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development process consider the then-current and available information on incidents, materials, 
technologies, innovations, and methods as these develop over time and that NFPA Standards reflect 
this consideration. T herefore , any previous edition of this document no longer represents the current 
NFPA Standard on the subject matter addressed. NFPA encourages the use of the most current edition 
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Installation of Sprinkler Systems in One- and Two-Family Dwellings and 
Manufactured Homes 

2022 Edition 

This edition of NFPA 13D, Standm·d for the Installation of Sjninkler Systems in One- and Two-Family 
Dwellings and Manufactumd Homes, was prepared by the Technical Committee on Residential 
Sprinkler Systems and released by the Correlating Committee on Automatic Sprinkler Systems. It was 
issued by the Standards Council on March 18,2021, with an effective date of AprilS, 2021, and 
supersedes all previous editions. 

This edition ofNFPA 13D was approved as an American National Standard on AprilS, 2021. 

Origin and Development of NFPA I 3D 

Recognizing the need to reduce the annual life loss from fire in residential occupancies (about 50 
percent of total loss of life by fire), the Committee on Automatic Sprinklers appoin ted a 
subcommittee in May 1973 to prepare the StandaTd on the Installation of Sprinkle1· Systems in One- and 
Two-Family Dwellings and Mobile Homes. The subcommittee was com posed of members of the 
Committee on Automatic Sprinklers and other technically competent experts. The standard wa~ 
submitted and adopted at the NFPA Annual Meeting in Chicago, Illino is, on May 12-16, 1975. 

The 1980 edition was a complete rewrite of the 1975 edition, including SI units where 
appropriate. The 1980 edition incorporated the results of the residential sprinkler test program 
administered by the National Fire Protection Association and funded by a t·esearch gran t fi·om the 
United States Fire Administration. Factory Mumal Research Corporation and the Los Angeles City 
Fire Department conducted the dwelling tests. Factory Muntal Research Corporation, McNeary 
Insurance Consulting Services, and the Charlotte, North Carolina, Fire Department conducted the 
mobile home tests. 

After gaining practical experience using the 1980 edition, modifications to the standard, 
including removal of design parameters for dry pipe systems, were made in the 1984 edition. 

The 1989 and 1991 editions established criteria for the use of antifreeze systems as we ll as some of 
the installation criteria associated with specially listed piping materials. 

The 1994 edition provided expanded infonnation on nonmetallic pipe and introduced a new 
design option d1at reduced water storage requirements for limited area dwellings. 

The 1996 edition of the standard included expanded information on the use and placement of 
t·esidential sprinklers near heat sources. For the first time since 1941, the use of Y2 in. (12.7 mm) 
piping material was permitted again for sprinkler systems under specific conditions. Several 
appendix figures were also added to address methods for protecting pipe fi·om freezing in unheated 
attics. 

The 1999 edition revised criteria for certain types of multipurpose piping systems and added 
requirements to mitigate the effect of water softeners and filters on system performance. 
Information on the application of solvent cement for nonmetallic piping systems was provided, and 
the exception for omitting sprinkler coverage in attics and crawl spaces was modified. 

The 2002 edition incorporated revisions to update me standard to comply \vith the 2000 edition 
of the Manual of Style for NFPA Technical Committee Documents. T hese revisions included editoria lly 
rewording any exceptions as requirements. The 2002 edition also included changes that established 
a minimum design discharge density. The requirements for multipurpose systems were changed to 
t·equire a bypass valve for installations with water softeners or water filtration equipment installed 
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and to update the requirements for network systems. The chapter specifically addressing limited area dwelling systems was no 
longer included in the standard. 

The 2007 edition included new spacing and obstruction rules addressing sloped ceilings, ceil.ing pockets, ceiling fans, and 
kitchen cabinets. Also new to this edition were installation, design, and acceptance requirements for pumps. The acceptability 
of insulation as a method of freeze protection and the acceptability of wells as a water source were clarified for this edition. 
New requirements for listed dry pipe/ preaction residential sprinkler systems, as well as clarified requirements for multipurpose 
combined and networked sprinkler systems, were incorporated. Finally, specific obstruction rules were added for residential 
spt-inklers. 

In the 2010 edition, new requirements were added for a prescriptive pipe sizing method as an alternative to the hydraulic 
calculation method. The standard added the term townhouses to the definition of dwelling to clarify that townh ouses that meet 
the definition of dwelling can be protected by an NFPA 130 system. Finally, annex material was added to provide clear guidance 
for the owner on how to properly inspect, test, and maintain the system. 

The 2013 edition of NFPA 130 included a restructuring to make the document easier to use. Four new chapters were 
added, breaking out fi-eeze protection, acceptance testing, maintenance, and discharge critet-ia into their own chapters. This 
edition has also seen modification to the definitions of multipurpose and stand-alone systems, a long with a new defin ition for 
passive purge systems. New language addressing the number of heads to be calculated for certain sloped and beamed ceiling 
configurations was added based on a Fire Protection Research Foundation report. The antifreeze requit-ement5 were updated 
through a series of TlAs that were developed based on FPRF testing. 

Several significant revisions were made during the development of the 2016 edition. A new figure addressed positioning of 
spt-inklers to avoid obsu-uctions where there are sloped ceilings. Clarification was added that once a sprinklet- is removed from 
a fitting or welded outlet it should not be reinstalled if torque was applied to the sprinkler itself. A new sketch showed an 
insulation practice using tenting in an attic or concealed space. One of the largest changes to the 2016 edition of NFPA 130 
was the review of all metric conversions. Historically the document had used an "exact" convet-sion process, but in the 2016 
edition an approximate conversion process was used. The intent of this change was to make the document more usable outside 
the United States. 

The 2019 edition added beam rules for sprinklers installed under and adjacent to beams (with new figures), requirement5 
for closets where ventless clothes dryers are installed, and requirements where pressure-reducing an d pressure-regulating 
valves are installed . A section has been added to Chapter 12 to address inactive systems in structures left vacant for a period of 
time. Requirements for the u se of well pumps as a water supply have been clarified. In addition, images have been added to 
clarifY sprinkler location and clearances needed around fireplaces. 

The 2022 edition revised the scope adding townhouses. Criteria for the protection of pipe or tube from mechanical damage 
has been added to Chapter 5 and multipurpose and passive purge system s to Chapter 7. T he criteria for sprinklers under or 
adjacent to beams was revised adding concealed sprinklers, and the obstruction tables have been modified for ease of use. 
Further clarifications have been made to the sections in Chapter 8 addressing fi.lel fired equipment and the need for sprinkler 
protection. A new section on tiny homes has been added to Chapter 8. The method for determining when system components 
are subject to freezing and need protection has been modified; it now requires tl1e use of current temperature data. A new 
annex on the incentives for residential fire sprinkler use and advantages for builders, developers, and communities has been 
added. 
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NOTE: Membership on a committee shall not in and of itself constitute an endorsement of 
the Association or any document developed by the committee on which the member serves. 

Committee Scope: This Committee shall have primary responsibility for documents on d1e 
design and installation of automatic sprinkler systems in d wellings and residential 
occupancies up to and including four stories in height, including d1e character and 
adequacy of water supplies, and the selection of sprinklers, piping, valves, and all materials 
and accessories. In addition, this Committee shall have primary responsibili ty of inspection, 
testing, and maintenance requirements for sprinkler systems installed in one-and two-family 
dwellings and manufactured homes. 
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IMPORTANT NOTE: This NFPA document is made available for 
use subject to important notices and legal disclaimers. These notices 
and disclaimers appear in all publications containing this document 
and mtry be found under the heading "Important Notices and 
Disclaimers Concerning NFPA Standards. " They can also be viewed 
at www.nJPa.org/ disclaimers or obtained on request from NFPA. 

UPDATES, ALERTS, AND FUTURE EDITIONS: New editions of 
NFPA codes, standards, recommended practices, and guides (i.e., 
NFPA Standards) are released on scheduled revision cycles. This 
edition may be superseded by a later one, or it may be amended 
outside of its scheduled revision cycle through the issuance of Tenta­
tive Interim Amendments (TIAs). An official NFPA Standard at any 
point in time consists of the current edition of the docwnent, together 
with all TIAs and Errata in effect. To verifY that this document is the 
current edition or to determine if it has been amended by TIAs or 
Ermta, please consult the National Fire Codes® Subscription Service 
or the "List of NFPA Codes & Standards" at www.nfpa.org!docinfo. 
In addition to TIAs and Errata, the document information pages also 
include the option to sign up for alerts for individual documents and 
to be involved in the development of the next edition. 

NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates that explanatory material on 
the paragraph can be found in Annex A. 

A reference in brackets [ l following a section or paragraph 
indicates material that h as been extracted from another NFPA 
document. Exu·acted text may be edited for consistency and 
style and may include the revision of internal paragraph refer­
ences and other references as appropriate. Requests fcK inter­
pretations or revisions of exu·acted text shall be sent to the 
technical committee responsible for the source document. 

lnfot·mation on referenced and extracted publications can 
be found in Chapter 2 and Annex C. 

Chapter 1 Administration 

1.1* Scope. 

1.1.1 This standard shall cover the design, installation, and 
maintenance of automatic sprinkler systems for protection 
against the fire hazards in one- and two-family dwellings, manu­
factured homes, and townhouses. 

1.1.2 This standard shall not provide requirements for the 
design or installation of water mist fire protection systems, 
which are not considered fire sprinkler systems and are 
addressed by NFPA 750. 

1.1.3 This standard shall be based on the concept that the 
sprinkler system is designed to protect against a fire originating 
from a single ignition location. 
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1.2* Purpose. 

1. 2.1 The purpose of this standard shall be to provide a sprin­
kler syste m that aids in the detection and control of residential 
fires and thus provides improved protection against injury and 
life loss. 

1.2.2 A sprinkler system shall be d esigned and installed in 
accordance with this standard to prevent flashover (total 
involvement) in the mom of fire origin, wh ere spt·inklered, and 
to improve the chance for o ccupants to escape or be evacuated. 

1.3 Retroactivity. The provisions of this standard reflect a 
consensus of what is necessary to provide an acceptable degree 
of protection from the hazards addressed in this standard at 
the time the standard was issued. 

1.3.1 Unless othenvise specified, the provisions of th is stand­
ard shall not apply to faci li ties, equipment, su·uctures, or instal­
lations that existed or were approved for construction or 
installation prior to the effective date of the standat·d. vVhere 
specified, the provisions of this standard shall be retroactive . 

1.3.2 In those cases whe re the authority having jurisdiction 
determines that the existing situation presents an unacceptable 
degree of risk, t he authority having jurisdiction shall be permit­
ted to apply retroactively any portions of this standard deemed 
appwpriate. 

1.3.3 The reu·oactive requirements of this standard shall be 
permitted to be modified if the ir application clearly would be 
impractical in d1e judgment of the authority having jmisdic­
tion, and only where it is clearly evident that a reasona ble 
degree of safety is provided. 

1.4 Equivalency. Nothing in this standard is intended to 
prevent the use of systems, methods, or devices of equivalent or 
superior quality, su·ength, fire resistance, effective ness, dmabil­
ity, and safety ovet· those prescribed by this standard. 

1.4.1 Technical documentation shall be submitted to the 
authority having jurisdiction to demonstrate equivalency. 

1.4.2 T he system, method, o t· device shall be appwved for the 
intended purpose by the authority havingjurisdiction . 

1.5 Units. 

1.5.1 * Meu·ic units of measurement in this standard shall be 
in accordance with the modernized metric system known as the 
International System of Un its (SI) . 

1.5.2 The liter and bar units shall be permitted to be used in 
this standard. 

1.5.3 The conversion factors for liter, pascal , and bar shall be 
in accordance with Table 1.5.3. 

Table 1.5.3 Metric Conversions 

Name of Unit 

liter 
pascal 
bar 
bar 

Unit Symbol 

L 
Pa 
bar 
bar 

Conversion Factor 

1 gal = 3.785 L 
1 psi= 6894.757 Pa 
1 psi= 0.0689 bar 
1 bar = 105 Pa 
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1.5.4* Where a value for measurement as specified in this 
standard is followed by an equivalent value in other units, the 
first stated value shall be regarded as the requirement. 

1.5.5 The equivalent value for a measurement in SI shall be 
converted by multiplying the value by d1e conversion factor 
and then rounding the result to the appropriate number of 
sign ificant digits. 

1.6 New Technology. 

1.6.1 Nothing in this standard shall be intended to restrict 
new technologies or alternate arrangement5, provided the level 
of safety prescribed by this standard is not lowered. 

1.6.2 Materials or devices not specifically designated by this 
standard shall be utilized in complete accord with all condi­
tions, requirements, and limitations of their listings. 

Chapter 2 Referenced Publications 

2.1 General. The documents or portions thereof listed in this 
chapter are referenced within this standard and shall be 
considered pan of the requirements of this document. 

2.2 NFPA Publications. National Fire Protection Association, 
1 Batterymarch Park, Quincy, MA 02169-7471. 

NFPA 13, StandaTd joT the Installation of Sprinkle1· Systems, 2022 
edition. 

NFPA 7r?', National Elect1ical Code®, 2020 edition. 
NFPA 7~, National FiTe AlaTm and Signaling Code®, 2022 

edition. 
NFPA 220, Standard on Types of Building Constmction, 2021 

edition. 
NFPA 750, Standm·d on Watm· Mist FiTe Protection Systems, 2019 

edition. 

2.3 Other Publications. 

2.3.1 ASME Publications. American Society of Mechanical 
Engineet-s, Two Park Avenue, NewYot-k, NY 10016-5990. 

ASME B16.1, Gray Iron Pipe Flanges and Flanged Fittings: Classes 
25, 125, and 250,2015. 

ASME B16.3, Malleabk !Ton ThTeaded Fittings: Classes 150 and 
300, 2016. 

ASME B16.4, Gray han ThTeaded Fittings: Classes 125 and 250, 
2016. 

ASME B16.5, Pipe Flanges and Flanged Fillings: NPS 1/2 thmugh 
NPS 24 Mel1ic/Inch StandaTd, 2017. 

ASME B16.9, Factm)'-Made Wrought Buttwelding Fittings, 2018. 

ASl'vfE B16.11 , FoTged Fittings, Socket-Welding and Th1·eaded, 
2016. 

ASME B16.15, Cast Copper Alloy Threaded Fittings: Classes 125 
and 250, 2018. 

ASME B16.18, Cast Coj>pm· Alloy Solder-joint Pressun: Fittings, 
2018. 

ASl\1E B16.22, Wnmght Copper and Copper Alloy Sofde~·-joint Pres­
sure Fittings, 2018. 

ASME B16.25, ButtweldingEnds, 2017 . 

ASME B36.10M, Welded and Seamless Wrought Steel Pipe, 2018. 

2.3.2 ASTM Publications. ASTM International, 100 Barr 
Harbor Drive, P.O. Box C700, West Consho hocken, PA 
19428-2959. 

AST M A..1)3/ A53M, Standm·d Specification for Pipe, Steel, Black 
and Hot-Dipped, Zinc-Coated, Welded and Seamless, 2018. 

ASTM Al 35/ A135M, Standanl Specification for Ekcl1ic­
R esistance-Welded Steel Pipe, 2019. 

AST M A234/ A234M, Standm·d Specification jo·r Piping Fittings of 
Wrought Cmbon Steel and Alloy Steel jm· Modm·ate and High Tempem­
ture Semice, 2019. 

ASTM A795/ A795M, Standa1·d Specification jm· Black and H ot­
Dipped Zinc-Coated (Galvanized) Welded and Seamless Steel Pipe Jar 
FiTePTotection Use, 2013 (2020) . 

ASTM B32, Standard Specification jo·r Salder Metal, 2008, reap­
proved 2014. 

ASTM B43, Standm·d Specification jm· Seamless Red Brass Pipe, 
Standard Sizes, 2020. 

ASTM B75/B75M, StandaTd Specification jm· Seamless Copper 
11tbe, 2020. 

AST M B88, Standm·d Specification for Seamless Copper Water 
Tube, 2020. 

AST M B251/ B251M, StandaTd Specification fm· General RequiTe­
ments far Wrought Seamless Copper and Copper-Alloy Tube, 2017. 

AST M B813, Standard Specification faT L iquid and Paste Fluxes 
far Solde1ing of Coppe~· and Coppe~·-A lloy 'lube, 2016. 

ASTM B828, StandaTd Practice jm· Making Capillary joints by 
Solde1ing of Copper and Copper Alloy 11tbe and Fittings, 2016. 

ASTM F437, Standard Specification for ThTeaded Chlarinated 
Poly(Vinyl Chlmide) (CPVC) Plastic Pipe Fittings, Schedule 80, 2015. 

ASTM F438, Standanl Specification joT Socket-Type Chlarinated 
Poly(Vinyl Chlaride) ( CPVC) Plastic Pipe Fittings, Schedule 40, 2017. 

AST M F439, Standard Specificatian jm· Chlarinated Poly (Vinyl 
Chlmide) (CPVC) Plastic Pipe Fittings, Schedule 80, 2019. 

AST M F442/ F442M, Standard Specification far Chlminated 
Poly(Vinyl Chlmide) (CPVC) Plastic Pipe (SDR-PR ), 2019. 

ASTM F876, Standani Specification f()l' Cmsslinked Polyethylene 
(PEX) Tubing, 2019a. 

2.3.3 AWS Publications. American Welding Society, 8669 NW 
36 Street, # 130, Miami, FL 33166-6672. 

AVlS A5.8M/ A5.8, Specification for Fzll£1· MetaL~ for B1·azing and 
Bmu Welding, 2011 , Amendment 1, 2012. 

2.3.4 Other Publications. 

Men"iarn-Webste1·'s Collegiate Dictionary', 11 th ed ition, Men-iam­
Webster, Inc., Springfield, MA, 2003. 

2.4 References for Extracts in Mandatory Sections. 

NFPA 13R, StandaTd for the Installation of Sp1inkler Systems in 
Low-Rise Residential Occupancies, 2022 edition . 
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Chapter 3 D efinitions 

3.1 General. The definitions contained in this chapter shall 
apply to the terms used in this standard. \-\There terms are not 
defined in this chapter or within another chaptet~ they shall be 
defined using their ordinarily accepted meanings within the 
context in wh ich they are used . Meniam-Webster's Colli!giate 
Dictiona?)', 11th edition, shall be the source for the ordinarily 
accepted meaning. 

3.2 NFPA Official Definitions. 

3.2.1 * Approved. Acceptable to the authOt-ity having jurisdic­
tion . 

3.2.2* Authority Having Jurisdiction (AHJ). An organization, 
office, or individual t·esponsible f01· enforcing the requirement~ 
of a code or standard, or for approving equipment, materials, 
an installation, or a procedure. 

3.2.3 Labeled. Equipment or materials to which has been 
attached a label, symbol, or other identifying mark of an organ­
ization that is acceptable to the authority having jurisdiction 
and concerned with product evaluation, that maintains peri­
odic inspection of production of labeled equipment or materi­
als, and by whose labeling the manufacnu-er indicates 
compliance with appropriate standards or performance in a 
specified manner. 

3.2.4* Listed. Equipment, materials, or services included in a 
list published by an organization that is acceptable to the 
authority having jurisdiction and concerned with evaluation of 
products or services, that maintains periodic inspection of 
production of listed equipment or materials or periodic evalua­
tion of services, and whose listing states that either the equip­
ment, material, or se rvice meet~ appropriate designated 
standards ot- has been tested and found suitable for a specified 
purpose. 

3.2.5 Shall. Indicates a mandatory requirement. 

3.2.6 Should. Indicates a recommendation ot· that which ts 
advised but not required. 

3.2.7 Standard. An NFPA Standard, the main text of which 
contains only mandatory pmvisions using the wot·d "shal l" to 
indicate requirements and that is in a form generally suitable 
for mandatory reference by another standard or code or for 
adoption into law. Nonmandatory provisions are not to be 
considered a part of the requirements of a standard and shall 
be located in an appendix, annex, footnote, informational 
note, or othet- means as permitted in the NFPA Manuals of 
Style. When used in a generic sense, such as in the phrase 
"standards development process" or "standards development 
activities," the term "standat·ds" includes all NFPA Standards, 
including Codes, Standards, Recommended Practices, and 
Guides. 

3.3 General Definitions. 

3.3.1 Back-to-Back Townhouse. See 3 .3.16.1. 

3.3.2* Bathroom. Within a dwelling unit, any room or 
compartment containing a lavatory dedicated to personal 
hygiene, or a water closet, or bathing capabili ty such as a 
shower or tub, or any combination of facilities thereof. 

3 .3.3 Compartment. A space completely enclosed by walls 
and a ceiling. Each wall in the compartment is permitted to 
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have openings to an adjoin ing space if the openings have a 
minimum lintel depth of 8 in. (200 mm) from the ceiling and 
the total width of the openings in a single wall does not exceed 
8 ft (2.4 m) in width. A single opening of 36 in. (900 mm) or 
less in width without a lintel is permitted when there are no 
other openings to adjoini ng spaces. 

3.3.4 Design Discharge. The rate of water discharged by an 
automatic sprinkler expressed in gpm (mm/min) . 

3.3.5 Dwelling. Any detached building, or any part of a tovm­
house, back-to-back townhouse, or stacked townhouse structure 
that is separated from the remainder of the townhouse struc­
ture with fire resistance rated assemblies in accordance with 
local building code, that contains no more than two dwelling 
units intended to be used, rented, leased, let, or hired out to be 
occupied or that are occupied for habitation purposes. 

3.3.6 Dwelling Unit. One or more rooms, arranged for the 
use of one or more individuals living together, as in a single 
housekeeping unit, that norma lly have cooking, living, sanitary, 
and sleeping facilities. 

3.3.7* Manufactured Home. A su-ucture, transponable in one 
or more sections, which, in the u·aveli ng mode, is 8 body-ft 
(2.4 rn) or more in width or 40 body-ft (12 m) or more in 
length or, when erected on site, is 320 ft2 (30 m 2

) or more and 
which is built on a pet·manent chassis and designed to be used 
as a dwelling, with or without a permanent foundation, when 
connected to the required utilities, and includes plumbing, 
heating, air-conditioning, and electrical systems contained 
therein; except that such terms include any su·ucture that 
meets all the requirements of this paragraph except the size 
requirements and with t·espect to which the manufacturer 
voluntar ily files a certification required by the regulatory 
agency. Calculations used to determine the number of square 
feet in a structure are based on the structure's exteriot· dimen­
siot1S, measured at the largest horizontal p rojections when e rec­
ted on site. These dimensions include all expandable rooms, 
cabinets, and other projections containing interior space, but 
do not include bay windows. 

3. 3.8* Premixed Antifreeze Solution. A mixture of an anti­
freeze material with water that is pre pared and fact01y-mixed 
by the manufacturer with a quality control procedure in p lace 
that ensures that the antifreeze solution remains homogeneous 
and that the concentration is as specified. 

3.3.9 Pressure. 

3.3.9.1 Supply Pressure. The pressure within the supply 
(e .g ., city or private supply water source) . 

3.3.9.2 System Pressure. The pressure wi thin the syste m 
(e.g., above the control valve) . 

3.3.9.3 System Working Pressure. The maximum anticipated 
static (nonflowing) or flowing presstu·e applied to sprinkler 
system components exclu~ive of surge pressures. 

3.3.10 Pump. A mechanical device that transfers or raises, ot· 
transfers and raises, the pressure of a fluid (water) . 

3.3.11 * Shadow Area. The dry floor area with in the protec­
tion area of a sprinkler created by the portion of sprinkler 
discharge that is blocked by a wall or partition. 
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3.3.12 Sprinkler. 

3.3.12.1 Autmnatic sprinkler. A fire suppression or control 
device that operates automatically when its hea t-actuated 
element is heated to i t~ thermal rating or above, allowing 
water to dischat·ge over a specific area. 

3.3.12.2 Residential sprinkler. A type of fast-response sprin­
kler having a thermal element with an RTI of 50 (meters­

seconds)1• or less, that h as been specifi cally investigated for 
its ability to enhance survivability in the room of fit·e origin, 
and that is listed for use in the protection of dwelling units. 

3.3.13 Sprinkler Systems. 

3.3.13.1 Antifreeze Sprinkler System. A wet pipe system using 
automatic sprinklers that contains a liquid solution to 
prevent freezing of the system, intended to d ischarge the 
solution upon spt·inkler operation, followed immediately by 
water from a water supply. 

3.3.13.2 Dry Pipe Sprinkler System. A sprinkler system 
employing automatic sprinklers that are attached to a 
piping system containing air or nitrogen under pressure, 
the re lease of which (as from the opening of a sprinkler) 
permit5 the water pressure to open a valve known as a city 
pipe valve, and the water then flows into the piping system 
and out the opened sprinkler. 

3.3.13.3* Multipurpose Piping Sprinkler System. A piping 
system intended to serve both domestic needs in excess of a 
single fixture and fire protection needs fi·om one common 
piping system throughout the dwelling unit(s) . 

3.3.13.4* Network sprinkler System. A type of multipurpose 
system utilizing a common piping system supplying domes­
tic fixtures and fu·e sprinklet·s wh ere each sprinkler is 
supplied by a minimum of three se parate paths. 

3.3.13.5* Passive Purge sprinkler System. A type of sprinkler 
system that serves a single toilet in addition to the fire sprin­
klers. 

3.3.13.6 Preactwn Sprinkler System. A sprinkler system 
employing automatic sprinklers that are attached to a 
piping system that contains air that might or might not be 
under pt·essure, \vith a supple mental detection system in­
stalled in the same areas as the sprinklers. 

3.3.13. 7 Pre-Engineered sprinkler System. A packaged spri n­
kler system including a ll components connected to the 
water supply and designed to be installed according to 
pretested limitations. 

3.3.13.8 sprinkler System. A system d1at consists of an inte­
grated network of piping designed in accordance with fire 
protection engineering standards that includes a water 
supply source, a water control valve, and a drain. The 
portion of the sprinkler system above ground is a network of 
specifically sized or hydraulically designed piping installed 
in a building, sttucture, or area, generally overhead, and to 
which sprinklers are attached in a systematic pattern. The 
system is commonly activated by heat fi·om a fire and 
discharges \vater over the fire area. 

3.3.13.9* Stand-Alone Sprinkler System. A sprinkler system 
where the aboveground piping serves only fire sprinklers. 

3.3.13.10 Wet Pipe sprinkler System. A sprinkler system 
employing automatic sprinklers attached to a piping system 

containing \vater and connected to a \vater supply so that 
water discharges immediately from sprinklers opened by 
heat from a fire . 

3.3.14 Townhouse. A onecfamily dwelling constt·ucted in 
attached gt·oups of three or mo re units as defined in the local 
building code. 

3.3.15 Valve. 

3.3.15.1 Check Valve. A valve that allows flow in one direc­
tion only. 

3.3.15.2* Control Valve. An indica ting valve employed to 
control (shut) a supply of water to a sprinkle r system. 

3.3.16 Waterflow Alarm. A sotmding device activated by a 
\vaterflow detector or a larm check valve. 

3.3.17 Waterflow Detector. An e lectric signaling indicator or 
alarm check valve actuated by water flow in one direction only. 

Chapter 4 General Requirements 

4.1 Sprinkler Temperature Ratings. 

4.1.1 Sprinklet·s having a temperature t·ating of 135°F to 1700F 
(57°C to 77°C) shall be classified as ordinaty temperature­
rated sprinklers. 

4.1.2 Spt·inklers having a temperature rating of 175°F to 225°F 
(79°C to l07°C) shall be classifi ed as intermediate tempera­
ture-rated sprinklers. 

4.1.3 Sprinklers having a temperature rating of 250°F to 3000F 
(121 octo 149°C) shall be classified as high tem perature-rated 
sprinklers. 

4.2 Tube. Whet·ever the wot·d pipe is used in this standard, it 
shall also mean tube. 

4.3 Listed or Labeled. Listed or labeled devices and mate rials 
shall be installed and used in accordance \vith the listing limita­
tions and the manufacturers' instructions unless permitted by 
other sections of this d ocument. 

4.4* Docwnentation. Documentation shall be pwvided upon 
request to demonstrate that the \vater supply, listed devices, 
and sprinkler coverage comply with the requirements of this 
standard. 

4.5 Qualifications. The layout, calculation, and installation of 
sprinkler systems installed in accordance with this standard 
shall only be performed by people knowledgeable and trained 
in such systems. 

Chapter 5 System Components 

5.1 General. 

5.1.1 * Only new sprinklers shall be installed in sprinkler 
systems. 

5.1.1.1 * vVhere a sprinkler is removed from a fitting or welded 
outlet, it shall not be reinstalled except as permitted by 
5.1.1.1.1. 

5.1.1.1.1 Dry sprinklers shall be permitted to be reinstalled 
when removed in accordance \vith the manufacture r's installa­
tion and maintenance insttuctions. 
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5.1.1.2 Spare sprinklers shall not be required to be provided. 

5.1.2 Except as permitted by 5.1.2.1, devices and materials 
used in sprinkler systems shall be listed. 

5.1.2.1 The following devices and components shall not be 
t·equired to be listed: 

(1) Water supply pipe and fittings 
(2) Tanks 
(3) Expansion tanks 
( 4) Connections up to 5 ft ( 1.5 m) long between a tank and 

a pump 
(5) Pumps 
(6) Valves 
(7) Gauges 
(8) Waterflow detection and notification devices 
(9) Hangers 

(10) Backflow prevention devices appmved by the water 
authority 

(11) Water meters 

5.2 Aboveground Pipe and Equipment. 

5.2.1 Listed residential sprinklers installed in systems comply­
ing with 5.2.2.3, 5 .2.2.4, 5.2.5.3, or 5.2.5.4 shall be permitted to 
have a minimum pressure rating of 130 psi (9 bar) . 

5.2.2* Pipe or ntbe used in sprinkler systems shall be of the 
materials specified in Table 5.2.2 or shall be in accordance with 
5.2.3. 

5.2.2.1 The chemical properties, physical properties, and 
dimensions of pipe materials shall be at least equivalent to the 
standards c ited in Table 5.2.2. 

5.2.2.2* Pipe used in sprinkler systems other than those 
addressed in 5.2.2.3 or 5.2.2.4 shall be designed to withstand a 
wot·king pressure of not less than 175 psi (12.2 bar) . 

5.2.2.3 Nonmetallic pipe used in multipurpose piping systems 
and passive purge systems not equipped with a fire department 

Table 5.2.2 Pipe or Tube Materials and Dimensions 

Materials and Dimensions 

Black and hot-dipped zinc-coated (galvanized) 
welded and seamless steel pipe for fire protection 
use 

Pipe, steel, black and hot-dipped, zinc-coated, welded 
and seamless 

Welded and seamless wrought steel pipe 
Electric-resistance-welded steel pipe 

Seamless copper tube [copper wbe (drawn, 
seamless)] 

Seamless copper water tube 
Wrought seamless copper and copper-alloy tube 

Liquid and paste fluxes for solde1ing applications of 
copper and copper-alloy tube 

Filler metals for brazing and braze welding (BCuP, 
coppe,~phosphorus, or copper-phosphon•s-silve r 
brazing filler metal) 

Solder metal [alloy grades containing less than 
0.2 percent lead as identif1ed in Section l of Table 
5 ofASTM 832 and having a solidus temperature 
that exceeds 4oo· F (204°C) J 

Seamless red brass pipe 
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Standard 

ASTM A795/ 
A795M 

ASTM A53/ 
A53M 

ASME B36.10M 
ASTMA135/ 

Al3.'iM 
ASTM B75/ 

B75M 
ASTM B88 
ASTMB251 / 

B251M 
ASTM 8813 

AWSA5.8M/ 
A5.8 

A.<;TMB32 

ASTM B43 

connection shall be designed to withstand a working pressure 
of not less than 130 psi (9 ba r) at 1200F ( 49°C) . 

5.2.2.4 Nonmetallic pipe used in wet pipe sprinkler systems 
not equipped with a fire deparunent connection and provided 
with a pressme-reducing valve set no higher than 80 psi (5.5 
bar) shall be designed to withstand a working pressure of not 
less than 130 psi (9 bar) at 120°F (49°C) and 100 psi (6.9 bar) 
at 180°F (82°C) . 

5.2.2.4.1 If the maximum static pressure from the water 
supply is less than or equal to 80 psi (5.5 bar), pipe designed to 
withstand a wot·k.ing pressure of not less than 130 psi (9 bar) at 
l20°F (49°C) and 100 psi (6.9 bar) at 180°F (82°C) shall be 
permitted to be used without a pressure-reducing valve . 

5.2.2.4.2 If a pt·essure-t·educing valve is used to comply with 
5.2.2.4, an automatic means of pressure relief shall be installed 
on the sprinkler system side of the pressure-reducing valve. 

5.2.3 Types of pipe other than those specified in Table 5 .2.2 
shall be permitted to be used where listed for sprinkler system 
use. 

5.2.3.1 Pipe difiet·ing from those specified in Table 5.2.2 shall 
be installed in accordance with their listings and the manufac­
turers' installation instructions. 

5.2.3.2* Chlorinated polyvinyl chloride (CPVC) pipe and 
crosslinked polyethylene (PEX) pipe shall comply with the 
portions of the American Society for Testing and Materials 
(ASTM) standards specified in Table 5.2.3.2 that apply to fire 
protection service. 

5.2.3.3 V\There pipe other than steel is run horizontally or 
vertically through wood or metal studs, the following provisions 
shall apply: 

(1) 

(2) 

(3) 

Steel shield plates shall be provided where the face of the 
piping is less than 1.25 in. (32 mm) from the nearest 
edge of the member. 
Steel shield plates sha ll have a minimum thickness of 
0.0575 in. (1 .463 mm) (No. 16 gauge) . 
Steel sh ield plates shall cover the area of the pipe where 
the member is notched or bored. 

5.2.4 Schedule 10 steel pipe shal l be permitted to be joined 
with mechanical groove couplings approved for service. 

5.2.4.1 Where mechanical groove couplings are used to join 
pipe, grooves shall be rolled on the pipe by an approved 
groove-rolling machine. 

5.2.5 Fittings used in spt·inkler systems shall be of the materi­
als listed in Table 5.2.5 or shall be in accordance \vith 5.2.9. 

5.2.5.1 The chemical properties, physical properties, and 
dimensions of fitting materials shall be at least equivalent to 
the standards cited in Table 5.2.5 . 

Table 5.2.3.2 Specifically Listed Pipe or Tube Materials and 
Dimensions 

Materials and Dimensions 

Nonmetallic Piping: 
Chlorinated poly( vinyl chloride) (CPVC) p lastic 

pipe (SDR-PR) 
Crosslinked polyethylene (PEX) tubing 

Standard 

ASTM F442/ 
F442M 

ASTM F876 
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5.2.5.2 Fittings used in sprinkler systems other than those 
addressed in 5.2.5.3 m 5.2.5.4 shall be designed to withstand a 
working pressure of not less than 175 psi (12.1 bar). 

5.2.5.3 Nonmetallic fittings used in multipurpose piping 
systems and passive purge systems not equipped with a fir·e 
department connection shall be designed to withstand a work­
ing pressure of not less than 130 p si (9 bar) at 120°F ( 49°C). 

5.2.5.4 Nonmetallic fittings used in wet pipe sprinkler systems 
not equipped with a fire department connection and provided 
with a pressure-reducing valve set no higher than 80 psi (5.5 
bar) shall be designed to withstand a working pr·essure of not 
less than 130 psi (9 bar) at 120°F (49°C) and 100 psi (6.9 bar) 
at 180°F (82°C) . 

