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NOTICE 

All questions or other communications relating to this document should be sent only to NFPA Head- 
quarters, addressed to the attention of the Committee responsible for the document. 

For information on the procedures for requesting Technical Committees to issue Formal Interpretations, 
proposing Tentative Interim Amendments, proposing amendments for Committee consideration, and appeals 
on matters relating to the content of the document, write to the Secretary, Standards Council, National Fire 
Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Govern- 
ing Committee Projects shall not be considered the official position of NFPA or any of its Committees and 
shall not be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of this document should consult applicable Federal, State and local laws and regulations. NFPA 
does not, by the publication of this document, intend to urge action which is not in compliance with appli- 
cable laws and this document may not be construed as doing so. 

Policy Adopted by NFPA Board of Directors on December 3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the tox- 
icity of the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with 
that subject in its technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic 
products of combustion in a fire environment. The Board has, therefore, asked all NFPA technical commit- 
tees to review the documents for which they are responsible to be sure that the documents respond to this 
current concern. To assist the committees in meeting this request, the Board has appointed an advisory com- 
mittee to provide specific guidance to the technical committees on questions relating to assessing the hazards 
of the products of combustion. 

Licensing Provis ion - -  This document is copyrighted by the National Fire Protection Association 
(NFPA). 

1. Adoption by Reference - -  Public authorities and others are urged to reference this document in 
laws, ordinances, regulations, administrative orders or similar instruments. Any deletions, additions and changes 
desired by the adopting authority must be noted separately. Those using this method are requested to notify 
the NFPA (Attention: Secretary, Standards Council) in writing of such use. The term "adoption by reference" 
means the citing of title and publishing information only. 

2. Adoption by Transcription - -  A. Public authorities with lawmaking or rule-making powers only, 
upon written notice to the NFPA (Attention: Secretary, Standards Council), will be granted a royalty-free 
license to print and republish this document in whole or in part, with changes and additions, if any, noted 
separately, in laws, ordinances, regulations, administrative orders or similar instruments having the force of 
law, provided that: (1) due notice of NFPA's copyright is contained in each law and in each copy thereof; 
and, (2) that such printing and republication is limited to numbers sufficient to satisfy the jurisdiction's lawmak- 
ing or rulemaking process. B. Once this NFPA Code or Standard has been adopted into law, all printings 
of this document by public authorities with lawmaking or rulemaking powers or any other persons desiring 
to reproduce this document or its contents as adopted by the jurisdiction in whole or in part, in any form, 
upon written request to NFPA (Attention: Secretary, Standards Council), will be granted a nonexclusive license 
to print, republish, and vend this document in whole or in part, with changes and additions, if any, noted 
separately provided that due notice of NFPA's copyright is contained in each copy. Such license shall be granted 
only upon agreement to pay NFPA a royalty. This royalty is i'equired to provide funds for the research and 
development necessary to continue the work of NFPA and its volunteers in continually updating and revising 
NFPA standards. Under certain circumstances, public authorities with lawmaking or rulemaking powers may 
apply for and may receive a special royalty when the public interest will be served thereby. 

3. Scope of License Grant - -  The terms and conditions set forth above do not extend to the index 
to this document. 

(For further explanation, see the Policy Concerning the Adoption, Printing and Publication of NFPA 
Documents which is available upon request from the NFPA.) 

Statement on NFPA Procedures 

This material has been developed under the published procedures of the National Fire Protection Associa- 
tion, which are designed to assure the appointment of technically competent Committees having balanced 
representation. While these procedures assure the highest degree of care, neither the National Fire Protection 
Association, its members, nor those participating in its activities accepts any liability resulting from com- 
pliance or noncompliance with the provisions given herein, for any restrictions imposed on materials or pro- 
cesses, or for the completeness of the text. 

NFPA has no power or authority to police or enforce compliance with the contents of this document 
and any certification of products stating compliance with requirements of this document is made at the peril 
of the certifier. 
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E r r a t a  

NFPA 13 

Installation of Sprinkler Systems 

1991 Edition 

Reference: 6-4.2.2, Tables A-5-3.4 and Ao5-3.5 

The Committee on Automatic Sprinklers notes the following errors in NFPA 13, Standard for 
the Installation o f  Sprinkler Systems, 1991 edition. 

I. In 6-4.2.2, revise the formula to read: 

Pv = 0.001123 Q~ 
D 4 

2. In Table A-5-3.4, Large-Drop Sprinkler Data, revise the rack storage heading as follows: 

Double-Row Rack Storage 3 with Minimum 5.5 ft (1.7 m) Aisle Width and Multiple-Row 
Rack Storage with Minimum 8.0 ft (2.5 m) Aisle Width. 

3. In Table A-5-3.5, ESFR Sprinkler Data, revise the tirst entry under the "Type o f  Storage" 
heading as follows: 

Single-, double-, and multiple-row and portable rack storage (no open-top containers or 
solid shelves), and solid-piled or palletized storage. 

Issue Date: June 26, 1992 

Copyright © 1992 All Rights Reserved 
NATIONAL FIRE PROTECTION ASSOCIATION 
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NFPA 13 

Standard for the 

Installation of Sprinkler Systems 

1991 Edition 

This edition of  NFPA 13, Standard for the Installation of Sprinkler Systems, was prepared 
by the Technical Committee on Automatic Sprinklers, released by the Correlating Com- 
mittee on Water Extinguishing Systems, and acted on by the National Fire Protection 
Association, Inc. at its Annual Meeting held May 19-23, 1991 in Boston, MA. It was 
issued by the Standards Council on July 19, 1991, with an effective date of  August 16, 
1991, and supersedes all previous editions. 

The 1991 edition of  this document has been approved by the American National 
Standards Institute. 

Origin and Development o f  NFPA 13 

NFPA 13 represents the first standard published under the auspices of  the NFPA 
Committee on Automatic Sprinklers. Originally titled Rules and Regulations of the National 
Board of Fire Underwriters for Sprinkler Equipments, Automatic and Open Systems, the standard 
has been continuously updated to keep in step with change. 

Full information about the NFPA actions on various changes will be found in the 
NFPA Proceedings. The dates of  successive editions are as follows: 1896, 1899, 1902, 
1905, 1907, 1908, 1910, 1912, 1913, 1915, 1916, 1917, 1919, 1920, 1921, 1922, 1923, 
1924, 1925, 1926, 1927, 1928, 1929. In 1930 a separate standard was published on 
"Class B" systems. This was integrated in the 1931 edition. Further revisions were 
adopted in 1934, 1935 and 1936. A two-step revision was presented in the form of  a 
progress report in 1939 and finally adopted in 1940. Further amendments were made 
in 1947, 1950, 1953, 1956, 1958, 1960, 1961, 1963, 1964, 1965, 1966, 1968, 1969, 1971, 
1972, 1973, 1974, 1975, 1976, 1978, 1980, 1982, 1984, and 1986. 

The 1989 edition incorporated some new technology parameters such as the ESFR 
sprinkler. 

The 1991 edition represents a complete reorganization of  the standard - -  the first 
time for this document. The document is intended to present the requirements of  the 
standard in a user-friendly format. This involves presentation of  the material in a more 
logical, concise order. 

Substantive changes include the introduction of  2 basic construction configurations, 
modifications to the area-density curves, and new design restrictions on pipe schedule 
systems. Other amendments have included the introduction of  requirements for some 
nonmetallic piping materials. 
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1991 Edition 
NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates explanatory material on 
that paragraph in Appendix A. 

Information on referenced publications can be found in 
Chapter 10 and Appendix C. 

Chapter 1 General Information 

1-1 Scope. T h i s  s t a n d a r d  p rov ides  the m i n i m u m  
requirements for the design and installation of  automatic 
fire sprinkler systems and exposure protection sprinkler 
systems, including the character and adequacy of  water 
supplies and the selection of  sprinklers, piping, valves, and 
all materials and accessories, but  not including the installa- 
tion of  private fire service mains and water supplies. 

NOTE: Consult other NFPA standards for additional 
requirements relating to water supplies. 

NOTE: See Tentative Interim Amendment on page 131. 

1-2 Purpose. The  purpose of  this standard is to provide 
a reasonable degree of  protection for life and property 
from fire through standardization of  design, installation, 
and testing requirements for sprinkler systems based upon 
sound engineering principles, test data, and field experi- 
ence. This standard endeavors to continue the excellent 
record that has been established by sprinkler systems while 
meeting the needs of  changing technology. Nothing in this 
standard is in tended to restrict new technologies or alter- 
nate arrangements,  providing the level o f  safety prescribed 
by this standard is not lowered. Materials or devices not 
specifically designated by this standard shall be utilized in 
complete accord with all conditions, requirements,  and 
limitations of  their listings. 

NOTE 1: A sprinkler system is a specialized fire protection 
system and requires knowledgeable and experienced design 
and installation. 

NOTE 2: Since its inception, this document has been devel- 
oped on the basis of standardized materials, devices, and 
design practices. However, certain paragraphs, such as 
2-3.5, 4-3.2, and this one, allow the use of materials and 
devices not specifically designated by this standard, pro- 
vided such use is within parameters established by a listing 
organization. In using such materials or devices, it is impor- 
tant that all conditions, requirements, and limitations of the 
listing be fully understood and accepted and that the instal- 
lation is in complete accord with such listing requirements. 

1-3 Retroactivity Clause. The provisions of  this docu- 
ment  are considered necessary to provide a reasonable 
level of  protection from loss of  life and property from fire. 
They reflect situations and the state of  the art at the time 
the standard was issued. 

Unless otherwise noted, it is not intended that the pro- 
visions of  this document  be applied to facilities, equipment, 
structures, or installations that were existing or approved 
for construction or installation prior to the effective date 
of  this document. 

Exception: In those cases where it is determined by the authority 
having jurisdiction that the existing situation involves a distinct 
hazard to life or property, this standard shall apply. 

1-4 Definitions. 

1-4.1 NFPA Definitions. 

Approved. Acceptable to the "authority having juris- 
diction." 

NOTE: The National Fire Protection Association does not 
approve, inspect or certify any installation, procedures, 
equipment, or materials nor does it approve or evaluate 
testing laboratories. In determining the acceptability of 
installations or procedures, equipment or materials, the 
authority having jurisdiction may base acceptance on com- 
pliance with NFPA or other appropriate standards. In the 
absence of such standards, said authority may require evi- 
dence of proper installation, procedure or use. The author- 
ity having jurisdiction may also refer to the listings or label- 
ing practices of an organization concerned with product 
evaluations which is in a position to determine compliance 
with appropriate standards for the most current production 
of listed items. 

Authority Having Jurisdiction. The "authority having 
jur i sd ic t ion"  is the organizat ion,  office or indiv idual  
responsible for "approving" equipment,  an installation or a 
procedure. 

NOTE: The phrase "authority having jurisdiction" is used 
in NFPA documents in a broad manner since jurisdictions 
and "approval" agencies vary as do their responsibilities. 
Where public safety is primary, the "authority having juris- 
diction" may be a federal, state, local or other regional 
department or individual such as a fire chief, fire marshal, 
chief of a fire prevention bureau, labor department, health 
department, building official, electrical inspector, or others 
having statutory authority. For insurance purposes, an 
insurance inspection department, rating bureau, or other 
insurance company representative may be the "authority 
having jurisdiction." In many circumstances the property 
owner or his designated agent assumes the role of the 
"authority having jurisdiction"; at government installations, 
the commanding officer or departmental official may be the 
"authority having jurisdiction." 

Listed. Equipment  or materials included in a list pub- 
lished by an organization acceptable to the "authority hav- 
ing jurisdiction" and concerned with product evaluation, 
that maintains periodic inspection of  production of  listed 
equipment  or materials and whose listing states either that 
the equipment  or material meets appropriate standards or 
has been tested and found suitable for use in a specified 
manner.  

NOTE: The means for identifying listed equipment may 
vary for each organization concerned with product evalua- 
tion, some of which do not recognize equipment as listed 
unless it is also labeled. The "authority having jurisdiction" 
should utilize the system employed by the listing organiza- 
tion to identify a listed product. 
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Shall. Indicates a mandatory  requirement .  

Should. Indicates a recommendat ion  or  that which is 
advised but  not required.  

Standard. A d o c u m e n t  conta in ing  only m a n d a t o r y  
provisions, using the word shall to indicate requirements.  
Explanatory material  may be included only in the form o f  
fine pr int  notes, in footnotes, or in an appendix.  

1-4.2 General Definitions. 

Compartment. As used in 4-3.6.3 and 6-4.4.4, a space 
completely enclosed by walls and a ceiling. The  compart-  
ment  enclosure may have openings to an adjoining space i f  
the openings have a minimum lintel depth  o f  8 in. 
(203 mm) from the ceiling. 

Drop-Out Ceiling. A suspended ceiling system with 
listed translucent or  opaque panels that  are heat sensitive 
and fall f rom their setting when exposed to heat. This  ceil- 
ing system is installed below the sprinklers. 

Dwel l ing Unit .  One or  more rooms ar ranged  for the 
use o f  one or  more individuals living together  as in a sin- 
gle housekeeping  unit  normally having cooking, living, 
sanitary, and sleeping facilities. 

For purposes  o f  this s tandard,  dwelling unit  includes 
hotel rooms, dormi tory  rooms, apar tments ,  condomini-  
ums, sleeping rooms in nursing homes, and similar living 
units. 

Fire Control .  Limiting the size o f  a fire by distribution 
o f  water so as to decrease the heat release rate and pre-wet 
adjacent combustibles, while controlling ceiling gas tem- 
peratures  to avoid structural damage.  

Fire Suppression. Sharply reducing the heat release 
rate o f  a fire and prevent ing its regrowth by means o f  
direct and sufficient application o f  water through the fire 
p lume to the burning fuel surface. 

High Challenge Fire Hazard. A fire hazard typical o f  
that p roduced  by fires in combustible high-piled storage. 

High-Piled Storage. Solid piled, palletized, rack stor- 
age, bin box, and shelf  storage in excess o f  12 ft (3.7 m) in 
height. (See 5-2.3.1.1.) 

Hydraulically Designed System. A calculated sprin- 
kler system in which pipe sizes are selected on a pressure 
loss basis to provide a prescribed water density, in gallons 
per  minute per  square foot [(L/min)/m2], or  a prescribed 
min imum discharge pressure or  flow per  sprinkler,  distrib- 
uted with a reasonable degree  o f  uniformity over a speci- 
fied area. 

Limited-Combustible Material .  As appl ied to a build- 
ing construction material,  a material,  not  complying with 
the definit ion o f  noncombust ible  material ,  that, in the 
form in which it is used, has a potential  heat value not 
exceeding 3500 Btu per  lb (8141 kJ/kg) and complies with 
one o f  the following paragraphs ,  (a) or  (b). Materials sub- 
ject  to increase in combustibility or  flame spread rating 
beyond the limits herein established through the effects o f  
age, moisture,  or  other  atmospheric  condit ion shall be con- 
sidered combustible. 

(a) Materials having a structural base o f  noncombustible 
material,  with a surfacing not exceeding a thickness o f  
1/8 in. (3.2 mm) that has a flame spread rating not greater  
than 50. 

(b) Materials,  in the form and thickness used, o ther  
than as described in (a), having neither  a flame spread rat- 
ing greater  than 25 nor evidence o f  cont inued progressive 
combustion and o f  such composition that surfaces that would 
be exposed by cutting through the material on any plane 
would have neither a flame spread rating greater than 25 nor 
evidence o f  continued progressive combustion. 

Miscellaneous Storage.* Storage that does not  exceed 
12 ft (3.7 m) in height and is incidental to another  occu- 
pancy use group as defined in 1-4.7 (see 5-2.3.1.1). Protec- 
tion criteria for miscellaneous storage are within the scope 
o f  this s tandard.  

Noncombustible Material. A material that, in the form 
in which it is used and under  the conditions anticipated, 
will not ignite, burn,  suppor t  combustion, or  release flam- 
mable vapors when subjected to fire or  heat. Materials that 
are repor ted  as passing ASTM E136, Standard Test Method 
for Behavior of Materials in a Vertical Tube Furnace at 750°C, 
shall be considered noncombustible materials. 

Pipe Schedule System. A sprinkler  system in which 
the pipe sizing is selected f rom a schedule that is deter-  
mined by the occupancy classification. A given number  o f  
sprinklers are allowed to be supplied f rom specific sizes o f  
pipe. 

Small  Rooms.  Rooms o f  light hazard occupancy classi- 
fication having unobstructed construction and floor areas 
not  exceeding 800 sq ft (74.3 m2). (See 1-4.7.1.) 

Sprinkler System.* For fire protect ion purposes,  an 
integrated system o f  unde rg round  and overhead piping 
designed in accordance with fire protection engineering 
standards.  The  installation includes one or more automatic 
water supplies. The  port ion o f  the sprinkler  system above- 
g round  is a network o f  specially sized or  hydraulical ly 
designed piping installed in a building, structure, or  area, 
generally overhead,  and to which sprinklers are attached 
in a systematic pattern.  T h e  valve controlling each system 
riser is located in the system riser or its supply piping. Each 
sprinkler  system riser includes a device for actuating an 
alarm when the system is in operation.  The  system is usu- 
ally activated by heat  f rom a fire and discharges water over 
the fire area. 

NOTE: The design and installation of water supply facili- 
ties such as gravity tanks, fire pumps, reservoirs or pressure 
tanks, and underground piping are covered by the following 
NFPA standards: NFPA 22, Standard for Water Tanks for Pri- 
vale Fire Protection; NFPA 20, Standard for the Installation of 
Centrifugal Fire Pumps; and NFPA 24, Standard for the Installa- 
tion of Private Fire Seroice Mains and Their Appurtenances. 

Thermal Barrier. A material  that will limit the average 
tempera ture  rise o f  the unexposed surface to not  more 
than 250°F (121°C) after 15 minutes o f  fire exposure  com- 
plying with the s tandard t ime- temperature  curve o f  NFPA 
251, Standard Methods of  Fire Tests of Building Construction 
and Materials. 
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1-4.3 Sprinkler System Type Definitions. 
Wet Pipe System. A sprinkler system employing auto- 

matic sprinklers attached to a piping system containing 
water and connected to a water supply so that water dis- 
charges immediately from sprinklers opened by heat f rom 
a fire. 

Dry Pipe System. A sprinkler system employing auto- 
matic sprinklers attached to a piping system containing air 
or nitrogen under  pressure, the release o f  which (as from 
the opening o f  a sprinkler) permits the water pressure to 
open a valve known as a dry pipe valve. The  water then 
flows into the piping system and out the opened sprinklers. 

Preaction System. A sprinkler system employing auto- 
matic sprinklers attached to a piping system containing air 
that may or may not be under  pressure, with a supplemen- 
tal detection system installed in the same areas as the sprin- 
klers. Actuat ing means o f  the valve are described in 
3-3.2.1. Actuation o f  the detection system opens a valve 
that permits water to flow into the sprinkler piping system 
and to be discharged from any sprinklers that may be 
open. 

Deluge System. A sprinkler system employing open 
sprinklers attached to a piping system connected to a water 
supply through a valve that is opened by the operation o f  
a detection system installed in the same areas as the sprin- 
klers. When this valve opens, water flows into the piping 
system and discharges from all sprinklers attached thereto. 

Combined Dry Pipe-Preaction System. A sprinkler 
system employing automatic sprinklers attached to a pip- 
ing system containing air under  pressure with a supple- 
mental detection system installed in the same areas as the 
sprinklers. Operation o f  the detection system actuates trip- 
ping devices that open dry pipe valves simultaneously and 
without loss o f  air pressure in the system. Operation o f  the 
detection system also opens listed air exhaust valves at the 
end o f  the feed main, which usually precedes the opening 
o f  sprinklers. The  detection system also serves as an auto- 
matic fire alarm system. 

Antifreeze System. A wet pipe spr inkler  system 
employing automatic sprinklers attached to a piping sys- 
tem containing an antifreeze solution and connected to a 
water supply. The antifi'eeze solution is discharged, fol- 
lowed by water, immediately upon operation o f  sprinklers 
opened by heat f rom a fire. 

Circulating Closed-Loop System. A wet pipe sprinkler 
system having non-fire-protection connections to auto- 
matic sprinkler systems in a closed-loop piping arrange- 
ment for the purpose o f  utilizing sprinkler piping to con- 
duct water for heating or cooling. Water is not removed or 
used from the system, but only circulated through the pip- 
ing system. 

1-4.4" System Component Definitions. 
Branch Lines. The pipes in which the sprinklers are 

placed, either directly or through risers. 

Cross Mains. The pipes supplying the branch lines, 
directly or through risers. 

Feed Mains. The  pipes supplying risers or cross mains. 

Risers. The  vertical supply pipes in a sprinkler system. 

Supervisory Devices. Devices arranged to supervise 
the operative condition o f  automatic sprinkler systems. 

System Riser. The  aboveground supply pipe directly 
connected to the water supply. 

1-4.5 Sprinkler Definitions. 

1-4.5.1 Sprinklers defined according to design and per- 
formance characteristics: 

Spray Sprinkler. A type o f  sprinkler listed for its 
capability to provide fire control for a wide range o f  fire 
hazards. 

Old-Style/Conventional Sprinkler. Sprinklers that 
direct from 40 to 60 percent o f  the total water initially in a 
downward direction and that are designed to be installed 
with the deflector either upright or pendent. 

Fast Response Sprinkler. A type o f  sprinkler with a 
high level o f  thermal sensitivity, enabling it to respond at 
an early stage o f  fire development. This includes ESFR, 
QR, QREC, QRES, and residential sprinklers. 

Residential Sprinkler. A type o f  fast response sprin- 
kler specifically listed for use in protection against the fire 
hazards typically found in dwelling units. 

Extended Coverage (EC) Sprinkler. A type o f  spray 
sprinkler listed as a special sprinkler with extended maxi- 
mum protection area. 

Quick-Response (QR) Sprinkler. A type o f  sprinkler 
that is both a fast response and a spray sprinkler. 

Quick-Response Extended Coverage (QREC) Sprin- 
kler. Sprinklers that are listed as both quick-response 
and extended coverage sprinklers. 

Quick.Response Early Suppression (QRES) Sprinkler.* 
Fast response sprinklers that are listed for their capability 
to provide fire suppression o f  specific fire hazards. 

Large-Drop Sprinkler. A type o f  sprinkler that is capa- 
ble o f  producing characteristic large water droplets and 
that is listed for its capability to provide fire control o f  spe- 
cific high challenge fire hazards. 

Early Suppression Fast Response (ESFR) Sprinkler.* 
A type o f  fast response sprinkler listed for its capability to 
provide fire suppression o f  specific high challenge fire 
hazards. 

O p e n  Spr inkler .  Sprinklers  f rom which the heat  
responsive and actuating elements have been removed. 

Nozzles. Devices for use in applications requiring spe- 
cial water discharge patterns, directional spray, or other 
unusual discharge characteristics. 

Special Sprinkler. Sprinklers that have been tested 
and listed as prescribed in 4-3.2. 

1-4.5.2 Sprinklers defined according to orientation: 

Concealed Sprinkler. Recessed sprinklers with cover 
plates. 
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Flush Sprinkler. Sprinklers in which all or par t  o f  the 
body, including the shank thread,  is mounted  above the 
lower plane o f  the ceiling. 

Pendent Sprinkler. Sprinklers designed to be installed 
in such a way that the water stream is directed downward 
against the deflector. 

Recessed Sprinkler. Sprinklers in which all or  part  o f  
the body, o ther  than the shank thread,  is mounted  within 
a recessed housing. 

Sidewall Sprinkler. Sprinklers having special deflec- 
tors that are designed to discharge most o f  the water away 
from the nearby wall in a pat tern resembling one quar ter  
o f  a sphere,  with a small por t ion o f  the discharge directed 
at the wall behind the sprinkler.  

Upright Sprinkler. Sprinklers designed to be installed 
in such a way that the water spray is directed upwards 
against the deflector. 

1-4.5.3 Sprinklers defined according to special applica- 
tion or  environment:  

Corrosion-Resistant Sprinkler. Sprinklers  fabricated 
with corrosion-resistant material or  with special coatings or 
platings to be used in an a tmosphere  that would normally 
corrode sprinklers. 

Dry Sprinkler.* Sprinklers  secured in an extension 
nipple that has a seal at the inlet end  to prevent  water f rom 
enter ing the nipple until the sprinkler  operates.  Dry sprin- 
klers are in tended to extend into an unheated area from a 
wet pipe system or (for d ry -penden t  sprinklers) to be used 
on a dry  pipe system in the penden t  position. 

Intermediate Level Sprinkler/Rack Storage Sprinkler. 
Sprinklers equipped with integral  shields to protect  their  
o p e r a t i n g  e lements  f rom the  d i scharge  o f  sp r ink le r s  
installed at higher  elevations. 

Ornamental/Decorative Sprinkler. Spr ink le r s  that  
have been painted or plated by the manufacturer .  

1-4.6" Construction Definitions. 

Obstructed Construction. Construction where beams, 
trusses, or  o ther  members  impede  heatflow or  water distri- 
bution in a manner  that materially affects the ability o f  
sprinklers to control  or  suppress a fire. 

Unobstructed Construction. C o n s t r u c t i o n  w h e r e  
beams, trusses, or  o ther  members  do not impede  heatflow 
or  water distribution in a manner  that materially affects 
the ability o f  sprinklers to control  or  suppress a fire. Unob- 
structed construction has horizontal  structural members  
that are not solid, where the openings are at least 70 per-  
cent o f  the cross section area, and the depth  o f  the mem- 
ber  does not exceed the least dimension o f  the openings, 
or  all construction types where the spacing o f  structural  
members  exceed 7 1/2 ft (2.3 m) on center. 

For descriptions o f  construction types, see A-1-4.6(a) 
and (b). 

1-4.7" Classif ication o f  Occupancies .  Occupancy classi- 
fications for this s tandard relate to sprinkler  installations 
and their  water supplies only. They  are  not in tended to be 
a general  classification o f  occupancy hazards. 

1-4.7.1" Light Hazard Occupancies. Occupancies  or  
port ions o f  other  occupancies where the quantity and/or  
combustibility o f  contents is low and fires with relatively 
low rates o f  heat release are expected. 

1-4.7.2 Ordinary Hazard Occupancies. 

1-4.7.2.1" Ordinary Hazard (Group I). Occupancies or 
port ions o f  other  occupancies where combustibility is low, 
quantity o f  combustibles is moderate ,  stockpiles o f  combus- 
tibles do not exceed 8 ft (2.4 m), and fires with moderate  
rates o f  heat release are expected. 

1-4.7.2.2" Ordinary Hazard (Group 2). Occupancies or  
port ions o f  other  occupancies where quantity and combus- 
tibility o f  contents is modera te  to high, stockpiles do not 
exceed 12 ft (3.7 m), and fires with modera te  to high rates 
o f  heat release are expected. 

1-4.7.3 Extra Hazard Occupancies. 

1-4.7.3.1" Occupancies or  port ions o f  o ther  occupancies 
where quantity and combustibility o f  contents is very high 
and flammable and combustible liquids, dust, lint, or  o ther  
materials are present,  introducing the probabili ty o f  rap- 
idly developing fires with high rates o f  heat release. 

1-4.7.3.2 Extra hazard occupancies involve a wide range 
o f  variables that may produce  severe fires. The  following 
shall be used to evaluate the severity o f  Extra Hazard  
Occupancies: 

Extra Hazard  (Group 1) includes occupancies described 
in 1-4.7.3.1 with little or no flammable or  combustible 
liquids. 

Extra Hazard  (Group 2) includes occupancies described 
in 1-4.7.3.1 with moderate  to substantial amounts o f  flam- 
mable or combustible liquids or  where shielding o f  com- 
bustibles is extensive. 

1-4.7.4 Special Occupancy Hazards. 

1-4.7.4.1" Other  NFPA standards contain sprinkler sys- 
tem design criteria for fire control or  suppression o f  spe- 
cific hazards. These are listed in Chapter  10 and include 
but  are not limited to NFPA 30, Flammable and Combustible 
Liquids Code; NFPA 30B, Code for the Manufacture and Stor- 
age of Aerosol Products; NFPA 40, Standard for the Storage and 
Handling of Cellulose Nitrate Motion Picture Film, NFPA 58, 
Standard for the Storage and Handling of Liquefied Petroleum 
Gases; NFPA 81, Standard for Fur Storage, Fumigation and 
Cleaning; NFPA 231, Standard for General Storage; NFPA 
231C, Standard for Rack Storage of Materials; NFPA 231D, 
Standard for Storage of Rubber Tires; NFPA 231E, Recom- 
mended Practice for the Storage of Baled Cotton; NFPA 231 F, 
Standard for the Storage of Roll Paper; NFPA 232, Standard 
for the Protection of Records; and NFPA 409, Standard on Air- 
craft Hangars. 

1-4.7.4.2 Miscellaneous storage as defined herein shall be 
classified as to occupancy group in accordance with Table 
1-4.7.4.2. 
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Table 1.4.7.4.2 Occupancy Group Classification for 
Miscellaneous Storage 12 ft (3.7 m) or Less in Height 

Commodity Palletized 
Classification and Bin Box Rack 

I OH-1 OH-1 
II OH-1 OH-1 
II1 OH-2 OH-2 
IV OH-2 OH-2 

Group A Plastic EH-1 EH-2 

NOTE: See Tentative Interim Amendment on page 131. 

1.4.7.4.2.1 The  commodity classifications and storage 
characteristics in Table 1-4.7.4.2 shall be as defined in 
NFPA 231 and NFPA 231C. 

1-5 Abbreviations.  The  standard abbreviations in Table 
1-5 shall be used on the hydraulic calculation form. 

