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Notice

The U.S. Government does not endorse products or manufacturers. Trade or manufacturers’
names appear herein solely because they are considered essential to the object of this report.

The contents of this report are the views of the contractor and do not necessarily reflect the views
or policies of the U.S. Department of Housing and Urban Development or the U.S. Government.



Foreword

The 1992 Fire Administration Authorization Act (PL 102-522) included three provisions
that directly affect HUD-assisted housing: (1) newly constructed, four-story or higher
multifamily buildings must be protected with an automatic sprinkler system and hard-wired
smoke detectors; (2) rebuilt, four-story or higher multifamily buildings must be brought into
compliance with Chapter 19 of National Fire Protection Association 101, the “Life Safety Code;”
and (3) other dwelling units must be protected by hard-wired or battery-operated smoke detectors
installed in compliance with NFPA 74, “Standard for the Installation, Maintenance, and Use of
Household Fire Warning Equipment.”

The National Institute of Standards and Technology (NIST) has developed this Guidefor
the Implementation of PL 102-522 for Fire Alarm andAutomatic Sprinkler Installations to assist
HUD field offices in the efficient implementation of the provisions in the Act. The giiide

provides information on installation of smoke detectors and automatic sprinkler syst .:ms. It does
not address the rebuilt multifamily properties that must be brought into compliance with the
“Life Safety Code.”

I hope that this guide will prove useful to HUD field offices and to property owners and
contractors involved with HUD-assisted housing.

*[*

Assistant ecretary for Policy

IDevelo ment and Research

. . .
133.
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Guide for the Implementation of
PL 102-522 for Fire Alarm and

Automatic Sprinkler Installations

Part I. General/Guidelines

11 Using This Guide

This guide provides both general and detailed
(HUD) field personnel regarding implementation

itiormation for Housing and Urban Development
of Public Law 102-522 pertaining to installation of

fire alarm and automatic sprinkler systems. The guide is divided into several parts, including the
following:

Part I. General Guidelines;
Part II. Basic Requirements; and
Part III. Important Issues in Implementing Sprinkler Requirements.

Part III is exclusively dedicated to automatic sprinklers. This separate treatment of sprinklers is
necessary due to the variations in requirements among the applicable codes and standards. In Part
HI, similarities and differences in requirements for key design features are summarized in order to
assist HUD field personnel in achieving cost-effective installations.

There are several important features in this guide that are designed to simpli~ the implementation of
the public law or its use, and provide important guidance regarding cost effectiveness, system
reliability, and opportunities for significant improvements in life safety. In Part 11.4, Additional
Considerations, information and recommendations are provided which go beyond the minimum
requirements for alarm and sprinkler system design/installation but which require consideration in
order to insure reliable peri?ormance.

In addition, “advisories” are used throughout the document to clarifi minimum requirements or
provide design guidance that can help field office personnel when implementing the requirements of
PL 102-522.

A shorthand implementation guide is provided herein Part 1.2, Quick Reference/Implementation. The
details associated with the various steps in achieving compliance with PL 102-522 are included in the
other parts of the guide. The quick reference can be used to categorize candidate properties, identifi
basic alarm and sprinkler requirements, and for review of general topics/issues such as the following:

* Applicable Codes and Standards,
* Steps in the Design/Install Process,
* Important Design Factors, and
* Contractor Qualifications.
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Finally, Appendix A provides sample “statements of work” and forms/schedules for approval testing
and maintenance; Appendix B provides a list of selected references and organizations that can provide
valuable information to HUD field office personnel regarding alarm and sprinkler technologies and
consumer guidance..

12 Quick ReferenceZlmplementation

This section provides a summary of the requirements and related information that is detailed
throughout the other parts of the guide. The information is summarized in tables for quick reference
regarding general questions such as the following:

* Which HUD property category applies to a particular property?;

* What are the basic levels of fire alarm and sprinkler system protection
required for a particular property?;

* Which code(s) and/or standards are applicable?;

* What are the generic steps in the design/install process?;

* What are the required qualifications of potential designers or installers?; and

* What general design considerations have the greatest impact on cost and
performance?
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Identifying the Appropriate HUD Property Category: Table I. 1 can be used to identi~ the
appropriate HUD property category for a particular property under consideration.

Table 1.1 HUD Property Categories

HUD PropertyCategory

I. Newly Constructed
Multifamily

II. Rebuilt Multifamily

111. Other Dwelling Units

Elements

(a) > 4 stories, and
(b) > 5 units under one roof, and
o constructed after 10/26/92, and
(d) HUD assistance used or committed after 10/26/92
Exempted: New properties which received HUD binding

commitments for assistance before 10/26/92

(a) > 4 stories, and
(b) z 5 units under one roof, and
C rebuilt on or after 10/1/94, and
(d) HUD assistance or binder before construction began, and
(e) cost of alteration 2 70 ‘XO of replacement cost

(a) all other properties > 4 stories, or
(b) multifamily from 1-3 stories, or
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Determining the Required Protection: Once theproperty category has been determined, the
following table can be used to identifi the minimum level of alarm and sprinkler protection
required.

Table I.2 Required Levels of Alarm and Sprinkler Protection

HUD Property Category Required Protection

Detection/Alarm Automatic Sprinklers

I. Newly Constructed Multifamily

4 stories s smoke detectors in dwelling units Complete coverage**
● ahu-nipull boxes throughout

building*
● sprinkler water flow connected to

alarm system

>4 stories (same as for 4 stories) Complete coverage**

H. Rebuilt Multifamily

Option 1 (NFPA 101, Ch 19) None None

Option 2 (NTPA 101, Ch 19) (same as for Newly Constructed) and None
complete smoke detector coverage

Option 3 (NFPA 101, Ch 19)
4 stories (same as !forNewly Constructed)* Partial coverage
5 or 6 stories (same as for Newly Constructed)* Partial coverage

Option 4 (NFPA 101, Ch 19) (same as for Newly Constructed)* Cotnplete coverage
>6 stories

HI. Other Dwelling Units

Newly Constructed ● single/multiple station smoke None
detectors

● outside all sleeping areas
● on each “level”
● within each sleeping room
● hard-wired and interconnected

Existing ● single/multiple station smoke None
detectors

● outside sleeping areas
e on each level
● battery or hard-wired
● clearly audible or interconnected

* Requirements vary depending on fix-eresistance and egress features

** For buildings in New York City, the automatic sprinklers may be omitted if an engineering analysis demonstrates that
an alternative design or system (which may include sprinklers) achieves a level of life safety of the building occupants, equal
to or greater than that provided by the sprinklers. The required engineering analysis must be performed in accordance with
guidelines established by the General Services Administration which are included in this Guide in Appendix B.
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Identifying the Applicable Codes and Standards: The applicable codes and standards are set forth
in Table I. 3, depending on the HUD property category, the general building features (e.g.,
stories, number of units), and the scope of applicability of the individual codes or standards.

Table I.3 Governing Codes and Standards for HUD Property Categories

HUD Property Catego~ Governing Codes/Standards

Detection/Alarm Automatic Sprinklers

I. Newly Constructed Multifamily

4 stories NFPA 72 NFPA 130r 13R

>4 stories NFPA 72, Ch 2 or NFPA 74 NFPA 13

inside dwelling units

11, Rebuilt Multifamily

Option 1 Not applicable Not applicable

Option 2 NTPA 101* (NFPA 72) Not applicable

Option 3
4 stories NFPA 101* (NFPA 72; NFPA 74 or 72, NFPA 101*

Ch 2 (dwellings)) (NFPA 13 or 13R)
5 or 6 stories NFPA 101* (NFPA 72; NFPA 74 or 72, NFPA 101* (NFPA 13)

CM2 (dwellings))

(lption 4 NFPA 101* (NFPA 72; NFPA 74 or 72, NFPA 1OI*(NFPA 13)
>6 stories Cl] 2 (dwellings))

III. Other Dwelling Units NFPA 72; NFPA 74 or 72, Ch 2 NFPA 13R or 13D

* NFPA 101 outlines the alalm and sprinkler coverage requirements; NFPA 72,74, 13 or 13R provide
detailed system design guidance.

Stem in the Desizn/Install Process: The generic steps in the design/install process are listed in.
Table 1.4. Detailed descriptions of e~ch step are provided in Parts III and IV.

Table 1.4 Steps in the Design/Install Process

Step Description

1 Identification of HUD Property Category

2 Perform Basic Design Task

3 Complete Detailed Working Plans/Installation

4 Pelfonn Acceptance/Approval Testing

5 Provide Inspectionhlaintenance Plan
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Choosing the Contractor(s): Experienced engineers, architects and installation contractors provide
the greatest likelihood that the final installation will be the most cost effective without compromising
life safety requirements. Table 1.5 provides a summary of the minimum qualifications associated with
the desigtilnstallation process.

Table 1.5 Design/Installation Qualitlcations

Task Minimum Professional Qualifications

Detection/Alarm Automatic Sprinklers

Basic Design ● Licensed fire protection ● Licensed fire protection
engineer engineer

● Certified architect ● Certified architect
● Design/install contractor ● Design/install contractor

meeting local requirements meeting local requirements

Working Plans Approved installation contractor: Approved installation contractor:
NICET Level III NICET Level III (review by NICET

Level IV or licensed fire protection
engineer)

Installation ● Installation by NICET Level ● Approved installation
I; supervised by NICET Level contractor
II or higher ● Qualified “fitters”/

● Licensed electricians for apprentices ratio of 1:1
single and multiple station ● Local jurisdiction
smoke detectors requirements

Acceptance/Approval Testing Approved installation contractor Approved installation contractor

Inspectiomaintenance Approved installation contractor Q Approved installation contractor ~
building owner’s qualified personnel building owner’s qualified personnel

Every effort should be made to identi~ contractors that meet or exceed these qualifications.
Inexperience can lead to unnecessary costs, reduced effectiveness, and lack of system
acceptance by the local Authority Having Jurisdiction (AHJ).

A simplified “Statement of Work” is provided in Appendix A for use as a template for
obtaining design/installation services. While the example should be suitable as a framework
for most contract efforts, additional provisions often may be necessary due to building
features or local requirements related to the building or its location.

Important Design Factors: Detection and alarm systems must be installed in accordance with the
National Fire Alarm Code (NFPA 72), which includes the requirements for residential smoke
detection formerly included in NFPA 74, and the Life Safety Code (NFPA 101). Specific

design requirements depend on the HUD property category. Installations should reflect
compliance with the appropriate standards and cost effectiveness.

Sprinkler systems must be installed in accordance with NFPA 13 Installation of Sprinkler
Systems, NFPA 13R Sprinkler Systems in Residential Occupancies Up To and Including Four
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Stories in Height, and/or the Life safety Code (NFPA 101), depending on the HUD property
category and the physical features of the building (e.g., number of stories). Design latitudes
can be significant depending on which standard is used. There are advantages associated with
selection of NFPA 13R as the governing standard whenever possible. The general level of
life safety protection is not compromised measurably, but numerous potential cost reductions
may be taken advantage of in the final installation.

There are many factors associated with the design of an alarm or sprinkler system which may
Significantlyaffectcost,ASlongastheinstallationmeets the minimum requirements of the

least restrictive standard that is applicable to the property a level of life safety consistent with
residential buildings will be achieved. HUD field office personnel should be aware of the
factors that can influence both cost and performance of alarm or sprinkler system installations.
Table 1.6 provides a summary of selected factors to be considered when complying with the
alarm and sprinkler system requirements in Public Law 102-522.

Table 1.6 Important Design Factors for Fire Alarm and Automatic Sprinkler Installations

Applicable to

Key Factors
Detection/Alalm Automatic

Sprinklers

General Factors
● Contractor Qualifications J J
● Partial/Total Building Coverage d d
● Exempted Areas J /
● Alamfilectrical Supervision J /
● Hardware “Listings” (e.g., UL) d /
● Acceptance/Approval Testing / J
● Maintenance/Periodic Testing J J
● [)ccupant Information J d

Special Factors
● Power Sources d
e Provisions for Hearing Impaired J
● Water Backflow Protection J
● Freeze Protection /
● Seismic Protection d
● Sprinkler Hardware Selection d
● Local Water Authority Requirements J

Parts II and III provide discussions of requirements associated with these design factors, depending
on the individual code or standards that apply.
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Part II. Basic Requirements

IL 1 Legal Basis

On October 26, 1992, President Bush signed the Fire Administration Authorization Act of 1992 (PL
102-522). Section 106 of this law adds a new Section31 to the Federal Fire Prevention and Control
Act of 1974 and prohibits the use of housing assistance in connection with certain assisted and
insured properties unless various fire protection and safety standards are met.

In this law, the term “housing assistance” is defined to mean Federal assistance “... used in connection
with the provision of housing, and provided in the form of a grant, contract, loan, loan guarantee,
cooperative agreement, interest subsidy, insurance or direct appropriation. ” This definition
encompasses the entire range of HUD’s assisted housing programs. Where eligible under these
programs, the term “housing assistance, ” as used in the law includes Section 8 rental assistance
(tenant- and project-based), homebuyers assistance, and assistance for project operating costs.

The law established requirements for three categories of housing:
1. newly constructed multifamily properties of four or more stories;
2. rebuilt multifamily properties of four or more stories; and
3. all other dwelling units.

The statutory requirements that define these categories of housing are as follows:

Newly Constructed Multifamily Housing Properties means a four-story or higher multifamily
residential building consisting of five or more residential units under one roof that is newly
constructed ailer October 26, 1992, and for which housing assistance is used for construction,
or a binding commitment is made, before construction begins, to provide housing assistance
for the newly constructed property.

Multifamily properties of four or more stories that are newly constructed after October 26,
1992 and that received binding commitments for housing assistance before October 26, 1992
to either carry out new construction or to assist the newly constructed property are
specifically exempted from the requirements of the law’s new construction provision. Such
properties are covered under the Other Dwelling Units category listed below to the extent
that they received housing assistance on or after April 24, 1993.

For purposes of determining whether a property is subject to the new construction provisions
the field office must determine whether a property meets the definition of “newly constructed
multifamily property” and whether a binding commitment for housing assistance has been or
will be entered into on or after October 26, 1992. Under the new construction category, the
term “binding commitment” is interpreted differently depending on the particular program.
For newly constructed Section 8 project-based certificate projects, a “binding commitment”
means execution of an Agreement to Enter Into Housing Assistance Payments Contract

II-1



(Agreement). In the public and Indian housing programs, the term means execution of the
Annual Contributions Contract (ACC).

Rebuilt Multifamily Housing Properties means a four-story or higher multifamily residential

building of five ormoreunits under oneroofthat isrebuilt onorafier Octoberl, 1994 and
for which housing assistance is used for rebuilding the property or a binding commitment is
made, before rebuilding begins, to provide housing assistance for the rebuilt property.
“Rebuilt” is defined as the repairing or reconstructing of portions of a multifamily property
where the cost of the alterations is 70 percent or more of the replacement cost of the
completed multifamily property, not including the value of the land on which the multifamily
property is located.

As with newly constructed properties, the term “binding agreement” is defined in the Section
8 project-based certificate and moderate rehabilitation programs to mean execution of an
Agreement to Enter Into Housing Assistance Payments Contract (Agreement). In the public
and Indian housing program, “binding commitment” means execution of the ACC.

Other Dwelling Units are not limited to federally-assisted multifamily residential properties in
buildings of four or more stories, but also encompasses federally-assisted single-family
residential units and multifamily units in buildings one to three stories in height. The category
further covers all public and Indian housing, HOPE 1 assisted properties, and Section 8
certificate (both project and tenant-based), voucher, and moderate rehabilitation units that are
not explicitly included under either the new construction or rebuilt definitions.

IL2 Property Categories and Required Protection Levels

Newly Constructed Multifamily Properties are required to be equipped during construction with
automatic sprinkler systems and hard-wired smoke detectors. The automatic sprinkler
systems must be in compliance with the National Fire Protection Association standards NFPA
13, 13D, or 13R (or successor standards) as appropriate and must include an alarm signaling
system with appropriate warning signals in accordance with the National Fire Alarm Code,
NFPA 72 (or successor standards) to the extent that such an alarm system is required by
Federal, State, or local laws or reamlations. In addition to the sprinkler system and associated
alarms, the dwellings are required to be protected by hard-wired smoke detectors installed in
accordance with NXPA 74 or its successor standard. Note that NFPA 74 has been
superseded by Chapter 2 of the National Fire Alarm Code, NFPA 72.

For buildings in New York City, the automatic sprinklers maybe omitted if an engineering
analysis demonstrates that an alternative design or system (which may include sprinklers)
achieves a level of life safety of the building occupants, equal to or greater than that provided
by the sprinklers. The required engineering analysis must be performed in accordance with
guidelines established by the General Services Administration which are included in this Guide
in Appendix B.

Rebuilt Multifamily Housing Properties is required to be brought into compliance during
rebuilding with the requirements of the chapter on existing apartments (Chapter 19) of the
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Other

Life Stiety Code, NFPA 101. Compliance can be achieved by meeting one of four “options”
provided in NFPA 101. The appropriate smoke detection, alarm and sprinkler protection
depends on which option is selected.
Dwelling Units are required to be protected by hard-wired or battery-operated smoke
detector; in accordance ‘with NFPA 74, which is now Chapter 2 of NFPA 72, the National
Fire Alarm Code. Owners of units who installed battery-operated or hard-wired smoke
detectors prior to April 24, 1993 in accordance with HUD requirements including those
published on July 30, 1992 (57 FR 33846) will not be required to comply with any additional
requirements mandated by this law.

State and Local Requirements in effect in the jurisdiction in which the property is located will take
precedence over the requirements of the law only if they are more stringent.

113 Minimum Requirements For Installed Alarm and Sprinkler Systems

Minimum requirements for alarm and sprinkler systems are dependent on the HUD property category.
Such requirements are outlined in this section based on the protection levels associated with each of
the three HUD property categories:

I. Newly Constructed Multifamily Housing Properties,
II. Rebuilt Multifamily Housing Properties, and
III. Other Dwelling Units.

11.3.1 Newly Constructed Multifamily Housing Properties will require both sprinklers (except
for properties located in New York City for which an engineering analysis performed in
accordance with the requirements in Appendix B demonstrate that an equivalent level of life
safety for building occupants is provided) and hard-wired smoke detectors. The three
sprinkler standards cited in the law are NFPA 13, 13D, and 13R. The scope of NFPA 13R
includes sprinkler systems in multifamily residences up to and including four stories in height
and will therefore apply to newly constructed multifamily properties up to four stories. NFPA
13 applies to all other sprinkler installations in this category. NFPA 13D applies to one and
two family residences and mobile homes and therefore cannot be used under this property
category.

The minimum requirements for alarm equipment include the following:
A local alarm system with manual pull boxes and activation to sound
devices throughout the building on the flow of water in the sprinkler

indicating
system is

required for all spaces outside of individual apartments EXCEPT where tenant

separations are greater than 3/4 hour fire rated and each apartment has an
independent exit or stairway to grade. In all cases, hard-wired, single- or multiple
station smoke detectors sounding only in the apartment of origin are required within
all apartments. Here, hard-wired means that the detector is powered by the
commercial light and power system (120 VAC). Battery operated detectors are only
permitted in existing construction. Figures II. 1(a) and (b) provide illustrations of
“typical” household multiple-station smoke detector systems.
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MANDATORY MULTIPLE-STATION (MS)
SMOKE DETECTORS ON EVERY LEVEL
AND OUTSIDE EACH SLEEPING AREA

OPTIONAL
DETECTORS IN
OTHER AREAS

I -t

I‘:~;’__’_@+ OPT,C)NA,
DETECTORS IN
OTHER AREAS

‘:-;-:;;’

WWERAND
INTERCONNECTING
WIRES

POWER

Figure II. 1(a) Typical household multiple-station smoke detector
system.

MANDATORY SMOKE DETECTOR(S)

ON EVERY LEVEL AND OUTSIDE
EACH SLEEPING AREA

OPTIONAL DETECTORS I OPTIONAL DETECTORS

INOTHERAREAS INOTHERAREAS

T.,=TR;GL
POWER POWER

Figure 11, 1(b) Typical household fire alarm system with separate control

panel.

Reprinted with permission from Fit-e A/mwt Sigrfaling System, Bukowski atnd 0’Laughlin, 2nd edition, Copyright 01989, National
Fire Protection Association, Quincy, MA 02269. This l-eprinteclmaterial is not the complete smd official position of the National Fire
Protection Association on the referenced subject which is represented only by the standard in its eotirity.
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The number of smoke detectors required in each apartment will vary. They are
required ”... outside each separate sleeping area (Figures 11.2(a) and (b)) and on each
addhional story of the dwelling ...(Figures H.3(a) and (b)). ” Since most apartments
occupy only one story, this will generally require only one detector unless the
bedrooms are in more than one area. Further, in new construction smoke detectors
are required in every sleeping room, except where the dwelling unit/apartment is
protected by automatic sprinklers. Since sprinklers are required in this housing
category, individual sleeping room smoke detectors are not required. Multiple
detectors in the same dwelling unit must be interconnected such that when one
activates, they all alarm.