5.2.5.4.1 If the maximum static pressure fmm the water 
supply is less than or equal to 80 psi (5.5 bar), fittings designed 
to withstand a working pressure of not less than 130 psi (9 bar) 
at 120°F (49°C) and 100 psi (6.9 bar) at 180°F (82.2°C) shall be 
permitted to be used without a pressure-reducing valve. 

5.2.5.4.2 lf a pressure-reducing valve is used to comply with 
5.2.5.4, an automatic means of pressure relief shall be installed 
on the sprinkler system side of the pressure-reducing valve. 

5.2.6 Join ts for the connection of copper tube shall be brazed 
on dry pipe and preaction systems. 

5.2.7 Joints for the connection of copper tube for wet pipe 
systems and antifreeze systems sha ll be solder joints or be 
brazed. 

5.2.8 Solder joints, where permitted, shall be fabricated in 
accordance with the methods and procedures listed in ASTM 
B828, Standard Practice for Making Capillmy j oints by Soldering of 
Coppet· and Copper Alloy Tube and Fittings. 

5.2.9 Types of fittings other than those specified in Table 5.2.5 
shall be per·mitted to be used where listed for sprinkler system 
use. 

Table 5.2.5 Fitting Materials and Dimensions 

Material~ and Dimensions 

Cast Iron: 
Gray iron threaded fittings, Classes 125 and 250 
Gray iron pipe flanges and flanged fittings, Classes 

25, 12.5, and 250 
Malleable Iron: 
Malleable iron threaded fittings, Classes 150 and 

300 
Swel: 
Factory-made wrought bumveld ing fittings 
8 uuwelding ends 
Piping fittings of wrought carbon steel and alloy 

steel for moderate and high temperatu re service 
Pipe flanges and flanged fittings, NPS 1/ 2 through 

NPS 24 meo·ic/ inch standard 
Forged fittings, socket-welding and threaded 
Coj>j>er: 
Wrought copper and copper alloy solderjoim 

pressure fi ttings 
Cast copper alloy solderjo int pressme fittings 
Cast copper alloy threaded fittings: Classes 12.5 and 

250 

Standard 

ASME 816.4 
ASME 816.1 

ASME 816.3 

ASME 816.9 
ASME 816.25 
ASTM A234/ 

A 234M 
ASME 816.5 

ASME 816.11 

ASME 8 16.22 

ASME 8 16.18 
ASME 816.15 

5.2.9.1 Fittings differing from those specified in Table 5.2.5 
shall be installed in accordance with their listings and the 
manufacturers' installation insu·uctions. 

5.2.9.2* CPVC fittings shall comply with the portions of the 
ASTM standards specified in Table 5.2.9.2 that apply to fire 
protection service. 

Table 5.2.9.2 Specifically Listed Fittings Materials and 
Dimensions 

Materials and Dimensions 

Threaded chlorinated poly(vinyl chloride) (CVPC) 
pla~tic pipe fittings, Schedule 80 

Socket-type c hlorinated poly(vinyl chloride) 
(CPVC) plastic pipe fittings, Schedule 40 

Socket-type chlorinated poly(vinyl chloride) 
(CPVC) plastic pipe fittings, Schedule 80 

Standard 

ASTM F437 

ASTM F438 

ASTM F439 

5.2.10 Other joining methods investigated for suitability in 
automatic sprinkler installations and listed for this service shall 
be permitted. 

5.3* Water Supply Pipe and Fittings. Any type of pipe or tube 
acceptable under the applicable plumbing code fot· above­
ground or underground supply pipe sh a ll be acceptable as a 
supply for these portions of a fire sprinkler system when in­
stalled a.~ follows and in accOL·dance with manufactw·er's 
recommendations: 

(1) Betw·een the point of connection and the water supply 
source 

(2) Between a remote system riser and the dwelling or ho me 

5.4 Pre-Engineered Systems. Where listed pt·e-engineered 
systems are installed, they shall be installed within the limita­
tions that have been established by the testing laboratories. 

Otapter 6 Water Supply 

6.1 General Provisions. 

6.1.1 Every automatic sprinkler system shall have at least one 
automatic water supply. 

6.1.2 Where stored water· is used as the sole source of supply, 
the minimum quantity shall equal the water demand rate times 
10 minutes unless permitted otherwise by 6.1.3 . 

6.1.3 Where stored water is used as the sole source of supply, 
the minimum quantity shall be permitted to equal the highest 
calculated water demand rate times 7 minutes where dwelling 
units m eet the following criteria: 

(1) One story in height 
(2) Less than 2000 ft2 (185 m2

) in a rea 

6.1.4 The stored water requirement of 6.1.2 or 6.1.3 shall be 
permitted to be a combina tion of the water in the well, includ­
ing the refill rate, plus the water in the holding tank if such 
tank can supply the sprinkler system. 

6.1.5 The stored water supply requirement of 6.1.2 or 6.1.3 
shall be permitted to be a combinatio n ofd1e water in the stor­
age tank and the refill rate when the refilling method is auto­
matic. 
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6.1.6 The automatic means requirement of 6.1.5 shall be 
permitted to be a float valve or similar device. 

6.2* Water Supply Sources. T he following water supply sour­
ces shall be considered to be acceptable by this standard: 

( 1) A connection to a reliable waterworks system with or with­
out an automatically operated pump 

(2) An elevated tank 
(3) A pressure tank designed to American Society of Mechan­

ical Engineers (ASME) standards for a pressure vessel 
with a reliable pressure source 

( 4) A stored water source with an automatically operated 
pump 

(5) A well with a pump of sufficient capacity and pressure to 
meet the sprinkler system demand 

6.2.1 '<\There a pump is the source of pressure for the water 
supply for a fire sprinkler system but is not a portion of the 
domestic water system, the following shall be met: 

( 1) A test connection shall be provided downstream of the 
pump that creates a flow of water equal to the smallest 
sprinkler K-factor on the system. 

(2) Pump motors using ac power shall be rated for 240 V and 
wired in accordance with the NEC (NFPA 70) . 

(3) Any disconnecting means for the pump shall be 
approved. 

( 4) The pump shall be located not less than 1 Y2 in. off the 
floor. 

6.2.2 "'There a pump and tank is the source of supply for a fire 
sprinkler system but is not a portion of the domestic water 
system, the requirements of 6.2.1 and the fo llowing shall be 
met: 

(l) The test connection shall ren1rn water to the tank. 
(2) A method for refilling the tank shall be piped to the tank. 
(3) A method of determining the water level in the tank shall 

be provided without having to open the tank. 

6.2.3* "'There more than one dwelling unit is served by the 
same water supply pipe, each dwelling unit shall have an indi­
vidual control valve that serves the fire sprinkler system in that 
dwelling unit and the owner shall have access to the valve that 
controls the sprinkler system in their unit. 

6.2.3.1 The control valve shall be permitted to serve the 
domestic wate1· supply. 

6.2.3.2 In the situation addressed by 6.2.3, no valve conu·ol­
ling the sprinkler system in a unit shall be located in another 
unit. 

6.2.3.3* ~ere a we ll pump is the source of supply for both 
the fire sprinkler system and the domestic water system 6.1.4 
and Section 6.5 shall apply. 

6.3* Multipurpose Piping System. 

6.3.1 A multipurpose piping system shall be installed in 
accordance with 6.3.2 through 6.3.4. 

6.3.2 Multipurpose piping systems shall be approved by the 
local plumbing or health authority. 

6.3.3 All piping in the system supplying sprinklers shall be 
listed and conform to the piping specifications of this standard. 

2022 Edition 

6.3.3.1 Piping connected to the system that supplies o nly 
plwnbing fixtures shall comply with local plwnbing and health 
authority requirement~ but is not required to be listed. 

6.3.4 A warning sign, with minimum )\1 in. (6 mm) letters, 
shall be affixed adjacent to the main shutoff valve and shall 
state the following: 

WARNING: The water system f01· this home supplies fire sprin-
klers that require certain flows and pressures to fight a fire. 

Devices that resu·ict the flow or decrease the pressure or auto­
matically shut off the water to th e fire sprinkle1· system, such as 
water softeners, fil tration systems, and automatic shutoff valves, 

shall not be added to this system without a review of the fire 
sprinkler system by a fire protection specialist. Do not remove 

this sign. 

6.4 Manufactured Home Water Supply. For sprinklered build­
ings manufacn1red off site, the minimum flow and pressure 
needed to satisfy the system design criteria o n the system side 
of the meter shall be specified on a data plate by the manufac­
turer. 

6.5 Common Supply Pipes. 

6.5.1 "''here common supply pipes serve both fire sprinkler 
and domestic use, they shall comply with 6.5.2 and 6.5.3. 

6.5.2 In common \vater supply connections servin g more than 
one dwelling unit, 5 gpm (20 L/ m in ) shall b e added to the 
sprinkler system demand to determine the size of common 
piping and the size of the total water supply requirements 
where no provision is made to prevent flow in to the domestic 
water system upon operation of a sprinkler. 

6.5.3 \¥here \vater u·eatment and filtration are install ed, one 
of the fo llowing conditions shall be met: 

(1) The flow resu·iction and pressure loss thro ugh the water 
u·eatment equipment s ha ll be taken into account in the 
hydraulic calculations. 

(2) An automatic bypass sha ll be installed around the water 
treaunent equipment that d irects a ll water d irectly to tl1e 
system. 

Chapter 7 Installation 

7.1 Valves. 

7.1.1 A single control valve arranged to shut off both the 
domestic system and the sprinkle1· system sha ll be installed 
unless a separate shutoff valve fo r the sprinkler system is in­
stalled in accordance with 7.1.2. 

7.1.2 The sp1·inkler system piping shall not have separate 
control valves installed unless su pervised by one of the fo llow­
ing methods: 

(1) Central station, proprietary, or remote station a larm serv­
ice 

(2) Local alarm service that causes the sounding of an audi-
ble signal at a constan tly attended location 

(3) Valves that are locked open 

7. 1.3 A separate shutoff valve shall be installed for the domes­
tic water supply in installation s other than those com plyi ng 
with Section 6.3. 
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7.1.4 If provided, a backflow prevention assembly that 
includes a shutoff valve shall be considered a conu-ol valve, and 
an additional control valve shall not be required. 

7.2 Drains and Test Connections. 

7.2.1 * Each sprinkler system shall have a mmtmum \-2 in. 
(15 mm) drain on the system side of the control valve . 

7.2.2 A valve shall be install ed in the drain piping. 

7.2.3 A drain shall be installed for each u-apped portion of a 
dry system that is subject to freezing temperatures. 

7.2.4* Where waterflow alarms at-e provided, test connections 
shall be installed at locations that a llow flow testing of water 
supplies, connections, and alarm mechanisms. 

7.2.5 The test connections, where provided, shall contain a K­
factor equal to or smaller than the small est sprinkler K-factor 
installed in the system. 

7.2.6* '<\There a pressure-t-educing ot- pressure-regulating valve 
is instal led on a stand-alone system, a test connection with a K­
factor at least as large as the smallest sprinkler K-factor on the 
system shall be installed downstream of the device. 

7.3 Pressure Gauges. 

7.3.1 V\There a dry system is installed, a pressure gauge shall be 
installed to indicate system air pressure. 

7.3.2 V\There a pressure tank is used for the \vater supply, a 
pressure gauge shall be installed to indicate tank pressure. 

7.3.3 V\There a pressure-reducing or pt-essure-t-egulating valve 
is installed on a stand-alone system, a pressure gauge shall be 
installed downsU-eam of the device. 

7.4 Piping Support. 

7.4.1 Listed pipe shall be supported in accordance with any 
listing limitations. 

7.4.2 Pipe that is not listed, and listed pipe with listing limita­
tions that do not include piping support requirements, sha ll be 
supported fi-om structural members using support methods 
comparable to those required by applicable local plumbing 
codes. 

7.4.3 Piping la id on open joists or rafters shall be supported in 
a manner d1at prevents lateral movement. 

7.4.4* Sprinkler piping shall be supported in a manner that 
prevents the movement of piping upon sprinkler operation. 

7.4.5* V\There sprinkler piping is exposed to the sprinkler 
protected area, it shall be supported with metal hangers or 
hangers made of the same material as the su-ucntre. 

7.5 Sprinklers. 

7.5.1 Listed residential sprinklers shall be used w1less another 
type is permitted by 7.5.3, 7.5.4, or 7.5.5. (See A.l0.2.) 

7.5.2 Residential sprinklers shall not be used on systems other 
than wet pipe systems unless specifically listed for use on that 
particular type of system. 

7.5.3 Listed residential or quick-response standard spray city 
pendent or dry sidewall sprinklers shall be permitted to be 
extended into unheated areas not intended fo r living purposes. 

7.5.4 Quick-response sprinklers shall b e permitted to b e used 
in mechanical closets. 

7.5.5* Quick-response spray sprin klers shall be permitted to 
b e used in saunas and steam rooms in accordance with 
7.5.6.3 ( 4) . 

7.5.6 Temperature Ratings. 

7.5.6.1 Sprinklers installed where maximum ambient ceiling 
temperatures do not exceed 100°F (38°C) shall be ordinary 
temperature-rated or intermediate-temperature rated sprin­
klers throughout unless modified by the requirements of 
7.5.6.3. 

7.5.6.2 Sprinklers installed where maximum ambient ceiling 
temperatures are between 101 °F and 150°F (38°C and 65°C) 
shall be intermediate temperature-rated sprinklers unless 
modified by 7.5.6.3. 

7.5.6.3* The following practices shall be observed when instal­
ling t-esidential sprinklers unless higher expected ambient 
temperatures require a higher temperantre ra ting: 

(1) Sprinklers under glass o r plastic skylights exposed to 
direct rays of the sun shall be of in term ediate tempera­
ture classification. 

(2) Spt-inklers in an unventilated concealed space under an 
uninsulated roof or in an unventilated a ttic shall be of 
intermediate temperantre classification. 

(3)* Spt-inklers installed near spec ific heat sow-ces that are 
iden tifi ed in Ta ble 7.5.6.3 shall be of the temperature 
rating indicated in Table 7.5.6.3 unless sprinkle rs are 
listed for positioning closer to the heat source. 

(4) Sprinklers installed in saunas and steam rooms where the 
maximum ambient ceiling temperatures are between 
151 °F and 225°F (66°C to 107°C) sha ll be high tempe t·a­
ture-rated spray sprinklers. 

(5) Sprinklers in closets containing vendess clothes dtyers 
shall be of the intermediate temperature classification or 
higher. 

7.5.7* Painting and Ornamental Finishes. Sprinklers shall not 
be painted or enameled unless applied by the manufacturer 
and the sprinkler has been listed with such finishes. 

7.5.8 Escutcheon Plates. V\There n onmetallic sprinkler ceiling 
plates (escutcheons) or recessed escutcheons (metallic Ot­

nonmetallic) are used, th ey shall be listed based on testing of 
the assembly as a residential sprinkler. 

7.5.9 Solvent Cement. Where solvent cement is used as the 
pipe and fitt ings bonding agent, sprinklers shall not be in­
stalled in the fittings prior to the fittings being cemented in 
place. 

7.6* Alarms. Local waterflow a larms sha ll be provided on al l 
sprinkler systems in h omes not equipped with smoke alarms or 
smoke detectors in accordance with NFPA 72. 

7.7 Attics. When nonmetallic piping is installed in a ttics, 
adequate insulation shall be provided on the a tti c side of the 
piping to avoid exposure of the piping to tempera tures in 
excess of the pipe's rated te mperantre . 

7.8 Multipurpose and Passive Purge Systems. 

7.8.1 Where common supply pipes serve both fi re sprinkler 
and domestic uses, a point of connec tion sha ll be provided for 
the domestic connection. 
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Table 7.5.6.3 Minimum Distances for Ordinary and futermediate Temperature Residential Sprinklers 

From Edge of Source to Ordinary From Edge of Source to futermediate 
Temperature Sprinkler Temperature Sprinkler 

Heat Source in. 

Side of open or recessed fu·eplace 36 
Front of recessed fireplace 60 
Coal- or wood-burning stove 42 
Kitchen range 18 
Wall oven 18 
Hot a ir flues 18 
Uninsulated heat ducts 18 
U ninsulated hot water pipes 12 
Side of ceiling- or wall-mounted hot air 24 

diffusers 
Front of wall-mounted hot air diffusers 36 
Hot water heater or furnace 6 
Light fixture 

OW-250W 6 
250W-499W 12 

7.8.2 ·where d1e fit-e spt·inkler system and the domestic system 
are separate, me point of connection shall be permitted to be 
at any location complying with Sections 6 .2, 6.3, or 6.5. 

7.8.3 FOI' passive purge systems, me fire sprinkler system 
installer shall provide a minimum \'i in. (13 mm) NPT capped 
or plugged connection at the compartment where me passive 
purge fixutre will be installed. 

7.8.4 Other means and locations of connections shall be 
permitted when coordinated wim me domestic installer and 
approved by the aumority having jurisdiction. 

t 
36 in. (900 mm) 

maximum 

Minimum listed sp~cing 
but not less than 8ft (2.4 m) 

Elevation View 1 

t 

Elevation View 2 

36 in. (900 mm) 
maximum 

__________________ j_ 

Elevation View 4 

FIGURE 8.1.1.1 Measuring SDimension. 
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mm in. mm 

900 12 300 
1500 36 900 
1050 12 300 
450 9 225 
450 9 225 
450 9 225 
450 9 225 
300 6 150 
600 12 300 

900 18 450 
150 3 75 

150 3 75 
300 6 150 

Chapter 8 Sprinkler Position and Location 

8.1 Design Criteria. 

8.1.1 Sloped Ceilings. 

8.1.1.1 Where me ceilin g is sloped, me maximum S dimen­
sion shall be measured along the slope of me ceiling to d1e 
next sprinkler or wall, as shown in Figure 8.1. 1.1. 

8.1.1.2 The sprinklers shall maintain me minimum listed spac­
ing, but no less than 8ft (2 .4 m ), measured in me plan view 
from one sprinkler to another, as shown in Figure 8. 1.1.1. 

Elevation View 3 

Elevation View 5 
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8.1.1.3 Where the ceiling is sloped, a sprinkler shall be instal­
led within 36 in . (900 mm) vertically of the peak as shown in 
Figure 8 .1.1.1 or in accordance with the manufacturer's listing. 

8.1.2 Nonresidential Sprinklers. Sprinklers other than resi­
dential sprinklers shall be installed in accordance with the 
coverage criteria specified by NFPA 13. 

8.1.3 Sprinkler Coverage. 

8.1.3.1 Residential Sprinklers. 

8 .1.3.1.1 Sprinklers shall be installed in accordance with their 
listing where the type of ceiling configuration is referenced in 
the listing. 

8.1.3.1.2* vVhere consu·uction features or other special condi­
tions exist that are outside the scope of sprinkler listings, listed 
sprinklers shall be permitted to be installed beyond their listing 
limitations. 

8.1.3.1.3 Where a physical barrier exists betvveen the sprin­
klers that prevents each spt·inkler ft-om directly spraying on the 
othet~ there shall be no minimum distance between sprinklers. 

8.1.4 Operating Pressure. The minimum operating pressure 
of any sprinkler shall be the higher of the minimum operating 
pressure specified by the listing or 7 psi (0.5 bar) . 

8.2 Position of Sprinklers. 

8.2.1 Residential Pendent and Upright Sprinklers. 

8.2.1.1 Pendent and upright sprinklers tint have not been 
listed with specific deflector to ceiling distances shall be posi­
tioned so that the deflectors are within 1 in. to 4 in. (25 mm to 
100 mm) from the cei ling unless otherwise permitted by 8.2.7 
or 8.2.1.2. 

8.2.1.2* Pendent-type residential spt·inklers located under or 
adjacent to beams in accordance with 10.2.1 shall be installed 
in accordance witl1 one of tl1e following: 

(1) Pendent, recessed pendent, concealed, and flush-type 
pendent sprinklers shall be permitted to be installed 
directly under a beam having a maximum depth of 14 in . 
(350 mm) with the sprinkler deflector 1 in. to 2 in. 
(25 mm to 50 mm) below the beam, or in accordance 
with the manufacturer's instructions for t·ecessed ot· flush 

1 
1 in. (25 mm) min 
2 in. (50 mm) max 

14 in. 
(350 mm) 

max 

~~l 
FIGURE 8.2.1.2(a) Position of Sprinkler Under a Beam. 

sprinklers if the deflector is less than 1 in. (25 mm ) below 
the beam, as shown in Figure 8.2.1.2(a) . 

(2) Pendent sprinklers shal l be permitted to be installed adja­
cent to beams where the vertical centerline of the sprin­
kler is no greater than 2 in. (50 mm) from the edge of 
the beam and with the sprinkler deflector 1 in. to 2 i n. 
(25 mm to 50 mm) below the beam, or in accordance 
with the manufacturer's insu·uctions for flush sprinklers if 
the deflector is less than l in. (25 mm) below the beam, 
as shown in Figure 8 .2.1.2(b) . 

8.2.1.3 Pendent and upt·ight sprinklers that have been listed 
\'lith specific positioning criteria shall be positioned in accord­
ance with their listing unless permitted otherwise by 8.2.7. 

8.2.2 Residential Sidewall Sprinklers. 

8.2.2.1 Sidewall sprinklers that have not been listed with 
specific positioning criteria shall be positioned so that the 
deflectors are within 4 in. to 6 in. (100 nun to 150 mm) from 
the ceiling. 

8.2.2.2 Sidewall sprinklers that h ave been listed with specific 
positioning ct·iteria shal l be installed in accordance \'lith the ir 
listing. 

8.2.2.3 Residential h orizontal sidewall sprinkler deflectors 
shall be located no more than 6 in. (150 mm) from the face of 
the wall or soffit on wh ich they are mounted. 

8.2.3 Nonresidential Sprinklers. Sprinklers other than resi­
dential sprinklers shall be positioned in accordance \'lith the 
positioning criteria specified by NFPA 13. 

8.2.4 Basements Without Ceilings. In basement~ wh ere ceil­
ings are not required for the protection of piping or where 
metallic pipe is installed, residential sprinklers shall be permit­
ted to be positioned in a manner that anticipates future instal­
lation of a finished ceiling. 

8.2.5* Obstructions to Residential Sprinklers. 

8.2.5.1 Pendent Sprinklers. 

8.2.5.1.1 Pendent sprinklet·s shall be located at least 36 i n. 
(900 mm) away from obsu·uctions such as ceiling fans and ligh t 
fixntres unless the requiremen ts of 8.2.5.3 are met. 

14 in. 
(350 mm) 

max 

~l 
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1 in. (25 mm) min 
2 in. (50 mm) max 

14 in. 
(350 mm) 

max 

2 in. (50 mm) max 

FIGURE 8.2.L2(b) Position of Sprinkler Adjacent to a 
Beam. 

8.2.5.1.2 The distance shall be meamred from the center of 
the sprinkler to the center of the obstruction. 

8.2.5.1.3 V\~"here the sprinkler cannot be located 36 i.n. 
(900 nun) away from the obstruction (as measured ft·om the 
center of the obsu·uction), an additional sprinkler shall be loca­
ted on the other side of the obstruction. 

8.2.5.1.4 Where the area of the fan blades encompass more 
than 50 percent of the area of the plan view, the sprinkler shall 
b e installed in accordance \'lith 8.2.5.3. 

8.2.5.1.5 In hallways up to 6 ft (1.8 m) in \'lidth, sprinklers 
shall be pennitted to be located adj acent to obstructions where 
the sprinkler is installed in the a llowable obstruction zone as 
shown in Figure 8.2.5.1.5 and the closest edge of the obsu·uc­
tion is a minimum of 12 in. (300 mm) away from the centerline 
of the sprinkler. 

8.2.5.2 Sidewall Sprinklers. 

8.2.5.2.1 Sidewall sprinklers shall be located at least 5 ft 
(1.5 m) away from obsu·ucrions such as ceiling fans and Ught 
fixtures unless the requirements of 8 .2.5.4 are met. 

8.2.5.2.2 The distance shall be measured fmm the center of 
the sprinkler to the center of the obstruction. 

8.2.5.2.3 Where the sprinkler cannot be located 5 ft (1.5 m) 
away from the obsttuction (as measured to the center of the 
obstruction), an additional sprinkler shall be installed on the 
other side of the obstruction. 

8.2.5.2.4 \'11here the at·ea of the fan blades encompasses more 
than 50 percent of the area of the plan view, the spri nkler shall 
be installed in accordance with 8.2 .5.4. 

8.2.5.2.5 In hallways up to 6 ft (1.8 m) in \'lidth, spt·inklers 
shall be permitted to be located adjacent to obstructions where 
the sprinkler is installed in the allowable obstruction zone as 
shown in Figure 8.2.5.2.5 and the closest edge of the obstruc­
tion is a minimum of 12 in. (300 mm) away from the deflector. 

---+j r-- Allowable obstruction zone 

1 
Up to 6ft (1.8 m) 

FIGURE 8.2.5.1.5 Obstruction in Hallway- Pendent Sprinkler 

---.j r-- Allowable obstruction zone 

Up to 6ft (1.8 m) 
1 

I I 

I I 
. I I 

Qb,troct""~ 

12in.~ I 
(300m~ 1 

Hallway I 
Sidewall sprinkler 

FIGURE 8.2.5.2.5 Obstruction in Hallway- Sidewall Sprinkler 
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8.2.5.3 Continuous Obstructions to P endent Sprinklers. 

8.2.5.3.1 Sprinklers shall be positioned with t·espect to contin­
uous obsu·uc tions in accordance \'lith 8 .2.5.3.2, 8 .2.5.3.3, or 
8 .2.5.3.4. 

8.2.5.3.2 Sprinklers shall be positioned with respect to contin­
uo us obstructions in accordance with Table 8.2.5.3.2 and 
Figure 8.2.5.3.2 . 

8.2.5.3.3 Sprinklers shall be positioned with respect to an 
obsu<Iction against a wall in accordance with Figure 
8.2.5.3.3(a), Figure 8.2.5.3.3(b ), or Figure 8.2.5 .3.3(c) . 

8.2.5.3.4 A sprinkler shall b e installed on the other side of the 
obsU<Iction. 

8.2.5.4 Continuous Obstructions to Sidewall Sprinklers. 

8.2.5.4.1 Spt·inklers shall be positioned with respect to contin­
uo us obsu·uctions in accordance \'lith 8 .2.5.4.2 or 8 .2.5.4.3. 

Table 8.2.5.3.2 Positioning of Sprinkle rs to Avoid Obstructions 
to Discharge (Residential Upright and Pendent) 

Allowable Distance of 
Distance from Sprinklers to Side of Deflector Above Bottom 

Obstruction (A) of Obstruction (B) 

ft mm in. mm 

Less than 1.5 Less than 450 0 0 
1.5 or more 450 or more 1 25 

3 or more 900 or more 3 75 
4 or more 1200 or more 5 125 

4.5 or more 1350 or more 7 175 
6 or more 1800 or more 9 225 

6.5 or more 1950 or more 11 275 
7 or more 2100 or more 14 350 
8 or more 2400 or more 15 375 

8.5 or mot·e 2600 m more 17 425 
9 or more 2700 or more 19 475 

Note: For A and B, refer to Figure 8.2.5.3.2. 

Obstruction 

A 

Elevation View 

FIGURE 8.2.5.3.2 Positioning of Sprinkler to Avoid 
Obstruction to Discharge (Residential Upright and Pendent 
Spray Sprinklers). 

~ 
% 
~ 
~ 
~ 
~ ~ Obstruction 

8 

~ ~~--0--~ ____ A ____ ~ 
~ ~Wall 
~ ~ 

A~ (0 - 8 in.) + 8 
[A~ (0- 200 mm) + 8] 
where: 0<; 30 in. (750 mm) 

Elevation View 

Ceiling 

FIGURE 8.2.5.3.3(a) Positioning of Sprinkler to Avoid 
Obstructions Against Walls- Scenario 1 (Residential Upright 
and Pendent Spray Sprinkle rs). 

0 

8 

A 

A~ (0 - 8 in.)+ 8 
[A <! (0- 200 mm) + 8] 
where: 0 :::; 30 in. (750 mm) 

Elevation View 

FIGURE 8.2.5.3.3(b) Positioning of Sprinkler to Avoid 
Obstructions Against Walls- Scenario 2 (Residential Upright 
and Pendent Spray Sprinklers). 

8.2.5.4.2 Spri nklers shall be positioned \'lith respect to contin ­
uous obstructions in accordance with Table 8.2.5.4.2(a), Figure 
8 .2 .5.4.2(a), Table 8 .2.5.4.2(b), Figure 8.2.5.4.2(b), Figure 
8.2.5.4.2(c), and Figure 8.2.5.4.2(d) . 

8.2.5.4.3 A sprinkler shall be installed on th e oth er side of the 
obsu-uction. 

8.2.5.5 Soffits and Cabinets. Wh ere soffits are used for the 
installation of sidewall sprinklers, the sprinklers and soffits shall 
be installed in accordance with 8.2 .5.5.1, 8 .2.5.5.2, o t- 8 .2.5.5.3. 
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FIGURE 8.2.5.3.3(c) Positioning of Sprinklers to Avoid 
Obstructions Against Walls - Scenario 3 (Residential Upright 
and Pendent Spray Sprinklers). 

Table 8.2.5.4.2(a) Positioning of Sprinklers to Avoid 
Obstructions (Residential Sidewall Sprinklers) 

Distance from Sidewall Sprinkler 
to Side of Obstruction (A) 

ft mm 

Less than 8 Less than 2400 
8 or more 2400 or more 
10 or more 3000 or more 
11 ot· more 3300 or mm·e 
12 or more 3600 or mot·e 
13 or more 3900 or more 
14 or more 4200 or more 
15 ot· more 4500 or mm·e 
16 or more 4800 or more 
17 or more 5100 or more 

Maximum Allowable 
Distance of Deflector 

Above Bottom of 
Obstruction (B) 

in. mm 

0 0 
1 25 
2 50 
3 75 
4 100 
6 150 
7 175 
9 225 

11 275 
14 350 

Note: For A and B, refer to Figure 8.2.5.4.2(a). 
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Table 8.2.5.4.2(b) Positioning of Sprinklers to Avoid 
Obstructions Along Wall (Residential Sidewall Sprinklers) 

Distance from Sidewall Maximum Allowable Distance 
Sprinkler to Side of of Deflector Above Bottom of 

Obstruction (A) Obstruction (B) 

ft mm in. mm 

Less than 1.5 Less than 450 0 0 
1.5 or more 450 or mot·e 1 25 
3 or more 900 or more 3 75 
4 or more 1200 or more 5 125 

4.5 or more 1400 or more 7 175 
6 or more 1800 or more 9 225 

6.5 or more 2000 or more 11 275 
7 to less than 2200 to less 14 350 

7.5 than 2300 
Note: Fo r A and B, refer to Figure 8.2.5.4.2(b). 