Table 1-5 

Symbol or 
Abbreviation Item 

P 
gpm 

q 

Q 
Pt 
Pf 

Pe 

Pv 
Pn 
E 

EE 
Lt.E 
Cr 
T 

GV 
BV 

Del V 
ALV 
DPV 
CV 

WCV 
St 
psi 
v 

Pressure in psi 
U.S. Gallons per minute 
Flow increment in gpm to be added at a specific 
location 
Summation of flow in gpm at a specific location 
Total pressure in psi at a point in a pipe 
Pressure loss due to friction between points indi- 
cated in location column 
Pressure due to elevation difference between 
indicated points. This can be a plus value or a 
minus value. Where minus, the (-)  shall be used; 
where plus, no sign need be indicated 
Velocity pressure in psi at a point in a pipe 
Normal pressure in psi at a point in a pipe 
90 ° Ell 
45 ° Ell 
Long Turn Elbow 
Cross 
Tee--flow turned 90 ° 
Gate Valve 
Butterfly (Wafer) Check Valve 
Deluge Valve 
Alarm Valve 
Dry Pipe Valve 
Swing Check Valve 
Butterfly (Wafer) Check Valve 
Strainer 
Pounds per square inch 
Velocity of water in pipe in feet per second 

1-6 Level of  Protection. 

1-6.1 A building, when protected by an automatic sprin- 
kler system installation, shall be provided with sprinklers in 
all areas. 

Exception: Where specific sections of this standard permit the 
omission of sprinklers. 

1-6.2 Limited Area Systems. When partial sprinkler sys- 
tems are installed, the requirements of  this standard shall 
be used insofar as they are applicable. The  authority hav- 
ing jurisdiction shall be consulted in each case. 

Chapter 2 S y s t e m  C o m p o n e n t s  and Hardware  

2-1 General .  This  chapter provides requirements  for 
correct use of  sprinkler system components. 

2-1.1" All materials and devices essential to successful 
system operation shall be listed. 

Exception No. 1: Equipment as permitted in Table 2-3.1, Table 
2-4.1, and the Exceptions to 2-6.1 and 2-6.1.1 need not be listed. 
Exception No. 2: Components that do not affect system operation 
such as drain valves and signs need not be listed. The use of 
reconditioned valves and devices other than sprinklers as replace- 
ment equipment in existing systems shall be permitted. 

2-1.2 System components shall be rated for the maxi- 
mum working pressure to which they are exposed but not 
less than 175 psi (12.1 bars). 

2-2 Sprinklers. 

2-2.1 Only new sprinklers shall be installed. 

2-2.2 Sprinkler Discharge Characteristics. The K fac- 
tor, relative discharge, and identification for sprinklers 
having different orifice sizes shall be in accordance with 
Table 2-2.2 on the following page. 

Exception: Listed sprinklers having pipe threads different from 
those shown in Table 2-2.2 shall be permitted. 

2-2.2.1 For Light Hazard Occupancies not requiring as 
much water as is discharged by a nominal  I/2-in. (12.7-ram) 
orifice sprinkler operating at 7 psi (0.5 bar), sprinklers hav- 
ing a smaller orifice shall be permitted subject to the fol- 
lowing restrictions: 

(a) The  system shall be hydraulically calculated. (See 
Chapter 6.) 

(b) Small orifice sprinklers shall be installed in wet sys- 
tems only. 

Exception: Small orifice outside sprinklers for protection from 
exposure fires installed in conformance with Section 3-7 shall be 
permitted. 

(c) A listed strainer shall be provided on the supply side 
of  sprinklers having orifices smaller than 3/8 in. (9.5 ram). 

2-2.2.2 Sprinklers having orifice sizes exceeding 1/2 in. 
(12.7 mm) and having 1/2 in. NPT shall not be installed in 
new sprinkler systems. 

2-2.3" Temperature Characteristics. 

2-2.3.1 The  standard temperature ratings of  automatic 
sprinklers are shown in Table 2-2.3.1 on the following 
page. Automatic sprinklers shall have their frame arms 
colored in accordance with the color code designated in 
Table 2-2.3.1. 

Exception No. 1: A dot on the top of the deflector, or the color of 
the coating material, or colored frame arms shall be permitted for 
color identification of corrosion-resistant sprinklers. 
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Table 2-2.2 Sprinkler Discharge Characteristics Identification 

Nominal 
Orifice 

Size Orifice 
(in.) Type 

Percent of 
Nominal 

K 1/2 in. Thread 
Factor I Discharge Type Pintle 

Nominal 
Orifice Size 

Marked 
On Frame 

1/4 Small 1.3-1.5 25 1/2 in. NPT Yes Yes 
5/16 Small 1.8-2.0 33.3 1/2 in. NPT Yes Yes 
3/8 Small 2.6-2.9 50 1/2 in. NPT Yes Yes 
7/16 Small 4.0-4.4 75 1/2 in. NPT Yes Yes 
1/2 Standard 5.3-5.8 100 I/2 in. NPT No No 

17132 Large 7.4-8.2 140 3/4 in. NPT or No No 
1/2 in. NPT 

5/8 Extra Large 11.0-11.5 200 1/2 in. NPT or Yes Yes 
3/4 in. NPT 

5/8 Large-Drop 11.0-11.5 200 1/2 in. NPT or Yes Yes 
3/4 in. NPT 

3/4 ESFR 13.5-14.5 250 3/4 in. NPT Yes No 

IK factor is the constant in the formula Q = K~" 
Where Q = Flow in gpm 

p = Pressure in psi 

For SI Units: Qm = Km~-m 
Where Qm = Flow in L/min 

Pm= Pressure in bars 
Kin= 14K 

Exception No. 2: Color identification shall not be required for 
ornamental sprinklers such as factory plated or factory painted 
sprinklers or for recessed, flush, or concealed sprinklers. 

Exception No. 3: The frame arms of bulb type sprinklers need 
not be color coded. 

2-2.3.2 T h e  l iquid in b u l b  type  s p r i n k l e r s  shall  be  color  
c o d e d  in a c c o r d a n c e  wi th  T a b l e  2-2.3.1. 

2-2.4 Special Coatings. 

2-2 .4 .1"  L i s t ed  c o r r o s i o n - r e s i s t a n t  s p r i n k l e r s  sha l l  be  
ins ta l led  in locat ions  w h e r e  chemicals ,  mois tu re ,  or  o t h e r  
c o r r o s i v e  v a p o r s  su f f i c i en t  to c a u s e  c o r r o s i o n  o f  s u c h  
devices  exist. 

2 -2 .4 .2*  C o r r o s i o n - r e s i s t a n t  c o a t i n g s  sha l l  b e  a p p l i e d  
on ly  by  the  m a n u f a c t u r e r  o f  the  sp r ink le r .  

Exception: Any damage to the protective coating occurring at the 
time of installation shall be repaired at once using only the coat- 
ing of the manufacturer of the sprinkler in the approved manner 
so that no part of the sprinkler will be exposed after installation 
has been completed. 

2-2.4 .3"  Unless  app l i ed  by the  m a n u f a c t u r e r ,  sp r ink l e r s  
shall  no t  be  p a i n t e d ,  a n d  any  s p r i n k l e r s  t ha t  have  b e e n  

p a i n t e d  shall  be  r ep l aced  wi th  new l is ted sp r ink le r s  o f  the  
s a m e  c h a r a c t e r i s t i c s ,  i n c l u d i n g  o r i f i c e  s ize,  t h e r m a l  
r e sponse ,  a n d  wa te r  d i s t r ibu t ion .  

Exception: Factory-applied paint or coating to sprinkler frames 
in accordance with 2-2.3.1 shall be permitted. 

2-2.4.4 O r n a m e n t a l  f in ishes  shall  no t  be  app l i ed  to spr in -  
klers  by a n y o n e  o t h e r  t h a n  the  s p r i n k l e r  m a n u f a c t u r e r ,  
a n d  on ly  sp r ink le r s  l isted wi th  such  f in ishes  shall  be  used.  

2-2.5 Escutcheon Plates. 

2-2.5.1 Nonmeta l l i c  e s c u t c h e o n  plates  shall  be  listed. 

2-2.5.2* E s c u t c h e o n  pla tes  u sed  wi th  a recessed  o r  f lush 
type  s p r i n k l e r  shall  be  p a r t  o f  a l isted s p r i n k l e r  assembly.  

2-2 .6*  Guards  and S h i e l d s .  S p r i n k l e r s  s u b j e c t  to  
m e c h a n i c a l  in ju ry  shall  be  p r o t e c t e d  with l isted guards .  

2-2.7 Stock o f  Spare Sprinklers. 

2-2.7.1 A supp ly  o f  spa re  sp r ink l e r s  (never  less t h a n  6) 
shall  be  m a i n t a i n e d  on  the  p r emi se s  so t ha t  any  sp r ink l e r s  
t ha t  have  o p e r a t e d  or  b e e n  d a m a g e d  in any  way can  be  

Table 2-2.3.1 Temperature Ratings, Classifications, and Color Codings 

Max.  
Ceiling Temperature 
Temp. Rating 

°F °C °F °C 
Temperature Color Glass Bulb 
Classification Code Colors 

100 38 135 to 170 57 to 77 
150 66 175 to 225 79 to 107 
225 107 250 to 300 121 to 149 
300 149 325 to 375 163 to 191 
375 191 400 to 475 204 to 246 
475 246 500 to 575 260 to 302 
625 329 650 343 

Ordinary Uncolored or Black Orange or Red 
Intermediate White Yellow or Green 
High Blue Blue 
Extra High Red Purple 
Very Extra High Green Black 
Ultra High Orange Black 
Ultra High Orange Black 
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promptly replaced. These sprinklers shall correspond to 
the types and temperature ratings of  the sprinklers in the 
property. The  sprinklers shall be kept in a cabinet located 
where the temperature to which they are subjected will at 
no time exceed 100°F (38°C). 

2-2.7.2 A special sprinkler wrench shall also be provided 
and kept in the cabinet to be used in the removal and 
installation of  sprinklers. 

2-2.7.3 The  stock of  spare sprinklers shall include all 
types and ratings installed and shall be as follows: 

(a) For systems with not over 300 sprinklers, not less 
than 6 sprinklers. 

(b) For systems with 300 to 1000 sprinklers, not less 
than 12 sprinklers. 

(c) For systems with over 1000 sprinklers, not less than 
24 sprinklers. 

2-3 Pipe and Tube.  

2-3.1 Pipe or tube used in sprinkler systems shall meet or 
exceed one of  the standards in Table 2-3.1 or be in accor- 
dance with 2-3.2 through 2-3.5. 

Table 2-3.1 Pipe or Tube Materials and Dimensions 

Materials and Dimensions Standard 

Ferrous Piping (Welded and Seamless) 
-'~ t Spec. for Black and Hot-Dipped Zinc 

Coated (Galvanized) Welded and Seamless 
Steel Pipe for Fire Protection Use ........... ASTM A795 

t Spec. for Welded and Seamless Steel Pipe.. ANSI/ 
ASTM A53 

Wrought Steel Pipe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ANSI B36.10M 
Spec. for Elec.-Resistance Welded Steel Pipe. ASTM A135 

Copper Tube (Drawn, Seamless) 
I" Spec. for Seamless Copper Tube ... . . . . . . . . . .  ASTM B75 
t Spec. for Seamless Copper Water Tube ..... ASTM B88 
Spec. for General Requirements for 

Wrought Seamless Copper and Copper- 
Alloy Tube . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ASTM B251 

Brazing Filler Metal (Classification BCuP-3 
or BCuP-4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  AWS A5.8 

Solder Metal, 95-5 (Tin-Antimony-Grade 
95TA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ASTM B32 

t Denotes pipe or tubing suitable for bending (see 2-3.6) according to 
ASTM standards. 

2-3.2" When steel pipe listed in Table 2-3.1 is used and 
joined by welding as referenced in 2-5.2 or by roll grooved 
pipe and fittings as referenced in 2-5.3, the minimum nomi- 
nal wall thickness for pressures up to 300 psi (20.7 bars) shall 
be in accordance with S c ~ 0  for sizes up to 5 in. 
(127 mm); 0.134 in. (3.4"0 mm) for 6 in. (152 mm); and 
0.188 in. (4.78 mm) for 8 and 10 in. (203 and 254 mm) pipe. 

Exception: Pressure limitations and wall thickness for steel pipe 
listed in accordance with 2-3.5 shall be in accordance with the 
listing requirements. 

2-3.3 When steel pipe listed in Table 2-3.1 is joined by 
threaded fittings referenced in 2-5.1 or by fittings used 
with pipe having cut grooves, the minimum wall thickness 
shall be in accordance with Schedule 30 [in sizes 8 in. 
(203 ram) and larger] or Schedule 40 [in sizes less than 8 in. 
(203 mm)] pipe for pressures up to 300 psi (20.7 bars). 

Exception: Pressure limitations and wall thickness for steel pipe 
specially listed in accordance with 2-3.5 shall be in accordance 
with the listing requirements. 

2-3.4* Copper tube as specified in the standards listed in 
Table 2-3.1 shall have a wall thickness of  Type K, L, or M 
where used in sprinkler systems. 

2-3.5* Other types of  pipe or tube investigated for suit- 
ability in automatic sprinkler installations and listed for 
this service, including but  not limited to polybutylene, 
chlorinated polyvinyl chloride (CPVC), and steel differing 
from that provided in Table 2-3.1, shall be permitted when 
installed in accordance with their listing limitations, includ- 
ing installation instructions. Pipe or tube shall not be listed 
for portions of  an occupancy classification. 

2-3.6 Pipe Bending.  Bending of  Schedule 40 steel pipe 
and Types K and L copper tube shall be permitted when 
bends are made with no kinks, ripples, distortions, reduc- 
tions in diameter, or any noticeable deviations from round. 
The min imum radius o f  a bend shall be 6 pipe diameters 
for pipe sizes 2 in. (51 mm) and smaller, and 5 pipe diam- 
eters for pipe sizes 2Vz in. (64 mm) and larger. 

2-4 Fittings. 

2-4.1 Fittings used in sprinkler systems shall meet or 
exceed the standards in Table 2-4.1 or be in accordance 
with 2-4.2. 

Table 2-4.1 Fittings Materials and Dimensions 

Materials and Dimensions Standard 

Cast Iron 
Cast Iron Threaded Fittings, 

Class 125 and 250 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cast Iron Pipe Flanges 

and Flanged Fittings . . . . . . . . . . . . . . . . . . . . . . . .  
Malleable Iron 

Malleable Iron Threaded Fittings, 
Class 150 and 300 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Steel 
Factory-made Wrought Steel 

Buttweld Fittings . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Buttwelding Ends for Pipe, Valves, 

Flanges, and Fittings . . . . . . . . . . . . . . . . . . . . . . . .  
Spec. for Piping Fittings of Wrought 

Carbon Steel and Alloy Steel 
for Moderate and Elevated 
Temperatures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Steel Pipe Flanges and Flanged Fittings .... 
Forged Steel Fittings, Socket Welded 

and Threaded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Copper 

Wrought Copper and Bronze Solder-Joint 
Pressure Fittings . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cast Bronze Solder-Joint Pressure Fittings. 

ANSI B16.4 

ANSI B16.1 

ANSI B16.3 

ANSI B16.9 

ANSI B16.25 

ASTM A234 
ANSI B16.5 

ANSI B16.11 

ANSI B16.22 
ANSI B16.18 
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2-4.2" Other types o f  fittings investigated for suitability 
i n  automatic sprinkler installations and listed for this ser- 
vice, including but not limited to polybutylene, chlorinated 
polyvinyl chloride (CPVC), and steel differing from that 
provided in Table 2-4.1, shall be permitted when installed 
in accordance with their listing limitations, including instal- 
lation instructions. 

2-4.3 Fittings shall be extra-heavy pattern where pres- 
sures exceed 175 psi (12.1 bars). 

Exception No. 1: Standard weight pattern cast-iron fittings 2 in. 
(51 mm) in size and smaller shall be permitted where pressures do 
not exceed 300 psi (20.7 bars). 

Exception No. 2: Standard weight pattern malleable iron fit- 
tings 6 in. (152 mm) in size and smaller shall be permitted where 
pressures do not exceed 300 psi (20.7 bars). 

Exception No. 3: Fittings shall be permitted for system pressures 
up to the limits specified in their listings. 

2-4.4* Couplings and Unions. Screwed unions shall not 
be used on pipe larger than 2 in. (51 mm). Couplings and 
unions o f  other than screwed-type shall be o f  types listed 
specifically for use in sprinkler systems. 

2-4.5 Reducers and Bushings. A one-piece reducing fit- 
ting shall be used wherever a change is made in the size o f  
the pipe. 

Exception No. 1: Hexagonal or face bushings shall be permitted 
in reducing the size of openings of fittings when standard fttings 
of the required size are not available. 

Exception No. 2: Hexagonal bushings as permitted in 
4-4.1.7.21.1 are acceptable. 

2-5 Joining of Pipe and Fittings. 

2-5.1 Threaded Pipe and Fittings. 

2-5.1.1 All threaded pipe and fittings shall have threads 
cut to ANSI/ASME B1.20.1. 

2-5.1.2" Steel pipe with wall thicknesses less than Sched- 
ule 30 [in sizes 8 in. (203 mm) and larger] or Schedule 40 
[in sizes less than 8 in. (203 mm)] shall not be joined by 
threaded fittings. 

Exception: A threaded assembly investigated for suitability in 
automatic sprinkler installations and listed for this service shall be 
permitted. 

2-5.1.3 Joint compound or tape shall be applied only to 
male threads. 

2-5.2* Welded Pipe and Fittings. 

2-5.2.1 Welding methods that comply with all o f  the 
requirements o f  AWS D 10.9, Specification for Qualification of 
Welding Procedures and Welders for Piping and Tubing, Level 
AR-3, are acceptable means o f  joining fire protection 
piping. 

2-5.2.2" Sprinkler piping shall be shop welded. 

Exception: Welding of sprinkler piping in place inside new 
buildings under construction shall be permitted only when the con- 
struction is noncombustible and no combustible contents are 
present and when the welding process is performed in accordance 
with NFPA 51B, Standard for Fire Prevention in Use of Cutting 
and Welding Processes. 

2-5.2.3 Fittings used to join pipe shall be listed fabricated 
fittings or manufactured in accordance with Table 2-4.1. 
Such fittings joined in conformance with a qualified weld- 
ing procedure as set forth in this section are an acceptable 
product  under  this standard, provided that materials and 
wall thickness are compatible with other sections o f  this 
standard. 

Exception: Fittings are not required when pipe ends are 
buttwelded. 

2-5.2.4 No welding shall be p e r f o r m e d  if  there  is 
impingement o f  rain, snow, sleet, or high wind on the weld 
area o f  the pipe product. 

2-5.2.5 When welding is performed: 

(a)* Holes in piping for outlets shall be cut to the full 
inside diameter o f  fittings prior to welding in place o f  the 
fittings. 

(b) Discs shall be retrieved. 

(c) Openings cut into piping shall be smooth bore, and 
all internal slag and welding residue shall be removed. 

(d) Fittings shall not penetrate the internal diameter o f  
the piping. 

(e) Steel plates shall not be welded to the ends o f  piping 
or fittings. 

(f) Fittings shall not be modified. 

(g) Nuts, clips, eye rods, angle brackets, or other fasten- 
ers shall not be welded to pipe or fittings. 

Exception: Only tabs welded to pipe for longitudinal earthquake 
braces shall be permitted. (See 4-5.4.3.5.1.) 

2-5.2.6 When reducing the pipe size in a run o f  piping, a 
reducing fitting designed for that purpose shall be used. 

2-5.2.7 Torch cutting and welding shall not be permitted 
as a means o f  modifying or repairing sprinkler systems. 

2-5.2.8 Qualifications. 

2-5.2.8.1 A welding procedure shall be prepared and 
qualified by the contractor or fabricator before any weld- 
ing is done. Qualification o f  the welding procedure to be 
used and the performance o f  all welders and welding 
operators is required and shall meet or exceed the require- 
ments o f  American Welding Society Standard AWS D10.9, 
Level AR-3. 

2-5.2.8.2 Contractors or fabricators shall be responsible 
for all welding they produce. Each contractor or fabricator 
shall have an established written quality assurance proce- 
dure ensuring compliance with the requirements o f  2-5.2.5 
available to the authority having jurisdiction. 
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2-5.2.9 Records. 

2-5.2.9.1 Welders or welding machine operators shall, 
upon completion of  each weld, stamp an imprint of  their 
identification into the side of  the pipe adjacent to the weld. 

2-5.2.9.2 Contractors or fabricators shall maintain certi- 
fied records, which are available to the authority having 
jurisdiction, o f  the procedures used and the welders or 
welding machine operators employed by them along with 
their welding identification imprints. Records shall show 
the date and the results of  procedure and performance 
qualifications. 

2-5.3 Groove Joining Methods. 

2-5.3.1 Pipe joined with grooved fittings shall be joined 
by a listed combination of  fittings, gaskets, and grooves. 
Grooves cut or rolled on pipe shall be dimensionally com- 
patible with the fittings. 

2-5.3.2 Grooved fittings including gaskets used on dry 
pipe systems shall be listed for dry pipe service. 

2-5.4" Brazed and Soldered Joints. Joints for the con- 
nection of  copper tube shall be brazed. 

Exception No. 1: Solder pints shall be permitted for exposed wet 
pipe systems in Light Hazard Occupancies where the temperature 
classification of the installed sprinklers is ordinary or intermediate. 

Exception No. 2: Solder joints shall be permitted for wet pipe 
systems in Light Hazard and Ordinary Hazard (Group I) Occu- 
pancies where the piping is concealed, irrespective of sprinkler 
temperature ratings. 

2-5.4.1" Highly corrosive fluxes shall not be used. 

2-5.5 Other Types. Other joining methods investigated 
for suitability in automatic sprinkler installations and listed 
for this service shall be permitted when installed in accor- 
dance with their listing limitations, including installation 
instructions. 

2-5.6 End Treatment. After cutting, pipe ends shall have 
burrs and fins removed. 

2-5.6.1 Pipe used with listed fittings and its end treatment 
shall be in accordance with the fitting manufacturer 's  
installation instructions and the fitting's listing. 

2-6 Hangers. 

2-6.1" General. Types of  hangers shall be in accordance 
with the requirements of  Section 2-6. 

Exception: Hangers certified by a registered professional engi- 
neer to include all of the following shall be acceptable: 

(a) Hangers are designed to support five times the weight of 
the water-filled pipe plus 250 lb (114 kg) at each point of piping 
support. 

(b) These points of sui~port are adequate to support the sprin- 
kler system. 

(c) Hanger components shall be ferrous. 

Detailed calculations shall be submitted, when required by the 
reviewing authority, showing stresses developed both in hangers 
and piping and safety factors allowed. 

2-6.1.1 The  components  o f  hanger  assemblies that 
directly attach to the pipe or to the building structure shall 
be listed. 

Exception: Mild steel hangers formed from rods need not be 
listed. 

2-6.1.2 Hangers and their components shall be ferrous. 

Exception: Nonferrous components that have been proven by fire 
tests to be adequate for the hazard application, that are listed for 
this purpose, and that are in compliance with the other require- 
ments of this section shall be acceptable. 

2-6.1.3 Sprinkler piping shall be substantially supported 
from the building structure, which must support the added 
load of  the water-filled pipe plus a minimum of  250 lb 
(114 kg) applied at the point of  hanging. 

2-6.1.4 When sprinkler piping is installed below duct- 
work, piping shall be supported from the building struc- 
ture or from the ductwork supports, provided such sup- 
ports are capable o f  handling both the load o f  the 
ductwork and the load specified in 2-6.1.3. 

2-6.1.5" For trapeze hangers, the minimum size of  steel 
angle or pipe span between purlins or joists shall be such 
that the available section modulus of  the trapeze member 
from Table 2-6.1.5(b) equals or exceeds the section modu- 
lus i equired in Table 2-6.1.5(a). (See following pages.) 

Any other sizes or shapes giving equal or greater section 
modulus shall be acceptable. All angles shall be used with 
the longer leg vertical. The trapeze member  shall be 
secured to prevent slippage. When a pipe is suspended 
from a pipe trapeze of  a diameter less than the diameter of  
the pipe being supported, ring, strap, or clevis hangers of  
the size corresponding to the suspended pipe shall be used 
on both ends. 

2-6.1.6 The size of  hanger rods and fasteners required to 
support the steel angle iron or pipe indicated in Table 
2-6.1.5(a) shall comply with 2-6.4, 

2-6.1.7" Sprinkler piping or hangers shall not be used to 
support nonsystem components. 

2-6.2 Hangers in Concrete. 

2-6.2.1 The use o f  listed inserts set in concrete to support 
hangers shall be permitted. 

2-6.2.2 Listed expansion shields for supporting pipes 
under concrete construction shall be permitted to be used 
in a horizontal position in the sides of  beams. In concrete 
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Table 2-6.1,5(a) Section Modulus Required for Trapeze Members (in. s) 

Span of  
Trapeze 1 in. 11/4 in. 11/2 in. 2 in. 21/2 in. 3 in. 31/2 in. 4 in. 5 in. 6 in. 8 in. 10 in. 

l f t  6 m .  

2 ft 0 in. 

2 ft 6 in. 

3 ft 0 m .  

4 ft 0 m .  

5 f t 0 m .  

6 ft 0 m. 

7 f t 0 m .  

8 ft 0 m .  

9 ft 0 m. 

1 0 f t 0  in. 

.08 .09 .09 .09 .10 .11 .12 .13 .15 .18 .24 .32 

.08 .09 .09 .10 .11 .12 .13 .15 .18 .22 .30 .41 

.11 .12 .12 :13 .13 .15 .16 .17 .20 .24 .32 .43 

.11 .12 .12 .13 .15 .16 .18 .20 .24 .29 .40 .55 

.14 .14 .15 .16 .17 .18 .20 .21 .25 .30 .40 .54 

.14 .15 .15 .16 .18 .21 .22 .25 .30 .36 .50 .68 

.17 .17 .18 .19 .20 .22 .24 .26 .31 .36 .48 .65 

.17 .18 .18 .20 .22 .25 .27 .30 .36 .43 .60 .82 

.22 .23 .24 .25 .27 .29 .32 .34 .41 .48 .64 .87 

.22 .24 .24 .26 .29 .33 .36 .40 .48 .58 .80 1.09 

.28 .29 .30 .31 .34 .37 .40 .43 .51 .59 .80 1.08 

.28 .29 .30 .33 .37 .41 .45 .49 .60 .72 1.00 1.37 

.33 .35 .36 .38 .41 .44 .48 .51 .61 .71 .97 1.30 

.34 .35 .36 .39 .44 .49 .54 .59 .72 .87 1.20 1.64 

.39 .40 .41 .44 .47 .52 .55 .60 .71 .83 1.13 1.52 

.39 .41 .43 .46 .51 .58 .63 .69 .84 1.01 1.41 1.92 

.44 .46 .47 .50 .54 .59 .63 .68 .81 .95 1.29 1.73 

.45 .47 .49 .52 .59 .66 .72 .79 .96 1.16 1.61 2.19 

.50 .52 .53 .56 .61 .66 .71 .77 .92 1.07 1.45 1.95 

.50 .53 .55 .59 .66 .74 .81 .89 1.08 1.30 1.81 2.46 

.56 .58 .59 .63 .68 .74 .79 .85 1.02 1.19 1.61 2.17 

.56 .59 .61 .65 .74 .82 .90 .99 1.20 1.44 2.01 2.74 

For SI Units: 1 in. = 25.4 mm; 1 ft ~ 0.3048 m. 
Top values are for Schedule 10 pipe; bottom values are for Schedule 40 pipe. 
Note: The table is based on a maximum allowable bending stress of 15 KSI and 

h a v i n g  g r a v e l  o r  c r u s h e d  s t o n e  a g g r e g a t e ,  e x p a n s i o n  
shields  shall  be  p e r m i t t e d  to be  used  in the  vert ical  pos i t ion  
to s u p p o r t  p ipes  4 in. (102 m m )  o r  less in  d i ame te r .  

2-6.2.3 For  t he  s u p p o r t  o f  p ipes  5 in. (127 m m )  a n d  
la rger ,  e x p a n s i o n  shields,  i f  u sed  in t he  vert ical  pos i t ion ,  
shall  a l t e r n a t e  wi th  h a n g e r s  c o n n e c t e d  d i rec t ly  to t he  s truc-  
tu ra l  m e m b e r s ,  such  as t russes  a n d  g i rders ,  o r  to t he  sides 
o f  c o n c r e t e  beams .  In  the  absence  o f  c o n v e n i e n t  s t ruc tu ra l  
m e m b e r s ,  p ipes  5 in. (127 m m )  a n d  l a r g e r  shall  be  pe rmi t -  
t ed  to be  s u p p o r t e d  en t i r e ly  by e x p a n s i o n  shields  in the  
ver t ical  pos i t ion ,  b u t  spaced  no t  ove r  10 ft  (3 m) apar t .  

2-6.2.4 E x p a n s i o n  shie lds  shall  no t  b e  u sed  in cei l ings o f  
g y p s u m  or  s imi lar  soft  mater ia l .  In  c i n d e r  concre te ,  e x p a n -  
sion shie lds  shall  no t  be  u sed  excep t  o n  b r a n c h  l ines w h e r e  
they  shal l  a l t e r n a t e  wi th  t h r o u g h  bol ts  or  h a n g e r s  a t t a c h e d  
to beams .  