DINING
4 L

KITCHEN BEDROOM BEDROOM
ROOM

I @

I LIVING ROOM
BEDROOM

Figure 11.2(a) A smoke detector should be located
between each sleeping area and the rest of the
family living unit.

DINING KITCHEN
ROOM

Tv
ROOM @

LIVING ROOM

@
BEDROOM

Figure H.2(b) In family living units with more than one
sleeping area, a smoke detector (indicated by +) should
be provided to protect each separate sleeping area. In
new construction, additional smoke detectors are
required within each bedroom unless protected by
automatic sprinklers (indicated by *.)

Reprinted with permission from Fire Alarm Signaling Systems, Bukowski and O’Laughlin, 2nd edition, Copyright 01989, National
Fire Protection Association, Quincy, MA 02269. This reprinted material is not the complete and official position of the National Fire
Protection Association on the referenced subject which is represented only by the standard in its entirety.
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BEDROOM HALL BEDROOM

@

LIVING DINING
ROOM ROOM

//////// ////////

BASEMENT

Figure 11.3(a) As a minimum, a smoke detector
should be located on each story.

@ @ @

(3 BEDROOM HALL BEDROOM

LIVING ROOM
@ OPTIONAL

RECREATION ROOM I
1 BASEMENT

[ @ INDICATES REQUIRED SMOKE OETECTOR

Figure 11.3(b) Required smoke detectors in a split-level

arrangement. (The indicated smoke detector is optional if no
door is provided between split-level living and recreation
rooms.)

Reprinted with permission from Fire A/arm Si~za/ing Systems, Bukowski mrd 0’Laughlin, 2nd edition, Copyright CI1989, National
Fire Protection Association, Quincy, MA 02269. This reprinted material is not the complete and oflicial position of the National Fire
I%otection Association on the referenced subject which is represented only by the stsrndard in its entirity.
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The minimum requirements for automatic sprinklers under NFPA 13 include the
following:

Full covera~e/exem~ted areas. The building must be filly sprinklered, including the
dwelling units, the common areas such as corridors and lobbies, and building service
areas. Standard sprinkler heads are required throughout the building with residential
sprinklers permitted in the dwelling units and their adjoining corridors.
Several areas within the dwelling units may be exempted from sprinkler coverage,
depending on the type, size, and construction of the space. Such spaces include
bathrooms 55 sq. R or smaller in area, and clothes closets, linen closets, and pantries
no larger than 24 sq. ft with the smaller dimension (i. e., width or length) not
exceeding three feet. All exempted areas must have noncombustible or limited
combustible interior finish having a 15-minute thermal barrier in accordance with
NFPA 220, Standard on Types of Building Construction including behind “plastic”
fixtures or tub surrounds. Figure 11.4(a) and (b) illustrate typical sprinkler layouts in
adjacent apartments. In Figure 11.4(a) “pendant” type sprinklers are installed in all
areas of the dwelling, including the bathrooms. Note that closets met the exemption
criteria and were not sprinklered. In Figure 11.4(b) “sidewall” type sprinklers are
installed in the apartments. In this case, both bathrooms and closets met the
exemption requirements. In both examples, the utility closets (e.g., mechanical or
HVAC) are sprinklered.

Advisory: If bathroom~ are equipped withplastic fixtures or tub surrounds the wall
behindsuch items mustmeet the combustibility requirements. If theplastic
tub surround orfixture(s) do not meet the combustibility requirements and
are installeddirectlyto the studywithouta quallfiedsubwall such as 1/2inch
gypsum board behind it, the bathroom must be sprinklered

Water demand. Water demand is determined using the areafdensity hydraulic method
outlined in NFPA 13 for light hazard occupancies. The “worst case” flOW rate and

pressure is calculated for the most remote area of the sprinkler system and is added
to fire hose flow requirements. Typically, remote common areas can include up to 12
sprinklers, but the number will vary depending on the type of sprinkler head selected.
Within dwelling units, the number of sprinklers to be included in the design area is
limited to four. Examples of typical four-sprinkler design areas for dwelling units and
adjacent corridors are provided in Figure II. 5.

The water supply must provide at least a 30 minute duration of the required flow rate.
Water supply piping to the sprinkler system must be separate from the domestic water
systelm, although where they separate is regulated by local utility policy. It iS
preferable for the sprinkler system to come off before the meter to avoid hydraulic
losses from the meter. If the sprinkler piping comes off ailer the meter, a 1” or larger
meter may be required. Some utilities also require a backflow preventor which adds
more losses and cost. It would pay to negotiate this with the utility.
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Figure 11.4(a) Typical “Pendent” Sprinkler Layout for
Apartments (bathrooms not exempted.)
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Figure 11.4(b) Typical “Sidewall” Sprinkler Layout for Apartments (bathrooms meet
the exemption.)
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Advisory: Individualsprinkler devices are designed to operate over dj$erent areas of
coverage. The common spray sprinkler usually covers a minimumof 125-
144 sq. ft. in residential building applications. However, sprinklers are
availablethatcan increase the area of protection for each sprinkler (e.g., to
a maximumof 400fti per sprinkler),potentiallyrequiring considerablyfwer
sprinklers. These sprinklers are referred to as “extended coverage”
sprinklers and are available in both pendent and sidewall designs. i%e
maximum square or rectangular area of coverage for these sprinklers are
defined in the “listing” informationfor the device, along with the water
demand requirements to be used in determining the water demandfor the
system.

A “quallfied” design contractor should optimize system design wherever
possible to reduce the number of sprinkler heads and the amount ofpiping
in order to reduce hystemcost.

Alarm/supervision. Electrical supervision of the supply valves, including connection
to the fire alarm system, and local water flow alarm are required on all sprinkler
systems having more than 20 sprinkler heads.

The minimum requirements for automatic sprinklers under NFPA 13R include the
following:

Full coverage/exempted areas, While the standard requires that a building be filly
sprinklered, more areas of the building can be exempted fi-om coverage than permitted
in NFPA 13. Additional exempted areas include: porches, balconies, corridors,
open/attached stairs, attics, penthouse equipment rooms, crawl spaces, floor-ceiling
spaces, elevator shafts and other concealed spaces not used for living or storage.

Water demand, The water demand is limited to supplying up to a maximum of four
sprinklers in any individual dwelling unit. The four sprinkler maximum water supply
also applies to areas outside the dwelling units that meet maximum area requirements.
Depending on the building geometty and sprinkler design, the water demand could be
considerably less than for comparable designs under NFPA 13, and easier to meet by
typical domestic water systems. Figure II. 5 provides illustrations of typical design
areas within dwelling units, including adjacent corridors.

Alarmlsu~ervision. Systems designed and installed in accordance with NFPA 13R are
required to provide a local water flow alarm, and be connected to the building’s fire

alarm system if one is provided.
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Figure 11.5 Examples of the four-sprinkler design area for dwelling units in
conformance with NFPA 13. Reprinted with permission from Automatic
SprinklerSysiemsHandbook, Copyright01991, National Fire Protection
Association, Quincy, MA 02269.

Advisory: There are advantages associated with selection of NFPA 13R as the
governing standardwheneverpossible. For example:

(1) jlequently thepublic watersupplyis adequate without
the addition of expensivejire pumps or water tanks;

(2) greater ji!exibility regarding areas that can be
exemptedfrom coverage without significant increase
in risk to the buildingresidents;

(3) significant reduction in costs associated with
component specifications.

11.3.2 Rebuilt Multifamily Housing Properties must be brought into compliance with Chapter 19
of the Life Safety Code (NFPA 101). Since Chapter 19 adopts requirements from Chapters
1-7 and 31, these are also required in order to comply strictly with the law. Examples of
requirements from other chapters adopted by reference include the design and arrangement
of the exit system, exit signs and emergency lighting, stair details, protection of vertical
openings, interior finish, elevators, and active fire protection systems.
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Due to the complexity of these requirements it is not practical to provide detailed assistance
in this guide. The following represents only an overview of the alarm and sprinkler
approaches permitted in Chapter 19 of NFPA 101.

Advisory: It is stronglyrecommendedthat thefield office contract with a quahjiedfire
protection engineeringfirm to make spec~ficdesign accommodations.

Chapter 19 allows considerable flexibility with respect to the protection provided in that it
recognizes four optional protection schemes:

1. No alarms or sprinklers
2. Complete detection
3. Partial sprinkler (6 or fewer floors only)
4. Complete sprinklers (required for greater than 6 floors)

A specific partial sprinkler system is required under Option 3, and a complete sprinkler system
is required under Option 4. The minimum alarm system requirements for Option 2, 3 or 4 are
the same as those for the new multifamily property category except Option 2 requires
complete smoke detection (every 30 feet in corridors and for each 900 ft2 or less in other
spaces of the building.

The Life Safety Code@ defines the maxilmum travel distance as the linear distance measured
on the floor or walking surface along the centerline of the natural path of travel starting from
the most remote point subject to occupancy, curving around corners or obstructions with a
1 ft clearance and ending at the center of the exit doorway.

Which of these options are available for use in a specific property depends on the maximum
travel distances present:

o

0

e

●

e

Advisory:

Maximum travel distance within the apartment to the corridor door s 75 ft,
Options 1 or 3.
Maximum travel distance within the apartment to the corridor door s 125 ft,
Options 2 or 4.
Maximum travel distance from the apartment to the closest protected exit
(e.g., the door to an enclosed stairway) <100 II, Option 1.
Maximum travel distance from the apartment to the closest protected exit
(e.g., the door to an enclosed stairway) s 150 ft, Option 2 or 3.
Maximum travel distance from the apartment to the closest protected exit
(e.g., the door to an enclosed stairway) s 200 fc, Option 4.

In some cases, it may be less expensive to addpartitions which reduce the
travel distance and qual[jj theproperp under Option I or 2 rather than to
retrofit a sprinkler system under Option 3 or 4.
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Sprinkler coverage requirements for rebuilt multifamily properties of four to six stories are
contained in Chapter 19 of the NFPA 101 Life Safety Code. Under Chapter 19, a rebuilt
building must filly meet the requirements of one of four protection options. Only Options
3 and 4 involve the use of automatic sprinklers.

Option 3: Partial coverage. Permits partial sprinkler systems to be installed to
protect common path corridors and hazardous common areas. This design
option is intended to compensate for inadequacies in fire resistance of
construction, flame spread ratings of interior finish, and travel distances which
already exist in the building and would be prohibitively costly to alter to
comply with the basic requirements of NFPA 101, Chapter 19.

Installation requirements are governed by NFPA 13 or 13~ depending on the
building height. It should be noted that partial sprinkler systems are not
permitted in either NFPA 13 or 13R. However, such systems are permitted
under NFPA 101 provided that all other installation requirements of the
appropriate sprinkler standard are met.

For buildings that are four stories in height, either NFPA 13 or 13R can be
selected for compliance. If the building is five or six stories, NFPA 13 is the
appropriate standard.

Under Option 3, corridors outside dwelling units are to be protected by
automatic sprinklers. In addition, a single sprinkler is required to be installed
inside each dwelling unit unless the entrance door has a 20 minute fire
endurance rating and is self closing.

Hazardous areas such as utility rooms, laundry rooms, storage areas, etc. may

be sprinklered as a substitute for fire resistant construction.

Water demand. Water demand is determined by the area/density method
provided in NFPA 13. However, in the event that sprinklers are installed in
the dwelling units (not required), the use of residential or other quick response
sprinklers in the dwellings is encouraged.

Adsisoy: [Jrdercertain circumstances the “room design method” (referred to
as the small room method) may be used to calculate the water
dematwi.[him thismethod, the sprinklerwater demand is based on
the demandfor the room requiring the greatest water demand and
may be sigwlficantlylower than that determined by the area/density
method. Whe~)applying this method certain requirements for
enclosure integrity andfire resistance must be met.

Alarm/su~ewision. Electrical supervision of supply valves and water flow
alarm are required with connection to the building’s fire alarm system if one
is provided.
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Advisory: Whilepartial sprinkler systems are prohibited in NFPA 13 or 13R,
provision for this option in NFPA 101 for rebuilt properties may
allow an otherwisenoncompliant building to qual~fi under the HUD
rebuilt rnult~~amilyresidence category in the most cost effective
manner available.

Advisoy: Wheneverpossible it is recommended thatNFPA 13R be selected as
thegoverningstandizrd;i,e., for any rebuilt buildingsfour stories or
less in height. Additional cost savings may be achievable without
sign~ficantincreases in resident risk.

Option 4: Full covera~e/exempted areas. Applies to rebuilt buildings greater than
six stories in height. Under NFPA 101, such buildings are required to be
sprinklered throughout. The governing installation standard is NFPA 13.

The requirements of NFPA 13 apply in terms of the types of sprinklers to be
used, exempt coverage areas, and water demand. The use of residential
sprinklers is encouraged, and exempted areas include bathrooms and closets
in the dwelling units that have noncombustible or limited combustible interior
finish materials with a 15 minute thermal barrier per NFPA 220, Standard on
Types of Building Construction.

Advisory: ~bathrooms are equipped withplastic fixtures or tub surrounds the
wall behind such items must meet the combustibility requirements.
Ifpiastic fixtures or tub surrounds are installed directly to the studs
without a “quall~ied” subwall behind it, the bathroom must be
sprinklered.

Alarm/supervision, Electrical supervision of supply valves and water flow
alarm must be provided, and connected to the local alarm system when one
is provided.

Advisoy; Major tradeoffs in construction requirements, including fire
resistance,travel distances,flame spread rates, etc. are permitted lf
option 4 is adopted. Avoidance of major construction mod~@cations
may repre.~enta significantpotential for cost savings.

Advisory: Under Options I or 2, it may be possible for a given proper~ to
comply withoutany sprinklersystem1~the maximumtravel distances
are short enough. In these cases, the minimumprotection would
consist of hard-wired smoke detectors in every apartment. Here,
?mftery powered detectors are acceptable and interconnection to
somid cIildevices at once is not required.

11.3.3 Other Dwelling Units require the installation of single- or multiple-station smoke detectors.
They are required to be installed outside each separate sleeping area and on each additional
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story of the home, excluding unfinished attics or crawl spaces. In new construction they are
also required within each sleeping room, all must be powered from the 120 vac supply, and
must be interconnected so that all detectors sound when any one is activated.

In existing dwellings, detectors are not required within sleeping rooms, they maybe battery
powered, and they are not required to be interconnected to sound the alarm in all units.
However, all detectors must be “... clearly audible within the bedrooms with all intervening
doors closed and any appliances (such as window air conditioners) on.” This latter
requirement may dictate interconnection of remote detectors to those near the bedrooms.
The term “clearly audible” is defined as producing a sound level of 15 dBA above the ambient
noise level in the space.

There are no requirements for automatic sprinkler protection in Other Dwelling Unit
properties.

IL 4 Additional Considerations

In the previous sections, the minimum requirements under the law were presented. However, the
quality of protection provided can be significantly enhanced and numerous problems can be avoided
if certain guidelines are followed in the procurement of systems to comply with the law.

All of these fire protection systems, from simple smoke detectors to complete sprinkler systems must
be designed for the specific installation by persons qualified to do so. The first step is to hire only
qualified contractors to do the work. A discussion of minimum qualifications follows, along with
other important considerations for both alarm and automatic sprinkler systems. A sample Statement
of Work suitable for inclusion in government contracts is provided in Appendix A. Also included in
Appendix A are standard forms for approval testing of sprinkler systems and maintenance/testing
records for alarm and sprinkler systems.

11.4.1 Fire Alarm Systems

Contractor Qualifications: There is a national program for the certification of persons who design
and install fire alarm equipment run by the National Institute for the Certification of
Engineering Technicians (NICET), Under the NICET program, persons progress through
a series of levels by a combination of self study, on-the-job training, and passing written
examinations. There are significant differences between ordinary electrical wiring techniques
and the installation of fire alarm equipment, so general electrical contractors are not
necessarily qualified or capable of doing alarm work unless they are NICET certified or
factory trained by the manufacturer of the alarm equipment (but then only for the installation
of that manufacturer’s equipment).

Therefore, it is crucial that the system design, including specification of the number, type, and
location of devices for the specific installation be performed by a person holding a NICET
Level 3 certification. Actual installation should be done by persons with a NICET Level 1,
supervised by a NICET Level 2. The only exception is for single- or multiple-station smoke
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detectors. While the selection of type, number, and location should be done by a NICET
Level 2 or higher, the actual installation can be done by a general electrician since these
devices are wired the same as a light fixture. The primary cause of alarm system failures is
intentional disconnection by the homeowner due to excessive false alarms, and the primary
cause of false alarms is incorrect location of detectors. NICET certified designers know the
places to avoid locating detectors to minimize false alarm problems.

Advisory; The field office should take adequate precautions to insure that only
quollfied designers and installation contractors are used. Lack of
competence and experience can result in non-compliant installations,poor
cost effectiveness, and a reduction in the intended level of ll~esafety.

Coverage Areas: Fire statistics fi-omthe U. S. Fire Administration show that you are 2 1/2 times less
likely to die in a house fire where the home is protected by smoke detectors. In ten
independent studies conducted in four countries over a 20 year period, 206 fill-scale fire
experiments in actual houses and apartments with actual smoke detectors were conducted to
examine their performance in providing safety for occupants. These tests showed the
following:

o smoke detectors on each floor level of the home provided the most cost-effective
protection,

● either the ionization or photoelectric types of detectors provide adequate warning,
and

● the addition of heat detectors provided little additional protection.

As a result of this research, the National Fire Alarm Code (NFPA 72) currently requires only
smoke detectors for protection of residences. Supplementary heat detectors are permitted
for the protection of spaces where smoke detectors may not be installed, such as in kitchens,
attics or garages,

Reliability/False Alarms: In the recent report of the National Smoke Detector Project conducted by
the Consumer Product Safety Commission, National Fire Protection Association, the
Congressional Fire Services Institute, and the U.S. Fire Administration, data obtained from
field tests of smoke detectors in 1200 American homes was reported. It was found that about
13’ZOof the detectors tested were unpowered, most of these having been disconnected by the
homeowner after an excessive number of false alarms. Therefore, if the protection envisioned
in Public Law 102-522 is to be achieved, false alarms must be minimized. This requires care
that the right detectors are located in the right places.

The greatest source of false alarms is cooking, followed by steam from showers. Both of
these problems can be minimized by carefil location of smoke detectors. Detectors should
never be located in kitchens or within about three feet of the door to a kitchen or bathroom
containing a tub or shower. In a small apartment where the detector cannot be located far
from the cooking area, the use of a photoelectric detector is preferred since they are less
prone to react to cooking. Since smoke flows along the ceiling, the existence of a sofflt will
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help impede the flow of smoke from cooking fi-omreaching the smoke detector. In a fire, the
larger quantity of smoke produced will activate the detector in time regardless of the sotlit.

Hard-wired smoke detectors required by Public Law 102-522 are powered fi-om the 120 VAC
power available in the dwelling. NFPA 72 allows these to be either dedicated branch circuits
or circuits which also supply lights and receptacles. Some experts feel that the latter is
preferable since it is less likely that the homeowner will turn off the power to the detector if
it means that some lights or outlets will not work. Some interconnected detectors can be
damaged if different detectors are powered from different phases of the AC supply. A
qualifled alarm installer should know this, but where general electricians are being used, this
should be pointed out to them.

Power Sources: Another consideration is the power source for single- and multiple-station smoke
detectors. The law and its referenced standards require AC powered in new construction and
permit battery power in existing. Operation from AC power is advantageous in any installa-
tion since the homeowner does not have to change batteries, but the additional cost of wiring
can be prohibitive. Certainly, if other wiring upgrades are being made, or if the wall finishes ~
are being replaced, it is a good idea to install AC powered detectors.

Whenever AC powered detectors are being installed, AC with battery backup should be
utilized. These detectors have a 9 volt battery which powers the detector if the AC is off.
The incremental cost of these models is small over the AC only versions and installation cost
is the same. Running in a backup mode, the batteries last 6-7 years before they need to be
replaced, so the burden on the homeowner is minimal. The additional reliability is well worth
the additional cost, and several court cases have held landlords liable for detectors not
working during power failures because detectors with backup power are readily available at
small additional cost so it is “reasonable” to do.

Al~: It is important to understand that single- and multiple-station smoke detectors
can be used only within individual living units. They should not be connected into a building
fire alarm system, but it is permitted to utilize a remote signaling device which produces a
supplementary signal in a spectic location. This can include signaling at an attended location

(e.g., a manager’s office or front desk) in cases where there might be no one at home or where
disabled or elderly occupants might need evacuation assistance. Activating a building
evacuation signal is prohibited because of the relatively high rate of false alarms from smoke
detectors in living units and the associated loss of credibility of the fire alarm system.