- Ceiling or roof 

Obstruction 

Wall 

Elevation View 

FIGURE 8.2.5.4.2(a) Positioning of Sprinkler to Avoid 
Obstruction (Residential Sidewall Sprinklers). 

~~~~~~~~~~~ 

Obstruction 

A 

Elevation View 

Ceiling 

• Sidewall 
sprinkler 
on wall 

FIGURE 8.2.5.4.2(b) Positioning of Sprinkler to Avoid 
Obstruction Along Wall (Residential Sidewall Sprinklers). 
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Elevation View 

FIGURE 8.2.5.4.2(c) Positioning of Sprinkler to Avoid 
Obstructions Against Walls - Scenario 1 (Residential Sidewall 
Sprinklers). 

0 

Ceiling 

I 
.. 

S1dewall 
sprinkler 
on wall 

A 

A~ (0-8 in.) + B 
[A ~ (0 - 200 mm) + 8] 
where: 0 ~ 30 in. (750 mm) 

Elevation View 

FIGURE 8.2.5.4.2(d) Positioning of Sprinkler to Avoid 
Obstructions Against Walls - Scenario 2 (Residential Sidewall 
Spray Sprinklers). 

8 .2.5.5.1 vVhere soffits exceed m01·e than 8 in. (200 mm) in 
width or proj ection from the wall, sprinklers shall be installed 
under the soffit. 

8.2.5.5.2 Sidewall spt·inklers shall be permitted to be installed 
in the face of a soffit located d irectly over cabinets, without 
requiring additional sprinklers be low the soffit or cabinets, 
where the soffit does not proj ect horizontally more than 12 in . 
(300 mm) from the wall. 

8.2.5.5.3 VVhere sidewall sprinklers are more than 3 ft 
(0.91 m) above the top of cabinets, the sprinkler shal l be 
permitted to be instal led on the wall a bove tl1e cabi nets where 
the cabinets are no greater than 12 in. (300 mm) from th e wal l. 

8.2.5.6 Shadow areas in corridors u p to 2ft (0.61 m ) in depth 
and u p to 9ft (2.7 m) in length beh ind sidewall spt·inklers sha ll 
b e permitted as shown in Figu re 8 .2.5.6. 

8.2.5.7* Shadow Areas. Shadow areas shall b e permitted in 
the protection area of a sprinkler as long as the cumulative dry 
areas do not exceed 15 ft2 (1.4 m2

) pet· sprinkler. 

8.2.5.8 Small areas created by arch itectural features, such as 
planter box windows, bay windows, and similar features, sha ll 
be evaluated as follows: 

(1) \-\There no additional floor a rea is created by the archi tec­
tural featu re, no additio nal sprinkler protection is 
required. 

(2) Where additional floor a rea is created by an architectural 
feature, no additional sprinklet· protection is required, 
provided a ll of the fo llowing cond itions are met: 

(a) The floor a rea sha ll n o t exceed 18 ft2 (1.7 m 2
) . 

(b) T he floor area shall not be greater than 24 in. 
(600 mm ) in depth at the deepest point of the 
architectu ral feature to the plane of the primary 
wall where measured a long the finished floor. 

(c) The floor shall not be greater than 9 ft (2.7 m) in 
length where measured a long the plane of the 
primary wall. 

(d) Measuremen t fro m the deepest poin t of the archi­
tecnu·al fearure to the sprinkler sha ll not exceed the 
maximum listed spacing of the sprinkler. 

(3) T he hydrauli c design shall not be requi red to consider 
the a t·ea created by the at·chitecnu·al fearure. 

8.2.6* Exposed Barrel Lengths for Dry Sprinklers. 

8.2.6.1 VVhere dry sprinklers are con nected to wet pipe sprin­
kler systems protecting areas subject to freezing temperatures, 
the minimum exposed length of the barre l of the dry sprin kler 
shall b e in accordance with Table 8 .2.6.1 (a) or Table 8 .2 .6 .1 (b) . 

8.2.6.2 T he minimum bat-rei length shall be measured from 
the face of the fitting to which the dry sprinkler is installed to 
the inside surface of the insula tion, wall, or ceiling leading to 

the cold space, whichever is closer to the fitting. 

8.2.7 Closets and Compartments. In a ll closets and compart­
ments tl1at are smalle r tl1an 400 ft3 (1 1 m3 ), including t hose 
housing mechanical equ ipment, pende nt, uprigh t, and sidewall 
residential sprinklers shall be permitted to be installed in 
e ither of the fo llowing situations: 

(1) With in 18 in . (450 mm) of the ceiling to avoid obstmc­
tions near the ceiling where tl1e compartmen t is enclosed 
by walls and a door 

(2) At the highest ceiling level without regard to obstructions 
or minimum d istances to wall 

8.3 Location of Sprinklers. 

8.3.1 Sprinklers shall be installed in a ll areas except where 
omission is permitted by 8.3.2 t hrough 8.3.7. 

8.3.2 Sprinklers shall not b e required in bathrooms of 55 f't2 

(5.1 m2
) and less. 

8.3.3 Sprinklers shall not be required in clothes closets, linen 
closets, and pantries that meet all of the following conditions: 

(1) The area of the space does not exceed 24 ft2 (2.2 m 2
) . 

(2) The walls and ceili ngs are surfaced with noncombustible 
or li mited-combustible materia ls as defined in NFPA 220. 
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I 
I 
I 
I 
J 

FIGURE 8.2.5.6 Shadow Areas Behind Sidewall Sprinklers in Corridors. [13R:Figure 
6.4.6.3.3.2] 

8.3.4* Sprinklers shall not be t·equired in garages, open 
attached porches and balcon ies, carports, and similar struc­
tures. 

8.3.5 Sprinklers shall not be required in attics with or without 
storage, penthouse equipment rooms, elevator machine rooms, 
concealed spaces dedicated exclusively to and containing only 
dwelling unit ventilation equipment, floor/ ceiling spaces, verti­
cal chases, elevator shafts, crawl spaces, and other concealed 
spaces that are not used or intended for living purposes. 

8.3.5.1 Such spaces that contain fuel-fired equipment shall 
also comply with 8.3.5.1.1 or 8.3.5.1.2. 

8.3.5.1.1 ·where fuel-fired equipment is located other than 
beneath an occupied area of the dwelling unit, sprinkler 
protection shall not be required based on the presence of the 
fuel-fired equipment. 

8.3.5.1.2* Where fuel-fired equipment is located beneath an 
occupied area of the dwelling unit, at least one quick-response 
intermediate temperature sprinkler shall be installed above the 
equipment. 

8.3.6* Sprinklers shall not be required in unheated enclosures 
at the building at entrances/ exits as long as the dwelling unit 
has another entrance/ exit. 

8.3.7 Sprinklers shall not be required for ceiling pockets that 
meet the following conditions: 

(1) The total volume of all unprotected ceiling pockets in a 
comparunent does not exceed 100 ft3 (2.8 m3). 

(2) The entire floor under the unprotected ceiling pocket is 
protected by sidewall or pendent sprinklers at the lower 
ce iling e levation. 

(3)* The interior finish of the unprotected ceiling pocket 
excluding decorative treatments is noncombustible or 
limited-combustible matedal. 

(4) Skylights not exceeding 32 ft2 (3m2) shall be permitted 
to have a plastic cover. 

8.3.8 Spt·inklers shall not be required in closets in gat·ages and 
exterior closets (regardless of size) located on exterior balco­
nies, exterior breezeways/corridors, or accessed from outdoors 
where the closet does not have doors or unprotected penetra­
tions directly into the dwelling unit. 
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Table 8.2.6.1 (a) Exposed Barrel Lengths for Dry Sprinklers 
(U.S. Customary Units) 

Average Annual 
Extreme 
Minimum Minimum Minimum Minimum 

Temperature Exposed Barrel Exposed Barrel Exposed Barrel 
Exposed to Length when Length when Length when 

Discharge End Exposed to Exposed to Exposed to 
of Sprinkler 40"F 50"F 60"F 

("F) (in.) (in.) (in.) 

40 0 0 0 
30 0 0 0 
20 4 0 0 
10 8 1 0 
0 12 3 0 

- 10 14 4 l 
- 20 14 6 3 
- 30 16 8 4 
- 40 18 8 4 
- 50 20 10 6 
- 60 20 10 6 

8.3.9 Sprinklers shall be installed in any closet used for heat­
ing and/ or air-conditioning equipment, washers and/ or 
dryers, or water heaters except as allowed by 8.3.8. 

8.3.10 Tiny House(s). 

8.3.10.1 For dwellings 400 ft2 (37 m 2
) or less in floor at·ea, 

excluding lofts, residential sprinklers shall be installed in 
accordance with the manufacturer's listed spacing without 
regard to obsu·uctions. 

8.3.10.2 The floor area w1der su·uctural horizontal obsu·uc­
tions greater than 4ft (1200 mm) in width shall be protected. 

8.3.10.3 Sprinkler positioning in accordance with Section 8.2 
shall not be required. 
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Table 8.2.6.l (b) Exposed Barrel Lengths for Dry Sprinklers 
(Metric Units) 

Average Annual 
Extreme 

Minimum Minimum Minimum Minin1um 
Temperature Exposed Exposed Exposed 
Exposed to Barrel Length Barrel Length Barrel Length 

Discharge End of when Exposed when Exposed when Exposed 
Sprinkler to4•c to 1o•c to 16•c 

(·q (mm) (mm) (mm) 

4 0 0 0 
-1 0 0 0 
- 7 100 0 0 

- 12 200 25 0 
- 18 300 75 0 
- 23 350 100 25 
- 29 350 150 75 
- 34 400 200 100 
- 40 450 200 100 
- 46 500 250 150 
- 51 500 250 150 

Chapter 9 Protection from Freezing 

9.1 System Types. Systems shall be permitted to be wet pipe, 
dry pipe, or preaction. 

9.1.1 * Wet Pipe Systems. A wet pipe system shall be pet·mitted 
to be used where all piping is installed in areas not subject to 
freezing, including areas properly insulated to maintain 40°F 
(4. C) . 

9.1.2 Systems in Areas Subject to Freezing. 

9.1.2.1 ·where any portion of a system is subject to freezing 
and the temperature cannot be maintained at or above 40•F 
(4•C), the pipe shall be protected against freezing by use of 
one of the following methods: 

(1) Dry pipe system and preaction systems in accordance with 
Section 9.3 

(2) Antifreeze system in accordance with Section 9.2 
(3) Listed standard dry pendent or dry sidewall sprinklers 

extended from pipe in heated areas into unheated areas 
not intended for living purposes 

( 4)* Listed heat tracing provided that it is installed and insula­
ted in accordance with manufacn1rer's instructions, 
specifically heat tracing used on branch lines is listed for 
branch lines of fire sprinkler systems 

(5) Listed residential dry pendent or dry sidewall sprinklers 
extended fi·om pipe in heated areas into unheated areas 

9.1.2.2* The weather temperature used to determine if an 
unconditioned portion of a system is subject to freezing and 
t·equired to be pmtected in accordance with 9.1.2 shall be the 
average annual exu·eme minimum temperature obtained fi·om 
an approved source . 

9.2* Antifreeze Systems. 

9.2.1 * Conformity with Health Regulations. The use of anti­
fi·eeze solutions shall be in conformity with any state or local 
health regulations. 

9.2.2* Antifreeze Solutions. 

9.2.2.1 Except as permitted in 9.2.2.2, antifreeze solutions 
shall be listed for use in new sprinkler systems. 

9.2.2.1.1 For existing system s, antifreeze solutions shall be 
limited to premixed antifreeze solutions of glycerine (chemi­
cally pure or United States Pharmacopoeia 96.5 percent) at a 
maximum concentration of 50 percent by volume, propylene 
glycol at a maximum concentration of 40 percent by volume, or 
other solutions listed specifically for use in fire protection 
systems. 

9.2.2.2* Premixed solutions of glycerine (chemically pure or 
United States Pharmacopoeia 96.5 percent at a maximum 
concentration of 48 percent by volume or propylene glycol at a 
maximum concenu·ation of 38 percent by volume shall be 
permitted to protect piping that is supplying sprinklers in a 
specific area of the dwelling unit, where acceptable to the 
authority havingjm·isdiction. 

9.2.2.2.1 * Documentation shall be presented to the AHJ to 
substantiate the use of the antifreeze solution. 

9.2.2.3* The specific gmvity of the antifreeze solution shall be 
checked by a hydrometer with a scale having 0.002 subdivi­
sions. 

9.2.3* Arrangement of Supply Piping and Valves. 

9.2.3.1 Connections Between Antifreeze System and Wet Pipe 
System with No Backflow Prevention Device. 

9.2.3.1.1 A 5 ft (1.5 m) drop pipe, or U-loop, shall be installed 
in the connection between the antifreeze system and the wet 
pipe system as illusu·ated in Figure 9.2.3.1.1. 

9.2.3.1.2 If sprinklers are above the level of the water supply to 
the antifreeze system, a check valve with a ~2 in . (0.8 mm) hole 
in the clapper shall be provided in the U-loop. 

9.2.3.1.3 Valves shall be provided as illustrated in Figure 
9 .2.3.1.1. 

9.2.3.1.4 Arrangement of supply piping when the water supply 
comes from a storage tank or the water supply feeds through a 
check valve that does not have a ~2 in. (0.8 mm) hole drilled in 
the clapper shall meet the requi remen ts of9.2.3.2.2 . 

9.2.3.2* Connections Between Antifreeze System and Wet Pipe 
System with Backflow Prevention Device Installed. 

9.2.3.2.1 Valves shall be provided as illustrated in Figure 
9 .2.3.2.1. 

9.2.3.2.2 An expansion chamber shall be pwvided as illustra­
ted in Figure 9.2.3.2.1. 

9.2.3.2.3 The expansion chamber shall be sized based on the 
minimum and maximum volume of the antift·eeze solution 
over the life of the system. 

9.2.4 Hydrostatic Test. Where pendent sprinklers are utilized, 
and where a hydrostatic test shall be perfot·med, the hydmstatic 
test shall be performed with \'later and then the water shall be 
completely drained before antifi"eeze solution is placed in the 
system, or the hydrostatic test shall be performed with anti­
freeze solution at the proper concentration for the system. 

9.2.5 Placard Information. A placard shall be placed on the 
antifreeze system main valve that indicates the manufacturer 
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type and brand of antifreeze solution , the concentration of 
antifreeze solution used, and the volwne of the antifreeze solu­
tion used in the system. 

9.3 Dry Pipe and Preaction Systems. 

9.3.1 Sprinklers. 

9.3.1.1 Sprinklers shall be specifically listed for use on dry 
pipe and double interlock preaction systems. 

9.3.1.2 The following types of spt·inklers and atTangements 
shall be permitted for dry pipe and preaction systems: 

(1) Residential upright sprinklet·s 

Notes: 

Heated area 

Check valve 
(Y32 in. (0.8 mm) 
hole in clapper] Drain valve 

Unheated area 

-,. 
'' ------ -~;~-,;~ -~-~ 

--- -- --• .. L - J.! - ~ 

1. The check valve can be omitted where sprinklers are below the 
level of valve A. 

2. The V32 in. (0.8 mm) hole in the check valve clapper is needed to 
allow for expansion of the solution during a temperature rise, thus 
preventing damage to sprinklers. 

FIGURE 9.2.3.1.1 Arrangement of Supply Piping and 
Valves. 

Water 
supply 

Backflow preventer 
with control valves 

~ 

Heated area 

Fill cup or 
filling connection 

Drain 
valve 

Unheated area 

FIGURE 9.2.3.2.1 Arrangement of Supply Piping with 
Backflow Device. 
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(2) Residential dry sprinklers 
(3) Residential pendent and sidewall sprinklers installed on 

return bends, where the sprinkle rs, renm1 bends, and 
branch line piping are in an area maintained at or above 
400F WC) 

(4) Residential horizontal sidewall sprinklers, installed so that 
water is not trapped 

9.3.1.3 Return bends required per 9.3.1.2(3) shall be permit­
ted to be omitted when using potable water supplies combined 
with corrosion-resistant pipe. 

9.3.1.4 Sprinklers with nominal K-factors greater than 4.0 and 
less than 5.6 shall be permitted to be installed on dry pipe 
systems where piping is corrosion resistant or internally galvan­
ized. 

9.3.1.5 Sprinklers with nominal K-factors of 5.6 or greater 
shall be permitted to be installed on pipe complying with the 
requit·ements of Section 5.2. 

9.3.2 Preaction Systems. Preaction systems shall be one of the 
following types: 

(1) A single interlock system, which admits water to sprinkler 
piping upon operation of detection devices 

(2) A noninterlock system, which admits water to sprinkler 
piping upon operation of detection devices or automatic 
sprinklers 

(3) A double interlock system, which admits watet· to sprin­
kler piping upon operation of both detection devices and 
automatic sprinklers 

9.3.3 Dry Pipe and Double Interlock Preaction System Water 
Delivery. 

9.3.3.1 Water delivery shall be based on the hazard shown in 
Table 9.3.3.1. 

9.3.3.2 Water delivery shall be based on one of the fo llowing: 

(1) A calculation program and method that shall be listed by 
a nationally recognized laboratory 

(2) An inspector's test connection providing a flow equivalent 
to the smallest sprinkler K-factor utilized, wherein the test 
connection is located on the end of the most remote 
branchline 

9.3.4 Location and Protection of Dry Pipe and Preaction 
Valves. The dry pipe valve, preaction valve, and supply pipe 
shall be protected against freezing and physical damage. 

9.3.5* Detection Devices. 

9.3.5.1 The detection system shall be designed to operate 
sooner than the first sprinkler. 

9.3.5.2 Detectors shall be installed in all at·eas and compart­
ments where sprinklers are installed. 

Table 9.3.3.1 Water Delivery Time for Dry Pipe and Double 
Interlock Preaction Systems 

Hazard 

Residential 

Number of Most 
Remote Sprinklers 

Initially Open 

l 

Maximum Time of 
Water Delivery 

(seconds) 

15 



DISCHARGE AND HYDRAULIC CALCULATIONS 13D-25 

9.3.6 System Configuration. Dry pipe systems and preaction 
systems of the type described in 9.3.2(3) shall not be gridded. 

9.3.7 D rainage. Piping shall be pitched a minimum of Y:, in . 
per 10ft (6 mm per 3m) to facilitate draining. 

9.3.8 Auxiliary Drains. 

9.3.8.1 Auxiliary drains shall be provided where a change in 
piping direction prevents drainage of system piping through 
the drain valve on the system side of the conu·ol valve. 

9 .3.8.2 At a minimum, auxiliary drains shall be a nipple and 
cap or plug not less than Y:? in. (13 mm) . 

9 .3.9 Air Supply. The system air pressure shall be maintained 
by approved equipment. 

Chapter I 0 Discharge and H ydraulic Calculations 

10.1 Design Discharge. 

I 0.1.1* Sp rinklers That Are Listed with Sp ecific Discharge 
Criteria. The system shall provide at least the flow t·equired to 
produce a minimum discharge density of 0 .05 gpm/ ft2 

(2.0 mm/ min) or the sprinkler listi ng, whichever is greater, to 
the design sprinklers. 

10.1.2 Water Supply. Where the water supply is a public or 
private water main 4 in . (100 mm) (nominal) in size or larger, 
the static pressure shall be permitted to be used for compari­
son to the sprinkler system demand regardless of the method 
used to determine the adequacy of the piping. 

10.2* Number of Design Sprinklers. 

10.2.1 For each of the following situations, the number of 
sprinklers in the design area shall be all of the sprinklers within 
a compartment, up to a maximum of two sprinklers, that 
require the greatest hydraulic demand: 

(1) A flat, smooth, horizontal ceili ng with no beams up to a 
maximum of24 ft (7.3 m) above the floor. 

(2) A flat, horizontal beamed ceiling, with a maximum ceil­
ing height of 24 ft (7.3 m), with beams up to 14 in. 
(350 mm) deep with pendent spt·inklers under the 
beams. The compartment containing the beamed ceiling 
shall be a maximum of 600 ft2 (56 m 2

) in area. The high­
est sprinklet· in the compartment shall be above all open­
ings from the compartment into any communicating 
spaces. 

(3) A smooth, flat, sloped ceiling with no beams up to a maxi­
mum slope of 8 in 12. The highest portion of the ceiling 
shall not be more than 24ft (7.3 m) above the floor. The 
highest spdnkler in the sloped pot·tion of the ceiling shall 
be above all openings from the compartment containing 
the sloped ceiling into any communicating spaces. 

(4) A sloped ceiling with b eams up to 14 in. (350 mm) deep 
with pendent sprinklers under the beams. The compart­
ment containing the sloped, beamed ceiling sha ll be a 
maximum of 600 ft2 (56m2

) in a rea. The slope of the ceil­
ing shall be between 2 in 12 and 8 in 12. The highest 
portion of the ceiling shall not be more than 24ft (7.3 m) 
above the floor. The highest sprinkle r in the sloped 
portion of the ceiling shall be above all openings from 
the compartment containing the sloped ceiling into any 
communicating spaces. 

(5) A sloped ceiling with beams of any depth with sidewall or 
pendent spt·inklers in each pocket fo nned by the beams. 
The compartment containing the sloped, beamed ceiling 
shall be a maximum of 600 ft2 (56m2) in area. The slope 
of the ceil.ing shall be between 2 in 12 and 8 in 12. The 
highest portion of the ceiling shall not be more than 24ft 
(7.3 m) above the floor. 

10.2.2 Listed flows associated with test ing under a smooth, 
flat, horizontal 8 ft (2.4 m) high ceiling shall be permitted to 
be used for the ceiling configurations referenced in 10.2.1. 

10.2.3 For situations not meeting one of the conditions in 
10.2.1, residential sprinklers listed for use in specific ceiling 
configurations shall be permitted to be used in accordance 
with their listing. 

10.2.4* For situations not meeting one of the conditions in 
10.2.1 and 10.2.3, the number of sprinklers in the design area 
shall be determined in consultation with the authority having 
jurisdiction as appropriate for the conditions. 

10.3 Piping Configurations. 

10.3.1 The piping configuration shall be permitted to be 
looped . 

10.3.2 The piping configuration shall be permitted to be grid­
ded except where gridded systems are prohibited by Chapter 9. 

10.3.3 The piping configuration shall be pe rmitted to be 
straight run . 

10.3.4 The piping configuration shall be permitted to be a 
combination of the configurations permitted in 10.3 .1 through 
10.3.3 . 

10.4 Pipe Sizing. 

10.4.1 For specially listed ptpmg products, friction loss for 
pipe and fittings shall be permitted to be calculated based on 
the manufacturer's data. 

10.4.2 Minimum Pipe Size . 

10.4.2.1 The minimum size of steel pipe shall be 1 in. 
(25 mm) . 

10.4.2.2 The minimum size of pipe o ther than stee l pipe shall 
be % in . (20 mm) unl ess smaller sizes are permitted by 10.4.2.3. 

10.4.2.3* Along with listed spec ial fittings, Y:? in . (15 mm) 
nonmetallic pipe and Y:? in . ( 15 mm ) copper pipe shall be 
permitted to be used only in network systems under the follow­
ing condi tions: 

(1)* Each sprinkler shall be supplied through a minimum of 
three sepat·ate paths from the supply manifold . 

(2) Calculations shall clearly indicate the pipes that create 
the paths to each sprinkler. 

(3) A water distribution pipe that supplies a sprinkler sha ll 
not terminate in a dead end. 

( 4) H ydraulic calculations shall be prepared for each sprin­
klet· flowing individually within the system and for each 
pair of sprinklers with in the same compartment. 

(5) The location of the most demanding single sprinkler 
and pait· of sprinkle rs, including t heir pressure and flow 
requirements, shall be indicated on the plan review 
documents. 
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(6) The system shall be hydraulically calculated in accord­
ance with the pmvisions ofNFPA 13, except that the ft-ic­
tion loss straight through a fitting shall be included. 

(7) The method of joining the pipe to fittings or to other 
pipe shall be in accordance with the applicable plumb­
ing code. 

(8) A maximum of one insert tee shall be permitted in each 
pipe section between sprinklers to serve only domestic 
fixtures. 

(9) When insert fittings are instal led, each sprinkler shall 
have four separate paths fmm the water supply. 

(10) The piping supplying only plumbing fixtures shall be in 
accordance with the applicable plumbing code. 

10.4.3 The pipes shall be sized using one of the following 
techniques: 

(1) The simplified calculation method of 10.4.4, wh ich can 
only be used for connections to a city water main of at 
least 4 in. (100 mm) in diameter 

(2) The prescriptive pipe sizing method of 10.4.9 
(3) The hydraulic calculation procedure for NFPA 13 
( 4) The manufacturer's listed installation instru ctions 

10.4.4* General Pipe Sizing Method. The following is the 
general pipe sizing method for straight-run systems connected 
to a city water main of at least 4 in. (100 mm) in diameter in 
accordance with 10.4.3(1): 

(1) The system flow rate shall be established in accordance 
with Sections 10.1 and 10.2, and it shall be determined 
that the flow allowed by the water meter meets or 
exceeds the system demand and that the total demand 
flow does not exceed the maximum flow a llowed by the 
piping system components. 

(2) The water pressure in the street shall be determined. 
(3) Pipe sizes shall be selected. 
(4)* Pressure loss for a water metet~ if any, shall be deter­

mined and deducted using one of the following: 

(a) Table 10.4.4(a) shall be permitted to be used, even 
where the sprinkler demand flow exceeds the 
meter's rated continuous flow. 

(b) Higher pressure losses specified by the manufac­
turer shall be used in place of those specified in 
Table 10.4.4(a). 

(c) Lower pressure losses shall be permitted to be used 
where supporting data are provided by the meter 
manufacturec 

(5) Pressure loss for elevation shall be deducted as follows: 

(a) Building h e ight above street (ft) x 0.433 = pressure 
loss (psi) 

Table I 0.4.4(a) Pressure Losses in psi in Water Meters 

Meter Size Flow (gpm) (L/ min) 

(in.) 18 or less (68) 23 (87) 26 (98) 31 (117) 

% (1.5 mm) 9 (0.67 bar) 14 (0.97 bar) 18 (1.2 bar) 26 (1.8 bar) 
% (20mm) 7 (0.48 bar) 11 (0.76 bar) l4(1 .5bar) 22 (1.5 bar) 

2 (0.14 bar) 3 (0.21 bar) 3 (0.21 bar) 4 (0.28 bar) 
1!/., (40 mm) 1 (0.07 bar) l (0,07 bar) 2 (0.14 bar) 2 (0.14 bar) 
2 (50 mm) 1 (0.07 bar) l (0.07 bar) I (0.07 bat·) 1 (0.07 bar) 

For Sl units, 1 gpm = 3.785 L/ min; I in.= 2.5 mm; 1 psi= 0.07 bar. 
*Above maximum rated flow of commonly available meters. 
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(b) Building height above street (m) x 0.098 = pres­
sure loss (bat-) 

(6)* Pressure losses from the city main to the inside control 
valve shall be deducted by multiplying the pressure loss 
associated \vith the pipe material by the total length (s) 
of pipe in feet (meters) . 

(7) Pressure loss for piping within the building shall be 
deducted by multiplying the pressure loss associated 
\vith the pipe material by the total length(s) of pipe in 
feet (meters) . 

(8) Pressure loss for valves and fittings shall be deducted as 
follows: 

(a) The valves and fittings from the conu-ol valve to 
the farthest sprinkler sha ll be counted. 

(b) The equivalent length for each valve and fitting as 
shown in Table 10.4.4(b) , Table 10.4.4(c) , Table 
10.4.4 (d), Table 10.4.4(e), or as specified by the 
manufacturer shall be determ ined a nd the values 
added to obtain the total equivalent length for 
each pipe size. 

(c) T he equivalent length for each size shall be multi­
plied by the pressure loss associated with the pipe 
material and the values totaled. 

(9) In multilevel buildings, the steps in 10.4.4(1) through 
10.4.4(8) shall be repeated to size piping fOt- each floor. 

(10) If the remaining pressure is less than the operating pres­
sure established by the testing laboratory for the sprin­
kler being used, the sprinkler system shall be 
redesigned. 

(11) If the remaining pressure is higher than required, 
smaller piping shall be permitted to be used where justi­
fied by calculations. 

(12) TI1e remaining piping shall be sized the same as the 
piping up to and including the fanhest sprinkler unless 
smaller pipe sizes are justified by calculations. 

10.4.5 To size piping for systems with an elevated tank, pump, 
ot- pump-tank combination, the pressure at the water supply 
outlet shall be determined and tl1e steps in 10 .4.4(3), 
10.4.4( 4), 10.4.4(7) , 10.4.4(8), 10.4.4(9), 10.4.4(10), and 
10.4.4(11) shall be followed. 

10.4.6 H ydraulic calculation procedures in accordance with 
NFPA 13 shall be used for g rid-type systems. 

10.4.6.1 Where the water supply is a public or private water 
main 4 in . (100 mm) nominal in size or larger, o nly the stati c 
pressure measured at the main shall be required for perform­
ing hydraulic calculations. 

39 (148) 

38 (2.6 bar) 
35 (2.4 bar) 
6 (0.41 bar) 
4 (0.28 bar) 
2 (0.14 bar) 

52 (197) 

* 
* 

lO (0.69 bar) 
7 (0.48 bar) 
3 (0.21 bar) 
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Table I 0.4.4(b) Equivalen t Length in Feet of Fittings and Valves for Schedule 40 Steel Pipe 

Tee or Tee or 
Long- Cross (flow Cross (flow 

Diameter 45 Degree 90Degree Radius turned 90 s traight G lobe ''Y" Check 
(in.) Elbow Elbow Elbow degrees) thro ugh) Gate Valve Angle Valve Globe Valve Pattern Valve Cock Valve Valve 

1 (25 mm) 1 (0.3 m ) 2 (0.6 m) 2 (0.6m ) 5 (1.5 m) 2 (0.6m) 0 12 (3.7 m ) 28 (8.5 m ) 15 (4.6 m ) 4 (1.2 m) 5 ( 1.5 m ) 
I '/, (32 mm) 1 (0.3 m) 3 (0.9 m) 2 (0.6m) 6 ( 1.8 m) 2 (0.6 m) 0 15 (4.6 m ) 35 (10.7 m) 18 (5.5 m ) .? (1.5 m) 7 (2.1 m ) 
1\1., (40 mm 2 (0.6 m) 4 (1.2 m) 2 (0.6m) 8 (2.4 m) 3 (0.9 m) 0 18 (5.5 m) 43 (13.1m) 22 (6.7 m) 6 (1.8 m) 9 (2.7 m) 
2 (50mm) 2 (0.6 m) 5 (1.5 m) 3 (0.9m) 10 (3 m) 3 (0.9 m) 1 (0.3 m) 24 (7.3 m) 57 (17.4 m) 28 (8.5 m ) 7 (2. 1 m) 11 (3.3 m) 

For S l units, 1 in. = 25 m m; 1 ft = 0.3 m. 

Table I0.4.4(c) Equivalent Length in Feet of Fittings and Valves for Type K Copper Tube 

Tee or 
Long- Tee or Cross Cross (flow 

Diameter 45 Degree 90 Degree Radius (flow turned straight Globe"Y" Check 
(in.) Elbow Elbow Elbow 90 degrees) through) Gate Valve Angle Valve Globe Valve Pattern Valve Cock Valve Valve 

X (20 mm) 0 I (0.3 m) 0 3 (0.9 m) I (0.3 m) 0 7 (2.1 m) 14 (4.3 m) 7 (2. 1 m) 2 (0.6m) 0 
I (25 mm) I (0.3 m) 2 (0.6 m) 2 (0.6 m) 6 (1.8 m) 2 (0.6 m) 0 14 (4.3 m ) 33 (10m) 18 (5.5 m) 5 (1.5 m) 6 (1.8 m) 

l '!.i (32 mm) I (0.3 m) 3 (0.9 m) 2 (0.6 m) 5 (1.5 m) 2 (0.6 m) 0 14 (4.3 m) 32 (9.8 m) 16 (4.9 m) 5 (1.5 m) 6 (1.8 m) 
1\1.,(40 mm) 2 (0.6 m) 4 (1.2 m) 2 (0.6 m) 8 (2.4 m) 3 (0.9 m) 0 18 (5.5 m) 43 (13.1 m) 22 (6.7 m) 6 (1.8 m) 9 (2.7 m) 
2 (50 mm) 2 (0.6m) 6 (1.8 m) 3 (0.9 m) 12 (3.7 m) 4 (1.2 m) I (0.3 m) 28 (8.5 m ) 66 (20.1 m) 33(10m) 8 (2.4m) 13 (4m) 

For S l units, 1 in. = 25 mm; 1ft = 0.3 m . 

Table I 0.4.4(d) Equivalent Length in Fee t of Fittings and Valves for Type L Copper Tube 

Tee or 
Long- Tee or Cross Cross (flow 

Diameter 45 Degree 90 Degree Radius (Dow turned s traight Globe "Y" Check 
(in.) Elbow Elbow Elbow 90 degrees) through) Gate Valve Angle Valve Globe Valve Pattern Valve Cock Valve Valve 

% (20mm) 0 2 (0.6m) 0 4 (1.2 m) 1 (0.3 m) 0 8 (2.4 m) 18 (5.5 m) 10 (3 m) 3 (0.9 m) 0 
1 (25 mm) 1 (0.3 m) 3 (0.9 m) 3 (0.9 m) 7 (2.1 m) 2 (0.6 m) 0 16 (4.9 m) 38 (11.6 m) 20 (6.1 m) 5 (2.1 m) 7 (2.1 m) 

l'l.i(32mm} 1 (0.3 m) 3 (0.9 m) 2 (0.6 m) 6 (1.8 m } 2 (0.6 m) 0 15 (4.6 m) 35 (10.7 m) 18 (5.5 m) 5 (1.5 m) 7 (2.1 m) 
l\1.,(40mm} 2 (0.6 m) 4 (1.2 m) 2 (0.6m) 9 (2.7m) 3 (0.9 m) 0 20 (6.1 m) 47 (14.3 m) 24 (7.3 m} 7 (2.1 m) 10 (3m) 
2 (50 mm) 2 (0.6 m) 6 (1.8 m) 4 (1.2 m) 12 (3.7 m) 4 (1.2 m) 1 (0.3 m) 30 (9.1 m) 71 (21.6m} 35 (10.7 m} 9 (2.7 m) 14 (4.3 m) 

Fo r S l units, 1 in.= 25 mm; 1ft= 0.3 m. 

Table I0.4.4(e) Equivalent Length in Feet of Fittings and Valves for Type M Copper Tube 

Tee or Tee or 
Long- Cross (flow Cross (flow 

Diameter 45 Degree 90 Degree Radius turned 90 s traight Globe "Y" Check 
(in.) Elbow Elbow Elbow degrees) thro ugh) Gate Valve Angle Valve Globe Valve Pattern Valve Cock Valve Valve 

% (20 mm) 0 2 (0.6m) 0 4 (1.2 m) 1 (0.3 m 0 10 (3 m) 21 (6.4 m) 11 (3.3 m) 3 (0.9 m ) 0 
1 (25 mm) 2 (0.6m) 3 (0.9 m) 3 (0.9 m ) 8 (2.4 m) 3 (0.9 m) 0 19 (5.8 m) 43(13. 1m) 23 (7 m) 6 (1.8 m) 8 (2.1 m) 

1\-4 (32 mm) 1 (0.3 m) 3 (0.9 m) 2 (0.6 m ) 7 (2.1 m) 2 (0.6m) 0 16 (4.9 m) 38 (11.5 m) 20 (6.1 m) 5(1.5m) 8 (2.4 m) 
1Y, (40 mm) 2 (0.6 m) 5 (1.5 m) 2 (0.6 m) 9 (2.7 m) 3 (0.9 m) 0 21 (6.4 m) 50 (15.2 m) 26 (7.9 m) 7 (2.1 m) 11 (3.3 m) 
2 (50 mm) 3 (0.9 m) 7 (2.1 m) 4 ( 1.2 m ) 13 (4 m) 5 (1.5 m) 1 (0.3 m) 32 (9.8 m) 75 (22.9 m) 37 (11.3 m) 9 (2.7m) 14 (4.3 m) 

For Sl units, 1 in. = 25 mm; 1 ft = 0 .3048 m. 
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10.4. 7 Hydraulic calculation procedures in accordance with 
NFPA 13 shall be used fot·looped-type systems. 

10.4.7.1 Where the water supply is a public or private water 
main 4 in. (100 mm) nominal in size or larger, only the static 
pressure measured at the main shall be required for perform­
ing hydraulic calculations. 

10.4.8 Hydraulic calculation procedures in accordance with 
NFPA 13 shall be used for systems connected to city \vater 
mains of less than 4 in. (100 mm) in diameter. 

10.4.9 Prescriptive Pipe Sizing Method. Pipe shall be sized by 
determining the available pressure to offset fi·iction loss in 
piping and identifYing a piping material, diameter, and length 
using the equation in 10.4.9.1 and the procedure in 10.4.9.2. 

10.4.9.1 Available Pressure Equation. The pressure available 
to offset friction loss in the interior piping system (P,) shall be 
determined in accordance with the following formula: 

[10.4.9.1] 

P = P - PL - PL - PL - PL - P 
t f"P sur m il ~ sp 

where: 
P, = pressure used in applying Table 10.4.9.2(a) tlu·ough 

Ta ble 10.4.9.2 (h) 
P,"P = pressure availa ble from the \vater supply sou rce 

PL,,.. = pressure loss in the water service pipe 
PL,. = pressm·e loss in the water meter 
PLd = pressure loss from devices other than the water meter 
PL, = pressure loss a>sociated with changes in elevation 
P,P = maximum pressm·e required by a sprinkler 

10.4.9.2 Calculation Procedure. Determination of the 
t·equired size for water disu-ibution piping shall be in accord­
ance with the following procedure: 

( 1) Step 1 - Determine P.,r Obtain the static supply pressure 
that wi ll be available from the water main from the \vater 
purveyor or from a private source, such as a tank system, 
a private well system, or a combination of these. For a 
