PIV) A freestanding post that houses the stem
extension of an underground valve, with the valve control located
on top of the post. The post has a status window that displays the
position of the valve, allowing a person to determine whether it is
open or closed.

Potable Drinkable or clean water.
Power expander panel A power supply that provides an additional

power resource to a fire alarm system when the system has
reached its maximum power capabilities.

Power supply A source of electrical operating power, including the
circuits and terminations connecting it to the dependent system
components (National Fire Protection Association 2019, NFPA
72, Section 3.3.206).

Preaction sprinkler system A sprinkler system employing
automatic sprinklers that are attached to a piping system that
contains air that might or might not be under pressure, with a
supplemental detection system installed in the same areas as the
sprinklers (National Fire Protection Association 2019, NFPA 13,
Section 3.3.206.9).

Preaction valve A type of sprinkler system valve that holds back
water until a fire detector activates and an automatic fire sprinkler
head operates.

Pre-engineered systems Those systems having predetermined
flow rates, nozzle pressures, and quantities of extinguishing
agent and having specific pipe size, maximum and minimum pipe
lengths, flexible-hose specifications, number of fittings, and
number and types of nozzles (National Fire Protection
Association 2017, NFPA 17, Section 3.4.5).

Premixed flame A flame for which the fuel and oxidizer are mixed
prior to combustion, as in a laboratory Bunsen burner or a gas
cooking range; propagation of the flame is governed by the



interaction between flow rate, transport processes, and chemical
reaction (National Fire Protection Association 2017, NFPA 921,
Section 3.3.144).

Preplan An evaluation of a facility or location from which the
emergency responders develop a plan of action to deal with the
potential hazards and emergencies.

Preprimed system A wet pipe system containing foam solution
(National Fire Protection Association 2019, NFPA 16, Section
3.3.6.5).

Pressure The force at which the water flows through and out of the
system, measured in psi.

Pressure differential A smoke control strategy in which mechanical
systems create relative pressure differences between a protected
area and an adjacent area within a building.

Pressure proportioner A proportioner that redirects some of the
water supply into the foam concentrate tank to either exert
pressure on a collapsible bladder or push the concentrate out of
the tank to the proportioner for mixing.

Pressure-reducing device A valve designed for the purpose of
reducing the downstream water pressure under both flowing
(residual) and nonflowing (static) conditions (National Fire
Protection Association 2019, NFPA 14, Section 3.3.16.1).

Pressure-regulating device A device designed for the purpose of
reducing, regulating, controlling, or restricting water pressure
(National Fire Protection Association 2019, NFPA 14, Section
3.3.16).

Pressure-restricting device A valve or device designed for the
purpose of reducing the downstream water pressure under
flowing (residual) conditions only (National Fire Protection
Association 2019, NFPA 14, Section 3.3.16.2).

Pressure switch A type of initiating device installed on all types of
wet-based fire suppression systems; the device initiates a fire
alarm signal once a water pressure threshold is met.

Pressure tank A tank that uses air or some other gas under
pressure as a means of expelling its contents (National Fire
Protection Association 2018, NFPA 22, Section 3.3.2.4).



Private operating mode Audible or visual signaling only to those
persons directly concerned with the implementation and direction
of emergency action initiation and procedure in the area
protected by the fire alarm system (National Fire Protection
Association 2019, NFPA 72, Section 3.3.193.1).

Private water system A water system under the control of a
property owner.

Proprietary supervising station alarm system An installation of an
alarm system that serves contiguous and noncontiguous
properties, under one ownership, from a proprietary supervising
station located at the protected premises, or at one of multiple
noncontiguous protected premises, at which trained, competent
personnel are in constant attendance. This includes the protected
premises fire alarm system(s); proprietary supervising station;
power supplies; signal-initiating devices; initiating device circuits;
signal notification appliances; equipment for the automatic,
permanent visual recording of signals; and equipment for
initiating the operation of emergency building control services
(National Fire Protection Association 2019, NFPA 72, Section
3.3.291.2).

Protected premises fire alarm system A fire alarm system located
at the protected premises (National Fire Protection Association
2019, NFPA 72, Section 3.3.111.4).

Public emergency alarm reporting system A system of alarm-
initiating devices, transmitting and receiving equipment, and
communications infrastructure—other than a public telephone
network—used to communicate with the communications center
to provide any combination of manual or auxiliary alarm service
(National Fire Protection Association 2019, NFPA 72, Section
3.3.221).

Publicly accessible alarm box An enclosure, accessible to the
public, housing a manually operated transmitter used to send an
alarm to the communications center (National Fire Protection
Association 2019, NFPA 72, Section 3.3.12.5).

Public operating mode Audible or visual signaling to occupants or
inhabitants of the area protected by the fire alarm system



(National Fire Protection Association 2019, NFPA 72, Section
3.3.193.2).

Puff test The discharge of nitrogen gas into an extinguishing
system’s piping to confirm the pipe is continuous and the gas
flows to the nozzle location.

Pumped system A supply system in which the water source is
located at a lower elevation than the properties and systems it
feeds, thus requiring a pump to draw water from the source.

Pump extinguisher A type of extinguisher that requires the operator
to pump a mechanism manually to create the necessary pressure
to expel the extinguishing agent from the tank.

R
Radiant energy–sensing fire detector A device that detects radiant

energy, such as ultraviolet, visible, or infrared, that is emitted as a
product of combustion reaction and obeys the laws of optics
(National Fire Protection Association 2019, NFPA 72, Section
3.3.70.17).

Radiation Heat transfer by way of electromagnetic energy (National
Fire Protection Association 2017, NFPA 921, Section 3.3.153).

Rate-compensation detector A device that responds when the
temperature of the air surrounding the device reaches a
predetermined level, regardless of the rate of temperature rise
(National Fire Protection Association 2019, NFPA 72, Section
3.3.70.18).

Rate-of-rise detector A device that responds when the temperature
rises at a rate exceeding a predetermined value (National Fire
Protection Association 2019, NFPA 72, Section 3.3.70.19).

Reduced pressure/zone assembly A mechanical device intended
to prevent backpressure and backsiphonage.

Referenced standard A standard that is incorporated or adopted as
part of the model code and provides specific information as a
guide or model regarding the performance, design, installation,
inspection, testing, and maintenance requirements of systems,
materials, and equipment.



Refuge area pressurization A mechanical method of smoke control
in which 100 percent outdoor air is pumped into the refuge area
at an increased pressure, forming a pressure barrier that
prevents smoke and gases from entering the refuge area.

Regular or ordinary dry chemicals Dry chemical agents rated only
for Class B and C fires.

Remote area The minimum square footage of the most hydraulically
remote piping in a fire sprinkler system where the minimum
design density must be available from all heads in that area.

Remote supervising station alarm system A protected premises
fire alarm system (exclusive of any connected to a public
emergency reporting system) in which alarm, supervisory, or
trouble signals are transmitted automatically to, recorded in, and
supervised from a remote supervising station that has competent
and experienced servers and operators who, upon receipt of a
signal, take such action as required by this Code (National Fire
Protection Association 2019, NFPA 72, Section 3.3.291.3).

Residential fire sprinkler system A type of automatic fire sprinkler
system equipped with fast response automatic sprinkler heads
specifically created for low heat release and low water pressures.

Residential sprinkler head A type of fast-response sprinkler having
a thermal element with an response time index (RTI) of 50
(meters-seconds)½ or less that has been specifically investigated
for its ability to enhance survivability in the room of fire origin and
that is listed for use in the protection of dwelling units (National
Fire Protection Association 2019, NFPA 13, Section
3.3.205.4.17).

Residual pressure The pressure that exists in the distribution
system, measured at the residual hydrant at the time the flow
readings are taken at the flow hydrants (National Fire Protection
Association 2019, NFPA 24, Section 3.3.11.1).

Retard chamber A chamber, usually 1 gallon in capacity, attached
to an alarm check valve that dissipates the energy of a water
surge or pressure fluctuation by draining faster than it fills.

Roof hydrant A roof-mounted hydrant for which the water is usually
supplied from a fixed water source such as a fire sprinkler



system, standpipe, or fire pump.

S
Safety Data Sheet (SDS) The document that describes composition

of a material, hazardous properties and hazard mitigation, and
disposal information (National Fire Protection Association 2019,
Section 3.3.77).

Saponification The process in which the fatty acids in a cooking
medium react with the extinguishing agent and convert to foam.

Semiautomatic standpipe system A standpipe system
permanently attached to a water supply that is capable of
supplying the system demand at all times, arranged through the
use of a device such as a deluge valve, and that requires
activation of a remote control device to provide water at hose
connections (National Fire Protection Association 2019, NFPA
14, Section 3.3.20.6).

Sensor release egress door An entrance door equipped with
automatic and manual unlocking devices on the egress side
installed with automatic or manual overrides.

Service laterals/lines Lines that supply individual properties with
water for domestic, commercial, industrial, and fire protection
system use.