Where alarms are required in common use areas of multifamily properties, a fire alarm system
consisting of separate detectors, sounders, and a control panel, is required. Such systems can
be arranged to transmit alarm signals automatically to the fire department or to a monitoring
station. This is not required by the law and is generally not necessary in residential properties
since they are seldom devoid of any occupants who can call the fire department.

h properties with both sprinklers and fire alarm systems (not just single-station alarms), the
sprinkler system should be connected to the alarm system to sound the alarm whenever the
sprinkler system is flowing water. This is done through an inexpensive waterflow switch and
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is a very good ide~ both from the viewpoint of fire protection and to minimize water damage
from a sprinkler system problem (e.g., a fi-ozen pipe, mechanical damage, or vandalism). The
alarm system can also be used to provide inexpensive monitoring of sprinkler shut-off valves
so that they cannot be inadvertently left off.

Where remote monitoring of the system is desired, control panels are needed to provide such
an interface. These systems transmit signals to a monitoring service by connection to the
telephone line. They are programmed to automatically dial the service and report via a device
called a Digital Alarm communicator (DAC). Other dew-ces called Tape Dialers should never
be used as they are unreliable. Remote monitoring of the system is recommended for
sprinklered properties since this includes supervision of water supply valves, and it assures
rapid notification of the fire department and minimizes the potential for water damage.

Provisions for the Hearing Im~aired: A new area within the National Fire Alarm Code is the
requirements for flashing lights to accommodate persons with hearing impairments. Chapter
2 places the responsibility on the occupant to notfi appropriate persons of their need for such
accommodatio~ and the builder or landlord is then responsible for providing the equipment.
Within the individual living unit each single- or multiple-station detector must be provided
with a low intensity(15 candela minimum) strobe light which can be powered from a battery
or from AC. The bedroom in which a hearing impaired person sleeps must be equipped with
a high intensity strobe which is powered from the AC. This light must produce at least 177
candela if mounted on the ceiling, or 110 candela if mounted at least 24 inches below the
ceiling.

In the common areas of multifamily properties in which hearing impaired persons live, strobe
lights are required in addition to audible devices. The number, location, and intensity of these
devices are specified in Chapter 6 of the National Fire Alarm Code (NFPA 72). In larger
spaces where more than one strobe light can be in a person’s field of view, the strobes should
be synchronized to flash together (unsynchronized strobes can cause seizures in some persons
with epilepsy). In spaces with single strobes, unsynchronized devices reduce costs because
they place less demand on system power supplies.

The requirement for design by a NICET Level 3 or higher contractor should assure that all
of these factors are considered for every installation since these represent requirements in the
referenced standards or good engineering practice.

11.4.2 Automatic Sprinkler Systems

Contractor Qualifications: A NICET program has also been setup to certi~ individuals who provide
detailed design and installation of automatic sprinkler systems. Typically, basic design is
performed by a licensed fire protection engineer (PE) or certified architect. Detailed design
and sprinkler system layout should be performed by an individual certified as a NICET Level
HI sprinkler system designer, with review being pefiormed by a NICET Level IV or a licensed
fire protection engineer (PE).
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Installation should be performed by a crew where the ratio of qualified “fitters” to apprentices
is 1:1. A fitter is an individual with a minimum of five years of installation experience. A
fitter is expected to be fully knowledgeable regarding the detailed requirements of the
applicable codes and standards and is responsible for installation compliance. There are no
requirements for an apprentice.

Frequently, local jurisdictions will have
installers.

Advisor-y: Under some jurisdictions

additional requirements for both designers and

non-NICET quallfied installers (e.g., plumbers)
may he permitted to instal[ sprinkler systems using nonmetallic piping.
Caution is recommended inpermitting such practices since mostplumbers
are not familiar with the detailed requirements of the standards and may
overlook important design/installationfeatures, resulting in an inferior
installatiorjthat could reduce the intended level of llfe safety.

Sprinkler Coverage: The use of partial sprinkler systems to compensate for deficiencies in fire
resistance, interior flame spread and egress for Rebuih Multifamily ?ilousing should not be
misconstrued as meeting the requirements of a sprinklered building under NFPA 13, 13R or
the local building code. However, partial systems can provide considerable benefits in both
reducing the life safety risk due to hazardous areas of the building, and reductions in insurance
premiums.

If extensive use of partial systems is required to satisfi the requirements in NFPA 101,
Chapter 19, consideration should be given to installation of a complete sprinkler system in
compliance with NFPA 13 or 13R, whichever applies. The additional cost maybe recouped
in only several years based on reductions in the insurance premiums. And, the reliability of
a complete system is significantly greater than for isolated partial systems. NFPA has no
record ofa multiple fatality fire in a “filly” sprinklered building.

Areas of residential buildings that are exempted from sprinkler coverage under NFPA 13 or
13R have been identified based on review of national fire incident data. These areas are
estimated to have little or no effect on the actual fire risk and may provide significant
economies in terms of installation costs.

Water Sutmlv: Having a reliable, adequate water supply is critical to satisfactory performance of a
sprinkler system. In addition to basic considerations such as the amount of water required,
the system pressure, and duration of flow, there are several other issues which require atten-
tion.

Service Interruption: The most frequent cause of water service interruption is a closed

control valve, Steps should be taken to minimize the potential for such an event. For
example, wherever possible the water supply should be arranged so that the only way to shut
off the sprinkler water supply is to shut off the domestic service as well. Requirements for
separate domestic and sprinkler water supplies in NFPA 13 limit such actions. However, this
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can be readily accomplished under NFPA 13R as illustrated in Figure 11.6 for a typical
residential buiiding.

~ City waler main

I City gale valve

To damestic
system
—

Main control /
•1 n 1-

valve

>a!erCDo.est.
Rubber-1aced

7
meter shutoit

check value Pressure gauge valve
(see Note)

# Wabwflow detector

Drain and lest
connection

+ Pressure gauge

I

To automatic
sprinkler
system

NOTE: Rubb,c.rwcd check “,1”,, OP[b”d

Figure 11.6 Preferable arrangement.
Reprinted with permission from NFPA 13R, Installation ofSprinkler Systems

in Residential (Iccupnncies up to and Including Four Stories in Height,

Copyright C31994, National Fire Protection Association, Quincy, MA 02269.

This reprinted material is not the complete and official position of the National
Fire Protection Association on the referenced subject which is represented
only by the standard in its entirety.

Water Quality: Sprinkler piping can be degraded rapidly due to chemical or microbial

induced corrosion. Local water quality should be tested to insure that such effects will be

minimal. Where possible, such effects can be reduced dramatically by the use of non-metallic

piping (e.g., plastic) listed for such usage.
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Ba&Iow Protection: Frequently, the local water authority requires installation of backflow
protecticm in the sprinkler system to insure that water from the sprinkler system does not
drain back into the domestic system in the building or the city water supply. Considerable
controversy exists over this requirement. The cost of backflow devices can be hig~ adding
considerable cost to the sprinkler system. Recent studies indicate that simple “single check
valves” provide adequate backflow protection and are the least expensive available backflow
devices. Figure 11.6 illustrates a typicai installation of a single check valve that serves as
backflow protection.

Advisory: The water authoriy usually has the last word on the need and type of
backflow protection device(s). It is advisable to obtain the services of a
qual@ed@re protection engineeringfirm to address this issue with the local
water a~{thori~ 1~the potential exists for sign~jicantcost impact for the
property tinder consideration, or if it is anticipated that HUD will be
involved in other similarprojects in thisjurisdiction.

Freezing: Extensive requirements exist in NFPA 13 regarding protection of sprinkler
systems against freezing While several design alternatives are available, including the use of
dry pipe systems and using antifreeze solutions, these alternatives should be considered as last
choices. The impact on life safety performance and the reduction in reliability due to added
hardware should always be considered. Therefore, it is recommended that wet pipe systems
be installed wherever possible and appropriate cautions be evoked to minimize the potential
for freezing.

Advisory:

Advisory:

Mile not required, it is a good designpractice in areas subject tofreezing
to install sprinklerpiping in the interior walls. Exterior wall installations
have re.wlted in.freezing under severe conditions.

If sprinklerpipit~gis installedabove the ceiling in an unheated attic space
specific inst~llationpractices must be met. Suchpractices are frequently
provided by the insulationmanufacturer. Figure II. 7provides illustrations
of how to installsprinklerpiping and attic insulation to prevent freezing of
the sprinkler piping. There have been many instcmces where improper
installation of the attic insulationhave resulted infreezing sprinklerpipes
andpipe faihwes.

Seismic Protection: The 10SSof a sprinkler system due to a minor seismic event is a serious
reliability problem. Where needed, proper installation of sprinkler piping should include the
use of flexible pipe couplings, sway bracing, etc. In areas required to be protected against
earthquakes (guidance provided in NFPA 13), contractors must demonstrate competence in
performing these unique design requirements.
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Figure 11.7 Examples of proper thermal insulation in attics containing sprinkler piping.

Alarm/Electrical Su~ervision: All sprinkler systems should include a local water flow alarm in
accordance with NFPA 70, the National Electrical code, Article 760. Such an alarm will
noti~ the residents in the event that the sprinkler system goes off. In addition, the system
should always include electrical supervision connected to the alarm system when one is
available. These features are important in order to notify building residents and local fire
departments in the event that a sprinkler system flows water; such a condition could indicate
a fire or a false activation. Both types of incidents require response by the building residents
and local emergency organizations.

Sprinkler Type: Residential or quick response sprinklers should be used whenever possible. These
sprinklers are designed to respond rapidly to small fires. Considerable research has resulted
in residential and quick response sprinkler technology that provides a high level of life safety.

NFPA 13 permits the use of residential sprinklers in residential portions of multistory
buildings and their adjacent corridors. There are important life safety advantages to using
residential sprinklers wherever possible. In addition, the four sprinkler design area permitted
in NFPA 13R is extended to NFPA 13 for the individual dwelling units, potentially reducing
the amount of water required by the sprinkler system.

Component Ouality Control: System components such as sprinkler heads, selected piping, valves,
pumps, etc. are required to be “listed” for such use by an organization acceptable to the
authority having jurisdiction; e.g., Underwriters Laboratories, Inc. Listed components are
labeled as such and can be examined before or after installation by the installer, the building
owner and/or the local authority. Qualified installers should be depended upon only to install
listed components where required by NFPA 13, NFPA 13R or the local authority.

System Acceptance Testing: All installed sprinkler systems must be tested and approved. The
installation contractor is required to conduct a series of “approval” tests and document results
for transmittal to the authority having jurisdiction. The authority as well as the building
owner must be notified of the test schedule and are permitted to observe the testing.
Examples of report forms for acceptance testing are provided in Appendix A.
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Maintenance: Sprinkler systems Imustbe maintained in accordance with NFPA 25, Water-Based Fire
Protection Systems (1992 ed). The building owerhas theresponsibility forassufing thatthe
sprinkler system is maintained in proper operating condition. This involves routine checking
of nonsupervised valves, routine visual inspection of system components and periodic
system/water supply flow tests. Such maintenance can be performed by a sprinkler
installation contractor or the owner’s building maintenance staff provided they are qualified.
A recommended schedule for routine maintenance and testing of sprinkler systems is provided
in Appendix A.

Buildirw Occuuant Information: Guidelines regarding how sprinkler systems work, common
misconceptions, and what tenants should do in the event that a sprinkler system goes off
should be developed and provided to each tenant. Tenants should be cautioned regarding
hanging objects from the sprinklers, not painting the sprinkler heads, maintaining a minimum
clearance of 18 inches below sprinklers and immediate reporting of damaged or leaklng
sprinkler systems. Resources where assistance can be obtained for this effort are provided
in Appendix B.
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Part 111. Important Issues in Implementing Automatic
Sprinkler Requirements

1111 Understanding Sprinkier Technology

What is a fire sprinkler system?

Fire sprinkler systems are designed and installed to “automatically” spray water onto a
developing fire. Such syste]ms are intended to “control” a fire, therefore providing time to
escape and limiting the extent of damage. Complete extinguishment is not the intended design
objective; but in fact, modern sprinkler systems frequently completely put out fires. The
introduction of ‘(residential” sprinklers and other quick response sprinkler technology has
further enhanced the extinguishment capability and life safety performance of sprinkler
systems.

How does a sprinkler system nctually work?

Fire sprinkler systems are activated by heating individual sprinklers beyond a preselected
temperature level, normally in the range from 135 to 165 F for residential applications. A
misconception associated with these systems is that if one sprinkler opens, all sprinklers open

and spray water, In fact, only the sprinklers in the immediate vicinity of the fire typically
open, limiting water application to the area of fire origin. Typically, one or two sprinklers are
sufficient to control a residential fire.

Are all installed fire sprinkler systems the same?

No. Installed systems can vary considerably, depending on the governing codes and standards
that are applied and the selection of hardware components and basic design scheme.
However, the performance objectives are the same; to provide a reasonable level of life safety
and property protection from fire.

Are Sprinklers required in all parts of a building?

No. Both NFPA 13 and 13R allow certain areas of dwelling units to be exempted from
sprinkler coverage. However, limitations associated with both the size of the space and the
flammability of the walls and ceiling must be met. NFPA 13R also extends the exempted
areas beyond the dwelling units to include common areas, exterior stairs and other areas. In
addition, Option 3 of NFPA 101, Ch 19 permits the use of “partial” sprinkler systems to
protect selected hazardous areas,
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What requirements govern the design and installation of fire sprinkler systems?

Nationally recognized codes and standards include the NFPA 101 Life Safety Code, and
NFPA 13 and NFPA 13R sprinkler installation standards. In addition, local jurisdictions may
have adopted one of the model building codes with or without local variations as well as local
ordinances related to fire sprinkler systems.

Are there special qualifications for designers and installers?

Yes, Typically, basic sprinkler system design is performed by licensed professional engineers
or architects. Detailed design and installation are performed by licensed contractors, using
certified engineering technicians for the design work and qualified fitters for the installation.
Frequently, local jurisdictions will have requirements for both designers and installers.

Who is the ultimxte npproval authority?

The local Authority Having Jurisdiction (AHJ). Local AHJ’s typically
requirements for sprinkler system designers and installation contractors.

have certification
They also have a

design approval process, permit requirements, and final system approval testing and
certification requirements. All sprinkler installations should comply with the requirements of
the local AHJ.

How much do sprinkler systems cost?

While costs vary depending on the geographical location, available labor, etc., typically the
cost of installing a sprinkler system in a new building is estimated at $1.00 to $1.50 per sq.
ft. If the system is being installed in an existing building (i.e., retrofitted) the cost is on the
order of 50°/0 higher.

Are there ways to recoup the cost of a sprinkler system?

Yes, Many local AHJ’s permit design tradeoffs if an approved fire sprinkler system is installed
in the building. In addition, insurance companies routinely provide premium discounts on the
order of 15-20°/0 per year.

How reliable fire fire sprinkler systems?

Historical records of sprinkler performance indicate an effectiveness level in the 95-99’?40
range, provided that the system is properly installed and maintained. Accidental discharges
are extremely rare, estimated at 1 in 16 million sprinklers per year of service. And, insurance
records indicate that potential fire dalmage costs are many times greater than that associated
with water damage frolm a sprinkler system during a fire.
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What are the common failure modes for sprinkler systems?

The dominant failure modes include (1) lack of water due to someone shutting off the water,
(2) component failure due to poor system maintenance, and (3) component failure due to
improper installation (e.g., pipe failure due to freezing or earthquake).

IIL 2 Steps in the Designllnstall Process

Compliance with the basic automatic sprinkler requirements under
accomplished through a five step process, including the following:

Step 1: Identification of HUD Property Category

the law (PL 102-522) can be

The applicable property category should be determined for each candidate
property. This should be performed by qualified HUD field personnel or by
contractor(s) familiar with the requirements for each of the property
categories.

Step 2: Basic Design

The basic sprinkler design effort is normally performed by a qualified design
professional. In selected jurisdictions installation contractors also maintain

such expertise. The basic design effort includes several tasks, including the
following:

(a) selection of the applicable engineering standards;

(b) identification of unusual requirements, local statutes, etc. that
may deviate fi-omthe requirements in the applicable standards;
and

(c) provision of general guidelines regarding occupancy class,
water supply, types of sprinklers, and main system equipment
and components.

This step does not include preparation of formal drawings, and could be
limited to specification of the applicable standard(s), depending on the extent
of conflict between national standards and local statutes.

Step 3: Working Plans/Installation

This step involves preparation of detailed working plans/shop drawings and
specifications, and the actual installation of the sprinkler systems. Typically,
a licensed sprinkler contractor is required to perform these services. And, if
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Step 4:

Step 5:

problems arise that require fin-ther design discretion, they should be referred
to a qualified design professional.

Approval Testing

The licensed sprinkler installation contractor must perform a series of
approval tests, document the results, and provide the results to the local
Authority Having Jurisdiction (AHJ). Testing includes flow testing of
underground water systems, hydrostatic testing of the sprinkler system, water
flow alan-n tests, and main drain valve tests. Frequently, the AHJ will require
witnessing of the tests by it’s personnel. Results must be documented in
writing, and acceptance certificates must be prepared by the sprinkler
contractor. (Note: Example forms for acceptance/approval testing are
included in Appendix A.)

Inspection/Mfiintenance Plan

A routine inspection and maintenance program must be set up by the building
owner, Such a plan can be developed and/or conducted by a licensed
sprinkler contractor or, if qualified, the owner’s building maintenance
personnel. NFPA 25, Water-based Fire Protection Systems, provides detailed
guidance regarding required inspection and maintenance of sprinkler system
components as well as frequency. Example schedules and checlclkts are
provided in Appendix A. Written records should be maintained by the owner.

IIL3 Choosing the Right Sprinkler Design Standard

111.3.1 HUD Property Categories

As outlined in Public Law 102-522, there are three distinct property categories under
consideration for mandated inclusion of automatic sprinkler systems. The type and extent of
automatic sprinkler protection required is dependent on the property “category” and the
building height. The property categories are (I) Newly Constructed Multifamily Properties,
(II) Rebuilt Multifamily Properties, and (III) Other Dwelling Units. Specific requirements or
criteria associated with each property category are summarized in Table I. 1 (reprinted here
for convenience),
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Table I.1 HUDPropertyCategories(tlomPart I)

HUDPropertyCategory I Elements

I. Newly Constructed (a) z 4 stories,and
Multifamily (b) z 5 unitsunderoneroof,and

constructedafter10/26/92,and
:) HUDassistanceusedor committedtier 10/26/92
Exempted NewpropertieswhichreceivedHUDbinding

commitmentsfor assistancebefore11/26/92

II. Rebuilt Multifamily (a) ~ 4 stories, and

(b) z 5 units underoneroof,and
rebuilton or tier 10/1/94,and

;) HUDassistanceorbinderbeforeconstructionbegan,and
(e) costofalteration>70 0/0ofreplacementcost

III. Other Dwelling Units (a) allotherproperties24 stories,or
@) multifamilyfrom 1-3stories,or

IIL3.2 Required Levels of Sprinkler Protection and Governing Standards

The required level of automatic fire sprinkler protection is dependent on the HUD property
category associated with a particulm property. For example, if the property is determined to
be “newly constructed, ” automatic sprinkler protection is required throughout the building.

The governing standards for the design and installation of automatic sprinklers in HUD
properties include the following:

(1) NFPA 13, Installation of Sprinkler Systems,
(2) NFPA 13~ Sprinkler Systems in Residential Occupancies Up to and

Including Four Stories in Height, and
(3) NFPA 101, Life Safety Code, Chapter 19, Existing Apartment Buildings.

NFPA 13 provides detailed design and installationrequirements for a broad range of building
types, including multistory residential. It is considered the baseline standard for automatic
sprinklers and provides a high level of reliability for compliant automatic sprinkler
installations.

NFPA 13R applies to residential buildings no higher than four stories. Requirements for
coverage areas and water supply are potentially less demanding in NFPA 13R as opposed to
NFPA 13, These dfierences have been determined not to compromise the overall reliability
of the installed sprinkler systems for this limited occupancy class (i.e., multifamily s 4 stories
in height), but do provide for the possibility of significant cost savings.

NFPA 101, Chapter 19 specifically applies to Category II, Rebuilt Multifamily Housing. Of
the four fire protection “options” provided in Chapter 19, only options 3 and 4 include
automatic sprinklers. The intent is to permit considerable flexibility in achieving an acceptable
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level of fire protection in existing structures where compliance similar to that required for new
construction would be prohibitively costly and diflicult to achieve. For example, in existing
buildings not exceeding six stories in height, Chapter 19 permits the use of “partial” sprinkler
systems, Such systems are used to protect only the high hazard areas of the building such as
firnace rooms or common storage areas,

The required extent of automatic sprinkler protection and the applicable code/standards for
fire sprinkler systems are summarized in Table III. 1 for each candidate HUD property
category. This table provides quick guidance regarding protection requirements and
appropriate selection of design/installation standards.