private source, the available water supply pressure shall 
be based on the minimum pressure conu·o] setting for 
the pump. 

(2) Step 2 - Determine PL,"". Use Table 10.4.9.2(a) to deter­
mine the pressure loss in the \vater service pipe based on 
the selected size of the \vater service . 

(3) Step 3- Detennine PL, •. Use Table 10.4.4(a) to determine 
the pressure loss from the water meter based on the selec­
ted watet· meter size. vVhet·e the actual water meter pres­
sure loss is known, PL,. shall be the actual loss. 
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(4) Step 4- Determine PLtl- Determine the pressure loss from 
devices, othe r than the \vater meter, installed in the 
piping system supplying sprinklers, such as pressure­
reducing valves, backflow preventers, \vater softeners, or 
water filtet·s, taking into account the following: 

(a) Device pressure losses shall be based on the d evice 
manufacturer's spec ifications. 

(b) The flow rate used to determine pressure loss shall 
be the rate from Section 10.1, except that 5 gpm 
(20 L/ min) shall be added where the d evice is 
instal led in a \vater service pipe that supplies more 
than one dwelling. 

(c) As an altemative to deducting pt·essure loss for a 
device, an automatic bypass valve shall b e installed 
to divert flow around the device when a sprinkler 
activates. 

(5) Step 5 - Determine PL,. Use Table 10.4.9.2(b) to determine 
the pressure loss associated with changes in elevatio n. 
The e levation used in applying the table shall b e the 
difference between the elevation where the \vater source 
pressure was measured and the elevation of the highest 
sprinkler. 

(6) Step 6 - Determine PLw Determine t he maximum pressure 
required by an y individual sprinkler based on the follow­
ing: 

(a) The area of coverage 
(b) The ce iling configuration 
(c) The temperature rating 
(d)* Any additional conditions specified by the sprinkler 

manufacturer 
(7) Step 7 - Calculate PL,. Using the equation in 10.4.9.1 , 

calculate the pressure available to offset fi-iction loss in 
water disu·ibution piping between the service valve and 
the sprinklers . 

(8) Step 8 - Detet'mine the maximum allowable pipe length. Use 
Table 10.4.9.2(c) through Table 10.4.9.2(h) to select a 
material and size for water disu-ibution piping. The 
piping material and size shall be acceptable if the devel­
oped length of pipe between the set·vice valve and the 
most remote sprinkler does not exceed the maximum 
allowable length specified by the a pplicable table . Inter­
polation of P, between the tabular values sha ll be permit­
ted. 

10.4.9.3 The maximum allowable length of piping in Ta ble 
10.4.9.2(c) through Table 10.4.9.2 (h) incot·porates an adjust­
ment for pipe fittings, and no additional consideration of fric­
tion losses associated with pipe fittings shall be required. 
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Table 10.4.9.2(a) Water Service Pressure Loss (PL..,,1 

X in. Water Service Pressure Loss 
(psi) 

Flow Rate* 40ft or 41ft to 76ft to 101 ft to 
(gpm) less 75ft 100ft 150 ft 

8 5.1 8.7 11.8 17.4 
10 7.7 13.1 17.8 26.3 
12 10.8 18.4 24.9 NP 
14 14.4 24.5 NP NP 
16 18.4 NP NP NP 
18 22.9 NP NP NP 
20 27.8 NP NP NP 
22 NP NP NP NP 
24 NP NP NP NP 
26 NP NP NP NP 
28 NP NP NP NP 
30 NP NP NP NP 
32 NP NP NP NP 
34 NP NP NP NP 
36 NP NP NP NP 

20mmPipe 

Rate* 12 m or 13m to 23 mto 31 m to 
(L/ min) less 23m 30m 49m 

30 0.4 0.6 0.8 1.2 
38 0.5 0.9 1.2 1.8 
45 0.7 1.3 1.7 NP 
53 1.0 1.7 NP NP 
61 1.3 NP NP NP 
68 1.6 NP NP NP 
76 1.9 NP NP NP 
83 NP NP NP NP 
91 NP NP NP NP 
98 NP NP NP NP 
106 NP NP NP NP 
114 NP NP NP NP 
121 NP NP NP NP 
129 NP NP NP NP 
136 NP NP NP NP 

NP: Not permitted. Pressure loss exceeds reasonable limits. 
Notes: 

1 in. Water Service Pressure Loss 
(psi) 

40ft or 41 ftto 76 ftto 101 ftto 
less 75 ft 100ft 150ft 

1.5 2.5 3.4 5.1 
2.3 3.8 5.2 7.7 
3.2 5.4 7.3 10.7 
4.2 7.1 9.6 14.3 
5.4 9.1 12.4 18.3 
6.7 11.4 15.4 22.7 
8.1 13.8 18.7 27.6 
9.7 16.5 22.3 NP 

11.4 19.3 26.2 NP 
13.2 22.4 NP NP 
15.1 25.7 NP NP 
17.2 NP NP NP 
19.4 NP NP NP 
21.7 NP NP NP 
24.1 NP NP NP 

25 mm Pipe 

12m or 13 m to 23 mto 3 1 mto 
less 23m 30m 49 m 

0.1 0.2 0.2 0.4 
0.2 0.3 0.4 0.5 
0.2 0.4 0.5 0.7 
0.3 0.5 0.7 1.0 
0.4 0.6 0.9 1.3 
0.5 0.8 1.1 1.6 
0.6 1.0 1.3 1.9 
0.7 1.1 1.5 NP 
0.8 1.3 1.8 NP 
0.9 1.5 NP NP 
1.0 1.8 NP NP 
1.2 NP NP NP 
1.3 NP NP NP 
1.5 NP NP NP 
1.7 NP NP NP 
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1 ';. in. Water Service Pressure Loss 
(psi) 

40ft or 41ft to 76ft to 101 ft to 
less 75ft 100 ft 150ft 

0.6 1.0 1.3 1.9 
0.8 1.4 2.0 2.9 
1.2 2.0 2.7 4.0 
1.6 2.7 3.6 5.4 
2.0 3.4 4.7 6.9 
2.5 4.3 5.8 8.6 
3.1 5.2 7.0 10.4 
3.7 6.2 8.4 12.4 
4.3 7.3 9.9 14.6 
5.0 8.5 11.4 16.9 
5.7 9.7 13.1 19.4 
6.5 11.0 14.9 22.0 
7.3 12.4 16.8 24.8 
8.2 13.9 18.8 NP 
9.1 15.4 20.9 NP 

32mmPipe 

12m or 13 mto 23m to 31 mto 
less 23m 30m 49 m 

0.0 0.1 0.1 0.1 
0.1 0.1 0.1 0.2 
0.1 0.1 0.2 0.3 
0.1 0.2 0.2 0.4 
0.1 0.2 0.3 0.5 
0.2 0.3 0.4 0.6 
0.2 0.4 0.5 0.7 
0.3 0.4 0.6 0.9 
0.3 0.5 0.7 1.0 
0.3 0.6 0.8 1.2 
0.4 0.7 0.9 1.3 
0.4 0.8 1.0 1.5 
0.5 0.9 1.2 1.7 
0.6 1.0 1.3 NP 
0.6 1.1 1.4 NP 

(1) Values are applicable for underground piping materials permitted by the local p lumbing code and are based on an SDR of 11 and a Hazen­
Williams Cfactor of 150. 
(2) Values include the following length a llowances for fittings: 25 percent length increase for actual lengths up to 100ft (30.5 m) and 15 percent 
length increase for actual lengths over 100ft (30.5 m). 
*Flow rate from Sections 10.1 and 10.2. Add 5 gpm (18.9 L/ min) to the flow rate required by 10.4.9.2, Step 4, where the water service pipe supplies 
more than one dwelling. 

Table 10.4.9.2(b ) Elevation Loss (PL,) 

Elevation Pressure Loss 

ft m psi bar 

5 1.5 2.2 0.15 
10 3 4.4 0.30 
15 4.6 6.5 0.45 
20 6.1 8.7 0.6 
25 7.6 10.9 0.75 
30 9.1 13.0 0.89 
35 11 15.2 1.0 
40 12 17.4 1.2 
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130-30 INSTALLATION O F SPRINKLER SYSTEMS IN ONE- AND TWO-FAMLLY DWELLINGS AND lYlANUFACTURED HOMES 

Table 10.4.9.2(c) Allowable Pipe Length for o/., in. Type M Copper Water Thbing 

Available Pressure, P, (psi) 

Sprinkler Flow 
Rate* (gpm) 

Water 15 20 25 30 35 40 45 50 55 60 
Dis tribution -----------------------------------------------

!:! 
9 
10 
I I 
12 
13 
14 
15 
16 
17 
It! 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Size (in.) 

217 
174 
143 
120 
102 
88 
77 
68 
60 
54 
48 
44 
40 
36 
3~J 
3 1 
28 
26 
24 
23 
21 
20 
19 
18 
17 
16 
NP 
NP 
NP 
NP 
NP 
NP 
NP 

1.0 
Sprinkler Flow Rate 

(L / m in) 

30 
34 
38 
42 
45 
49 
53 
57 
61 
64 
68 
72 
76 
79 
83 
87 
91 
95 
98 

66 
53 
44 
37 
:{1 
27 
23 
21 
18 
16 
15 
13 
12 
11 
10 
9.4 
8.5 
7.9 
7.3 

102 7.0 
106 6.4 
11 0 6.1 
11 4 5.8 
11 7 5.5 
121 5.2 
125 4.9 
129 NP 
132 NP 
136 NP 
140 NP 
144 NP 
148 NP 
151 NP 

NP: Not permi tted. 
*Flow rate fi'o m Sectio ns 10.1 and 10.2. 

2022 Ed ition 

289 
232 
19 1 
160 
137 
11 8 
103 
90 
80 
72 
64 
58 
53 
48 
44 
41 
38 
35 
33 
30 
28 
27 
25 
24 
22 
21 
20 
19 
18 
17 
16 
15 
NP 

1.4 

!:!8 
71 
58 
49 
42 
36 
31 
27 
24 
22 
20 
18 
16 
15 
13 
12 
12 
11 
10 
9.1 
8.5 
8.2 
7.6 
7.3 
6.7 
6.4 
6. 1 
5.8 
5.5 
5.2 
4.9 
4.6 
NP 

Allowable Length of P ipe from Service Valve to Farthest Sprinkler ( ft) 

361 
291 
239 
200 
171 
147 
128 
113 
100 
90 
81 
73 
66 
61 
56 
51 
47 
44 
41 
38 
36 
33 
:{1 
29 
28 
26 
25 
24 
22 
21 
20 
19 
18 

1.7 

434 
349 
287 
241 
205 
177 
154 
136 
120 
108 
97 
88 
80 
73 
67 
6 1 
57 
53 
49 
46 
43 
40 
38 
35 
33 
32 
30 
2!:! 
27 
26 
24 
23 
22 

2. 1 

506 
407 
335 
281 
239 
206 
180 
158 
140 
12S 
113 
102 
93 
85 
78 
72 
66 
61 
57 
53 
50 
47 
44 
41 
39 
37 
35 
33 
31 
30 
28 
27 
26 

57!:! 
465 
383 
321 
273 
235 
205 
181 
160 
143 
129 
11 7 
106 
97 
89 
82 
76 
70 
65 
61 
57 
53 
50 
47 
44 
42 
40 
38 
36 
34 
32 
3 1 
29 

Available P ressure P, (bar) 

2.4 2.8 

650 
523 
430 
361 
307 
265 
231 
203 
180 
161 
145 
13 1 
119 
109 
100 
92 
85 
79 
73 
69 
64 
60 
56 
53 
50 
47 
45 
42 
40 
38 
% 
35 
33 

2.9 

723 
581 
478 
401 
341 
294 
257 
226 
200 
179 
161 
146 
133 
121 
111 
102 
95 
88 
82 
76 
71 
67 
63 
59 
56 
53 
50 
47 
45 
43 
40 
39 
37 

3.4 

Allowable Length of Pipe from Service Valve to Farthest Sprinkler (m) 

110 
89 
73 
61 
52 
45 
:{9 
34 
30 
27 
25 
22 
20 
19 
17 
16 
14 
13 
12 
12 
l1 
10 
9.4 
8.8 
8.5 
7.9 
7.6 
7.3 
6.7 
6.4 
6.1 
5.8 
5.5 

1!}2 
106 
87 
73 
62 
54 
47 
41 
37 
33 
30 
27 
24 
22 
20 
19 
17 
16 
15 
14 
13 
12 
12 
11 
10 

9.8 
9.1 
8.5 
8.2 
7.9 
7.3 
7.0 
6.7 

154 
124 
102 
86 
n 
6!{ 
55 
48 
43 
38 
34 
3 1 
28 
26 
24 
22 
20 
19 
17 
16 
15 
14 
13 
12 
12 
11 
11 
10 
9.4 
9.1 
8.5 
~.2 

7.9 

176 
142 
11 7 
9!:! 
83 
72 
62 
55 
49 
44 
39 
36 
32 
30 
27 
25 
23 
21 
20 
19 
17 
16 
15 
14 
13 
13 
12 
12 
11 
10 
9.8 
9.4 
8.8 

198 
159 
13 1 
110 
94 
81 
70 
62 
55 
49 
44 
40 
% 
33 
30 
28 
26 
24 
22 
21 
20 
18 
17 
16 
15 
14 
14 
13 
12 
12 
11 
1l 

10 

220 
177 
146 
122 
104 
90 
78 
69 
6 1 
55 
49 
45 
4 1 
37 
34 
3 1 
29 
27 
25 
23 
22 
20 
19 
18 
17 
16 
15 
14 
14 
13 
12 
12 
11 

795 
639 
526 
441 
375 
324 
282 
248 
220 
197 
177 
160 
146 
133 
122 
11 3 
104 
97 
90 
84 
78 
73 
69 
65 
61 
58 
55 
52 
49 
47 
45 
42 
40 

3.8 

242 
195 
160 
134 
11 4 
99 
86 
76 
67 
60 
54 
49 
45 
41 
37 
34 
32 
30 
27 
26 
24 
22 
21 
20 
19 
18 
17 
16 
15 
14 
14 
13 
12 

867 
697 
574 
481 
410 
353 
308 
271 
241 
215 
193 
175 
159 
145 
133 
123 
114 
105 
98 
9 1 
85 
80 
75 
71 
67 
63 
60 
57 
54 
51 
49 
46 
44 

4.1 

264 
212 
175 
147 
125 
108 
94 
83 
73 
66 
59 
53 
48 
44 
41 
37 
35 
32 
30 
28 
26 
24 
23 
22 
20 
19 
18 
17 
16 
16 
15 
14 
13 



DISCHARGE AND HYDRAULI C CALC ULATIONS 13D-31 

Table 10.4.9.2(d) Allowable Pipe Length for I in.l)'pe M Copper Water Thbing 

\.Yater Available Pressure, P, (psi) 

Sprinkler Flow Dis tribution 15 20 25 30 35 40 45 50 55 60 
Rate* Size -----------------------------------------------
(gpm) (in.) 

8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Sprinkler Flow Rate 
(L/ min) 

30 
34 
38 
42 
45 
49 
53 
57 
61 
64 
68 
72 
76 
79 
83 
87 
91 
95 
98 
102 
106 
11 0 
11 4 
117 
121 
125 
129 
132 
136 
140 
144 
148 
!51 

806 
648 
533 
447 
381 
328 
286 
252 
224 
200 
180 
163 
148 
135 
124 
114 
106 
98 
9 1 
85 
79 
74 
70 
66 
62 
59 
55 
53 
50 
47 
45 
43 
41 

1.0 

246 
198 
162 
136 
116 
100 
87 
77 
68 
61 
55 
50 
45 
41 
38 
35 
32 
30 
28 
26 
24 
23 
2 1 
20 
19 
18 
17 
16 
15 
14 
l4 
13 
12 

*Flow rate from Sections 10.1 and 10.2. 

1075 
864 
711 
596 
508 
438 
382 
336 
298 
266 
240 
217 
197 
180 
165 
152 
141 
1 :n 
121 
113 
106 
99 
93 
88 
83 
78 
74 
70 
66 
63 
60 
57 
55 

1.4 

328 
26:J 
217 
182 
155 
134 
116 
102 
91 
81 
73 
66 
60 
55 
50 
46 
43 
40 
37 
34 
32 
30 
28 
27 
25 
24 
23 
21 
20 
19 

18 
17 
17 

Allowable Length of Pipe from Service Valve to Farthest Sprinkler (ft) 

1343 
1080 
889 
745 
634 
547 
477 
420 
373 
333 
300 
271 
247 
225 
207 
190 
176 
163 
152 
142 
132 
124 
116 
110 
103 
98 
92 
88 
83 
79 
75 
72 
68 

1.7 

1612 
1296 
1067 
894 
761 
657 
572 
504 
447 
400 
:{60 
325 
296 
270 
248 
228 
211 
196 
182 
170 
159 
149 
140 
1:J2 
124 
11 7 
Ill 
105 
100 
95 
90 
86 
82 

2.1 

1881 
1512 
1245 
1043 
888 
766 
668 
588 
522 
466 
420 
380 
345 
3 15 
289 
267 
246 
228 
212 
198 
185 
174 
163 
153 
145 
137 
129 
123 
116 
Ill 
105 
100 
96 

2149 
1728 
1422 
1192 
1015 
875 
763 
672 
596 
533 
479 
434 
395 
360 
331 
305 
282 
261 
243 
226 
212 
198 
11:!6 
175 
165 
156 
148 
140 
133 
126 
120 
11 5 
!09 

Available Pressure P, (bar) 

2.4 2.8 

2418 
1945 
1600 
1341 
ll42 
985 
859 
756 
671 
600 
539 
488 
444 
406 
372 
343 
317 
294 
273 
255 
238 
223 
2 10 
197 
186 
176 
166 
158 
150 
142 
135 
129 
123 

2.9 

2687 
2161 
1778 
1491 
1269 
1094 
954 
840 
745 
666 
599 
542 
493 
451 
413 
381 
352 
326 
304 
283 
265 
248 
2:{:J 
219 
207 
195 
185 
175 
166 
158 
150 
143 
137 

3.4 

Allowable Length of Pipe from Service Valve to Farthest Sprinkler (m) 

409 
329 
271 
227 
193 
167 
145 

128 
114 
101 
9 1 
83 
75 
69 
63 
58 
54 
50 
46 
43 
40 
38 
35 
34 
31 
30 
28 
27 
25 
24 
23 
22 
21 

491 
:J95 
325 
272 
232 
200 
174 
154 
136 
122 
11 0 
99 
90 
82 
76 
69 
64 
60 
55 
52 
48 
45 
43 
40 
38 
36 
34 
32 
30 
29 
27 
26 
25 

573 
461 
379 
3 18 
271 
233 
204 
179 
159 
142 
128 
116 
105 
96 
88 
I:! I 
75 
69 
65 
60 
56 
53 
50 
47 
44 
42 
39 
37 
35 
34 
32 
30 
29 

655 
527 
433 
363 
309 
267 
233 
205 
182 
162 
146 
132 
120 
110 
101 
93 
86 
80 
74 
69 
65 
60 
57 
53 
50 
48 
45 
43 
41 
38 
37 
35 
33 

737 
593 
488 
409 
348 
300 
262 
230 
205 
183 
164 
149 
135 
124 
11 3 
105 
97 
90 
83 
78 
73 
68 
64 
60 
57 
54· 
51 
48 
46 
43 
41 
39 
37 

819 
659 
542 
454 
387 
333 
291 
256 
227 
203 
183 
165 
150 
137 
126 
116 
107 
99 
93 
86 
8 1 
76 
7 1 
67 
63 
59 
56 
53 
51 
48 
46 
44 
42 

2955 
2377 
1956 
1640 
1396 
1204 
1049 
924 
820 
733 
659 
597 
543 
496 
455 
419 
387 
359 
334 
3]] 
291 
273 
256 
241 
227 
215 
203 
193 
183 
174 
165 
158 
150 

3.8 

901 
725 
596 
500 
426 
367 
320 
282 
250 
223 
20 1 
182 
166 
151 
139 
128 
118 
109 
102 
95 
89 
83 
78 
73 
69 
66 
62 
59 
56 
53 
50 
48 
46 

3224 
2593 
2134 
1789 
1523 
1313 
11 45 
1008 
894 
799 
719 
651 
592 
541 
496 
457 
422 
392 
364 
340 
318 
298 
280 
263 
248 
234 
222 
210 
199 
190 
181 
172 
164 

4.1 

983 
790 
650 
545 
464 
400 
349 
307 
272 
244 
219 
198 
180 
16.o 
151 
139 
129 
119 
] ]] 

104 
97 
9 1 
85 
80 
76 
71 
68 
64 
61 
58 
55 
52 
50 
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13D-32 INSTALLATION O F SPRINKLER SYSTEMS I N ONE- AND TWO-FAMLLY DWELLINGS AND lYlANUFACTURED HOMES 

Table 10.4.9.2(e) Allowable Pipe Length for 'Y. in. CPVC (IPS) Pipe 

Sprinkler flow 
Rate* 
(gpm) 

!:! 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3!:! 
39 
40 

Water 
Distribution 

Size 
(in.) 

Sprinkler Flow Rate 
(L/ min) 

30 
34 
38 
42 
45 
49 
53 
57 
61 
64 
68 
72 
76 
79 
83 
87 
91 
95 
98 
102 
106 
110 
114 
117 
121 
125 
129 
132 
136 
140 
144 
148 

15 

348 
280 
231 
193 
165 
142 
124 
109 
97 
86 
78 
70 
64 
58 
54 
49 
46 
42 
39 
37 
34 
32 
30 
28 
27 
25 
24 
23 
22 
20 
20 
19 
18 

1.0 

106 
85 
70 
59 
50 
43 
38 
33 
30 
26 
24 
21 
20 
18 
16 
15 
14 
13 
12 
11 
10 
10 
9.1 
8.5 
8.2 
7.6 
7.3 
7.0 
6.7 
6.1 
6.1 
5.8 

151 5.5 

*Flow rare fi·om Sectio ns 10.1 and 10.2. 

2022 Edition 

20 

465 
374 
307 
258 
219 
189 
165 
145 
129 
11 5 
104 
94 
85 
78 
7 1 
66 
61 
56 
52 
49 
46 
43 
40 
38 
36 
34 
32 
30 
29 
27 
26 
25 
24 

1.4 

142 
114 
94 
79 
67 
58 
50 
44 
39 
35 
32 
29 
26 
24 
22 
20 
19 
17 
16 
15 
14 
13 
12 
12 
11 
10 
10 

9.1 
8.8 
8.2 
7.9 
7.6 
7.3 

Available Pressure, P, (psi) 

25 30 35 40 45 50 

Allowable Length of Pipe from Service Valve to Farthest Sprinkle r (ft) 

581 
467 
:~84 

322 
274 
237 
206 
182 
161 
144 
130 
117 
107 
97 
89 
82 
76 
71 
66 
61 
57 
54 
50 
47 
45 
42 
40 
38 
36 
34 
33 
31 
30 

1.7 

697 
560 
461 
387 
329 
284 
247 
218 
193 
173 
155 
141 
128 
117 
107 
99 
91 
85 
79 
73 
69 
64 
60 
57 
54 
51 
48 
45 
43 
41 
39 
37 
35 

2.1 

813 
654 
538 
451 
384 
331 
289 
254 
226 
202 
181 
164 
149 
136 
125 
11 5 
107 
99 
92 
86 
80 
75 
70 
66 
63 
59 
56 
53 
50 
48 
46 
43 
41 

929 
747 
615 
515 
4:l9 
378 
330 
290 
258 
230 
207 
188 
171 
156 
143 
132 
122 
113 
105 
98 
92 
86 
8 1 
76 
7 1 
68 
64 
61 
57 
55 
52 
50 
47 

Available Pressure P, (bar) 

2.4 2.8 

1045 
841 
692 
580 
494 
426 
371 
327 
290 
259 
23:l 
211 
192 
175 
161 
14!l 
137 
127 
118 
110 
103 
96 
91 
85 
80 
76 
72 
68 
65 
6 1 
59 
56 
53 

2.9 

1161 
934 
769 
644 
549 
473 
412 
363 
322 
288 
259 
234 
213 
195 
179 
165 
152 
141 
l!l l 
122 
114 
107 
101 
95 
89 
84 
80 
76 
72 
68 
65 
62 
59 

3.4 

Allowable Length of Pipe from Service Valve to Farthest Sprinkler (m) 

177 
142 
117 
98 
84 
72 
63 
55 
49 
44 
40 
36 
33 
30 
27 
25 
23 
22 
20 
19 
17 
16 
15 
14 
14 
13 
12 
12 
11 
10 
10 
9.4 
9.1 

212 
171 
141 
11 8 
100 
87 

75 
66 
59 
53 
47 
43 
39 
36 
33 
30 
28 
26 
24 
22 
21 
20 
18 
17 
16 
16 
15 
14 
13 
12 
12 
II 
11 

248 
!99 
164 
137 
117 
101 
88 
77 
69 
62 
55 
50 
45 
41 
!l8 
35 
33 
30 
28 
26 
24 
23 
21 
20 
19 
18 
17 
16 
15 
15 
14 
13 
12 

283 
228 
187 
157 
134 
115 
101 
88 
79 
70 
63 
57 
52 
48 
44 
40 
37 
34 
32 
30 
28 
26 
25 
23 
22 
21 
20 
19 
17 
17 
16 
15 

14 

319 
256 
211 
177 
151 
130 
113 
100 
88 
79 
71 
64 
59 
53 
49 
45 
42 
39 
36 
34 
31 
29 
28 
26 
24 
23 
22 
21 
20 
19 
18 
17 
16 

354 
28.'i 
234 
196 
167 
144 
126 
111 
98 
88 
79 
71 
65 
59 
55 
50 
46 
43 
40 
37 
35 
33 
31 
29 
27 
26 
24 
23 
22 
21 
20 
19 
18 

55 

1278 
1027 
845 
709 
603 
520 
454 
399 
354 
317 
285 
258 
235 
214 
197 
181 
167 
!55 
144 
135 
126 
118 
111 
104 
98 
93 
88 
83 
79 
75 
72 
68 
6.'i 

3.8 

390 
313 
258 
216 
184 
158 
138 
122 
108 
97 
87 
79 
72 
65 
60 
55 
51 
47 
44 
41 
38 
36 
34 
32 
30 
28 
27 
25 
24 
23 
22 
21 
20 

60 

1394 
1121 
922 
773 
658 
568 
495 
436 
387 
346 
3 11 
281 
256 
234 
214 
198 
183 
169 
! 57 
147 
137 
129 
121 
114 
107 
101 
96 
91 
86 
82 
78 
74 
71 

4.1 

425 
342 
281 
236 
201 
173 
151 
133 
118 
105 
95 
86 
78 
71 
65 
60 
56 
52 
48 
45 
42 
39 
37 
35 
33 
31 
29 
28 
26 
25 
24 
2:3 
22 



DISCHARGE AND HYDRAULI C CALC ULAT IONS 

Table 10.4.9.2(£) Allowable Pipe Length for I in. CPVC (IPS) Pipe 

Sprinkler Flow 
Rate* 
(gpm) 

8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2~~ 

24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Water 
Distribution 

Size 
(in.) 

Sprinkler Flow Rate 
(L / min) 

30 
34 
38 
42 
45 
49 
53 
57 

61 
64 
68 
72 
76 
79 
83 
87 
9 1 
95 
98 
102 
106 
110 
11 4 
117 
121 
125 
129 
132 
136 
140 
144 
148 
151 

15 

1049 
843 
694 
582 
495 
427 
372 
328 
291 
260 
234 
212 
193 
176 
161 
149 
137 
127 
118 
Il l 
103 
97 
91 
86 
8 1 
76 
72 
68 
65 
62 
59 
56 
53 

1.0 

320 
257 
212 
177 
151 
130 
11 3 
tOO 
89 
79 
71 
65 
59 
54 
4!) 

45 
42 
39 
36 
34 
31 
30 
28 
26 
25 
23 
22 
21 
20 
19 
18 
17 
16 

*Flow rate fro m Sectio ns 10.1 and 10.2. 

20 

1398 
11 25 
925 
776 
660 
570 
497 
437 
388 
347 
312 
282 
257 
235 
2 15 
198 
183 
170 
158 
147 
138 
129 
121 
11 4 
108 
102 
96 
9 1 
87 
82 
78 
75 
71 

1.4 

426 
~H3 

282 
237 
201 
174 
151 
133 
118 
106 
95 
86 
78 
72 
66 
60 
56 
52 
48 
45 
42 
39 
37 
35 
33 
31 
29 
28 
27 
25 
24 
23 
22 

Available Pressure, P, (ps i) 

25 30 35 40 45 50 

Allowable Length of Pipe from Service Valve to Farthest Sprinkler (ft) 

1748 
1406 
11 57 
970 
826 
712 
621 
546 
485 
433 
390 
353 
321 
293 
269 
248 
229 
2 12 
197 
184 
172 
161 
152 
143 
1 ~34 

127 
120 
114 
108 
103 
98 
93 
89 

1.7 

2098 
1687 
1388 
1164 
991 
854 
745 
656 
582 
520 
468 
423 
385 
352 
323 
297 
275 
255 
237 
221 
207 
194 
182 
171 
161 
152 
144 
137 
130 
123 
11 7 
11 2 
1()7 

2.1 

2447 
1968 
1619 
1358 
11 56 
997 
869 
765 
679 
607 
546 
494 
449 
410 
377 
347 
321 
297 
276 
258 
241 
226 
212 
200 
188 
178 
168 
160 
151 
144 
137 
131 
125 

2797 
2249 
1851 
1552 
1321 
11 39 
993 
874 
776 
693 
624 
565 
513 
469 
430 
396 
366 
340 
316 
295 
275 
258 
242 
228 
215 
203 
192 
182 
173 
165 
157 
149 
142 

Available Pressure P, (bar) 

2.4 2.8 

3146 
2530 
2082 
1746 
1486 
1281 
1117 
983 
sn 
780 
702 
635 
578 
528 
484 
446 
412 
:{82 
355 
332 
:~10 
290 
273 
257 
242 
229 
216 
205 
195 
185 
176 
168 
160 

2.9 

3496 
2811 
2314 
1940 
1651 
1424 
1241 
1093 
970 
867 
780 
706 
642 
586 
538 
496 
458 
425 

395 
~~68 

:H4 
323 
:~03 

285 
269 
254 
240 
228 
216 
206 
196 
187 
178 

3.4 

Allowable Length of Pipe from Service Valve to Farthest Sprinkler (m) 

533 
429 
353 
296 
252 
217 
189 
166 
148 
132 
119 
108 
98 
89 
82 
76 
70 
65 
60 
56 
52 
49 
46 
44 
41 
39 
37 
35 
33 
31 
30 
28 
27 

639 
5 14 
423 
355 
302 
260 
227 
200 
177 
158 
143 
129 
11 7 
107 
98 
91 
84 
78 
72 
67 
63 
59 
55 
52 
49 
46 
44 
42 
40 
37 
36 
34 
33 

746 
600 
493 
414 
352 
304 
265 
233 
207 
185 
166 
151 
137 
125 
115 
106 
98 
9 1 
84 
79 
73 
69 
65 
61 
57 
54 
51 
49 
46 
44 
42 
40 
38 

853 
685 
564 
473 
403 
347 
303 
266 
237 
211 
190 
172 
156 
143 
131 
121 
112 
104 
96 
90 
84 
79 
74 
69 
66 
62 
59 
55 
53 
50 
48 
45 
43 

959 
771 
635 
5:32 
453 
390 
~HO 
300 
266 
238 
214 
194 
176 
161 
148 
136 
126 
116 
108 
101 
94 
88 
83 
78 
74 
70 
66 
62 
59 
56 
54 
51 
49 

1066 
ll57 
705 
591 
503 
434 
378 
333 
296 
264 
238 
215 
196 
179 
164 
151 
140 
130 
120 
112 
105 
98 
92 
87 
82 
77 
73 
69 
66 
63 
60 
57 
54 

55 

3845 
3093 
2545 
2133 
1816 
1566 
1366 
1202 
1067 
954 
858 
776 
706 
645 
592 
545 
504 
467 
434 

405 
379 
355 
333 
314 
296 
280 
265 
25 1 
238 
226 
215 
205 
196 

3.8 

1172 
943 
776 
650 
554 
477 
416 
366 
325 
29 1 
262 
237 
215 
197 
180 
166 
154 
142 
132 
123 
11 6 
108 
101 
96 
90 
8.~ 
81 
77 
73 
69 
66 
62 
60 

13D-33 

60 

4195 
3374 
2776 
2327 
1981 
1709 
1490 
1311 
1164 
1040 
936 
847 
770 
704 
646 
595 
550 
510 
474 
442 
4 1:l 
387 
364 
342 
323 
305 
289 
273 
260 
247 
235 
224 
214 

4.1 

1279 
1028 
846 
709 
604 
521 
454 

400 
355 
317 
285 
258 
235 
215 
197 
181 
168 
155 
144 
135 
126 
118 
111 
104 
98 
9:l 
88 
83 
79 
75 
72 
68 
65 
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130-34 INSTALLATION O F SPRINKLER SYSTEMS IN ONE- AND TWO-FAMLLY DWELLINGS AND lYlANUFACTURED HOMES 

Table 10.4.9.2(g) Allowable Pipe Length for 'Y. in. PEX Tubing 

Sprinkler flow 
Rate* 
(gpm) 

Water 
Distribution 

Size 
(in.) 

15 

!:! 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3!:! 
39 
40 

93 
74 
6 1 
51 
44 

38 
33 
29 
26 
23 
21 
19 
17 
16 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 

1.0 
Sprinkler Flow Rate 

(L/ min) 

30 
34 
38 
42 
45 
49 
53 
57 
6 1 
64 
68 
72 
76 
79 
83 
87 
91 
95 
98 
102 
106 
11 0 
114 
11 7 

28 
23 
19 
16 
13 
12 
10 
9 
8 
7 
6 
6 
5 
5 

NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 

121 NP 
125 NP 
129 NP 
132 NP 
136 NP 
140 NP 
144 NP 
148 NP 
151 NP 

NP: Not permitted . 
*Flow rate fi-o m Sectio ns 10.1 and 10.2. 

2022 Ed ition 

20 

123 
99 
82 
68 
58 
50 
44 
39 
34 
31 
28 
25 
23 
21 
19 
17 
16 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 

1.4 

37 
30 
25 
21 
18 
15 
13 
12 
10 
9 
9 
8 
7 
6 
6 
5 
5 

NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 

Available Pressure, P, (psi) 

25 30 35 40 45 50 

Allowable Length of Pipe from Service Valve to Farthest Sprinkler (ft) 

154 
124 
102 
86 
73 
63 
55 
48 
43 
38 
34 
31 
28 
26 
24 
22 
20 
19 
17 
16 
15 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 

1.7 

185 
149 
123 
103 
87 
75 
66 
58 
51 
46 
41 
37 
34 
31 
21:1 
26 
24 
22 
21 
20 
18 
17 
16 
15 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 

216 
174 
143 
120 
102 
88 
77 
68 
60 
54 
48 
44 
40 
36 
33 
31 
28 
26 
24 
23 
21 
20 
19 
18 
17 
16 
NP 
NP 
NP 
NP 
NP 
NP 
NP 

247 
199 
163 
137 
117 
101 
88 
77 
68 
61 
55 
50 
45 
41 
38 
35 
32 
30 
28 
26 
24 
23 
21 
20 
19 
18 
17 
16 
15 
NP 
NP 
NP 
NP 

278 
223 
184 
154 
131 
11:~ 

99 
87 
77 
69 
62 
56 
51 
47 
43 
39 
36 
34 
31 
29 
27 
26 
24 
23 
21 
20 
19 
18 
17 
16 
16 
NP 
NP 

AUowable Pipe Length for 20 mm PEX Tubing 

2.1 2.4 2.8 2.9 

309 
248 
204 
171 
146 
126 
110 
96 
86 
77 
69 
62 
57 
52 
47 
44 
40 
37 
35 
33 
30 
28 
27 
25 
24 
22 
21 
20 
19 
18 
17 
16 
16 

3.4 

Allowable Length of Pipe from Service Valve to Farthest Sprinkler (m) 

47 
38 
31 
26 
22 
19 
17 
15 
13 
12 
10 
9 
9 
8 
7 
7 
6 
6 
5 
5 
5 

NP 
NP 
NP 
NP 
NP 
NP 
NP 
N l' 
NP 
NP 
NP 
NP 

56 
45 
37 
31 
27 
2:~ 

20 
11:! 
16 
14 
12 
11 
10 
9 
9 
8 
7 
7 
6 
6 
5 
5 
5 
5 

NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 

66 
53 
44 
37 
31 
27 
23 
21 
18 
16 
15 
13 
12 
II 
10 

9 
9 
8 
7 
7 
6 
6 
6 
5 
5 
5 

NP 
NP 
NP 
NP 
NP 
NP 
NP 

75 
6 1 
50 
42 
36 
31 
27 
23 
2 1 
19 
17 
15 
14 
12 
12 
11 
10 
9 
9 
8 
7 
7 
6 
6 
6 
5 
5 
5 
5 

NP 
NP 
NP 
NP 

85 
68 
56 
47 
40 
34 

30 
27 
23 
21 
19 
17 
16 
14 
13 
12 
11 
10 
9 
9 
8 
8 
7 
7 
6 
6 
6 
5 
5 
5 
5 

NP 
NP 

94 
76 
62 
52 
45 
38 
34 
29 

26 
23 
21 
19 
17 
16 
14 
13 
12 
11 
11 
10 
9 
9 
8 
8 
7 
7 
6 
6 
6 
5 
5 
5 
5 

55 

339 
273 
225 
188 
160 
138 
121 
106 
94 
84 
76 
69 
62 
57 
52 
48 
44 
41 
38 
36 
33 
31 
29 
2!:! 
26 
25 
23 
22 
21 
20 
19 
18 
17 

3.8 

103 
83 
69 
57 
49 
42 
37 
32 
29 
26 
23 
21 
19 
17 
16 
15 
13 
12 
12 
11 
10 
9 
9 
9 
8 
8 
7 
7 
6 
6 
6 
5 
5 

60 

370 

298 
245 
205 
175 
151 
132 
116 
103 
92 

83 
75 
68 
62 
57 
52 
49 
45 
42 
39 
36 
34 
32 
30 
28 
27 
25 
24 
23 
22 
21 
20 
19 

4.1 

113 
91 
75 
62 
5:~ 

46 
40 
35 
31 
28 
25 
23 
21 
19 
17 
16 
15 
14 
13 
12 
11 
10 
10 
9 
9 
8 
8 
7 
7 
7 
6 
6 
6 



DISCHARGE AND HYDRAULI C CALC ULATIONS 

Table 10.4.9.2(h) Allowable Pipe Length for 1 in. PEX Tubing 

Sprinkler Flow 
Rate* 
(gpm) 

8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2~~ 

24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Water 
Distribution 

Size 
(in.) 

Sprinkler Flow Rate 
(L / min) 

30 
34 
38 
42 
45 
49 
53 
57 
61 
64 
68 
72 
76 
79 
83 
87 
91 
95 
98 
102 
106 
110 
114 
117 
121 
125 
129 
132 
136 
140 
144 
148 
151 

15 

314 
252 
208 
174 
148 
128 
Il l 
98 
87 
78 
70 
63 
58 
53 
48 
44 
41 
38 
35 
33 
31 
29 
27 
26 
24 
23 
22 
20 
19 
18 
18 
17 
16 

1.0 

96 
77 
63 
53 
45 
39 
34 
30 
27 
24 
21 
19 
18 
16 
15 
13 
12 
12 
11 
10 
9.4 
8.8 
8.2 
7.9 
7.3 
7.0 
6.7 
6.1 
5.8 
5 .5 
5.5 
5.2 
4.9 

*Flow rate from Sections 10.1 and 10.2. 

20 

418 
336 
277 
232 
198 
170 
149 
131 
116 
104 
93 
84 
77 
70 
64 
59 
55 
51 
47 
44 
41 
39 
36 
34 
32 
30 
29 
27 
26 
25 
23 
22 
2 1 

1.4 

127 
l 02 
84 
7 1 
60 
52 
45 
40 
35 
32 
28 
26 
23 
21 
20 
18 
17 
16 
14 
13 
12 
12 
11 
10 
10 
9.l 
8.8 
8.2 
7.9 
7.6 
7.0 
6.7 
6.4 

Available Pressure, P, (ps i) 

25 30 35 40 45 50 

Allowable Length of Pipe from Service Valve to Farthest Sprinkle r (ft) 

523 
421 
346 
290 
247 
213 
186 
163 
145 
130 
117 
106 
96 
88 
80 
74 
69 
64 
59 
55 
52 
48 
45 
43 
40 
38 
36 
34 
32 
31 
29 
28 
27 

1.7 

628 
505 
415 
348 
296 
256 
223 
196 
174 
156 
140 
127 
11 5 
105 
97 
89 
82 
76 
71 
66 
62 
58 
54 
51 
48 
46 
43 
41 
39 
37 
35 
33 
32 

2.1 

732 
589 
485 
406 
346 
298 
260 
229 
203 
182 
163 
148 
134 
123 
113 
104 
96 
89 
83 
77 
72 
68 
6:J 
60 
56 
53 
50 
48 
45 
43 
41 
39 
37 

837 
673 
554 
464 
395 
341 
297 
262 
232 
208 
187 
169 
154 
140 
129 
119 
110 
102 
95 
88 
82 
77 
73 
68 
64 
61 
58 
55 
52 
49 
47 
45 
43 

Available Pressure P, (bar) 

2.4 2.8 

941 
757 
623 
522 
445 
383 
334 
294 
261 
233 
210 
190 
173 
158 
145 
133 
123 
114 
106 
99 
93 
87 
82 
77 
72 
68 
65 
6 1 
58 
55 
53 
50 
48 

2.9 

1046 
841 
692 
580 
494 
426 
371 
327 
290 
259 
233 
211 
192 
175 
161 
148 
137 
127 
118 
110 
103 
97 
91 
85 
80 
76 
72 
68 
65 
62 
59 
56 
53 

3.4 

Allowable Length of Pipe from Service Valve to Farthest Sprinkler (m) 

159 
128 
105 
88 
75 
65 
57 
50 
44 
40 
36 
32 
29 
27 
24 
23 
21 
20 
18 
17 
16 
15 
14 
13 
12 
12 
11 
10 
10 
9.4 
8.8 
8.5 
8.2 

191 
!54 
126 
106 
90 
78 
68 
60 
53 
48 
43 
39 
35 
32 
30 
27 
25 
2~ 

22 
20 
19 
18 
16 
16 
15 
14 
13 
12 
12 
11 
11 
10 
10 

223 
180 
148 
124 
105 
9 1 
79 
70 
62 
55 
50 
45 
41 
37 
34 
32 
29 
27 
25 
23 
22 
21 
19 
18 
17 
16 
15 
15 
14 
1 :J 
12 
12 
I I 

255 
205 
169 
141 
120 
104 
91 
80 
71 
63 
57 
52 
47 
43 
39 
36 
34 
31 
29 
27 
25 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
14 
13 

287 
231 
190 
159 
136 
117 
102 
90 
80 
7l 
64 
58 
53 
48 
44 
4 1 
37 
35 
32 
30 
28 
27 
25 
23 
22 
21 
20 
19 
u; 
17 
16 
15 
15 

319 
256 
21 1 
177 
151 
I :~ 
113 
100 
88 
79 
71 
64 
59 
53 
49 
45 
42 
39 
36 
34 
31 
30 
28 
26 
24 
23 
22 
21 
20 
19 
18 
17 
l6 

55 

l l51 
925 
76 1 
638 
543 
469 
409 
360 
319 
285 
257 
232 
211 
193 
177 
163 
151 
140 
130 
121 
11 3 
106 
100 
94 
b'9 
84 
79 
75 
71 
68 
64 
61 
59 

3.8 

351 
282 
232 
194 
166 
143 
125 
11 0 
97 
87 
78 
71 
64 
59 
54 
50 
46 
43 
40 
37 
34 
32 
30 
29 
27 
26 
24 
2:~ 

22 
21 
20 
19 
18 

13D-35 

60 

1255 
1009 
831 
696 
593 
5 11 
446 
392 
348 
311 
280 
253 
230 
2 11 
193 
178 
164 
152 
142 
132 
124 
116 
109 
102 
97 
91 
86 
82 
78 
74 
70 
67 
64 

4.1 

383 
308 
253 
212 
181 
156 
136 
119 
106 
95 
85 
77 
70 
64 
59 
54 
50 
46 
43 
40 
38 
35 
33 
31 
30 
28 
26 
25 
24 
23 
21 
20 
20 
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130-36 INSTALLATION OF SPRINKLER SYSTEMS I N ONE- AND TWO-FAMLLY DWELLINGS AND lYlANUFACTURED HOMES 

Chapter 11 System Acceptance 

11.1 General. 

11.1.1 The installer shall perform all required acceptance 
test~ prior to asking for approval of the installation. 

11.1.2 vVhen the authority having jurisdiction is required to 
be present during the acceptance tests, the installer shall coor­
dinate the time and date of testing with the authot-ity having 
jurisdiction and other interested parties. 

11.2 Acceptance Tests. 

11.2.1* H ydrostatic Tests. 

11.2.1.1 \<Vhere a fire department pumper connection is not 
provided, the system shall be hydrostatically tested at normal 
system operating pressure without evidence ofleakage. 

11.2.1.2 Where a fire department pumper connection is provi­
ded, the system shall pass a hydrostatic pressure test performed 
in accordance with NFPA 13. 

11.2.1.3 Evidence of leakage shall b e determined by a drop in 
pressure at a gauge over a period of 2 hours or by visually 
checking the piping system for leakage. 

11.2.1.4 \\'hen systems are being hydrostatically tested, the test 
shall be permitted to b e conducted with sprinklers or plugs 
installed in the fittings. 

11.2.1.4.1 Any plugs used during the hydrostatic testing shall 
be replaced with sprinklers after the test is completed. 

11.2.1.4.2 No additional hydrostatic testing shall be ,-equired 
after the sprinklers are installed. 

11.2.2* Pump Tests. 

11.2.2.1 Prior to system acceptance, a system utilizing a pump 
shall be tested by opening the drain/ test connection. 

11.2.2.1.1* The pump shall sense the flow, turn on, and flow 
water for the required duration of 6.1.2 or 6.1.3 without inter­
ruption. 

11.2.3 System Operational Tests. 

11.2.3.1 Waterflow Devices. \\'here waterflow detection devi­
ces are installed, these devices, includ ing the associated alarm 
circuits, shall be flow tested through the inspector's test 
connection and shall ,-esult in an audible alann on the prem­
ises. 

11.2.3.2 Preaction Systems. The operation of the preaction 
system shall be tested in accordance with the manufacturer's 
instructions. 

11.2.3.3 Dry Pipe and Double-Interlock Preaction Systems. A 
test shall be conducted in accordance with the valve manufac­
turer's instructions to measure the time to trip the valve and 
the time for water to be discharged from the inspector's test 
connection. 

11.2.3.3.1 All times shall be measured from the time the 
inspector's test connection is completely open. 
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Chapter 12 Inspection, Testing, and Maintenance 

12.1 * General. The installer shall provide to the owner/ occu­
pant instructions on inspecting, testing, and maintaining the 
system. 

12.2* Inspections and Tests. The sprinkler system shall be 
inspected and tested periodically to make sure the system is in 
good wOt-king condition . 

12.3 Maintenance. 

12.3.1 The sprinkler system sha ll be properly maintained in 
accordance with this standard and the manufacturers' instruc­
tions. 

12.3.2 Any sprinkler that is operated, damaged, corroded, 
covered with fore ign materia ls, or showing signs of leakage 
s hall be replaced with a new listed sprinkler having the same 
performance characteristics as the original equipme nt. 

12.3.2.1* Where replacing t·esidential sprinklers manufac­
tured prior to 2003 that are no longer available from the manu­
facturer and are installed using a design density less than 
0 .05 gpm/ fi:2 (2.04 mm/ min) , a residential sprinkler with an 
equivalent K"factor (± 5 percent) shall be pet-mitred to be used 
provided the currently listed coverage area for the replacement 
sprinkler is not exceeded. 

12.3.3 Painting Sprinklers. 

12.3.3.1 Sprinklers shall not be painted unless applied by the 
manufacturer. 

12.3.3.2* Any sprinklers that have been painted outside of the 
factory shall be replaced with a new listed sprinkler. 

12.3.4* Wet Pipe Systems. A wet pipe system shal l be main­
tained above 40°F ( 4 °C), including areas properly insulated to 
maintain 40°F ( 4 oq . 

12.3.5* Antifreeze Systems. 

12.3.5.1 Annual Antifreeze Solution Test and Replacement 
Procedure. 

12.3.5.1.1 Samples of antifreeze solution shall be collected by 
qualified individuals in accordance with 12.3.5.1.1.2 o t-
12.3.5.1.1.3 on an annual basis. 

12.3.5.1.1.1 The system shall be d ra ined to verify the follow­
ing: 

(1) The solution is in compliance wi th 9.2.2.1.1. 