Shunt-type An auxiliary system electrically connected to the public
emergency alarm reporting system extending a public emergency
alarm reporting circuit to interconnect initiating devices within a
protected premises, which, when operated, opens the public
emergency alarm reporting circuit shunted around the trip coil of
the master box or auxiliary box. The master box or auxiliary box
is thereupon energized to start transmission without any
assistance from a local source of power. (National Fire Protection
Association 2019, NFPA 72, Section 3.3.221.1.2).

Sidewall sprinkler head A sprinkler having special deflectors that
are designed to discharge most of the water away from the
nearby wall in a pattern resembling one-quarter of a sphere, with
a small portion of the discharge directed at the wall behind



the sprinkler (National Fire Protection Association 2019, NFPA
13, Section 3.3.205.3.5).

Signal line circuit (SLC) A circuit path between any combination of
addressable appliances or devices, circuit interfaces, control
units, or transmitters over which multiple system input signals or
output signals or both are carried (National Fire Protection
Association 2019, NFPA 72, Section 3.3.265).

Single-station alarm A detector comprising an assembly that
incorporates a sensor, control components, and an alarm
notification appliance in one unit operated from a power source
either located in the unit or obtained at the point of installation
(National Fire Protection Association 2019, NFPA 72, Section
3.3.269).

Smoke alarm A single or multiple-station alarm responsive to smoke
(National Fire Protection Association 2019, NFPA 72, Section
3.3.275).

Smoke control An engineered system that includes all methods that
can be used singly or in combination to modify smoke movement
(National Fire Protection Association 2018, NFPA 92, Section
3.3.23.5).

Smoke detector A device that detects visible or invisible particles of
combustion (National Fire Protection Association 2019, NFPA 72,
Section 3.3.70.20).

Smoke management A smoke control method that utilizes natural or
mechanical systems to maintain a tenable environment in the
means of egress from a large-volume space or to control and
reduce the migration of smoke between the fire area and
communicating spaces (National Fire Protection Association
2018, NFPA 92, Section 3.3.19).

Smoke removal The use of unpolluted make-up air to push smoke
and gases toward exhaust equipment.

Smoldering Combustion without flame, usually with incandescence
and smoke (National Fire Protection Association 2017, NFPA
921, Section 3.3.172).

Smoldering/decay stage The point at which the available fuel of a
fire is exhausted or the oxygen level has dropped below



16 percent.
Source/supply network The part of a water supply system where

the water source is established and processed for delivery to the
distribution network.

Specialty head A type of fire sprinkler head with different physical
characteristics than a standard spray sprinkler head for use with
a specific installation or application; a specialty head may have a
smaller or larger orifice, a protective coating or special finish, or a
special frame and/or deflector with a unique design.

Spontaneous combustion The process in which a material starts to
break down chemically, resulting in heat that cannot dissipate,
continued heating of the material, and eventually fire.

Spot-type detector A device in which the detecting element is
concentrated at a particular location. Typical examples are
bimetallic detectors, fusible alloy detectors, certain pneumatic
rate-of-rise detectors, certain smoke detectors, and
thermoelectric detectors (National Fire Protection Association
2019, NFPA 72, Section 3.3.70.22).

Sprinkler head A spray device that distributes water over a limited
area at a designated flow rate to reduce the heat from a fire,
limiting and controlling the growth of the fire beyond the early
stage of development.

Sprinkler head wrench A type of wrench designed specifically for a
particular sprinkler head to facilitate installation and removal of
the head.

Sprinkler identification number (SIN) A unique character and
number identifier specific to a fire sprinkler head; assigned by the
manufacturer to distinguish the operating characteristics of the
head from other heads.

Stack effect The vertical airflow within buildings caused by the
temperature-created density differences between the building
interior and exterior or between two interior spaces (National Fire
Protection Association 2018, NFPA 92, Section 3.3.22).

Stairway pressurization A type of containment smoke control
system in which stair shafts are mechanically pressurized, with
respect to the fire area, with outdoor air to keep smoke from



contaminating them during a fire incident (National Fire
Protection Association 2018, NFPA 92, Section 3.3.10).

Standard spray sprinkler head A type of fire sprinkler head that
discharges an umbrella-shaped water spray pattern down toward
the floor and is characterized by a ½-inch orifice; the head
activates based on an established response time standard when
exposed to sufficient heat.

Standpipe/mobile supply system A fixed local, total, or hand hose
system that does not have a permanent carbon dioxide supply
connected to the system; instead, a vehicle brings the carbon
dioxide supply to the hazard and connects the supply to the
system.

Standpipe system An arrangement of piping, valves, hose
connections, and associated equipment installed in a building or
structure, with the hose connections located in such a manner
that water can be discharged in streams or spray patterns
through attached hose and nozzles, for the purpose of
extinguishing a fire, thereby protecting a building or structure and
its contents in addition to protecting the occupants (National Fire
Protection Association 2019, NFPA 14, Section 3.3.20).

Static pressure The pressure that exists at a given point under
normal distribution system conditions measured at the residual
hydrant with no hydrants flowing (National Fire Protection
Association 2019, NFPA 24, Section 3.3.11.2).

Stationary fire pump A fire pump permanently installed at a location
and dedicated to supporting the fire protection systems at that
location.

Steamer nozzle The large outlet or connection on a fire hydrant.
Stored pressure extinguisher A fire extinguisher in which both the

extinguishing agent and expellant gas are kept in a single
container, and that includes a pressure indicator or gauge
(National Fire Protection Association 2018, NFPA 10, Section
3.4.6).

Street key, valve key, or T-wrench A tool used to open and close
water supply control valves.



Subsurface injection Discharge of foam into a storage tank from an
outlet near the tank bottom (National Fire Protection Association
2019, NFPA 16, Section 3.3.15.2).

Supervisory signal A signal that results from the detection of a
supervisory condition (National Fire Protection Association 2019,
NFPA 72, Section 3.3.263.9).

T
Tactile notification appliance A notification appliance that alerts by

the sense of touch or vibration.
Test header A component on the discharge side of the fire pump

assembly equipped with hose valves to facilitate water flow for
testing the performance characteristics of the fire pump.

Textual signal A signal that provides constant and specific
information via voice, pictorial, or alphanumeric messaging.

Thermal lag A condition in which the air temperature surrounding a
fixed-temperature device is higher than the operating
temperature of the device, resulting in a delay in device activation
because of the device not reaching the operating temperature.

Total flooding system A supply of dry chemical permanently
connected to fixed piping and nozzles that are arranged to
discharge dry chemical into an enclosure surrounding the hazard
(National Fire Protection Association 2017, NFPA 17, Section
3.4.6).

Total rated head The total head developed at rated capacity and
rated speed for a centrifugal pump (National Fire Protection
Association 2019, NFPA 20, Section 3.3.29.4).

Transfer switch A component of a fire pump assembly that transfers
the power between the normal power source and the emergency
power source.

Transmission mains Piping that transports the bulk of the water into
an area of the community.

Travel distance The total distance a person travels within the exit
access to reach an enclosed exit stairway, exit passageway,
exterior door, or horizontal exit.



Trim ring, cover, cup, or escutcheon plate A component that fits
around a sprinkler head in a finished environment and seals the
opening around the head for esthetics and, in some instances, to
maintain the fire-resistive rating at the ceiling or wall as a
component of the head’s listing or approval.

Trouble signal A signal that results from the detection of a trouble
condition (National Fire Protection Association 2019, NFPA 72,
Section 3.3.263.10).

U
UL An independent organization (previously known as Underwriters

Laboratories) that is recognized throughout the world as a leader
in fire and safety testing and evaluation to determine if products
meet certain established safety and performance standards.

Ultra-high-speed water spray system A type of automatic water
spray system where water spray is rapidly applied to protect
specific hazards where deflagrations are anticipated (National
Fire Protection Association 2017, NFPA 15, Section 3.3.20).

Underwriter Playpipe A portable hose nozzle developed in the
nineteenth century that was later adapted to measure the flow
characteristics of fire protection systems.

Upright sprinkler head A sprinkler designed to be installed in such
a way that the water spray is directed upward against the
deflector (National Fire Protection Association 2019, NFPA 13,
Section 3.3.205.3.6).

Use Building code categorization of buildings and structures based
on their use and the characteristics of their occupants.

V
Valve box or roadway box A metal sleeve and cover that provides

access to water supply valves located under the street or ground.
Variable speed controller A type of fire pump controller that senses

changes in suction pressure and flow to control the speed of the
fire pump driver to maintain a constant system output pressure.



Venturi proportioner A proportioner that uses water moving over an
open orifice to create a lower pressure at the opening that draws
the foam into the water stream.

W
Wall hydrant A wall-mounted fire hydrant for which the water is

usually supplied from a fixed water source such as a fire sprinkler
system or fire pump.

Wall post indicator valve (WPIV) A valve that mounts on the side of
a building; the valve stem feeds through the wall to connect to the
valve body located inside the building.

Water flow switch A type of initiating device installed on a wet pipe
sprinkler system; a paddle inserted into the pipe moves to initiate
an alarm signal when there is sustained water flow through the
system piping.