Table III. 1 Required Automatic Sprinkler Protection and Governing Code/Standards

,
HUD Property Categoly Required Sprinkler Coverage Applicable Codes/Standards

I 1

1. Newly Constructed Multifamily
4 stol-ies Complete** NFPA130r13R

>4 stories Complete** NFPA 13

II. Rebuilt Multifamily
option 3 (NFPA 101. Ch 19)

4 stories Pallial NFPA 101* @JFPA 13 or 13R)
5 or 6 stories Partial NFPA 101” (NFPA 13)

(htion 4 OJFPA 101.0 19)
>6 stories Complete NFPA 101* (NFPA 13)

III. Other Dwelling Units None NFPA 13R or 13D

* NFPA 101 outlines the sprinkler coverage requirements; NFPA 13 and 13R provide detailed sprinkler system design
guidance.

* * For buildings in New York City, the automatic sprinklers may be omitted if an engineering analysis demonstrates that

m alternative desi~ or system (which may inchlde sprinklers) achieves a level of life safety of the building occupants, equal
to or greater than that provided by the sprinklers. The required engineering analysis must be performed in accordance with
guidelines established by the General Services Administration which are included in this Guide in Appendix B.

IIL4 Selecting the Contractor(s)

Only qualified contractors should be permitted to design and/or install proposed alarm or sprinkler
systems.

Design compliance with local code requirements, selection of the most beneficial design in terms of
life safety and cost efficiencies, and selection of appropriate governing engineering standards are all
important elements of the basic design task. As discussed in Part 11.4.2, licensed engineers and
architects experienced in alanm or sprinkler design should normally be used for this initial design task.

In many jurisdictions, local installation contractors are also qualified to perform the initial design task
along with detailed design, installation and acceptance testing. For relatively simple designs there are
potential advantages to obtaining all of the necessary services to complete the installation from one
contractor. However, for large projects a fire protection or architectural firm experienced in this area
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can provide general design guidance that may dramatically effect the final installation costs and
approval by the local authority.

In identifying fire protection engineering or architectural services, the field oilice should require that
bidders provide documentation of experience and qualifications to perform such services along with
evidence of familiarity with the most current hardware technologies. These qualifications are
necessary to insure preparation of “cost/beneficial” designs that take advantage of sprinkler hardware
advancements in terms of life safety performance and cost.

Potential sprinkler installation contractors should be required to demonstrate qualifications and work
experience consistent with the National Institute for the Certification of Engineering Technicians
(NICET) guidelines.

IIL 5 Important Dl~ferences in Minimum Sprinkler Requirements

For purposes of compliance with Public Law 102-522, the least restrictive requirements for a
particular HUD property category should be considered adequate. And, in most cases, the least
restrictive requirements will provide design options that can be used by the designer/installer to
reduce the cost of the system. In many cases these cost savings are significant without any
measurable reduction in safety.

Requirements for the installation and maintenance of automatic sprinkler systems are extensive,
regardlessof which standard(s) are applied. Generally, it k appropriate to obtain the services of

qualified design professionals and licensed sprinkler installers/contractors to design and install a fire
sprinkler system and obtain the necessary approvals to insure system operability and reliability.
However, there are basic minilmum requirements that vary somewhat, depending on which standards
govern the design and installation of the sprinkler system. These variations are potentially important
in terms of system performance and system cost. The following is a detailed discussion of the

minimum requirements in NFPA 13, 13R and 101, Chapter 19 for key system elements such as water
supply, sprinkler types, and locations that can be exempted from sprinkler coverage. While some
redundancy with Part II can be found here in Part III, the user will find review of this part to be easier

in the absence of repeated references back to Part II. An abbreviated summary of the minimum
requirements is presented in Table 111.2at the end of this section for quick reference.

111.5.1 NFPA 13 Installation of Sprinkler Systems (1994 ed)

Water SuK)tYlv:At least one acceptable automatic water supply is required, as defined in NFPA 13.
Typical acceptable water supplies include public water systems, elevated storage tanks,
pressure tanks, and stored water sources with automatic pumps.

Systelm Tvpes: NFPA 13 recognizes several types of automatic sprinkler systems, including (1) wet

pipe, (2) dry pipe, (3) preaction and deluge, (4) combined dry pipe and preaction, and (5)
antifreeze systems. All of these types of systems are suitable for use in multifamily residential
buildings, but each system type requires unique specifications, components and design
requirements,
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Advisory:

Advisory:

Advisory:

Whenever possible, a wet pipe system ispreferred Dry pipe or antifreeze
systemscon be used in areas wherefreezing ispossible, but require special
design and installationconsiderations.

The use of’ antlfieeze systems may require additional valves and backji’ow
preve~]tion to inslmethat the antl~reezedoes notji!ow back into thepublic
water system. The local water authori~ mayprohibit the use of ant~~eeze,
or require special treatment of such systems.

If sprinkler piping is installed above a ceiling in an unheated attic space,
spec?fic installationpractices must be maintainedfor both the sprinkier
piping mld attic insulation. Figure II. 7 in Part Hprovides illustrationsof
how to install sprinklerpiping and attic insulation to prevent freezing, a
signl~icantproblcm i?[many areas.

Sprinkler Tvpes: Listed standard sprinklers are acceptable throughout the building. Residential—
sprinklers are permitted inside dwelling units and in adjoining corridors.

Advisory: i%e t{seof residentialor quick response sprinklersare preferred throughout
the b~lila’ing.These types of sprinklers have been demonstrated to provide
improved hfe s~fety while maintaining the proper~ protection normally
associated with mttomatic sprinkler systems.

Piping for use in an NFPA 13 system must be listed for such applications. Common types of
sprinkler piping include steel, copper, and specific types of plastic (i. e., po}ybutylene (PB) and
chlorinated polyvinyl chloride (CPVC). The minimum pipe diameter permitted for sprinkler
piping is nominally 3/4 inches.

All piping, valves, Imeters, etc. connecting the sprinkler system to the water supply must be
listed (i.e., tested and certified by a nationally recognized organization acceptable to the local
authority such as Underwriters Laboratories, Inc.). Combined domestic and automatic
sprinkler supply piping is not permitted.

Advisory: Problems have occvwred in the use of plastic pipe as a result of joining
methods that resuhed in moderate to long term leakage. It is important to
inswre that the]“oining techniques used are part of the listing of the pipe
systemandmeet appropriateprovisions of ASZM standardsfor pipe systems
fb}-fire protection service.

Advisory: The~{seof smalla’icvneterpipeG.e., less than3/4 inch) is under investigation
and may be permitted on a limited basis. However, it should not be
permitted lmless the designprofessional or the installation contractor can
demoilstrotethatNFPA 13 has been changed to permit the smaller diameter
pipe, a~d that the smaller diameterpipe is listedfor such service.
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Advisory: .Vpl”inkler piping ccm be degraded rapidly due to chemical or microbial
inducedco~rosion. Local water quali~ should be tested to insure that such
effects willbe minimal. In some cases such effects may be reduced through
the use of non-metallic piping (e.g., plastic) which does not react to most
corrosive proce.wes.

Required Coverage: The standard requires that a building be filly sprinklered. Coverage areas
include habitable spaces (i.e., dwellings and common areas), concealed spaces, vertical shafts,
stairways, building service chutes, elevator hoistways and machine rooms, electrical
equipment rooms, and so forth.

Advisory UnderOption 3 @NFPA 101, Chapter19,for rebuilt multlfamii’yresidential
buildings,partial sprinkler systems can be used to help relax other building
constriction requirements. While NFPA 13 does not recognize partial
sprinkler systems as an acceptable sprinkler design alternative, the
requirements itlNFPA 13 muststill be met lfa partial system is installed.

Exempted Coverage Areas: The only areas exempted from sprinkler coverage under NFPA 13 are
within the individual dwelling units. Exempted areas include:

(a) bathrooms no greater than 55 sq. ft. in area with walls and ceilings of noncombustible
or limited combustible construction having a 15 minute thermal barrier. A typical
material that meets these requirements is painted or vinyl covered drywall.

(b) clothes closets, linen closets and pantries no greater than 24 sq. il. in area and with
the smaller dimension (i.e., width or length) not exceeding 3 feet, and walls and
ceilings of noncombustible or limited combustible materials.

Hvdraulic Desire: Normally the water flow rate and pressure are determined hydraulically, based on
the area/density method provided in NFPA 13. Hose stream requirements must be added to
the water demand determined independently for the sprinkler system. An exception permits
calculation of the water demand inside individual dwelling units based on the four sprinkler
maximum demand method permitted in NFPA 13R. A flow duration of thkty minutes is
required.

Advisory: The cn.ea/densitymethod if applied to the common areas or other spaces
ollt,ride the dwelling unit, willfrequently dominate the waterfiow demand
req~liremtirlt.The rcw[ltingdemand maybe considerably higher thanfor a
sprinkler system desiged for the same building under NFPA 13R.
Ther@re, whe?leverpossible, consideration should be given to application
of the requirements in NFPA 13R 1~the building height and the HUD
property category permit its use.

Alarn-dSu~ervision: Local water flow alarm is required on all sprinkler systems having greater than
20 sprinklers. Electrical supervision of water flow valves is also required, with connection
to the alarm system if one is provided,
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Advisory: Normallyit isgoodpractice to at leastrequire local water~ow alarmfor any
installed~prinklersystem, includingpartial systems ojordy afew sprinklers
installedtoprotect specjtled areas underNFPA 101, Chapter 19, Option 3.
Suchpractice reduces thepossibilityof extensivewaterdiwnagedue to Wstem
leakage or accidental sprinkler discharge.

Seismic Protection: Seismic protection is required for sprinkler piping in areas subject to
earthquakes. Guidance is provided regarding what geographical areas are included as well
as various techniques for providing such protection.

Plans and Calculations: Detailed working plans and supporting calculations are required to be
submitted to the local approval authority for approval prior to installation. Instructions
regarding the general requirements and layout of sprinkler drawings/plans are provided in
IYFPA 13 (Chapter 6).

A~~roval/Acceptance Testing: Installation contractors are required to schedule and perform
acceptance tests on all new or modified sprinkler systems. Contractors must prepare and sign
Contractor’s Material and Test Certificates (examples provided in Appendix A). Acceptance
testing includes: (1) flushing of underground piping, (2) hydrostatic testing of the sprinkler
system, (3) valve operation tests, (4) water flow tests, and other related tests.

Maintenance: A scheduled maintenance program should be set up by the property owner in
accordance with NFPA 25, Standard for the Inspection, Testing and Maintenance of Water-
Based Fire Protection Systems. Typical schedules and forms for maintenance are provided
in Appendix A.

111.5.2 NFPA 13R, Sprinkler Systems in Residential Occupancies Up To and Including I?our
Stories in Height (1994ed)

Water Supply: At least one automatic water supply is required, as defined in NFPA 13R. Typical
acceptable water supplies include public water systems, elevated storage tanks, pressure
tanks, and stored water sources with automatic pumps.

Only a limited number of valves and hardware are required to be listed.

Common supply piping to the building can be used to supply domestic and sprinkler systems
where

(a) the domestic demand is added to the sprinkler system demand for purposes

of determining the amount of water needed, or

(b) water flow to the domestic system is automatically interrupted in the event of

sprinkler system operation.

Advisory: Where common svpply piping is used, it ispreferable to desi~ the supply
main so that the sprinkler system can not be isolated from the domestic
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system and shut ofj A typical arrangement is illustrated in Figure IL6 in
Part H Exceptions are provided for systems that are supervised or for
valves that are locked open. i%ese precautions are necessary to insure
system reliability.

Advisory: l%e use @common supplypiping may require backji’owprevention in ordkr
to assurethatthe sprinklersystem water can notflow back into the dometi”c
system or thepublic water supply. Requirements are normally a?ktermined
by the local water authority.

Sy%emTWes: The most common types of sprinkler systems recognized in Nl?PA 13R are wet and
dry pipe systems. As the terms suggest, wet pipe systems have water in the piping at ali
times, while dry pipe systems do not. Wet pipe systems are preferred for residential
applications since there are no delays associated with water reaching the sprinkler heads, and
shouid be installed in all areas mot subject to freezing.

If areas are subject to freezing, piping can be protected through the use of antifreeze or by
use of a dry pipe system. Both of these approaches require special considerations, and
equipment and hardware listed specifically for such use, and the designs must comply with
additional provisions of NFFA 13. Alternatively, sprinkler systems can be designed to avoid
installation of piping in exterior walls where fi-eezing may occur; piping installed in attic
spaces can be installed along with the attic insulation so that freezing will not occur.

Advisory: Wheneverpossible,a wetpip systemispreferred Z4e use of ant&reezemay
require aa!iiitionalequipment to prevent contamination of a public water
supply. In some cases, the local water authority may even prohibit the use
of ant@eeze.

Advisory: Whilenot required it is a goodpractice inareas subject tofreezing to install
sprinklerpiping in interior walls. In addition, as ilhutrated in Figure II. 7
(Part II) insulation manufacturersfrequently provide guidiznce on pipe
installationin attics subject tofreezing.

!3xinlder Tv~es: Listed residential sprinkler heads are required to be used inside all dwelling units.
They are also permitted in corridors and lobbies adjacent to dwelling units provided these
common spaces have maximum ceiling heights often feet or less, and the ceilings are smooth
and flat.

Standard or quick response sprinkler heads are to be used outside the dwelling units for all
other applications.

Advisory: Except where thehazardrequiresspecial consideration, residentia~sprinkler
heads should be used wherever possible. This type of sprinkler has been
developed to provide unique ll~esafety performance under residential type
fires. Residential or quick response sprinklers should be used in common
areas such as corridors, lobbies and basement utilityareas.

III-1 1



Piping for use in an NFPA 13R system must be listed for such applications. Common types
of sprinkler piping include steel, copper, and specific types of plastic (i.e., polybutylene (PB)
and chlorinated polyvinyl chloride (CPVC).

*: Problems have occurred in the use ofplasticpipe, primarily as a result of
joining techniques that resulted in moderate to long term leakage. It is
importantto insurethatthejoining techniques used are part of the listing of
theplpe systemandmeet appropriateprovisions of ASIT4 standhrdsfor pipe
systemsforfire protection service.

Advisory Sprinkler piping can be degraded rapidly due to chemical or microbial
inducedcorrosion. Local water quality should be tested to insure that such
e~ects will be minimal. Wherepossible, such effects may be reduced by the
use of non-metallic piping (e.g., plastic) Iistedfor such application.

Requ ired co veraae: The standard requires that a building be filly sprinldered. There are no
exceptions for partial sprinkler systems designed to protect isolated areas.

Exempted Coverasze Areas: Certain areas are exempted from sprinkler coverage, even though NFPA
13R generally assumes that the entire building will be sprinklered. The exempted areas
include the following:

(a) bathrooms no greater than 55 sq. ft. in area with walls and ceilings of
noncombustible or limited combustible construction having a 15 minute
thermal barrier. A typical material that meets these requirements is drywall,
painted or vinyl finished.

(b) clothes closets, linen closets and pantries within the dwelling units no greater
than 24 sq. ft. in area and with the smaller dimension (i.e., the width or the
length) not exceeding 3 ft, and walls and ceilings of noncombustible or limited
combustible materials.

(c) porches, balconies, corridors and open and attached stairs.

(d) attics, penthouse equipment rooms, crawl spaces, floor-ceiling spaces,
elevator shafts, and other concealed spaces not used for living or storage.

Hydraulic Design: The sprinkler systems in the individual dwelling units are required to supply
sufficient water pressure and flow to accommodate up to as many as four sprinklers at one
time. Outside the dwelling units, the demand is to be calculated by the area/density method
outlined in NFPA 13, which could result in a considerably higher water demand. The
required flow duration for systems designed under NFPA 13R is 30 minutes. That is, the
water supply must be able to accommodate the required flow rate and the pressure for 30
minutes.
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Aa’vi.wwv: lhcre are exceptio~]sin NFPA 13R thatpermit the use of thefour sprinkler
maximumol{tsidethedwellingunits,depending on the size of the~oor areas
atzi the ceiling height of the spaces to be protected. In general, the use of
ihcfotw sprinklermaxirnwncan result in a lower water supply demand than
wol{ldbe ex~]ectedIm.ierthe area/densitymethod. In many areas thepublic
water system can .wpply the water demandfor thefour sprinkler maximum
desipt witholltpl{tnps or other hardware that adds considerable cost to the
basic system costs.

Alarm/Supervision: Local water flow alar]m is required on all sprinkler systems having greater than
20 sprinklers. Electrical supervision of water flow valves is also required, with connection
to the alarm system if one is provided.

Adsisory: Normallyit isgoodpracfice to at ~eastrequire local waterjlow alarmfor any
i~]tstalled.ywi~lkkv”sy,vtem,inclvdingpartial systems of only afew sprinklers
i}].~ta[ledtoprotect Ypec(ficdareas lmderNFPA 101, Chapter 19, Option 3.
.Yl{chpractice redt{ce.vthepossibilityof extensivewaterdamage due to system
leakage or accidetlta[ .yjrinklerdischarge.

Seislmic Protection: Seismic protection is required for sprinkler piping in areas subject to
earthquakes, Guidance is provided in NFPA 13 regarding what geographical areas are
included as well as various techniques for providing such protection. NFPA 13R refers to
IYFPA 13 for seislmic requirements.

Plans and Calculations: Detailed working plans and supporting calculations are required to be
submitted to the local approval authority for approval prior to installation. Instructions
regardingthegenera]reqllirelnents and layout of sprinkler drawings/plans are provided in

NFPA 13R (Chapter 2).

A~~roval/Acce~tance Testing: Installation contractors are required to schedule and perform

acceptance tests on a[l new or modified sprinkler systems. Contractors must prepare and sign
Contractor’s Material and Test Certificates (examples provided in Appendix A). Acceptance
testing includes (1) flushing of underground piping, (2) hydrostatic testing of the sprinkler
system, (3) valve operation tests, (4) water flow tests, and other related tests.

Maintenance: A scheduled maintenance program should be set up by the property owner in

111.5.3

accordance with NFPA 25, Standard for the Inspection, Testing and Maintenance of Water-
Based Fire Protection Systems. Typical schedules and forms for maintenance are provided
in Appendix A.

NFPA 101 Life Safety Code, Chapter 19 (1994ed)

The requirements in Chapter 19 of the NFPA 101 Life Safety Code apply only to HUD
property category H - rebUdt Imultifamily properties of four or more stories in height. Under
Chapter 19, an existing building must fully meet the requirements of one of four options.
Options 3 and 4 involve the use of automatic sprinkler systems.
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Option 3 (applicable to buildings of 4 to 6 stories) permits partial sprinkler systems installed
to protect hazardous areas and common path corridors. Option 4 (applicable to buildings
greater than six stories) requires complete sprinkler coverage throughout the building.
Generally, where Option 3 or 4 is adopted, other fire safety requirements such as interior
finish flame spread, travel distances, and fire resistance of walls, ceilings, and doors are
relaxed.

Option 3- Partial Sprinkler Systems

ADDlicable Sl)rinkler Requirements: For properties of four or five stories the
installation requirements in NFPA 13R should be applied. For properties of six
stories or higher, NFPA 13 is the applicable installation standard.

Sprinkler Types: The use of residential or quick response sprinklers in dwelling
units is recommended.

Required Covern~e: Sprinklers are required in the corridors outside dwelling units.
In addition, one sprinkler is required inside each dwelling unit at the exit door unless
the exit door has a fire resistance rating of at least 20 minutes and is provided with an
automatic closer device.

Sprinklers Imaybe used as a substitute for more stringent fire resistant construction
in common hazardous areas such as utility rooms, laundries, storage areas, etc.

Exempted Areas: N/A

Hvciraulic Desiml: The design area and water demand are determined in accordance
with NFPA 13 and the listing of the sprinkler.

Alarm/Supervision: per NFPA 13

Advisory: The1{.wofOption 3 i}l existing 4, 5 or 6 story properties may in some cases
permjf .vign~ficffpltreductions in fire resistance requirements, egress
requirenwnt.y,Iravela’iskmces,etc. Thisoption maypermit cost effective fire
protecticv] upgrades where otherwise the construction costs to comply with
Chapter 19 would be prohibitive. It should also be noted that in certain
cases it.willbe more ecmmmicalto addfire rated partitions and increase the
,fire resistcujce of selected walls, ceilings and doors than to installpartial
.~prinklersystems. Q[{al~jiedfire protection engineering firms should be
se]ec{ed to assis~i~]se[ectim] of the most cost effective approach.