2-6.2.5 W h e n  e x p a n s i o n  shields  a re  used  in the  vert ical  
pos i t ion ,  the  holes  shall  be  dr i l l ed  to p r o v i d e  u n i f o r m  con-  
tact  wi th  the  sh ie ld  ove r  its e n t i r e  c i r c u m f e r e n c e .  D e p t h  o f  
the  ho le  shall  no t  be  less t h a n  specif ied fo r  the  type  o f  
shie ld  used.  

2-6.2.6 Holes  fo r  e x p a n s i o n  shie lds  in  the  side o f  con-  
c re te  b e a m s  shal l  be  above  the  c e n t e r  l ine o f  the  b e a m  or  
above  t he  b o t t o m  r e i n f o r c e m e n t  steel rods .  

2-6.3 P o w d e r - D r i v e n  Studs  and W e l d i n g  Studs.  

2-6 .3 .1"  P o w d e r - d r i v e n  s tuds ,  w e l d i n g  s tuds ,  a n d  t he  
tools u s e d  fo r  ins ta l l ing  these  devices  shall  be  listed. Pipe 
size, ins ta l l a t ion  posi t ion ,  a n d  c o n s t r u c t i o n  ma te r i a l  in to  
which  they  a re  ins ta l led  shall  be  in a c c o r d a n c e  wi th  indi-  
v idual  l istings. 

a nfidspan concentrated load from 15 fi of water-filled pipe, plus 250 lb. 

2-6.3.2* R e p r e s e n t a t i v e  samples  o f  conc re t e  in to  which  
s tuds  a re  to be  d r i v e n  shall  be  tes ted  to d e t e r m i n e  t h a t  the  
s tuds  will ho ld  a m i n i m u m  load  o f  750 lb (341 kg) for  2-in. 
(51 -mm)  or  smal le r  p ipe ,  1000 lb (454 ks)  fo r  21/2 -, 3-, o r  
31/2-in. (64-, 76-, or  8 9 - m m )  p ipe ,  a n d  1200 lb (545 ks)  fo r  
4- or  5-in. (102- or  127-mm)  pipe.  

2-6.3.3 I n c r e a s e r  coup l ings  shall  be  a t t a c h e d  di rect ly  to 
the  p o w d e r - d r i v e n  s tuds  or  we ld ing  studs.  

2-6.3.4 W e l d i n g  s tuds  or  o t h e r  h a n g e r  pa r t s  shall  no t  be  
a t t a c h e d  by we ld ing  to steel less t h a n  U.S. S t a n d a r d ,  12 
gauge .  

2-6.4 R o d s  a n d  "U" Hooks .  

2-6 .4 .1  H a n g e r  r o d  size sha l l  b e  t h e  s a m e  as t h a t  
a p p r o v e d  for  use  with the  h a n g e r  assembly,  a n d  the  size o f  
r ods  shall  no t  b e  less t h a n  t ha t  g iven  in T a b l e  2-6.4.1. 

Exception: Rods of smaller diameter shall be permitted when the 
hanger assembly has been tested and listed by a testing laborato~ 
and installed within the limits of pipe sizes expressed in individual 
listings. For rolled threads, the rod size shall not be less than the 
root diameter of the thread. 

2 - 6 . 4 . 2  U - H o o k s .  T h e  s ize  o f  t h e  r o d  m a t e r i a l  o f  
U - h o o k s  shall  no t  be  less t h a n  t ha t  g iven  in T a b l e  2-6.4.2. 
Drive  screws shall  be  used  only  in a h o r i z o n t a l  pos i t ion  as 
in  the  side o f  a b e a m  in c o n j u n c t i o n  wi th  U - h a n g e r s  only. 

2-6.4.3 T h e  size o f  the  r o d  ma te r i a l  f o r  eye rods  shall  no t  
be  less t h a n  specif ied in T a b l e  2-6.4.3. W h e n  eye rods  a re  
f a s t e n e d  to wood  s t ruc tu ra l  m e m b e r s ,  t he  eye r o d  shall  be  
b a c k e d  wi th  a l a rge  flat w a s h e r  b e a r i n g  d i rec t ly  aga ins t  t he  
s t ruc tu ra l  m e m b e r ,  in a d d i t i o n  to the  lock washer .  
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Table 2-6.1.5(b) Available Section Moduli o f  Common Trapeze 
Hangers 

Pipe Modulus Angles  Modulus 

Schedule 10 
1 in. .12 
11/4 in. .19 
11/2 in. .26 
2 in. .42 
21/2 in. .69 
3 in. 1.04 
31/2 in. 1.38 
4 in. 1.76 
5 in. 3.03 
6 in. 4.35 

Schedule 40 
1 in. .13 
11/4 in. .23 
11/2 in. .33 
2 in. .56 
21/2 in. 1.06 
3 in. 1.72 
31/2 in. 2.39 
4 in. 3.21 
5 in. 5.45 
6 in. 8.50 

11/2 x 11/2 x 3/16 .10 
2 X 2 x 1/8 .13 
2 X 11/2 X 3/16 .18 
2 x 2 × 3/16 .19 
2 x 2 x I/4 .25 

21/2 x 11/2 x 3/16 .28 
21/2 X 2 x 3/16 .29 

2 x 2 x 5/16 .30 
21/2 X 21/2 X 3/16 .30 

2 X 2 X 3/8 .35 
21/2 X 21/2 X 1/4 .39 

3 x 2 x 3/16 .41 
3 x 21/2 X 3/16 .43 
3 x 3 x 3/16 .44 

21/2 X 21/2 X 5/i 6 .48 
3 X 2 X 1/4 .54 

21/2 X 2 x 3/8 .55 
21/2 X 21/2 X ~¢S .57 

3 x 3 x 1/4 .58 
3 x 3 x 5/16 .71 

21/2 x 21/2 x 1/2 .72 
31/2 x 21/2 x 1/4 .75 

3 x 21/2 X 3/8 .81 
3 x 3 x ~/8 .83 

31/2 X 21/2 X 5/16 .93 
3 x 3 x 7/16 .95 
4 x 4 x 1/4 1.05 
3 x 3 x 1/2 1.07 
4 x 3 x 5/16 1.23 
4 x 4 x 5/16 1.29 
4 x 3 x 3/8 1.46 
4 x 4 x 3/8 1.52 
5 x 31/2 x 5/16 1.94 
4 x 4 x 1/2 1.97 
4 x 4 x 5/8 2.40 
4 x 4 x 3/4 2.81 
6 x 4 x ~/8 3.32 
6 x 4 x 1/2 4.33 
6 x 4 x ~/4 6.25 
6 x 6 x 1 8.57 

For SI Units: 1 in. = 25.4 mm; 1 ft = 0.3048 m. 

2 -6 .4 .3 .1  Eye  r o d s  sha l l  b e  s e c u r e d  w i t h  lock  w a s h e r s  to  
p r e v e n t  l a t e r a l  m o t i o n .  

2°6.4 .4  T h r e a d e d  s e c t i o n s  o f  r o d s  sha l l  n o t  be  f o r m e d  o r  
b e n t .  

2-6 .4 .5  S c r e w s .  F o r  c e i l i n g  f l a n g e s  a n d  U - h o o k s ,  s c r e w  
d i m e n s i o n s  sha l l  n o t  b e  less  t h a n  t h o s e  g i v e n  in  T a b l e  
2-6 .4 .5 .  

Exception: When the thickness of planking and thickness of 
flange do not permit the use of screws 2 in. (51 mm) long, screws 
13/4 in. (44 ram) long shall be permitted with hangers spaced not 
over 10 f t  (3 m) apart. When the thickness of beams or joists does 
not permit the use of screws 21/2 in. (64 mm) long, screws 2 in. 
(51 mm) long shall be permitted with hangers spaced not over 
lOf t  (3 m) apart. 

Table 2-6.4.1 Hanger Rod Sizes 

Diam. o f  Rod Diam. of  Rod 
Pipe Size in. mm Pipe Size in. mm 

Up to and  in- 5, 6, and  8 in. 1/2 12.7 
c luding  4 in. 3/8 9.5 10 and  12 in. 5/8 15.9 

For SI Units: 1 in. = 25.4 ram. 

Table 2-6.4.2 U.Hook Rod Sizes 

Hook Material Diameter 
Pipe Size in. mm 

Up to 2 in. 5/16 7.9 
21/2 in. to 6 in. 3/8 9.5 
8 in. 1/2 12.7 

For SI Units: 1 in. = 25.4 rnm. 

Table 2-6.4.3 Eye Rod Sizes 

Diameter o f  Rod 
With Bent Eye With Welded Eye 

Pipe Size in. mm in. mm 

Up to 4 in. 3/8 9.5 3/8 9.5 
5-6 in. 1/2 12.7 1/2 12.7 
8 in. 3/4 19.1 1/2 12.7 

For SI Units: 1 in. = 25.4 ram. 

Table 2-6.4.5 Screw Dimens ions  for Cei l ing Flanges and 
U - H o o k s  

Pipe Size 2 Screw Flanges 

Up to 2 in. 

Pipe Size 
W o o d  Screw No. 18 × 11/2 in. 

3 Screw Flanges 

Up to 2 in. Wood  Screw No. 18 x 11/2 in. 
21/2 in., 3 in., 31/2 in. Lag Screw 3/8 in. x 2 in. 
4 in., 5 in., 6 in. Lag Screw 1/2 in. × 2 in. 
8 in. Lag Screw 5/8 in. × 2 in. 

Pipe Size 4 Screw Flanges 

Up to 2 in. Wood  Screw No. 18 x 11/2 in. 
21/2 in., 3 in., 31/2 in. Lag Screw 3/8 in. x 11/2 in. 
4 in., 5 in., 6 in. Lag Screw 1/2 in. x 2 in. 
8 in. Lag Screw 5/8 in. x 2 in. 

Pipe Size U-Hooks 

Up to 2 in. Drive Screw No. 16 x 2 in. 
21/2 in., 3 in., 31/2 in. Lag Screw 3/8 in. x 21/2 in. 
4 in., 5 in., 6 in. Lag Screw 1/2 in. x 3 in. 
8 in. Lag Screw 5/8 in. x 3 in. 

For SI Units: 1 in. = 25.4 mm. 
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2-6.4.6 The  size bolt or lag (coach) screw used with an 
eye rod or flange on the side o f  the beam shall not be less 
than specified in Table  2-6.4.6. 

Exception: When the thickness of beams or joists does not permit 
the use of screws 21/2 in. (64 mm) long, screws 2 in. (51 mm) long 
shall be permitted with hangers spaced not over lOf t  0 m) apart. 

Table 2-6.4.6 Minimum Bolt or Lag Screw Sizes 

Length of Lag 
Screw Used 

Size of  Bolt or with Wood 
Lag Screw Beams 

Size of  Pipe in. mm in. mm 

Up to and including 2 in. 3/8 9.5 21/2 64 
21/2 to 6 in. (inclusive) 1/z 12.7 3 76 
8 in. 5/8 15.9 3 76 

2-6.4.7 Wood screws shall be installed with a screwdriver. 
Nails are not acceptable for  fastening hangers.  

2-6.4.8 Screws in the side o f  a t imber or joist shall be not 
less than 21/2 in. (64 mm) from the lower edge when sup- 
por t ing  branch lines and not less than 3 in. (76 mm) when 
suppor t ing  main lines. 

Exception: This requirement shall not apply to 2 in. (51 mm) or 
thicker nailing strips resting on top of steel beams. 

2-6.4.9 The  min imum plank thickness and the minimum 
width o f  the lower face o f  beams or joists in which lag 
screw rods are used shall be as given in Table 2-6.4.9. 

Table 2-6.4.9 Minimum Plank Thicknesses and 
Beam or Joist Widths 

Nominal Plank 
Thickness 

Pipe Size in. mm 

Nominal Width 
of  Beam or 
Joist Face 

in. mm 

Up to 2 in. 3 76 2 51 
21/2 in. to 31/2 in. 4 102 2 51 
4 in. and 5 in. 4 102 3 76 
6 in. 4 102 4 102 

2-6.4.10 Lag screw rods shall not  be used for  suppor t  o f  
pipes larger  than 6 in. (152 mm). All holes for lag screw 
rods shall be predr i l led  1/8 in. (3.2 ram) less in diameter  
than the maximum root  diameter  o f  the lag screw thread.  

2-7 Valves.  

2-7.1 Types  o f  Valves  to Be Used.  

2-7.1.1 All valves controlling connections to water sup- 
plies and to supply pipes to sprinklers shall be listed indi- 
cating valves. Such valves shall not close in less than 5 sec- 
onds when opera ted  at maximum possible speed from the 
fully open position. 

Exception No. I: A listed underground gate valve equipped with 
a listed indicator post shall be permitted. 

Exception No. 2: A listed water control valve assembly with a 
reliable position indication connected to a remote supervisory sta- 
tion shall be permitted. 

Exception No. 3: A nonindicating valve, such as an under- 
ground gate valve with approved roadway box complete with 
T-wrench, accepted by the authority having jurisdiction, shall be 
permitted. 

2-7.1.2 When water pressures exceed 175 psi (12.1 bars), 
valves shall be used in accordance with their  pressure 
ratings. 

2-7.1.3 Wafer  type valves with components  that extend 
beyond the valve body shall be installed in a manner  that 
does not interfere with the operat ion o f  any system com- 
ponents.  

2-7.2 Drain Valves and Test Valves.  Drain valves and 
test valves shall be approved.  

2-7.3 Identif ication o f  Valves.  All control,  drain,  and 
test connection valves shall be provided  with permanent ly  
marked weather -proof  metal or r igid plastic identification 
signs. The  sign shall be secured with corrosion-resistant 
wire, chain, or o ther  approved means. 

2-8 Fire Department  Connections.  

2-8.1 The  fire depa r tmen t  connection(s) shall be internal 
threaded swivel fitting(s) having threads compatible with 
those o f  the local fire depar tment .  

2-8.2 Connections shall be equipped with listed plugs or 
caps. 

2-9 Waterflow Alarms.  

2-9.1 Waterflow alarm apparatus  shall be listed for the 
service and so constructed and installed that any flow o f  
water f rom a sprinkler system equal to or  greater  than that 
from a single automatic sprinkler o f  the smallest orifice 
size installed on the system will result in an audible alarm 
on the premises within 5 minutes after  such flow begins. 

2-9.2 Waterflow Detecting Devices.  

2-9.2.1 Wet Pipe Systems. The  alarm apparatus  for a 
wet pipe system shall consist o f  a listed alarm check valve 
or other  listed waterflow detecting alarm device with the 
necessary at tachments required to give an alarm. 

2-9.2.2 Dry Pipe Systems. The  alarm apparatus  for a 
dry pipe system shall consist o f  listed alarm attachments to 
the dry pipe valve. When a dry pipe valve is located on the 
system side o f  an alarm valve, connection o f  the actuating 
device o f  the alarms for the dry pipe valve to the alarms on 
the wet pipe  system is permit ted.  

2-9.2.3 Preaction and Deluge  Systems.  The  alarm appa- 
ratus for deluge and preact ion systems shall consist o f  
alarms actuated independent ly  by the detection system and 
the flow o f  water. 
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SYSTEM REQUIREMENTS 13-19 

2-9.2.4" Paddle-type waterflow alarm indicators shall be 
installed in wet systems only. 

2-9.3 Attachments - -  General. 

2-9.3.1" An alarm unit shall include a listed mechanical 
alarm, horn, or siren or a listed electric gong, bell, speaker, 
horn, or siren. 

2-9.3.2* Outdoor  water motor  operated or electrically 
operated bells shall be weatherproofed and guarded. 

2-9.4 All piping to water motor operated devices shall be 
galvanized or brass or other corrosion-resistant material 
acceptable under  this standard and o f  a size not less than 
3/4 in. (19 mm). 

2-9.5 Attachments - -  Electrically Operated. 

2-9.5.1" Electrically operated alarm attachments forming 
part o f  an auxiliary, central station, local protective, pro- 
prietary, or  remote  station signaling system shall be 
installed in accordance with the following applicable NFPA 
standards: 

(a) NFPA 71, Standard for the Installation, Maintenance, 
and Use of Signaling Systems for Central Station Service, 

(b) NFPA 72, Standard for the Installation, Maintenance, 
and Use of Protective Signaling Systems. 

Exception: Sprinkler waterflow alarm systems that are not part 
of a required protective signaling system need not be supervised 
and shall be installed in accordance with NFPA 70, National 
Electrical Code, ® Article 760. 

2-9.5.2 Outdoor  electric alarm devices shall be listed for 
outdoor use. 

2-9,6 Drains f rom alarm devices shall be so arranged that 
there will be no overflowing at the alarm apparatus, at 
domestic connections, or elsewhere with the sprinkler 
drains wide open and under  system pressure. (See 
4-5.3.6.1 .) 

Chapter 3 System Requirements 

3-1 Wet Pipe Systems. 

3-1.1 Pressure Gauges. A listed pressure gauge con- 
forming to 4-6.3.2 shall be installed in each system riser. 
Pressure gauges shall be installed above and below each 
alarm check valve when such devices are present. 

3-1.2 Relief  Valves. A gridded wet pipe system shall be 
provided with a relief valve not less than 1/4 in. (6.4 mm) in 
size set to operate at pressures not greater than 175 psi 
(12.1 bars). 

Exception No. 1: When the maximum system pressure exceeds 
165 psi (11.4 bars), the relief valve shall operate at 10 psi 
(0.7 bars) in excess of the maximum system pressure. 

Exception No. 2: When auxiliary air reservoirs are installed to 
absorb pressure increases, a relief valve shall not be required. 

3-1.3 Auxiliary Systems. A wet pipe system shall be per- 
mitted to supply an auxiliary dry pipe, preaction, or del- 
uge system, provided the water supply is adequate. 

3-2" Dry Pipe Systems. 

3-2.1 Pressure Gauges. Listed pressure gauges conform- 
ing to 4-6.3.2 shall be connected: 

(a) On the water side and air side o f  the dry pipe valve, 

(b) At the air pump supplying the air receiver where 
one is provided, 

(c) At the air receiver where one is provided, 

(d) In each independent pipe from air supply to dry 
pipe system, and 

(e) At exhausters and accelerators. 

3-2.2 Dry-Pendent Sprinklers. Automat ic  sprinklers 
installed in the pendent  position shall be o f  the listed dry- 
pendent  type. 

Exception: Pendent sprinklers installed on return bends are per- 
mitted when both the sprinklers and the return bends are located 
in a heated area. 

3-2.3* Size of Systems. 

3-2.3.1 Volume Limitations. Not more than 750 gal 
(2839 L) system capacity shall be controlled by one dry 
pipe valve. 

Exception: Piping volume may exceed 750 gal (2839 L ) for  
nongridded systems if  the system design is such that water is deliv- 
ered to the system test connection in not more than 60 seconds, 
starting at the normal air pressure on the system and at the time of 
fully opened inspection test connection. 

3-2.3.2 Gridded dry pipe systems shall not be installed. 
(See 4-5.3.5.3.3.) 

3-2.4 Quick-Opening Devices. 

3-2.4.1 Dry pipe valves shall be provided with a listed 
quick-opening device when system capacity exceeds 500 
gal (1893 L). 

Exception: A quick-opening device shall not be required if  the 
requirements of 3-2.3.1 Exception can be met without such a 
device. 

3-2.4.2 The quick-opening device shall be located as close 
as practical to the dry pipe valve. To  protect the restriction 
orifice and other operating parts o f  the quick-opening 
device against submergence, the connection to the riser 
shall be above the point at which water (priming water and 
back drainage) is expected when the dry pipe valve and 
quick-opening device are set, except where design features 
o f  the particular quick-opening device make these require- 
ments unnecessary. 
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3-2,4.3 A soft disc globe or  angle valve shall be installed 
in ' the connection between the dry pipe sprinkler  riser and 
the quick-opening device. 

3-2.4.4 A check valve shall be installed between the quick- 
opening device and the intermediate  chamber  o f  the dry 
pipe valve. I f  the quick-opening device requi res  pressure 
feedback from the intermediate  chamber,  a valve type that 
will clearly indicate whether  it is opened or closed shall be 
permit ted  in place o f  that check valve. This  valve shall be 
constructed so that it may be locked or sealed in the open 
position. 

3-2.4.5 A listed antif looding device shall be installed in 
the connection between the dry pipe sprinkler  riser and 
the quick-opening device. 

Exception: Where the quick-opening device has built-in anti- 
flooding design features. 

3-2.5" Location and Protection of  Dry Pipe Valve. 

3-2.5.1 T h e  dry pipe valve and supply pipe shall be pro-  
tected against freezing and mechanical injury. 

3-2.5.2 Valve rooms shall be l ighted and heated. The  
source o f  heat shall be o f  a permanent ly  installed type. 
Heat  tape shall not be used in lieu o f  heated valve enclo- 
sures to protect  the dry pipe valve and supply pipe against 
freezing. 

3-2.5.3 The  supply for the sprinkler in the dry pipe valve 
enclosure shall be from the dry  side o f  the system. 

3-2.5.4 Protection against accumulation o f  water above 
the clapper  shall be provided for a low differential  dry 
pipe valve. An  automatic high water level signaling device 
or  an automatic dra in  device is acceptable. 

3-2.6 Air Pressure and Supply. 

3-2.6.1 Maintenance of Air Pressure. Air  or ni trogen 
pressure shall be maintained on dry pipe systems through- 
out  the year. 

3-2.6.2* Air Supply. The  compressed air supply shall be 
from a source available at all times and having a capacity 
capable o f  restoring normal  air pressure  in the system 
within 30 minutes. 

3-2.6.3 Air Filling Connection. T h e  connect ion pipe 
from the air compressor  shall not be less than 1/2 in. 
(13 mm) in diameter  and shall enter  the system above the 
pr iming water level o f  the dry  pipe valve. A check valve 
shall be installed in this air line, and a shu tof f  valve o f  the 
renewable disc type shall be installed on the supply side o f  
this check valve and shall remain  closed unless filling the 
system. 

3-2.6.4 Re l i e f  Valve. A listed re l ief  valve shall be pro- 
vided between the compressor  and controll ing valve, set to 
relieve at a pressure 5 psi (0.3 bars) in excess o f  maximum 
air pressure carried in the system. 

3°2.6.5 Shop Air Supply. When the air supply is taken 
from a shop system having a normal  pressure greater  than 
that required for dry pipe systems and an automatic air 
maintenance device is not used, the re l ief  valve shall be 
installed between two control valves in the air line, and a 
small  air  cock, which is normal ly  left open ,  shall be 
installed in the fitting below the rel ief  valve. (See Figure 
3-2.6.5.) 

1. Check Valve 
2. Control Valve (Renewable Disc Type) 
3. Small Air Cock (Normally Open) 
4. Relief Valve 
5. Air Supply 

Figure 3-2.6.5 Air supply from shop system. 

3-2.6.6 Automatic Air Compressor. When a dry pipe 
system is supplied by an automatic air compressor  or plant  
air  system, any device or  apparatus  used for  automatic 
maintenance o f  air  pressure shall be o f  a type specifically 
listed for such service and capable o f  mainta in ing the 
required air pressure on the dry pipe system. Automatic 
air supply to more than one dry pipe system shall be con- 
nected to enable individual maintenance o f  air pressure in 
each system. A check valve or  o ther  positive backflow pre- 
vention device shall be installed in the air supply to each 
system to prevent  air- or waterflow from one system to 
another.  

3-2.6.7 System Air Pressure. The  system air pressure 
shall be mainta ined in accordance with the instruction 
sheet furnished with the dry pipe valve, or  20 psi (1.4 bars) 
in excess o f  the calculated trip pressure o f  the dry pipe 
valve, based on the highest normal  water pressure o f  the 
system supply. T h e  permit ted rate o f  air leakage shall be as 
specified in 8-2.3. 

3-2.6.8 Ni t rogen.  When used, ni trogen shall be intro- 
duced through a pressure regulator  set to maintain system 
pressure in accordance with 3-2.6.7. 

3-3 Preaction Systems and Deluge Systems. 

3-3.1" General. 

3-3.1.1 All components  o f  pneumatic,  hydraulic,  or  elec- 
trical systems shall be compatible. 
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3.3.1.2 The  automatic water control valve shall be pro-  
vided with manual  means for operat ion that is indepen-  
dent o f  detection devices and o f  the sprinklers. 

3.3.1.3 Pressure Gauges. Listed pressure  gauges con- 
forming to 4-6.3.2 shall be installed as follows: 

(a) Above and below preaction valve and below deluge 
valve. 

(b) On air supply to preaction and deluge valves. 

3-3.1.4 A supply  o f  spare  fusible e lements  for  heat-  
responsive devices, not less than two o f  each tempera ture  
rating, shall be maintained on the premises for replace- 
ment purposes. 

3-3.1.5 Hydraul ic  release systems shall be designed and 
installed in accordance with manufacturer ' s  requirements  
and listing for height  limitations above deluge valves or 
deluge valve actuators to prevent  water column. 

3-3.1.6 Location and Spacing of Detection Devices. 
Spacing o f  detection devices, including automatic sprin- 
klers used as detectors, shall be in accordance with their  
listing and manufacturer ' s  specifications. 

3-3.1.7 Devices for Test Purposes and Testing Appara- 
tus. 

3-3.1.7.1 When detection devices installed in circuits are 
located where not readily accessible, an addit ional  detec- 
tion device shall be provided on each circuit for test pur-  
poses at an accessible location and shall be connected to the 
circuit at a point  that will assure a p rope r  test o f  the circuit. 

3-3.1.7.2 Tes t ing  appara tus  capable o f  p roduc ing  the 
heat or impulse necessary to operate  any normal  detection 
device shall be furnished to the owner o f  the proper ty  with 
each installation. Where  explosive vapors or  materials are 
present, hot water, steam, or  other  methods o f  testing not 
involving an ignition source shall be used. 

3-3.1.8 Location and Protection of  System Water Control 
Valves. 

3-3.1.8.1 System water control valves and supply pipes 
shall be protected against freezing and mechanical injury. 

3-3.1.8.2 Valve rooms shall be lighted and heated. The  
source o f  heat shall be o f  a permanent ly  installed type. 
Heat tape shall not be used in lieu o f  heated valve enclo- 
sure rooms to protect  preaction and deluge valves and sup- 
ply pipe against freezing. 

3-3.2 Preaction Systems. 

3-3.2.1 Preaction systems shall opera te  by one o f  the 
means described in (a) through (c) below. 

(a) Systems that admit  water to sprinkler  p iping upon 
operation o f  detection devices. 

(b) Systems that admit  water to sprinkler  piping upon 
operat ion o f  detection devices or  automatic sprinklers. 

(c)* Systems that admit  water to sprinkler  piping upon 
operation o f  both detection devices and automatic sprinklers. 

3-3.2.2 Size of Systems. Not more than 1000 automatic 
sprinklers shall be controlled by any one preaction valve. 

Exception: For preaction system types described in 3-3.2.1(c), 
system volume shall not exceed 750 gal (2839 L) controlled by one 
preaction valve unless the system is designed to deliver water to the 
system test connection in not more than 60 seconds, starting at the 
normal air pressure on the system with the detection system oper- 
ated and at the time of fully opened inspection test connection. Air 
pressure and supply shall comply with 3-2.6. 

3-3.2.3 Supervis ion.  Sprinkler  piping and fire detection 
devices shall be automatically supervised when there are 
more than 20 sprinklers on the system. 

3-3.2.4 Pendent Sprinklers. Automat ic  spr inklers  on 
preaction systems installed in the pendent  position shall be 
o f  the listed dry-pendent  type. 

Exception: Pendent sprinklers installed on return bends are per- 
mitted when both the sprinklers and the return bends are located 
in a heated area. 

3-3.3* Deluge Systems. 

3-3.3.1 The  detection devices or systems shall be auto- 
matically supervised. 

3-3.3.2 Deluge systems shall be hydraulically calculated. 

3-4 Combined Dry Pipe and Preaction Systems. 

3-4.1" General. 

3-4.1.1" Combined automatic dry pipe and preaction sys- 
tems shall be so constructed that failure o f  the detection 
system shall not prevent  the system from functioning as a 
conventional automatic dry pipe system. 

3-4.1.2 Combined automatic dry pipe and preaction sys- 
tems shall be so constructed that failure o f  the dry pipe 
system o f  automatic sprinklers shall not prevent  the detec- 
tion system from proper ly  functioning as an automatic fire 
alarm system. 

3-4.1.3 Provisions shall be made for the manual  opera-  
tion o f  the detection system at locations requir ing not more 
than 200 ft (61 m) o f  travel. 

3-4.1.4 Dry-Pendent Sprinklers. Automat ic  sprinklers  
installed in the penden t  position shall be o f  the listed dry- 
penden t  type. 

Exception: Pendent sprinklers installed on return bends are per- 
mitted when both the sprinklers and the return bends are located 
in a heated area. 

3-4.2 Dry Pipe Valves in Combined Systems. 

3-4.2.1 Where  the system consists o f  more  than 600 
sprinklers or has more than 275 sprinklers in any fire area, 
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the entire system shall be control led through two 6-in. 
(152-mm) dry pipe valves connected in parallel  and  shall 
feed into a common feed main. These  valves shall be 
checked against each other. (See Figure 3-4.2.) 

Tubing or Wiring to Fire Detection System 

For SI Units: 1 in. = 25.4 mm. 
Figure 3-4.2 Header for dry pipe valves installed in parallel for 

combined systems, standard trimmings not shown. 