Water hammer A condition wherein a rapid increase or decrease in
water pressure, usually due to the rapid opening or closing of a
valve or nozzle, results in pulsations in the water line that sound
like a hammer striking the pipe.

Water main A water supply line, such as a transmission or
distribution main.

Water mist extinguisher A type of extinguisher that uses distilled or
de-ionized water to deliver a very fine spray from a misting nozzle
(National Fire Protection Association 2018, NFPA 10, Section
3.4.7).

Water mist system A distribution system connected to a water
supply or water and atomizing media supplies that is equipped
with one or more nozzles capable of delivering water mist
intended to control, suppress, or extinguish fires and that has
been demonstrated to meet the performance requirements of its
listing and this standard (National Fire Protection Association
2019, NFPA 750, Section 3.3.26).

Water motor gong A hydraulically operated bell that sounds an
alarm when water passes through a paddle wheel, which turns a
shaft connected to a striker that hits the bell housing.



Water purveyor An organization that supplies the water and is
responsible for the management of the water supply system.

Water spray fixed system An automatic or manually actuated fixed
pipe system connected to a water supply and equipped with
water spray nozzles designed to provide a specific water
discharge and distribution over the protected surfaces or area
(National Fire Protection Association 2017, NFPA 15, Section
3.3.24).

Wet barrel hydrant A hydrant installed in areas not subject to
freezing temperatures; water is in the barrel at all times.

Wet chemical extinguishing agent A suppression agent that mixes
water with potassium acetate, potassium carbonate, potassium
citrate, and, in some instances, a mixture of these agents and
other additives; used primarily to suppress Class K fires.

Wet pipe sprinkler system A sprinkler system employing automatic
sprinklers attached to a piping system containing water and
connected to a water supply so that water discharges
immediately from sprinklers opened by heat from a fire (National
Fire Protection Association 2019, NFPA 13, Section 3.3.206.10).

Wetting agent A concentrate that, when added to water, reduces
the surface tension and increases its ability to penetrate and
spread (National Fire Protection Association 2018, NFPA 10,
Section 3.3.28).

Wide-area mass notification system A communication system that
provides information and instructions through high-powered
speaker arrays primarily to people who are outdoors (National
Fire Protection Association 2019, NFPA 72, Section 3.3.90.1.4).

Y
Yard hydrant A type of fire hydrant commonly installed at industrial

facilities with separate control valves for each outlet.
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A
accelerators, 165, 165f
acceptance inspections, and tests

flushing, 180
hydrostatic and air tests, 180
main drain test, 181–183
operation of components, 181
visual inspection, 180–181

acceptance system, 237
acceptance testing, 81–82, 219, 238

fire pump, 116–118
activation devices, 217–218
activation of clean agent extinguishing system, 234, 235f
active design approach, 261
addressable notification appliance, 58
addressable technology, 36–38
adopt, model code, 19
aerosol, 235, 238
aerosol fire extinguishing system, 235
aerosol generator, 236
AFFF. See aqueous film-forming foam
agent storage containers, 215–216
air and water temperature sensors, 60–61
air gauges, 150–151
air sampling smoke detector, 43
air test, 180



air-to-water differential, 164
airflow direction, containment by, 266
airflow velocity, 266
alarm check valve, 163, 163f
alarm pressure switch initiating devices, 53, 53f
alarm signal, 38–39
alarm systems

fire, 68
combination, 69
household, 69–70
multiple-station, 68–70
protected premises, 70
single-station, 68–70, 69f

supervising station, 70–72
central station service, 70–71, 70f
proprietary, 71–72, 72f
public emergency, 72
remote, 70–72

alarm test valve, 151
alarm verification, 51–52
amendments, 24–27
America Burning, 174
American Society of Heating, Refrigerating, and Air Conditioning Engineers, Inc.

(ASHRAE), 262
annual testing of fire protection system, 269
annunciation panels, 58–59, 58f–59f
approving authority, 95
aqueous film-forming foam (AFFF), 246
aspirating detection, 47
ASTM standards, 150
attic sprinkler head, 159, 159f
audible appliances, 54–56

bells, 55f, 56
chimes, buzzers, sirens, and piezos, 56
exit-marking audible, 56
horns, 55, 55f
speakers, 55, 55f
visible, 56–57

autoignition temperature, 13
automatic activation, 217, 231
automatic air release valve, 114, 114f
automatic detection, 231
automatic dry standpipe system, 127
automatic fire detection systems, 77
automatic fire detectors, 43
automatic fire sprinkler systems, 24

components
automatic sprinkler heads. See automatic sprinkler heads



gauges, 150–151
pipe and fittings, 150
pipe support and stabilization assemblies, 151–152
valves, 151

connecting to standpipe risers, 152f
definition, 147–148
design, 149

concepts for, 175–179
and installation standards, 171–175

effectiveness in
life safety, 149
property protection, 148–149

impairments to, 183
inspection, testing, and maintenance

acceptance, 179–182
periodic, 182–183

myths and realities, 148t
required installations, 170–171
standard for installation, 171–174

in low-rise residential occupancies, 174–175
in one- and two-family dwellings and manufactured homes, 171
other standards, 175

types of
deluge, 168–169
dry pipe, 164–167
preaction, 167–168
residential, 169–170
wet pipe, 162–164

water supply, 178
automatic initiating devices, 43

activation of, 267
alarm pressure switch, 53, 53f
gas sensing fire detectors, 51
heat detectors. See heat detectors
radiant energy sensing fire detectors, 51, 51f
signal processing/alarm verification, 51–52
smoke detectors. See smoke detectors
water flow, 52–53, 52f

automatic sensing device, 213
automatic sprinkler heads, 152f, 452–453

fire sprinkler heads, 151–152
sprinkler heads. See sprinkler heads

automatic wet standpipe system, 127–128
auxiliary fire alarm system, 72

B
backfires, 10



backflow prevention devices, 98–99
backpressure, 99
backsiphonage, 99
balanced pressure proportioner, 194
beam detector, 47, 48f
bells, 56, 56f
bimetal element units, 44
BOCA. See Building Officials and Code Administrators
bollards, 102, 102f
British thermal units (Btu), 7
building, height of, 89
Building Officials and Code Administrators (BOCA), 19–20
buoyancy forces, 261
butterfly valve, 114
buzzer-type notification appliance, 56
bypass, 114–115, 115f

C
caked dry chemical agent, 221
candelas (cd), 57
carbon dioxide, 10, 227, 236, 246–247

delivery systems, 229
carbon dioxide extinguishing systems, 227–228

low-and high-pressure storage, 228–229
cartridge pressure extinguisher, 249
central station service fire alarm system, 70–71, 70f
centrifugal pumps, 107–108
CFC chemicals. See chlorofluorocarbon chemicals
chain reaction, interrupting, 10–11, 10f
characteristic curve, 108
check valves, 98, 99, 151
chime-type notification appliance, 56
chlorinate polyvinyl chloride (CPVC), 150, 152, 159
chlorofluorocarbon (CFC) chemicals, 226
churn, 108
circuits and wiring, fire alarm systems, 37–38
circulation/casing relief valve, 114, 114f
cisterns, 93
Civil Defense Alert System, The, 72
clapper, 98
Class A fires, 11, 11f
Class B fires, 11, 11f
Class C fires, 11–12, 12f
Class D fires, 12, 12f
class I standpipe system, 129–130, 130f
class II standpipe system, 130, 130f
class III standpipe system, 131, 131f



Class K fires, 12–13, 13f
classes of fire, 11–13
clean agent extinguishing systems, 234
clean agents, 233, 237–238
Clean Air Act, 226
cloud chamber type detection, 47
code, 19

and standards development for government, 19
code amendment, 24
code-required fire protection systems, 27–28
coded manual fire alarm box, 41, 41f
coded signals, 54
combination appliances, 58, 58f
combination systems, 69
combined system, 92, 92f, 129
combustion and fire, 4–5
commodity hazard, classifications and characteristics, 176, 177t
compressed air foam systems, 191, 195
computer touch-screen technology, 59
concealed-combustible-space sprinkler heads, 159
concealed sprinkler heads, 160, 160f
concentric reducer, 116, 116f
condensed generator, 236
conduction, 9, 9f
containment method. See floating zone/floor-by-floor pressurization
continuous air sampling smoke detection, 47
control-mode specific application sprinkler heads, 158
control valve, 95, 113–114
controllers, 111–113, 111f
convection, 9, 9f
conventional technology, 35
conventional technology systems, 37
cooling method, 9–10, 10f
corrosion-resistant heads, 156
CPVC. See chlorinate polyvinyl chloride