Option 4- Complete Retrofit Sprinkler Systems

Apdicnble SI)rinkler Reciuirements: Option 4 applies to buildings over six stories
in height. Therefore, the requirements in NFPA 13 apply.
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Sr)rinkler Tv~es: Residential or quick response sprinklers are recommended for use
in the individual dwelling units. The requirements of NFPA 13 apply regarding the
selection of sprinklers for the areas outside the dwelling units, but residential or quick
response sprinklers are also encouraged for use in these areas.

Reauired Covern~e: Option 4 requires complete sprinkler coverage throughout the
building, per NFPA 13.

Exem~ted Areas: Sprinklers maybe omitted in bathrooms and closets inside dwelling
units. Limitations regarding combustibility of interior finish and the size of the areas
are the same as those for NFPA 13.

Hvdrnulic Desirn: The design area and water demand are determined in accordance
with NFPA 13 using the area/density method or the small room method, depending
on which applies.

AIarm/Supervision: A local water flow alarm is required which must also operate
the building fire alarm system if one is provided. When tied to the building fire alarm
system, re]mote transmission of sprinkler operation as well as a fire alarm is
recommended in order to provide quick notification to the fire department.

Advisory: A.4qjor tradeqjj%in constriction are permitted in terms of fire resistance,
travel distances, number of exits, andprotection of vertical openings when
Option 4 is used. As with Option 3, a quahfiedfire protection engineering

firm should be selected to assist in determining the most cost eflective
approach.
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Feature NFPA 13 NFPA 13R NFPA101>Ch19

Exempted Areas ● Bathrooms <55 fd lvith ● Bathrooms (same as NFPA m: pal~ial s~stenls
noncombustible or limited 13) ● Not applicable
combustible walls and _: Complete retrofit
ceilings ● Bathrooms and closets per

● Clothes closets, linen ● Same as NFPA 13 NFPA 13
closets, pantries s 24 ft3 in ● Porches, balconies,

area 11-ithnon or limited comidors, operdattached
combustible walls and stairs, attics, penthouses,
ceiling craI1-lspaces, etc.

Hydraulic Design A]-ea/density method ● Inside d~velling units: Area/densi~ method per NFPA 13
maximum up to 4 sprinklers;

● Outside d~velling units:
a~ea/density method

Alarm/Supervision ● Local ~vater flo~v for >20 ● Same as NFPA 13 Same as NFPA 13
sprirdders

● Supervision of ~vater flolv ● Same as NFPA 13
valve ~~,ithco~ection to

akum system if one is
provided

Seismic Required in areas subject to Same as NFPA 13 No reference (covered by NFPA 13)
earthquake

Plans and Calculations Must be submitted to local AHJ for Same as NFPA 13 No reference (covered by NFPA 13)
approval prior to installation

ApprovallAcceptance Testing Installation contractor must schedule Same as NFPA 13 No reference (covered by NFPA 13)
conduct and document series of test

Maintenance Scheduled maintenance program Same as NFPA 13 No reference (coveredby NFPA13)
shouldbe setupbybuildingowner
perNFPA25



IIL 6 Demonstrating an Equivalent Level of Safety to Sprinklers

The General Services Administration has developed requirements for the engineering analysis which
can be used to demonstrate that arrangements or systems provide a level of life safety for building
occupants equivalent to that provided by sprinkler systems. These requirements are included as
Appendix B of this guide, and are summarized in this section.

There are three endpoint criteria necessary to demonstrate an equivalent level of safety to sprinklers.
First, the housing unit must be designed, constructed, and maintained to prevent flashover (defined
as an upper layer temperature of 6000 C, 1100 ‘F; or a heat flux of 20 kW/m2, 1.8 Btu/ft2/see) in the
room of fire origin. Second, to limit the fire size to no more than 1 MW (950 Btu/see), and third, to
prevent flames fi-om leaving the room of fire origin. These criteria must be met under the worst case
fire scenarios identified.

The analysis must be performed by a qualified fire protection engineer, defined as the holder of a
degree in fire protection or firesafety engineering and four (4) years of professional experience or a
licensed Professional Engineer registered in fire protection or in a related discipline and holding the
grade of Member in the Society of Fire Protection Engineers. Determination of acceptability is the
responsibility of the head of the agency responsible for providing Federal assistance or his designated
representative,
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IV. REFERENCES

Public Law 102-522, Fire Administration Authorization Act of 1992

NFPA 13,

NFPA 13R,

NFPA 13D,

NFPA 25,

NFPA 70,

NFPA 72,

NFPA 74,

NFPA 101,

NFPA 220,

Installation of Sprinkler Systems (1994 ed)

Sprinkler Systems in Residential Occupancies Up to and Including Four Stories in
Height (1994 ed)

Sprinkler Systems in One- and Two-Family Dwellings and Manufactured Homes
(1994 ed)

Water-Based Fire Protection Systems (1992 ed)

National Electrical Code (1993 ed)

National Fire Alarm Code (1993 ed)

Household Fire Warning Equipment (succeeded by NFPA 72)

Life Safety code, Chapter 19 (1994 ed)

Standard on Types of Building Construction (1992 ed)

The forms which follow are reprinted with permission from Fire Protection Systems, Second Edition,
Copyright 01993, National Fire Protection Association, Quincy, MA 02269.
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Appendix A. Sample Forms/Checklists
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Figure A. 1- Abbreviated Statement of Work (Checklist)

Contracting Agency: Responsible
(HUD field office) Agent:

Telephone:

Property Location:

Property Category: (4
New Multifamily
Existing Multifamily
Other Dwelling Unit

Building Height: Floors Above Grade
Floors Below Grade

Description of Services: (narrative)

(4
Alarm/Detection
Automatic Sprinklers

Scope of Services Includes The Following:

Basic Services (0

Preliminary Design/Specifications

Detailed Design/Installation

Acceptance Testing and Approvals

Scheduled Maintenance (speci~)

Other Services (4

Contractor Responsibilities (0

Preliminary Design/Specifications Documents

“As-Built” Installation Drawings

Acceptance Test Results:

AHJ Approval Documentation

Hydraulic Calculations (Sprinklers)

Testing/Maintenance Records
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FIRE DETECTION AND ALARM SYSTEMS FORM 1-A

Monthly Inspection SYSTEM

YES = SATISFACTORY DATE
NO= UNSATISFACTORY (EXPLAIN ON REVERSE)
N/A = NOT APPLICABLE

INSPECTOR

I YESI NO I N/A

Fire alarm panel appears operational. 1~~
l!”

Lights and LEDs on fire alarm and annunciator panels are operational. ~1’

I 1’

Batte~ electrolyte level is satisfactory. Ii:

1: I

All heat detectors appear operationaL 1!:
1’

All smoke detectors appear operational. i~i

I

All flame detectors appear operational. ~~i

1

~
1:

All manual stations appear operational. I
l!

I
All bells or horns appear operational.

11

II!
All speakers appear operational.

I

I I
I I

Ill

Pre-emplifier appears operational. 1~~

!!

Amplifier appears operational.

Voice tape appears operational.

Power supplies appear operational. i~~
I

!

Ail radio fire alarm transmitting equipment appears operational. ~ i!

All radio fire alarm receiving equipment appears operational. \

t 1’
All telegraphic fire alarm transmitting equipment appears operational.

I

All telegraphic fire alarm receiving equipment appears operational. l::
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FIRE DETECTION AND ALARM SYSTEMS FORM 1-B

Semi-Annual Inspection
YES = SATISFACTORY SYSTEM

NO= UNSATISFACTORY (EXPLAIN ON REVERSE)
N/A= NOT APPLICABLE

YEAR

DATE INSPECTOR YES~ NO N/A

Fuse ratings were checked and are satisfactory.

COMMENTS

Rechargeable battery cell voltages are satisfacto~.
I !

COMMENTS

DATE NUSPECTOR YES NO WA

Fuse ratings were checked and are satisfactory.

COMMENTS

Rechargeable battery cell voltages are satisfactory.
I I I

COMMENTS
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FIRE DETECTION AND ALARM SYSTEMS FORM 1-C

Monthly Tests and Maintenance
YES = SATISFACTORY SYSTSM

NO= UNSATISFACTORY (EXPIAIN ON REVERSE) DATE
N/A = NOTAPPLICABLE INSPECTOR

The recorded message was tested and is operational. I I I
All engine-driven generators for fire alarm systems are tested weekly and a log of the tests

!’

is kept.

Radio fire alarm signal receiving equipment waa tested hourly and a log of the tests is kept, ~
I I

All radio fire alarm boxes transmit a test alarm daily and a log of the tests is kept. I I I
1

Telegraphic fire alarm signal receiving equipment was tested daily and a log of the tests is :
!1

kept. i!I

All telegraphic fire alarm boxes are tested hi-monthly and are operational.

One initiating device on each circuit was tested and all circuits are operational:

Each indicating app(iance circuit was tested and all circuits are operational:

/ I I

I’i

I j

I
Each speaker circuit was tested and ell circuits are operational: I i

!
One device on each two-way communication circuit was tested and each circuit is operational.

I

I
Teat each superviso~ device circuit by removing a wire from its terminal. \i

! I
I

I I
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FIRE DETECTION AND ALARM SYSTEMS FORM 1-D

6i-Monthly Inspection SYSTEM

YES = SATISFACTORY DATE
NO. UNSATISFACTORY (EXPLAIN ON REVERSE)
N/A . NOT APPLICABLE INSPECTOR

Sprinklers water flow circuits were tested and are operational.

,
Each telegraphic fire alarm box was tested and is operational.

I :

COMMENTS



FIRE DETECTION AND ALARM SYSTEMS FORM 1-E

Semi-Annual Tests and Maintenance
YES = SATISFACTORY SYSTEM
NO= UNSATISFACTORY (EXPLAIN ON REVERSE)
N/A = NOT APPLICABLE YEAR

DATE

INSPECTOR [’ ~ I
YES[ NO NIA YES: NO ]NIA YES NO NIA YESI NO

I
Nl~

i
The two-way communications system was
tested and is operational.

Speaker circuits were tested and are I
operational. (zs~o of speakars each quarter). I I

Batteries in the telegraphic fire alarm systems (

werecleaned. ! 1

I
Lead-acid batteries in telegraphic fire alarm I

I

systems have a satisfactory float voltage in
each cell. 1

1
Nickel-cadmium battery open circuit

I

voltage measured and recorded.

Nickel-cadmium battery connection cleaned.

Test the secondary power supply for the

system by disconnecting the power supply.

COMMENTS
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FIRE DETECTION AND ALARM SYSTEMS FORM 1-F

Semi-Annual Tests and Maintenance
YES = SATISFACTORY SYSTEM
NO= UNSATISFACTORY (EXPLAIN ON REVERSE)
NIA = NOT APPLICABLE

YEAR

DATE

INSPECTOR

YES: NO NIA YES NO NIA

Remote annunciator was tested and is operational.

Extinguishing system alarm switches were tested and are operational.

1

Supervisory signal initiating devices were tested and are operational.
I

Pneumatic line type heat detection system was tested and is operational.
I
,
!

10 percent of the rate-of-rise detectors were tested and are operational.

10 percent of the rate compensation heat detectors were tested and are
operational.

Smoke detectors were tested and are operational.

Flame detectors were tested and are operational.

Flame detector sensitivities verified or detectors re-calibrated.

/1 i
Manual stations were tested and are operational. \l 1

:,
Lead-acid batteries had the specific gravity in each cell tested and are

I

satisfacto~. I

Nickel-cadmium batteries had the state of charge checked and are satisfactory.

Lead-acid batteries had open circuit voltage measured and recorded.

Lead-acid batteries had connections cleaned.

I
1!
I
!

1
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FIRE DETECTION AND ALARM SYSTEMS FORM 1-G

Annual Tests and Maintenance
YES = SATISFACTORY SYSTEM
NO= UNSATISFACTORY (EXPLAIN ON REVERSE)
N\A = NOT APPLICABLE YEAR

DATE INSPECTOR YESi NO ~N/A

Alarm indicating appliances (visual and audible) were tested and are operational.
I I I

The primary power supply was testad and is operational.

[i
The seconda~ power supply was tested and is operational.

I I I

The lamp and LED circuits were tested and are satisfactory.

Smoke detectors were recalibrated and operate satisfactorily.

Batteries were discharged for two hours and remain operational. Ill

I
Battery charging devices were tested for proper operation. I1 1
BatteW voltage was measured under frdl load widt charger disconnected.

The meters for monitoring the power suppfy adaquacy in telegraphic fire alarm systems
were recalibrated and are accurate.

Batteries had the float voltage measured in each cell and are sathfactow. II I
Bell or horns were tested and are operational. II

I

Annunciator were tested and are operationaL I II
Control units were tested and all functions are operational. I

Voice alarm system components were testad and meoperational. 1~1
I I

Each initiating and signaling circuit was tasted for trouble signals. lfj

The following test must be conduotad at 15 years and evary 5 years thereafter.

, ,)

Two fixed temperature heat detectors for every 100 present were removed and
satisfactorily tested by a testing laboratory. The two fixed temperature detectors were
replaced with new fixed temperature heat detectors.

DATE THE SYSTEM VVAS INSTALLED:

DATE THE FIXED TEMPERATURE HEAT DETECTORS WERE IAST TESTED

NOTE: If the tested fixed temperature heat detectors fail, all fixed temperature heat detectors in the
building must be replaced.
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AUTOMATIC FORM 2-J
(Page 1 of 2)

SPRINKLER SYSTEMS
CONTRACTOR’S MATERIAL AND TEST CERTIFICATE FOR ABOVEGROUND PIPING

PROCEDURE

LIDOn cOmDlmon of work, !n$omxmn and tetts shall be msde bv the contractor’s rwressntatwe ●nd witnemed bv an owner’$ rsptuwntatws. All
defects shell Ix correcwd @nd system left In serwca bsfom comractor$ perto”nel fin.llv lsmvs tfte lob.

A Csrtlfiesta shall bs fdled out and Mgnaa bv both regmtsntatwe$. GPia$ shall be Smpamd for Swrovlm authorities, Ownem ●d contractor.
It Itunderstood the owners reoresenta!we’s Ngnature m no wav vrwudiw$ mnv C18#?t?SgWWt COntr#CtOr fOr fauitv matSrld, poor workmanship,
or fatlure to comcdv W,th spc.rovmg autnoruvk ,~umements or local Ordmanws.

PROPERTY NAME OKTF

PROPERTY AOORESS

. . . . . . . . -e- . -, .,..7,... , .,.,..,.--”.- -. .---,.. ,C no .,,.”
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AUTOMATIC
SPRINKLER SYSTEMS

DELuGE &
PREAcTION

VALVES

TEST
DESCRIPTION

TESTS

mNK TssTfM
GASKETS

WELOING

HV~~$tJLIC

NAMEPLATE

FORM 2-J
(Page 2 of 2)

OPERATION
❑ PNEUMATIC O ELECTRIC DHYDRAULIC

PIPING SUPERVISE ❑ YES ❑ NO DETECTING MEOIA SUPERVISE ~YES n NO
00Es VALVE OPERATE FROM THE MANUAL TRIP ANO/OR REMOTE CONTROL STATIONS

DYEs =NO
IS THERE AN ACCESSIBLE FACILITY IN EACH CIRCUIT FOR TESTING I IF No, EXPLAIN

❑ YES ~ NO
COES - CIRCUIT OPERATE
SLXERVISION LOSS AIARM

~EACNCIRCUIT MAXIMUM TIME TO

MAKE MOOEL
O=RATE VN_VE REl_E&iE OI=AATE REL.EKE

YES i NO v Es NO [ MIN. I SEC.

I 1 I I I I
~: fivdmstauc tests shall be made at nor less than 200 PI, ( 13.6 bars) for two hour$ or 50 PSI (3.4 bars) ●bove static
PRUUIQ m exces$ of 150 PSI (10.2 barsl for two hours. O! fferent!sl dwQma valve claopers shall be left OPen durtng test to Drswnt dmnsgc.
$11 ●bove-ground P,pmg Iesksge than be stwsosml.
~~ ~b.vtfte wauwsd rate .md V#ater!$clear#$ md!cmedbv nocoll-!ooof forwfn IIW!W!S1 in bu,l~b~sato.tlet$ s.ch as

w ~ant$ and blow-offs. Flush ● flow8 not Iws than 400 GPM {1514 L/mml for 4-inch moe. 600 GPM (2271 L/mml for !$inch rope.
750 GPM(2839L/mtfltfor 6-inch PIPS, 1000 GPM {3785 L/mm} for 8-inch ome, 1500 GPM (5678 L/mml for 10+nch PIPa and 2000
GPM (7570 Llmm I for 12wIch PIPO. When SUPPIV cannot urcduce snmdawd flow rates, obtain maximum avallsbla.
?- Es!sbltsh 400$1 (2.7 bard awpmswm amlmeasumclmowhfch shall not exceed l.% rN ,0.1 bar., m 24 fIours. Test
pmsaure tan s ar normal water !ewl and mr pressure and mtmwra wr vresaure drW whtch shall not exceti 1.’% 0s, (0.1 bard m 24 hours.

ALL PIPING HYDROSTATICALLY TESTED AT — psi FOR —HRS. I
IF NO, STATE REASON

oRV PIPING PNEUMATICALLY TESTEO ❑ YES C NO I I
EQUIPMENT OPERATES PRoPERLV OYES ONO I

fXIAN REAol* OF ‘E -’=0 NEAR WATER S~Y TEsT PI p~ , RESIOUAL PR=RE WITH vALVE IN T= PI% oPEN W1OE

T ,ST sTATIC PRESSURE: Psl Psl

Ufttforground mains and lead in mrtnsctionsto systsmrisersflushsdbefore connectionmashto sprinklerpiping.
vERIFIED BY COPY OP TWE U FORM NO. 858 OYES ONO loTHER EXPLAIN I
FLUSHED BY INSTALLER OF UNOER- 1 I

GROUNO SPRINKLER PIPING ❑ YES ❑ NO I

NuMWIR uSEO LoCATIONS NUMOER REMOVED

I

1 I
wELOEO PIPING ~ yES D NO

IF YES...

00 YOU CERTIFV AS THE SPRINKLER CONTRACTOR THAT WELDING PROCEDURES COMPLV
wITH THE REQUIREMENTS OF AT LEAST AWS 010.9, LEVEL AR-3 ❑ YES ❑ NO

00 YOU CERTIFV THAT THE WELOlNt2 WAS PER FORMEO BY WELOERS QUALIFIEO IN
COMPLIANCE WITH THE REQUIREMENTS OF AT LEAST AWS 010.9. LEvEL AR-3 ❑ YES ❑ NO I
00 VOU CERTIFV THAT WELOING wAS CARRt ED OUT IN COMPLIANCE WITH A

DOCUMENTED QUALITY CONTROL PROCEDURE TO INSURE THAT ALL OISCS ARE
RETRIEVED, THAT OPENINGS IN PIPING ARE SMOOTH, THAT SLAG AND OTHER

WELOING RESiOUE ARE REMOVEO. ANO -rHAT THE INTERNAL 01 AMETER5 OF ❑ YES ~ NO
PIPING ARE NOT PENETRATE

NAMEPLATE PROVIOEO [ IF NO, EXPLAIN

❑ YES @NO

OATE LEFT IN SERVICE WITH ALL CONTROL vALVES OPEN:

I REMARKS

I I
NAME OF SPRINKLER CONTRACTOR

TESTS WITNESSED SY

s,GNATu~Es FoR PRoPERTV OWNER (SIGNED) TITLE OATE

FOR SPRINKLER cONTRACTOR (SIGNED) TITLE DATE

I

AOOITIONAL EiPLANATIoN AND NOTES

I I
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\

AUTOMATIC FORM 2-K :

SPRINKLER SYSTEMS
(Page 1 of 2) I

CONTRACTOR’S MATERIAL AND TEST CERTIFICATE FOR UNDERGROUND PIPiNG

PROCEOURE

UOOn completion ot work. jnsoacoon and te$t$ shall be made bv the Conrrsctor”s momtsntatwe atd wit?Wss6d by m OwOer’$ mc.fwwtta:!ve. All
defects $halI be oarrectsd and sy$tem Ief t m swvtm before Contractor’s Denonnal f irmllv Ieaw the job.

A Certtf lcste shall IM filled out and signed by bo!fl reOremntatlWs. Cooie% shall be Dreoared fo, IJggmvln authorities, 0WWW3 and cwttrscror.
It i$ understood the owners reprssentmtws s,gnawre m no way orejudlces any cla,m agmnst contractor or fatltv mamttd, fmor wo,knunl!tm.?
or f mkt.. to comolv wtth SOprOVmq ●uthonw’s re.wmsments or ICXSI ordinances.