3-4.2.2 Each dry pipe valve shall be provided with a listed 
t r ipping device actuated by the detection system. Dry pipe 
valves shall be cross-connected th rough  a 1-in. (25.4-mm) 
pipe connection to permit  simultaneous t r ipping o f  both 
dry p ipe  valves. This 1-in. (25,4-mm) pipe connection shall 
be equipped with an indicating valve so that ei ther dry 
pipe valve can be shut o f f  and worked on while the other  
remains in service, 

3-4.2.3 The  check valves between the dry pipe valves and 
the common feed main shall be equipped with 1/2-in, 
(13-mm) bypasses so that a loss o f  air f rom leakage in the 
t r immings o f  a dry pipe valve will not cause the valve to 
trip until the pressure in the feed main is reduced  to the 

t r ipping point. An indicating valve shall be installed in 
each o f  these bypasses so that either dry pipe valve can be 
completely isolated f rom the main riser or  feed main and 
from the other  dry pipe valve. 

3-4.2.4 Each combined dry pipe and preact ion system 
shall be provided with listed quick-opening devices at the 
dry pipe valves, 

3-4,3* Air  Exhaus t  Va lves .  One or  more  l isted air  
exhaust  valves o f  2-in. (51-ram) or larger  size controlled by 
operat ion o f  a fire detection system shall be installed at the 
end o f  the common feed main. These  air exhaust  valves 
shall have soft-seated globe or  angle valves in their  intakes; 
also, approved  strainers shall be installed between these 
globe valves and the air exhaust  valves. 

3-4.4 Subdivis ion o f  System Us ing  Check Valves.  

3-4.4.1 Where  more than 275 sprinklers are required in 
a single fire area, the system shall be divided into sections 
o f  275 sprinklers or less by means o f  check valves. I f  the 
system is installed in more  than one fire area or story, not 
more than 600 sprinklers shall be supplied through any 
one check valve. Each section shall have a 1 l/4-in. (33-mm) 
drain on the system side o f  each check valve supplemented 
by a dry pipe system auxiliary drain. 

3-4.4.2 Section drain lines and dry pipe system auxiliary 
drains shall be located in heated areas or  inside o f  heated 
cabinets to enclose drain valves and auxiliary drains for 
each section. 

3-4.4.3 Air  exhaust valves at the end o f  a feed main and 
associated check valves shall be protected against freezing. 

3-4.5 T i m e  Limitation.  The  sprinkler  system shall be so 
constructed and the number  o f  sprinklers controlled shall 
be so limited that water shall reach the farthest  sprinkler 
within a per iod  o f  time not exceeding 1 minute for each 
400 ft (122 m) o f  common feed main from the time the 
heat-responsive system operates. Maximum time permit ted 
shall not exceed 3 minutes. 

3-4.6 System Test Connect ion.  T h e  end section shall 
have a system test connection as required for dry pipe 
systems. 

3-5 Antifreeze Systems. 

3-5.1" Where Used.  The  use o f  antifreeze solutions shall 
be in conformity with state and local health regulations. 

3-5.2* Antifreeze Solutions.  

3-5.2.1 When sprinkler  systems are supplied by potable 
water connections, the use o f  antifreeze solutions other  
than water solutions o f  pure  glycerine (C.P. or U.S.P. 96.5 
percent  grade) or propylene  glycol shall not be permit ted.  
Suitable glycerine:water and propylene  glycol-water mix- 
tures are shown in Table 3-5.2.1. 
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Table 3-5.2.1 Antifreeze Solutions to Be Used if  Potable Water 
Is Connected to Sprinklers 

Specific 
Gravity at Freezing 

Solution 60°F Point 
Material (by Volume) (15.6°C) °F °C 

Glycerine 50% Water 1.133 - 15 - 26.1 
C.P. or U.S.P. Grade* 40% Water 1.151 - 2 2  -30 .0  

30% Water 1.165 - 4 0  -40 .0  
Hydrometer  Scale 1.000 to 1.200 

Propylene Glycol 70% Water 
60% Water 
50% Water 
40% Water 

Hydrometer  Scale 1.000 to 1.200 

1.027 + 9 -12 .8  
1.034 - 6 -21.1 
1.041 - 2 6  -32.2  
1.045 - 6 0  -51.1 

(Subdivisions 0.002) 

*C.P.--Chemically Pure. U.S.P.--United States Pharmacopoeia 96.5%. 

3-5.2.2 I f  potable  wate r  is no t  connec t ed  to sprinklers ,  the  
commercial ly  available materials  ind ica ted  in Tab le  3-5.2.2 
(see page 25) are  p e r m i t t e d  for  use in ant i f reeze  solutions. 

3-5.2.3* A n  an t i f r eeze  so lu t ion  shall  be  p r e p a r e d  with a 
f r eez ing  p o i n t  be low the  e x p e c t e d  m i n i m u m  t e m p e r a t u r e  
fo r  the  locality. T h e  specific gravi ty  o f  the  p r e p a r e d  solu- 
t ion  shall  be  checked  by a h y d r o m e t e r  with  sui table  scale or  
r e f r a c t o m e t e r  h a v i n g  a scale ca l ib ra ted  for  the  an t i f r eeze  
so lu t ion  involved.  [See Figures 3-5.2.3(a) and (b).] 

3-5.3* Arrangement of  Supply Piping and Valves. Spr in-  
klers shall  be  below the  in t e r f ace  b e t w e e n  the  wa te r  a n d  
an t i f r eeze  solut ions.  

Exception: Sprinklers are permitted to be above the water~antifreeze 
interface when a check valve with a 11~2-in. (0.8-mm) hole in the 
clapper is provided in a U-loop. In most cases, this necessitates the use 
of a 5-ft (1.5-m) drop pipe or U-loop as illustrated in Figure 3-5.3. 
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Table 3.5.2.2 Antifreeze Solution to Be Used if Nonpotable 
Water Is Connected to Sprinklers 

Specific 
Gravity at Freezing 

Solution 60°F Point 
Material (by Volume) (15.6°C) °F °C 

Glycerine If glycerine is used, see Table 3-5.2.1 

Diethylene Glycol 50% Water 1.078 -13 -25.0 
45% Water 1.081 -27 -32.8 
40% Water 1.086 -42 -41.1 

Hydrometer Scale 1.000 to 1.120 (Subdivisions 0.002) 

Ethylene Glycol 61% Water 1.056 -10 -23.3 
56% Water 1.063 -20 -28.9 
51% Water 1.069 -30 -34.4 
47% Water 1.073 -40 -40.0 

Hydrometer Scale 1.000 to 1.120 (Subdivisions 0.002) 

Propylene Glycol If propylene glycol is used, see Table 
3-5.2.1 

Calcium Chloride Ib CaCl 2 per 
80% "Flake" gal of Water 

Fire Protection Grade'~ 2.83 1.183 0 -17.8 
Add corrosion inhibitor 3.38 1.212 -10 -23.3 
of sodium bichromate 3.89 1.237 -20 -28.9 
1/4 oz per gal water 4.37 1.258 -30 -34.4 

4.73 1.274 -40 -40.0 
4.93 1.283 -50 -45.6 

t Free from magnesium chloride and other impurities. 

3o5.3.1 A water control valve and two small solution test 
valves shall be provided as illustrated in Figure 3-5.3. 

Exception: When the connection between the antifreeze system 
and the wet pipe system incorporates a backflow prevention device, 
an expansion chamber shall be provided to compensate for the 
expansion of the antifreeze solution. 
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NOTE: The 1/32-in. (0.8-mm) hole in the check valve clapper is needed to 
allow for expansion of the solution during a temperature rise and thus pre- 
vent damage to sprinklers. 
For SI Units: 1 in. = 25.4 ram; 1 ft = 0.3048 m. 

Figure 3-5.3 Arrangement of supply piping and valves. 

3-6 Automatic  Sprinkler Systems with Nonfire Protec- 
tion Connections.  

3-6.1 Circulating Closed-Loop Systems. 

3-6.1.1 System Components .  

3-6.1.1.1 A circulating closed-loop system is primarily a 
sprinkler system and shall comply with all provisions of  
this standard such as those for control valves, area limita- 
tions of  a system, alarms, fire depar tment  connections, 
sprinkler spacing, etc. 

Exception: Items as specifically detailed within 3-6.1. 

3-6.1.1.2 Piping, fittings, valves, and pipe hangers shall 
meet requirements specified in Chapter 2. 

3-6.1.1.3 A dielectric fitting shall be installed in the junc-  
tion where dissimilar piping materials are joined, e.g., cop- 
per to steel. 

Exception: Dielectric fittings are not required in the junction 
where sprinklers are connected to piping. 

3-6.1.1.4 It is not required that other auxiliary devices be 
listed for sprinkler service; however, these devices, such as 
pumps, circulating pumps, heat exchangers, radiators, and 
luminaries, shall be pressure rated at 175 or 300 psi 
(12.1 or 20.7 bars) (rupture pressure of  5 times rated water 
working pressure) to match the required rating of  sprin- 
kler system components. 

3-6.1.I.5 Auxiliary devices shall incorporate materials of  
construction and be so constructed that they will maintain 
their physical integrity unde r  fire conditions to avoid 
impairment  to the fire protection system. 

3-6.1.1.6 Auxiliary devices, where hung from the build- 
ing structure, shall be supported independently from the 
sprinkler portion of  the system, following recognized engi- 
neering practices. 

3-6.1.2" Hydraulic  Characteristics. Piping systems for 
attached heating and cooling equipment  shall have auxil- 
iary pumps or an arrangement  made to re turn water to the 
piping systcm in order to assure the following: 

(a) Water for sprinklers shall not be required to pass 
through heating or cooling equipment. At least one direct 
path shall exist for waterflow from the sprinkler water sup- 
ply to every sprinkler. Pipe sizing in the direct path shall be 
in accordance with design requirements of  this standard. 

(b) No portions of  the sprinkler piping shall have less 
than the sprinkler system design pressure regardless of the 
mode o f  operation of  the attached heating or cooling 
equipment. 

(c) There  shall be no loss or outflow of  water from the 
system due to or resulting from the operation of  heating 
or cooling equipment.  
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(d) Shutoff  valves and a means o f  drainage shall be pro- 
vided on piping to heating or cooling equipment at all 
points o f  connection to sprinkler piping and shall be 
installed in such a manner  as to make possible repair or 
removal o f  any auxiliary component  without impairing the 
serviceability and response to the sprinkler system. All aux- 
iliary components,  including the strainer, shall be installed 
on the auxiliary equipment side o f  the shutoffvalves. 

3-6.1.3 Water Temperature. 

3-6.1.3.1 Maximum. In no case shall maximum water 
temperature flowing through the sprinkler portion o f  the 
system exceed 120°F (49°C). Protective control devices 
listed for this purpose shall be installed to shut down heat- 
ing or cooling systems when temperature o f  water flowing 
through the sprinkler portion o f  the system exceeds 120°F 
(49°C). When water temperature exceeds 100°F (37.8°C), 
intermediate or  higher temperature rated sprinklers shall 
be used. 

3-6.1.3.2 Minimum. Precautions shall be taken to ensure 
that temperatures below 40°F (4°C) are not permitted. 

3-6.1.4 Obstruction t o  Discharge. Automatic sprinklers 
shall not be obstructed by auxiliary devices, piping, insula- 
tion, etc., from detecting fire or from proper  distribution 
o f  water. 

3-6.1.5 Signs. Caution signs shall be attached to all 
valves controlling sprinklers. The  caution sign shall be 
worded as follows: 

"This valve controls fire protection equipment. Do not 
close until after fire has been extinguished. Use auxiliary 
valves when necessary to shut o f f  supply to auxiliary 
equipment. 

C A U T I O N :  Automatic alarm will be sounded if  this 
valve is closed." 

3-6.1.6 Water Additives. Materials added to water shall 
not adversely affect the fire fighting properties o f  the 
water and shall be in conformity with any state or local 
health regulations. Due care and caution shall be given to 
the use o f  additives that may remove or suspend scale 
from older piping systems. When additives are necessary 
for proper  system operation, due care shall be taken to 
ensure that additives are replenished after alarm testing or 
whenever water is removed from the system. 

3-6.1.7 Waterflow Detection. The  supply o f  water from 
sprinkler piping through auxiliary devices, circulatory pip- 
ing, and pumps shall not under  any condition or opera- 
tion, transient or static, cause false sprinkler waterflow 
signals. 

3-6.1.7.1 A spr inkler  waterflow signal shall not  be 
impaired when water is discharged through an opened 
sprinkler or through the system test connection while aux- 
iliary equipment is in any mode o f  operation (on, off, tran- 
sient, stable). 

3-7 Outside Sprinklers for Protection against Exposure 
Fires. 

3-7.1 Applications. Exposure protection systems shall be 
permitted on buildings regardless o f  whether the build- 
ing's interior is protected by a sprinkler system. 

3-7.2 Water Supply and Control. 

3-7.2.1" Sprinklers installed for protection against expo- 
sure fires shall be supplied from a standard water supply 
as outlined in Chapter 7. 

Exception: When approved, other supplies, such as manual valves 
or pumps or fire department connections, shall be acceptable. 

3-7.2.2 When fire department connections are used for 
water supply, they shall be so located that they will not be 
affected by the exposing fire. 

3-7.3 Control. 

3-7.3.1 Each system o f  outside sprinklers shall have an 
independent control valve. 

3-7.3.2 Manually controlled open sprinklers shall be used 
only where constant supervision is present. 

3-7.3.3 Sprinklers may be o f  the open or  automatic type. 
Automatic sprinklers in areas subject to freezing shall be 
on dry pipe systems conforming to Section 3-2 or anti- 
freeze systems conforming to Section 3-5. 

3-7.3.4 Automatic systems o f  open sprinklers shall he 
control led by the opera t ion  o f  fire detect ion devices 
designed for the specific application. 

3-7.4 System Components. 

3-7.4.1 Drain Valves. Each system o f  outside sprinklers 
shall have a separate drain valve installed on the system 
side o f  each control valve. 

Exception: Open sprinkler-top fed systems arranged to facilitate 
drainage. 

3-7.4.2 Check Valves. When sprinklers are installed on 
two adjacent sides o f  a building, protecting against two 
separate and distinct exposures, with separate control 
valves for each side, the end lines shall be connected with 
check valves located so that one sprinkler around the cor- 
ner will operate. The  intermediate pipe between the two 
check valves shall be arranged to drain. As an alternate 
solution, an additional sprinkler shall be installed on each 
system located a r o u n d  the co rne r  f r o m  the system 
involved. 

3-7.4.3 System Arrangement. W h e n  one exposure  
affects two sides o f  the protected structure, the system 
shall not be subdivided between the two sides, but rather 
shall be arranged to operate as a single system. 

3-7.5 Pipe and Fittings. Pipe and fittings installed on the 
exterior o f  the building shall be corrosion resistant. 

3-7.6 Strainers. A listed strainer shall be provided in the 
riser or feed main that supplies sprinklers having orifices 
smaller than 3/8 in. (9.5 mm). 
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3-7.7 Gauge Connections. A listed pressure gauge con- 
forming to 4-6.3.2 shall be installed immediately below the 
control  valve o f  each system. 

3-7.8 Spr ink le rs .  Only sprinklers  o f  such type as are 
listed for window, cornice, sidewall, or  r idge pole service 
shall be installed for  such use except where adequate  cov- 
erage by use o f  o ther  types o f  listed sprinklers and/or  noz- 
zles has been demonstrated.  Small orifice or  large orifice 
sprinklers shall be permit ted.  

3-8* Cold Storage Rooms. 

3-8.1" Fittings for  visual internal  inspection o f  piping in 
cold storage rooms shall be provided whenever  the follow- 
ing occurs: 

(a)* A cross main connects to a riser or feed main, 

(b)* Feed mains change direction, 

(c)* A riser or  feed main passes th rough  a wall or  floor 
from a warm room to a cold room. 

3-8.2 A local low air-pressure alarm shall be installed on 
sprinkler  systems supplying freezer sections. 

3-8.3 Piping in cold storage rooms shall be installed with 
pitch, as outl ined in 4-5.3.3. 

3-8.4* The  air supply for systems shall be taken from the 
room o f  lowest temperature ,  or through a chemical dehy- 
drator, to eliminate introducing moisture. Compressed nitro- 
gen gas from cylinders shall be acceptable in lieu o f  air. 

3-9 Commercial-Type Cooking Equipment and Ventila- 
l i o n .  

3-9.1 In cooking areas protected by automatic sprinklers, 
addit ional  sprinklers or  automatic spray nozzles shall be 
provided to protect  commercial-type cooking equipment  
and ventilation systems that are designed to carry away 
grease-laden vapors unless otherwise protected.  (See NFPA 
96, Standard for the Installation of Equipment for the Removal 
of Smoke and Grease-Laden Vapors from Commercial Cooking 
Equipment.) 

3-9.2* S tandard  sprinklers  or  automatic  spray nozzles 
shall be so located as to provide  for  the protect ion o f  
exhaus t  ducts ,  hood  exhaus t  duc t  collars ,  and  hood  
exhaust p lenum chambers.  

Exception: Sprinklers or automatic spray nozzles in ducts, duct 
collars, and plenum chambers may be omitted when all cooking 
equipment is served by listed grease extractors. 

3-9.3 Exhaust ducts shall have one sprinkler  or automatic 
spray nozzle located at the top o f  each vertical riser and at 
the midpoint  o f  each offset. The  first sprinkler  or  auto- 
matic spray nozzle in a horizontal duct  shall be installed at 
the duct  entrance. Horizontal  exhaust  ducts shall have 
such devices located on 10-ft (3-m) centers beginning no 
more than 5 ft (1.5 m) from the duct  entrance. Sprinkler(s) 
or  automatic spray nozzle(s) in exhaust  ducts subject to 
freezing shall be proper ly  protected against freezing by 
approved means. (See 4-5.4.1.) 

Exception: Sprinklers or automatic spray nozzles may be omitted 
from a vertical riser located outside of a building provided the 
riser does not expose combustible material or provided the interior 
of a building and the horizontal distance between the hood outlet 
and the vertical riser is at least 25 f t  (7.6 m). 

3-9.4 Each hood exhaust  duct  collar shall have one sprin- 
kler or automatic spray nozzle located 1 in. min imum to 
12 in. maximum (25.4 mm min. to 305 mm max.) above 
the point  o f  duct  collar connection in the hood plenum. 
Hoods that have listed fire dampers located in the duct collar 
shall be protected with a sprinkler or  automatic spray nozzle 
located on the discharge side o f  the damper  and be so posi- 
tioned as not to interfere with damper  operation. 

3-9.5 Hood  exhaust  p lenum chambers  shall have one 
sprinkler  or  automatic spray nozzle centered in each cham- 
ber  not exceeding 10 ft (3 m) in length. Plenum chambers 
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greater than 10 ft (3 m) in length shall have two sprinklers 
or automatic spray nozzles evenly spaced with the maxi- 
mum distance between the two sprinklers not to exceed 
10 ft (3 m). 

3-9.6 Sprinklers or automatic spray nozzles being used in 
duct, duct collar, and plenum areas shall be o f  the extra 
high temperature  classification [325 to 375°F (163 to 
191°C)] and have orifice sizes not less than 1/4 in. (6.4 mm) 
and not more than 1/2 in. (13 mm). 

Exception." When use of a temperature measuring device indi- 
cates temperatures above 300°F (149°C), a sprinkler or automatic 
spray nozzle of higher classification shall be used. 

3-9.7 Access must be provided to all sprinklers or auto- 
matic spray nozzles for examination and replacement. 

3-9.8 Cooking Equipment. 

3-9.8.1 Cooking equipment (such as deep fat fryers, 
ranges, griddles, and broilers) that may be a source of  igni- 
tion shall bf  protected in accordance with the provisions of  
3-9.1. 

3-9.8.2 A sprinkler or automatic spray nozzle used for 
protection of  deep fat fryers shall be listed for that appli- 
cation. The position, arrangement, location, and water 
supply for each sprinkler or automatic spray nozzle shall 
be in accordance with its listing. 

3-9.8.3 The operation of  any cooking equipment sprin- 
kler or automatic spray nozzle shall automatically shut off  
all sources of  fuel and heat to all equipment requiring pro- 
tection. Any gas appliance not requiring protection but 
located under ventilating equipment shall also be shut off. 
All shutdown devices shall be of  the type that requires 
manual resetting prior to fuel or power being restored. 

3-9.9 A listed indicating valve shall be installed in the 
water supply line to the sprinklers and spray nozzles pro- 
tecting the cooking and ventilating system. 

3-9.10 An approved line strainer shall be installed in the 
main water supply preceding sprinklers or automatic spray 
nozzles having orifices smaller than 3/8 in. (9.5 mm). 

3.9.11 A system test connection shall be provided to ver- 
ify proper operation of  equipment specified in 3-9.8.3. 

3-9.12 Sprinklers and automatic spray nozzles used for 
protecting commercial-type cooking equipment and venti- 
lating systems shall be replaced annually. 

Exception: When automatic bulb-type sprinklers or spray nozzles 
are used and annual examination shows no build-up of grease or 
other material on the sprinklers or spray nozzles. 

Chapter 4 Installation Requirements  

4-1" Basic Requirements. 

4-1.1" The requirements for spacing, location, and posi- 
tion of  sprinklers are based on the following principles: 

(a) Sprinklers installed throughout the premises, 

(b) Sprinklers located so as not to exceed maximum 
protection area per sprinkler, 

(c) Sprinklers positioned and located so as to provide 
satisfactory performance with respect to activation time 
and distribution. 

Exception No. 1: For locations permitting omission of sprinklers 
see 4-4.1.7. I, 4-4.1.7.2, 4-4.1.7.7. 

Exception No. 2: When sprinklers are specifwally tested and test 
results demonstrate that deviations from clearance requirements to 
structural members do not impair the ability of the sprinkler to 
control or suppress a fire, their positioning and locating in accor- 
dance with the test results shall be permitted. 

Exception No. 3: Clearance between sprinklers and ceilings 
exceeding the maximum specified in 4-4.1.4 shall be permitted 
provided that tests or calculations demonstrate comparable sensi- 
tivity and performance of the sprinklers to those installed in con- 
formance with 4-4.1.4. 

4-2 Protection Area Limitations. 

4-2.1 Systems. The maximum floor area on any one 
floor to be protected by sprinklers supplied by any one 
sprinkler system riser or combined system riser shall be as 
follows: 

Light Hazard 
Ordinary Hazard 
Extra Hazard 

Pipe Schedule 
Hydraulically Calculated 

Storage - -  High-piled storage 
(as defined in 1-4.2) and stor- 
age covered by other NFPA 
standards 

Exception No• 1: The floor area occupied by mezzanines shall 
not be included in the above area. 

Exception No. 2: When single systems protect extra hazard, 
high-piled storage, or storage covered by other NFPA standards 
and ordinary or light hazard areas, the extra hazard or storage 
area coverage shall not exceed the floor area specified for that haz- 
ard and the total area coverage shall not exceed 52,000 sq f l  
(4831 m2). 

52,000 sq ft (4831 m 2) 
52,000 sq ft (4831 m z) 

25,000 sq ft (2323 m 2) 
40,000 sq ft (3716 m 2) 
40,000 sq ft (3716 m 2) 

4-2.2* Sprinklers. The maximum protection area per 
sprinkler shall comply with Table 4-2.2. 

4-2.2.1 The protection area per sprinkler shall be deter- 
mined as follows: 

4-2.2.1.1 Along Branch Lines. Determine distance to 
next sprinkler (or to wall or obstruction in case of  end 
sprinkler on branch line) upstream and downstream• 
Choose the larger of  either twice the distance to the wall or 
the distance to the next sprinkler. Call this S. 
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Table 4-2.2 Maximum Sprinkler Protection Areas (sq ft) s 

High- Early Suppression 
Light Ordinary Extra Piled Large-Drop Fast Response 

Hazard Hazard Hazard s Storage 6 Sprinklers' Sprinklers ~ 

2252 130 100 100 130 I00 

2252 130 100 100 130 100 

1683`4 130 100 100 100 N/A 

Unobstructed 
Construction = 

Noncombustible 
Obstructed Con- 
struction 

Combustible 
Obstructed Con- 
struction 

Note 1: Wood truss construction as defined in A-1-4.6(b)(v) is classified as obstructed construction for the purpose of determining sprinkler protection areas. 
Note 2: For Light Hazard Occupancies, the protection area per sprinkler for pipe schedule systems shall not exceed 200 sq ft per sprinkler. 
Note 3: For light combustible framing members spaced less than 3 ft on center, maximum spacing is 130 sq ft [for examples, see A-l-4.6(a)(ii), A-l-4.6(a)(v), 
and A- l-4.6(b)(v)]. 
Note 4: For heavy combustible framing members spaced 3 fi or more on center, maximum spacing is 225 sq ft [for examples, see A-1-4.6(a)(i)]. 
Note 5: For Extra Hazard Occupancies: 

1) The protection area per sprinkler for pipe schedule systems shall not exceed 90 sq ft. 
2) The protection area per sprinkler for hydraulically designed systems with densities below 0.25 gpm/ft 2 may exceed 100 sq ~, but shall not exceed 

130 sq ft. 
Note 6: For high-piled storage occupancies: 

1) The protection area per sprinkler may exceed 100 sq ft but shall not exceed 130 sq ft for systems hydraulically designed in accordance with NFPA 
231 and 231C for densities below 0.25 gpm/sq ft. 

2) Where protection areas are specifically indicated in the design criteria of other portions of this standard or other NFPA standards, those protection 
areas shall be used. 

3) For protection involving large-drop sprinklers use the large-drop sprinkler column in the table. 
Note 7: For large-drop and ESFR sprinklers, the minimum spacin~ is 80 sq ft per sprinkler. 
Note 8: For special sprinkler protection areas see 4-3.2. 
N/A Denotes data not available in current standard. 
For SI Units: 1 sq ft = 0.0929 m2; 1 ft = 0.3048 m; 1 gprn/ft 2 = 40.746 L/min/m 2. 

4-2.2.1.2 Between Branch Lines. D e t e r m i n e  p e r p e n d i c -  
u l a r  d i s t ance  to s p r i n k l e r  o n  b r a n c h  lines (or  to wall o r  
o b s t r u c t i o n  in t he  case o f  t he  last b r a n c h  l ine) on  each  side 
o f  t he  b r a n c h  l ine o n  which  the  subjec t  s p r i n k l e r  is posi- 
t i oned .  C h o o s e  the  l a rge r  o f  e i t h e r  twice the  d i s tance  to the  
wall o r  o b s t r u c t i o n  o r  the  d i s t ance  to the  n e x t  spr ink le r .  
Call  this  L. 

4-2.2.1.3 P ro t ec t i on  a rea  o f  the  s p r i n k l e r  = S × L. 

Exception: In a small room as defined in 1-4.2, the protection 
area of each sprinkler in the small room shall be the area of the 
room divided by the number of sprinklers in the room. 

4-3 Use o f  Sprinklers. 

4-3.1 General. 

4-3 .1 .1"  Sp r ink l e r s  shall  be  ins ta l led  in a c c o r d a n c e  wi th  
t h e i r  listing. 

Exception: When construction features or other special situations 
require unusual water distribution, listed sprinklers shall be per- 
mitted to be installed in positions other than anticipated by their 
listing to achieve specific results. 

4-3 .1 .2"  U p r i g h t  s p r i n k l e r s  shal l  be  ins ta l led  wi th  the  
f r a m e  a r m s  para l le l  to the  b r a n c h  line.  

4-3.1.3 Temperature Ratings. 

4-3.1.3.1 O r d i n a r y - t e m p e r a t u r e  r a t e d  sp r ink l e r s  shall  be  
u sed  t h r o u g h o u t  bu i ld ings .  

Exception No. 1: Where maximum ceiling temperatures exceed 
I O0°F (38°C), sprinklers with temperature ratings in accordance 
with the maximum ceiling temperatures of Table 2-2.3.1 shall be 
used. 

Exception No. 2: Intermediate- and high-temperature sprinklers 
shall be permitted to be used throughout Ordinary and Extra Haz- 
ard Occupancies. 
Exception No. 3: Sprinklers of intermediate and high tempera- 
ture classifications shall be installed in specific locations as 
required by 4-3.1.3.2. 

4-3.1.3 .2  T h e  fo l lowing  p rac t i ces  shal l  be  o b s e r v e d  to 
p r o v i d e  s p r i n k l e r s  o f  o t h e r  t h a n  o r d i n a r y  t e m p e r a t u r e  
classification unless  o t h e r  t e m p e r a t u r e s  a re  d e t e r m i n e d  or  
unless  h i g h - t e m p e r a t u r e  sp r ink le r s  a re  u s e d  t h r o u g h o u t  
[see Tables 4-3.1.3.2(a) and (b) and Figure 4-3.1.3.2 on the fol- 
lowing pages]. 

(a) Sp r ink l e r s  in t he  h e a t e r  zone  shall  be  o f  the  h i g h  
t e m p e r a t u r e  classification, a n d  s p r i n k l e r s  in  the  d a n g e r  
zone  o f  t he  i n t e r m e d i a t e  t e m p e r a t u r e  classification. 

(b) Sp r ink l e r s  loca ted  wi th in  12 in. (305 m m )  to o n e  side 
or  30 in. (762 m m )  above  a n  u n c o v e r e d  s t eam main ,  hea t -  
ing  coil, o r  r a d i a t o r  shal l  be  o f  t he  i n t e r m e d i a t e  t e m p e r a -  
t u r e  classification. 

(c) Sp r ink le r s  wi th in  7 f t  (2.1 m) o f  a l ow-p re s su re  blow- 
o f f  valve t ha t  d i scha rges  f r ee  in  a l a rge  r o o m  shall  be  o f  
the  h i g h  t e m p e r a t u r e  classification. 

(d) Sp r ink le r s  u n d e r  glass o r  plast ic skylights  e x p o s e d  to 
the  d i rec t  rays o f  the  s u n  shall  be  o f  the  i n t e r m e d i a t e  tem-  
p e r a t u r e  classification. 