D
DACR. See Digital Alarm Communicator Receiver
DACT. See Digital Alarm Communicator Transmitter
data plate, 109, 109f
deflagration, 199
deflector, 153
delayed egress locks, 278–280

code requirements, 279–280
hardware arrangement, 279, 279f

deluge sprinkler systems, 168–169, 168f
deluge valve, 168



density/area curves, 177
design density, 177
detonation, 199
diesel controllers, 113
diesel engine drivers, 111, 111f
diffusion flame, 6
Digital Alarm Communicator Receiver (DACR), 70
Digital Alarm Communicator Transmitter (DACT), 70
discharge curve, 108
discharge nozzles, 228, 275f
discharge tests, 219–220, 220f
dispersed generator, 236
distributed recipient mass notification system, 72
distribution mains, 92
distribution network, 91–93
door hardware release of electrically locked egress doors, 281–282
double check valve assembly, 98f, 99
double detector check valve assembly, 99, 99f
double-interlock arrangement, for preaction systems, 167
drain valves, 151, 168f
drivers, electric, 110–111, 111f
dry barrel hydrant, 100–102, 101f
dry chemical extinguishing agents, 212, 213, 247
dry chemical nozzles, 217f
dry chemical systems, 215

application methods, 219
standards for, 213–215

dry pipe sprinkler system, 164–167, 164f, 183
dry pipe valve, 164, 165, 165f, 169, 181
dry powders, 12, 247
dry sprinkler heads, 156, 156f
duct smoke detector, 49–50, 49f
duration, 91

E
early-suppression fast-response (ESFR) sprinkler head, 158, 158f
eccentric or concentric reducers/increasers, 116, 116f
electric drivers, 110–111, 111f
electric release method, 167
electronic valve supervisory devices, 60, 60f
elevator hoistway pressurization, 265
elevator lobbies, 265f
ember detectors, 51
emergency building entrance systems, 282
emergency communication systems, 72–75

one-way, 72–74, 73f
two-way, 74–75, 75f



emergency voice systems, 73, 73f
enclosure integrity test, 237

equipment used for, 237f
end suction pumps, 107
Environmental Protection Agency (EPA), 226
EPA. See Environmental Protection Agency
ESFR sprinkler head. See early-suppression fast-response sprinkler head
EU. See European Union
European Common Market, 20
European Union (EU), 20
EVACS. See in-building emergency voice/alarm communication systems
exhausters, 165, 166f
exit-marking audible notification appliances, 56
extended-coverage sprinkler heads, 157
extinguishing agents, 211

Class A fires and, 11, 11f
Class B fires and, 11, 11f
Class C fires and, 11–12, 12f
Class D fires and, 12, 13f
Class K fires and, 12–13, 13f

extinguishing fire methods, 9–11, 10f

F
false alarms, 83
fasteners, 152
FDC. See fire department connection
field acceptance test for fire pump, 116–118
fire

classification system, 11–113
combustion and, 4–5
extinguishing methods of, 9–11, 10f
and flame types, 6–7
hazard, 4
stages of, 7–8

incipient stage, 7
smoldering/decay stage, 8

fire alarm control panel, 35–37, 35f–36f
fire alarm control unit. See fire alarm control panel
fire alarm signals, types of

alarm signals, 38–39
supervisory signals, 39
trouble signals, 39

fire alarm systems, 35, 68
annunciation panels, 58–59
circuits and wiring, 37–38
classification of, 68

alarm systems, 68f, 68–72



emergency communication, 72–75
components of, 35

systems associated with, 60–61
design and installation standards, 79
fire alarm control panel/unit, 35–37, 35f–36f
initiating devices. See initiating devices
inspection and testing, 81

acceptance test, 81–82
periodic service and maintenance, 83

installations requirements, 77
building height, 78
of fire protection systems, 79, 79t, 80t
level of exit discharge, 78
manufacturing, 78–79
occupants, number of, 77–78
products, use of, 78–79
special use and occupancy conditions, 79
use-group and occupancy, 77

interface with, 75–77
notification appliances, 53–58
power expander panels, 59–60

fire area, 147
fire department access systems, 282–283
fire department connection (FDC), 131–132

identification, 133–134
location of, 132–133
types of, 132

fire extinguisher, portable. See portable fire extinguisher
fire fighter telephones, 75
fire flow, 91
fire hydrants. See hydrants
fire lines (FL), 94–95, 94f
fire mains (FM), 94–95
fire phones, 75
fire protection systems, 4, 267–268

code-required, 27–28
inducements to install, 28–29
installation of, 79, 79t, 80t
interface, 267–268, 285
mission essential, 29
referenced standards, 23f, 24

fire pump, 104
acceptance testing, 116–118
operation, 116
periodic testing, 118, 118f

fire sprinkler head components, 153–154, 153f
fire sprinkler systems, 29. See also automatic fire sprinkler systems
fire tetrahedron, 5, 5f



fire triangle, 5, 5f
fire warning equipment, 69, 69f
fire/emergency command center, 74
fittings, 134, 216
fixed automatic foam systems, 191, 192f
fixed dry chemical extinguishing systems, 210–212, 212f

operation, 213
fixed foam systems

components, 194–195
compressed air foam systems, 195–196
design and installation standard, 196
foam products, 192–194

fixed-temperature heat detectors, 44, 44f
fixed-temperature/rate-of-rise heat detectors, 44–45
fixed wet and dry extinguishing systems, types of, 218–219
fixed wet chemical extinguishing systems, 211, 211f

operation, 213
flame

detectors, 50
types of

diffusion, 6
premixed flame, 6–7
smoldering, 6
spontaneous combustion/self-heating, 6

flammable limits, 4
flashover, 169
floating zone/floor-by-floor pressurization, 263–264
flow, 91
flowmeters, 115–116, 115f
fluidization, 216
fluorescent lamps, 57
flush hydrant, 102, 102f
flush sprinkler heads, 159
FM Global, 153, 175
foam, 192, 246

application, oxygen reduction technique, 10
distribution equipment, 194–195
portable systems, 192

foam concentrate, 192
tank, 194

foam generators, 194–195
foam maker chambers, 195
foam solution, 192
foam-water spray systems, 191, 196
foam-water sprinkler systems, 191

components, 196–197
design and installation standard, 197

frame, fire sprinkler head, 153



friction loss, 92, 178
fuel load, 104
fuel supply, interrupting, 10, 10f
fusible link, 44, 217, 217f

G
galvanic corrosion, 53
gas cartridges, 215–216
gas sensing fire detectors, 51
gaseous extinguishing agents, development of, 226
gate valve, 95
gauges, 116, 150–151
general-purpose valves, 151
graphic annunciation panel, 58, 58f
gravity system, 92, 92f
gravity tanks, 105

H
halocarbon-based agents, 233
halocarbons, 233
halogenated hydrocarbon agents, 226, 231
halon

agents, 231, 266
delivery systems, 232–233

Halon 1211, 231, 232
Halon 1301, 231, 233, 236–237
halon extinguishing systems, 231–232, 232f
hand hose lines, 219

systems, 230
hazard, 4
Hazardous Material Inventory Statements (HMIS), 283
Hazardous Materials Management Plans (HMMP), 283
heat detectors, 44, 217, 217f

fixed-temperature, 44, 44f
rate-compensation, 45, 45f
rate-of-rise, 44–45, 45f

heat-sensitive elements, 153
glass bulb type, 153
metal solder link type, 1
solder pellet type, 153

heat transfer, 4
forms of

conduction, 8–9, 9f
convection, 9, 9f
radiation, 9, 9f

high expansion foam, 193, 195f



systems, 191
high-pressure carbon dioxide tanks, 229f
high-pressure storage, 229
high-pressure system tanks, 236
high-rise building, 73
HMIS. See Hazardous Material Inventory Statements
HMMP. See Hazardous Materials Management Plans
horns, 55, 55f
Hose Monsters, 118f
household fire alarm systems, 69–70
hydrant wrench, 100, 101f
hydrants, 100

bollards for, 102
inspection, 103–104
markings, 103
nozzle type of, 101, 101f
testing, 103–104
types of

dry barrel, 100–102, 101f
flush, 102, 102f
wall, 102–103, 102f
wet barrel, 100–102, 101f
yard, 102–103

hydraulic design information sign/data plate, 178, 178f
hydraulic method, 167
hydraulically design, 177
hydrostatic pressure test for fire pump, 117
hydrostatic test, 180, 181, 254

for residential systems, 180

I
IBC. See International Building Code
ICBO. See International Conference of Building Officials
ICC. See International Code Council
IFC. See International Fire Code
ignition, 4
impeller, 107
in-building emergency voice/alarm communication systems (EVACS), 73
in-building mass notification systems, 74
in-line pumps, 108
in-rack sprinkler heads, 158
incandescent lamp, 57

annunciation panel, 58, 59f
incipient stage of fire, 7
indicating valve, 109
inert agent IG-541, 233–234
inert gas–based agents, 233



infrared/infrared (IR/IR) detector, 51, 51f
initiating device circuit (IDC), 37
initiating devices, 43

automatic. See automatic initiating devices
manual, 40–43, 40f, 41f

operational characteristics, 41f, 41–43
inside and outside hose stream demand, 178
inspection

fire alarm system, 81–83
hydrant, 103–104
water line, 94–95

inspector’s test valve, 151, 181
installation standards, design and, 79–81
institutional sprinkler heads, 156
intelligent technology, 36
interior exit stairway doors, 277–278
intermediate-level sprinkler heads, 158
International Building Code (IBC), 24, 78, 163
International Code Council (ICC), 19–20, 77, 136, 171

code development process, 20–22, 21f
mission of, 22
use and occupancy classifications, 27t