PROPERTY NAME OATE

PROPERTY AOORESS

ACCEPTEO BY APPRoVING AUTHORITY(5) NAMES

AOORESS

PLANS

INSTALLATION CONFORMS TO ACCEPTEO PLANS ❑ YES ~ NO
EaUIPMENT uSED IS APPROVED ❑ YES ❑ NO
IF NO. STATE OEVIATIONS

HAS PERSON IN Cf+ARGE OF FIRE EQuIPMENT SEEN INSTRUCTED AS TO LOCATION
OF CONTROL VALVES ANO CARE ANo MAINTENANCE OF THIS NEW EQUIPMENT

❑ YES ❑ NO

IF NO. EXP!AIN

INSTRUCTIONS “AVE COPIEs OF APPROPRIATE INSTRUCTIONS ANO CARE ANO MAINTENANCE CHARTS
sEEN LEFT ON PREMIs.ES

UYES ❑ NO -

IF NO, EXPLAIN

SUPPLISS BLDGS.

LOCATION

PIPE TYPEs ANO CLASS TYPE JOINT

PIPE CONFORMS TO STANOARO RYES ONO

UNDERQROUNO FITTINGS CONFORM TO STANOARO ❑ YES ❑ NO

PIPES IF NO. EXPLAIN
ANO

JOIN=
JOINTS NEEOING ANCHORAGE CLAMPEO. ST RAPPEO. OR SLOCKEO IN ❑ YES ❑ NO

ACCORDANCE WITH STANOARO
IF No, EXPLAIN

FLUSHING. Flow the retmmruf rateunw water u clew as mdscated bv’no CO1lSCtIOn of fore,gn nmt.rw m bud~ll b+ at outlets such m
drants and blowaffs, Flush ●t flc.v+s nor less thm 400 GPM 11514 L/m,”) for 4., wh O,W, 600 GPM (2271 L/m,”) for 5., ”ch ,00.

7?%GPM (2839 L/mml for 6.inch p~pe. 1000 GPM {37S5 Llmml for 84nch otps, 15m GPM (5678 L/rntn\ for 10.mch ptw ●nd 0002!’
GPM {7570 Llmml for 12.inch o$oe. When %UWIV cannot oroduce stwmlatsd flow rams, obtain rnaxmwm ova)leble.

TEST HVD FfOSTA71C, Hydros!.t!c t~tt shall be made M not less thmt 200 psi ( 13.S ham) for two hour$ or 50 PC, (3,4 bars) *OW SWIIC

DESCRIPTION
Drmsure m excess of 150 IX, ( 10.3 bars] for two now%.

-t~leak~atthelotntsshall no!ex~m 2ms.oerhr. fl.89 i./hl per lfJO jo!nts mrewecovsofpmsd,mtw. The lm@wgs
ew 0,0s lad w,th rubbsr gi$skmed Ioinls shall, if the wofkmm$hto osmitsf -tory, have lgtxle or no Iemkwe at the folnts.

sftd bs dtsmbuted o.mr all VXncs. tf weft Ieauaga occur% ●t . few K,mts the mmtilatmn $hzll bs comtdwed ummtsfactorv and nsc-
efsaw reoaam msda.. The ●mount of #llowabN leak- sgsmfted sbovs mm be Incmsa.sd bv 1 fl CIZPO, m. V*IWSdmnwter per hour

7(30 mL/25 mmhl for esch me!d semsoval w tlolmmg the test $sctton. I dw bamel hvdmnts We tested +wth the main VSIW open,
so the hvdrmts we undsr pressure. m addmonw 5 oz par mmute ( 150 mL/mini leak~ M pennttted fo, mch hvdrant.

NEW UN DE RGFIO” NO PIP, NG FLUSHED AcCORO!NO Tc. sTANDARD ~YES Q NO

8Y (COMPANV1
IF NO. EXPLAIN

HOW FLUSHING FLOW WAS 08 TAINE0 t+ Rou GH WHAT TYPE OPENING

FLuSNING m PUBLfC WATER ~TANK OR RESERVOIR C FIRE PUMP C HYORANT BUTT.

TESTS

DOPEN PIPE

LSAD.INS FLUSHEO ACCORDING 70 STANOARO ❑ YES ❑ NO

BY COMPANY
dIF O, EXIWAI 1.4

MOW FLUSHING FLOW WAS OS TAINED THROUGH WHAT T’vPE OPENING

-a plf6LfC WATER ~ TANK OR f3ESGRVOlR ~ FIRE PUMP n Y CONN. TO FLANGE & SPIGOT += OPEN PIPE
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AUTOMATIC
SPRINKLER SYSTEMS

FORM 2-K
(Page 2 of 2)

HYDROSTATIC
ALL NEw UNOERGROUNO PIPING HVOROSTATICALLY TESTED AT JOINTS COVEREO

TEST Pst FOR HOURS aYES ONO
TOTAL AMOUNT OF LEAKAGE MEAsuREO

LEAKAGE GALS. HOURS

TEST ALLOWASLE LEAKAGE

GALS. HOURS

NUMSER INSTALLEO TYPE ANO MAKE Au OIXSRATE SATISFACTORILY
HVORANTS ❑ YES ❑ NO

wATER cONTROL VALVES LEFT WIOE OPEN ❑ YES ❑ NO
IF NO, STATE REASON

CONTROL
VALVES HOSE THREAOSOF FIRE DEPARTMENT CONNECTIONS ANO HYORANTS INTERCHANGEABLE

WITH THoSE OF FIRE OEPAISTMENT ANSWERING ALARM ❑ YES O NO

OATE LEFT IN SERVICE

REMARKS

I
NAME OF INSTALLING CONTRACTOR

TESTS WITNESSEO 8Y

SIGNATURES FOR PRoPERTY OWNEa (SIGNEO) TITLE OATE

I I
I 1

FOR INSTALLING CONTRACTOR (sIGNEO) TITLE OATE

I I
I I I

AOOITIONAL EXPLANATION ANO NOTES
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AUTOMATIC SPRINKLER SYSTEMS

GENEf3AL INFORMATION
FORM 2-A

DATE

INSPECTOR

GENERAL

System Designation
Building
Location of sprinkler valve
Type of sprinkler system ❑ Wet ❑ Dry ❑ Deluge ❑ Preaction
Make and model of sprinkler valve
Is building fully sprinklered? ❑ Yes ❑ No
Is entire sprinkler system in service? ❑ Yes o No
Has sprinkler system been modified since last inspection? •1 Yes o No

VALVES

How are valves supervised? o Sealed ❑ Locked ❑ Tamper Switch
Are valves identified with signs? ❑ Yes ❑ No

WATER SUPPLY (see Chapter 8)

When waa last water supply test made?
Are reservoirs, tanks or pressure tanks in good condition? ❑ Yes ❑ No

PUMPS (see Cha~ter 7)

Is fire pump o Diesel u Electric u Gasoline ❑ None?
When was pump last inspected?
Is pump in good condition? D Yes o No

FIRE DEPARTMENT CONNECTIONS

Location

Are identification signs provided? ❑ Yes n No

W~ SYSTEMS

Is building adequately heated? ❑ Yes ❑ No
Is system hydraulically calculated? o Yes ❑ No

If yes, is hydraulic information sign provided at valve? ❑ Yes ❑ No

DRY SYSTEMS

1sdry pipe valve in heated room? •1 Yes ❑ No

DELUGE SYSTEtkl (see Chaprer J of this manual for discussion of detection systems.)

PREACTION SYSTEM (see Cha@er 7 of this manual for discussion of detection systems.)

COMMENTS
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AUTOMATIC SPRINKLER SYSTEMS FORM 2-B

Weekly Inspection SYSTEM

This form covers a 6-month period. DATE

1. Date of InspectIon. 5-8. Record pressure readings (psi). A loss of more than
2. Inspector’s name, initials or badge number. 10% should be investigated.
3. If valves are sealed, note “yea” in this block. If any are 9. Record any notes about the system which the

not sealed, reseal and note “resealed” in this block. inspector believes to be significant. Use separate
4. If all sprinklers are in good condition and storage is sheet.

maintained at least 18 in, below the sprinklers, note

“yes” in block. If not, see that corrections are made
a“ndbrieflv describe under “notes.”

I
DATE ~NSPEmOR bALvE(S] &PRINKLERS hJ4RM ;RY PIPE bRvy~EON

8 9

SEALED
DELUGE NOTES

OK V#fE VALVE VALVE WATER
Air W,ter Air W85sr PRESSURE
pros. Pro*. Pros. PN8.

,.
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AUTOMATIC SPRINKLER SYSTEMS FORM 2-C

Monthly Inspection SYSTEM

WAR

1. Date of inspection.
2. Inspector’s name, initials or badge number.
3. If fire depanment connections are unobstructed and in

good condition, note “OK” in block. If not, see that
corrections are made and briefly describe under
‘notes.”

4. If valves are locked, note “yes” in this block. If any are
not locked, relock and note ‘relocked” in this block.

5. Inspect alarm valves to assure no leakage from retard
chamber or alarm drains.

6. Assure there is proper number and type of sprinklers
and a sprinkler wrench.

7. Check for physical damage and that electrical
connections are secure.

8. Record pressure readings (psi). A loss of more than
10% should be investigated.

9. Record any notes about the system which the
inspector believes to be significant. Place a number
in this block and number the corresponding note at
the end of the inspection form.

3 14 1’ 1’
DATE! ;NSPECTOR FIRE DEPARTMENTI VALVES I ALARM { SPARE I

I ‘MRM~kAy ‘emsI CONNECTIONS LOCKED I VALVES SPRINKLERS DwlCES [ PRES.

I

NOTES
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AUTOMATIC SPRINKLER SYSTEMS FORM 2-D

Quarterly Inspection and
Tests SYSTEM

DATE

DATE 11~

INSPECTOR I

MAIN DRAIN TEST

Conduct a main drain test as follows:

1. Record the static water supply pressure (psi) as indicated on the lower pressure gauge.

2. Open the main drain and allow water flow to stabilize.

3. Record the residual water supply pressure while water is flowing from the 2-inch main
drain as indicated on the lower pressure gauge.

4. Close the main drain (slowly).
H

WET PIPE SYSTEM FLOW AIARM

Test water flow alarms by opening the inspectors test valve.

DRY PIPE PRIMING LEVEL

Check dry valve priming water level by opening the test valve and checking for a small i
amount of water to discharge. If no water flows out of the teat line, add priming water.

DRY PIPE SYSTEM LOW AIR PRESSURE ALARM

Close the water supply valve, carefully open inspector test valve to reduce air pressure
s- (Do not reduce air pressure sufficiently to trip th~ dry pipe valve). Confirm
operation of low pressure alarm, record air pressure at which low pressure alarm
activated, close inspector test, allow air pressure to rise to normal, then open water
supply valve.

DRY PIPE SYSTEM FLOW ALARM

Open the alarm by-pass valve.

PREACTION SYSTEM FLOW ALARM

Open the alarm by-pass valve. 11

DELUGE SYSTEM FLOW ALARM

Open the alarm by-pass valve.
1[
,)

CONTROL VALVES

Close valves and reopen until spring or tension is felt - back valve 1/4 turn.

HYDRAULIC NAME PIATE

If system was hydraulically calculated, assure nameplate is legible and securely
attached to riser.

COMMENTS
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FORM 2-E

AUTOMATIC SPRINKLER SYSTEMS

Semi-Annual Inspection and Tests
SYSTEM YEAR

DATE

INSPECTOR
— ..

COLD WEATHERVALVES
Cold weather valve, if used, should be closed before freezing weather, and piping
drained. Valve should be opened in Spring. Use “O” for Open-”C= for Closed. I I
DRY PIPE SYSTEMS

Quick opening devices and accelerators, if provided, should be tested semi-annually. I I
Low point drains should be drained thoroughly before cold weather and after any I

system trip. I
I

DELUGE SYSTEM il

Test fire detection system for proper operation (See Chapter 1).

PREACTION SYSTEM
Test fire detection system for proper operation (See Chapter 1). II

Record any notes about the system which the inspector believes to be significant.
Place a number in this block and number the corresponding note at the end of
the inspection form.

COMMENTS

A-1a



AUTOMATIC SPRINKLER SYSTEMS FORM 2-F

Annual Inspection, Tests and Maintenance
SYSTEM

INSPECTOR DATE

GENERAL CONDITION I
Inspect sprinklers, sprinkler piping, pipe hangers and seismic braces to make sure they
are in good condition.

FRESZING

Before freezing weather, inspect building to assure exterior wall openings will not

expose sprinkler piping to freezing temperature.

MAINTAIN VALVES

Valves should be maintained, including exercising each valve and lubricating each
valve stem.

CLEAN STRAINERS

Shut the water supply valve and remove the strainer for thorough cleaning. I
TEST ANTIFREEzE

Wet pipe systems with antifreeze solution should have the solution checked for
proper freeze level. Record freezing point.

DRY PIPE SYSTEM I
Trip test the dry pipe valve. Record the time from opening the inspectors test valve until the
dry pipe valve trips.

Internally inspect dry pipe valve. [

Test air pressure maintenance davice.

PREACTION SPRINKLER SYSTEM I

Trip test the preaction system. (Refer to manufacturer’s instructions.)
1

Internally inspect preaction valve.

DELUGE SPRINKLER SYSTEM

Trip test the deluga system. (Refer to manufacturer’s instructions.) I

Record time from activation of detector until water in discharged. I

Check to see that water discharge pattern is adequate.
I

Record water pressure at hydraulically most remote sprinkler.
4

Record water pressure at deluge valve.

I
Internally inspect deluge valve.

COOKING EQUIPMENT SPRINKLERS I
Replace sprinklers with fusible links. I

COMMENTS
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AUTOMATIC SPRINKLER SYSTEMS
5-Year Inspection

FORM 2-G

SYSTEM
INSPECTOR DATE

ALARM VALVE INTERNAL INSPECTION

Veri~ that all components operate property, move freely, and are in good condition.

I CHECKVALVEINTERNALINSPECTION
Verify that all components operate properly, move freely, and are in good condition.

I COMMENTS

I
I
I

I
I
I

I
I

I
I
I
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AUTOMATIC SPRINKLER SYSTEMS FORM 2-H

3-Year Tests
DATE

SYSTEM INSPECTOR

DRY PIPE VALVE FULL FLOW TRIPTEST
Trip test the dry pipe valve by opening the inspector’s test valve. Allow water to flow until
clean water flows from the inspector’s test connection. Record time from opening inspector’s
test valve until water flows from test outlet.

COMMENTS

Record any notes about the system which the inspector believes to be significant.
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Appendix B. Equivalent Level of Safety Analysis

#
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6820-23

General Services Administration
41 CFR Pert 101-6
[FPMR Amendment A- I
RIN: 3090-AE93
Fire Protection (I%esefety) Engineering

AGENCY: Public Buildings Service (PBS), GSA.

ACTION: Final rule.

SUMMARY: This regulation establishes a further definition of the term equivalent/eve/ofsafety.
The Federal Fire Safety Act of 1992 amended the Fire Prevention and Control Act of 1974 to
require sprinklers or an equivalent/eve/ot safety, in certain types of Federal employee office
buildings, Federal employee housing units, and Federally assisted housing units. This rule identifies
certain performance criteria which an alternative approach must satisfy in order to be judged
equivalent. The criteria have been selected to provide the level of life safety prescribed in the Act.

EFFECTIVE DATE: October 26, 1994.

FOR FURTHER INFORMATION CONTACT:
Director, Safety and Environmental Management Division (PMS), General Services Administration,
18th & F Streets, NW, Washington, DC 20405, (202) 501-1464.

SUPPLEMENTARY INFORMATION:

L General Requirements of the Act

The Fire Administration Authorization Act of 1992 (Public Law 102-522) was signed into law by
the President on October 26, 1992. Section 106, Fire Safety Systems in Federally Assisted
Buildings, of Title I - United States Fire Administration, is commonly referred to as the Federal Fire
Safety Act of 1992. This section amends the Fire Prevention and Control Act of 1974 (15 U.S.C.
2201 et seq.) to require sprinklers or an equivalent/eve/ofsafety, in certain types of Federal
employee office buildings, Federal employee housing units, and Federally assisted housing units.
The Act’s applicability and requirements are very complex. They are summarized as follows:

In Federal employee ofice buildings with more than 25 Federal employees that are newly
constructed, purchased, renovated, or leased (with the Government occupying 35,000 sq.
ft. or more and some portion on or above the sixth floor):

● Buildings with 6 or more stories must have sprinklers (or an equivalent/eve/
of safety) throughout.

● All other buildings must have sprinklers (or an equivalent/eve/ofsafety) in
hazardous areas, as defined in National Fire Protection Association Standard

101, Life Safety Code@.

In Federal employee housing:

● New or rebuilt multifamily housing must have sprinklers (or an e@va/ent
level of safefy) throughout, and hard wired smoke detectors.

● All other housing requires hard wired smoke detectors on tenant change or
no later than October 26, 1995.

In Federally assisted housing:
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● New multifamily housing, 4 or more stories above ground IPwJ, must have

sprinklers and hard wired smoke detectors.
● New multifamily housing in New York City, 4 or more stories above ground

level, must have sprinklers (or an equivalent/eve/of safety) and had wired

smoke detectors.
● Rebuilt multifamily property, 4 or more stories above ground level, must

comply with the chapter on existing apartment buildings in National Fire

Protection Association Standard 101, Life Sa;ety Code@.
● All other housing must have hard wired or battery operated smoke detectors.

The requirements of the Act apply to all Federal agencies and all Federally owned and leased
buildings in the United States, except those under the control of the Resolution Trust Corporation.

In addition, there are a number of definitions associated with the Act. The major definitions are
summarized below:

●

●

●

●

●

●

●

●

Federal Employee Office Building means any building, owned or leased by
the Federal Government, that can be expected to house at least 25 Federal
employees in the course of their employment.
Renovated means the repairing or reconstructing of 50 percent or more of
the current value of a Federal employee office building, not including the land
on which the Federal employee office building is located.
Mu/tifami& property means a residential building consisting of more than 2
residential units under one roof housing Federal employees or their
dependents or a residential building consisting of more than 4 residential
units under one roof housing other persons.
Rebuilding means the repairing or reconstructing of portions of a multifamily
property where the cost of the alterations is 70 percent or more of the
replacement cost of the completed multifamily property, not including the
land on which the Federal employee office building is located.
Housing assistance means assistance provided by the Federal Government
for housing, in the form of a grant, contract, loan, loan guarantee,
cooperative agreement, interest subsidy, insurance, or direct appropriation;
but does not include assistance provided by the Secreta~ of Veterans
Affairs; the Federal Emergency Management Agency; the SecretafY of
Housing and Urban Development under the single family mortgage insurance
programs under the National Housing Act or the home ownership assistance
program under section 235 of such Act; the National Homeownership Trust;
the Federal Deposit Insurance Corporation under the affordable housing
program under section 40 of the Federal Deposit Insurance Act; C? the
Resolution Trust Corporation under the affordable housing program under
section 21A(c) of the Federal Home Loan Bank Act.
Hazardous areas means those areas in a building referred to as hazardous
areas in National Fire Protection Association Standard 101, Life Safety Code

‘, or any successor standard.
Smoke detectors means single or multiple station, self-contained alarm
devices designed to respond to the presence of visible or invisible particles of
combustion, installed in accordance with the National Fire Protection
Association Standard 74 or any successor standard.
Automatic sprinkler system means an electronically supervised, integrated
system of piping to which sprinklers are attached in a systematic pattern,
and which, when activated by heat from a fire:
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a) will F:otect human lives by discharging water over the fire area, in
accordance with National Fire Protection Association Standard 13, 13D, or
13R, whichever is appropriate for the type of building and occupancy being
protected, or any successor standard thereto; and
b) includes an alarm signaling system with appropriate warning signals (to
the extent such alarm systems and warning signals are required by Federal,
State, or local laws or regulations) installed in accordance with the National ,,
Fire Protection Association Standard 72, or any successor standard.

A critical issue regarding implementation of the Act involves the definition and determination of
an equivalent level of safety. The Act defines the term as an alternative design or system (which
may include automatic sprinkler systems), based upon fire protection engineering analysis, which
achieves a level of safety equal to or greater than that provided by automatic sprinkler systems.

The General Services Administration is required to issue regulations to further define the term
equivalent level of safety.’ The Act specifies that, to the extent practicable, these regulations be
based upon nationally recognized codes. In addition to describing the physical characteristics of an
automatic sprinkler system, the Act sets a performance objective for the system. According to the
definition, automatic sprinkler systems installed in compliance with the Act must protect human
/&es. This regulation, further defining the term equivalent level of safety, uses this performance
objective to establish a quantifiable measure of the level of safety provided by sprinklers. In
addition, a framework is presented for evaluating alternatives against the performance objective.