(e) S p r i n k l e r s  in  a n  u n v e n t i l a t e d ,  c o n c e a l e d  space ,  
u n d e r  a n  u n i n s u l a t e d  roof ,  or  in a n  u n v e n t i l a t e d  att ic shall  
be  o f  the  i n t e r m e d i a t e  t e m p e r a t u r e  classification. 

( ~  S p r i n k l e r s  in  u n v e n t i l a t e d  show w i n d o w s  h a v i n g  
h i g h  p o w e r e d  electr ic  l ights  n e a r  t he  cei l ing shall  be  o f  the  
i n t e r m e d i a t e  t e m p e r a t u r e  classification. 

(g) S p r i n k l e r s  p r o t e c t i n g  c o m m e r c i a l - t y p e  c o o k i n g  
e q u i p m e n t  a n d  ven t i l a t ion  systems shall  be  o f  the  h i g h  or  
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Table 4-3.1.3.2(a) Temperature Ratings of Sprinklers Based on Distance from Heat Sources 

Ordinary Intermediate High 
Type of Heat Condition Degree Rating Degree Rating Degree Rating 

1. Heating Ducts More than 2 ft 6 in. 2 ft 6 in, or  less 
(a) Above 

(b) Side and Below More than 1 f t 0  in. 1 ft 0 in. or less 

Downward: Cylinder with 1 ft 0 in. 
(c) Diffuser radius f rom edge, extending 1 ft - -  

Downward Discharge 0 in. below and 2 ft 6 in. above 
Horizontal: Semi-cylinder with 2 ft 

Horizontal Discharge 6 in. radius in direction o f  flow, 

extending 1 ft 0 in. below and 2 ft 
6 in. above 

Any distance except 
as shown under  Inter- 
mediate 

2. Unit Heater  
(a) Horizontal Discharge 

Discharge Side: 7 fi 0 in. to 20 fi 
0 in. radius pie-shaped cylinder 
[see Figure 4-3.1.3.2] extending 
7 ft 0 in. above and 2 ft 0 in. below 
heater; also 7 ft 0 in. radius cylin- 
der  more  than 7 ft 0 in. above unit 
heater  

7 ft 0 in. radius cylinder extending 
7 ft 0 in. above and 2 ft 0 in. below 
unit heater  

(b) Vertical Downward - -  7 ft 0 in. radius cylinder extending 7 ft 0 in. radius cylinder extending 
Discharge upward  f rom an elavation 7 ft 0 in. f rom the top o f  the unit heater  to 
[Note: For sprinklers above unit heater  an elevation 7 ft 0 in. above unit 
below unit heater, see heater 
Figure 4-3.1.3.2.] 

3. Steam Mains (Uncovered) 
(a) Above More than 2 ft 6 in. 2 ft 6 in. or less - -  

(b) Side and Below More than 1 ft 0 in. 1 ft 0 in. or  less 

(c) Blowoff Valve More than 7 ft 0 in. - -  7 ft 0 in. or  less 

For SI Units: 1 in. = 25.4 mm; 1 ft = 0.3048 m. 

Table 4-3.1.3.2(b) Ratings of Sprinklers in Specified Locations 

Ordinary Intermediate High 
Location Degree Rating Degree Rating Degree Rating 

Skylights - -  Glass or plastic - -  

Attics Ventilated Unventilated - -  

Peaked Roof: Metal or  thin 
boards; concealed or  not con- 

Ventilated Unventilated - -  
cealed; insulated or uninsu-  
lated 

Flat Roof: Metal, not con- Ventilated or  Note: For uninsulated roof, cli- - -  
cealed; insulated or uninsu-  unventilated mate and occupancy may necessi- 
lated tate Intermediate sprinklers. 

Check on job. 

Flat Roof: Metal; concealed; Ventilated Unventilated - -  
insulated or  uninsulated 

Show Windows Ventilated Unventilated - -  

Note: A check of job condition by means of thermometers may be necessary. 
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Heater 

/ /  

\ /  

Zone B = . 5 7 7 4 x A  
C =  1 . 1 5 4 7 x A  

\ \  ~. ~ _22 

"B '"  
Danger Zone 

I .  8"-77/8" 
I b  

1 1 ' - 6  ~'t/16 " 

F o r S I  Uni ts :  1 in. = 2 5 . 4 m m ;  1 ft  = 0 . 3 0 4 8 m .  

Figure 4-3.1.3.2 Heater and danger zones at unit heaters. 

5'-9' / , , , ,  \ "c" 

extra high temperature classification as determined by use 
o f  a temperature measuring device. (See 3-9.6.) 

4-3.1.3.3 In case o f  occupancy change involving temper- 
ature change the sprinklers shall be changed accordingly. 

4-3.2 Special Sprinklers. Installation o f  special sprin- 
klers with pro tec t ion  areas, locations, and distances 
between sprinklers differing from those specified in Table 
4-2.2 and Section 4-4 shall be permitted when found suit- 
able for such use based on: fire tests related to the hazard 
category; tests to evaluate distribution, wetting o f  floors 
and walls, and interference to distribution by structural 
elements; and tests to characterize response sensitivity. 

Exception No. 1: The maximum protection area for special 
sprinklers shall not exceed 400 sq ft  (36 m 2) per sprinkler. 

Exception No. 2: Maximum area of coverage for individual 
extended coverage pendent and upright sprinklers shall be limited 
to areas having equal-sided dimensions. 

4-3.3 Old-Style Sprinklers. Old-style sprinklers shall not 
be used in a new installation. 

Exception No. I: Old-style sprinklers shall be installed in fur 
storage vaults. See 4-4.1.7.15. 

Exception No. 2: Use of old-style sprinklers shall be permitted 
when construction features or other special situations require 
unique water distribution. 

4-3.4 Sidewall Spray Sprinklers. Sidewall sprinklers 
shall be installed only in Light Hazard Occupancies. 

Exception: Sidewall sprinklers shall be permitted to be used in 
Ordinary Hazard Occupancies when specifically listed for such 
use .  

4-5.5 Open Sprinklers. Open sprinklers shall be permit- 
ted to protect special hazards, for protection against expo- 
sures, or in other special locations. 

4-3.6 Residential Sprinklers. 

4-3.6.1" Residential sprinklers shall be permit ted in 
dwelling units and their adjoining corridors located in any 
occupancy provided they are installed in conformance with 
their listing and the positioning requirements o f  NFPA 
13D, Standard for the Installation of Sprinkler Systems in One- 
and Two-Family Dwellings and Mobile Homes, or NFPA 13R, 
Standard for the Installation of Sprinkler Systems in Residential 
Occupancies up to and Including Four Stories in Height. 

4-3.6.2 Residential sprinklers shall be used only in wet 
systems. 

Exception: Residential sprinklers shall be permitted for use in 
dry systems if specifically listed for such service. 

4-3.6.3 When residential sprinklers are installed within a 
compartment as defined in 1-4.2, all sprinklers shall be 
from the same manufacturer  and have the same heat- 
response thermal characteristic. 

4-3.7 Early Suppression Fast Response (ESFR) Sprinklers. 

4-3.7.1 ESFR sprinklers shall be used only in wet pipe 
systems. 

4-3.7.2 ESFR sprinklers shall be installed only in build- 
ings with roof  or ceiling slope not exceeding 1 in. per ft 
(84 mm/m). 

4-3.7.3 ESFR sprinklers shall be permitted for use in 
buildings with the following types o f  construction: 

(a) Smooth ceiling, joists consisting o f  steel truss shaped 
member, wood truss shaped members that consist o f  wood 
top and bottom chord members not exceeding 4 in. 
(102 ram) in depth with steel tube or bar web. 

(b) Wood beams o f  4 in. by 4 in. (102 mm by 102 mm) 
or greater nominal dimension, concrete or steel beams 
spaced 31/2 to 71/2 ft (0.9 to 2.3 m) on centers and either 
suppor ted  on or f ramed into girders. Ceiling panels 
formed by members capable o f  trapping heat to aid the 
operation o f  sprinklers with members spaced greater than 
71/2 ft (2.3 m) and limited to a maximum o f  300 sq ft 
(27.9 m ~) in area. 

(c) Paragraphs (a) and (b) apply to construction with 
noncombustible or combustible roo f  or decks. 

(d) Construction with ceiling panels formed by mem- 
bers capable o f  trapping heat to aid the operation o f  sprin- 
klers with members spaced greater than 71/2 ft (2.3 m) and 
limited to a maximum o f  300 sq ft (27.9 m 2) in area. 
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4-3.7.4 Temperature Rating. Sprinkler  tempera ture  rat- 
ings shall be nominal  165°F (74°C). 

Exception: Sprinklers of intermediate and high temperature rat- 
ings shall be installed in specific locations as required by 4-3.1.3. 

4-3.8 Large-Drop Sprinklers. 

4-3.8.1 Large-drop sprinklers shall be permit ted  to be 
used in wet, dry, or preact ion systems. 

4-3.8.2" In preaction and dry pipe systems, piping materi- 
als shall be limited to internally galvanized steel or copper. 

Exception: Nongalvanized fittings shall be permitted. 

4-3.8.3 Sprinkler  t empera ture  ratings shall be the same 
as those indicated in Tables 4-3.1.3.2(a) and (b) or  those 
used in large scale fire testing to de termine  the protection 
requirements  for  the hazard involved. 

Exception: Sprinklers of intermediate and high temperature rat- 
ings shall be installed in specific locatlons as required by 4-3.1.3. 

4-3.9 Quick Response Early Suppression (QRES) Sprin- 
klers. (Reserved) 

4-4 Sprinkler Spacing and Location. 

4-4.1 Upright and Pendent Spray Sprinkler. 

4-4.1.1 Sprinkler Spacing Limitations. The  maximum 
distance between sprinklers ,  e i ther  on branch lines or  
between branch lines, shall be as follows: 

Light Hazard Occupancies 15 ft 
Ordinary Hazard Occupancies 15 ft 
Extra Hazard Occupancies 12 ft 
High-Piled Storage 12 ft 

When sprinklers are spaced less than 6 ft (1.8 m) on 
center see 4-4.1.7.8. 

Exception No. 1." For Extra Hazard Occupancies and high-piled 
storage in bays 25 fi  (7.6 m) wide, a spacing of 12 f t  6 in. 
(3.8 m) shall be permitted. 

Exception No. 2: For densities less than 0.25 gpm per sq ft  
[10.2 (L/min)/m2)] spacing of 15 f i  (4.6 m) shall be permitted. 

4-4.1.2 Distance from Walls. 

4-4.1.2.1 The  distance from sprinklers to walls shall not 
exceed one-half  o f  the allowable distance between sprinklers. 

Exception*: Within small rooms, sprinklers shall be permitted to 
be located not more than 9 ft  (2.7 m) from any single wall. sprin- 
kler spacing limitations of 4-4.1.1 and area limitations of Table 
4-2.2 shall not be exceeded. 

4-4.1.2.2 Sprinklers shall be located a min imum o f  4 in. 
(102 ram) from a wall. 

4-4.1.3 Obstructions to Sprinkler Discharge 

4-4.1.3.1" Obstructions Located at the Ceiling. Non- 
continuous obstructions at the ceiling or roo f  such as col- 
umns, bar  joists, truss webs, and light fixtures shall be treated 
as vertical obstructions. 

Exception: Obstructions that can meet the separation require- 
ments for horizontal obstructions in 4-4.1.3.1.2. 

4-4.1.3.1.1 Vertical Obstructions. The  min imum sepa- 
ration between vertical obstructions and a sprinkler shall 
be as shown in Table  4-4.1.3.1.1 and Figures 4-4.1.3.1.1(a), 
(b), (c), and (d). 

Exception: Sprinklers shall be permitted to be spaced on opposite 
sides of the obstruction providing the distance from the centerline 
of the obstruction to the sprinklers does not exceed one-half the 
allowable distance between sprinklers. 

Table 4-4.1.3.1.1 Minimum Distance from V e r t i c a l  
Obstructions 

Maximum Dimension of Minimum Horizontal 
Obstruction Distance 

1/2 -- 1 in. 6 in. 
>1 i n . - 4 i n .  12in. 

>4 in. 24 in. 

For SI Units: 1 in. = 25.4 mrn, 

Obstruction 
Dimension 

~Vertical Obstruction (Structural Member) 

t ~ I Sprinkler 

I -  O,.,ao 0 --I 
Figure l - 4 . 1 . 3 , l . l ( a ) .  
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I I I 
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Obstruction 
Dimension 

Minimum Horizontal -~  
Distance 

View Looking North 

Top Chord ~_ ~ l t~Roof  Or Floor 

W 

View Looking East Or West 

Minimum 6 in. (150 mm) Clearance 
For Sprinklers Located On I 

Centerline Of Structural 
Member 

Figure 4-4.1.3.1.1(b). 

I H J ~ Top Chord ~__ 

', ~ , T  i 

f Wood Truss 

o~,.u~,,on Oim.o.,on--~~ \ ~inimum ~o~,zoo,a, 

c e  Minimum 6 in. (150 mm) Clearance 

For Sprinklers Located On Centerline 
Of Structural Member 

View Looking North 

lr 
JL 

View Looking East Or West 
Figure 4-4.1.3.1.1 (c). 

V V v v V V V v v v 

IL 
Obst ruc t ion  DJmens=on Distance 

View Looking North View Looking East Or West 

Figure 4-4.1.3.1.1 (d). 
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4-4.1.3.1.2 H o r i z o n t a l  O b s t r u c t i o n s .  T h e  m i n i m u m  sep- 
ara t ion  o f  a sp r ink le r  f r o m  a hor izonta l  obs t ruc t ion  shall 
be  d e t e r m i n e d  by the  he igh t  o f  the  def lec tor  above the  
b o t t o m  o f  the  obs t ruc t ion  as shown  in Tab le  4-4.1.3.1.2 
and  F igure  4-4.1.3.1.2. 

Exception: Sprinklers shall be permitted to be spaced on opposite 
sides of the obstruction providing the distance from the centerline 
of the obstruction to the sprinklers does not exceed one-half the 
allowable distance between sprinklers. 

Table 4-4.1.3.1.2 Position o f  Deflector when Located above 
Bottom of  Obstruction 

Maximum Allowable Distance 
Distance from Sprinkler Deflector above 

to Side o f  Obstruction Bottom of  Obstruction 

Less than 1 ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 in. 
1 ft to less than 2 ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 in. 
2 ft to less than 2 ft 6 in . . . . . . . . . . . . . . . . . . . . . . .  2 m. 
2 ft 6 in. to less than 3 ft . . . . . . . . . . . . . . . . . . . . . .  3 m. 
3 ft to less than 3 ft 6 in . . . . . . . . . . . . . . . . . . . . . . .  4 in. 
3 ft 6 in. to less than 4 ft . . . . . . . . . . . . . . . . . . . . . .  6 in. 
4 ft to less than 4 ft 6 in . . . . . . . . . . . . . . . . . . . . . . . .  7 m. 
4 ft 6 in. to less than 5 ft . . . . . . . . . . . . . . . . . . . . . .  9 m. 
5 ft to less than 5 ft 6 in . . . . . . . . . . . . . . . . . . . . . .  11 m. 
5 ft 6 in. to less than 6 ft . . . . . . . . . . . . . . . . . . . . .  14 m. 

For SI Uni ts :  1 in. = 25.4 mm;  1 ft  = 0.3048 m. 

4-4.1.3.2.3 Spr inklers  shall be  p e r m i t t e d  to be installed 
on  the  cen te r l ine  o f  a t russ  or  direct ly above a b e a m  pro-  
v ided  the  truss c h o r d  or  b e a m  d i m e n s i o n  is no t  m o r e  than  
8 in. (203 m m )  a n d  the  spr ink le r  def lec tor  is located at 
least 6 in. (152 ram) above the  s t ructura l  m e m b e r .  

4 - 4 . 1 . 3 . 3 "  S u s p e n d e d  o r  F l o o r  M o u n t e d  V e r t i c a l  
O b s t r u c t i o n s .  T h e  d is tance  f r o m  spr ink le r s  to privacy 
cur ta ins ,  f r e e - s t an d i n g  par t i t ions ,  r o o m  dividers ,  and  simi- 
lar obs t ruc t ions  in Light  H a z a r d  Occupanc ies  shall be as 
shown in Tab le  4-4.1.3.3 a n d  Figure  4-4.1.3.3. 

Table 4-4.1.3.3 Horizontal and Minimum Vertical  Distances 
for Sprinklers 

Minimum Vertical Distance 
Horizontal Distance below Deflector 

6 in. or less . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 in. 
More than 6 in. to 9 in . . . . . . . . . . . . . . . . . . . . . . . . .  4 in. 
More than 9 in. to 12 in . . . . . . . . . . . . . . . . . . . . . . .  6 in. 
More than 12 in. to 15 in . . . . . . . . . . . . . . . . . . . . . .  8 in. 
More than 15 in. to 18 in . . . . . . . . . . . . . . . . . . .  91/2 in. 
More than 18 in. to 24 in . . . . . . . . . . . . . . . . . .  121/2 in. 
More than 24 in. to 30 in . . . . . . . . . . . . . . . . . .  151/2 in. 
More than 30 in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 in. 

For SI Uni ts :  1 in. = 25.4 mm. 

I I 
Obstruction 

1 

Ceiling 

f 
Not To Exceed Maximum 
Specified For Type Of Construction 

Figure 4-4.1.3.1.2 Position o f  deflector, upright, or pendent sprinkler 
when  located above bottom o f  obstructions. 

4-4 .1 .3 .2  O b s t r u c t i o n s  L o c a t e d  b e l o w  S p r i n k l e r s  

4-4.1 .3 .2 .1"  Sp r ink l e r s  shall  be  ins ta l led  u n d e r  ducts ,  
decks,  a n d  o t h e r  obs t ruc t ions  over  4 ft  (1.2 m) wide.  

Exception: Ceiling sprinklers shall be permitted to be spaced in 
accordance with Table 4-4.1.3.1.2. 

4-4.1.3.2.2 Spr inklers  instal led u n d e r  o p e n  gra t ings  shall 
be  o f  the  i n t e r m e d i a t e  level/rack s torage  type or  o therwise  
sh ie lded  f r o m  the  d i scha rge  o f  o v e r h e a d  spr inklers .  

/ / / /  / / /  

Minimum Vertical Distance 

/ / / / /  

~ S p r i n k l e r  

L Horizontal -'= 
Distance [ 

_ Room Divider 
(Privacy Curtain) 

F i g u r e  4-4.1.3.3 Sp r ink le r s  in s t a l l ed  near privacy curtains, free-standing 
partitions, or room dividers. 

4-4.1.3.4 D o u b l e  J o i s t  O b s t r u c t i o n s .  W h e r e  t h e r e  are  
two sets o f  joists  u n d e r  a r o o f  or  ceiling, a n d  the re  is no  
f loor ing  over  the  lower  set, spr inklers  shall be  instal led 
above and  below the  lower  set o f  joists  w h e r e  t h e r e  is a 
c learance  o f  6 in. (152 mm)  or  m o r e  b e t w een  the  top  o f  the  
lower  jois t  a n d  the  b o t t o m o f  the u p p e r  joist.  (See Figure 
4-4.1.3.4.) 

Exception: Sprinklers are permitted to be omitted from below the 
lower set of joists where at least 18 in. (457 ram) is maintained 
between the sprinkler deflector and the top of the lower joist. 
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,. Opgn Joists 

_ . _ l - - - - - - - - -  

I " I " J (  
)It 
No Ceiling 

Less Than 6"  ~ Or Flooring 
. ~  Be ow O_nly - I 

For SI Units: 1 in. = 25.4 ram. 
Figure 4-4.1.3.4 Arrangement of sprinklers under two sets of open joists - -  no sheathing on lower joists. 

4 -4 .1 .4  D i s t a n c e  b e l o w  C e i l i n g s .  

4-4.1.4.1 Under  unobstructed construction, the distance 
between the sprinkler  deflector and the ceiling shall be a 
min imum o f  1 in. (25.4 ram) and a maximum o f  12 in 
(305 mm). 

Exception: Special ceiling-type sprinklers (concealed, recessed, 
and flush types) shall be permitted to have the operating element 
above the ceiling and the deflector located nearer to the ceiling 
when installed in accordance with their listing. 

4-4.1.4.2 Unde r  obstructed construction, the spr inkler  
deflector shall be located 1 to 6 in. (25.4 to 152 mm) below 
the structural members  and a maximum distance o f  22 in. 
(559 ram) below the ceil ing/roof deck. 

Exception No. 1: Sprinklers shall be permitted to be installed 
with the deflector at or above the bottom of the structural member 
to a maximum of 22 in. (559 mm) below the ceiling~roof deck 
when the sprinkler is installed in conformance with 4-4.1.3.1.2. 

Exception No. 2: Where sprinklers are installed in each bay 
of obstructed construction, deflectors shall be a minimum of 
1 in. (25.4 mm) and a maximum of 12 in. (152 mm) below the 
ceiling. 

4-4.1.4.3 Deflectors o f  sprinklers under  concrete tee con- 
struction with stems spaced less than 71/2 ft (2.3 m) but  
more than 3 ft (0.9 m) on centers shall, regardless o f  the 
depth  o f  the tee, be located at or  above the plane 1 in. 
(25.4 mm) below the bottom o f  the stems o f  the tees and 
shall comply with Table  4-4.1.3.1.2. 

4-4 .1 .5"  P o s i t i o n  o f  Def l ec tors .  Deflectors o f  sprinklers 
shall be parallel  to ceilings, roofs, or  the incline o f  stairs. 

Exception No. 1: When sprinklers are installed in the peak of a 
pitched roof, the sprinkler shall be installed with the deflector 
horizontal. 

Exception No. 2: Pitched roofs having slopes less than 1 in. peril 
(83 mm/m) are considered level in the application of this rule, 
and sprinklers shall be permitted to be installed with deflectors 
horizontal. 

4-4 .1 .6" Clear  S p a c e  b e l o w  Spr ink lers .  A minimum o f  
18 in. (457 mm) clearance shall be maintained between top 
o f  storage and ceiling sprinkler deflectors. 

Exception: Where other standards specify greater minimums, 
they shall be followed. 

4-4 .1 .7  S p e c i a l  S i tuat ions .  

4-4 .1 .7 .1  C o n c e a l e d  Spaces .  

4-4.1.7.1.1" All  concea led  spaces enclosed wholly or  
partly by exposed combustible construction shall be pro- 
tected by sprinklers. 

Exception No. 1: Concealed spaces formed by studs or joists with 
less than 6 in. (152 mm) between the inside or near edges of the 
studs or joists. (See Figure 4-4.1.3.4.) 

Exception No. 2: Concealed spaces formed by bar joists with less 
than 6 in. (152 ram) between the roof or floor deck and ceiling. 

Exception No. 3: Concealed spaces formed by ceilings attached 
directly to or within 6 in. (152 mm) of wood joist construction. 

Exception No. 4: Concealed spaces formed by ceilings attached 
directly to the underside of composite wood joist construction, pro- 
vided the joist channels are ~re-stopped into volumes each not 
exceeding 160 cu f t  (4.53 m ) using materials equivalent to the 
web construction. 

Exception No. 5: Concealed spaces entirely filled with noncom- 
bustible insulation. 

Exception No. 6: Concealed spaces within wood joist construc- 
tion and composite wood joist construction having noncombustible 
insulation filling the space from the ceiling up to the bottom edge 
of the joist of the roof or foor  deck, provided that in composite 
wood joist construction the joist channels are fire-stopped into vol- 
umes each not exceeding 160 cu f t  (4.53 m~). The joists shall be 
fire-stopped to the full depth of the joist with material equivalent 
to the web construction. 

Exception No. 7: Concealed spaces over isolated small rooms not 
exceeding 55 sq f t  (4.6 m 2) in area. 
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Exception No. 8: When the exposed surfaces have aflame spread 
rating of 25 or less and the materials have been demonstrated not 
to propagate fire in the form in which they are installed in the 
space. 

Exception No. 9: Noncombustible concealed spaces having 
exposed combustible insulation when the heat content of the facing 
and substrate of the insulation material does not exceed 1000 Btu 
per sq f t  (11 356 kJ/m2). 

4-4.1.7.1.2 Sprinklers in concealed spaces having no 
access for storage or other use shall be installed in accor- 
dance with requirements o f  Light Hazard Occupancy. 

4-4.1.7.1.3 When heat-producing devices such as fur- 
naces or  process equipment are located in the joist chan- 
nels above a ceiling attached directly to the underside o f  
composite wood joist construction that would not otherwise 
require sprinkler protection o f  the spaces, the joist channel 
containing the heat-producing devices shall be sprinklered 
by installing sprinklers in each joist channel, on each side, 
adjacent to the heat-producing device. 

4-4.1.7.2 Vertical Shafts. 

4-4.1.7.2.1 One sprinkler shall be installed at the top o f  
shafts. 

Exception No. I: 
shafts. 

Exception No. 2: 
cal shafts. 

Exception No. 3: 
shafts. 

Noncombustible, nonaccessible vertical duct 

Noncombustible, nonaccessible vertical electri- 

Noncombustible, nonaccessible vertical pipe 

4-4.1.7.2.2" Where vertical shafts have combustible sur- 
faces, one sprinkler shall be installed at each alternate floor 
level. Where  a shaft  having combust ible  surfaces is 
trapped, an additional sprinkler shall be installed at the 
top o f  each trapped section. 

4-4.1.7.2.3 Where accessible vertical shafts have noncom- 
bustible surfaces, one sprinkler shall be installed near the 
bottom. 

4-4.1.7.2.4 Where vertical openings are not protected by 
fire rated enclosures, sprinklers shall be placed so as to 
fully protect the openings. 

4-4.1.7.3 Stairways. 

4-4.1.7.3.1 Sprinklers shall be installed beneath all stair- 
ways o f  combustible construction. 

4-4.1.7.3.2 In noncombustible stair shafts with noncom- 
bustible stairs, sprinklers shall be installed at the top o f  the 
shaft and under  the first landing above the bottom o f  the 
shaft. 

Exception: Sprinklers shall be installed beneath landings or 
stairways when the area beneath is used for storage. 

4-4.1.7.3.3" Sprinklers shall be installed in the stair shaft 
at each floor landing serving two or more separate fire 
divisions located at the same level as the landing. 

4-4.1.7.3.4" Where moving stairways, staircases, or simi- 
lar floor openings are unenclosed, the floor openings 
involved shall be protected by closely spaced sprinklers in 
combination with draft stops. 

The  draft stops shall be located immediately adjacent to 
the opening, shall be at least 18 in. (457 mm) deep, and 
shall be o f  noncombustible or limited-combustible material 
that will stay in place before and during sprinkler opera- 
tion. Sprinklers shall be spaced not more than 6 ft (1.8 m) 
apart and placed 6 to 12 in. (152 to 305 mm) from the 
draft stop on the side away from the opening. When sprin- 
klers are closer than 6 ft (1.8 m), cross baffles shall be pro- 
vided in accordance with 4-4.1.7.8. 

Exception: Closely spaced sprinklers and draft stops are not 
required around large openings such as those found in shopping 
malls, atrium buildings, and similar structures where all adjoin- 
ing levels and spaces are protected by automatic sprinklers in 
accordance with this standard and where the openings have all 
horizontal dimensions between opposite edges of 20 f t  (6 m) or 
greater and an area of 1000 sq f l  (93 m e) or greater. 

4-4.1.7.4" Building Service Chutes. Building service 
chutes (linen, rubbish, etc.) shall be protected internally by 
automatic sprinklers. A sprinkler shall be provided above 
the top service opening o f  the chute, above the lowest ser- 
vice opening, and above service openings at alternate lev- 
els in buildings over two stories in height. The  room or 
area into which the chute discharges shall also be protected 
by automatic sprinklers. 

4-4.1.7.5 Spaces under Ground Floors, Exterior Docks, 
and Platforms. Sprinklers shall be installed in spaces 
under  all ground floors, exterior docks, and platforms. 

Exception: Sprinklers shall be permitted to be omitted when all of 
the following conditions prevail: 

(a) The space is not accessible for storage purposes and is pro- 
tected against accumulation of wind-borne debris; 

(b) The space contains no equipment such as steam pipes, elec- 
tric wiring, or conveyors; 

(c) The floor over the space is of tight construction; 

(d) No combustible or flammable liquids or materials that 
under fire conditions may convert into combustible or flammable 
liquids are processed, handled, or stored on the floor above the 
space. 

4-4.1.7.6" Exterior Roofs or Canopies. 

4-4.1.7.6.1 Sprinklers shall be installed under  roofs or 
canopies over areas where combustibles are stored or 
handled. 

Exception: Sprinklers are permitted to be omitted where con- 
struction is noncombustible and areas under the roofs or canopies 
are not used for storage or handling of combustibles. 
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4-4.1.7.6.2 Sprinklers  shall be installed unde r  exter ior  
combustible roofs or  canopies exceeding 4 ft (1.2 m) in 
width. 

4-4 .1 .7 .7  D w e l l i n g  Uni t s .  

4-4.1.7.7.1 Sprinklers are not required in bathrooms that 
are located within dwelling units, that do not exceed 55 sq 
ft (5.1 m2), and that have walls and ceilings o f  noncombus- 
tible or  l imited-combustible materials with a 15 minute  
thermal  ba r r i e r  ra t ing including the walls and ceilings 
behind  fixtures. 

Exception: Sprinklers are required in bathrooms of nursing 
homes and in bathrooms opening directly onto public corridors or 
exitways. 