International Conference of Building Officials (ICBO), 19, 20
International Fire Code (IFC), 79
International Mechanical Code, 214
ionization smoke detectors, 46, 46f
ISO 14520, 234
isolation valves, 151

J
jockey/pressure maintenance pump, 113, 113f

K
K-factor, 160, 160f
kitchen exhaust system, 217, 218f

L
large-droplet sprinkler head, 157
LCD. See liquid crystal display
LEDs. See light-emitting diodes
life safety

effectiveness in, 149
systems, 267–268

light-emitting diodes (LEDs), 57
light-obscuration photoelectric smoke detectors, 47, 48f



light-scattering photoelectric smoke detectors, 46, 47f
limited area sprinkler systems, 163
limited service controllers, 113
line detector, 43
liquid crystal display (LCD), 58

annunciation panel, 58, 58f
liquid in extinguishing agent, 13
loaded stream, 249
local application systems, 218

carbon dioxide delivery systems, 230
halon delivery systems, 232–233

local energy fire alarm system, 72
loops and grids, 92, 93f
low expansion foam, 193, 195f

systems, 191
low-pressure carbon dioxide extinguishing systems, 229f
low-pressure storage, 229
low-pressure systems, 236

M
main drain test, 181–182
main relief valve, 114, 114f
maintenance

hydrant, 103–104
water line, 94–95

manual activation device, 213
manual control devices, 231
manual dry standpipe system, 128–129
manual fire alarm box, 40, 40f, 41f
manual fire alarm systems, 77
manual initiating devices, 40–43
manual wet standpipe system, 128
means of egress

exit, 276–277
exit access, 276
exit discharge, 277
maintenance, 277

mechanical fans, 262–263f, 265
mechanical testing, 237
medium expansion foam, 193

systems, 191
MEMS. See microelectromechanical systems
metal solder type, 153
microelectromechanical systems (MEMS), 51
mobile foam systems, 192
model code, 19

organizations, 19–20



ICC, 19–20
NFPA, 19, 22–24

and referenced standards, 24
Montreal Protocol on Substances that Deplete the Ozone Layer, 226
multiple-parameter, low-false-alarm fire-detection system, 50
multiple-station alarm systems, 68–70
multiplex technology, 36
multipurpose dry chemical, 121
municipal water systems, 91

N
NAFTA. See North American Free Trade Agreement
name plate, 109
National Commission on Fire Prevention and Control, 174
National Fire Protection Association (NFPA), 19, 22, 129, 149, 160, 171, 183

code development process, 23–24, 23f
mission, 24
origin of, 22
use and occupancy classifications, 27t

National Pipe Thread (NPT), 153
needed fire flow, 91
NFPA. See National Fire Protection Association
NFPA 1, 25t, 26t, 77–79, 80t, 136–138, 172t, 173t, 244, 254
NFPA 10, 13, 25t,
NFPA 101, 25t, 26t, 27, 27t, 79, 80t, 136–138, 172t, 173t, 244
NFPA 11, 25t, 190–196, 203
NFPA 12, 227, 228, 230, 236
NFPA 12A, 25t, 231, 237
NFPA 12B, 25t, 231
NFPA 13, 24, 25t, 104, 152, 154, 161, 165, 171–174, 178

density/area curve, 177
NFPA 13D, 25t, 94
NFPA 13R, 25t, 174–175, 180
NFPA 14, 25t, 129, 132, 133, 136, 138, 139, 142
NFPA 15, 25t, 199
NFPA 16, 25t, 196, 197
NFPA 17, 25t, 214, 217–218, 219, 221
NFPA 17A, 26t, 214, 217, 219, 221
NFPA 20, 26t, 107, 110, 111, 113, 116–118
NFPA 2001, 26t, 234
NFPA 2010, 235
NFPA 22, 26t, 106
NFPA 24, 95, 97
NFPA 25, 182
NFPA 291, 103
NFPA 4, 25t, 82
NFPA 5000, 23, 78, 171, 227



NFPA 70, 110
NFPA 72, 26t, 37, 40, 50, 52, 54, 68, 70, 72, 79, 81–83
NFPA 750, 26t, 199, 200, 201, 203
NFPA 92, 26t, 262
NFPA 96, 214
noncoded signal, 54
nonindicating valves, 95
non-interlock arrangement, for preaction systems, 167
nonpotable water, 98
North American Free Trade Agreement (NAFTA), 20
notification appliance circuit (NAC), 37
notification appliances, 53

addressable, 58
audible, 54–56
coded, non-coded, and textural signals, 54
combination, 58, 58f
public mode/private mode, 54
tactile notification appliance, 57

nozzles, 160, 216–217, 221f, 228
NPT. See National Pipe Thread

O
occupancy

classifications, 27, 27t
conditions and special use, 79
hazard, classifications and characteristics, 176t
number of, 77–78
use-group and, 77

old-style sprinkler head, 154, 154f
one-way emergency communication systems, 72–74
on/off sprinkler heads, 157, 157f
open sprinkler heads, 156–157, 168
operational testing, 236, 237
orifice, 153
orifice cap, 154
ornamental sprinkler head, 160
oscillating monitor nozzles, 195
outside Screw and yoke (OS&Y) valves, 95, 97–98, 97f
oxidation, 4
oxygen reduction method, 10, 10f

P
paddle-type water flow switches, 52
panels

annunciation, 58–59, 58f–59f
fire alarm control, 35–37, 35f–36f



power expander, 59–60, 60f
PASS. See pull, aim, squeeze, and sweep
passive design approach, 261, 261f
pendent sprinkler heads, 155, 155f
performance curve, 109, 109f
periodic inspections, 220–221

fire alarm system, 83
fire sprinkler systems, 182–183
standpipe systems, 141–142
and tests, 238
water-based systems, 203

periodic maintenance
fire alarm system, 83
fire sprinkler systems, 182–183

periodic service, fire alarm system, 83
periodic testing, 220

fire alarm system, 83
fire pump, 118, 118f
fire sprinkler systems, 182–183

photoelectric smoke detectors, 46–47
piezo-type notification appliance, 56
pilot-line detector, 160
pintle, 161, 161f
pipe schedule, 134
piping, 221f

and fittings, 150, 151f, 216
support and stabilization assemblies, 151–152

pitot tube, 117, 117f
PIVs. See post indicator valves
portable fire extinguisher, 243

agents
carbon dioxide, 246–247
dry chemicals, 247
dry powders, 247
foam, 246
halons, 247–248
water, 246
wet chemicals, 247

classification, 244–245, 246t
code requirements, 244
maintenance, 254
operation, 251–252
PASS method, 252, 252f
ratings, 248–249
testing, 254
types

cartridge pressure extinguishers, 250, 250f
obsolete types, 250–251



pump, 249, 249f
stored pressure, 249–250, 250f

visual inspection, 253–254
portable foam systems, 192
positive displacement pumps, 108
post indicator valves (PIVs), 96, 96f
posting warning signs, 234
potable water, 92
potassium bicarbonate, 212
power expander panels, 59–60, 60f
power supply, 37
pre-engineered systems, 213
preaction sprinkler system, 167–168, 168f
preaction valve, 167, 167f
premixed flame, 6–7
preplan, 4
preprimed system, 196
pressure, 91

gauges, 150–151, 163
residual, 105

pressure differentials, containment by, 262–265
pressure proportioner, 194
pressure-reducing devices, 134–136
pressure-reducing valve, 151
pressure-regulating devices, 134–136
pressure-relief valve, 151
pressure-restricting devices, 134–136
pressure switch, 53, 53f
pressure tanks, 105–106
private mode notification, 54
private water systems, 91

valves for, 96–98
products, use of, 78–79
property protection, effectiveness in, 148–149
proportioners, 194
proprietary supervising fire alarm system, 71–72, 72f
protected premises fire alarm system, 70
protection scheme, 218, 230
public emergency alarm reporting systems, 72
public mode notification, 54
public water systems, 91

valves for, 95–96
publicly accessible alarm boxes, 72
puff test, 237
pull, aim, squeeze, and sweep (PASS), 252
pump extinguisher, 249
pumped system, 91, 91f
pumps



fixed foam system components, 194–195
stationary fire. See stationary fire pumps

Q
quick-connect-style couplings, 230
quick-response sprinkler head, 157, 157f, 167, 183