The Act did not address property protection or fire fighting. Thorough prefire planning, required
by the Act, will allow firefighters to determine whether or not to enter a burning building solely to
fight a fire. Therefore, the regulation does not directly address these issues either.

II. Objectives of the Legislation

Despite the widespread availability of affordable means of preventing fire losses, the United
States continues to have one of the highest per capita fire death rates in the industrialized world.
Fire is the fourth largest accidental killer in the United States, claiming at least 4,500 lives annually
and injuring an additional 30,000 individuals. The fire vulnerability of office buildings and residential
housing units can be reduced through strong firesafety measures. It is essential for the protection
of life and property that effective technology be employed in detecting, containing and suppressing
fires. When properly installed and maintained, automatic sprinklers and smoke detectors provide
effective safeguards against loss of life and property from fire. According to the National Fire
Protection Association (NFPA), there is no record of a multiple death fire (involving the loss of three
or more people) in a completely sprinklered building where the system was properly operating,
except in an explosion or flash fire or where industrial fire brigade members or employees were
killed during fire suppression operations. The Federal Government, in addition to increasing the
protection provided its owri employees and individuals living in federally subsidized housing, can set
an example in the area of firesafety and, by its own actions, encourage the private sector to use
technology that has been proven to save lives.

The Federal Fire Safety Act of 1992 was created to serve as a model for local jurisdictions where
the Congress believed not enough was being done to promote and provide for the firesafety of
citizens. The evidence for the Congressional concern is clear. According to National Fire Protection
Association data, there are about 30,000 fire departments in the country, yet, according to the
National Fire Sprinkler Association, only 7 states and 34 local jurisdictions have sprinkler
requirements that affect existing buildings. These ordinances have exclusions, applying to only
specific occupancies. Most of them exclude residential occupancies, the occupancy where most
fire deaths occur. The Federal government chose to lead by example without imposing
requirements on the states and local communities.

Congress recognized the need to have legislation that proactively addressed protection of life
from fire. Throughout hearings on the Act, many groups testified that sprinklers were not the only
system component necessary for firesafety in buildings. In addition, Congress did not want the
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legislation to inhibit the development of new technology. Therefore, the law does not simply
mandate the installation of sprinklers. The law specifies certain life safety objectives to be achiived
by the sprinkler systems. An equivalency clause was provided to allow for the use of alternatives
which satisfied the identified life safety objectives.

Ill. Background

Use of automatic sprinklers maybe the best, currently available approach to providiigJ Me safety.
Sprinklers respond automatically to fire, timit fire size, ancl are also abie to sound an alarm. In

addition to enhancing life safety, sprinklers provide property protection and limit potential business
interruption. Sprinklers can significantly reduce the hazards firefighters must face in combating a
fire. The cost eff~”veness of sprinklers for new construction cannot be overstated. Sprinkler
protection can be’added with minimal impact on overall project cost while significantly improving
the level of firesafety. In recognition of the many benefits and relatively low cost of sprinkler
protection, the General services Administration has instituted a policy of providing sprinklers in its
new construction projects.

The issue of providin~ sprinkler protection in existing buildings is not as clear cut. Typically, the
cost of providing protection is higher in existing buildings. It may not be possible to provide
complete sprinkler protection due to existing physical conditions or competing requirements (e.g.,
historic presentation laws). The decision to provide sprinkler protection must be part of an
integrated fire protection strategy. Gdsting building systems and applicable requirements must be
considered in developing the strategy. Most model codes provide an equivalency concept which
allows for use of alternative approaches or systems. This concept is provided in recognition of the
fact that compliance with one prescribed solution may not be the best alternative in every case.

These alternative systems, methods, or devices can achieve a reasonable level of protection and
can then meet the intent of the specific code requirement. Alternative methods which might be
considered include using fire-rated enclosing barriers, low flame spread interior finish materials, low
heat release rate furnishings, and low ignition tendency materials. In evaluating alternatives,
consideration needs to be given to the reliability of the proposed approach over the life of a
structure. In addition, enforcement and maintenance practices will vary significantly depending on
the use (office, residence, store, factory, etc.) of the facility.

The Federal Fire Safety Act of 1992 requires that the General Services Administration, in
cooperation with the United States Fire Administration, the National Institute of Standards and
Technology, and the Department of Defense, issue regulations fufiher defining the term equivalent
/eve/ of safety. In developing the regulations, GSA held meetings with a working group composed
of representatives from the agencies named in the legislation and other affected Federal agencies.
The Department of Veterans Affairs, the Social Security Administration, the Department of Housing
and Urban Development, and the U.S. Coast Guard were invited to participate because of the Act’s
potential impact on their office space or housing.

The group met several times during 1993 and discussed several issues key to the development
of a definition of an equivalent/eve/of safety. Ultimately, the group agreed that sprinklers provide a
unique combination of fire detection and suppression, and that no current system could be
considered equivalent. However, other systems in various combinations could provide a level of
safety, especially life safety, equivalent to that provided by complete sprinkler protection. The
group determined that reaction time is the significant difference between the two occupancy groups
(office and residential) addressed by the Act. Reaction time is especially important in analyzing
equivalency in housing. An occupant’s ability to react to a fire and evacuate from the area exposed
to fire effects can be influenced by a number of factors including physical ability, mental status,
age, available warning systems, and training.

The question of whether or not the regulation should have a height threshold, specifically should
it not apply to high rise buildings, was the most difficult for the group to deal with and a consensus
was never reached. The group was divided between two opposing points of view. One portion of
the group believed that the firesafety problems inherent in high rise buildings could only be
addressed through complete sprinkler protection, and the Act was intended to require sprinklers in
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high rise buildings. Therefore, the regulation should place a maximum height limit on the
applicability of the equivalent /eve/of safety provision. The opposing view held that no height
threshold was necessary. In high rise buildings, fire fighting and egress will be more difficult.
However, appropriate combinations of automatic detection, fire and smoke containment, egress
facilities, and suppression could produce effective fire protection strategies in these buildings. An
analysis, required as part of the equivalent level of safety regulation, could adequately address the
firesafety problems associated with high rise buildings and lead to development of appropriate
solutions.

Mcdel codes support the use of equivalency concepts especially in existing buildings. The
Congressional intent for an equivalency option was reinforced by the passage of an amendment to
the original legislation providing an equivalency option in Federally assisted housing in New York
City (Public Law 103-1 95). The legislation gives the General Services Administration the
responsibility to develop the regulation defining an equivalent level of safety. GSA believes that the
law is clear requiring high rise (6 or more stories) Federal employee office buildings to have
sprinklers, or an equivalent /eve/of safety. The regulation should not have specific thresholds.

IV. Summary of Proposed Rule

In order to evaluate whether or not a life safety equivalency has been achieved, the building
systems must be defined, reasonable worst ca. e scenarios developed, maximum probable loss
estimated, time required for the space to become hazardous calculated, and time required for egress
determined. A number of factors are critical in developing a life safety equivalency analysis. Rate
of fire growth is controlled by the type and location of combustible items, the layout of the space,
the materials used in construction of the rooms, openings and ventilation, and suppression
capability. Detection time, occupant notification, occupant reaction timer occupant mobility, and
means of egress are important considerations in evaluating egress time.

The proposed regulation established a general measure of building firesafety performance.
Building environmental conditions were specified to ensure the life safety of building occupants
outside the room of fire origin. The specified environmental conditions would be applicable whether
or not the evaluation is conducted for the entire building or for just the hazardous areas. In the
latter case, the room of origin would be the hazardous area while any room could be a room of
origin id the entire building scenario.

Sprinklers would provide the level of life safety prescribed in the Act by controlling the spread of
fire and its effects beyond the room of origin. In order to provide an equivalent level of safety,
alternative methods must allow sufficient time for occupants to reach areas of safety by limiting the
spread of the fire and its effects. A typical room fire will not pose a hazard to the rest of the
building until flashover. A functioning sprinkler system should activate prior to the onset of
flashover. Smoldering fires can have significant life safety impact beyond the room of origin.
However, a typical sprinkler system would not activate in response to a smoldering fire. Therefore,
the sprinkler system would have little or no impact on life safety in the smoldering fire.

Flashover is a phenomenon that occurs in many building firas. In the initial (preflashover) stages,
fire development is controlled by the amount, type, and location of combustible materials in the area
and the speed with which it spreads. As the fire develops, however, the hot smoke and fire gases
accumulate at the ceiling, heating all of the un-ignited materials in the room. The hot ceiling gases
radiate energy onto the burning fuel causing it to burn faster. As the fire grows, the available air

cannot support the combustion of all of the fuel that is produced. The unburned fuel collects in the
smoke layer; the smoke normally blackens at this time. When this combination of events reaches a
temperature of about 550 to 600 ‘C (1000 to 1100 “F), the radiant heat from the hot gas layer will
quickly ignite all of the exposed combustible material. Frequently any combustible gases
accumulated in the smoke layer will find air and burn out at this time. When this rapid ignition of
combustible material or gases occurs, the fire often violently erupts from the room of origin
spreading flame, hot fuel laden gases, and toxic smoke into adjacent spaces. This transition is
called flashover, and a fire that has undergone this transition is called a flashed over fire.
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The proposed regulation established three endpoint criteria designed to achieve the level of life
safety prescribed in the Act. To be equivalent, an office building or housing unit must be designed,
constructed, and maintained to prevent flashover in the room of fire origin, limit fire size to no more
than 1 megawatt (950 Btu/see), or prevent flames from leaving the room of origin. For the
purposes of this regulation, flashover is intended to describe a fire in which the upper layer
temperature in a room reaches approximately 600 ‘C (1100 ‘F) and the heat flux at floor level
exceeds 20 kW/m2 (1.8 Btu/ft2/see). As with the prevent f lashover criteria, the limitation on
maximum heat release rate and the requirement to keep flames within the room of fire origin are
designed to limit the size of the fire.

A 1 megawatt fire is approximately equivalent to a single burning easy chair or two burning
1.8 m (6 ft) tall Christmas trees. In a 3.6 m (12 ft) by 4.6 m (15 ft) gypsum board lined room with
a 1.4 m (4 ft) wide open doorway, a fire growing proportionally with time will produce an upper gas
temperature of 425 to 480 “C (800 to 900 ‘F) in 300 seconds. The fire heat release rate at 300
seconds would be approximately 1 megawatt assuming a medium growth rate t-squared fire as
referenced in Appendix B of the National Fire Protection Association Standard 72, National Fire
A/arm Code. This fire is about the largest that can occur in such a room without a substantial
likelihood of flames discharging out the room doorway.

The person conducting a life safety equivalency analysis must be familiar with fire dynamics,
building construction, hazard assessment, and human behavior in a crisis. The proposed regulation
established minimum qualifications for the people expected to conduct the required analyzes. In
addition, the regulation specified the Federal government official responsible for reviewing and
accepting equivalent level of safety analyses.

The proposed rule did not address the life safety impact of a smoldering fire. Smoldering fires
can represent a significant life safety hazard, however, typical sprinkler systems will not control this
hazard. In addition, it did not attempt to provide guidance in determining acceptable levels of
protection against propew loss or business interruption.

V. Discussion of Comments

GSA published the proposed rule in the Federal Resister (Vol. 59, No. 99, pp. 26768-26772) for
public comment on May 24, 1994. On June 30, 1994, a notice of extension of the public comment
period was published in the Federal Register (Vol. 59, No. 125, pg. 33724). The public had until
July 25, 1994, to comment on the proposed rule.

In respofise to the proposed rule and subsequent extension, a total of 46 items of
correspondence were received. Of these, 14 were from state fire marshals, 10 were from
professional or trade associations, 7 were from Federal government entities, 3 were from private fire
protection engineering consultants, 1 was from academia, and 11 were from private citizens. The
comments ranged from general support or opposition to the concept of an equivalent level of safety
to very specific comments related to technical details of the regulation. A summary of the
comments, and our responses to them, follow.

A. Intent of Legislation

Comment: Several commenters indicated that defining an equivalent level of safety would
provide a means to avoid the intent of the Act.

Response: As indicated in House Report 102-509, Pan 1, the purpose of the Federal Fire Safety
Act of 1992 was to set an example for state and local governments by mandating firesafety
requirements for new or renovated federal office space and certain categories of federally-assisted
housing. By prohibiting Federal funding for these buildings, the Act promotes the use of automatic
sprinklers, or an equivalent level of safety. The Act defines the term equivalent level of safety as an
alternative design or system (which may include sprinkler systems), based won fire Protection
engineering analysis, which achieves a level of safety equal to or greater than that provided by
automatic sprinkler systems. The Congress had a number of expectations concerning the definition.
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The alternative would provide flexibility in instances where fire protection engineering analyses
dernonstmted that other means would yield the same level of life safety as that provided in a fully
sprirddered building. h many situations, there would be no effective equivalent level of safety in
cwrrparison to the life safety protection afforded by a building conforming with the requirements of
cwrent buikfing design criteria for a fully sprinklered building. In addition, several factors were to be

~tms~clered in further defining equivalent /eve/of safe~ the provisions of nationally recognized
model codes and the firesafety guidelines followed by the General Services Administration for

sprirddered buildings; analyses of potential fire loss exposures and adverse conditions related to the
firesafety of a building, and analyses of safety alternatives for a building; and current technical
research, including the study “on the use, in combination, of fire detection, fire suppression
systems, and compartmentation, ” of the National Institute of Standards and Technology. The intent
of the Act is very clear in requiring an equivalent level of safety option for all situations.

Comment: A number of commenters wanted sprinklers to be the only option.
Response: k should not be taken lightly that this legislation originated in the House Committee

on Science, Space, and Technology and that one intent of the Act (as specifically articulated in the
report language) was to encourage the development and use of new technology. The Congress
recognized that the intent of the Act could not be met by specifying only one type of currently
available fire technology. The concept of equivalent /eve/of safety has and will continue to promote
the development of new firesafety technologies. Providing for an equivalent level of sefety k in
keeping with equivalency clauses contained in the model building and fire codes. For example,

section 1-5.1 of National Fire Protection Association Standard No. 10 f@, tie Safety Code@, states
“Nothing in this Code is intended to prevent the use of systems, methods, or
devices of equivalent or superior quality, strength, fire resistance, effectiveness,
durability, and safety as alternatives to those prescribed by this Cocfe, provided
technical documentation is submitted to the authority having jurisdiction to
demonstrate equivalency, and the system, method, or device is approved for the
intended purpose. ”

The regulation provides a means for demonstrating equivalency based on a technical evaluation.
Comment: A few Federal agencies indicated that defining an equivalent level of safety could

jeopardize their automatic sprinkler system installation programs.
Response: The public law sets a standard. This regulation provides a means to achieve the

standard while maintaining a degree of flexibility. Use of this equivalent /eve/of safety option is not
mandatory. As outlined in this regulation, there are numerous reasons for installing automatic
sprinkler systems in buildings. These reasons cover issues well beyond the very limited scope of
this regulation. Full compliance with the sprinkler. requirements contained in the Federal Fire Safety
Act will be the easiest solution, especially when Federal agencies lack the fire protection engineering
expertise to evaluate an equivalency.

B. Scope of the Regulation

Comment: A number of comments reflected confusion concerning the scope of the regulation.
Response: This regulation is intended solely to define an equivalent level of safety appropriate for

judging compliance with the requirements of the Federal Fire Safety Act of 1992. It does not
necessarily apply to the evaluation of equivalency to other building and fire code requirements. in
order to address this issue, the scope of the regulation has been refined and clarified.

Comment: Several commenters expressed concern over the decision to exclude firefighter safety
from the regulation especially when rescue of building occupants is required.

Response: The concept presented in the proposed regulation was not intended to totally exclude
consideration of firefighter safety. The need for the fire department to conduct rescue operations
must be considered in an equivalent /eve/ of safety analysis. If rescue operations are expected, then
the firefighters conducting them must be protected. Firefighter safety is not considered from the
standpoint of them entering a building solely to fight a fire and limit property loss.

Comment: A few commenters questioned the impact of the proposed rule on local codes.
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Response: Legs!’~, buildings built on Federal property are exempt from local building codes. In
the case of buildings developed on private land to be leased by the Federal government, the
applicable local codes govern. Public Law 100-678 requires, among other things, that Federal
agencies comply “to the maximum extent feasible” with “one of the nationally recognized model
building codes and with other applicable nationally recognized codes” when constructing or altering
Federal buildings. This law also directs agencies to comply with state and local zoning laws to
submit plans for buildings being altered or constructed to state or local officials for review prior to
construction, and to permit local officials to inspect Federal buildings while under construction or
alteration. However, the law places limitations on the obligations of Federal agencies; for example,
agencies can limit the time local officials have for plans review to 30 days, are not required to
follow the recorqmendations of local officials, and are not allowed to pay any fees or fines to local
governments. The impact of the Federal Fire Safety Act will primarily be an as additional
requirement with which Federal buildings, both owned and leased, will have to comply. However,
firesafety protection measures required in order to comply with local codes or other requirements
can and should be considered in assessing the existence of an equivalent level of safety.

Comment: Some commenters questioned the applicability of existing equivalency clauses in
currently available consensus standards and their relationship to the proposed rule.

Response: Equivalency as described in national standards requires approval by an authority
having jurisdiction. No specific performance measures are provided for making the judgment as to
the level of equivalency, leading to non-uniform application and acceptance. The rule provides a
performance definition, as required by the law. It is possible the philosophy outlined in the
proposed rule could form the basis for further development and adoption of performance-based
equivalency measures in the national consensus codes.

C. Technical Issues

Comment: Several commenters recommended the establishment of a threshold height limit above
which only total sprinkler protection would be acceptable. However, other commenters indicated
that the height issue could be addressed in the required engineering analysis.

Response: The objective was not to rewrite the law. The Act requires that the General Services
Administration fu~her define the term equivalent /eve/of safety. By specifying a maximum height
threshold, the equivalency option specifically intended by Congress would be eliminated without
their consent. The intent of Congress to provide an equivalency option without height limitations is
further evidenced by the addition of an equivalency option after the bill had been passed (Public Law
103-195).

Comment: A number of comments were received concerning whether or not meeting one or all
of the selected equivalency criteria was sufficient. These commenters recommended replacing the
word or in the phrase “prevent flashover in the room of origin, limit fire size to no more than 1
megawatt (950 Btu/see), or prevent flames from leaving the room of origin” with the word and.

Response: The word Gi was chosen specifically in preference to and. The intent of this
statement was that the condition. or conditions producing the most hazardous exposure to building
occupants be selected for measuring equivalency. For example, it could be concluded that an
acceptable level of safety had been achieved if flames did not extend beyond the room of origin. If
flashover or the 1 MW fire represented a more severe hazard to building occupants, this conclusion
would not be valid.

Comment: Many commenters raised issues associated with the definition of the room of origin,
specifically raising concerns related to establishing an appropriate size. Is it appropriate to use a
closet as the room of origin? What would the room of origin be in an area with open plan space?

Response: The concept of room of origin was deliberately left open to encourage comments.
Based on comments rec “veal, the efinition of room of origin is being refined to include a maximum

Y 5!
area limitation of 200 m (2000 ft ). Fires involving areas greater than 200 m2 pose substantial
difficulties for firefighters and threaten occupants, especially those located on upper levels of high-
rise structures. Exit paths are easily jeopardized by fires involving 200 or more square meters of
floor area. In order to provide equivalent life safety, especially in high-rise structures, no fire area
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should be permitted to exceed 200 m2. Fire separations or other protective measures should be
provided to limit potential fire areas.

Comment: A few commenters questioned the use of flashover as an endpoint criteria.
Response: Flashover was selected as an endpoint for two reasons. First, the potential for

flashover can have a significant impact on required notification time. Prior to flashover, a fire
represents a hazard primarily to occupants in the room of origin. The energy released by the fire is
insufficient to “drive” significant quantities of products of combustion beyond the room of origin.
An’; smoke that leaves is low temperature and contains minimal amounts of toxic gases. Based on
a series of fire tests in mobile homes, researchers at the National Bureau of Standards (now the
National Institute of Standards and Technology) concluded ‘Limiting conditions adverse to life
safety are likely to be reached in the living room at the end of the mobile home remote from the
bedroom where the fire started at approximately the same time that flashover occurs in the
bedroom. Limiting levels of carbon monoxide and oxygen are less likely to be reached in the living
room if flashover does not occur in the bedroom. ” (Budnick, E.K., Klein, D. P., and O’Laughlin, R.J.,
“Mobile Home Bedroom Fire Studies: The Role of Interior Finish,” NBSIR 78-1531, National Bureau
of Standards Center for Fire Research, September 1978.) Occupants in the room of origin should
be able to detect a fire and leave prior to flashover. If flashover is expected, the use of
sophisticated fire alarm systems will be required to provide sufficient egress time for building
occupants outside the room of origin.