(2) The solution provides the necessary freeze protection. 

12.3.5.1.1.2 Solution samples shall be taken near th e begin­
ning and near the end of the draining process. 

12.3.5.1.1.3* Solution samples shall be taken at the highest 
practical elevation and the lowest practical e levatio n of the 
system. 
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12.3.5.1.2 The two samples collected in accordance with the 
procedures specified in 12.3.5.1.1.2 or 12.3.5.1.1.3 shall be 
tested to verify that the specific gravity of both samples is simi­
lar and that the solution is in compliance with 9.2.2.1 .1. 

12.3.5.1.2.1 The specific gravity of each solution shall be 
checked using a hydrometer with a suitable scale or a refrac­
tometer having a scale calibrated for the antifreeze solution. 

12.3.5.1.3* If concenu·ations of the tw-o samples collected in 
accordance with the procedures in 12.3.5.1.1.2 or 12.3.5.1.1.3 
are similar and in compliance with 9.2.2.1.1, then (a) the solu­
tion drained in accordance with 12.3.5.1.1.1 can be used to 
refill the system, or (b) the existing undrained solution tested 
in accordance with 12.3.5.1.1.3 shall be permitted to continue 
to be used. 

12.3.5.1.3.1 If the tv;o samples are not similar and not in 
compliance with 9.2.2.1.1 , then a solution in compliance with 
9.2.2.1.1 shall be used to refill the system. 

12.3.5.1.4 Tag. 

12.3.5.1.4.1 A tag shall be attached to the riser indicating the 
date the antifreeze solution was tested. 

12.3.5.1.4.2 The tag shall also indicate the type and concenu·a­
tion of antifreeze solution (by volume) with wh ich the system is 
filled, the date the antifreeze \vas replaced (if applicable), the 
name of the contractor that tested and/ or replaced the anti­
freeze solution, the contractor's license number, a statement 
indicating if d1e entire system \vas drained and replaced with 
antifreeze, and a warning to test the concentration of the anti­
fi·eeze solutions at yearly intervals per this standard. 

12.3.6 Inactive Systems. 

12.3.6.1* In a detached dwelling or a manufactmed home, 
the sprinkler system shall be permitted to be put in an inactive 
state for any of the following reasons: 

( 1) After a manufacmred home has been installed and tested 
in the factory and is being prepared for shipment 

(2) \1\Th en a manufactured home is being stored for future 
occupancy 

(3) When ilie detached dwelling is unoccupied dm·ing reno­
vation work 

( 4) \!\Then ilie detached dwelling is unoccupied for an exten-
ded period of time 

12.3.6.2 \!\There a wet pipe system is installed and the piping 
\viii be subject to freezing, the piping and the stored water 
supply shall be drained. 

12.3.6.2.1* Where residential pendent and side\vall sprinklers 
are installed on drops that are 4 in. (100 mm) or less in length, 
ilie drops shall not be t·equired to be drained. 

12.3.6.3 The systems shall be placed back in service prior to 
occupancy. 

12.3.6.4 Pt·ior to the system being restored to set·vice, the 
system shall be filled with water, pressurized to normal system 
pressure, and visually inspected for leaks. 

12.3.6.5 Once the system has been restored to service, it shall 
be inspected and tested in accordance with Section 12.2 . 
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Annex A Explanatory Material 

Annex A is not a pm·t of the 1·equi1·ements of this NFPA document but is 
included f(ff informational purposes only. 17tis annex contains e:>.plan­
atory mate1ial, nwnben!d to correspond with the applicable text pam­
graphs. 

A.l.1 This standard is appropriate for protection against fire 
hazards only in one- and twcrfamily dwellings and manufac­
mred homes. Residential portions of any other type of building 
occupancy or within mixed occupancies should be protected 
\vith sprinklers in accOt·dance with NFPA 13 or NFPA 13R. 
Nonresidential portions of such buildings should be protected 
in accordance wiili NFPA 13 or NFPA 13R as appropriate for 
areas outside ilie dwelling unit. 

The criteria in this standard are based on full-sca le fire tests 
of rooms containing typical furnishings found in residential 
living rooms, kitchens, and bedrooms. The furnishings were 
arranged as typically found in dwelling units in a manner simi­
lar to that shown in Figure A.l.l (a), Figure A.l.l (b), and 
Figme A.l.1 (c) . Sixty full-scale fire tests were conducted in a 
nvo~tory dwelling in Los Angeles, California, and 16 tests were 
conducted in a 14ft (4.2 m) wide mobile home in Charlotte, 
North Camlina. 

Sprinkler systems designed and installed according to this 
standard are expected to prevent fla~hover wid1in the compart­
ment of origin where sprinklers at·e installed in the compart­
ment. A sprinkler system designed and instal led according to 
this standard cannot, however, be expected to completely 
contml a fire involving fuel loads that are significantly highet· 
than average for dwelling units [10 lb/ ft2 

( 49 kg/ m 2
) J and 

where the interior finish exhibits either a high flame spread 
index (gt·eater than 200, cotTesponding to a C lass C) when 
tested in accordance with ASTM E84, Standard Test Method for 
Surface Burning Characteristics of Building Mate1ials, or UL 723, 
Test f01· Surface Burning Chamcteristics of Building MateriaLs, or a 
high heat release (such as a heat release rate exceeding 
800 kW) when tested in accordance \vith NFPA 286. 

(F01· protection of multifamily dwellings, see NFPA 13 or 
NFPA 13R) 

A.I.2 \1\Thile the purpose of this standard is to provide 
improved pt·otection against injury and loss of life, the use of 
these systems has demonsu·ated an abili ty to provide improved 
protection against property damage. Various levels of fire safety 
are available to dwelling occupants to provide life safety and 
property protection. 

This standard recommends, but does not require, sprinkler­
ing of all areas in a dwelling; it permits sprinklet·s to be omitted 
in certain areas. These areas have been proved by NFPA statis­
tics {see TaMe A.1.2(a), Table A.1.2(b), and Table A.1.2(c)] to be 
those where the incidence of life loss from fires in dwellings is 
low. Such an approach provides a reasonable degree of fire 
safety. Greater protection to boili life and property is achieved 
by s prinkle ring all areas. 

Guidance for the installation of smoke detectors and fire 
detection systems is found in NFPA 72. 

A.l-5.1 For additional conversions and information, see ASTM 
SilO, IEEl!./AS1M Sf 10 Ammican National Standm·d f01· Met1ic 
Practice. 

A.I.5.4 A given equivalent value is considered to be approxi­
mate. 
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F IGURE A. l.l (c) Living Room. 

A.3.2.1 Approved. The National Fire Protection Association 
does n ot approve, inspect, or certify an y installations, proce­
dures, equipment, or materials; nor does it approve or evaluate 
testing lab oratories. In determining the acceptability of installa­
tions, procedw-es, equipment, or materials, the authority 
having jurisdiction may base acceptance on compliance with 
NFPA or o ther appropriate standa rds. In the a bsence of su ch 
standards, said authority may require evidence of proper instal­
lation, procedure, or u se. The authority having jurisdiction 
may also refer to the listings or labeling practices of an organi­
zation that is concerned with product evaluations and is thus in 
a position to determine compliance with appropriate standards 
for the current production of listed items. 

A.3.2.2 Authority H aving J urisdiction (AHJ). The phrase 
"authority having jurisdiction," or its acronym AHJ, is used in 
NFPA document~ in a broad manner, since jurisdictions and 
approval agencies vary, as do their responsibilities. vVhere 
public safety is primary, the authority having jurisdiction may 
be a federal, state , local, or other regional department or indi­
vidual such as a fi re chief; fire marshal; chief of a fire preven­
tion bureau, labor department, o r health department; building 
official; electrical inspector; or others having stannory author­
ity. For insurance purposes, an insurance inspection depart­
ment, rating bureau, or other insurance company 
representative may b e the authori ty having jurisdic tion. In 
many circumstances, the propeny ownet- or his or her designa­
ted agent assumes the role of the authority having jurisdiction; 
at government installations, the commanding officer or depart­
mental official may be the authority h aving jurisdiction. 

A.3.2.4 Listed . The means for identifYing listed equipment 
may vaty for each organization concerned with product evalua-
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tion; some organizations do not recognize equipment as listed 
unless it is also labeled. The authority having jurisdiction 
should utilize the system employed by the listing organization 
to identify a listed product. 

A.3.3.2 Bathroom. A room is still considet·ed a bathroom if it 
contains just a toilet. Additionally, tw·o bathrooms that are adjac 
cent to each other are considered separate rooms o r compart­
ments. 

A.3.3.7 Manufactured Home. Manufactured homes were 
formerly referred to as "mobile homes" or "trailer coaches." 

A.3.3.8 Premixed Antifreeze Solution. Where a tank is used as 
the water supply for the sprinkler syste m, the tank is not 
permitted to be filled with antifreeze. 

A.3.3.11 Shadow Area. Water is not required to fall on every 
square inc h of floor space of the occupancy. This definition 
establishes a term that will be used to address the rules for 
acceptable dry spaces that occur when walls interfere with the 
sprinkler's spray pattern. Angled walls, wing wa lls, and slightly 
indented walls can disrupt water discharging from a sprinkle r, 
which does not n-avel only in a n absolute straight line, as if it 
were beams of light. \1\There small (typically triangular) shad­
owed areas are formed on the floor adjacent to the wall, these 
shadowed areas are purely on paper and d o not take into 
accow1t the dynamic varia bles of sprinkler discharge. In order 
to be acceptable, the shadow area needs to be within the cover­
age area of a sprinklet-, mea ning that watet- would discharge to 
the space directly if the so·uctura l or architecmral feature was 
not there. The purpose of the shadow area is not to replace any 
existing obstruction requirements. Instead the shadow area 
concept has been added to the standard to provide clarity to 
specific situations in which walls form non-rectangular-shaped 
rooms as shown in Figut-e A.3.3.11 . 

A.3.3.13.3 Multipurpose P iping Sprinkler System. Examples 
of multipurpose piping systems are sh own in Figure 
A.3.3.13.3(a), Figure A.3.3.13.3(b ), and Figure A.3.3.13.3(c) . 

A.3.3.13.4 Network Sprinkler System. A network system is a 
type of multipurpose syste m that often uses ~ in. (15 mm) 
piping to serve botl1 dom estic and fire protection needs, 
providing an equivalent level of suppression capability as larger 
piping systems. To accomplish this protection, each sprinkler is 
supplied by water flowing to it from at least three separate 
paths. An example of a net\vork system is sh own in Figure 
A.3.3. 13.3( c) . 

A.3.3.13.5 Passive P urge Sprinkler System. The domestic 
plumbing fixntre should be on a remote portion of the syste m 
or the system should be designed as a loop so that water moves 
through a maj ority of the system when the fixn1re is used. This 
type of system is also called a "flow through system" in much of 
North Am erica. 

A.3.3.13.9 Stand-Alone Sprinkler System. Undergrow1d 
piping is permitted to serve domestic use as well as sprinkler 
system use, but once the split is made between system~, the 
piping serving fire sprinklers on ly se rves the fire sprinklers. 

A.3.3.15.2 Control Valve. System control valves should be of 
the indicating type, such as plug valves, ball valves, butterfly 
valves, or OS&Y gate valves. 
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Table A.l.2(a) Reported One- or Two-Family Home Structure Fires by Area of Origin: 2013-
2017 Annual Averages 

Civilian Civilian 
Area of Origin Deaths Percent Fires Percent Injuries Percent 

Living room, family 540 24 10,100 4 760 10 
room, or den 

Bedroom 500 23 18,300 7 1,460 20 
Kitchen or cooking 350 16 82,000 34 2,470 34 

area 
Other known area of 220 10 30,000 12 660 9 

ongm 
Unclassified function 200 9 5,800 2 310 4 

area 
Unclassified 70 3 4,500 2 90 1 

structural area 
Garage or veh icle 60 2 9,000 4 360 5 

storage area* 
Exterio1- balcony or 50 2 6,000 2 160 2 

unenclosed porch 
Unclassified area of 50 2 5,400 2 80 1 

origin 
Substructure area 01- 40 2 4,200 2 120 2 

crawl space 
Laundry room or area 30 1 8,000 3 220 3 
Lavatory or bathroom 30 1 4,800 2 160 2 
Attic or ceiling/ roof 20 1 8,300 3 90 1 

assembly or 
concealed space 

Wall assembly or 20 1 5,200 2 60 1 
concealed space 

Courtyard, patio, 20 1 3,900 2 90 1 
terrace 

Unclassified outside 10 0 10,400 4 60 1 
area 

Exterior wall su rface 10 0 8,400 3 100 1 
Heating equipment 10 1 4,100 2 80 1 

room 
Confined chimn ey or 0 0 16,200 7 20 0 

flue firet 
Total: 2,220 100 244,400 100 7,330 100 

Sottrce: NFIRS .'>.0 and the NFPA fire experience survey (Published report: "Home Strucmre Fires: Supporting 
Tables," 2019, Table lOA). 
Note: Sums might not equal totals due to rounding errors. 
*Does not include fires with property use coded as residential garage. 
tNFlRS 5.0 does not have a separate area of origin code for tires starting in chimneys. Any home lire with 
NFIRS incident type 114- "Chimney of fire originating in and confined LOa chimney or flue" is captured 
here. 

A.4.4 A scaled drawing where required should show the 
following: 

(l) Address (if known) 
(2) Size and type of domestic line, including length to city 

connection 
(3) Water meter size 
( 4) Cunent static water pressure 
( 5) Interior walls 
(6) Model, manufacturer, temperature, orifice size, and 

spacing requirements of sprinklers 
(7) Type of pipe 
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(8) Hanger spacing requirement per the pipe manufacturer 
(9) Riser detail 

(10) Installing contractor information 
(11 ) Preliminary h ydrauli c calcula tions 

A.5.1.1 Where fused sprinklers are replaced by the owner, fi re 
department, or others, care should be taken to ensure that d1e 
replacement sprinkler has th e same operating characteristics. 

A.5.1.1.1 Where the spl-inkler being removed from the system 
remains attached to the origina l fitti ng or welded oude t, the 
sprinkler should be permitted to be reinstalled provided care 
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Table A.l.2(b) Reported One- or Two-Family H ome Structure Fires by Heat Source: 2013-
2017 Annual Averages 

Civilian Civilian 
Heat Source Deaths Percent Fires Percent Injuries Percent 

Smoking materials 430 20 10,800 4 690 9 
Radiated or 350 16 39,400 16 1,570 21 

conducted heat 
from operating 
equipment 

Arcing 300 14 28,300 12 690 9 
Uncla~sified heat 210 9 35,200 14 1,100 15 

and powered 
equipment 

Unclassified heat 170 8 19,900 8 400 5 
source 

Lighter 140 6 8,000 3 480 6 
Other known heat 140 6 15,400 6 380 5 

sow-ce 
Uncla~sified hot 110 5 16,900 7 330 5 

or smoldering 
object 

Spark, ember, or 90 4 15,100 6 450 6 
Aame from 
operating 
equipment 

Hot ember or ash 80 4 20,500 8 300 4 
Heat fi-om direct 60 3 10,700 4 240 3 

Aame or 
convection 
CWTents 

Candle 60 3 6,000 2 480 7 
Match 50 2 5,800 2 100 1 
Unclassified heat 20 1 4,100 2 50 

spread from 
Radiated heat 10 0 5 2 40 

from another 
fire 

Lightning 10 0 3,800 2 30 0 
Total: 2,220 100 2,444,000 100 7,330 100 
Source: NFIRS 5.0 and the NFPA fire experience survey (Published report: "Home Structure Fires: Supporting 
Tables," 2019, Table SA). 
Note: Sums might not equal totals due to rounding errors. 

has been taken to ensure the sprinkler has not been damaged . 
Flexible hose connections are considered a fit ting. 

A.5.2.2 For reference, the information in Table A.5.2.2(a) 
through Table A.5.2.2(d) is provided to a~sist in the detennina­
tion of acceptable watet- availability. 

A.5.2.2.2 In most installations, pressure increases due to 
temperature Auctuations or pressure surges do not cause the 
system pressw-e to exceed the pressw-e rating of the pipe. In 
situations where the system pressure has the potential to 
exceed the pipe pressure rating, installation of a relief valve 
should be considered. '"' here a relief valve is installed, consid­
eration should be given to making sure that an adequate drain 
is available to handle the anticipated discharge. 

A.5.2.3.2 Not all pipe or ntbe made to ASTM F442, StandanJ, 
Specification for Chlminated Poly (Vinyl Chlmid£) (CPVC) Plastic Pipe 
(SDR- PR), as described in 5.2.3.2 is listed for fire sprinkler serv­
ice. Listed pipe is identified by the logo of the listing agency. 

All nonmetallic pipe and fitt ing materials can be damaged 
by contact with chemicals found in some consu-uc tion prod­
u cts, su ch as thread sealants, leak detectors, firestops, insula­
tion, spt-ay foams, cutting oils, tet-miticides, insecticides, 
antifreeze, coupling lubes, communication cables, wires, Aux, 
soldet~ mastic, PVC-coated Aoor clamps, pipe tapes, grease and 
cooking oils, rubber and p lasticizet-s, an timicmbia l coatings, 
and so forth . The chemical compatibility of such products with 
the particular pipe or fitting material must be verified prior to 
use. Othenvise, contact between the consu-uction product and 
the pipe or fitting must be avoided. 
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Table A.l.2(c) Reported One- or Two-Family Home Structure Fires by Item First Ignited: 2013-
2017 Annual Averages 

Civilian Civilian 
Item First Ignited Deaths Percent Fires Percent Injuries Percent 

Upholstered 370 17 4,000 2 430 6 
furniture 

Other known item 280 12 36,900 15 940 13 
first ignited 

Mattress or 240 11 6,400 3 670 9 
bedding 

Flammable or 190 8 11,300 5 750 10 
combustible 
Jjquid or gases, 
piping or- filter 

Multiple items first 150 7 5,400 2 250 3 
ignited 

Unclassified 140 6 4,000 2 200 3 
furniture, 
utensils 

Sn-uctural 120 5 16,400 7 260 4 
member or 
ft-aming 

Clothing 120 6 5,100 2 310 4 
Cooking materials, 120 5 53,600 22 1,720 23 

including food 
Electrical wire or 110 5 15,100 6 320 4 

cable insulati on 
Unclassified item 100 5 15,200 6 270 4 

first ignited 
ln terior wall 90 4 5,500 2 160 2 

covering, 
excluding drapes 

Unclassified 70 3 7,100 3 120 2 
stnlCtural 
component or 
finish 

Exterior wall 30 12,600 5 180 2 
covering or 
finish 

Appliance housing 30 1 10,400 4 200 3 
or casing 

Cabinetry 30 3,900 2 170 2 
Rubbish, trash, or 20 9,500 4 150 2 

waste 
Unclassified 10 0 8,400 3 50 1 

organic materials 
H o usehold utensils 10 0 4,900 2 100 1 
Insulation within 10 0 4,800 2 40 1 

structu ral area 
Light vege tation, lO 0 4,200 2 30 0 

including gra~s 
Total: 2,220 100 244,400 100 7,330 100 
Source: N Fl RS 5.0 and the NFPA fire experience survey (Pu blished report: "Home Structure Fires: Supporting 
Tables," 2019, Table llA). 
Note: Sums might not equal totals due to rounding errors. 
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FIGURE A.3.3.13.3(a) Multipurpose Piping System (Tree 
System) -Example 1. 
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FIGURE A3.3.13.3(c) Multipurpose Piping System­
Example 3 (Network System). 

Table A5.2.2(a) SDR 13.5 IPS Pipe (CPVC) 

Nominal Pipe Average Outside Average Inside 
Size Diameter Diameter 

in. mm in. mm in. mm 

~ 20 1.05 26.7 0.87 22.1 
1 25 1.32 33.5 1.10 27.9 

1 Y, 32 1.66 42.2 1.39 35.3 
1\.-2 40 1.90 48.3 1.60 40.6 
2 50 2.38 60.5 2.00 50.8 

2\.-2 65 2.88 73.2 2.42 61.5 
3 80 3.50 88.9 2.95 74.9 

A5.2.9.2 Compatible thread sealant or Te fl on tape can be 
used in a CPVC sprinkler head adapter. The combination of 
the two cannot be used together. The manufacturer of the 
sprinkler head adapter installation instructions must be 
followed for each sprinkler head adapter used. Not all fittings 
made to ASTM F437, Standard Specification for Threaded Chlmina­
ted Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80; 
ASTM F438, Standanl Specification for Socket-Type Chlarinated 
Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 40; and 
ASTM F439, Standard Specificatian fo?· Chlminated Poly (Vinyl 
Chlmide) (CPVC) Plastic Pipe Fittings, Schedule 80, as described in 
5 .2.9.2 are listed for fire sprinkler service. Listed fittings are 
identified by the logo of the listing agency. 

A5.3 It is not the intent of this standard to require the use of 
NFPA 24 for any supply piping. 
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Table A.5.2.2(b) SDR 9 CTS Pipe (PEX) 

Nominal Diameter Oulside Diameter Wall Inside Diameter 

in. mm in.* mm in.t mm in. mm 

o/s 9 0.50 12.7 O.o7 1.8 0.36 9.1 

12 15 0.63 15.9 0.07 1.8 0.49 12.3 

% 20 0.88 22.2 0.10 2.5 0.68 17.2 

l 25 1.30 32.5 0.1 3 3.2 0.88 22.2 

1Y, 32 1.38 34.5 0.15 3.9 1.07 27.2 

1 ~ 40 1.63 41.2 0.18 4.6 1.26 32.1 

2 50 2.1 3 54.0 0.24 6.0 1.65 42.0 

*Average dimensions from ASTM F876, Slandard Specificrtlionfor CrosslinkedPol)>ellt)•U!ne (PEX) Tttbing. 
t Minimum wall thickness from AST M F876. 

Table A.5.2.2(c) Steel Pipe Dimensions 

Schedule 5 Schedule 10* Schedule 30 Schedule 40 

Nominal Pipe Outside Inside Wall Inside Wall Inside Wall Inside Wall 
Size Diameter Diameter Thickness Diameter Thickness Diameter Thickness Diameter Thickness 

in. mm in. mm in. mm in. mm in. mm in. mm in. mm in. mm in. mm in. mm 

Y2t 15 0.84 21.3 - - - - 0.67 17.0 0.08 2.1 - - - - 0.62 15.8 0.11 2.77 
%t 20 1.0.5 26.7 - - - - 0.88 22.4 0.08 2.1 - - - - 0.82 21.0 0.11 2.87 

I 25 1.32 33.4 1.19 30.1 0.()7 1.7 1.10 27.9 0.11 2.8 - - - - 1.05 26.6 0.13 3.37 
1'1. 32 1.66 42.2 1.53 38.9 0.()7 1.7 1.44 36.6 0.11 2.8 - - - - 1.38 35.1 0.14 3.56 
1Y2 40 1.90 48.3 1.77 45.0 0.()7 1.7 1.68 42.7 0.11 2.8 - - - - 1.61 40.9 0.15 3.68 

2 50 2.38 60.3 2.25 57.0 O.o7 1.7 2.16 54.8 0.11 2.8 - - - - 2.07 52.5 0.15 3.91 
2Yz 65 2.88 73.0 2.71 68.8 0.08 2.1 2.64 66.9 0.12 3.0 - - - - 2.47 62.7 0.20 5.16 

3 80 3.50 88.9 3.33 84.7 0.08 2.1 3.26 82.8 0.12 3.0 - - - - 3.07 77.9 0.22 5.49 

* Schedule 10 defi ned to 5 m. (127 mm) nom mal p•pe s•ze by ASTM A135 / A 135M, Slandard Sjiecijicallon for Ewclnc-Reszslance-Welded Steel Ptf!e. 
t TI1ese values applicable when used in conjunction wiLh 8.15.19.3 and 8.15.19.4 of NFPA 13. 
[l3:Table A.6.3.2] 

Table A.5.2.2(d) Copper Thbe Dimensions 

TypeK Type L Type M 

Nominal Tube Outside Wall 
Size Diameter Inside Diameter Wall Thickness Inside Diameter Wall Thickness Inside Diameter Thickness 

in. mm in. mm in. mm in. mm in. mm in. mm in. mm in. mm 

Y. 20 0.88 22.2 0.75 18.9 O.o7 1.7 0.79 19.9 0.05 l.l 0.81 20.6 0.03 0.8 
I 25 1.13 28.6 1.00 25.3 0.()7 1.7 1.03 26.0 0.05 1.3 1.06 26.8 0.04 0.9 

1'1. 32 1.38 34.9 1.25 31.6 0.()7 1.7 1.27 32.1 0.06 1.4 1.29 32.8 0.04 l.l 
1'1, 40 1.63 41.3 1.48 37.6 0.()7 1.8 1.51 38.2 0.06 1.5 1.53 38.8 0.05 1.2 

2 50 2.13 .54.0 1.96 49.8 0.08 2.1 1.99 50.4 0.07 1.8 2.01 51.0 0.06 1.5 
2'1, 6!) 2.63 66.7 2.44 61.8 0.10 2.4 2.47 62.6 0.08 2.0 2.50 63.4 0.07 1.7 

3 80 3.13 79.4 2.91 73.8 0.11 2.8 2.95 74.8 0.09 2.3 2.98 75.7 0.()7 1.8 

[13:Table A.6.3.5] 
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ANNEX A 

A.6.2 The connection to city mains for fire protection is often 
subject to local regulation of metering and backflow preven­
tion requirements. Preferred and acceptable \vater supply 
arrangement~ are shown in Figure A.6.2(a) through Figure 
A.6.2(e) . Where it is necessary to use a meter between the city 
\vater main and the sprinkler system supply, an acceptable 
arrangement as shown in Figure A.6.2(c) and Figure A.6.2(d) 
can be used. Under these circumstances, the flow characteris­
tics of the meter are to be included in the hydraulic calculation 
of the system {see Table 10.4.4(a)}. Where a tank is used for both 
domestic and fire pt·otection pm-poses, a low water alarm that 
actuates when the water leve l falls below 110 percent of the 
mi ni.m urn quantity specified in 6 .1.2 should be provided. 

The effect of pressure-reducing valves on the system should 
be considered in the hydraulic calculation procedures. 

Figure A.6.2(a), Figure A.6.2(c), or Figure A.6.2(d) are 
acceptable methods for getting the watet- supply into the unit 
for a stand-alone sprinkler system (one that does not also 
provide direct connections to the cold \vater fixntres) because 
the common supply pipe fot- the domestic system and the sprin­
kler system between the \vater supply and the dwelling unit has 
a single control valve that shuts the sprinkler system, which 
helps to ensure that people who have running water to their 
domestic fixmres a lso have fire protection. This serves as a 
form of supervision for the control valve and can be used to 
make sure that the valve stays open in place of other, more 
expensive options such as tamper switches with a monitoring 
service. 

Some \vatet- utilities choose to install separate taps and 
supply pipes from the \vater supply to the dwelling unit for fire 
sprinkler systems as shown in Figure A.6.2(d), due to the pref­
erence to not shut off \vater to piping that includes fire supply 
as well as domestic \vater supply. While these types of arrange­
ments are acceptable, they might not be cost efficient and 
should be evaluated due to the exu-a cost burden this places on 
the building owner. 

Single services should be acceptable as this standard is a life 
safety standard. This means that the purpose of the standat-d is 
to protect human life and not to necessarily protect property. 
In the event that the domestic water supply is shut off, plumb­
ing code dictates that the home is uninhabitable and thus 
should be vacated. If there are no occupants within the home 
then there are no life safety concerns. 

Additionally, having a sing le service connection provides 
some assurance that the water supply to the sprinkler system is 
operational. 

A.6.2.3 In a simation where a twcrfamily dwelling or town­
house has a common \vater supply, there must be a \vay to 
isolate the sprinkler system in one unit without having to enter 
anothet- unit. '~\There each unit has its own shutoff valve and 
one unit suffers a fire event and cannot be occupied, the 
damaged unit can be isolated and other units can remain occu­
pied because they have functioning sprinklet- systems. 

A.6.2.3.3 Well pumps are an economical \vay to provide a 
\vater s upply source in rural areas without a municipal \vater 
supply. Rather than having a pump and tank assembly as de­
scribed in 6.2.1 and 6.2.2, which typically takes up floor space 
in the dwelling or home and requires a separate ac power 
source among othet- things, the well pump can be upsized to 
accommodate the sprinkler demand at considerably less cost. 
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Curb stop or ~-1-~---t(\--+----+-T 
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meter (lockable) 
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system 

FIGURE A.6.2(a) Minimum Requirements for a Stand-Alone 
System. 

City water main 

-+-,.... __ Corporation stop (if required) 

Curb stop or 
shutoff valve/ 
(lockable) 

Pressure gauge 
(alt. locations if 
required) 

~ 
To automatic 
sprinkler 
system 

To domestic 
system 
~ 

~mestic system 
shutoff 
valve (lockable) 

FIGURE A.6.2(b) Acceptable Arrangement for Stand-Alone 
Piping Systems - Option I. 

A.6.3 Multipurpose piping systems consist of a sing le p tptng 
syste m within a residentia l occupancy that is intended to serve 
both domestic and fire protection needs. Basic forms of this 
system are shown in Figure A.6.3(a), Figure A.6.3(b), Figure 
A.6.3(c), and Figure A.6 .3(d) . A network system, as defined in 
3.3 .13.4, is a type of multipurpose system that utilizes a 
common piping system supplying domestic fixtures and fire 
sprinklers where each sprinkler is supplied by a minimum of 
three separate paths. In dwellings where long-term use of lawn 
sprinklers is common, provision should be made for such 
usage. 

A.7.2.1 In the case of a multipurpose system, a plumbing 
fixmre on the system side of the main conu-ol valve can meet 
the requirement for a drain . 

A.7.2.4 These connections should be installed so that the valve 
can be opened fully and for a sufficient time pet-iod to e nsure a 
proper test without causing water damage. The test connection 
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City water main 

Waterflow detector (if required) 

Corporation stop 
(if required) 

Lockable meter 
stop (public) 

(alt. locations if required) 
Pressure gauge / 

Main control 
/ valve (private) 

To automatic 
sprinkler 
system~ 

----±.~--~---< 

Drain and test 
connection 

*Optional valve: See 7.1.2 

\ 
Check valve or, if 
required, cross 
connection control 
device 

To domestic 
system 
~ 

(Domestic 
system 
shutoff 
valve 

FIGURE A.6.2(c) Acceptable Arrangement for Stand-Alone 
Piping System - Option 2. 

Check valve 
or backflow 
prevention 
device 
(if required) 

City water main 

Corporation 
-+--+-~--stop (if required) 

Fire sprinkler 
/shutoff valve 

(supervised or 
lockable)* 

Waterflow detector 
/ (if required) 

Pressure gauge 
(alt. locations if 
required) 

1 To automatic 
T sprinkler system 

"Optional valve: See 7.1 .2 

Water 
meter 

Domestic 
system 
shutoff 
valve 

I To domestic t system 

FIGURE A.6.2(d) Acceptable Arrangement for Stand-Alone 
Piping Systems - Option 3. 

should be designed and sized to verify the sufficiency of the 
water supply and alarm mechanisms. 

A. 7.2.6 \\There the pressure-reducing or pressure-regulating 
valve also serves the domestic water supply, the domestic 
fixtures in the home serve as the connection for which the 
device can be tested, but a gauge is still needed downsu·eam to 
verify valve performance and function. 

A. 7.4.4 The reaction forces caused by the flow of water 
through the sprinkler could result in displacement of the sprin­
kler, thereby adversely affecting sprinkler discharge. 

A. 7.4.5 Wood attached m fastened to the stmcture used as 
part of a trapeze hanger is considered an extension of the 
su·ucture and is considered acceptable to hang sprinkler 
piping. 
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A.7.5.5 Corrosion-resistant sprinkle rs sh ould be considered 
fix use in steam rooms. 

A.7.5.6.3 Care should be taken in positio ning sprinkle rs in 
bathrooms near exhaust fan unit~. Some exhaust fan units have 
heaters built in to warm up the bathroom, and these units have 
the potential to activate sprinklers. Combination exhaust fan 
and heater units should be treated as wall-mounted diflusers 
for the purposes of using Table 7.5.6.3. 

A.7.5.6.3(3) See Figure A.7.5.6.3(3) (a), Figure A.7.5.6.3(3) 
(b), Figure A.7.5.6.3(3) (c), and Figure A.7.5 .6.3(3) (d) . 

A.7.5.7 Decot·ative painting of a residential sprinklet· is not to 
be confused with the temperature identification colors as speci­
fied in 6.2.5 ofNFPA 13. 

A.7.6 The waterflow detection device and the aud ible alarm 
device do not have to be listed. The local waterflow a larm is 
intended to be a single alarm audible from the outside of the 
building. It can be mounted on the outside of the home or 
within the building close to the outside . This should not limi t 
its use to prevent interior or remote notification . Interconnec­
tion with a smoke alarm or remote m onitoring might im prove 
notification, but is considered too costly to mandate for every 
system installed in accordance with this standard. I t is not the 
intent of this standard to require central station m onitot·ing ot· 
a fire a larm system. 

An exterior alarm can be of benefit in areas whe re a neigh­
bor could alert the fire department or to enhance the a bility 
for an assisted rescue by a passerby. 

A waterflow test is normally conducted using the system 
drain. Figure A.6.2(a), Figure A.6.2(b), and Figure A.6.2(c) 
show examples of this arrangement. 

A.8.1.3.1.2 See A.10.2.4. 

For situations not meeting the conditions of 8.1.3.1.1 , sprin­
kler coverage should be determined in consultatio n with the 
manufacturer and the authority having jurisdiction as appropri­
ate fot· the conditions. 

A.8.2.1.2 Concealed sprinklers sh ould not be considered 
flush-type sprinklers. 

A.8.2.5 T he objective is to position s prinklers so that the 
response time and d ischarge are not unduly affected by 
obsu·uctions such as ceiling slope, beams, light fixtures, or ceil­
ing fans. The mles in this section, wh ile different fi·om tl1e 
obstruction rules of NFPA 13, provide a reasonable leve l of life 
safety wh ile maintaining th e philosophy of keeping this stand­
ard relatively simple to apply and enforce. 

Fire testing has indicated the need to wet walls in the area 
protected by residential sprinklers at a level closer to the ceil­
ing than that accomplished by standard sprin kle r distribution. 
\ \There beams, light fixtures, sloped ceilings, and other obstruc­
tions occur, additional reside ntial sprinklers are necessaty to 
achieve proper response and d istr ibution. In addition, for 
sloped ceilings, higher flow rates could be needed. Guidance 
should be obtained from the manufacturer. 

A series of 33 fu ll-scale tests were conducted in a test room 
with a floor area of 12 ft x 24ft (3.7 m x 7.2 m) to determin e 
the effect of cathedral (sloped) and beamed ce iling construc­