R
radiant energy detectors, 51, 51f
radiation, 9, 9f
radio frequency sensor system, 284
rate-compensation heat detector, 45, 45f
rate-of-rise heat detectors, 44–45, 45f
recessed sprinkler head, 159–160
reduced pressure/zone principle backflow prevention device, 99f
referenced standards, 24, 25t–26t
refuge area pressurization, 265
regular or ordinary dry chemicals, 212
relief valves, 114, 114f
remote area, 177
remote supervising station fire alarm system, 71
removing fuel supply, 10, 10f
residential fire sprinkler systems, 169–170
residential sprinkler head, 159, 159f, 170
residual pressure, 105
retard chamber, 163
roadway box, 95
routine maintenance, 221–222

S
sandwich effect. See floating zone/floor-by-floor pressurization
saponification, 13, 211
security gates, 283f

access cards and access codes, 284
fire protection system interface, 285
proprietary fire department access key, 284
radio frequency sensor, 284
siren sensors, 284, 384f

self-heating, 6
semi-fixed foam systems, 192
semiautomatic standpipe system, 128
sensor release egress doors, 280–281, 281f
service laterals/lines, 92
shunt auxiliary fire alarm system, 72
sidewall sprinkler heads, 155, 155f



signal line circuit (SLC), 37
signal processing, 51–52
significant leakage, 237
SIN. See sprinkler identification number
single-interlock arrangement, for preaction systems, 167
single-station alarm system, 68–70, 69f
siren, 56

sensors, 284, 284f
smoke alarm, 69, 69f
smoke containment, 262
smoke control system, 260, 267–268

activating, 267
code-mandated installation, 261–262
design, 267
panel, 268, 268f
techniques, 262
testing and performance verification, 268–269

smoke detectors, 45–46, 268
air sampling, 47–49, 48f
duct, 49–50, 49f
flame, 50
ionization, 46, 46f
light-obscuration photoelectric, 47, 48f
light-scattering photoelectric, 47, 47f
multiple-parameter, low-false-alarm, 50–51
video smoke, 50

smoke management systems, 260
code-mandated installation, 261–262
design, 267
testing and performance verification, 268–269

smoke removal, 262, 265–266
smoldering, 6
smoldering/decay stage, 8, 8f
solenoid-actuated system, 199
solid water stream, 149
source/supply network, 91–92
Southern Building Code Congress International (SBCCI), 19, 20
spark detectors, 51
speakers, 55, 55f
specialty heads, 156–160
split case pumps, 107
spontaneous combustion, 8
spot detector, 43, 47
spray sprinkler heads, 160
sprinkler head wrench, 154, 154f
sprinkler heads, 147, 175

identification, labeling, and markings on, 160–161, 160f
types



old-style heads, 154
specialty heads, 156–160
standard spray heads, 154–156

sprinkler identification number (SIN), 160
sprinkler system component, 181
stack effect, 261
stairway pressurization, 262–263
standard spray sprinkler head, 154–156
standards for wet and dry chemical systems, 213–215
standpipe system, 127, 230

classification
class I, 129–130, 130f
class II, 130, 130f
class III, 131, 131f

components
FDC. See fire department connection
gauges, 134
hose cabinets and hose, 136
hose racks and nozzles, 136
pipe and fittings, 134
valves, 134

design and installation standards, 138
inspection, testing, and maintenance, 141–142

flow tests, 140–141
flushing, 140
hydrostatic and air test, 139–140
main drain test, 141
operation of components, 141
visual inspection, 140

required installations
building height and levels, 137
construction, 137–138
demolition, 137–138
occupancy, 137
rehabilitation, 137–138

types
automatic dry standpipe, 128
automatic wet standpipe, 127–128
combined standpipe and sprinkler systems, 129
manual dry standpipe system, 128–129
manual wet standpipe system, 128
semiautomatic standpipe, 128

water pressure and flow requirements
minimum and maximum flow requirements, 139
minimum and maximum pressure requirements, 138–139

standpipe/mobile supply system, 230
static pressure, 105
stationary fire pumps, 106–107



assembly components
bypass, 114, 115f
control valves, 113–114
controllers, 111–113, 112f
drivers, 110–111, 111f
eccentric or concentric reducers/increasers, 116, 116f
gauges, 116
jockey/pressure maintenance pump, 113, 113f
relief valves, 114, 114f
transfer switch, 113

types, 107
centrifugal pumps, 107–108
positive displacement pumps, 108

steam turbine drivers, 111
steamer nozzle, 101
stored-pressure container, 221
stored pressure extinguisher, 249–250
street key, 95, 95f
strobe light, 57
subsurface injection, 194
supervisory signal, 39
system component requirements

activation devices, 217–218
agent storage containers and gas cartridges, 215–216
nozzles, 216–217
piping and fittings, 216
system alarms and indicators, 218

T
T-wrench, 95
tactile notification appliance, 57
tanks, 215f
temperature

autoignition, 13
sensors, 60–61, 61f

test headers, 115–116, 115f
testing

fire alarm system, 81–83
fire pump, 116–118
hydrant, 103–104
standpipe system, 139–142
water-based fire protection systems, 201–203
water line, 94–95

textual signals, 54
thermal lag, 44
threaded-type water flow switch, 52, 52f
thresholds



educational occupancy, 171, 172t
mercantile occupancy, 173t

total flooding systems, 218–219
carbon dioxide delivery systems, 230
halon delivery systems, 230, 270f

touch-screen annunciation panel, 58, 59f
transfer switch, 113
transmission mains, 92
trim ring, cover, cup, or escutcheon plate, 154
trouble signal, 39
two-way emergency communication systems, 74–75

U
U-bolt–type water flow switch, 52, 52f
UL. See Underwriters Laboratories
ultra-high-speed water spray system, 198–199
ultraviolet/infrared (UV/IR) detector, 51, 51f
Underwriters Laboratories (UL), 153
Underwriter Playpipe, 117, 117f
upright sprinkler heads, 155, 155f
use, code-required fire protection systems, 27, 27t

V
valve box, 94f, 95, 95f
valve key, 95
valves, 151

butterfly, 114
check, 98
control, 94, 113–114
direction of water flow, 98–99
gate, 95
indicating, 96
nonindicating, 95
private water systems, 96

OS&Y, 96, 97f
PIV, 96, 96f
WPIV, 96–97, 97f

public water systems, 95–96
relief, 114, 114f

variable speed controller, 112
venturi proportioner, 194
vertical shaft turbine pumps, 108, 108f
vertical-sidewall sprinkler head, 158, 158f
video smoke detector, 50
visible appliances, 56–57
visual inspections



blow-off caps/orifice covers, 221f
carbon dioxide extinguishing system, 236
container gauges, 237
fire extinguisher, 253–254, 253f
fire sprinkler system, 180–181
standpipe system, 140
wet or dry chemical extinguishing system, 219

W
wall hydrant, 102–103, 102f
wall post indicator valves (WPIVs), 96, 97f
water-based fire extinguishing systems, 9
water-based fire protection systems, 182t

fixed foam systems
components, 194–195
compressed air foam systems, 196
design and installation standard, 197
foam products, 192–194

foam-water sprinkler and foam-water spray systems
components, 196–197
design and installation standard, 197
inspection, testing, and maintenance, 201–203

water mist systems. See water mist systems
water spray fixed systems. See water spray fixed systems

water-based fire sprinkler system, 191
water flow initiating devices, 52–53
water flow switch, 52, 52f
water flow test, 104–105, 182
water hammer, 100
water level sensors, 60–61
water line installation, 94–95
water main piping, 92
water mist systems, 191, 199–200

components, 200–201
design and installation standard, 201

water motor gong, 163, 163f
water pressurization

gravity tanks, 105–106, 106f
pressure tanks, 105–106
stationary fire pumps. See stationary fire pumps

water purveyors, 94, 100
water spray fixed systems, 191, 197

components, 198
design and installation standard, 199
ultra-high-speed water spray systems, 198–199

water supply systems
design considerations for, 104



water flow test, 104–105
water pressurization. See water pressurization

distribution network, 92–93
fire hydrants. See hydrants
fire lines and fire mains, 94–95
source/supply network, 91–92
valves for distribution system, 95–100

wet barrel hydrant, 100–102, 101f
wet chemical agent, 13, 247
wet chemical nozzles, 216, 217f
wet chemical systems

application methods, 219
standards for, 213–215

wet pipe sprinkler system, 162–164, 162f
wetting agent, 249
wide area mass notification systems, 74
WPIVs. See wall post indicator valves

Y
yard hydrant, 102–103, 103f



Part A shows a person piercing water through a hose on a
burning material. Part B shows a person excluding oxygen
from fire in a gas stove. Part C shows a valve to switch on
fuel and switch off fuel. Part D shows flame inhibitor from a
cylindrical flame inhibitor.

Back to Figure

Step 1. Submit code changes. Step 2. Post and distribute
code changes. Step 3. Committee action hearing. Step 4.
Post and distribute committee action results. Step 5. Public
hearing comment. Step 6. Post and distribute public
comment. Step 7. Public comment hearing consideration.
Step 8. Online government consensus vote. Step 9. Publish
new code edition.

Back to Figure

Step 1. Public input stage. Step 2. Public comment stage.
Step 3. NFPA technical meeting. Step 4. NFPA technical
meeting.