4-4.1.7.7.2 Sprinklers are not required in clothes closets, 
l inen closets, and pantr ies  within dwelling units in hotels 
and motels where the area o f  the space does not exceed 
24 sq ft (2.2 m2), the least dimension does not exceed 3 ft 
(0.9 m), and the walls and ceilings are surfaced with non- 
combustible or  l imited-combustible materials. 

4-4.1.7.8 Baffles.  Baffles shall be instal led whenever  
sprinklers are less than 6 ft (1.8 m) apar t  to prevent  oper-  
a t ing sprinklers  f rom wetting adjacent  sprinklers,  thus 
delaying or  prevent ing their operat ion.  Baffles shall be 
located midway between sprinklers and a r ranged  to pro- 
tect the actuating elements. Baffles shall be o f  noncombus- 
tible or  l imited-combustible material  that  will stay in place 
before  and dur ing  sprinkler  operation.  The  baffles shall be 
approximate ly  8 in. (203 mm) wide and 6 in. (152 mm) 
high. The  tops o f  baffles shall extend 2 to 3 in. (51 to 
76 mm) above the deflectors o f  upr ight  sprinklers. 
The  bottoms o f  baffles shall extend downward to a level at 
least even with the deflectors o f  pendent  sprinklers. (See 
A-4-4.1.7.3.4.) 

Exception No. 1: For in-rack sprinklers, see NFPA 231C, Stan- 
dard for Rack Storage of Materials. 

Exception No. 2: Baffles are not required for old-style sprinklers 
protecting fur storage vaults. 

4-4 .1 .7 .9  S p a c i n g  u n d e r  P i t c h e d  Surfaces .  

4-4.1.7.9.1 The  distance between sprinklers ei ther on the 
branch lines or between the branch lines, running  up or 
down the slope o f  a pitched surface, shall be measured 
along the slope. 

4-4.1.7.9.2" Sprinklers under  or  near  the peak shall have 
deflectors located not more than 3 ft (0.9 m) vertically 
down from the peak. [See Figures 4-4.1.7.9.2(a) and 
4-4.1.7.9.2(b).] 

Exception No. 1: Under saw-toothed roofs, sprinklers at the 
highest elevation shall not exceed a distance of 3 f t  (0.9 m) mea- 
sured down the slope from the peak. 

Exception No. 2: Under a steeply pitched surface, the distance 
from the peak to the deflectors shall be permitted to be increased to 
maintain a horizontal clearance of not less than 2 f i  (0.6 m) from 
other structural members. [See Figure 4-4.1.7.9.2(c).] 

CJSEOT,O  
= t 

o 't ° ½ "- 
! 

Measured on slope 

ForSI Units: 1 in. = 25.4mm; 1 ft = 0.3048m. 
Figure 4-4.1.7.9.2(a) Sprinklers at pitched roofs; branch lines run 

up the slope. 

!, o o i . 

0 C 

Measured on slope 

ForSI Units: 1 in.= 25.4mm; 1 ft = 0.3048m. 
Figure 4-4.1.7.9.2(b) Sprinklers at pitched roofs; branch lines run 

up the slope. 

For Sl Units: l i n .=  25.4mm; 1 ft = 0.3048m. 
Figure 4-4.1.7.9.2(c) Desirable horizontal clearance for sprinklers at 

peak of pitched roof. 
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4-4.1.7.10 Spacing of  Sprinklers under Curved Roof  
Buildings. 

4-4.1.7.10.1 Unde r  curved surfaces, the horizontal dis- 
tance measured at the floor level f rom the wall to the near- 
est sprinkler  shall not be greater  than one-ha l f  the allow- 
able distance between sprinklers. 

4-4.1.7.10.2 Deflectors o f  sprinklers shall be parallel  with 
the curve o f  the surface. 

4-4.1.7.10.3 When  Extra Hazard  Occupancy spacing o f  
sprinklers is used under  curved ceilings o f  other  than fire 
resistive construction, the sprinkler  spacing as projected on 
the floor shall not be greater  than that required for Extra 
Hazard  Occupancies, but  in no case shall the spacing at the 
roo f  or  ceiling be wider than that required for Ord inary  
Hazard  Occupancies. 

4-4.1.7.11 Library Stack Rooms. Spr ink le rs  shall be 
installed in every aisle and at every tier o f  stacks with dis- 
tance between sprinklers along aisles not to exceed 12 ft 
(3.6 m). [See Figure 4-4.1.7.11(a).] 

Exception No. 1: When vertical shelf dividers are incomplete 
and allow water distribution to adjacent aisles, sprinklers are per- 
mitted to be omitted in alternate aisles on each tier. Where venti- 
lation openings are also provided in tier floors, sprinklers shall be 
staggered vertically. [See Figure 4-4. I. 7.11 (b).] 

Exception No. 2: Sprinklers are permitted to be installed without 
regard to aisles when there is 18 in. (457 mm) or more clearance 
between sprinkler deflectors and tops of racks. 

4-4.1.7.12 Electrical Equipment. When sprinkler pro- 
tection is provided in generator or  transformer rooms, hoods 
or shields installed to protect important  electrical equipment 
from sprinkler discharge shall be noncombustible. 

4-4.1.7.13" Open-Grid Ceilings. Open-grid ceilings 
shall not be installed beneath sprinklers. 

Exception No. 1: Open-grid ceilings in which the openings are 
1/4 in. (6.4 mm) or larger in the least dimension, when the thick- 
ness or depth of the material does not exceed the least dimension of 
the opening, and when such openings constitute 70 percent of the 
area of the ceiling material. The spacing of the sprinklers over the 
open grid ceiling shall then comply with the following: 

(a) In Light Hazard Occupancies when sprinkler spacing 
(either spray or old-style sprinklers) is less than 10 f t  by 10 f i  
(3 m by 3 m), a minimum clearance of at least 18 in. (457 mm) 
shall be provided between the sprinkler defectors and the upper 
surface of the open-grid ceiling. When spacing is greater than 
lO f t  by lOf t  (3 m by 3 m) but less than l O f t  by 12 f t  (3 m by 
3.7 m), a clearance of at least 24 in. (610 ram) shall be provided 
from spray sprinklers and at least 36 in. (914 mm) from old-style 
sprinklers. When spacing is greater than 10 f t  by 12 f t  (3 m by 
3.7 m), a clearance of at least 48 in. (1219 mm) shall be provided. 
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Figure 4-4.1.7.1 l(a) 

..-~ ~--  

--t ~--  
I I 

Sprinklers in multitier library bookstacks with complete vertical dividers. 
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Figure 4-4.1.7.11(b) Sprinklers in multitier library bookstacks with incomplete vertical dividers. 

(b) In Ordinary Hazard Occupancies, open-grid ceilings shall 
be permitted to be installed beneath spray sprinklers only. When 
sprinkler spacing is less than lOft  by lOft  (3 m by 3 m), a min- 
imum clearance of at least 24 in. (610 mm) shall be provided 
between the sprinkler deflectors and the upper surface of the open- 
grid ceiling. When spacing is greater than 10 ft by 10 f t  (3 m by 
3 m), a clea(ance of at least 36 in. (914 ram) shall be provided. 

Exception No. 2: Other types of open-grid ceilings shall not be 
installed beneath sprinklers unless they are listed for such service 
and are installed in accordance with instructions contained in 
each package of ceiling material. 

4-4 .1 .7 .14  D r o p - O u t  Ce i l ings .  

4-4.1.7.14.1 Drop-out ceilings shall be permitted to be 
installed beneath sprinklers when ceilings are listed for that 
service and are installed in accordance with their listings. 

Exception: Special sprinklers shall not be installed above drop- 
out ceilings unless specifically listed for this purpose. 

4-4.1.7.14.2 Drop-out  ceilings shall not  be considered 
ceilings within the context o f  this standard. 

4-4.1.7.14.3" Piping installed above drop-out  ceilings 
shall not be considered concealed piping (see 2-5.4, Excep- 
tion No. 2). 

4-4.1.7.14.4" Sprinklers shall not be installed beneath 
drop-out  ceilings. 

4-4.1.7.15" Fur Vaults .  

4-4.1.7.15.1 Sprinklers shall be listed old-style having ori- 
fice sizes selected to provide as closely as possible but not 
less than 20 gal per rain (76 L/min) per sprinkler, for four 
sprinklers, based on the water pressure available. 

4-4.1.7.15.2 Sprinklers in fur  storage vaults shall be 
located centrally over the aisles between racks and shall be 
spaced not over 5 ft (1.5 m) apart along the aisles. 

4-4.1.7.15.3 When sprinklers are spaced 5 ft (1.5 m) 
apart along the sprinkler branch lines, pipe sizes shall be in 
accordance with the following schedule: 

1 in. 4 sprinklers 2 in. 20 sprinklers 
11/4 in. 6 sprinklers 21/2 in. 40 sprinklers 
11/2 in. 10 sprinklers 3 in. 80 sprinklers 

4-4.1.7.16 Stages. Sprinklers shall be installed under  the 
roof  at the ceiling, in spaces under  the stage either contain- 
ing combustible materials or constructed o f  combustible 
materials, and in all adjacent spaces and dressing rooms, 
storerooms, and workshops. 

4-4.1.7.16.1 When proscenium opening  protection is 
required, a deluge system shall be provided with open 
sprinklers located not more than 3 ft (0.9 m) away from 
the stage side o f  the proscenium arch and spaced up to a 
maximum o f  6 ft (1.8 m) on center. (See Chapter 5for design 
criteria.) 

4-4.1.7.17 Rack Storage. For sprinklers in storage racks 
see NFPA 231C, Standard for Rack Storage of Materials. 
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13-40 INSTALLATION OF SPRINKLER SYSTEMS 

4-4.1.7.18 Provision for Flushing Systems.  All sprinkler 
systems shall be arranged for flushing. Readily removable 
fittings shall be provided at the end o f  all cross mains. All 
cross mains shall terminate in l l/4-in. (33-mm) or larger 
pipe. All branch lines on gridded systems shall be arranged 
to facilitate flushing. 

4-4.1.7.19 Stair Towers .  Stairs, towers, or  other con- 
struction with incomplete floors, if piped on independent 
risers, shall be treated as one area with reference to pipe 
sizes. 

4-4.1.7.20 Return Bends.  Return bends shall be used 
when pendent  sprinklers are supplied from a raw water 
source, mill pond, or from open-top reservoirs. Return 
bends shall be connected to the top o f  branch lines in order 
to avoid accumulation o f  sediment in the drop nipples. 

Exception No. 1: Return bends are not required for deluge 
systems. 

Exception No. 2: Return bends are not required when dry- 
pendent sprinklers are used. 

Figure 4-4.1.7.20 

Ceiling 

Return bend arrangement. 

4-4.1.7.21 Piping to Sprinklers below Ceil ings.  

4-4.1.7.21.1 In  new installations expected to supply 
sprinklers below a ceiling, minimum 1 in. (25 mm) outlets 
shall be provided. 

Exception: Hexagonal bushings may be used to accommodate 
temporary sprinklers and shall be removed with the temporary 
sprinklers when the permanent ceiling sprinklers are installed. 

4-4.1.7.21.2 In revamping existing systems, a nipple not 
exceeding 4 in. (102 mm) in length and o f  the same pipe 
thread size as the sprinkler being removed shall be permit- 
ted to be installed in the branch line fitting. All other pip- 
ing shall be 1 in. (25 mm) where it supplies a single sprin- 
kler in an area. 

Exception: When it is necessary to pipe two new ceiling sprin- 
klers from an existing outlet in an overhead system, the use of a 
nipple not exceeding 4 in. (102 mm) in length and of the same 
pipe thread size as the existing outlet shall be permitted, provided 
that a hydraulic calculation verifies that the design flow rate will 
be achieved. 

Main Ceiling t 

*"- 1~ Reducing E lbow 

7 ~ 4,, Length 

Figure 4-4.l.7.2L2(a) Nipple and reducing elbow supplying sprinkler 
below ceiling. 

Main Ceiling t 

Nipple 
(4" Max Length) 

,J 
Drop Nipple ~ I [ f '~ '~ ,Branch Line 

Suspended 
Ceiling 

Reducer 

Plate 

Figure 4-4.1.7.21.2(b) Sprinklers in concealed space and below ceiling. 

4-4.1.7.22 Dry Pipe Underground.  When necessary to 
place pipe that will be under  air pressure underground,  
the pipe shall be protected against corrosion (see 4-5.4.2), 
or unprotected cast or ductile iron pipe may be used when 
joined with a gasketed joint listed for air service under- 
ground. 

4-4.1.7.23" One and One-Half-Inch Hose  Connections.  
One and one-half-inch [11/2-in. (38-mm)] hose used for fire 
purposes only shall be permitted to be connected to wet 
sprinkler systems only, subject to the following restrictions: 

(a) Hose station's supply pipes shall not be connected to 
any pipe smaller than 21/2 in. (64 mm). 

Exception: For hydraulically designed loops and grids the mini- 
mum size pipe between the hose station's supply pipe and the source 
shall be permitted to be 2 in. (51 mm). 

(b) For piping serving a single hose station, pipe shall be 
minimum 1 in. (25 mm) for horizontal runs up to 20 ft 
(6.1 m), minimum 11/4 in. (33 mm) for the entire run for 
runs between 20 and 80 ft (6.1 and 24.4 m), and minimum 
11/2 in. (38 mm) for the entire run for runs greater than 
80 ft (24.4 m). For piping serving multiple hose stations, 
runs shall be a minimum o f  11/2 in. (38 mm) throughout.  

(c) Piping shall be at least 1 in. (25 mm) for vertical 
runs. 

(d) When the pressure at any hose station outlet exceeds 
t00 psi (6.9 bars), an approved device shall be installed at 
the outlet to reduce the pressure at the outlet to 100 psi 
(6.9 bars). 
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4-4.1.7.24" Hose  Connect ions  for Fire Department  Use.  
In  buildings of  Light or Ordinary Hazard Occupancy, 21/2 
in. (64 mm) hose valves for fire depar tment  use may be 
attached to wet pipe sprinkler system risers. [See 
5-2.3.1.3(d).] The following restrictions shall apply: 

(a) Sprinklers shall be u n d e r  separate floor control 
valves. 

(b) The  min imum size of  the riser shall be 4 in. (102 
mm) unless hydraulic calculations indicate a smaller size 
riser will satisfy sprinkler and hose stream demands. 

(c) Each combined sprinkler and standpipe riser shall 
be equipped with a riser control valve to permit  isolating a 
riser without interrupt ing the supply to other risers from 
the same source of  supply. 

(d) For fire depar tment  connections serving standpipe 
and sprinkler systems, refer to Section 2-8. 

4-4.1.7,25" When individual floor/zone control valves are 
not provided, a flanged joint  or mechanical coupling shall 
be used at the riser at each floor for connections to piping 
serving floor areas in excess of  5000 sq fi (465 mS). 

4-4.2 Sidewal l  Spray Sprinklers.  

4-4.2.1 Distance between Sprinklers on Branch Lines. 
Sidewall sprinklers shall be installed along the length of  a 
single wall o f  rooms or bays not exceeding the width 
dimension specified in Table 4-4.2.1. 

Exception: Where the width of the room or bay exceeds the max- 
imum allowed, up to 30 f l  (9.1 m) for Light Hazard Occupancy, 
or 2Oft (6.1 m) for Ordinary Hazard Occupancy, sidewall sprin- 
klers on a staggered basis shall be provided on two opposite walls 
or sides of bays with spacing as required by Table 4-4.2.1. (See 
Figure 4-4.2.1.) 

4-4.2.2 Protection Area Limitations.  

4-4.2.2.I* Protection area limitations for sidewall sprin- 
klers shall be in conformity with Table 4-4.2.1. 

3- 
b 

9( 100" 0" 

Sidewall Sprinklers /\ / 

F o r S I  U n i t s :  1 in .  = 2 5 . 4  m m ;  1 f t  = 0 . 3 0 4 8  m.  

F i g u r e  4 - 4 . 2 . 1  Spacing of sidewall sprinklers under unobstructed 
construction in Light Hazard Occupancies. 

4-4.2.2.2 The  distance from a sidewall sprinkler to an 
end wall shall not exceed one-half  the allowable distance 
between sidewall sprinklers. 

4-4.2.3 Posit ion o f  Sidewal l  Sprinklers.  

4-4.2.3.1 Sidewall sprinklers shall only be installed along 
walls, lintels, or soffits where the distance from the ceiling 
to the bottom of  the lintel or soffit is at least 2 in. (51 mm) 
greater than the distances from the ceiling to sidewall 
sprinkler deflector. 

4-4.2.3.2 Sidewall sprinklers shall not be installed back to 
back without being separated by a continuous lintel or soffit. 

4-4.2.3.3 Sidewall sprinkler deflectors (vertical type) shall 
be located not more than 6 in. (152 ram) or less than 4 in. 
(102 mm) from walls and ceilings. 

Exception No. 1: Horizontal sidewall sprinklers are permitted to 
be located 6 to 12 in. (152 to 305 ram) below noncombustible ceil- 
ings when listed for these positions. 

Exception No. 2: Horizontal sidewall sprinklers are permitted to 
be located with their deflectors less than 4 in. (102 ram) from the 
wall on which they are mounted. 

Table 4-4.2.1 Dimensions for Sidewall Sprinkler Installation for Various Ceiling Types 

Light Hazard Occupancy Ordinary Hazard Occupancy 

Combustible construction 
with noncombustible Noncombustible con- 

or limited combustible struction with non- Noncombustible 
Combustible sheathing, wood combustible or limited Combustible or limited combus- 

sheathing lath and plaster combustible sheathing sheathing tible sheathing 

14 14 14 10 10 
Maximum distance 

between sprinklers 
on branch line 

Maximum room width 
for single branch 
line along wall fit) 

Maximum area cover- 
age (ft z) 

12 12 14 

120 168 196 

10 10 

80 100 

For SI Units: 1 ft = 0.3048 m; 1 ft z = 0.0929 m ~ 
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4-4.2 .3 .4  Sidewal l  sp r ink le r s ,  w h e n  ins ta l led  u n d e r  a 
s loped ceiling, shall be located at the  h igh  poin t  o f  the 
s lope and  pos i t i oned  to d i scha rge  d o w n w a r d ,  and  the  
def lec tor  shall be paral lel  to the s loped ceiling. 

4-4.2.3.5 W h e n  soffits a re  used fo r  the  instal lat ion o f  
sidewall sprinklers ,  they shall not  exceed  8 in. (203 mm)  in 
width o r  pro jec t ion  f r o m  the  wall. 

Exception: When soffits exceed 8 in., additional sprinklers shall 
be installed below the soffit. 

4-4 .2 .4  O b s t r u c t i o n s  to S i d e w a l l  S p r i n k l e r s .  Sidewall  
spr inklers  shall be instal led where  no beams or  similar 
obst ruct ions  are  located closer than 4 ft  (2.3 m) f r o m  the 
sprinkler .  Beams or  similar  obst ruct ions  located g rea te r  
than  4 ft  (2.3 m) f r o m  the  spr inkler  shall be  in conformi ty  
with Tab l e  4-4.2.4. 

Table 4-4.2.4 Sidewall Sprinkler Clearance 

Distance from Sidewall Maximum Allowable Distance 
Sprinkler to Side of  of  Deflector above 

Obstruction Bottom of  Obstruction (in.) 

Less than 4 ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
4 ft to less than 5 ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
5 ft to less than 5 ft 6 in . . . . . . . . . . . . . . . . . . . . . .  2 
5 ft 6 in. to less than 6 ft . . . . . . . . . . . . . . . . . . . . .  3 
6 ft to less than 6 ft 6 in . . . . . . . . . . . . . . . . . . . . . .  4 
6 ft 6 in. to less than 7 ft . . . . . . . . . . . . . . . . . . . . .  6 
7 ft to less than 7 ft 6 in . . . . . . . . . . . . . . . . . . . . . .  7 
7 ft 6 in. to less than 8 ft . . . . . . . . . . . . . . . . . . . . .  9 
8 ft to less than 8 ft 6 in . . . . . . . . . . . . . . . . . . . .  11 
8 ft 6 in. to less than 9 ft . . . . . . . . . . . . . . . . . . .  14 

For SI Uni t s :  1 in. = 25.4 m m ;  1 f t  = 0.S048 m. 

Exception: Under wood joist or composite wood joist construc- 
tion, the sprinklers shall be located 1 to 6 in. below the structural 
members to a maximum distance of 22 in. below the ceiling~roof or 
deck. 

4-4.3.4* Obstruct ions  to Dis tr ibut ion .  

4-4.3.4.1 O b s t r u c t i o n s  Loca ted  at the  C e i l i n g .  W h e n  
s p r i n k l e r  de f l ec to r s  a r e  l oca t ed  above  t h e  b o t t o m  o f  
obs t ruc t ions  such  as beams,  g i rders ,  ducts ,  f luorescen t  
l ight ing fixtures,  etc., located at the ceiling, the sprinklers  
shall be pos i t ioned  so that  the m a x i m u m  distance f r o m  the 
bo t tom o f  the obst ruct ion to the deflectors  does  not  exceed 
the  values specified in 4-4.1.3. 

4-4.3.4.2 Obstruct ions  Located b e l o w  the  Sprinklers .  

4-4.3.4.2.1 Spr inklers  shall be pos i t ioned  with respect  to 
f luorescent  l ight ing fixtures,  ducts, and obst ruct ions  more  
than  24 in. (610 mm)  wide and  located ent i re ly  below the 
spr inklers  so that  the m i n i m u m  hor izonta l  distance f r o m  
the  near  side o f  the obs t ruc t ion  to the cen te r  o f  the sprin- 
kler  is no t  less than  the value specified in Tab l e  4-4.3.4.2.1. 
(See Figure 4-4.3.4.2.1.) 

Table 4-4.3.4.2.1 Position of  Sprinklers in Relation to 
Obstruction Located Entirely Below the Sprinklers 

Distance o f  Deflector above 
Bottom of  Obstruction 

Minimum Distance 
to Side o f  

Obstruction, ft (m) 

Less than 6 in. (152 mm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11/2 (0.5) 
6 in. (152 mm) to less than 12 in. (305 mm) . . . . . . . . . . . . .  3 (0.9) 
12 in. (305 mm) to less than 18 in. (457 mm) . . . . . . . . . . .  4 (1.2) 
18 in. (457 mm) to less than 24 in. (610 mm) . . . . . . . . . . .  5 (1.5) 
24 in. (610 ram) to less than 30 in. (660 mm) . . . . . . . . . . .  6 (1.8) 

4-4.3 Large .Drop  Sprinklers .  

4-4.3.1" Spac ing .  T h e  dis tance be tween  sprinklers  shall 
be l imited to not  m o r e  than  12 ft  (3.7 m) o r  less than  8 ft 
(2.4 m). 

Exception: Under obstructed combustible construction, the maxi- 
mum distance shall be limited to 10 f i  (3.0 m). 

4-4.3.2 Clear Space  b e l o w  Sprinklers .  A m i n i m u m  o f  36 
in. (914 mm)  shall be main ta ined  be tween  the top o f  stor- 
age and cei l ing spr inkler  deflectors.  

4-4.3.3* Di s tance  b e l o w  Ce i l ing .  

4-4.3.3.1 U n d e r  unobs t ruc ted  const ruct ion,  the dis tance 
be tween  the  spr inkler  def lec tor  and the  ceil ing shall be a 
m i n i m u m  o f  6 in. and a m a x i m u m  o f  8 in. 

4-4.3.3.2 U n d e r  obs t ruc t ed  cons t ruc t ion ,  the  d is tance  
be tween  the  spr inkler  def lec tor  and the  ceil ing shall be  a 
m i n i m u m  o f  6 in. and  a m a x i m u m  o f  12 in. 

Distance Def lec tor  A b o v e  
Bot tom Of  Obstruct ion 

M in imum Distance 
From Near  Side 
Of Obstruct ion 

Figure 4-4.3.4.2.1 Position of sprinklers in relation to obstructions 
located entirely below the sprinklers. (To be used with Table 4-4.3.4.2.1.) 

4-4.3.4.2.2 W h e n  the bo t tom o f  the obs t ruc t ion  is located 
24 in. (610 mm)  or  more  below the  spr inkler  deflectors:  

(a) Spr inklers  shall be pos i t ioned  so that  the  obstruct ion 
is cen te red  be tween  adjacent  sprinklers.  (See Figure 
4-4.3.4.2.2.) 
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(b) T h e  obs t ruc t ion  shall be l imited to a max imum 
width o f  24 in. (610 mm). (See Figure 4-4.3.4.2.2.) 

Exception: When obstruction is greater than 24 in. (610 ram) 
wide, one or more lines of sprinklers shall be installed below the 
obstruction. 

(c) T h e  obstruction shall not  extend more  than 12 in. 
(305 mm) to ei ther  side o f  the midpoint  between sprin- 
klers. (See Figure 4-4.3.4,2.2.) 

Exception: When the extensions of the obstruction exceed 12 in. 
(305 ram), one or more lines of sprinklers shall be installed below 
the obstruction. 

(d) At  least 18 in. (457 mm) clearance shall be main- 
tained between the top o f  storage and the bot tom o f  the 
obstruction. (See Figure 4-4.3.4.2.2.) 

I- 

Not More 
Than 12" a 

Obstruction (305 mm) [ ~ ~  

Not More 
Than 24" 
(610ram) 

"T 
2 4  we 

(610ram) 
Or Over 

Not .ms 
Than 18" 
(457 mm) 

Top Of Storage 1 

Figure 4-4.3.4.2.2 Position of sprinklers in relation to obstructions 
located 24 in. (610 ram) or more below deflectors. 

4-4.3.4.2.3 Obs t ruc t ions  Para l le l  to and  Direct ly  below 
Branch Lines.  In  the special case o f  an obstruction run-  
ning parallel  to and  directly below a branch line: 

(a) T h e  spr inkler  shall be located at least 36 in. 
(914 mm) above the top o f  the obstruction. (See Figure 
4-4.3.4.2.3.) 

(b) T h e  obs t ruc t ion  shall be l imited to a m a x i m u m  
width o f  12 in. (305 mm). (See Figure 4-4.3.4.2.3.) 

(c) T h e  obs t ruc t ion  shall be l imited to a m a x i m u m  
extension o f  6 in. (152 mm) to ei ther side o f  the center  line 
o f  the branch line. (See Figure 4-4.3.4.2.3.) 

4-4.4 Quick Response  Early Suppression (QRES) Sprin- 
klers.  (Reserved) 

N o t  More  
Than  6 in. 
( 152 ram) 

Sorinkle7 

Branch L ine 

I -  

Obs t ruc t i on  

I -  No t  More  v I 

Than  12 in. 
(305 mm) 

N o t  Less 
Than  36 in. 
(914 ram) 

Figure 4-4.3.4.2.3 Position of sprinklers in relation to obstructions run- 
ning parallel to and directly below branch lines. 

4-4.5 Early Suppression Fast Response (ESFR) Sprinklers.  

4-4.5.1 Spacing. T h e  distance between sprinklers shall 
be limited to not more  than 12 ft (3.7 m) or  less than 8 ft 
(2.4 m). 

4-4.5.2 Distances.  

4-4.5.2.1 Distance f rom Walls.  The  distance f rom walls 
to sprinklers shall not exceed one-ha l f  o f  the allowable dis- 
tance between sprinklers. 

4-4.5.2.2 Clear  Space below Sprinklers .  At  least 36 in. 
(914 ram) shall be maintained between sprinkler deflectors 
and the top o f  storage. 

4-4.5.2.3 Distances  be low Ceil ing.  Sprinklers  shall be 
posi t ioned so that deflectors are a maximum 14 in. 
(356 mm) and a minimum 6 in. (152 mm) below the ceiling. 

4-4.5.3 Location o f  Spr inklers  in Obs t ruc ted  Construc- 
tion. With obstructed construction, the branch lines shall 
be permit ted  to be installed across the beams, but  sprin- 
klers shall be located in the bays and not under  the beams. 

4-4.5.4 Obstruction to Discharge.  

4-4.5.4.1 Obs t ruc t ions  Located at or near the Ceiling.  
When sprinkler  deflectors are located above the bot tom o f  
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beams, gi rders ,  ducts,  f luorescent  l ight ing fixtures,  or 
o ther  obstructions located at the ceiling, the sprinklers 
shall be posit ioned so that the maximum distance from the 
bottom o f  the obstruction to the deflector does not exceed 
the value specified in 4-4.1.3. 

4-4.5.4.2 Obstructions Located Entirely below the Sprin- 
klers. Sprinklers shall be posit ioned with respect to any 
fluorescent lighting fixtures, ducts, or  any other  obstruc- 
tion more than 12 in. (305 mm) wide and located entirely 
below the sprinklers so that the min imum horizontal dis- 
tance from the near  side o f  the obstruction to the center o f  
the sprinkler  is not less than the value specified in Table 
4-4.3.4.2.1. (See Figure 4-4.3.4.2.1.) 

4-5 Piping Installation. 

4-5.1 Valves. 

4-5.1.1" Valves Controlling Sprinkler Systems. (See 
2-7.1.) 

4-5.1.1.1" 
indicating 
control all 

Each system shall be provided  with a listed 
valve in an accessible location, so located as to 
automatic sources o f  water supply. 

4-5.1.1.2 At least one listed indica t ing  valve shall be 
installed in each source o f  water supply. 

Exception: There shall be no shutoff valve in the fire department 
connection. 

4-5.1.1.3 Valves on connections to water supplies, sec- 
tional control  valves, and other  valves in supply pipes to 
sprinklers shall be supervised open by one o f  the following 
methods: 

(a) Central  station, proprie tary,  or  remote  station sig- 
naling service. 

(b) Local signaling service that will cause the sounding 
o f  an audible signal at a constantly a t tended point. 

(c) Valves locked in the open position. 