A second reason for flashover as an endpoint is its use as a firesafety performance objective in
the national consensus standards. Two of the three sprinkler installation standards referenced in
the Federal Fire Safety Act use flashover as an objective. These two standards (NFPA 13D and
13R) indicate that a sprinkler system “installed in accordance with this standard is expected to
prevent flashover (total involvement) in the room of fire origin, where sprinklered, and to improve
the chance for occupants to escape or be evacuated.” The third standard (NFPA 13) simply states
that its objective is “to provide a reasonable degree of protection for life and property from fire.”
Currently, compliance with the specifications contained in the standard is the only way to judge
whether or not the proposed performance objective has been achieved. Several large loss fires have
indicated that complying with the requirements in the standard may not always adequately protect
the specific hazard and ensure attainment of the firesafety objective. In recognition of this, the
NFPA has recently formed a group, composed of members of the sprinkler installation standard
committee, to develop a fully performance oriented sprinkler installation standard. In addition, the
NFPA has established a project, under the Committee on Hazard and Risk of Contents and
Furnishings, to develop a document on prevention of flashover titled Guide on Methods for
Decreasing the Probability of Flashover.

Comment: A number of commenters questioned the definition of reasonable worst case scenario
and several provided recommendations for improving the definition.

Response: The reasonable worst case scenario definition was not intended to be an all inclusive
listing of things to be considered in conducting an equivalency analysis. Based on comments
received, the definition is being expanded to identify additional items which should be considered in
establishing reasonable worst case scenarios. Specific issues to be considered as part of a worst
case scenario are types of fuel (paper, plastics, chemicals), form and arrangement of fuel (furniture,
shredded newspaper, stacked chairs), availability of suppression systems (sprinkler system, fire

department), capability of suppression systems (proper sprinkler system design, fire department
manning, fire depa~ment response time) and capability of occupants (awake, asleep, intoxicated,
physically or mentally impaired).

Comment: A few commenters suggested identifying recommended alternatives to complete
sprinkler protection such as specific compartmentation or detection system requirements.

Response: The Act specifies one method, complete sprinkler protection, of achieving a
prescribed level of life safety. The equivalent level of safety option is the exception to the general
rule of complete sprinkler protection. If a list of alternatives was provided, sprinkler protection
would become one of several options instead of the intended primary choice. In applying the
equivalent level of safety provision, each building must be evaluated on its own merits and an
individualized fire protection strategy developed. Each application of the equivalent /eve/of safety
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option will involve a different set of circumstances. A list of recommended alternatives would not
provide the necessary flexibility or allow for scientific and technological advancements.

Comment: A few commenters expressed concern that the regulation attempts to force the use of
computer based fire models which the commenters suggested were in the infancy stages of
development and produced inconsistent results.

Response: The law is explicit that equivalency be based on a fire protection engineering analysis.
The proposed rule suggests several tools that can be chosen based on the specific situation,
including fire models. The decision of which tools to use is left to the engineer and agency to
decide, based on the needs of each case. The use of engineering calculation methods is
encouraged, models are but one way of efficient y applying first principles.

From a public policy perspective, the use of engineering applications must be encouraged to
better prepare the engineering community for global competition. A Conference on Firesafety
Design in the 2 Ist Century, held in May 1991 at Worcester Polytechnic Institute, graphically
illustrated how far the United States had lagged behind other countries in developing PerfOrmance-
based building codes and applying analytical measurement techniques. Computer based models are
readily accepted for use in a variety of countries, including Japan, United Kingdom, New Zealand,
and Australia. These countries have embraced these design concepts and are capable of building
and operating better performing and more cost effective facilities. Recognizing this fact, the
National Fire Protection Association has established a task force on its Board of Directors to
expedite its activities in the development and dissemination of computational methods.

These computational methods are no longer research and development activities. A variety of
validation tests on many different models have been reported and indicate very good correlation
with full scale fire tests and experience. Calculation procedures, including computer models, have
been used in fire reconstruction with excellent results in determining the course of events. New
information is being developed almost daily, supporting the use of calculation methods and models
to develop sound engineering solutions to fire protection problems.

Finally, the various tools suggested in the proposed rule have a wide variety of support. The Fire
Safety Evaluation System, for example, is codified in the manual Alternative Approaches to Life
Safety (NFPA 101 M), which is developed and accepted through the national consensus standards
process. Numerous calculation methods have been accepted and compiled in the Handbook of Fire
Protection Engineering, the source document for engineering methods for the fire protection
engineering profession. The use of calculation methods and computer models is commonplace in
other engineering disciplines. If fire protection engineering is to be accepted as an engineering
discipline, it must accept, understand, and use these analytical tools.

D. Qualifications and Consistency Issues

Comment: Several comments were received regarding the qualifications of the personnel
conducting the equivalent level of safety analyses.

Response: The required years of experience factor has been increased from two to four. This
modification brings the three qualification options into closer agreement. The education requirement
has been modified to reflect technical differences between undergraduate and graduate engineering
programs. In addition, it has been revised to allow for engineers trained outside the United States.

Comment: A number of commenters inquired as to who should or could review equivalent level
of safety analyses.

Response: As stated in the proposed rule, the head of the agency making facility improvements
or providing Federal assistance is ultimately responsible for determining the acceptability of an
equivalent level of safety analysis. In developing this determination, an independent review of the
analysis by Government fire protection engineering professionals will be required. However, a few
fire protection engineering professionals, employed by Federal government agencies, indicated they
did not have the expertise to conduct the required reviews. This concern was not shared by other
fire protection engineers. including those working for private consulting firms. Comments from
these engineers indicated they could conduct and review the analyses as appropriate. It may be
necessary for Government agencies who lack in-house professional expertise to contract with
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private firms or other Government agencies (General Services Administration Central OWme for
example) for services to review equivalent level of safety analyses.

Several commenters expressed a desire to have a specific Federal government agency, the
General Services Administration, responsible for the review of all equivalent /eve/of safety anaiyses.
Discussion of the issues associated with this option is beyond the scope of this regulation. As
resources permit, the General Services Administration will develop and distribute. from time to time,
information on conducting and evaluating equivalent level of safety analyses. In addtion, the GSA

will maintain a library of its own successful analyses and will seek to establish a dialog with other

agczcies concerning determining an equivalent level of safety. Other %$eral agencies shouk!
consider maintaining their own libraries of equivalent/eve/of safety analyses.

A final issue associated with review of equivalent level of safety ana~yses concerns the
involvement of local jurisdictions. Implementation of the Federal Fire ‘Safaty Act and thh regulation
cannot place a burden on local jurisdictions. Local jurisdictions cannot be required to review or
evaluate an equivalent level of safety analysis. However, the equivalent Jkwei of safety analysis
should be provided to the local jurisdiction as part of the required prefire planning.

Comment: Some comments were received concerning the consistency to be expected from the
equivalent level of safety analyses.

Response: Any engineering analysis is dependent on a variety of assumptions. Individuals are
likely to make different assumptions. Even in the interpretation of written words in a code book,
different courses of action are recommended by different individuals. Uniformity of application is an
issue inherent in dealing with human beings, and not unique to engineering analyses. An analysis
based on the application of science-based first principles should provide consistent results. While
the recommended corrective actions may differ, the use of personnel with the minimum
qualifications identified in the regulation will ensure that the technical support for the
recommendations is consistent with the governing principles of physics and chemistry.

E. Miscellaneous

Comment: A number of commenters identified editorial corrections or provided updated or

corrected statistical data.
Response: These comments have been adopted to the extent the referenced section of the

regulation remains in the final rule.

V1. Summary of Changes

As a result of the public comments, a number of changes were made to the regulation. These
changes are briefly outlined in this section.

1. The scope of the regulation has been modified and expanded to clarify the intent of this
regulation and its impact on local codes and standards.

2. The qualification requirements have been modified to bring the three alternatives into closer
alignment, clarify some issues, and ‘provide oppotiunities for engineers educated in other countries.

3. The room of origin has been defined to set a maximum limit on the potential size of an
involved area.

4. The definition of reasonable worst case scenario has been expanded to clarify its meaning.
5. The equivalency criteria have been changed to better link the equivalency measurement to the

mandated baseline level of safety associated with complete sprinkler protection.
The General Services Administration (GSA) has determined that this rule is a significant

regulatory action for the purposes of Executive Order 12866. The rule is written to ensure
maximum benefits to Federal agencies. Thk Governmentwide management regulation will have
little or no cost effect on society. Therefore, the rule will not have a significant economic impact on
a substantial number of small entities under the Regulatory Flexibility Act (U.S.C. 601 et seq.).

List of Subjects in 41 CFR 101-6
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Civil rights, Government propeny management, Grant programs, Intergovernmental relations,
Surplus Government property, Relocation assistance, Real propetty acquisition, Fire protection

For the reasons set out in the preamble, 41 CFR Part 101-6 is amended as follows:

PART 101-6 MISCELLANEOUS REGULATIONS

1. The authority citation for 41 CFR Part 101-6 continues to read as follows:

AUTHORITY: Sec 205(c), 63 Stat. 390; 40 U.S.C. 486(c)

SUBPART 101-6.6 FIRE PROTECTION (FIRESAFETW ENGINEERING

2. Subpart 101-6 is added to read as follows:

S101-6.600 Scope of subpart.

This subpart provides the regulations of the General Services Administration (GSA) under Title 1
of the Fire Administration Authorization Act of 1992 concerning definition and determination of
e@va/ent /eve/of safety. The primary objective of this regulation is to provide a quantifiable means
for determining compliance with the requirements of the Act. It is not a substitute for compliance
with building and fire code requirements typically used in construction and occupancy of buildings.

3101-6.601 Background.

(a) The Fire Administration Authorization Act of 1992 (Public Law 102-522) was signed into
law by the President on October 26, 1992. Section 106, Fire Safety Systems in Federally Assisted
Buildkgs, of Title I - United States Fire Administration, is commonly referred to as the Federal Fire
Safety Act of 1992. This section amends the Fire Prevention and Control Act of 1974 (15 U.S.C.
2201 et seq.) to require sprinklers or an equivalent /eve/of safety, in cettain types of Federal
employee office buildings, Federal employee housing units, and Federally assisted housing units.

(b) The definition of an automatic sprinkler system is unique to the Act. In addition to
describing the physical characteristics of an automatic sprinkler system, the definition sets a
performance objective for the system. Automatic sprinkler systems installed in compliance with the
Act must protecthuman /ives. Sprinklers would provide the level of life safety prescribed in the Act
by controlling the spread of fire and its effects beyond the room of origin. A functioning sprinkler
system should activate prior to the onset of flashover.

(c) This regulation establishes a general measure of building firesafety performance. To achieve
the level of life safety specified in the Act, the structure under consideration must be designed,
constructed, and maintained to minimize the impact of fire. As one option, building environmental
conditions are specified in this regulation to ensure the life safety of building occupants outside the
room of fire origin. They should be applicable independent of whether or not the evaluation is being
conducted for the entire building or for just the hazardous areas. In the latter case, the room of
origin would be the hazardous area while any room, space, or area could be a room of origin in the
entire building scenario.

(d) The equivalent level of safety regulation does not address property protection, business
interruption potential, or firefighter safety during fire fighting operations. In situations where
firefighters would be expected to rescue building occupants, the safety of both firefighters and
occupants must be considered in the equivalent level of safety analysis. Thorough prefire plannin9
will allow firefighters to choose whether or not to enter a burning building solely to fight a fire.

5101-6.602 Application.
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The requirements of the Act and these regulations apply to all Federal agencies arid aii Fetierally
owned and leased buildings in the United States, except those under the control of the Resolution
Trust Corporation.

~101-6.603 Definitions.

(a) Qualified fire protection engineer is defined as an individual, with a thorough knowledge and
understanding of the principles of physics and chemistry governing C:z growth, spread, and
suppression, meeting one of the following criteria:

(1) an engineer having an undergraduate or graduate degree from a college or university offering
a course of study in fire protection or firesafety engineering, plus a minimum of four (4) years work
experience in fire protection engineering,

(2) a professional engineer (P.E. or similar designation) registered in Fire Protection Engineering,
or

(3) a professional engineer (P.E. or similar designation) registered in a related engineering
discipline and holding Member grade status in the international Society of Fire Protection Engineers.

(b) F\ashover means fire conditions in a confined area where the upper as layer temperature
!reaches 600 ‘C (1100 ‘F) and the heat flux at floor level exceeds 20 kW/m (1.8 Btu/ft2/see).

(c) Reasonable worst case firescenario means a combination of an ignition source, fuel items,
and a building location likely to produce a fire which would have a significant adverse impact on the
building and its occupants. The development of reasonable worst case scenarios must include
consideration of types and forms of fuels present (e.g., furniture, trash, paper, chemicals), potential
fire ignition locations (e.g., bedroom, office, closet, corridor), occupant capabilities (e.g., awake,
intoxicated, mentally or physically impaired), numbers of occupants, detection and suppression
system adequacy and reliability, and fire department capabilities. A quantitative analysis of the
probability of occurrence of each scenario and combination of events will be necessary.

(d) Room of origin means an area of a building where a fire can be expected to start. Typically,
the size of the area will be determined by the walls, floor, and ceiling surrounding the space.
However, this could lead to unacceptably large areas in the case of open plan office space or similar
arrangements. Therefore, the maximum allowable fire area should be limited to 200 m2 (2000 ft2)
includiqg intervening spaces. In the case of residential units, an entire apartment occupied by one
tenant could be considered as the room of origin to the extent it did not exceed the 200 m2 (2000
ft2) limitation.

S101-6.604 Requirements.

(a) The equivalent level of life safety evaluation is to be performed by a qualified fire protection
engineer. The analysis should include a narrative discussion of the features of the building
structure, function, operational support systems and occupant activities which impact fire protection
and life safety. Each analysis should describe potential reasonable worst case fire scenarios and
their impact on the building occupants and structure. Specific issues which must be addressed
include rate of fire growth, type and location of fuel items, space layout, building construction,
openings and ventilation, suppression capability, detection time, occupant notification, occupant
reaction time, occupant motility, and means of egress.

(b) To be acceptable, the analysis must indicate that the existing and/or proposed safety
systems in the building provide a period of time equal to or greater than the amount of time
available for escape in a similar building complying with the Act. In conducting these analyses, the
capability, adequacy, and reliability of all building systems impacting fire growth, occupant
knowledge of the fire, and time required to reach a safety area will have to be examined. In
particular, the impact of sprinklers on the development of hazardous conditions in the area of
interest will have to be assessed. Three options are provided for establishing that an ecwiva~ent
level of safety exists.

(1) In the first option, the margin of safety provided by various alternatives is compared to that
obtained for a code complying building with complete sprinkler protection. The margin of safety is
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the difference between the available safe egress time and the required safe egress time. Available
safe egress time is the time available for evacuation of occupants to an area of safety prior to the
onset of untenable conditions in occupied areas or the egress pathways. The required safe egress
time is the time required by occupants to move from their positions at the start of the fire to areas
of safety. Available safe egress times would be developed based on analysis of a number of
assumed reasonable worst case fire scenarios including assessment of a code complying fully
sprinklered building. Additional analysis would be used to determine the expected required safe
egress times for the various scenarios. If the margin of safety plus an appropriate safety factor is
greater for an alternative than for the fully sprinklered building, then the alternative should provide

an equivalent level of safety.

(2) A second alternative is applicable for typical office and residential scenarios. In these
situations, complete sprinkler protection can be expected to prevent flashover in the room of fire
origin, limit fire size to no more than 1 megawatt (950 Btu/see), and prevent flames from leaving
the room of origin. The times required for each of these conditions to occur in the area of interest
must be determined. The shortest of these three times would become the time available for escape.
The difference between the minimum time available for escape and the time required for evacuation
of building occupants would be the target margin of safety. Various alternative protection
strategies would have to be evaluated to determine their impact on the times at which hazardous
conditions developed in the spaces of interest and the times required for egress. If a combination of
fire protection systems provides a margin of safety equal to or greater than the target margin of
safety, then the combination could be judged to provide an equivalent level of safety.

(3) As a thirdoption, other technical analysis procedures, as approved by the responsible
agency head, can be used to show equivalency.

(c) Analytical and empirical tools, including fire models and grading schedules such as the Fire
Safety Evaluation System Wternative Approaches to fife Safety, NFPA 101 M) should be used to
support the life safety equivalency evaluation. If fire modeling is used as part of an analysis, an

assessment of the predictive capabilities of the fire models must be included. This assessment
should be conducted in accordance with the American Society for Testing and Materials Standard
Guide ;or Evaluating the Predictive Capability of Fire Models {ASTM E 1355).

3101-6.605 Responsibility.

The head of the agency responsible for physical improvements in the facility or providing Federal
assistance or a designated representative will determine the acceptability of each equivalent level of
safety analysis. The determination of acceptability must include a review of the fire protection
engineer’s qualifications, the appropriateness of the fire scenarios for the facility, and the
reasonableness of the assumed maximum probable loss. Agencies should maintain a record of each
accepted equivalent /eve/ of safety analysis and provide copies to fire departments or other local
authorities for use in developing prefire plans.

Dated: September 29, 1994

Julia M. Stasch
Acting Administrator
General Services Administration
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Additional Readings

Bukowski, R.W. and O’Laughlin, R. J., Fire Alarm Signaling Systems (2nd cd), National Fire
Protection Association and The Society of Fire Protection Engineers, Quincy, MA (1994).

Carson, W.G. and Klinker, R. L., Fire Protection Systems (2nd cd), Inspection, Test&
Maintenance Manual, National Fire Protection Association, Quincy, MA (1994).

Bryan, J.L., Automatic Sprinkler and Standpipe Systems (2nd cd), National Fire Protection
Association, Quincy, MA (1990).

Budnick, E. K., DiNenno, P. J., and Scheffey, J.L., “Sprinklers and Other Fire Control Methods,”
in The Encyclopedia of Architecture, Vol. 4 (Joseph Wilkes, cd), John Wiley & Sons, NY (1989).

Coleman, R. J., Residential Sprinkler Systems, Protecting Life and Property, National Fire
Protection Association, Quincy, MA (1991).

NFPA Fire Protection Handbook (17th cd), National Fire Protection Association, Quincy, MA
(1991).

Quality Control of Residential Sprinkler Installations to Ensure Reliability, Operation Life Safety
Washington, DC; sponsored by the U.S. Fire Administration and the Allstate Foundation (1989).

Express Residential Fire Sprinkler Design Guide, Prince George’s County Fire Department and
the National Association of Home Builders Research Center, Inc., Upper Marlboro, MD;
sponsored by the U. S. Fire Administration (1995).

Hart, F. L., Till, R., Nardfini, C. And Bisson, D., Backflow Protection for Residential Sprinkler
Systems, sponsored by the U. S. Fire Administration, Emmitsburg, MD (1993).

Notarianni, K.A. and Jackson, M. A., Comparison of Fire Sprinkler Piping Materials: Steel,
Copper, Chlorinated Polyvinyl Chloride and Polybutylene, in Residential and Light Hazard
Installations, NISTIR 5339, National Institute of Standards and Technology, Gaithersburg, MD
(1994).
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Organizations

Federal Government Agencies

Building & Fire Research Laboratory
National Institute of Standards and Technology
U.S. Department of Commerce
Gaithersburg, MD 20899
(301) 975-6850

U.S. Fire Administration
Federal Emergency Management Agency
500 C Street, S.W.
Washington, DC 20472
(202) 646-4600

U.S. Department of Housing& Urban Development
451 7th Street, S.W.

Washington, DC 20410
(202) 708-0980

Buildimz Code Agencies

Building Officials & Code Administrators (BOCA)
(National Building Code)
4051 West Flossmoor Road
Country Club Hills, IL 60477
(800) 323-1103

Int’1 Conference of Building Ofllcials (ICBO)
(Uniform Building Code)
5360 S. Workman Mill Road
Whittier, CA 90601
(213) 699-0124

Southern Building Code Congress Int’1 Inc. (SBCCI)
(Standard Building Code)
900 Montclair Road
Birmingham, AL 35213-1206
(800) 877-2224
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Private Organizations

American Water Works Association
6666 W. Quincy Avenue
Denver, CO 80235
(303) 794-7711

International Association of Fire Chiefs
Operation Life Safety (OLS)
1329 18th Street, N. W.
Washington, DC 20036
(202) 452-0684

National Association of Home Builders
1st & M Streets, N.W.
Washington, DC 20036
(202) 822-0200

National Fire Protection Association
1 Batterymarch Park
Quincy, MA 02269-9101
(617) 770-3000

National Fire Sprinkler Association
Robin Hill Corporate Park
Route 22
P.O. Box 1000
Patterson, NY 12563
(914) 878-4200

National Institute for Certification in Engineering Technologies (IWCET)
1420 King Street
Alexandria, VA 22314
(703) 684-2835

Underwriters Laboratories (UL)
333 Pfingsten Road
Northbrook, IL 60062-2096
(708) 272-8800
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