t ion, and combinations of b oth, o n fast-t·esponse residential 
sprinkler performance. The testing was performed using one 
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Feed main to sprinkler systems can be installed 
at the exterior or within the building. 
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FIGURE A.6.2(e) Acceptable Arrangement for Townhouse Stand-Alone Piping Systems. 

pendent-type residential sprinkler model, two ceiling slopes (0 
degrees and 14 degrees), and two beam configurations on a 
single enclosure size . In order to judge the effectiveness of 
sprinklers in conn·oLLing fires, two baseline tests, in which the 
ceiling was smooth and horizontal, were conducted with the 
pendent spt·inklers installed and with a total water supply of 
26 gpm (100 L/min) as required by this standard. The results 
of the baseline tests were compared with test~ in wh ich the ceil­
ing was beamed or sloped, or both, and two pendent sprinklers 
were installed with the same water supply. Under the limited 
conditions used for testing, the comparison indicates that 
sloped or beamed ceilings, or a combination of both, represent 
a serious chal lenge to the fire protection afforded by fast­
response residential sprinklers. However, further tests with 
beamed ceilings indicated that fire control equivalent to that 
obtained in the baseline tests can be obtained where one sprin­
kler is centered in each bay formed by the beams and a total 
water supply of 36 gpm (135 L/ min) is available . Fit·e contwl 
equivalent to that obtained in the baseline tests was o bta ined 
for the smooth, sloped ceiling tests where three sprinklers were 
installed with a total water supply of 54 gpm (205 L/ min). In a 
single smoldering-started fire test, the fire was suppressed. 

Where obsn·uction criteria established by this standard are 
followed, sprinkler spray patterns will not necessarily get water 
to every square foot of space \vithin a room. As such, a sprin­
kler in a room with acceptable obstructions as outlined in this 
standard might not be capable of passing the fire test (specified 
by UL 1626, Residential Sprinklers jm· Fire-Protection Service, and 
other similar laboratory standards) if the fire is started in one 
of these dry areas. This occurrence is not to be in terpreted as a 
failure of the sprinkler. The laboratory fire tests are sufficiently 
challenging to the sprinkler \vithout additional obstructions as 
a safety factot· to account for the variables that acntally occur in 
dwellings, including acceptable obso·uctions to spray patterns. 

The rules on 8.2.5.1 and 8.2.5.2 were developed fi·om a test­
ing set·ies conducted by the National Fire Spt·i.nkler Association 
and The Viking Corporation that included fire modeling, 
sprinkler response tests, sprinkler disn·ibution tests, and fi.JII-
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Water-.... r-. meter 

I 

FIGURE A.6.3(a) Multipurpose Piping System (Tree System) 
-Example I. 

scale fire tests (Valentine and lsman, Interaction of Residential 
Sprinklers, Ceiling Fan5 and Similar Obstmctions) . This test series, 
along \vith additional industry experience, shows that a differ­
ence exists between obstructions that are tight to the ceiling 
and obso·uctions that hang down from the ceiling, allmving 
spray over the top. Residentia l sprinklers require high wall 
wetting, which means that they tend to spray over obsn·uctions 
that hang down from the ceiling. The test series showed that 
the fan blades were not signi.ficant obsnuctions and that as 
long as the sprinkler wa~ far enough from the fan motor hous­
ing (measmed fi·om the center of the housing), the sprinkler 
could conn·ol a fire on the other side of the fan in a small 
room. In larger rooms, the sprinkler will need to be augmented 
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FIGURE A.6.3(b) Multipurpose Piping System (Looped 
System) -Example 2. 

Water 
meter 

FIGURE A.6.3(c) Multipurpose Piping System- Example 3 
(Network System). 

by additional sprinklers on the other side of the fan . The test 
series showed that the fan on low or medium speed did not 
make a significant difference in sprinkler performance. On 
high speed (pushin g air down), the fan did impact spt-inkler 
performance, but fire control was still achieved in small rooms . 
In larger rooms, it is expected that additional sprinklers would 
be installed. The test series also showed that the fan blowing 
down was more significant than the fan pulling air up. 

The rules in 8 .2.5.7 were developed from years of experience 
with obstruction mles and an additional test series conducted 
by the National Fire Sprinkler Association with the help ofTyco 
International (Valentine and Isman, Kitchen Cabinets and Resi­
dential Sprinkle1-s), which included fit-e modeling, distribution 
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FIGURE A.6.3( d) Common Water Supply Connection 
Serving More Than One Dwelling Unit. 
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FIGURE A. 7 .5.6.3(3) (a) Recessed Fireplace- Ordinary 
Temperature Sprinkler Location. 

tests, and full-scale fire tests. The test series sh owed that pen­
dent spt-inklers definitely provide pt-otection for kitch ens, even 
for fires that start under the cabinet~. The information in the 
series was less than definitive for sidewall sprinklers, but distri­
bution data show that sprinklers in the positions in this stand­
ard provide adequate water disu-ibution in front of the cabinets 
and that sidewall sprinklers should be able to control a fire that 
starts undet- the cabinets. vVhen protecting kitchens or similat­
rooms with cabinets, the pendent sprinkler should be the first 
option. If pendent sprinklers cannot be installed, the next best 
option is a sidewall sprinkler on the opposite wall from the 
cabinets, spraying in the d irection of the cabinets. The third 
b est option is the sidewal l sprinkler on the same wall as the 
cabinets on a soffit flush with the face of the cabinet. The last 
option should be putting sprinklers on the wal l back behind 
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FIGURE A.7.5.6.3(3)(b) Recessed Fireplace- Intermediate 
Temperature Sprinkler Location. 
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FIGURE A.7.5.6.3(3)(c) Open Fireplace - Ordinary 
Temperature Sprinkler Location. 

the face of t he cabinet because this location is subject to being 
blocked by items placed on top of the cabinets. It is not the 
intent of the committee to requi1·e sp1·inklers to be installed 
under kitchen cabinets. 

A.8.2.5.7 Corridors being protected with sidewall sprinklers 
frequently have small areas behind the sprinklers called shadow 
areas that are inset for a doorway. Even though these shadow 
areas a re slightly behind the sprinklers, it is not tl1e intent of 
this standard to requir·e additional sp1·inkler protection in these 
doonvays. 

Examples of shadow areas are provided in Figure 
A.8.2.5.7(a) and Figure A.8.2.5.7(b) . The obstruction shown in 
Figure A.8.2.5.7(a) is a vertical obstruction in a room similar to 
a column. Sprinkler response and water d isu·ibution tests have 

/ 
/ 

/ 
/ 

/ 
/ 

~ I ,_ 
I -
I 
I 
I 
I 

Typical l 
sprinkler J 

I 
I 
I / 
1 / 

11---­
/ 

I 
I I 
I I 
I I 
( 
\ .... _____ _ 

---
Note: Sprinklers must ------------
be located outside of ---
shaded area. 

13D-49 

FIGURE A. 7 .5.6.3(3) (d) Open Fireplace -Intermediate 
Temperature Sprinkler Location. 
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FIGURE A.8.2.5.7(a) Example of Shadow Areas (SSU/ SSP). 

been conducted on such obsuuctions and the data shows that 
the size of the obsu·uction as we ll as the size of the compart­
ment are critical variables to sprinkler response. A larger 
shadow area can b e acceptable in a smaller compartm ent. The 
obstruction shown in Figure A.8.2.5.7(b) is a bump out of a 
\valL Sprinkler response and \vater distribution tests have 
sh own that this type of obsu·uction is not a problem. 

A.8.2.6 Dry sprinklers must be of sufficient length to avoid 
freezing of the water-filled pipes due to conduction along the 
barreL The values of exposed barre l length in Table 8 .2.6.1 (a) 
and Table 8 .2.6.1 (b) have been developed using an assumption 
of a properly sealed penetration and an assumed maximum 
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FIGURE A.8.2.5.7(b) Example of Shadow Areas (HSW). 

wind velocity on the exposed sprinkler of 30 mph (48 km/ h). 
Vl'here higher wind velocity is expected, longer exposed barrel 
lengths will help avoid fi·eezing of the wet piping. The total 
length of the barrel of the dry sprinkler must be longer than 
the val ues shown in Table 8 .2.6.1 (a) and Table 8.2.6.1 (b) 
because the length shown in the tables is the minimum length 
of the barrel that needs to be exposed to the warmer ambient 
temperature in the heated space. See Figure A.8.2.6(a) for 
examples of where to measure the exposed barre l length for a 
sidewall sprinkler penen·ating an exterior wall and Figure 
A.8.2.6(b) for an example of where to measure the exposed 
barrel length for a pendent sprinkler penen·ating a ceiling or 
top of an insulated structure. 

A.8.3.4 Although this standard does not require garages to be 
sprinklered, some authorities having jurisdiction take i t upon 
themselves to add this requirement locally. In such circumstan­
ces, residential or quick-response sprinklers with a two­
sprinkler design in the garage with the same piping used in the 
rest of the dwelling can be used. It is recogn ized that residen­
tial sprinklers have not been tested specifically for fires in 
garages, but field experience has shown that the sprinklers 

Wet sprinkler pipe 

EXAMPLE 1 

Face of fitting 

Fitting as allowed by 
sprinkler manufacturer 

Insulated structure 

X~ Minimum exposed barrel length 

X is measured from the face of the sprinkler fitting 
to the inside surface of the exterior wall or insulation­

whichever is closer to the fitting. 

FIGURE A.8.2.6(b) Dry Pendent Sprinkler Through Ceiling 
or Top of Insulated Structure. 

help to alert occupants to the fact that there is a fire, to reduce 
the possibility of fla~hover, and to improve the chances for 
occupant5 to escape. 

Residential sprinklers and quick-response sprinklers at 
0 .05 gpm/ft2 (2.04 L/ min/ m 2

) densities have not been tested 
for use in garages. However, field experience has shown that 
they will activate, sound an a larm, and provide water distribu­
tion that will assist in conn·olling a fire. 

A.8.3.5.1.2 'A'het·e a chimney or flue f t·om fue l-fired equip­
ment passes through a con cealed space, it is not required to 
locate a sprinkler in this concealed space. 

A.8.3.6 An example of such a space is a mudroom typically 
found in colder climates. 

Deflector 
distance 
as listed 

EXAMPLE2 

Rtting as allowed 
by sprinkler 
manufacturer 

X~ Minimum exposed barrel length 

X is measured from the face of the sprinkler fitting 
to the inside surface of the exterior wall or insulation­

whichever is closer to the fitting. 

FIGURE A.8.2.6(a) Dry Sidewall Sprinkler Through Wall. 
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A.8.3.7(3) It is common to have combustible crown molding 
as decot-ation. 

A.9.1.1 In areas subject to freezing, care should be taken in 
unheated attic spaces to cover sprinkler piping completely with 
insulation. Installation should follow the guidelines of the insu­
lation manufacmrer. Figure A.9.l.l (a) through A.9.l.l (f) show 
several methods that can be considered. These are for illustra­
tive purposes only. Consultation with the genet-a! conn-actor 
and/ or owner is recommended to ensure proper methods and 
materials are used to make sure 40°F (4°C) will be maintained. 

The Fire Protection Research Foundation completed a 
research project ("Sprinkler Insulation: A Literature Review," 
July 2011 ) on the use of insulation to protect sprinkler pipe 
from freezing that can be downloaded for free from their 
we bsite. 

A.9.1.2.1(4) '"There listed heat tracing is used on CPVC piping, 
it should be compatible with the CPVC piping. 

Caution: It is important that the 
insulation be installed tight against the 
joists. In unheated areas, any spaces 
or voids between the insulation and the 
joists causes the water in the fire 
sprinkler piping to freeze. 

FIGURE A.9.1.1 (a) Insulation Recommendations­
Arrangement 1. 

Caution: For areas having temperatures 
of o•F (- 18°C) or lower, an additional 
batt of insulation covering the joist and 
the fire sprinkler piping should be used. 
If this is not done, freeze-ups can occur 
in the sprinkler piping. 

FIGURE A.9.l.l(b) Insulation Recommendations­
Arrangement 2. 

FIGURE A.9.1.1(c) 
Arrangement 3. 

13D-51 

Caution: Boring holes in the joist is one 
method of locating the fire sprinkler 
piping in the ceiling. As an alternative, 
when temperatures are expected to be 
o•F (- 1s•q or lower, loose pieces of 
insulation should be stuffed in the bored 
holes around the piping. 

Insulation Recommendations -

Caution: Care should be taken to avoid 
compressing the insulation. This reduces 
its R value. To prevent potential freeze-ups 
of the sprinkler piping, the insulation 
should be installed tight against the joists. 

FIGURE A.9.1.1 (d) Insulation Recommendations­
Arrangement 4. 

A.9.1.2.2 The interna l temperamre and duration of exposure 
that water filled piping could be subjected to, under fi-eezing 
conditions, in an unconditioned space should be carefully 
considered and approved by the AHJ. 

Dependable sources of information on historic temperatures 
include the following: 

(1) National Oceanic and Atmospheric Administration -
National Climatic Data Cen ter 

(2) National Weath er Service 
(3) Plant Hardiness Zone Maps (See https:/ / planthardi­

ness.at-s.usda.gov) 
(4) American Society of Heating, Refrigeratin g and Air­

Condition ing Engineers (ASHRAE) 
(5) Other approved sources 
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Caution: Care should be taken to avoid 
compressing the insulation. This reduces its 
R value. To prevent potential freeze-ups of 
the sprinkler piping , the insulation should 
be installed tight against the joists. 

FIGURE A.9.l.l(e) Insulation Recommendations­
Arrangement 5. 

~Heated space ~ 
FIGURE A.9.1.1 (f) Insulation Recommendations­
Arrangement 6. 

A.9.2 \-\'here protection of pipes from freezing is a concern, 
options other than antifreeze are available. Such alternatives 
include rwming the piping i.n warm spaces, tenting insulation 
over pipe, dry pipe systems, and preaction systems. 

A.9.2.1 Antifreeze solutions can be used for maintaining auto­
matic sprinkler protection in small, unheated areas. Antifi-eeze 
solutions are recommended only for systems not exceeding 
40 gal (150 L) . 

Because of the cost of refilling the system or replenishing 
small leaks, small, dry valves should be used where more than 
40 gal (150 L) are to be supplied. 

Propylene glycol or other suitable material can be used as a 
substitute for pt·iming water to prevent evaporation of the 
priming fluid and thus reduce ice formation \'lithin the system. 
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A.9.2.2 Listed nonmetallic sprinkler pipe and fittings should 
be protected from fi·eezing \'lith an antifi-eeze solution that is 
compatible \'lith the nonmetallic material. Laboratory testing 
shows that glycol-based antifreeze solutions present a chemica l 
environment detrimental to nonmetallic pipe. 

A.9.2.2.2 Examples of specific areas might include piping 
installed in an exterior wall or an unheated concealed space 
above a cathedml ceiling that carmot be protected \'lith insula­
tion or heat tracing. Premixed solutions of glycerine and 
propylene glycol should be used only where other fi-eeze 
protection options are not pt·actical. The specific areas protec­
ted by premixed glycerine and propylene glycol s hall be limited 
to the greatest extent possible. 

Propylene glycol and glycerine antifreeze solutions 
discharged from sprinklers have the potential to ignite under 
certain conditions. Research testing has indicated that several 
variables can influence the potential fot- large-scale ignition of 
the antifreeze solution discharged from a sprinkler. These vari­
ables include, but are not limited to, the concenu·ation of anti­
freeze solution, sprinkler discharge characteristics, the inlet 
pressure at the sprinkler, the location of the fire relative to the 
sprinkler, and the size of the fire at the time of sprinkler 
discharge. Research testing also indicates that pt·opylene glycol 
or glycerine solutions can be used successfully with certain 
other combinations of these same variables. Given the need for 
additional testing to further define acceptable versus unaccept­
able scenarios, the use of propylene glycol and glycerine anti­
freeze solutions should be considered only whe n other 
sprinklet- system design alternatives are not pmctical. If these 
solutions are used, all re levant data and information should be 
carefully reviewed and considered in the sprinkler system. The 
following i.s a l ist of t·esearch reports that have been issued by 
the Fire Protection Research Foundation related to the use of 
antifreeze in sprinkler systems: 

(1) Antifreeze Systems in Home Fim Sp1inkler Systems - Literatum 
Review and Resem·ch Plan 

(2) Antifreeze Systems in Home Fi:re Sprinkle1· Systems - Phase II 
Final Repm·t 

(3) Antifreeze Solutions Supplied through Spray Sptinklers 
lntmim Report 

Table A.9.2.2.2 provides an overview of the testing. 

A.9.2.2.2.1 The documentation should substantiate that the 
pt·oposed use of premixed glycerine and pt·opylene glycol anti­
freeze solutions is consisten t with the FPRF testing for the 
specific installation parameters. 

A.9.2.2.3 The specific gravity for any liquid can be found by 
taking the density of the liquid at a specific temperature and 
dividing it by the density of water at that same temperature. 
The densities of propylene glycol and glycerine can b e found 
for a wide range of temperatures in Figure A.9.2.3.2(a) and 
Figure A.9 .2.3.2 (b) . 

A.9.2.3 Many antifi·eeze solutions are heavier than water. At 
the point of contact (interface), provisions are required by 
9.2.3 to prevent the diffusion of water into unheated areas. 

To avoid leakage, the quality of materials and wot-kmansh ip 
should be superior, the threads should be clean and sharp, and 
the joints should be tight. Only metal-faced valves should be 
used. 
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Table A.9.2.2.2 FPRF Antifreeze Testing Summary 

Topic Information 

Scope of sprinklers tested The following sprinklers were used during the residential sprinkler research program 
described in Antifreeze Systems in H orne Pim Sprinkler Systems- Phase II Final Report: 

(1) Residential pendent style having nominal K-factors of 3.1 , 4.9, and 7.4 gpm/ psi (44, 70, and 
100 L/ min/ bar-J;) 

(2) Residential concealed pendent style having a nominal K-factor of 4.9 gpm/ psi/, (70 L/ min/ 
ba r-1') 

(3) Residential sidewall style having nominal K-factors of 4.2 and 5.5 gpm / psiJ; (60 and 
80 L/ min/ bar-J;) 

The follmving sprinklers were used during the spray sprinkler research program described in 
Antifreeze Solutions Supplied th-rough Spray Sprinklers- Interim &port: 

(1) Residential pendent style having a nominal K-factor of 3.1 gpm/ psi1' ( 44 L/ min / bar-J;) 
(2) Standard spmy pendent style having nominal K-factot-s of 2.8, 4.2, 5.6, and 8.0 gpm/ psi /, 

(40, 60, and 80 L/ min/ bar-4) 
(3) Standard spray concealed pendent style having a nomina l K-factor of 5.6 gpm/ psi1' 

(80 L/ min / bat'-" ) 
( 4) Standard spray upr ight style having a nominal K-factor of 5.6 gpm / psiJ; (80 L/ min/ ba t'-';,) 
(5) Standard spray extended coverage pendent style having a nominal K-factor of 5.6 gpm/ psi/, 

(80 L/ min / bar-;,) 

Antifreeze solution concentration <50% glycerine and <40% propylene glycol antifreeze solutions: Solutions were not tested. 

Sprinkler inlet pressure 

Ceiling height 

Fire control 

50% glycerine and 40% propylene glycol antifreeze solutions: Large-scale ign ition of the 
spri nk ler spray did not occur in tests with sprin kler discharge onto a fire having a no minal 
heat release rate (HRR) of 1.4 MW. Lat-ge-scale ignition of t he spdnklet- spt-ay occmTed in 
multiple tests with sprinkler discharge onto a fire having a nominal HRR of 3.0 MvV. 

55% glycerine and 45% propylene glycol antifreeze solutions: La rge-scale ignition of the 
sprinkler spray occurred in tests with sprinkler discharge onto a fire having a n ominal HRR 
ofl .4MvV. 

>55% glycerine and >45% propylene glycol antifreeze solutions: Large-scale ignition of the 
sprinkler spray occurred in tests with sprinkler discharge onto a fire having an HRR <500 kW. 

70% glycerine and 60% propylene glycol antifreeze solutions: Maximum antifreeze solution 
concentrations were tested. 

Large-scale ignition of the sprinkler discharge spray was not observed when the sprinkler inlet 
pressure was s50 psi (3.4 bar) for tests using 50% glycerine 01- 40% propylene glycol. 

When 50% glycerine and 40% propylene glycol antifreeze solutio ns were discharged on to fires 
having an HRR of 1.4 MW, no large-scale ignition of the sprinkler spray was observed with 
ceiling height~ up to 20ft (6.1 m). 

V{hen 50% glycerine and 40% propylene glycol antifreeze solutio ns were discha rged onto fires 
having an HRR of 3.0 MW, large-scale ignition of the sprinkler spray was observed at a ceiling 
height of20 ft (6.1 m) . 

The test results described in Antifreeze Systems in H orne Fire Sprinkler Systems - Phase II Final &port 
and Antifreeze Solulions Supplied thmugh Spn1y Sprinklers - Interim Report indicated that 
discharging glycerine and propylene glycol antifi"eeze solutions onto a fire can temporarily 
increase the fire size until water is discharged. 

As a part of the residential sprinkler research described in Antifi·eeze Systems in Horne Fzre Sprinkler 
Systems- Phase II Final Repo1·t, tests wet-e condu cted to evaluate the effectiveness of residential 
sprinklers to control fires involving furniture and simula ted furniture. The results of th ose 
tests indicated that 50% glycerine and 40% propylene glycol antifreeze solutions 
demonstrated the ability to control the furniture-type fires in a manner similar to water. 

For standard spray-type sprinklers, no tests were conducted to investigate the ability of those 
sprinklers to control the types and sizes of fires they are intended to protect. 
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A.9.2.3.2 One formula for sizing the chamber is as follows, 
although other methods also exist: 

[A.9.2.3.2a] 

M =Sv( DL -1) D,, 

where: 
l1L = change in antifreeze solution volume (gal) due to ther­

mal expansion 
Sv =volume (gal) of antifreeze system, not including the 

expansion chamber 
DL. = density (g/mL) of antifreeze solution at lowest expected 

temperature [see Figure A.9.2.3.2(a) for the density of 
pt·opylene glycol at a variety of temperatures and Figure 
A.9.2.3.2(b) for the density of glycerine at a variety of 
temperatures l 

DH = density (g/ mL) of antifreeze solution at highest expec­
ted temperature [see Figure A.9.2.3.2(a) for the density 
of propylene glycol at a vari ety of temperatures and 
Figure A.9.2.3.2(b) for the density of glycet·ine at a vari­
ety of temperatures l 

This method is based on the fo llowing information: 

[A.9.2.3.2b] 

where: 
Vee = minimum required volume (gal) of expansion chamber 

Vo = air volume (gal) in expansion chamber at precharge 
(before installation) 

v; = air volume (gal) in expansion chamber at normal static 
pressure 

~ = air volume (gal) in expansion chamber at post-expansion 
pt·essure (antifreeze at high temperature) 

P0 = absolute precharge pressure (psia) on expansion cham­
ber before installation 

P1 = absolute static pressure (psi) on water (supply) side of 
backflow preven ter 

P2 = absolute maximum allowable working pressure (psi) for 
antifreeze system 

7~ = temperature ( 0 R) of air in expansion chamber at 
precharge 

7~ = temperature ( 0 R) of air in expansion chamber when anti­
freeze system piping is at lowest expected temperature 

T2 = temperature ( 0 R) of a ir in expansion chamber when anti­
fi-eeze system piping is at highest expected temperanu-e 

This equation is one formulation of the ideal gas law from 
basic chemistry. The amount of a ir in the expansion chamber 
will not change over time. The pressure, temperature, and 
volume of the air at different times will be related in accord­
ance with th is formula: 

[A.9.2.3.2c] 

The antifreeze in the system is essentially incompressible, so 
the a ir volume in the expansion chamber will decrease by an 
amount equal to the expansion of the antifreeze . 
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It is assumed that a ir is not u·apped in the system piping, so 
the only a ir in the system is in t he expansion chambe r. This 
a~sumption is conservative, since more a ir is better. In reality, 
there will be at least some trapped a ir. However, on ly the a ir in 
the expansion chamber can be relied upon to be available 
when needed: 

[A.9.2.3.2d] 

At pre charge, the chamber will be com pletely full of air: 

[A.9.2.3.2e] 

In cases where the nonnal static pressw·e on the sprinkle r 
system is close to the maximum working pressure, antifreeze 
systems are not advisable if the connection to the wet pipe 
system will incorporate a backflow device. I n these cases, 
expansion of the antifreeze solution d uring \varm weath er will 
cause the antifreeze system to exceed the maximum working 
pressure, regardless of the size of the expansion chamber. The 
normal static pressure is too close to the maximum working 
pressure if the preceding formula for VEe yie lds a negative 
result. If this occurs, use a dry pipe system instead or install a 
pressure-reducing valve before the backflow preventer. 

A.9.3.5 '"' ith regard to preaction systems, it is assumed that 
the release system will activate before the sprinklers. It is gener­
ally accepted that smoke detectors and rate-of-rise detectors are 
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FIGURE A.9.2.3.2(a) Densities of Aqueous Propylene Glycol 
Solutions (Percent by Weight). 
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FIGURE A.9.2.3.2(b) Densities of Aqueous Glycerine Solutions (Percent by Weight). 

more sensitive than sprinklers and that fixed-temperature­
release devices with RTis lower than that of sprinklers will react 
fastet- than spl"inklers at similar spacings and locations. 

A.IO.l.l The minimum pressure and flow requirements need 
to be satisfied while also meeting the requirements of the 
formula q = K(p)0·5. If a sprinkler with a K-tactor of 4.3 is listed 
to covet- an area of 18ft x 18ft. (5.5 m x 5.5 m) at 16.2 gpm 
(61 L/ min), the minimum pressure is required to be 14.2 psi 
(0 .1 bar) so that the flow is achieved. Likewise, if a sprinkler 
with a K-factor of 5.6 is covering an area 12 ft x 12 ft (3.7 m x 
3.7 m), the minimum flow is required to be 14.8 gpm (56 L/ 
min) [the flow at 7 psi (0.5 bar)] even though a flow of 
7.2 gpm (27 L/ min) will satisfy the density criteria . 

A.l0.2 All residential sprinklers have been investigated under 
a flat, smooth, 8 ft (2.4 m) high horizontal ceiling. Some resi­
dential sprinklers have been investigated and listed for use 
under specific ceiling configurations such as a horizontal 
beamed ceiling. The performance of residential sprinklers 
under flat, smooth, horizontal ceilings has been we ll documen­
ted throughout the life of d1is standard. Prior to 2010, several 
manufacturers of residential sprinklers had performed testing 
and received listings for residential sprinklers under certain 
slopes and in certain beam conditions. In 2010, the Fire Protec­
tion Research Foundation (FPRF) conducted a research 
project consisting of 76 FDS simulations and 12 full-scale fi.t-e 
tests. The results have been used to develop system design crite­
ria in a generic manner to simplify the use of residential sprin­
klers. Some residential sprinkler listings still exist for situations 
beyond the scope of the generic design . See the FPRF report, 
"Analysis of the Performance of Residential Sprinkler Systems 

with Sloped or Sloped and Beamed Ceili ngs," dated july 2010, 
for more information. 

Questions are frequently asked regarding the minimum tw-o 
sprinkler design when certain sprinkler performance statistics 
have indicated that in a majority of the cases (wim residential 
sprinklers) the fire is controlled or suppressed witl1 a single 
sprinkler. \1\Th ile these statistics might or might not be accurate, 
the water supplies for the fire sprinkler systems under wh ich 
these statistics were generated were designed for two or more 
sprinklers in the first place. \1\Then the fires occurred, the first 
sprinkler operated in excess of its individual design flow and 
pressure because tl1e spt-inkler system's water supply was strong 
enough to handle multiple sprinklers and only a single sprin­
kler opened. At these higher flows and pressures, the d ischarge 
from a single sprinkler \vas sufficient to limit or suppt-ess me 
heat generated from the fi re . This concept is called "hydrauJic 
increase." H ydraulic increase can also occur when a water 
supply's capabilities during the fire event exceeded that 
required by the minimum design requirements of the standard. 
Since none of d1e data used to generate the previously 
mentioned statistics captured me capabilities of the water 
supply in relation to the design requirements, the impact of the 
hydraulic increase on the number of single sprinkler activa­
tions cannot be determined. 

But if the minimum water supply requirement of the stan­
dard is reduced to only be capable of handling a single sprin­
kler, then there could be no hydraulic increase safety factor. 
\!\Then the first sprinkler opens, it will only get the flow and 
pressure that were originally designed for it, and the potential 
is significant for that to be insufficient to control the fire, given 
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any obstructions and the layout of the space where the fire 
starts. 

The National Institute for Standards and Technology 
(NIST), under a grant from the United States Fire Administra­
tion, studied this concept several years ago in the hopes of 
being able to propose a single-sprinkler flow for the 2007 
edition of this standard (see NIST Report NIST GCR 05-875 
prepared by Undenvriters Laboratories with a publication date 
of February 2004). Unfortunately, the research did not support 
the design of a sprinkler system with only the flow for a single 
sprinkler, even under conditions of small rooms with flat, 
smooth ceilings . Without the hydraulic increase associated with 
the two-sprinkler design, the fire scenarios were too many 
where the first spt·inkler to open would have insufficient flow to 
control the fire and then multiple sprinklers would open, caus­
ing the room to reach untenable conditions and the water 
supply to be ovet-run. These same fire scenarios were easily 
controlled by a sprinkler system designed for a two-sprinkler 
water supply from the start. 

In addition to the NIST tests, the National Fit·e Spt·inkler 
Association conducted a series of full-scale fire tests in simula­
ted bedrooms that were 14 ft x 14ft (4.2 m x 4.2 m) with an 
adjoining hallway, each with flat, smooth, 8ft (2 .4 m) high cei l­
ings. The tests were performed to determine better rules for 
keeping sprinklers clear of obstructions like ceiling fans, but 
baseline tests were also perfonned without any obstructions at 
the ceiling. In nine out of the twelve tests, including the two 
baseline tests without obstructions at the ceiling, a sprinkler in 
the hall outside the room of fire origin opened first, followed 
by the sprinkler in the room of origin . Even though the room 
of origin met all of the rules of this standard as a compartment, 
a sprinkler outside of this room was opening first . All of these 
fires were controlled by the sprinklers, but if the water supply 
had only been sufficient for a single sprinkler, the sprinklers 
might not have been able to provide fit·e control. 

For examples of selecting a compartment for consideration, 
see Figure A.10.2(a), Figure A.10.2(b), and Figure A.10.2(c), 
which show examples of design configurations for compart­
ments based on the presence of lintels to stop the flow of heat. 
In all three figures, the area under consideration for determin­
ing the number of design sprinklers is the living room. In 
Figure A.l 0.2 (a), the living room is considered a compartment 
since the opening to the hall has an 8 in. (200 mm) lintel, the 
opening to the dining room has an 8 in. (200 mm) lintel, and 
aU openings on that wall are limited to 8 ft (2.4 m). In Figure 
A.10.2(b), the living room and dining room are considered 
one compartment due to the lack of a linte l between the two 
spaces. The hall is a separate compartment since there is still 
an 8 in. (200 mm) lintel between the living room and hall. In 
Figure A.1 0.2(c), the living room, dining room, and ha ll are 
considered one compartment since there are no Lintels separat­