(d) Valves located within fenced enclosures under  the 
control o f  the owner,  sealed in the open position, and 
inspected weekly as par t  o f  an approved  procedure.  

Floor control  valves in high-rise buildings and valves 
controlling flow to sprinklers in circulating closed loop sys- 
tems shall comply with (a) or  (b) above. 

Exception: Supervision of underground gate valves with road- 
way boxes shall not be required. 

4-5.1.1.4 When there is more than one source o f  water 
supply, a check valve shall be installed in each connection. 

4-5.1.1.5 Check valves shall be installed in a vertical or 
horizontal position in accordance with their  listing. 

4-5.1.1.6" When a single wet pipe spr inkler  system is 
equipped with a fire depa r tmen t  connection, the alarm 
valve is considered a check valve and an addit ional check 
valve shall not be required.  

4-5.1.1.7" In a city connection serving as one source o f  
supply, the city valve in the connection shall be acceptable 
as one o f  the required valves. A listed indicating valve or 
an indicator  post valve shall be installed on the system side 
o f  the check valve required in 4-5.1.1.4. 

Exception: When a wet pipe sprinkler system is equipped with an 
(alarm) check valve, a gate valve is not required on the system side 
of the (alarm) check valve. 

4-5.1.2 Pressure Reducing Valves. 

4-5.1.2.1 In port ions o f  systems where all components  
are  not listed for  pressure greater  than 175 psi (12.1 bars) 
and the potent ia l  exists for normal  (nonfire condition) 
water pressure in excess o f  175 psi (12.1 bars), a listed 
pressure reducing valve shall be installed and set for an 
outlet pressure not  exceeding 165 psi (11.4 bars) at the 
maximum inlet pressure.  

4-5.1.2.2 Pressure gauges shall be installed on the inlet 
and outlet sides o f  each pressure reducing valve. 

4-5.1.2.3" A re l ie f  valve o f  not less than 1/2 in. (13 mm) in 
size shall be provided on the discharge side o f  the pressure 
reducing valve set to operate  at a pressure not exceeding 
175 psi (12.1 bars). 

4-5.1.2.4 A listed indicating valve shall be provided on 
the inlet side o f  each pressure reducing valve. 

Exception: A listed indicating valve is not required where the 
pressure reducing valve meets the listing requirements for use as 
an indicating valve. 

4-5.2 Pipe Support. 

4-5.2.1 General 

4-5.2.1.1 Sprinkler  p iping shall be suppor ted  indepen- 
dently o f  the ceiling sheathing. 

Exception: Toggle hangers shall be permitted only for the sup- 
port of pipe 11/2 in. (38 mm) or smaller in size under ceilings of 
hollow tile or metal lath and plaster. 

4-5.2.1.2 When sprinkler  p iping is installed in storage 
racks as defined in NFPA 231C, Standard for Rack Storage of 
Materials, piping shall be suppor ted  from the storage rack 
structure or  building in accordance with all applicable pro-  
visions o f  4-5.2 and 4-5.4.3. 

4-5.2.2 Maximum Distance between Hangers. 

4-5.2.2.1" The  maximum distance between bangers shall 
not  exceed that in Table 4-5.2.2.1. 

Exception No. 1: The maximum distance between hangers for 
steel pipe and copper tube shall be modified as specified in 4-5.2. I 
and 4-5.2.2. 
Exception No. 2: The maximum distance between hangers for 
CPVC pipe and polybutylene pipe shall be modified as specified in 
the individual product listings. 
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Table 4-5.2.2.1 Maximum Distance between Hangers (ft - in.) 

Nominal Pipe 
Size (in.) 3/4 1 11/4 11/2 2 21/2 3 31/2 4 5 6 8 

Steel Pipe Except 
Threaded Light- 
wall N/A 12-0 12-0 15-0 15-0 15-0 15-0 15-0 15-0 15-0 15-0 15-0 

Threaded Light- 
wall Steel Pipe N/A 12-0 12-0 12-0 12-0 12-0 12-0 N/A N/A N/A N/A N/A 

Copper Tube 8-0 8-0 10-0 10-0 12-0 12-0 12-0 15-0 15-0 15-0 15-0 15-0 
CPVC 5-6 6-0 6-6 7-0 8-0 9-0 10-0 N/A N/A N/A N/A N/A 
Polybutylene (IPS) N/A 3-9 4-7 5-0 5-11 N/A N/A N/A N/A N/A N/A N/A 
Polybutylene 

(CTS) 2-11 3-4 3-11 4-5 5-5 N/A N/A N/A N/A N/A N/A N/A 

For SI Units: 1 in.'= 25.4 mm; 1 ft = 0.3048 m. 

Exception No. 3: Holes through concrete beams shall be accept- 
able for the support of steel pipe as a substitute for hangers. 

4-5.2.3 Locat ion  o f  Hangers  on  Branch Lines .  T h i s  sub- 
section applies to the support of  steel pipe or copper tube 
as specified in 2-3.1 and subject to the provisions of  
4-5.2.2. 

4-5.2.3.1 There  shall be not less than one hanger  for 
each section of  pipe. 

Exception No. 1": When sprinklers are spaced less than 6 f i  
(1.8 m) apart, hangers spaced up to a maximum of 12 f t  (3.7 m) 
shall be permitted. 

Exception No. 2: Starter lengths less than 6 f i  (1.8 m) shall not 
require a hanger, unless on the end line of a sidefeed system or 
where an intermediate cross main hanger has been omitted. 

4-5.2.3.2 The distance between a hanger and the center- 
line of  an upright  sprinkler shall not be less than 3 in. 
(76 mm). 

4-5.2.3.3* The  unsuppor t ed  length between the end 
sprinkler and the last hanger  on the line shall not be 
greater than 36 in. (914 mm) for 1-in. (2.5-cm) pipe or 
48 in. (1219 mm) for ll/4-in. (3.2-cm) pipe, and 60 in. 
(15.2 cm) for ll/2-in. (3.8-cm) or larger pipe. When any of  
these limits is exceeded, the pipe shall be extended beyond 
the end sprinkler and shall be supported by an additional 
hanger.  

Exception No. 1": When the maximum pressure at the sprinkler 
exceeds 100 psi (6.9 bars), and a branch line above a ceiling sup- 
plies sprinklers in a pendent position below the ceiling, the hanger 
assembly supporting the pipe supplying an end sprinkler in a pen- 
dent position shall be of a type that prevents upward movement of 
the pipe. 

Exception No. 2*: When the maximum pressure at the sprinkler 
exceeds 1 O0 psi (6.9 bars), the unsupported length between the end 
sprinkler in a pendent position or drop nipple and the last hanger 
on the branch line shall not be greater than 12 in. (305 mm) for 
steel pipe or 6 in. (152 mm) for copper pipe. When this limit is 
exceeded, the pipe shall be extended beyond the end sprinkler and 
supported by an additional hanger. The hanger closest to the 
sprinkler shall be of a type that clamps to and prevents upward 
movement of the piping. 

4-5.2.3.4* The  length of  an unsupported armover to a 
sprinkler shall not exceed 24 in. (610 mm) for steel pipe or 
12 in. (305 mm) for copper tube. 

Exception*: When the maximum pressure at the sprinkler 
exceeds 100 psi (6.9 bars) and a branch line above a ceiling sup- 
plies sprinklers in a pendent position below the ceiling, the length 
of an unsupported armover to a sprinkler and drop nipple shall 
not exceed 12 in. (305 mm) for steel pipe and 6 in. (152 mm) for 
copper tube. 

When the limits of the unsupported armover lengths of 
4-5.2.3.4 or this Exception are exceeded, the hanger closest to the 
sprinkler shall be of a type that prevents upward movement of the 
piping. 

4 - 5 . 2 . 3 . 5  Wall m o u n t e d  sidewall spr inklers  shall be 
restrained to prevent movement. 

4-5.2.4 Locat ion  o f  Hangers  on  Cross  Mains .  Th i s  sub- 
section applies to the support of  steel pipe only as specified 
in 4-5.2.3, subject to the provisions of  4-5.2.2. 

4-5.2.4.1 On cross ma ins  there shall be at least one 
hanger between each two branch lines. 

Exception No. 1: In bays having two branch lines, the interme- 
diate hanger shall be permitted to be omitted provided that a 
hanger attached to a purlin is installed on each branch line 
located as near to the cross main as the location of the purlin per- 
mits. Remaining branch line hangers shall be installed in accor- 
dance with 4-5.2.3. 

Exception No. 2: In bays having three branch lines, either side 
or center feed, one (only) intermediate hanger shall be permitted to 
be omitted provided that a hanger attached to a purlin is installed 
on each branch line located as near to the cross main as the loca- 
tion of the purlin permits. Remaining branch line hangers shall be 
installed in accordance with 4-5.2.3. 

Exception No. 3: In bays having four or more branch lines, 
either side or center feed, two intermediate hangers shall be permit- 
ted to be omitted provided the maximum distance between hangers 
does not exceed the distances specified in 4-5.2.2.1 and a hanger 
attached to a purlin on each branch line is located as near to the 
cross main as the purlin permits. 

4-5.2.4.2 Intermediate hangers shall not be omitted for 
copper tube. 
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4-5.2.4.3 At the end o f  the cross main, intermediate tra- 
peze hangers shall be installed unless the cross main is 
extended to the next f raming member  with a hanger  
installed at this point, in which event an intermediate 
hanger shall be permitted to be omitted in accordance with 
4-5.2.4.1, Exceptions No. 1, No. 2, and No. 3. 

4-5.2.5 Support of  Risers. 

4-5.2.5.1 Risers shall be supported by pipe clamps or by 
hangers located on the horizontal connections close to the 
riser. 

4-5.2.5.2 Clamps supporting pipe by means o f  setscrews 
shall not be used. 

4-5.2.5.3 In multistory buildings, riser supports shall be 
provided at the lowest level, at each alternate level above, 
above and below offsets, and at the top o f  the riser. Sup- 
ports above the lowest level shall also restrain the pipe to 
prevent movement by an upward thrust when flexible fit- 
tings are used. Where  risers are suppor ted  f rom the 
ground,  the ground support  constitutes the first level o f  
riser support. Where risers are offset or do not rise from 
the ground,  the first ceiling level above the offset consti- 
tutes the first level o f  riser support. 

4-5.2.5.4 Risers in vertical shafts, or in buildings with ceil- 
ings over 25 ft (7.6 m) high, shall have at least one support 
for each riser pipe section. 

4-5.3 Drainage. 

4-5.3.1" All spr inkler  pipe and fittings shall be so 
installed that the system can be drained. 

4-5.3.2 On wet pipe systems, sprinkler pipes shall be per- 
mitted to be installed level. T r a p p e d  piping shall be 
drained in accordance with 4-5.3.5. 

4-5.3.3 In dry pipe systems and portions ofpreact ion sys- 
tems subject to freezing, branch lines shall be pitched at 
least 1/2 in. per 10 ft (4 mm/m) and mains shall be pitched 
at least 1/4 in. per 10 ft (2 mm/m). 

Exception: Mains shall be pitched at least 1/2 in. per i0  f t  (4 
ram~m) in refrigerated areas. 

4-5.3.4 System, Main Drain, or Sectional Drain Connec- 
tions. [See Figures 4-5.3.4 and A-4-6.4.2(b).] 

4-5.3.4.1 Provisions shall be made to properly drain all 
parts o f  the system. 

4-5.3.4.2 Drain connections for systems supply risers and 
mains shall be sized as shown in Table 4-5.3.4.2. 

~,, " q ~  Pressure 
'.."erl t,t,t 

~ Inspector's 

Not Less Than 4'0" Of [ [ [ ~ ~ Y  ~ Test Plug 

Exposed Drain Pipe In L4~ I 
Warm Room Beyond Drain 
Valve When Pipe Extends - 

To Outside Through Wall Pipe L 

ForSI Units: 1 in. = 25.4mm; 1 ft = 0.3048m. 

Figure 4-5.3.4 Dra in  connection for system r iser .  

Table 4-5.3.4.2 

Riser or Main Size Size of Drain Connection 

Up to 2 in. :3/4 in. or larger 
2 I/2 in., 3 in., 31/2 in. 11/4 in. or larger 
4 in. and larger 2 in. only 

4-5.3.4.3 When interior sectional or floor control valve(s) 
are provided, they shall be provided with a drain connec- 
tion sized as shown in Table 4-5.3.4.2 to drain that portion 
o f  the system controlled by the sectional valve. Drains shall 
discharge outside or to a drain connection. [See Figure 
A-4-6.4.2(b).] 

4-5.3.4.4 The  test connections required by 4-6.4.1 shall 
be permitted to be used as main drain connections. 

Exception: When drain connections for floor control valves are 
tied into a common drain riser, the drain riser shall be one pipe 
size larger than the largest size drain connection tying into it. 

4-5.3.5 Auxiliary Drains. 

4-5.3.5.1 Auxil iary drains shall be provided when a 
change in piping direction prevents drainage o f  system 
piping through the main drain valve. 

4-5.3.5.2 Auxiliary Drains for Wet Pipe Systems and 
Preaction Systems in Areas Not Subject to Freezing. 

4-5.3.5.2.1 When the capacity o f  t rapped sections o f  
pipes in wet Systems is less than 5 gal (18.9 L), the auxiliary 
drain shall consist o f  a nipple and cap or plug not less than 
1/2 in. (12 mm) in size. 

Exception: Auxiliary drains are not required for system piping 
that can be drained by removing a single pendent sprinkler. 

4-5.3.5.2.2 When the capacity o f  isolated trapped sections 
o f  pipe is more than 5 gal (18.9 L) and less than 50 gal 
(189 L), the auxiliary drain shall consist o f  a valve 3/4 in. or 
larger and a plug or a nipple and cap. 

4-5.3.5.2.3* When the capacity o f  isolated trapped sec- 
tions o f  pipe is 50 gal (18.9 L) or more, the auxiliary drain 
shall consist o f  a valve not smaller than 1 in. (25.4 mm), 
piped to an accessible location. 
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4-5.$.5.2.4 Tie-in drains are not required on wet pipe 
and preaction systems. 

4-5.3.5.3 Auxiliary Drains for Dry Pipe Systems and Pre- 
action Systems in Areas Subject to Freezing. 

4-5.3.5.3.1 When capacity o f  trapped sections o f  pipe is 
less than 5 gal (18.9 L), the auxiliary drain shall consist o f  
a valve not smaller than 1/2 in. (12 ram) and a plug or a 
nipple and cap. 

Exception." Auxiliary drains are not required for pipe drops sup- 
plying dry-pendent sprinklers installed in accordance with 3-2.2. 

4-5.3.5.3.2 When the capacity o f  isolated trapped sections 
o f  system piping is more than 5 gal (18.9 L), the auxiliary 
drain shall consist o f  two 1-in. (25-ram) valves and one 
2-in. by 12-in. (51-mm by 305-mm) condensate nipple or 
equivalent, accessibly located. (See Figure 4-5.3.5.3.2.) 

Dry System 
Auxiliary Drain 

1 ~w Valve 

12" 
e or Equivalent 

1" Valve 

1" Nipple and Cap or Plug 
ForSI Units: I in. = 25.4mm; 1 ft = 0.3048m. 

Figure 4-5.3.5.3.2 Dry system auxiliary drain. 

4-5.3.5.3.3 Tie-in drains shall be provided for multiple 
adjacent t rapped branch pipes and shall only be 1 in. 
(25.4 mm). Tie-in drain lines shall be pitched a minimum 
o f  1/2 in. per 10 ft (4 mm/m). 

4-5.3.6 Discharge of Drain Valves. 

4-5.3.6.1" Direct interconnections shall not  be made 
between sprinkler drains and sewers. The  drain discharge 
shall conform to any health or water department  regu- 
lations. 

4-5.3.6.2 When drain pipes are buried underground ,  
approved corrosion-resistant pipe shall be used. 

4-5.3.6.3 Drain pipes shall not terminate in blind spaces 
under  the building. 

4-5.3.6.4 When exposed to the atmosphere, drain pipes 
shall be fitted with a turned down elbow. 

4-5.3.6.5 Drain pipes shall be arranged to avoid exposing 
any part o f  the sprinkler system to freezing conditions. 

4-5.4 Protection of Piping. 

4-5.4.1 Protection of Piping against Freezing. 

4-5.4.1.1 When portions o f  systems are subject to freez- 
ing and temperatures cannot reliably be maintained at or 
above 40°F (4°C), sprinklers shall be installed as a dry pipe 
or preaction system. 

Exception: Small unheated areas are permitted to be protected by 
antifreeze systems or by other systems specifically listed for this pur- 
pose. (See 3-5.2.) 

4-5.4.1.2 When water-filled supply pipes, risers, system 
risers, or feed mains pass through open areas, cold rooms, 
passageways, or other areas exposed to freezing, the pipe 
shall be protected against freezing by insulating coverings, 
f ros tproof  casings, or other  reliable means capable o f  
maintaining a minimum temperature o f  40°F (4°C). 

4-5.4.2 Protection of Piping against Corrosion. 

4-5.4.2.1" When corrosive conditions are known to exist 
due to moisture or fumes f rom corrosive chemicals or 
both, special types o f  fittings, pipes, and hangers that resist 
corrosion shall be used or a protective coating shall be 
applied to all unprotected exposed surfaces o f  the sprin- 
kler system. (See 2-2.4.) 

4-5.4.2.2 W h e n  water supplies are known to have 
unusual corrosive properties and threaded or cut groove 
steel pipe is to be used, wall thickness shall be in accor- 
dance with Schedule 30 [in sizes 8 in. (203 mm) or  larger] 
or Schedule 40 [in sizes less than 8 in. (203 mm)]. 

4-5.4.2.3 Steel pipe, when exposed to weather, shall be 
externally galvanized or otherwise protected against 
corrosion. 

4-5.4.2.4 When steel pipe is used underground the pipe 
shall be protected against corrosion. 

4-5.4.3 Protection of Piping against Damage Where Sub- 
ject to Earthquakes. 

4-5.4.3.1" General. Sprinkler systems shall be protected 
to prevent pipe breakage where subject to earthquakes in 
accordance with the requirements o f  4-5.4.3. 

Exception: Alternative methods of providing earthquake protec- 
tion of sprinkler systems based on a dynamic seismic analysis cer- 
tiffed by a registered professional engineer such that system perfor- 
mance will be at least equal to that of the building structure under 
expected seismic forces. 
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4-5.4.3.2" Coupl ings.  Listed flexible pipe couplings join- 
ing grooved end pipe shall be provided as flexure joints to 
allow individual  sections o f  p iping 31/2 in. (89 mm) or 
larger to move differentially with the individual sections o f  
the bui lding to which it is attached. Couplings shall be 
ar ranged to coincide with structural separations within a 
building. They  shall be installed: 

(a) Within 24 in. (610 mm) o f  the top and bot tom o f  all 
risers. 

Exception No. 1: In risers less than 3 ft  (0.9 m) in length flex- 
ible couplings are permitted to be omitted. 

Exception No. 2: In risers 3 to 7 f t  (0.9 to 2.1 m) in length, one 
flexible coupling is adequate. 

(b) Within 12 in. (305 mm) above or  below the floor in 
multistory buildings. 

(c) On one side o f  concrete or  masonry walls within 3 ft 
(0.9 m) o f  the wall surface. 

(d)* At  or  near building expansion joints.  

(e) Within 24 in. o f  the ceiling at the top o f  drops  to 
hose lines, rack sprinklers, and mezzanines, regardless o f  
pipe size. 

(f) Within 24 in. o f  the ceiling at the top o f  d rops  
exceeding 15 ft (4.6 m) in length to port ions o f  systems 
supplying more than one sprinkler,  regardless o f  pipe size. 

4-5.4.3.3* Seismic Separation Assembly .  Seismic sepa- 
ration assemblies with flexible fittings shall be installed 
where sprinkler  piping, regardless o f  size, crosses building 
seismic separation joints above ground  level. 

4-5 ,4 .3 .4* C l e a r a n c e .  C l e a r a n c e  shal l  be p r o v i d e d  
a round  all p iping extending through walls, floors, plat- 
forms, and foundations,  including drains,  fire depar tment  
connections, and other  auxiliary piping. 

(a) Minimum clearance on all sides shall be not less than 
1 in. (25 mm) for pipes 1 in. (25 mm) through 31/2 in. 
(89 mm), and 2 in. (51 mm) for pipe sizes 4 in. (102 mm) 
and larger. 

Exception No. 1: When clearance is provided by a pipe sleeve, a 
nominal diameter 2 in. (51 mm) larger than the nominal diame- 
ter of the pipe is acceptable for pipe sizes 1 in. (25 mm) through 
3I/2 in. (89 mm), and the clearance provided by a pipe sleeve of 
nominal diameter 4 in. (102 mm) larger than the nominal diam- 
eter of the pipe is acceptable for pipe sizes 4 in. (102 mm) and 
larger. 

Exception No. 2: No clearance is necessary for piping passing 
through gypsum board or equally frangible construction that is not 
required to have a fire-resistance rating. 

Exception No. 3: No clearance is necessary if flexible couplings 
or swing joints are located within 1 f t  (0.3 m) of each side of a 
wall. 

(b) When  required the clearance shall be filled with a 
flexible material  such as mastic. 

4-5.4.3.5 Sway Bracing. 

4-5.4.3.5.1" Both lateral  and longi tudinal  sway braces 
shall be sized and fastened to the structure such that the 
h o r i z o n t a l  l o a d s  a s s i g n e d  to the  b r a c e s  in T a b l e  
4-5.4.3.5.1(a) do not exceed the allowable loads on the 
braces as shown in Table 4-5.4.3.5.1(b) and the allowable 
loads on fasteners as shown in Table 4-5.4.3.5.1(c). Sway 
bracing shall be tight and concentric. All  parts  and fittings 
o f  a brace shall lie in a straight line to avoid eccentric load- 
ings on fittings and fasteners. For longitudinal  braces only, 
the brace shall be pe rmi t t ed  to be connected  to a tab 
welded to the pipe in conformance with 2-5.2. The  struc- 
tural  component  shall be capable o f  carrying the added  
appl ied loads. 

Exception: In lieu of using Table 4-5.4.3.5.1(a), horizontal 
loads for braces shall be permitted to be determined by analysis. 
Sway braces shall be designed to withstand a force in tension or 
compression equivalent to not less than half the weight of water- 
filled piping. For lateral braces, the load shall include all branch 
lines and mains within the zone of influence of the brace. For lon- 
gitudinal braces, the load shall include all mains within the zone 
of influence of the brace. For individual braces the slenderness 
ratio l/r shall not exceed 200, where l is the length of the brace and 
r is the least radius of gyration, both in inches. 

Table 4-5.4.3.5.1(a) Assigned Load Table (Based on half the weight of the water-filled pipe) 

Spacing of Spacing of 
Lateral Longitudinal 
Braces Braces** 

(~) (~) 

Assigned Load for Pipe Size to Be Braced (lb) 

2 21/2 3 4 5 6 8 

10 20 380 395 410 435  470 655 915 
20 40 760 785 815 870 940 1305 1830 
25 50 950 980 1020 1090 1175 1630 2290 
30 60 1140 1180 1225 1305 1410 1960 2745 
40 80 1515 1570 1630 1740 1880 2610 3660 
50* 1895 1965 2035 2175 2350 3260 4575 

*Permitted only under Exception No. 4 to 4-5.4.3.5.4. 
**If branch lines are provided with lateral bracing or hung with U-hooks bent out at least 30 degrees from vertical, half the assigned load may be used for 
longitudinal braces. 
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Shape and Size 

Least 
Radius  of  
Gyration 

Table 4-5.4.3.5.1 (b) 

M a x i m u m  
Length  for  

l/r = 200 

M a x i m u m  Horizonta l  Load (lb) 
30 ° Ang le  45 ° Ang le  60 ° Angle  

f rom f rom f rom 
Vert ical  Ver t ica l  Vert ical  

P ipe  (Schedule 40) 

1 in. 
11/4 in. 
11/2 in. 
2 in. 

V r~ + r? 

2 
.42 
.54 
.623 
.787 

7 R 0 i n .  1767 2500 3061 
9 fi 0 in .  2393 3383 4145 
10 fi 4 in. 2858 4043 4955 
13 fi l in. 3828 5414 6630 

P ipe  (Schedule 10) 

1 in. 
11/4 in. 
11/2 in. 
2 in. 

2 V r 0 +  r~ = 

2 
.43 
.55 
.634 
.802 

7 fi 2 in. 1477 2090 2559 
9 R 2 in. 1900 2687 3291 
10 fi  7 in. 2194 3103 3800 
13 fi 4 in. 2771 3926 4803 

Angles  
11/2 x 11/2 x 1/4 

2 X 2 X  1/4 
21/2 X 2 X 1/4 
21/2 X 21/2 x 1/4 
3 X 21/2 X 1/4 
3 X 3 X  1/4 

.292 

.391 

.424 

.491 

.528 

.592 

4 ~ 10in.  2461 3481 4263 
6 fi 6 in. 3356 4746 5813 
7 ~ 0 in. 3792 5363 6569 
8 fi 2 in. 4257 6021 7374 
8 ~ 10in.  4687 6628 8118 
9 fi 10 in. 5152 7286 8923 

Rods  

3/8 
1/2 
% 
3/4 
v/s 

r 

2 
.094 
.125 
.156 
.188 
.219 

1 ~ 6 in .  395 559 685 
2 fi 6 in. 702 993 1217 
2 fi 7 in. 1087 1537 1883 
3 ~ l in. 1580 2235 2737 
3 fi 7 in .  2151 3043 3726 

Flats 

11/2 X 1/4 
2 X 1/4 in. 
2 x 3 / 8  

= 0.29 h (where h is 
smaller o f  two side 

dimensions) 
.0725 
.O725 
.109 

1 fi 2 in .  1118 1581 1936 
1 ff 2 in. 1789 2530 3098 
1 fi 9 in. 2683 3795 4648 
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Table 4-5.4.3.5.1(c) Maximum Loads for Various Types of  Structure 

Maximum Loads for Various Types of  Fasteners to Structure 

NOTE: Loads (given in pounds) are keyed to vertical angles o f  braces and orientation o f  connecting surface. These values are based on concentric ioadings of  the fastener. Use 
g figures to determine proper reference within table. For angles between those shown, use most restrictive case. Braces should not be attached to light structure members. 

[+ /1  ,1 Br++/1 ++/Un. +l Y ++* + 
~ 30-440 ( ~ 4 5 - 5 9  ° ( 

A B 

Brace 

_ . , ~  Fastener 

;;;7~ "---- 6e_90 o 

[ Fast"--~[-I" a+n+m.m 'I+ Fa+t- +I I+n+um++ ener Depth of Beam ~ ener Depth of Beam 

+l +'+'+ for Wood Beams for Wood Beams 

( ~  - 3 0 - 4 4 °  ~ ~ : : : : :  

D E 

== 

C 

Fastener--~ ]-~- Minimum 
/ I ] ]  1/2 Depth 

Brace f U-J- of Beam 
but Not <~3"' 
for Wood Beams 

0 ° 

7 - - ~  Min.4 7- -  T Minimum4 
~ E 3 ~ / ~  Fastener ~ 1 ~  ~ ] / Fastener ( I Diameters l a c e  / Diameters 

but Not <~ 1]3 = Br but Not < 1/3 
Beam Depth Beam Depth 
and Not <3'" and Not <3" 

/ --~ 30_44 ° for Wood Beams ( ~  ~ 4 5 - 5 9  ° for Wood Beams 

G H 

7 -  

y ~ 60 -90 ° 
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4 Fastener 
Diameters 
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4-5.4.3.5.2 Longitudinal  sway bracing spaced at a maxi- 
mum o f  80 ft (24 m) on center shall be provided for feed 
and cross mains. 

4-5.4.3.5.3" Tops  o f  risers shall be secured against drift- 
ing in any direction, utilizing a four-way sway brace. 

4-5.4.3.5.4 Lateral sway bracing spaced at a max imum o f  
40 ft (12 m) on center shall be provided for feed and cross 
mains. 

Exception No. 1: Lateral sway bracing shall be permitted to be 
omitted on pipes individually supported by rods less than 6 in. 
(152 mm) long, 

Exception No. 2." Wraparound U-type hangers used to support 
the mains shall be permitted to be used to satisfy the requirements 
for lateral sway bracing provided the legs are bent out at least 30 
degrees from the vertical and the maximum length of each leg sat- 
isfies the conditions of Table 4-5.4.3.5.1(b). 

Exception No. 3: When flexible couplings are installed on mains 
other than as required in 4-5.4.3.2, a lateral brace shall be pro- 
vided within 24 in. (610 mm) of every other coupling, but not 
more than 40 fl  (12 m) on center. 

Exception No. 4: When building primary structural members 
exceed 40 f i  (12 m) on center, lateral braces shall be permitted to 
be spaced up to 5Oft (15.2 m) on center. 

4-5.4.3.5.5 Bracing shall be attached directly to feed and 
cross mains. 

4-5.4.3.5.6 A length o f  pipe shall not be braced to sec- 
tions o f  the building that will move differentially. 

4-5.4.3.5.7 The  last length o f  pipe at the end o f  a feed or 
cross main shall be provided with a lateral brace. Lateral 
braces may also act as longitudinal  braces i f  they are within 
24 in. (610 mm) o f  the center  line o f  the piping braced 
longitudinally. 

4-5.4.3.5.8* Sway bracing is not  r equ i red  for  branch 
lines. 

Exception No. 1: The end sprinkler on a line shall be restrained 
against excessive movement by use of a wraparound U-hook (see 
Figure A-2-6.1) or by other approved means. 

Exception No. 2: Branch lines 21/2 in. (64 mm) or larger shall 
be provided with lateral bracing in accordance with 4-5.4.3.5.4. 