Back to Figure

In the first diagram, a radioactive plate with positive and
negative charges is connected to a detector in which the
galvanometer measures normal current flow. The hand of the
galvanometer lies between the last two equally partitioned
units. In the second diagram, the radioactive plate with



positive and negative charges is connected to a detector with
smoke in which the galvanometer measures reduced current
flow. The hand of the galvanometer lies on the second
equally partitioned unit.

Back to Figure

In the first diagram, a circular detector shows the light
source, light beam, photocell, openings, and chamber. In the
second diagram, a circular detector with smoke shows the
light source, reflected light, smoke, light beam, photocell,
openings, and chamber.

Back to Figure

In the first diagram, light source, light sensor, and light beam
with an arrow from light source to light sensor, are labeled. In
the second diagram, light source with arrows scattered from
light source, light sensor, and smoke are labeled.

Back to Figure

Fire alarm system is branched into Fire alarm, Supervising
station alarm systems, and Public emergency alarm reporting
systems. Fire alarm is branched into Protected premises
alarm and signaling systems, and Single and multiple station,
combination, and household signaling systems. Supervising
station alarm systems is branched into Central station
service alarm systems, Remote supervising station alarm
systems, and Proprietary supervising station alarm systems.



Public emergency alarm reporting systems leads to alarm
boxes, which branches into Publicly accessible alarm boxes
and Auxiliary alarm boxes. Auxiliary alarm boxes branches
into Local energy–type and Shunt-type.

Back to Figure

The control panel at the top center displays three buttons on
the left, ten keys at the center, and five alarms on the right.
Below, a touch screen with ten keys and instructions on
either side is shown.

Back to Figure

A photo on top shows fire alarms from several buildings
mounted vertically on a wall. A photo at the bottom shows a
female supervisor checking the records in a system. Two
more systems are presented to her left.

Back to Figure

Emergency communications systems are classified into one-
way emergency communications systems and two-way
emergency communications systems. One-way emergency
communications systems are classified into in-building fire
emergency voice or alarm communications systems, in-
building mass notification systems, Wide-area mass
notification systems, and distributed recipient mass
notification systems. Two-way emergency communications
systems are classified into in-building wired emergency



services communications systems, radio communications
enhancement systems, area of refuge emergency
communications systems, stairway communications systems,
elevator landing communications systems, and occupant
evacuation elevator lobby communications systems.

Back to Figure

The green indicator beside both the buttons indicates that
both are locked. The first button is meant for door holder
release and the second button is meant for stairwell door
locks.

Back to Figure

The diagram shows a river and a green field with a few trees.
Water goes from a river through a pipe to a pump house,
treatment plant and storage, pump, and finally reaches
households through pipes.

Back to Figure

The diagram shows a reservoir which is located above the
treatment plant and buildings which are located at the
bottom. Water goes from the reservoir to plant and then
households through pipes.

Back to Figure



The diagram shows a lake which is located above the
treatment plant, green field, tank, pump, and households. A
pipeline goes from the lake to plant and then households.
The second pipeline goes from tank to pump and then to
households. Another pipe line goes from tank to households
directly.

Back to Figure

The graph shows the horizontal axis labeled, Flow (gallons
per minute), with points from 150 to 1650, at equal intervals
of 150. The graph shows the vertical axis labeled, Pressure
(pounds per square Inch), with points from 0 to 150, at equal
intervals of 10. A curve starts at the point (0, 120), slides
down through the point (1000, 100), and ends at (1500, 65).

Back to Figure

The lower pipe is connected to the wall. A pipe with a box
attached to it is connected to the main pipeline. Two other
pipes are connected in rectangular shape with valves
attached to them.

Back to Figure

The components are butterfly indicator control valve,
pressure-reducing valve, check valve, water flow switch, test
and drain valve, and water gauge. Number 4 is written on a
plate which is fixed on the wall.



Back to Figure

Pressurized water flows through pipes with a backflow
prevention device, OS and Y valve, two pressure gauges,
flow switch, main drain valve, fire department connection,
check valve, riser pipe, automatic sprinkler heads, and
inspectors test valve.

Back to Figure

Pressurized water flows through pipes with a backflow
prevention device, OS and Y valve, dry pipe valve, fire
department connection, and check valve. Pressurized air
flows through pipes with a pressure switch, riser pipe,
automatic sprinkler heads, and inspectors test valve.

Back to Figure

Pressurized water flows through pipes with a backflow
prevention device, OS and Y valve, fire department
connection, main valve, and check valve. Supervisory air
flows through pipes with a pressure valve, pressure switch,
control panel, riser pipe, check valve, fire detectors,
automatic sprinkler heads, and inspectors test valve.

Back to Figure

Pressurized water flows through pipes with a backflow
prevention device, OS and Y valve, fire department
connection, main drain valve, check valve, riser pipe, deluge



valve, pressure switch, manual fire alarm box, control panel,
fire detectors, and open sprinkler heads.

Back to Figure

Text within reads: Hydraulic - System. This building is
protected by a Hydraulically Designed Automatic Sprinkler
System. Location. Number of sprinklers. Basis of design.
System demand.

Back to Figure

The warning reads: Carbon dioxide gas can cause injury or
death. Ventilate the area before entering. A high carbon
dioxide gas concentration can occur in this area and can
cause suffocation.

Back to Figure

Letter A is shown within a triangle and is labeled, ordinary
combustibles. Letter B is shown within a square and is
labeled, flammable liquids. Letter C is shown within a circle
and is labeled, electrical equipment. Letter D is shown within
a star and is labeled, combustible metals. K is shown within a
hexagon and is labeled, combustible cooking.

Back to Figure

Class A represents ordinary combustibles. Class B
represents flammable liquids. Class C represents electrical



equipment. Class K represents combustible cooking. Class D
represents combustible metals.

Back to Figure

Smoke due to fire is in the fourth floor. Dampers are open in
the third and in the fifth floor, which push the smoke up the
side vents and out of the building. Supply fan pushes air
down the building through the central vent. Stairway
pressurized fan pushes the air up and out of the building
through the stairway.

Back to Figure

Outside air passes through the supply fans at the bottom of
the building. The smoke from the fire on the fourth floor is
pushed upward and out of the exhaust fans at the top of the
building. Light beam is directed upward. Beam detectors are
on the left side of the building, and the receivers are on the
right side.

Back to Figure

An overview of the building with the exit path and exit access
in a building is shown. The silhouette of a man standing in
one corner of the building and a dashed line from it
represents the pathway through which a man can reach the
exit.

Back to Figure



The board consists of the map of garage level, turning key
holes for acknowledge or system silence and system reset,
indicator for lamp test, system status showing a lamp beside
system trouble, power on indicator, and key-type door lock
override switch.

Back to Figure

The column headers read: NFPA rounded R Standard; NFPA
1, Fire Code; NFPA 101 rounded R, Life Safety Code
rounded R; NFPA 5000 rounded R, Building Construction
and Safety Code rounded R; International Building Code
rounded R (IBC rounded R); International Fire Code rounded
R (IFC rounded R). Row 1: NFPA 4, Standard for Integrated
Fire Protection and Life Safety System Testing, X, X, X,
blank, X. Row 2: NFPA 10, Standard for Portable Fire
Extinguishers, X, X, X, X, X. Row 3: NFPA 11, Standard for
Low-, Medium-, and High-Expansion Foam, X, X, X, X, X.
Row 4: NFPA 12, Standard on Carbon Dioxide Extinguishing
Systems, X, X, X, X, X. Row 5: NFPA 12A, Standard on
Halon 1301 Fire Extinguishing Systems, X, X, X, X, X. Row
6: NFPA 13, Standard for the Installation of Sprinkler
Systems, X, X, X, X, X. Row 7: NFPA 13D, Standard for the
Installation of Sprinkler Systems in One- and Two-Family
Dwellings and Manufactured Homes, X, X, X, X, X. Row 8:
NFPA 13R, Standard for the Installation of Sprinkler Systems
in Low-Rise Residential Occupancies, X, X, X, X, X. Row 9:
NFPA 14, Standard for the Installation of Standpipe and
Hose Systems, X, X, X, X, X. Row 10: NFPA 15, Standard for



Water Spray Fixed Systems for Fire Protection, X, X, blank,
X, X. Row 11: NFPA 16, Standard for the Installation of
Foam-Water Sprinkler and Foam-Water Spray Systems, X,
X, X, X, X. Row 11: NFPA 17, Standard for Dry Chemical
Extinguishing Systems, X, X, X, X, X.