ing those spaces. 

A-10.2.4 A number of variables exist that would influence the 
number of sprinklers that might open during a fire. In many of 
the fire tests that led to the development of the residential 
spl"i.nkler, and in many of the subsequent tests, including the 
testing conducted as a part of the previously referenced FPRF 
sloped ceiling research project, more than two sprinklers have 
opened during cet·tain fire tests, but the water supply, sized for 
only two sprinklers, was still capable of controlling the fire for 
10 minutes and meeting the goals of this standard. While there 
is no guarantee that more than two sprinklers would always 
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Maximum 
8ft (2.4 m) 
openings in 
a single 
wall 

Design 
demand 
area 
(compartment) 

-~ 
' ' 

' ' ,_, 

Hall 

FIGURE A. I 0.2(a) Sprinkler Design Areas for Typical 
Residential Occupancy- With Lintel Between Adjoining 
Spaces: Dining Room and Hall. 

Design 
demand 
area 
(compartment) 

Kitchen 

' .. _,' 

Hall 

Minimum 8 in. 
(200 mm) lintel 

FIGURE A.l0.2(b) Sprinkler Design Areas for Typical 
Residential Occupancy- Without Lintel Between Dining 
Room, With Lintel Between Hall. 

Design 
demand 
area 
(compartment) 

-~ ' ' 

Kitchen 

FIGURE A.10.2(c) Sprinkler Design Areas for Typical 
Residential Occupancy-Without Lintel Between Adjoining 
Spaces: Dining Room and Hall. 

open, it is believed that the two-sprinkler design criterion is 
appropriate for ce iling consu·ucti.ons and room configurations 
that are within the limitations referenced 10.2.1 and 10.2.3. 

For the ceiling constructions and room configurations that 
are beyond the scope of the two-sprinkler discharge criterion 
referenced in 10.2.1 and 10.2.3 , a greater number of design 
sprinklers and/ or higher discharge flows should be conside red 
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in the system design . As of this date, there is limited fire test 
data available to include specific design critet·ia in this stan­
dard. In these situations, sprinklers can be installed in a 
manner acceptable to the authority having jurisdiction to 
achieve the results specified in this standard. I n making these 
determinations, consideration should be given to factors influ­
encing sprinkler system performance, such as sprinkler 
response characteristics, impact of obstructions on sprinkler 
discharge, and number of sprinklers anticipated to operate in 
the event of a fire . 

For the situation of flat, smooth, horizontal ceil ings with 
beams at the ceiling, there are a number of variables that could 
cause many sprinklers to open during a fire. Residential sprin­
klers used in accordance with all of the restrictions of their list­
ing can be used to protect this circumstance. 

A.l0.4.2.3 Any special listing of products covered in 10.4.2.3 
should include certification by the manufacturet· of personnel 
involved in the layout, calculation, and installation of their 
product. 

A.l0.4.2.3(1) Where a four-port fitting is used, and one of the 
ports is not being used to satisfy this requirement or to feed a 
domestic fixture, the extra port should be connected to 
anothet· open port at a sprinklet· or should be connected to the 
water supply pipe (manifold) . [See Figm1J A.l0.4.2.3(1).] 

A.l0.4.4 The determination of public water supply pressure 
should take into account the pmbable minimum pressure 
conditions prevailing during such periods as during the night 
or during the summer months when heavy usage can occur. 
The possibility of interruption by floods or ice conditions in 
winter also should be considered. [See Figure A.l 0. 4. 4( a), Figu11J 
A.10.4.4(b), Table A.10.4.4(a), Table A.l0.4.4(b), Table A.10.4.4(c), 
and TableA.10.4.4(d).] 

FIGURE A.l0.4.2.3(1) Water Supply Manifold. 

A.l0.4.4(4) The total length includes equivalent length of 
fittings as determined by applying Table 10.4.4(b), Table 
10.4.4(c), Table 10.4.4(d), or Table 10.4.4(e) . 

A.l0.4.4(6) The flow through \vater meters is not limited by 
Table 10.4.4(a) . The fi-iction losses in this table are not given 
for high flows because they are not standardized by a ll manu­
facturers. Every size meter has a rated flow (up to which fric­
tion losses are generally published by manufacturers). But for 
flows greater than rated flow, many manufacntrers do not 
publish friction loss data. This does not prohibit th e use of 
such meters. It just means that the friction loss must be 
obtained before deciding to use any specifi c meter. 

The purpose of the rated flow of a meter has to do with the 
daily and continuous use of the meter. Higher flows a re permit­
ted for meters over short durations. An NFPA 13D sprinkler 
system is only expected to deliver water for 10 minutes. Flows 
significantly highet· than rated flows can go through water 
meters for 10 minutes, with no adverse effects on the meter. 

To prove that higher flows for short durations are not a 
problem, the Fire Protection Research Foundation (FPRF) 
sponsored testing of many different mode ls of many diH.erent 
flow meters at greater than rated flows for 20 minutes. During 
tl1e tests, friction losses thmugh the meters were obtained. The 
report showed that regular water meters had no problem with 
significantly higher flows tl1an rated flow for the 20-minute 
duration. An example of the data from the experiments is 
shown in Figure A.10.4.4(6), which shows the results from test­
ing four different % in. positive d isplacement meters. The dark 
cut-ve on the graph represents the fi·iction loss infonnation 
from Table 10.4.4(a) of ili is standard. The fu ll report of the 
FPRF can be downloaded from the NFPA website at http:/ I 
ww\v.nfpa.org/ research/ fire-protection-research-foundation/ 
reporrs-and-proceedi ngs/ suppression. 

A.l0.4.9.2(6)(d) The required pressure is provided in the 
sprinkler manufacn1rer's published data for the specific sprin­
kler model based on the se lected flow rate. 

Table A.l0.4.4(a) Pressure Losses in psi/ ft for Schedule 40 Steel Pipe (C = 120) 

Pipe Size Flow Rate (gpm) 

(in.) 10 12 14 16 18 20 25 30 35 40 45 50 

O.Q4 0.05 O.o7 0.09 0.11 0.13 0.20 0.28 0.37 0.47 0.58 0.71 
n~ 0.()1 0.01 0.02 0.02 0.03 0.03 0.05 0.07 0.1 0 0.12 0.15 0.1 9 
1Y, 0.()1 0.01 0.01 0.01 ().()[ 0.02 0.02 0.03 0.0.~ 0.06 0.()7 0.09 
2 0.01 0.01 0.01 0.01 0.02 0.02 0.03 

Pipe Size 
Flow Rate (L/min) 

(mm) 38 45 53 61 68 75 95 115 130 150 170 190 

25 0.0090 0.0113 0.0158 0.0204 0.0249 0.0294 0.0452 0.0633 0.0837 0.1063 0.1312 0.1606 
32 0.0023 0.0023 0.0045 0.0045 0.0068 0.0068 0.(}113 0.0158 0.0226 0.0271 0.0339 0.0430 
40 0.0023 0.0023 0.0023 0.0023 0.0023 0.0045 0.0045 0.0068 0.0113 0.0136 0.0158 0.0204 
50 0.0023 0.0023 0.0023 0.0023 0.0045 0.0045 0.0068 

For Sl units, 1 gal= 3.785 L; 1 psi= 0.0689 bar; 1 in.= 25.4 mm; 1 ft = 0.3048 m. 
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Table A.10.4.4(b) Pressure Losses in psi/ft for Copper Tubing- Types K, L , and M (C = 150) 

Tubing Flow Rate (gpm) 

Size (in.) Type 10 12 14 16 18 20 25 30 35 40 45 50 

% M 0.08 0.12 0.16 0.20 0.25 0.30 0.46 0.64 0.85 
L 0.10 0.14 0.18 0.23 0.29 0.35 0.53 0.75 1.00 
K 0.13 0.18 0.24 0.30 0.38 0.46 0.69 0.97 1.28 

M 0.02 0.03 0.04 0.06 O.D7 0.08 0.13 0.18 0.24 0.30 0.38 0.46 
L 0.03 0.04 0.05 0.06 0.08 0.10 0.15 0.20 0.27 0.35 0.43 0.53 
K 0.03 0.04 0.06 0.07 0.09 0.11 0.17 0.24 0.31 0.40 0.50 0.61 

1Y, M 0.01 0.01 0.02 0.02 0.()3 0.03 0.05 O.D7 0.09 0.11 0.15 0.17 
L 0.01 0.01 0.02 0.02 0.03 0.03 0.05 0.07 0.10 0.12 0.16 0.19 
K 0.01 0.01 0.02 0.02 0.03 0.04 0.06 0.08 0.11 0.13 0.17 0.20 

1\;, M 0.01 0.01 0.01 0.01 0.01 0.02 0.03 O.Q4 0.05 0.06 0.08 
L 0.01 0.01 0.01 0.01 0.01 0.02 O.D3 0.04 0.05 0.07 0.08 
K 0.()1 0.01 0.01 O.oJ 0.02 0.02 0.03 0.05 0.06 O.o7 0.09 

2 M 0.01 0.01 0.01 0.01 0.02 0.02 
L 0.01 0.01 0.01 0.01 0.02 0.02 
K 0.01 O.Dl 0.01 O.Dl 0.02 0.02 

Tubing Flow Rate (L/ min) 
Size 
(mm) Type 38 45 53 61 68 75 95 115 130 150 170 190 

20 M 0.0181 0.0271 0.0362 0.0452 0.0566 0.0679 0.1041 0.1448 0.1923 
20 L 0.0226 0.0317 0.0407 0.0520 0.0656 0.0792 0.1199 0.1697 0.2262 
20 K 0.0294 0.0407 0.0543 0.0679 0.0860 0.1041 0.1561 0.2194 0.2896 

25 M 0.0045 0.0068 0.0090 0.0136 0.0158 0.0181 0.0294 0.0407 0.0543 0.0679 0.0860 0.1041 
25 L 0.0068 0.0090 0.0113 0.0136 0.0181 0.0226 0.0339 0.0452 0.0611 0.0792 0.0973 0.1199 
25 K 0.0068 0.0090 0.0136 O.Ql58 0.0204 0.0249 0.0385 0.0543 0.0701 0.0905 0.1131 0.1380 

32 M 0.0023 0.0023 0.0045 0.0045 0.()068 0.0068 0.0113 0.0158 0.0204 0.0249 0.0339 0.0385 
32 L 0.0023 0.0023 0.0045 0.0045 0.0068 0.0068 0.0113 0.0158 0.0226 0.0271 0.0362 0.0430 
32 K 0.0023 0.0023 0.0045 0.0045 0.0068 0.0090 0.0136 0.0181 0.0249 0.0294 0.0385 0.0452 

40 M 0.0023 0.0023 0.0023 0.0023 0.0023 0.0045 0.0068 0.0090 0.0113 0.0136 0.0181 
40 L 0.0023 0.0023 0.0023 0.0023 0.0023 0.0045 0.0068 0.0090 0.0113 0.0158 0.0181 
40 K 0.0023 0.0023 0.0023 0.0023 0.0045 0.0045 0.0068 0.0113 0.0136 0.0158 0.0204 

50 M 0.0023 0.0023 0.0023 0.0023 0.0045 0.0045 
50 L 0.0023 0.0023 0.0023 0.0023 0.0045 0.0045 
50 K 0.0023 0.0023 0.0023 0.0023 0.0045 0.0045 

For Sl units, I gal = 3.78.~ L; 1 psi= 0.0689 bar; 1 in.= 25.4 mm; 1 ft = 0.3048 m. 

Table A.10.4.4(c) Pressure Losses in psi/ft for CPVC Pipe (C = 150) 

Nominal Actual Flow Rate (gpm) 
Pipe Size Pipe Size 

(in.) (in.) 10 12 14 16 18 20 25 30 35 40 45 50 

% 0.874 0.05 O.D7 0.1 0 0.13 0.16 0.19 0.29 0 .40 0.53 0.68 0.85 1.03 
1 l.l01 0.02 0 .02 0.03 0.04 0 .05 0.06 0.09 0.13 0.17 0.22 0 .28 0.34 

I!;. 1.394 0.01 o.or 0.01 0.01 0 .02 0.()2 0.03 0.04 0.05 O.Q7 0.09 0. 11 
I\;, 1.598 0.01 0.01 0 .01 0.01 0.02 0.02 0.03 0.04 0.04 0.05 
2 2.003 0.01 0 .01 0.01 0.01 0 .01 0.02 

Nominal Actual Flow Rate (L/ min) 
Pipe Pipe 
Size Size 
(mm) (mm) 38 45 53 61 68 75 95 115 130 150 170 190 

20 22.2 0.0 113 0.0 158 0.0226 0.0294 0.0362 0.0430 0.0656 0.0905 0 .11 99 0.1 538 0.1923 0 .2330 
25 28.0 0.0045 0.0045 0.0068 0.0090 O.O II3 0.01 36 0.0204 0.0294 0.0385 0.0498 0.0633 0 .0769 
32 35.4 0.0023 0.0023 0.0023 0.0023 0.0045 0.0045 0.0068 0.0090 0.0113 0.0158 ().()204 ().0249 
40 40.6 0.0023 0.0023 0.0023 0.0023 0.0045 O.Ofl45 O.fl068 0.0090 0.0090 O.!H l3 
50 50.9 0.0023 0.0023 0 .0023 0.0023 0.0023 0 .0045 

Fo r Sl units, I gal = 3.78.5 L; 1 psi = 0.0689 bar; 1 in. = 25.4 m m; 1 ft = 0.3048 m. 
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Table A.l0.4.4(d) Pressure Losses in psi/ft for PEX Pipe (C = 150) 

Nominal Actual 
Pipe Size Pipe Size 

(in.) (in.) 10 12 14 16 

~ 0.68 0.18 0.25 0.33 0.43 
1 0.875 0.05 0.07 0.10 0.12 

1Y. 1.07 0.02 0.03 0.04 0.05 
1!;. 1.263 0.01 0.01 0.02 0.02 
2 1.653 0.01 

Nominal Actual 
Pipe Size Pipe Size 

(mm) (llUll} 38 45 53 61 

20 17.3 0.0407 0.0566 0.0747 0 0973 
25 22.2 0.0113 0.0158 0.0226 0.0271 
32 27.2 0.0045 0.0068 0.0090 0.0113 
40 32.1 0.0023 0.0023 0.0045 0.0045 
50 42.0 0.0023 

A.ll.2.1 Fire department connections are not required for 
systems covered by d<is standard but can be installed at the 
discretion of the owner. In mese cases, hydrostatic tests in 
accordance with NFPA 13 are necessary. 

Dry systems should also be tested with air at the pressure 
value intended to be maintained within the system during serv­
ice. This testing should be conducted in accordance with the 
guidance provided in the manufacturers' instructions for the 
dry system components. Any leak that results in a drop in 
system pressure greater than 1 ~ psi (0.14 bar) in 24 hours 
should be corrected. Leaks should be identified using soapy 
water brushed on each j o int or coupling. The presence of 
bubbles indicates a leak. This test should be made prior to 
concealing the piping. The soap should be compatible with all 
contacted sprinkler system components. 

A.ll.2.2 The flow of water is necessary to make sure that the 
pump does not get damaged during testing. The use of a timer 
to keep the pump running is not recommended because the 
timer will allow the pump to run when no water is flowing. The 
pump needs to run for the entire duration without interrup· 
tion, including not tripping the circuit breaker. 

A.ll.2.2.1.1 There should be no delay in the activation of the 
pump upon flow of water. 

A.l2.1 These instructions should include the following: 

(1) Information r·egarding the necessary system inspection , 
testing, and maintenance as described in this standard 

(2) The manufucntrers ' installation, care, and maintenance 
instructions for me installed sprinkler system components 

(3) Name, address, and phone number of the installing 
contractor of the fire sprinkler system 

(4) Name, address, and phone number of a fire spr·inkler 
system service company if different than the installing 
contractor 

The occupants of a home wim a sprinkler system should 
understand that maintaining a sprinkler system is mosdy about 
common sense. Keeping the control valve open, not hanging 
items from d1e sprinklers, and making sw·e that the spr·inklers 
do not get painted or obstructed are the most important items. 
It is also important to know the function of me main control 
valve and where the control valve is located. 

18 

0.53 
0.16 
0.06 
0.03 
0.01 

68 

0.1199 
0.0362 
0.0136 
0.0068 
0.0023 
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Flow Rate (gpm) 

20 25 30 35 40 45 50 

0.64 0.97 1.36 1.81 2.32 2.88 3.50 
0.19 0.28 0.40 0.53 0.68 0.84 1.03 
O.o7 0.11 0.15 0.20 0.26 0.32 0.39 
0.03 0.05 O.o7 0.09 0.11 0.14 0.17 
0.01 0.01 0.02 0.02 0.03 0.04 0.05 

Flow Rate (L/ min) 

75 95 115 130 150 170 190 

0.1448 0.2194 0.3077 0.4095 0.5248 0.6515 0.7918 
0.0430 0.0633 0.0905 0.1199 0.1538 0.1900 0.2330 
0.0158 0.0249 0.0339 0.0452 0.0588 0.0724 0.0882 
0.0068 0.0113 0.0158 0.0204 0.0249 0.0317 0.0385 
0.0023 0.0023 0.0045 0.0045 0.0068 0.0090 0.0113 

A.I2.2 The building owner or manager should understand the 
sprinkler system operation and conduct periodic inspections 
and tests to make sure mat the system is in good working condi­
tion. A recommended inspection and testing program includes 
the following: 

(1) Monthly inspection of all valves to ensure that they are 
open 

(2) Monthly inspection of tanks and other stored water sour­
ces, if present, to confirm they are fu ll 

(3) Monthly testing of pumps, if present, to make sure d1ey 
operate properly and do not u·ip circuit breakers when 
starting 

(4) Testing of all waterflow devices, when provided, every 
6 monms including monitoring service (note that notifi­
cation of the monitoring service is essential to make sure 
that me fire department is not called due to testing) 

(5) Ongoing visual inspection of a U sprinklers to make sure 
they are not obstructed, damaged, corroded, covered 
with for·eign materials, field painted, or showing signs of 
leakage, and that decorations are not attached to them 

(6) Annually, fully open the test connection downstream of 
any pressure-reducing or· pressure-regulating valve, and 
make sure that the pressttre gauge read~ a reasonable 
value 

(7) Inspect systems by individuals knowledgeable and u·ained 
in such systems when d1ere is a change in ownership 

A.l2.3.2.1 It is recognized mat the flow and pressure available 
to me replacement sprinkler might be less man its current flow 
and pressure requirement. 

A.I2.3.3.2 'Whenever pa inting or home improvements are 
made in the dwelling unit, special attention should be paid to 
ensure that sprinklers are not painted or obsnucted either at 
the time of installation or during subsequent redecoration. 
This is as imponant for the cover plates of concealed sprin klers 
as it is to the sprinklers themselves. Special paint is used for 
cover plates and can only be applied by the manufacturer. 
Applying paint to cover plates outside of th e factOt)' can cause 
d1e sprinkler to malfunction and possibly not operate during a 
fire. vVhen painting is occurring in the vicinity of sprinklers, 
the spr·inklers should be protected by covering them with a 
bag, which should be removed immediately after painting is 
finished. For concealed-type sprinklers, the cover p lates should 
be removed (most are designed to be unscrewed) and then me 
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Individual Net 
Loss Total 

(1) Water pressure in street ___ _ 

(2) Arbitrarily select pipe size __ _ 

(3) Deduct meter loss (size) ____ _ 

(4) Deduct head loss for elevation 

____ ft (m) x 0.433 psi/ft (0.098 bar/m)J 

(5) Deduct pressure loss from city main to sprinkler system 

control valve* -------

__ Pipe ft(m) ---
__ Valves ft (m) ---

__ Elbows ft (m) ---
__ Tee ft (m) ---
__ Total ft(m)x __ ---

(6) Deduct pressure loss for piping control valve to farthest 
sprinkler * 

Total 
Equivalent 

Size Quantity Description (ft) (m) 

90 degree elbow 

45 degree elbow 
Tee 
Check valve 
Valve (--) 
Total __ ft (m)x - = -

Total 
Equivalent 

Size Quantity Description (ft) (m) 

90 degree elbow 

45 degree elbow 
Tee 
Check valve 

Valve (--) 
Total -- ft (m)x - = -

Remaining pressure for sprinkler operation -------

*Factors from Table 10.4.4(a) through Table 10.4.4(e). 

FIGURE A.l0.4.4(a) Calculation Sheet. 

sprinklers should be protected underneath from paint and 
ovet·spray with a bag. Aftet· the painting is finished, the bags 
should be removed from the sprinklers and the cover plates 
should be replaced. 

A.l2.3.4 See Figure A.9.l.l(a) through Figure A.9.l.l(d) for 
possible methods used by the installer to insulate sprinkler 
piping in unheated areas. It is important that this insulation 
not be disturbed or removed. Disturbing ot· removing this insu­
lation cou ld result in sprinkler pipes being frozen during 

2022 Edition 

Water pressure at supply outlet 
(1) Deduct head loss for elevation 

l ft (m) x 0.433 psilft 
(0.098 bar/m)) 

(2) Deduct pressure loss from piping 
within building* 

Individual Net 
Loss Total 

Remaining pressure for sprinkler operation __ _ 

*Factors from Table 10.4.4(a) through Table 10.4.4(e). 

FIGURE A. l0.4.4(b) Calculation Sheet- Elevated Tank, 
Booster Pwnp, Pump Tank Supply. 

(bar) 
80r-----.--------------. 

(5-5) : AWVVA - Max 
70 1------+i operating range ----------..j 

(4.8) 

60~----~-----~--------..j 
~(4.1) 

~ 50~----~------f-f--------~ 
~(3.4) 

£ 40~----~-----F~--~~-----..j 
~(2.8) 
"' "' 3or-----~---~~-~~------~ 
£(2.1) 

20r-----r~~~~~~------~ 
(1.4) -- -- --------!-

10 I----~~.-L"7"';...<:'------ AWWA - Max pressure 
(0.7) loss at operating range 

0o~~~1~0~~2~0-~3~0-~4~0-~5~0-~6~0-~7~0--J80 
(38) (76) (114) (151) (190) (227) (265) (303) 

Flow rate (gpm) (lpm) 

-o-% in. (16 mm) PD-1 --&-% in. (16 mm) PD-4 
-o-% in. x :Y• in. (16 mm x 20 mm) PD-2 --%in. (16 mm) 

-¢-%in. x% in. (16 mm x 20 mm) PD-3 NFPA 130 

FIGURE A.10.4.4(6) o/s in. Water Meter Data from FPRF 
Tests. 

winter months that would not only block water flow to the 
sprinklers but could cause broken pipes and fittings . 

A.I2.3.5 Sampling f rom the top and bottom of the system 
helps to determine if the solution has settled. Antifreeze solu­
tions are heavier than water. If the antifreeze compound is 
separating from the water due to poor mixing, it will exhibit a 
higher concentration in the lower ponion of the system than in 
the upper portions of the system. If the concentration is accept­
able near the top, but too low near the water connection, it 
could mean that the system is becoming diluted near the water 
supply. If tl1e concenu·ation is either too high or too low in 
both the samples, it could mean that the wrong concentration 
was added to the system. 

On an annual ba~is, test samples should be drawn from test 
valve B as shown in Figure 9 .2 .3 .1.1 , especially if the water 
pot·tion of the system has been drained for maintenance ot· 
repairs. A small hydrometer can be used so that a small sample 
is sufficient. '1\lhere water appears at valve B, or where the 
sample indicates that the solution has become weakened, the 
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entire system should be emptied and refilled with acceptable 
solution as pr·eviously described. 

Where systems are drained in order to be refilled, it is not 
typically necessary to drain drops that are less than 36 in. 
(900 mm) in lengtl1. Most systems with drops have insufficient 
volume to cause a problem, even if slightly higher concenu·a­
tion solutions collect in the drops. For long drops with signifi­
cant volume, consideration should be given to draining drops 
if there is evidence that tmacceptably high concenu·ations of 
antifreeze have collected in tl1ese long drops. 

vVhen emptying and r·efilling antifreeze solutions, every 
attempt should be made to recycle the old solution with the 
antifreeze manufacnrrer rather than discarding it. 

See Table A.12.3.5 . The manufacnu·er's technical data sheets 
can include specific information on the properties of their anti­
fi·eeze solutions. 

A.l2.3.5.1.1.3 If not already present, test connections (valves) 
for collection of solution samples should be installed at the 
highest and lowest practical locations of the system or portion 
of the system containing antifi·eeze solution. 

A.l2.3.5.1.3 In the past, for some existing systems subject to 
exu·emely low temperanrres, antifreeze solutions with concen­
trations greater than what is now permitted by iliis standard 
were used. Such high concenu·ations of antifreeze are no 
longer permitted. In situations where exu·emely low tempera­
tures ar·e anticipated, r·efilling the fir·e sprinkler system with a 
concentration of antifreeze solution currently permitted by the 
standard might not provide sufficient freeze protection without 
additional measmes. Such measm·es might include converting 
the antifreeze system to another type of sprinkler system. 

A.l2.3.6.1 The primary purpose of this standard is protection 
against injury and life loss. There are many instances when an 
installed system needs to be taken out of service such as for 

Table A.l2.3.5 Properties of Glycerine and Propylene Glycol 
for Existing Systems 

Specific Freezing Point 
Solution (by Gravity at 

Material volume)(%) 77•F (25•q "F ·c 
Glycerine (C.P. or 0 1.000 32 0 

U.S.P. grade) 5 1.014 31 -0.5 
lO 1.029 28 -2 .2 
15 1.043 25 -3.9 
20 1.059 20 -6.7 
2.'i 1.071 16 -8.9 
30 1.087 10 -12 
35 1.100 4 -15.5 
40 1.114 -2 -19 
45 1.130 -11 -24 
50 1.141 -19 -28 

Propylene glycol 0 1.000 32 0 
5 1.004 26 -3 
10 1.008 25 -4 
15 1.012 22 -6 
20 1.016 19 -7 
25 1.020 15 -10 
30 1.024 11 -12 
35 1.028 2 -17 
40 1.032 -6 -21 

C.P.: Chemically Pure. U.S.P.: United Stares Pharmacopoeia 96.5%. 
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shipping or storage of a manufactured home, when extensive 
renovation or remodeling work is going on in the home, o r· 
when the home will be unoccupied for an extended period of 
time such as when a summer home is closed up for winter. This 
section provides guidance for taking an installed system out of 
service when there is little or no risk of injury or life loss. This 
guidance is especially needed when the detached dwelling or 
manufactured home is subject to freezing temperantres. Once 
the home is to be occupied again, the system should be tested 
for leaks and the system and componen ts inspected and tested 
befm·e being r·estored to service. 

A.l2.3.6.2.1 For drops less than 4 in. (100 mm) long, the 
branch line piping and the drops can both be installed in areas 
subject to freezing. Tests prove that if the branch line is empty 
of water and water is in a drop, when ice forms it will expand 
into the branch piping without harming the sprinkler or the 
system piping. 

For horizontal sidewall sprinklers, the testing manifolds were 
comprised of 1 in. (25 mm) CPVC pipe and fittings, and the 
sprinkler-s were installed into 1 in. x ~ in. (25 mm x 15 mm) 
sprinkler adapter reducing elbows that were located 4 in. 
(100 mm) from the centerline of the branch line. For pendent 
sprinklers, the testing manifolds were compr-ised of 1 in. 
(25 mm) CPVC pipe and fittings, and the sprinklers were in­
stalled into a 1 in. x ~ in. (25 mm x 15 mm) sprinkler adapter 
fitting with a 4 in. (100 nun) long pipe nipple. 

Annex B Incentives for Residential Fire Sprirtkler Use -
Advantages for Builders, Developers, and Communities 

This annex is not a part of the 1·equirements of this NFPA document 
but is included fm· informational pu1poses only. 

B. I Introduction. This annex offers guidance on the financia l 
value of residential fire sprinkler systems to developers, home 
builders, and communities. Also discussed are attractive 
options for design flexibility that can be used when sprinklers 
are installed. Although U.S. model codes require all new resi­
dential occupancies to have fire sprinkler systems, primarily for­
life safety of occupants, states and local commw1ities might not 
follow this guidance. 

The content of this annex is based primarily on model codes 
that are used in the United States because fire sprinkler incen­
tives, such as cost offsets and design options, are well integrated 
into these codes, which include NFPA 1 (IF C), NFPA 5000, ilie 
International Residential Code (IRC), the International Building 
Code (IBC), and the lntentational Fire Code. The underlying 
concept~ employed in U.S. codes can easily be extended for use 
in other counu·ies looking to incentivize the use of h ome fire 
sprinklers. 

This annex has been organized in a way that groups sprin­
kler incentives into the following categories, which follow 
Section B.2: 

(1) Community process and infrasu·ucture 
(2) Site planning and development 
(3) Building construction 
( 4) Community risk reduction 
(5) Environmental stewardship 
(6) Sustainability of homes and affordable housing 

B.2 Background. The most commonly c ited objection to 
installing fire sprinkler systems in new homes is cost, with an 
underlying assumption that installing sprinklers will increase 
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the cost of a new home. H owever, this assumption typically 
overlooks incentives that at·e embedded into model codes as a 
basis for reducing the net cost of sprinkler installations. 

In fact, cost offsets can and have saved developers and build­
et·s money vs. building without sprinklet·s. For example, one 
remote property proposed for development initially required 
installi ng thousands of feet of underground water main to feed 
fire hydrants in the new comm tmity. T he developer wa~ spared 
that expense by committing to instal l sprinklers in al l of the 
homes. In another case, a developer was able to avoid having to 
provide a second community access road up a large incline, 
saving enough money to more than offset the cost of adding 
sprinklers to the new homes. 

T here are also cases where pmperties were a ble to be deve l­
oped, that would otherwise not have been possible, based on 
including sprinklers as part of the deve lopment agree­
ment. These cases have included properties that did not have 
sufficient access for emergency veh icles, rural properties that 
had no nearby water mains, and properties that were located in 
areas with high wildfire risk. 

In addition to cost incentives for developers and builders, 
home fire sprinklers offer financial advantages to communities 
where such systems are installed. For example, by allowing 
fewer fire hydrants and lower water demands, sprinklered 
communities reduce the need for water infrastructure. Less 
water demand can equate to reduced water storage needs and 
fewer water storage tanks and pu mps. Fewer fire hydrants 
means reduced fire hydrant inspection and maintenance costs. 

Conunu nities can also benefit from sprinklers by redu cing 
health and safety risks for fi refighters. T he intangible value of 
helping to protect those wh o are dedicated to serving us is obvi­
ous, but what is often overlooked is th e financial cost to a 
community associated with caring for and su pporting firefight­
ers and their families when a firefighter is inj ured or killed 
figh ting a residential fire. Costs of burn care, t·ehabil itation, 
and retiring d isabled firefighters can be particularly difficult 
for small commun ities to bear, and sprinklered homes protect 
firefighters as well as occupants from these scenarios. 

By understanding the value of available incentives, develop­
ers, bu ilders, and communities \viii be better able to make 
informed choices t·egarding the net cost, or savings, associated 
\vi th home fire sprinklers. 

B.3 Community Process and Infrastructure. Installation of 
home fire spt·inkler systems bring opportunity and creativity to 
new communities. Engineers, developers, builders, AHJs, and 
community leaders always look for ideas that can provide more 
choices as well as m01·e value to the homeowner while keeping 
cost to a min imum. Ho me fire sprinklers not on ly provides 
choices and value at a low cost, they also provide life safety for 
firefighters and citizens against fire . Home fit·e sprinklers are 
part of the solu tion and prevention of the q uick spread and 
indefinite num ber of structure fires in commun ities. The ques­
tionable assumptions of h igher home costs due to home fire 
sprinklers usually restricts or denies the opportun ity for neces­
sary fire sprinkler installation. T h is assu mption of high costs 
associated with fire sprinkler installation must be addressed 
du ring commu nity p lanning development, especia lly when the 
cost of installing fire sprinklers is comparable to carpet 
upgrades, paving a stone driveway, or the purchase of a hot tub 
bath. Other cost discussions that also need to be addressed are 
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all the different trade-ups, or incentives, to better u tilize 
commun ity land and infrasu·ucture cost savings. 

Home fire sprinkler ou u·each programs can be very success­
ful through messaging, social media, and demonstration. An 
example of successful demonsu·ation is h osting side-by-side fire 
simulation displays. Side-by-side burns demo nstrate fu rnishings 
in a modern living area, including a cou ch, a table set, and so 
forth, that does not have fire sprinkle t·s. T he adj acent, identi­
cally fu rnished room does include fire sprinklers. T his side-by­
side demonstration al lows funtre engineers, developers, 
bu ilders, AHJ s, and commtm ity leaders th e oppot·nmity to 
experience first-hand the effective ness and bene fi ts of home 
fire sprinklers. It is also an opportuni ty to be readily available 
to have a t·eal-time question-an d-answer d ia logue about the 
importance of home fire sprinkler systems. H aving media expo­
sure du ring these demonsu·ations also augments the impor­
tance of h ome fire sprinklers. 

B.3.1 Construction Incentives and Benefits. There are plenty 
of opportunities to reduce cost in the developme nt and b uild­
ing of a community with t·espect to the installation of home fire 
sprinklers. Some of the benefits include, but a re not li mited to, 
reduced o r waived constructi on fees for water metering, u tili ty 
connections, and permitting. Some oth er features include 
earlier build ing start dates due to develo pment and bu ildi ng 
plan review, approval accelerations, and zone bylaw ch ange 
exemptions for fi re service response time, as well as subd ivision 
single enu·ance and exi t exempti ons. In normal conditions 
these exemptions req uire two separate fire apparatus access 
roads where thet·e are more than 30 dwelling units; h owever, 
where sprinklered to NFPA 130 , access from two d irections is 
not required (IFC 0 107.1) . Fire flow is the amount of water in 
gallons per minute available for a fire department when 
responding to home fires. Ho me fire sprinkle rs reduce the fire 
flow am ou nt and duration by one half [IFC Table B1 05.1 (l) 1. 
Fire hydrant spacing 'vith the installation of home fire sprin­
klers increases the hydrant spacing d istance between h ydrants 
and increases the d istance of the build ing footprint to the road 
frontage by 25 percent (IFC Table Cl02.1 footnote g) . 

B.3.2 Homeowner Incentives and Benefits. H omeown ers 
continue to endure cost increases over time and h ome fi re 
spt·inklers can play a role in helping 'vith that bmden. Some of 
these incentives for homeowners to install fi re sprin klers resul t 
in reduction in property taxes, reduced property loss and 
damage should a fire occur i n the home, home insurance 
policy credits, and many ti mes specia l fi nancing options su ch as 
no interest loans, tax incentives, and so forth . 

B.3.3 Residential Water Me te rs. Many communities include 
requi rements to meter the water that supplies a residen tial fire 
sprinkler system. Though m eters are not required in the 
NFPA 130 standard, any pressure losses atu·ibuted to water 
flo,ving through these devices must be accounted for in d1e 
system design . T his can lead to assumptions being made that 
the meter must always be upsized to accommodate pressure 
losses, which is not always the case. Meter upsizing and associ­
ated fees can create cost-related barriers to a b roader accept­
ance of residential fire sprin klers. While the u psizing is in many 
cases justified by the demand of the system, th ere are many 
variables and design options that should be considered. T hese 
can include the following: 

(1) Listing. NFPA 130 does not requ ire that wate r meters be 
listed fot· fi re protection use . The standard maintains a 
long-standing philosophy that devices and materia ls in 
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the water supply need only be compatible with materials 
acce ptable in the m odel plumbing codes. 

(2) Flowing through smaller meters. Flowing through meters 
at volumes that exceed the published values of the meter 
is a widely accepted practice by jurisdictions, based on the 
limited duration required by the sprinkler system, which 
is 10 minutes in NFPA 13D. 

(3) "Low-flow" residential spt·inklers. If designing a system 
through a small meter is desired, and sufficient pressure 
is available, there are a variety of "low-flow" sprinklers on 
the market that can be utilized to achieve a 20 gpm 
system demand. Many traditional % in. disc or positive­
displacement meters carry a 20 gpm continuous flow 
rating. 

(4) Solid-state meters. Many communities are starting to 
move toward new, solid-state meters that utilize ultrasonic 
and other technologies to eliminate moving parts within 
the flow chamber of the meter, which can resttlt in a 
higher published flow value with less friction loss. 

(5) Sprinkler spacing op tions. Many sprinkler manufacturers 
have low-flow pendent residential sprinklers available that 
utilize a 15 x 15 ft spacing, based on a 2017 revision to 
UL 1626, Residential Sfninklers for Fire-PTotection Service. This 
spacing is intended to flow two sp rinklers through a % in. 
solid-state meter, which has a published flow rate of 
25 gpm. 

B.4 Site Planning and Development. In jurisdictions without 
home fire sprinkler code requirements, AHJs can work with 
planners, builders, and developers to provide cost-saving trade 
ups or incentives when the development is protected with 
home fire sprinklers. Trade ups or incentives often allow better 
utilization of land and infrastructm·e cost savings. 

B.4.1 Street-Width Reduction. Traffic lanes can be narrowed, 
substantia lly reducing the amount of pavement in every linear 
foot of street in the development. Many communities will 
ch arge drainage fees for land that is considered "impervious," 
such as paved areas. '1\lhen road \vidths are reduced, this can 
t·esult in both increased land available for lots and less "imper­
vious" cover (IFC Appendix D) . 

B.4.2 Longer Dead-End Streets. Dead-end streets can be 
increased in length, allowing additional building lots to be 
accessed (IFC 503.1.1 ). 

B.4.3 Tee Turnarounds Permitted. The permitted use of tee 
turnarounds in sprinklered developments can create at least 
one additiona l lot per cul-de-sac (IFC Appendix D). 

B.4.4 Increased Street Grades and Building Setbacks. Steeper 
street gt·ades and building locations are allowed further from 
where the home's access leaves the main road (IFC 503.1.1 ) . 

B.4.5 Additional Units Permitted. Development plans allow 
homes to be closer toged1er. The IRC a llows a reduction in the 
distance required from the home to the lot line fiRC Table 
R302.1 (2)] . 

B.4.6 Expansion of Existing Water Supply May Not Be 
Needed. Required fire flows for fully spri.nklered develop­
ments can be greatly reduced compared to non-sprinklered 
developments (IFC Appendix B) . 

B.4.7 Increased Hydrant Spacing. Supply mains can be 
reduced and hydrant spacing can be increased (IFC Appendix 
C) . 
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B.4.8 Subdivision Single Access Point. A fully sprinklered 
subdivision allows for a single public access road. This decrea­
ses infra~tructure costs and significantly increases the number 
of single-family dwellings allowed (IFC Appendix D) . 

B.4.9 Gated Communities. Gated communities can delay fire 
department access. A fully sprinklered subdivision provides 
mitigation for this impact, allmving developers to utilize this 
security option when desired. 

B.5 Building Construction. T he international Residential Code 
(IRC) is the predominant model residential code in the U.S. 
According to the National Fire Sprinkler Association, "Guide to 
Benefits of Fire Sprinklers in the IRC - From 2000 to 2018," 
the IRC as a model code requires sprinklers throughout one­
and twc.rfamily h omes and townhouses; however, severa l jw·is­
dictions remove the fire sprinkler mandate. This guidance is 
u seful to sprinklered and unsprinklered IRC users as it locates 
each fire spt·inkler benefit in the IRC, summarizes the benefit, 
quotes the IRC section number (as it pertains to me 2021 
edition), and identifies which edition of the IRC the benefit 
was fit·st introduced into me code and remains in the IRC up to 
the 2021 edition. 

B.5.1 Exterior Walls. Exterior walls of homes with sprinklers 
can be built closer to lot line. Sprinklers allow wider pt·ojec­
tions, more open ings in walls, and more penetrations on an 
exterior wall than unsprinklered dwellings [IRC Table R 
302.1 (2) J. 
B.5.2 Townhouses. The common wall between townhomes 
can be reduced from a 2-hour to a 1-hour fire-resistance-rated 
wall where dwellings on both sides of the common wall are 
sprinklered (IRC R302.2.2) . 

B.5.3 Structural Independence. The common wall between 
spt·inklered townhouses does not h ave to bear on a foundation 
provided me height limits for the overall townhouse building 
are not exceeded (IRC R302.2.6) . 

B.5.4 Two-Family Dwelling. Dwelling tmit sepat·ation of 
duplex walls can be reduced from 1 hour to 30 minutes whe re 
sprinklered. For other than the 2021 edition of the IRC, this is 
the only occurrence in me IRC where an NFPA 13 system is 
indicated for the benefit (IRC R302.3) . 

B.5.5 Penetrations. Nonmetallic pipe of wet fire sprinkler 
systems is allowed in common walls of townhouses and is 
permitted to be installed as mrough penetrations \'lith the 
annular space filled with no ncombustible material. Membrane 
penetrations of nonmetallic pipe of wet fire sprinkler systems 
are permitted to be protected wim metal escutcheons [IRC 
R302.4 (3) 1. 

B.5.6 Frre Protection of Floors. Fire sprinklers e liminate ~ in. 

gypsum or % in. wood panel on the underside of floors (IRC 
R302.13) . 

B. 5. 7 Residential Subdivisions. Residential subdivisions where 
all homes are sprinklet·ed can have nonrated exterior walls, 
unprotected openings, and penetrations wit\1 a ze ro feet lot 
line. Adjoining lot line setback sh all be 6 ft minimum. \!\There 
attached garages have extet·ior walls adj acent to the lot line, 
garages shall have sprinklers [IRC Ta ble R302.1 (2) Foomote 
and R309.5l. 

B.5.8 En1ergency Escape Windows in Basements. Fire sprin­
klers eliminate emergency escape and rescue openings in every 
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basement sleeping rooms where one of the following is present 
(IRC R310.1): 

(l) 

(2) 

One means of egress according to IRC R311 
emergency escape and t·escue opening 
Two means of egress according to IRC R311 

and one 

B.5.9 Mezzanines. Open and unenclosed mezzanine area can 
be increased to one-half (an increase from one-thit·d) of the 
floor area of the room of sprinklered dwellings. This cannot be 
combined with enclosed mezzanine exceptions in IRC R325.5. 
and IRC R325.3. 

Mezzanines in buildings up to two stories, having two or 
more means of egress are not required to be open to the same 
room as the mezzanine where sprinklers are installed accord­
ing to NFPA 13R and NFPA 13D (IRC R325.5) . 

B.5.10 Habitable Attic. A habitable attic is not considered a 
st01-y above grade plane provided it is not greater than one-half 
of the floor area of the stot-y below the habitable attic, it is loca­
ted within a dwelling unit, and it is equipped throughout with 
fire sprinklers (IRC R326.3). 

B.5.11 Commercial Occupancies in Residential Settings. T he 
follmving International Building Code (IBC) occupancies 
permits some occupancies that are u·aditionally commercial in 
nature to be built to the IRC to fit into residential neighbor­
hoods and subdivisions. When sprinklers are installed per IRC 
?2904 or NFPA 13D ttu·oughout, the follo,ving are constructed 
as a single-family home or townhome: 

(1) Live/ work units located in townhomes (IRC R101.2) 
(2) Owner-occupied lodging \vith five or fewer guesu·ooms 

(IRC R101.2) 
(3) A care facility with five or fewer persons receiving custo­

dial care \vithin a dwelling unit (IRC R101.2) 
( 4) A care facility with five or fewer persons receiving medical 

care within a dwelling unit (IRC R101.2) 
(5) A care facility for five or fewer persons receiving care that 

are \vi thin a single-family dwelling (IRC R101.2) 

B.6 Community Risk Reduction. Without home fire sprin­
klers, increased commw1ity risk and costs related to firefighters 
and citizens' safety has changed dramatically. Fires behave and 
perform d ifferently today compat·ed to historic fires. Scientific 
fire research tests have unfortunately confirmed and demon­
strated that today's modern building contents and building 
materials burn at a faster rate, release more toxic gases, t·each 
higher temperatures, and experience flashover much quicker 
compared to fires that occurred in the pasL Negative fire 
behaviors in homes can be attributed to plenty of factors such 
as recycled materials, environmentally friendly materials, 
synthetic materials, polymers, plastics, lithium ion power 
supplies, peu·oleum-ba5ed materials, open space concepts, and 
unprotected lightweight consu·uction. Another negative impact 
on home fires is storage of multiple and extraneous items in 
the home (sometimes referred to as hoarding) ., wh ich means 
citizens have less time - research shows 3 minutes- to exit 
their homes when fire commences. This fact, in particular, 
proves to be very negative for the older community and the 
mobile impaired community who can't physically reach safety 
in good time. The firefighters who enter these homes are in 
direct contact to many conu·ibuting hazards such as floor 
collapses, home furnish ings, and other material impeding their 
ability to save lives, as well as having to get people of all facets 
and abilities out to safety. 
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B.6.1 Firefighter Health and Safety. Fire services continue to 
evaluate and understand risk and risk management 'vith 
respect to home fire sprinklers, firefighters' and citizens' expo­
sure, and risk to fire hazards. This is a learning process to 
understand and evaluate and is subject to much research and 
testing. Some of this research to help promote home fire sprin­
klers includes looking at fires that are being confined because 
of the existence of home fire sprin klers in the area of ot·igin, 
which, in turn, lessens the Ukelihood and requirement for fire­
fighters to combat and extinguish fire. With home fire sprin­
klers, the cost and time it takes to restore a home from fire 
damage can be limited to having to repair one room verses an 
entire house damaged from a fire . It is estimated that the time 
it can take to repair a house from a fire might be 1 week to 2 
weeks to repair one room verses 3 months to 6 months to 
repair an entire house, plus the cost of me time the owner is 
out of their home. Another consideration for the use of h ome 
fire sprinklers includes reduced firefighter operational engage­
ment in fire suppression of unconu·olled and hazardous envi­
ronments. Firefighters are t·epeatedly exposed to complex 
mixtures of concenu·ated carcinogens, from intense heat and 
pressure of a fire. There are five principle causes of injury and 
dead1 among Canadian firefighters: cancer, traumatic it~lll)', 
cardiovascular disease, respiratot-y disease, and mental health 
problems. A 2018 study, "Determinants of Injut-y and Death in 
Canadian Firefighters" indicates cancer represents over 
86 percent of all fatal firefighter dead1s. Willi me use of home 
fire sprinklers, firefighters reduce the amount of time they are 
exposed to potential toxins. These harmful toxins bleed 
through personal protective equipment as personal protective 
equipment is not suffic ient protection against toxins. Many fire­
fighters report smelling like smoke or buming plastic for days 
after fighting a fire . These carcinogens that firefighters 
encounter are inhaled th rough me lungs, inadvertently swal­
lowed via the upper aero digestive tract, and absorbed in signif­
icant concenu·ations directly ilirough the skin when firefighters 
remove and handle contaminated bunker gear and equipment. 
Witl1 the use of home fire spt·inklers, b oth fit·e services and 
water purveyors can reduce resources. This is done by reducing 
me amount of municipal water used and needed to fight fires. 
Response time to a fire event can be e levated because of home 
fire sprinklers. This gives fire services more time to respond to 
a fire scene. Firefighters do not necessarily need extraneous 
equipment and/ or personnel to assist them in fighting the fire. 

B.6.2 Cost of Covering Injuries and Fatalities. NFPA Fire 
Sprinkler Initiative, "The Truth about Home Fire Sprinklers," 
shows that t·isk of dying in a reported home fire is 85 pet·cent 
lower if home fire sprinklers are present. A study, "The 
Economic Impact and Potential Years of Life Lost from Fire 
Deaths in Residential Homes," indicates that mortality due to 
residential fires in nonsprin klered homes has a substantial 
economic impact of 23,782 potential years of life lost (PYLL) . 
There are vast costs for hospitals treating bw·n patients I·esult­
ing from homes not having home fire sprinklers. A 2014 study, 
"Healthcare Costs of Burn Patients from Homes Without Fire 
Sprinklers," indicates that over a 17-year pe riod, the average 
per burn patient care cost is CAN $84,678, e nsuing a total cost 
of CAN $96,488,194. There are other monumental costs associ­
ated with bum patient cat·e with respect to me use of outside 
resources resulting in a cumula tive cost of CAN 
$3,605,775,200. A 2018 study, "Examini ng me Relationsh ip 
Betw·een Firefighter I~uries and Fatalities in the Built Environ­
ment," indicates that 95 percent to 97 percent of residential 
fires occur in buildings without any sprinkler protection and 
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account for an ovenvhelming majority of fire-related it~uries 
and deaths to civilians and fit·efighters. 

B.7 Environmental Stewardship. In building construction, 
focus is often made on the selection of materials that are 
sustainable and have a minimal impact on the environment 
through the life of the construction project. All of these efforts 
are negated if there is a fire event. This is due to the release of 
cat-bon dioxide and other greenhouse ga5ses fi·om the burning 
combustible material. Additional impact is involved with the 
disposal of any material involved in the fire . 

B.7.1 Environmental Impact. Active fire pt·otection systems 
like an automatic fire sprinkler system provide a means of limit­
ing the environmental impact of a fire. A 2010 study, "Environ­
mental Impact of Automatic Fire Spt·inklers," conducted by FM 
Global in partnership with the Home Fire Sprinkler Coalition, 
studied the following: 

(1) The types, quantity, and duration of air and water pollu­
tant5 released from a home fire as well a5 the water usage 
from fit·e sprinklers and firefighters' hoses 

(2) The environmental impact resulting from burning house­
hold furnishings and finish materials as well as disposing 
of the fire-damaged contents of a home 

(3) The carbon footprint associated with rebuilding a burnt 
home 

In the unsprinklet·ed room, fire service intervention extin­
guished the fire . In the sprinklered room, a single residential 
fire sprinkler was used to control the fire until final extinguish­
ment was achieved by fire set·vice. The study examined total 
greenhouse gas production, quantity of water required to extin­
guish the fire, quality of the water runoff, potential impact of 
wastewater runoff on groundwater and surface water, and mass 
of materials requiring disposal. Automatic fire sprinklers do the 
following: 

(1) Reduce fire damage by up to 97 percent 
(2) Reduce water usage to fight a home fire by upwards of 

90 percent 
(3) Reduce the amount of water pollution released into the 

environment 

The research cleady shows that t·esidential fire sprinklers 
play a significant role in reducing water use and greenhouse 
gas emissions during home fires. 

B.8 Sustainability of Homes and Affordable Housing. The 
built environment actively pursues innovations, and environ­
mentally sustainable technologies and materials are making 
building construction more affNdable and available. The inu-c.r 
duction of new building materials, methods, and techniques 
changes the vvays in which fire behaves. These changes have the 
potential to negatively impact buildings, their occupants, fire­
fighters, and other first responders. A National Fire Protection 
Association publication, "Fire Safety in a Sustainable World," 
discusses the fact that many of the firefighting tactics used 
today are based on the past hundred years of firefighting expe­
rience . When new materials and system s are introduced into 
the built environment, fit·efighters have to adapt their tactics to 
both help control the fire and protect themselves. NFPA high­
lights the following 10 emerging fire hazard5 associated with 
sustainable materials and systems: 

(1) Lightweight construction. Lightweight construction has 
become m01·e popular in residential construction dw·ing 
the last decade. It is a popular choice since it can offer 

13D-65 

lower costs and reduced use of natural materials and 
allow for lat·ge open floor plans in both low-rise 
commercial and residential buildi ngs and improved 
structural stability. Lightweight construction can come in 
many forms, but the one of the most popular is compo­
site wood assemblies. Composite wood joists often have 
considerably th inner web sections than traditional sawn 
lumber members and have reduced inherent fire resist­
ance. 

(2) Engineered wood trusses. The metal gusset plates used 
to connect the truss can defonn when exposed to high 
temperatures and can conu·ibute to early failure of the 
truss. 

(3) Insulation . New insulation methods help reduce enet·gy 
costs by regulating building temperatures and reducing 
the amount of "leaks" in a building. vVhile materials like 
rigid foam insulation, spray-applied foam insulation, 
snuctural integrated panels (SIP), exterior insulation 
and finish systems (EIFS), and foil insulation systems are 
beneficial for sustainability goals, they can contribute to 
fire spread and increased smoke production. Airtight 
construction can create abnormal conditions during a 
fire event, including backdrafts. Insulated concrete 
forms is another example of a new insulation method. 
"Stay in place" concrete forms are made of expanded 
polystyrene . If left untreated or uncovered during o t­
after construction, these forms can contribute to a fire. 

( 4) Glazing. Increased glazing areas including skylights and 
light wells can contribute to hazat·ds for firefighters 
trying to access and .navigate a building. Increased 
amount5 of glazing can present more opportunities for 
breakage or fire spread. 

(5) Furnishings and contents. Some modern furnishings 
and contents can conu·ibute to more fire spread and 
smoke pwduction when compared to u·aditional 
furnishings and contents. 

(6) Water supply. Local jurisdictions or weather conditions 
can put limits on watet- availability and discharge into 
public water sources. During fire conditions, the water 
demand for the building can exceed the available 
supply. Designet·s should be sure to include water stor­
age in their system designs if the required supply cannot 
be met. Consideration should be given to water runoff 
dw·ing sprinklet· testing and contaminates in water 
runoff during a fire event. 

(7) Natural ventilation . Natural ventilation is used to circu­
late building a ir without the use of mechanical equip­
ment. vVhile this reduces energy costs, it also can create 
an obstacle for firefighters when trying to control smoke 
movement. 

(8) Standoff/ double skin facades. A standoff or double skin 
facade creates a vertical flue space for a ir to travel along 
the outside of a building. This feature helps regulate 
building temperatme and conserve energy. VVhile bene­
ficial for ventilation and energy conservation, standoff 
facades can create vertical flue spaces for flame and 
smoke to travel if not protected properly. 

(9) Vegetative roof systems. Also known as a "green roof," a 
vegetative roof system is a wof of a building that is 
covered in plant material. The roofis covered with layers 
of barrier materials, soil , irrigation systems, and plants. 
These roofs help insulate a building, collect rainwater, 
and reduce heat island effects. It is importan t to ensure 
the plant material is maintained and watered properly 
because dry plant material can contribute to fire spread. 

2022 Edition 



130 -66 INSTALLATION OF SPRINKLER SYSTEMS I N ONE- AND TWO-FAMLLY DWELLINGS AND lYlANUFACTURED HOMES 

The impact on the roof fire rating should also be deter­
mined. 

(10) Photovoltaic (PV) panels. PV systems are used to gener­
ate electricity and can be found mounted on roofs, on 
walls, or as standalone system5. These systems each have 
a number of components that work together to generate 
usable electricity. The PV cells are grouped together into 
panels, and when grouped together, they fonn a PV 
array. PV systems also include batteries to store the 
current and inverters that change the current into 
usable eleco·icity. vVhile any eleco·ical cunent is danger­
ous, one of the most hazardous components of a PV 
system is the acn~al panel. The panels continuously 
pwduce electrical current when exposed to the sun, 
even when they are disconnected from the rest of the 
system. The panels are also covered in glass and can 
easily be damaged. It is important to understand the 
electrical shock hazards associated with these panels and 
to design arrays with proper spacing to allow for fire­
fighter access to the wof. It is also important to evaluate 
the impact the arrays will have on the roof fire rating. 

These emerging technologies reinforce the importance of 
fire sprinklet· systems as a mitigating measure . An effective 
sprinkler system can prevent a fire from ever damaging light­
weight building materials and causing a collapse. Sprinklers 
can also contain a fire so that fireflghtet·s do not need to access 
roof top areas to conduct ventilation. Sprinkler systems are 
invaluable in a fire by helping occupants evacuate so·ucntres 
safely and giving them time to get out of harm's way. These 
systems also save the lives of responding firefighters by mitigat­
ing the fire before it gets out of control and threatens vulnera­
ble building systems. Reducing the amount or severity of fires 
can reduce wasted materials, pollution, and save money. 
During a fire event, building materials are damaged, property 
is lost, water is wasted, and pollutants are released into the e nvi­
ronment through the air and water. After a fire event, materials 
that were damaged are o·ansferred to landfills and new materi­
als are brought in to replace them. Fire safety is a sustainable 
practice. 

B.9 Additional Resources. 

Canadian Automatic Sprinkler Association: http: / / wwv,r.casa­
firesprinkler.org 

Home Fire Sprinkler Coalition: https:/ / homefiresprin­
kler.org/ and https:/ / homefiresprinklercanada.ca 

National Association of State Fire Marshals: https:/ / www.fire­
marshals.org 

National Fire Protection Association and Fire Protection 
Research Foundation: https:/ /www.nfpa.org 

National Fire Sprinkler Association: https:/ / nfsa.org 

Inte rnational Reside ntial Fire Sprinkler Coalition: http:/ I 
ircfiresprinkler.org 

U .S. Fire Administration: https:/ / w\vw.usfa.fema.gov/ 
prevention/ technology / home_ fire_spt·in klers. htm I 
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of"Utilities" in the National Electrical Code Committee. 

NOTE 4: Representatives of subsidiaries of any group are 
generally considered to have the same classification as the 
parent o rganization. 
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Submitting Public Input I Public Comment Through the Online Submission System 

Following publication of the current edition of an NFPA standard, the d evelopmen t of the next e di tion 
begins and the standard is open for Public Input. 

Submit a Public Input 

NFPA accep ts Public Input on docume nts through our online submission syste m at \V"Ww.nfp a.org. To use 
th e online submission system: 

• Choose a d ocument fro m the List of NFPA codes & standards o r filte r by Development Stage for 
"codes accepting public input." 

• Once you a re on the docume nt page, selec t the "Next Editio n" tab. 

• Choose the link "The next e di tion of this standard is now ope n for Public Input." You ' viii be asked 
to sign in or c reate a free online account with NFPA before using this system. 

• Follow the o nline instructio ns to submit your Public Input (sec www.nfpa.org/ publicinput for de­
tailed instructions) . 

• Once a Public Input is saved or submitted in the system , it can be located on th e "My Pro fi le" page 
by selec ting the "My Public Inputs/Comments/ NITMAMs" section. 

Submit a Public Comment 

Once th e First Draft Report becomes available the re is a Public Comment pe riod. Any o bjections or fur­
ther related changes to th e content of the F irst Draft must be submitted a t th e Comment Stage. To sub­
mit a Public Co mment follow the same steps as previously exp lained for the submission of Publ ic Input. 

Other Resources Available on the Document Information Pages 

Header: View document titl e and scope, access to our cod es and standards or NFCSS subscription , and 
sign up to receive email a lerts. 

Current & Prior 
Editions 

Next Edition 

Techn1col 
Committee 

Ask a Technicol 
Quesllon 

Purchase ProdL.K:ts 
& Training 

Research curren t and p revious edition info rmation. 

Follow the committee's progress in the processing of a standard in its next revision cycle. 

View cmrent committee rosters or app ly to a committee. 

Fo r members, officials, an d A.Fijs to submit standards questions to NFPA staff. O ur Technical 
Questions Service provides a convenient way to receive timely and consistent technical assistance 
when yo u n eed to know more about NFPA standards relevant to your work. 

Provides links to available articles and research and statistical r eports re lated to our standards. 

Discover an d purchase the la test products an d training. 

RelatedProdL.K:ts View re lated publications, training, and othe r resources available for pmchase. 
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Information on the NFPA Standards Development Process 

I. Applicable Regulations. T he primary rules goveming the pmcessing of NFPA standards (codes, standards, 
recommended practices, and guides) are the NFPA Regulations Governing the Development of NFPA Standanis (Regs). Other 
applicable rules include NFPA Bylaws, NFPA Technical Meeting Convention Rules, NFPA Guide for the Conduct of Participants in 
the NFPA StandaHis Development Process, and the NFPA Regulations Goveming Petitions to the BoaTd of DiTecton from Decisions of 
the Standm"ds Council. Most of these rules and regulations are contained in the NFPA Standanis Direct01)'· For copies of the 
Directmy, contact Codes and Standards Administration at NFPA headquarters; all these documents are a lso available on the 
NFPA website at "www.nfpa.org/regs." 

The following is general information on the NFPA process. All participants, however, should refer to the actual rules and 
regulations for a full understanding of this process and for the criteria that govem participation. 

II. Technical Committee Report. The Technical Committee Report is defined as "the Report of the t-esponsible 
Committee(s), in accordance with the Regulations, in preparation of a new or revised NFPA Standard." The Technical 
Committee Report is in two parts and consists of the First Draft Report and the Second Draft Report. (See Regs at 
Section 1.4.) 

m. Step 1: First Draft Report. T he First Draft Report is defined as "Part one of the Technical Committee Report, which 
documents the Input Stage." The First Draft Report consists of the First Draft, Public Input, Committee Input, Committee 
and Correlating Committee Statements, Con-elating Notes, and Ballot Statements. (See Regs at 4.2.5.2 and Section 4.3.) 
Any objection to an action in the First Draft Report must be raised through the filing of an appropriate Comment for 
consideration in the Second Draft Report or the objection will be considered resolved. [See Regs at 4.3.1 (b) .1 

IV. Step 2: Second Draft Report. The Second Draft Report is defined as "Part twu of the Technical Committee Report, 
which documents the Comment Stage." The Second Draft Report consists of the Second Drafi:, Public Comments with 
corresponding Committee Actions and Committee Statement5, Correlating Notes and their respective Committee 
Statements, Committee Comments, Correlating Revisions, and Ballot Statements. (See Regs at 4.2.5.2 and Section 4.4.) 
T he First Draft Report and the Second Draft Report together constimte the Technical Committee Report. Any outstanding 
objection following the Second Draft Report must be raised through an appropriate Amending Motion at the NFPA 
Technical Meeting Ot" the objection will be considet-ed resolved. [See Regs at 4.4.1 (b) .] 

V. Step 3a: Action at NFPA Technical Meeting. Following the publication of the Second Draft Report, there is a period 
during which those wishing to make proper Amending Motions on the Technical Committee Reports must signal their 
intention by submitting a Notice of Intent to Make a Motion (NITMAM) . (See Regs at 4.5.2.) Standards that t-eceive 
notice of proper Amending Motions (Certified Amending Motions) will be presented for action at the annual june NFPA 
Technical Meeting. At the meeting, the NFPA membership can consider and act on these Certified Amending Motions as 
well as Follow-up Amending Motions, that is, motions that become necessary as a result of a previous su ccessful Amending 
Motion . (See 4.5.3.2 through 4.5.3.6 and Table 1, Columns l-3 of Regs for a summary of the available Amending Motions 
and who may make them.) Any outstanding objection following action at an NFPA Technical Meeting (and any furthe r 
Technical Committee consideration follmving successful Amending Motions, see Regs at 4.5.3.7 through 4.6.5) must be 
raised through an appeal to the Standards Council or it will be considered to be resolved . 

VI. Step 3b: Documents Forwarded Directly to the Council. Where no NITMAM is received and certified in accordance 
\vith the Technical Meeting Convention Rules, the standard is forwarded directly to the Standards Cotmcil for action on 
issuance. Objections are deemed to be resolved for these documents. (See Regs at 4.5.2.5.) 

VII. Step 4a: Council Appeals. Anyone can appeal to the Standards Council conceming procedural or substantive matters 
t-ela ted to the development, content, or issuance of any document of d1e NFPA or on matters within the purview of the 
authority of the Council, as established by the Bylaws and as determined by the Board of Directors. Such appeals must be in 
written form and filed with the Secretary of the Standards Council (see Regs at Section 1.6). Time constraints for fi ling an 
appeal must be in accordance \vith 1.6.2 of the Regs. Objections are deemed to be resolved if not pursued at th is level. 

VIII. Step 4b: Document Issuance. T he Standards Council is the issuer of all documents (see Article 8 of Bylaws) . The 
Council acts on the issuance of a document presented for action at an NFPA Technical Meeting \vi thin 75 days from the 
date of the recommendation from the NFPA Technical Meeting, unless d1.is period is extended by the Council (see Regs at 
4.7.2) . For documents forwarded directly to the Standards Council, d1e Council acts on the issuance of the document at its 
next scheduled meeting, or at su ch other meeting as the Council may determine (see Regs a t 4.5.2.5 and 4.7.4) . 

IX. Petitions to the Board of Directors. The Standards Coun cil has been delegated the responsibility for the 
administration of the codes and standards development process and the issuance of documents. However, where 
extraordinary circmnstances requiring the intervention of the Board of Directors exist, the Board of Directors may take 
any action necessary to fulfill its obligations to pt-eserve the in tegrity of the codes and standards development process 
and to protect the interests of the NFPA. T he rules for petitioning the Board of Directors can be found in the Regulations 
Governing Petitions to the BoaTd of DiTecton from Decisions of the Standm·ds Council and in Section 1.7 of the Regs. 

X. For More Information. The program for the NFPA Technical Meeting (as well as the NFPA website as information 
becomes available) should be consulted for the date on which each report scheduled for consideration at d1e meeting \vi ii 
be presented. To view the First Draft Report and Second Draft Report as well as information on NFPA rules and for up-to­
date information on schedules and deadlines for processing NFPA documents, check the NFPA website (v<ww.nfpa.org/ 
docinfo) or contact NFPA Codes & Standards Admin istration at (617) 984-7246. 
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