Back to Table

The column headers read: NFPA rounded R Standard; NFPA
1, Fire Code; NFPA 101 rounded R, Life Safety Code
rounded R; NFPA 5000 rounded R, Building Construction
and Safety Code rounded R; International Building Code
rounded R (IBC rounded R); International Fire Code rounded
R (IFC rounded R). Row 13: NFPA 17A, Standard for Wet
Chemical Extinguishing Systems, X, X, X, X, X. Row 14:
NFPA 20, Standard for the Installation of Stationary Pumps
for Fire Protection, X, X, blank, X, X. Row 15: NFPA 22,
Standard for Water Tanks for Private Fire Protection, X,
blank, blank, blank, X. Row 16: NFPA 24, Standard for the
Installation of Private Fire Service Mains and Their
Appurtenances, X, blank, X, blank, X. Row 17: NFPA 25,
Standard for the Inspection, Testing, and Maintenance of
Water-Based Fire Protection Systems, X, X, blank, blank, X.
Row 18: NFPA 70 rounded R, National Electrical Code
rounded R, X, X, X, X, X. Row 19: NFPA 72 rounded R,
National Fire Alarm and Signaling Code rounded R, X, X, X,
X, X. Row 20: NFPA 92, Standard for Smoke Control
Systems, X, X, X, X, X. Row 21: NFPA 96, Standard for
Ventilation Control and Fire Protection of Commercial



Cooking Operations, X, X, X, blank, X. Row 22: NFPA 750,
Standard on Water Mist Fire Protection Systems, X, X, X, X,
X. Row 23: NFPA 2001, Standard on Clean Agent Fire
Extinguishing Systems, X, X, X, X, X. Row 24: NFPA 2010,
Standard for Fixed Aerosol Fire Extinguishing Systems, X,
blank, blank, X, X.

Back to Table

The column headers read: Occupancy, Manual Fire Alarms,
Automatic Fire Detection or Smoke Alarms, Manual Fire
Alarms, Automatic Fire Detection or Smoke Alarms, Manual
Fire Alarms, Automatic Fire Detection or Smoke Alarms.
Manual Fire Alarms and Automatic Fire Detection or Smoke
Alarms are classified as NFPA 1. Manual Fire Alarms and
Automatic Fire Detection or Smoke Alarms are classified as
NFPA 101 rounded R. Manual Fire Alarms and Automatic
Fire Detection or Smoke Alarms are classified as NFPA 5000
rounded R. Row 1 reads: Assembly, X, blank, X, X, X, X.
Row 2 reads: Business, X, blank, X, blank, X, blank. Row 3
reads: Day care, X, X, X, X, X, X. Row 4 reads: Detention
and correctional, X, X, X, X, X, X. Row 5 reads: Educational,
X, blank, X, blank, X, blank. Row 6 reads: Health care, X, X,
X, X, X, X. Row 7 reads: Health care ambulatory, X, blank, X,
blank, X, blank. Row 8 reads: Industrial, X, blank, X, blank,
X, blank. Row 9 reads: Mercantile, X, blank, X, blank, X,
blank. Row 10 reads: Residential apartments, X, X, X, X, X,
X. Row 11 reads: Residential board and care, X, X, X, X, X,
X. Row 12 reads: Residential hotel and dormitory, X, X, X, X,



X, X. Row 13 reads: Residential lodging and rooming, X, X,
X, X, X, X. Row 14 reads: Residential one- and two-family
dwellings, blank, X, X, X, X, X. Row 15 reads: Storage, X,
blank, X, blank, X, blank.

Back to Table

The column headers read: Hazard, Combustibility, Quantity,
Rate of Heat Release, Occupancy. Row 1 reads: Light
hazard, Low, Low, Low, Churches, hospitals, museums,
offices, schools, residential. Row 2 reads: Ordinary hazard–
group 1, Low, Moderate, up to 8 feet, Moderate, Automobile
parking and showrooms, bakeries, electronic plants,
laundries, restaurant service areas. Row 3 reads: Ordinary
hazard–group 2, Moderate or high, Moderate, up to 12 feet
High, up to 8 feet, Moderate or High, Agricultural facilities,
dry cleaners, mercantile, post offices, repair garages, tire
manufacturing, wood assembly facilities. Row 4 reads: Extra
hazard–group 1, Very high, Very high but few or no
flammable or combustible liquids, High and rapidly
developing fires, Aircraft hangars, printing (using inks having
flash points below 100 degree Fahrenheit), sawmills, textile
facilities, upholstering with plastic foams. Row 5 reads: Extra
hazard–group 2, Very high, Moderate to substantial
flammable or combustible liquids, High and rapidly
developing fires, Flammable liquids spraying, manufactured
or modular home building assemblies, plastics processing,
solvent cleaning, and varnish and paint dipping.



Back to Table

Row 1 reads: Class 1 commodity, Noncombustible, Ordinary
paper or single thickness dividers, shrink wrap or paper
wrap, On or off wood pallet, Water-based paint, gypsum
board, wire, frozen food, electric motors, noncombustible
containers. Row 2 reads: Class 2 commodity,
Noncombustible, Multi-layered, corrugated cartons or similar
materials, Slatted wooded crates or solid wooden boxes with
or without pallets, Film rolls, paper products, powders, pills,
metal spools. Row 3 reads: Class 3 commodity, Combustible,
Cartons, boxes, and creates, With or without pallets,
Aerosols Level 1, dry foods, furniture and bedding, rubber,
textiles. Row 4 reads: Class 4 commodity, Combustible,
Cartons or wood containers, With or without pallets, Small
arms ammunition, packaged matches, asphalt-impregnated
felt, roof shingles.

Back to Table

The column headers read: Type of Inspection and Test
followed by a rightward arrow, Flush (Incoming Water
Supply), Hydrostatic, Air, Visual, Operational, Main Drain,
Final. Row 1 reads: Type of System followed by a downward
arrow, blank, blank, blank, blank, blank, blank, blank. Row 2
reads: Wet sprinkler, X, X, blank, X, X, X, X. Row 3 reads:
Dry sprinkler, X, X, X, X, X, X, X. Row 4 reads: Deluge, X, X,
blank, X, X, X, X. Row 5 reads: Preaction, X, X, X, X, X, X, X.



Back to Table

Row 1 reads: Aqueous film-forming foam (AFFF), Forms film
barrier on surface of flammable liquid, Class A and B, Low,
1%, 3%, 6%. Row 2 reads: Alcohol resistant aqueous film-
forming foam (AR-AFFF), Can be used on hydrocarbon and
alcohol-based hazards but will not breakdown when applied
to alcohol like other foams, Class B, Low, 3%, 3% 3%, 6%.
Row 3 reads: Class A, Increases the effectiveness of water
and is effective on all types of Class A fires, Class A, Low,
0.1%, 1%. Row 4 reads: Film-forming fluoroprotein (FFFP),
Forms film barrier, resists burn back and fuel pickup, Class
B, Low, 3%, 6%. Row 5 reads: Fluoroprotein, Resists fuel
contamination and fuel pickup and spreads more easily than
protein foam, Class B, Low, 3%, 6%. Row 6 reads: Protein,
Highly stabilized and effective vapor suppression, Class B,
Low, 3%, 6%. Row 7 reads: Medium-expansion, Used to
flood confined spaces to displace heat, smoke, and vapors,
Class A and some Class B, Medium, approximately equals
2%, 3%, 6% (when generated from other foams). Row 8
reads: High-expansion, Used to flood confined spaces to
displace heat, smoke, and vapors; also effective on liquefied
natural gas fires, Class A and some Class B, High, 1.5%,
2.5%, 3%.

Back to Table

Row 1 reads: Wet foam-water sprinkler, Standard sprinkler,
Yes, No, AFFF. Row 2 reads: Dry foam-water sprinkler,



Standard sprinkler, Yes, No, AFFF. Row 3 reads: Preaction
foam-water sprinkler, Standard sprinkler, Yes, No, AFFF. Row
4 reads: Deluge foam-water sprinkler, Foam-water sprinkler
or spray nozzle Standard sprinkler, No Yes, Yes No, Protein
or Fluoroprotein AFFF. Row 5 reads: Foam-water spray,
Foam-water sprinkler or spray nozzle Standard sprinkler, No
Yes, Yes No, Protein or Fluoroprotein AFFF or AR-AFFF.

Back to Table

The column headers read: Type of Inspection and Test
followed by a rightward arrow, Hydrostatic, Air, Visual, Flush
(Incoming Water Supply), Flush (system piping), Operational
or discharge functional, Main Drain, Final. Row 1 reads: Type
of System followed by a downward arrow, blank, blank,
blank, blank, blank, blank, blank, blank. Row 2 reads: Foam,
X, blank, X, X, X, X, X, X. Row 3 reads: Foam water sprinkler
or spray, X, blank, X, X, X, X, X, X. Row 4 reads: Water
spray, X, blank, X, X, X, X, X, X. Row 5 reads: Water mist, X,
X, X, X, X, X, X, X.

Back to Table

Row 1 reads: A, X, X, blank, X asterisk, blank, blank, blank.
Row 2 reads: B, blank, X, X, X, blank, blank, X. Row 3 reads:
C, X double asterisk, blank, X, X, blank, blank, X. Row 4
reads: D, blank, blank, blank, blank, blank, X, blank. Row 5
reads: K, blank, blank, blank, blank, X, blank, blank.

Back to Table
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