Exception No. 3: Where upward or lateral movement of sprin- 
klers would result in an impact against the building structure, 
equipment, or finish materials, branch lines shall be provided at 
interaals not exceeding 30 f t  (9 m) with a wraparound U-hook, 
lateral sway brace, or #12, 440 lb (200 kg) splayed seismic brace 
wire installed at least 45 degrees from the vertical plane and 
anchored on both sides of the pipe. This bracing shall be located 
within 2 f t  (610 mm) of a hanger. The hanger closest to a splayed 
wire restraint shall be of a type that resists upward movement of a 
branch line. 

4-5.4.3.5.9 C-type c lamps ( including beam and large 
flange clamps) used to attach hangers to the building struc- 
ture m areas subject to ear thquakes shall be equipped with 
a re ta ining strap or  o ther  approved  means to prevent  
movement.  (See Figure A-2-6.1.) 

4-5.4.3.5.10 C-type clamps (including beam and large 
flange clamps), with or  without retaining straps, shall not 
be used to attach braces to the building structure. 

4-6 System Attachments.  

4-6.1 Sprinkler Alarms. 

4-6.1.1" Waterflow Alarms. 

4-6.1.1.1 Local waterflow alarms shall be provided on all 
sprinkler  systems having more than 20 sprinklers. 

4-6.1.1.2 On each alarm check valve used under  condi- 
tions o f  variable water pressure,  a re tarding device shall be 
installed. Valves shall be provided in the connections to 
r e t a rd ing  devices to permi t  repa i r  or removal  without 
shutting o f f  sprinklers; these valves shall be so ar ranged 
that they may be locked or  sealed in the open position. 

4-6.1.1.3 Alarm,  dry pipe, preaction, and deluge valves 
shall be fitted with an alarm bypass test connection for an 
electric alarm switch, water motor  gong, or  both. This pipe 
connection shall be made on the water supply side o f  the 
system and provided with a control valve and drain for the 
alarm piping. A check valve shall be installed in the pipe 
connection f rom the intermediate  chamber  o f  a dry pipe 
valve. 

4-6.1.1,4 An  indicating control  valve shall be installed in 
the connection to pressure-type contactors or  water-motor- 
opera ted  alarm devices. Such valves shall be locked or  
sealed in the open position. T h e  control  valve for the 
re tard ing  chamber  on alarm check valves shall be accepted 
as complying with this paragraph.  

4-6.1.1.5" Attachments - -  Mechanically Operated. For 
all types o f  spr inkler  systems employing  water-motor-  
opera ted  alarms, a listed 3/4-in. (19-mm) strainer shall be 
installed at the alarm outlet o f  the waterflow detecting 
device. 

Exception: When a retarding chamber is used in connection with 
an alarm valve, the strainer shall be located at the outlet of the 
retarding chamber unless the retarding chamber is provided with 
an approved integral strainer in its outlet. 

4-6.1.1.6" Alarm Attachments - -  High-Rise  Buildings.  
When a fire must be fought  internally due to the height o f  
a building, the following addit ional  alarm apparatus  shall 
be provided:  

(a) W h e n  each  s p r i n k l e r  sys tem on each f loor is 
equipped  with a separate waterflow device, it shall be con- 
nected to an alarm system in such a manner  that operat ion 
o f  one sprinkler  will actuate the alarm system and the loca- 
tion o f  the opera ted  flow device shall be indicated on an 
annuncia tor  and/or  register. The  annunciator  or register 
shall be located at grade level at the normal  point  o f  fire 
depa r tmen t  access, at a constantly at tended building secu- 
rity control  center, or at both locations. 

Exception: When the location within the protected buildings 
where supervisory or alarm signals are received is not under con- 
stant supervision by qualified personnel in the employ of the 
owner, a connection shall be provided to transmit a signal to a 
remote central station. 

1991 Edition 



I NSTA~LATION REQUIREMENTS 13-53 

(b) A distinct trouble signal shall be provided to indi- 
cate a condition that will impair  the satisfactory operat ion 
o f  the sprinkler system. 

4-6.2* Fire Department Connections. 

4-6.2.1" A fire depa r tmen t  connection shall be provided  
as described in this section. (See Figure 4-6.2.1.) 

Exception No. I: Omission of the fire department connection 
shall be permitted for systems having 20 sprinklers or less. 

Exception No. 2: Omission of the fire department connection 
shall be permitted when approved by the authority having 
jurisdiction. 

1-3 in. Waterproof ~ .~,_ ~ 
Mastic 

ection 

H a er'  
Valve R o o ~ , ~ , ~  / V / /  

For SI Units: 1 in. = 25.4 ram. 
Figure 4-6.2.1 Fire department connection. 

t! II tit 
!ill 

4-6.2.2 Size. Pipe size shall be 4 in. (102 mm) for fire 
engine connections and 6 in. (152 ram) for fire boat  
connections. 

Exception No. 1: For hydraulically calculated systems, fire 
department connection pipe as small as the system riser shall be 
permitted when serving one system riser. 

Exception No. 2: A single outlet fire department connection shall 
be acceptable when piped to a 3-in. (76-ram) or smaller riser. 

4-6.2.3* Arrangement .  (See Figure 4-6.2.1.) 

4-6.2.3.1 The  fire depar tment  connection shall be on the 
system side o f  the water supply check valve. 

4-6.2.3.2 For single systems, the fire depar tment  connec- 
tion shall be installed as follows: 

(a) Wet System. On the system side o f  system control,  
check, and alarm valves. (See Figure A-4-5.1.1.) 

(b) Dry System. Between the system control  valve and 
the dry pipe valve. 

(c) Preaction System. Between the preaction valve and 
the check valve on the system side o f  the preaction valve. 

(d) Deluge System. On the system side o f  the deluge 
valve. 

Exception: Connection of the fire department connection to 
underground piping is acceptable. 

4-6.2.3.3 For mult iple systems, the fire depar tment  con- 
nection shall be connected  between the supply control  
valves and the system control valves. 

Exception: Connection of the fire department connection to 
underground piping is acceptable. 

4-6.2.3.4 Fire depa r tmen t  connections shall be located 
and ar ranged so that hose can be readily and conveniently 
attached. 

Each fire depa r tmen t  connection to sprinkler  systems 
shall be designated by a sign having raised letters at least 1 
in. (25.4 mm) in height  cast on plate or  fitting reading ser- 
vice design,  e.g., "AUTOSPKR. ,"  "OPEN SPKR. AND 
STANDPIPE."  

4-6.2.3.5 Fire depa r tmen t  connections shall not be con- 
nected on the suction side o f  fire pumps.  

4-6.2.4 Valves. 

4-6.2.4.1 A listed check valve shall be installed in each 
fire depar tment  connection. 

4-6.2.4.2 T h e r e  shall be no shu to f f  valve in the fire 
depar tment  connection piping. 

4-6.2.5 Drainage.  The  piping between the check valve 
and the outside hose coupling shall be equipped with an 
approved  automatic drip.  

Exception: An automatic drip is not required in areas not sub- 
ject to freezing. 

4-6.3 Gauges. 

4-6.3.1 A pressure gauge with a connection not smaller 
than 1/4 in. (6.4 ram) shall be installed at the system main 
drain, at each main drain associated with a floor control 
valve, and on the inlet and outlet side o f  each pressure 
reducing valve. Each gauge connection shall be equipped 
with a shutof f  valve and provisions for draining.  

4-6.3.2 The  requi red  pressure gauges shall be listed and 
shall have a maximum limit not less than twice the normal  
working pressure at the point  where installed. They  shall 
be installed to permi t  removal  and shall be located where 
they will not be subject to freezing. 

4-6.4 System Test Connections. 

4-6.4.1 Watertlow Test Connections. Waterflow test con- 
nections shall be provided  at locations that will permi t  flow 
tests o f  water supplies and connections. They  shall be so 
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1~,, Soft Metal Seat Globe Valve H ~ t~,er ~ [ndieati~ 

I I T:~raCO:nectio n L J  

For SI Units: 1 in. = 25.4 mm.  

Figure 4-6.4.1 Water supply connection with test connection. 

installed that the valve may be opened wide for a sufficient 
time to assure a proper  test without causing water damage. 
(See 4-5.3.4 and 4-5.3.6.) 

4-6.4.2* Wet Pipe Systems. A test connection not less 
than 1 in. (25 mm) in diameter, terminating in a smooth 
bore corrosion-resistant orifice, giving a flow equivalent to 
one sprinkler o f  a type having the smallest orifice installed 
on the particular system, shall be provided to test each 
waterflow alarm device for each system. The  test connec- 
tion valve shall be readily accessible. T he  discharge shall be 
to the outside, to a drain connection capable o f  accepting 
full flow under  system pressure, or to another location 
where water damage will not result. 

4-6.4.3* Dry Pipe Systems. A test connection not less 
than 1 in. (25 mm) in diameter, terminating in a smooth 
bore corrosion-resistant orifice, to provide a flow equiva- 
lent to one sprinkler o f  a type installed on the particular 
system, shall be installed on the end o f  the most distant 
sprinkler pipe in the upper  story and be equipped with a 
readily accessible 1-in. (22-mm) shutoff  valve and plug, at 
least one o f  which shall be brass. In lieu o f  a plug, a nipple 
and cap shall be acceptable. 

4-6.4.4 Preaction Systems. A test connection shall be 
provided on a preaction system using supervisory air. The 
connection used to control the level o f  priming water is 
adequate to test the operation o f  the alarms monitoring 
the supervisory air pressure. 

4-6.4.5 Deluge Systems. A test connec t i on  is not  
required on a deluge system. 

Chapter 5 Design Approaches 

5-1 General. Water demand requirements shall be deter- 
mined f rom the occupancy hazard fire control approach o f  
Section 5-2. 

Exception: Special design approaches shall be permitted for spe- 
cific hazards m Section 5-3. 

5-2 Occupancy Hazard Fire Control Approach. 

5-2.1 Occupancy Classifications. 

5-2.1.1 Occupancy classifications for this standard relate 
to sprinkler installations and their water supplies only. 
They  shall not be used as a general classification o f  occu- 
pancy hazards. 

5-2.1.2 Occupancies or portions o f  occupancies shall be 
classified according to the quantity and combustibility o f  
contents, the expected rates o f  heat release, the total 
potential for energy release, the heights o f  stockpiles, and 
the presence o f  flammable and combustible liquids, using 
the definitions contained in 1-4.7. Classifications are as 
follows: 

Light Hazard 

Ordinary Hazard (Groups 1 and 2) 

Extra Hazard (Groups 1 and 2) 

Special Occupancy Hazard 

5-2.2 Water Demand RequirementsmPipe Schedule 
Method. 

5-2.2.1 Table 5-2.2 shall be used in determining the min- 
imum water supply requirements for Light and Ordinary 
Hazard Occupancies protected by systems with pipe sized 
according to the pipe schedules o f  Section 6-5. Pressure 
and flow requirements for Extra Hazard Occupancies shall 
be based on the hydraulic calculation methods o f  5-2.3. 
The  pipe schedule method shall be permitted only for new 
installations o f  5000 sq ft (465 m 2) or less or for additions 
or  modifications to existing pipe schedule systems. 
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Exception No. 1: The pipe schedule design method shall be per- 
mitted for use in systems exceeding 5000 sq f t  (465 m 2) when the 
flows required in Table 5-2.2 are available at a minimum resid- 
ual pressure of 50 psi (3.4 bar) at the elevation of the highest 
sprinkler. 

Exception No. 2: The pipe schedule method shall be permitted 
for additions or modifications to existing extra hazard pipe sched- 
ule systems if the pressures and flows are determined to be accept- 
able to the authority having jurisdiction. 

5-2.2.2 T h e  lower durat ion value o f  Table  5-2.2 shall be 
acceptable only where remote  station or  central  station 
waterflow alarm service is provided.  

5-2.2.3" T h e  res idual  p ressure  r equ i remen t  o f  Table  
5-2.2 shall be met at the elevation o f  the highest sprinkler.  
(See the Exceptions to 5-2.2.1.) 

5-2.2.4 T h e  lower flow figure o f  Table  5-2.2 shall be per-  
mitted only where the bui lding is o f  noncombustible con- 
struction or  the potential  areas o f  fire are l imited by build- 
ing size or  compar tmenta t ion  such that no open areas 
exceed 3000 sq ft (279 m 2) for  Light Hazard  or 4000 sq ft 
(372 m 2) for  Ord inary  Hazard.  

Table 5-2.2 Water Supply Requirements for Pipe Schedule 
Sprinkler Systems 

Minimum 
Residual 

Occupancy Pressure Acceptable Flow Duration in 
Classification Required at Base of Riser Minutes 

Light Hazard 15 psi 500-750 gpm 30-60 
Ordinary Hazard 20 psi 850-1500 gpm 60-90 

For SI Units: 1 gpm = 3.785L/rain; 1 psi = 0.0689 bar. 

5-2.3 Water Demand Requirements - -Hydraul ic  Calcula- 
tion Methods. 

5-2.3.1 General. 

5-2.3.1.1" T h e  min imum water supply requirements  for  
a hydraulical ly des igned occupancy hazard  fire control  
sprinkler  system shall be de te rmined  by adding  the hose 
stream demand  f rom Table 5-2.3 to the water supply for 
sprinklers de te rmined  in 5-2.3.1.2. This supply shall be 
available for the min imum dura t ion  specified in Table  
5-2.3. 

Exception No. 1: Where other NFPA standards have developed 
sprinkler system area~density or other design criteria and water 
supply requirements appropriate for fire control or suppression of 
Special Occupancy Hazards, they shall take precedence. 

Exception No. 2: An aUowance for inside and outside hose shall 
not be required when tanks supply sprinklers only. 

Exception No. 3: When pumps taking suction from a private 
fire service main supply sprinklers only, the pump need not be sized 
to accommodate inside and outside hose. Such hose allowance shall 
be considered in evalfiating the available water supplies. 

5-2.3.1.2 The  water supply for sprinklers only shall be 
de te rmined  either f rom the area/density curves o f  Figure 
5-2.3 (see following page) in accordance with the method 
o f  5-2.3.2 or  be based upon the room design method in 
accordance with 5-2.3.3, at the discretion o f  the designer.  
For special areas u n d e r  considerat ion,  as descr ibed in 
5-2.3.4, separate hydraulic  calculations shall be required in 
addit ion to those requi red  by 5-2.3.2 or  5-2.3,3. 

Table 5-2.3 Hose Stream Demand and Water Supply Duration 
Requirements 

Total 
Combined 
Inside and 

Hazard Inside Hose Outside Duration in 
Classification (gpm) Hose (gpm) Minutes 

Light 0, 50, or 100 100 30 
Ordinary 0, 50, or 100 250 60-90 
Extra Hazard 0, 50, or 100 500 90-120 

For SI Units: 1 gpm = 3.785L/rain. 

5-2.3.1.3 Regardless o f  which o f  the two methods is used, 
the following restrictions apply:  

(a) For areas o f  sprinkler  operat ion less than 1500 sq ft 
(139 m 2) used for  Light and Ord ina ry  Hazard  Occupan- 
cies, the density for  1500 sq ft (139 m')  shall be used. For 
areas o f  sprinkler  operat ion less than 2500 sq ft (232 m 2) 
for Extra Hazard  Occupancies, the density for 2500 sq ft 
(232 m 2) shall be used. 

(b)* For  bui ldings  having unspr ink le red  combustible 
concealed spaces (as described in 4-4.1.7.1.1) the min imum 
area o f  sprinkler operat ion shall be 3000 sq ft (279 m2). 

Exception No. 1: Combustible concealed spaces filled entirely 
with noncombustible insulation. 

Exception No. 2: Light or Ordinary Hazard Occupancies where 
noncombustible or limited combustible ceilings are directly attached 
to the bottom of solid wood joists so as to create enclosed joist 
spaces 160 cu f t  (4.8 m 3) or less in volume. 

Exception No. 3*: Concealed spaces where the exposed surfaces 
have a flame spread rating of 25 or less and the materials have 
been demonstrated to not propagate fire in the form in which they 
are installed in the space. 

(c) Water  d e m a n d  o f  sprinklers installed in racks or  
water curtains shall be added  to the ceiling sprinkler  water 
demand  at the point  o f  connection. Demands shall be bal- 
anced to the higher  pressure.  (See Chapter 6.) 

Wate r  d e m a n d  o f  spr ink le rs  ins ta l led in concealed  
spaces or  under  obstructions such as ducts and cutting 
tables need not  be added  to ceiling demand.  

(d) W h e n  I ins ide  hose s tat ions are  p l a n n e d  or  a re  
required by o ther  standards,  a total water allowance o f  50 
gpm (189 L/min) for  a single hose station installation or  
100 gpm (378 L/min) for  a mult iple hose station installa- 
tion shall be a d d e d  to the sprinkler  requirements.  T h e  
water allowance shall be added  in 50 gpm (189 L/min) 
increments beginning at the most remote  hose station, with 
each increment  a d d e d  at the pressure  requi red  by the 
sprinkler  system design at that point. 
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Figure 5-2.3 Area/density curves. 

(e) W h e n  hose valves fo r  fire d e p a r t m e n t  use are  
attached to wet pipe spr inkler  system risers in accordance 
with 4-4.1.7.24, the water supply need not be added  to 
s tandpipe demand  as de te rmined  f rom NFPA 14, Standard 

for the Installation of Standpipe and Hose Systems. 

Exception No. 1: When the combined sprinkler system demand 
and hose stream allowance of Table 5-2.3 exceeds the requirements 
of NFPA 14, Standard for the Installation of Standpipe and 
Hose Systems, this higher demand shall be used. 

Exception No. 2: For partially sprinklered buildings, the sprin- 
kler demand, not including hose stream allowance, as indicated in 
Table 5-2.3 shall be added to the requirements given in NFPA 
14, Standard for the Installation of Standpipe and Hose Systems. 

(f) Water  allowance for  outside hose shall be added  to 
the sprinkler  and inside hose requi rement  at the connec- 
tion to the city water main, or  a yard hydrant ,  whichever is 
closer to the system riser. 

(g) T h e  lower dura t ion values in Table 5-2.3 shall be 
permit ted  where remote  station or  central station water- 
flow alarm service is provided.  

(h) When  pumps,  gravity tanks, or  pressure tanks sup- 
ply sprinklers only, requirements  for  inside and outside 
hose need not be considered in de te rmining  the size o f  
such pumps  or tanks. 

5-2.3.1.4 Total  system water supply requirements  shall be 
de te rmined  in accordance with the hydraulic calculation 
procedures  o f  Section 6-4. 

5-2.3.2 Area/Density Method. 

5-2.3.2.1 T h e  water supply requi rement  for sprinklers 
only shall be calculated f rom the area/density curves in 
Figure 5-2.3. T h e  calculations shall satisfy any single point  
on the appropr ia te  area/density curve as follows: 

(a) Light Hazard 
(b) Ordinary Hazard (Group 1) 
(c) Ordinary Hazard (Group 2) 
(d) Extra Hazard (Group 1) 
(e) Extra Hazard (Group 2) 

Area/Density Curve 1 
Area/Density Curve 2 
Area/Density Curve 3 
Area/Density Curve 4 
Area/Density Curve 5 

It  is not necessary to meet all points on the selected 
curve. 

5-2.3.2.2 T h e  densities and areas p rov ided  in Figure  
5-2.3 are for use only with spray sprinklers. For use with 
other  types o f  sprinklers see Section 5-3. 

Exception No. 1: Quick-response sprinklers shall be permitted 
for use with Area~Density Curve 1 (Light Hazard) and Curves 2 
and 3 (Ordinary Hazard) of Figure 5-2.3. 

Exception No. 2: Sidewall spray sprinklers shall be permitted for 
use with Area~Density Curve 1 (Light Hazard) and, if  specificaUy 
listed, with Area~Density Curves 2 or 3 (Ordinary Hazard). 

5-2.3.2.3 For  dry p ipe  systems, the area  o f  spr inkler  
operat ion shall be increased by 30 percent  without revising 
the density. 
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5-2.3.2.4 When high temperature sprinklers are used for 
Extra Hazard Occupancies, the area o£sprinkler operation 
shall be permitted to be reduced by 25 percent without 
revisin~ the density, but to not less than 2000 sq ft 
(186 m ). 

5-2.3.3 Room Design Method. 

5-2.3.3.1" The  water supply requirements for sprinklers 
only shall be based upon the room that creates the greatest 
demand. The  density selected shall be that from Figure 
5-2.3 cor responding  to the room size. To  utilize this 
method, all rooms shall be enclosed with walls having a 
fire-resistance rating equal to the water supply duration 
indicated in Table 5-2.3. 

5-2.3.3.2 I f  the room is smaller than the smallest area 
shown in the applicable curve in Figure 5-2.3, the provi- 
sions o f  5-2.3.1.3(a) shall apply. 

5-2.3.3.3 Minimum protection o f  openings shall be as fol- 
lows: 

(a) Light Hazard - -  automatic or self-closing doors. 

Exception: When openings are not protected, calculations shall 
include the sprinklers in the room plus two sprinklers in the com- 
municating space nearest each such unprotected opening unless 
the communicating space has only one sprinkler, in which case 
calculations shall be extended to the operation of that sprinkler. 
The selection of the room and communicating space sprinklers to 
be calculated shall be that which produces the greatest hydraulic 
demand. 

(b) Ordinary and Extra Hazard - -  automatic or self- 
closing doors with appropriate fire resistance ratings for 
the enclosure. 

5-2.3.4 Special Design Methods. 

5-2.3.4.1 When the design area consists o f  a building ser- 
vice chute supplied by a separate riser, the maximum num- 
ber o f  sprinklers that needs to be calculated is 3. 

5-2.3.4.2 When the room design method is used, and the 
area under  consideration is a corridor protected by one 
row o f  sprinklers, the maximum number  o f  sprinklers that 
needs to be calculated is 5. (See 5-2.3.1.) 

Exception: Where the area under consideration is a corridor pro- 
tected by a single row of sprinklers and the openings are not pro- 
tected, the design area shall include all sprinklers in the corridor 
to a maximum of 7. 

5-3 Special Design Approaches. 

5-3.1 General. All special design approaches utilize the 
hydraulic calculation procedures o f  Section 6-4 except as 
specified. 

5-3.2 Residential Sprinklers. 

5-3.2.1 Sprinkler discharge rates shall be provided in 
accordance with minimum flow rates indicated in individ- 
ual residential sprinkler listings, both for the single sprin- 
kler discharge and the multiple sprinkler discharge o f  the 
design sprinklers. 

5-3.2.2* The  design area shall be that area that includes 
the 4 hydraulically most demanding sprinklers. 

5-3.2.3 When areas such as attics, basements, or other 
types o f  occupancies are outside o f  dwelling units but 
within the same structure, these areas shall be protected in 
accordance with the provisions o f  this standard, including 
appropriate design criteria o f  5-2.3, 

5-3.2.4 Hose stream demand and water supply duration 
requirements shall be in accordance with those for Light 
Hazard Occupancies in Table 5-2.3. 

5-3.3 Quick Response Early Suppression (QRES) Sprin- 
klers. (Reserved) (See 1-4.5.1 and A-1-4.5.1.) 

5-3.4* Large-Drop Sprinklers. 

5-3.4.1 Protection shall be provided as specified in Table 
A-5-3.4 or appropriate NFPA standards in terms o f  mini- 
mum operating pressure and the number  o f  sprinklers to 
be included in the design area. 

5-3.4.2 Large-drop sprinkler systems shall be designed 
such that the minimum operating pressure is not less than 
25 psi (170 kPa). 

Exception: Lower pressures shall be permitted if  proven success- 
fu l  by large-scale fire testing for a particular hazard. 

5-3.4.3 For design purposes, 95 psi (650 kPa) shall be the 
maximum discharge pressure at the hydraulically most 
remote sprinkler. 

5-3.4.4 The  nominal  diameter  o f  branch line pipes 
(including riser nipples) shall be not less than 11/4 in. 
(33 ram) or  greater than 2 in. (51 mm). 

Exception No. 1: Starter pieces shall be permitted to be 21/2 in. 
(64 mm). 

Exception No. 2: When branch lines are larger than 2 in. 
(51 ram), the sprinkler shall be supplied by a riser nipple to ele- 
vate the sprinkler 13 in. (330 ram)for 21/2-in. (64-ram)pipe and 
15 in. (380 ram) for 3-in. (76-mm) pipe. These dimensions are 
measured from the centerline of the pipe to the deflector. In lieu of 
this, sprinklers may be offset horizontally a minimum of 12 in. 
(305 ram). 

5-3.4.5 Hose stream demand and water supply duration 
requirements shall be in accordance with those for extra 
hazard occupancies in Table 5-2.3. 

5-3.5* Early Suppression Fast Response (ESFR) Sprinklers. 

5-3.5.1 ESFR sprinklers are suitable for use with the haz- 
ards listed in Table A-5-3.5 and may be used in other spe- 
cific hazard classifications and configurations only when 
proven by large-scale or other suitable fire testing. 

5-3.5.2 ESFR sprinkler systems shall be designed such 
that the minimum operating pressure is not less than 
50 psi (340 kPa). 
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5-3.5.3 The  design area shall consist o f  the most hydrau- 
lically demanding area o f  12 sprinklers, consisting o f  4 
sprinklers on each o f  3 branch lines. Design shall include a 
minimum of  960 sq ft (89 m2). 

5-3.5.4 Small hose stations shall be provided.  Hose  
stream water demand is not required to be added to total 
water demand.  

5-3.5.5 Water supply duration shall be at least 60 
minutes. 

5-3.6 Exposure Protection. 

5-3.6.1" Piping shall be hydraulically calculated in accor- 
dance with Section 6-4 to furnish a min imum of  7 psi 
(48 kPa) at any sprinkler with all sprinklers facing the 
exposure operating. 

5-3.6.2 When the water supply feeds other fire protection 
systems, it shall be capable o f  furnishing total demand for 
such systems as well as the exposure system demand.  

5-3.7 Water Curtains. Sprinklers in a water curtain as 
described in 4-4.1.7.3.4 shall be hydraulically designed 
to provide a discharge o f  3 gpm per lineal foot 
[37 (L/min)/m] o f  water curtain, with no sprinklers dis- 
charging less than 15 gpm (56.8 L/min). The  number  o f  
sprinklers calculated in this water curtain shall be the num- 
ber in the length corresponding to the length parallel to 
the branch lines in the area determined by 6-4.4.1(a). The  
water supply for these sprinklers shall be added to the 
water supply required for the area o f  operation in hydrau- 
lically designed systems or to the water supply required as 
determined in accordance with Table 5-2.2. Supplies shall 
be balanced to the higher pressure demand in either case. 

Chapter 6 Plans and Calculations 

6-1" Working Plans. 

6-1.1" Working plans shall be submitted for approval to 
the authority having jurisdiction before any equipment  is 
installed or remodeled. Deviation from approved plans will 
require permission of  the authority having jurisdiction. 

6-1.1.1 Working plans shall be drawn to an indicated 
scale, on sheets o f  uni form size, with a plan o f  each floor, 
and shall show those items f rom the following list that per- 
tain to the design of  the system. 

(a) Name o f  owner and occupant. 

(b) Location, including street address. 

(c) Point o f  compass. 

(d) Full height cross section, or schematic diagram, i f  
required for  clarity; including ceiling construction and 
method o f  protection for nonmetallic piping. 

(e) Location o f  partitions. 

(f) Location o f  fire walls. 

(g) Occupancy class o f  each area or room. 

(h) Location and size o f  concealed spaces, closets, attics, 
and bathrooms. 

(i) Any small enclosures in which no sprinklers are to be 
installed. 

(j) Size o f  city main in street and whether  dead-end or 
circulating; and, i f  dead-end,  direction and distance to 
nearest circulating main. City main test results and system 
elevation relative to test hydrant  (see A-7-2.1). 

(k) Other  sources o f  water supply, with pressure or 
elevation. 

(1) Make, type, and nominal orifice size o f  sprinklers. 

(m) T e m p e r a t u r e  r a t i n g  and  l oca t i on  o f  h i g h -  
tempera ture  sprinklers. 

(n) Total  area protected by each system on each floor. 

(o) Number  of  sprinklers on each riser per  floor. 

(p) Total  number  o f  sprinklers on each dry pipe system, 
preaction system, combined dry pipe-preaction system, or 
deluge system. 

(q) Approximate  capacity in gallons o f  each dry pipe 
system. 

(r) Pipe type and schedule o f  wall thickness. 

(s) Nominal pipe size and cutting lengths o f  pipe (or 
center to center dimensions). 

NOTE: Where typical branch lines prevail, it will be nec- 
essary to size only one typical line. 

(t) Location and size o f  riser nipples. 

(u) Type  o f  fittings and joints and location o f  all welds 
and bends. The  contractor shall specify on drawing any 
sections to be shop welded and the type o f  fittings or for- 
mations to be used. 

(v) Type  and locations o f  hangers, sleeves, braces, and 
methods o f  securing sprinklers when applicable. 

(w) All control valves, check valves, drain pipes, and test 
connections. 

(x) Make, type, model, and size o f  alarm or dry pipe 
valve. 

(y) Make, type, model, and size o f  preaction or deluge 
valve. 

(z) Kind and location o f  alarm bells. 

(aa) Size and location o f  hose outlets, hand hose, and 
related equipment.  

(bb) Underground  pipe size, length, location, weight, 
material, point o f  connection to city main; the type o f  
valves, meters, and valve pits; and the depth that top o f  the 
pipe is laid below grade. 

(cc) Piping provisions for flushing (see 9-3.2). 
(dd) When the equipment  is to be installed as an addi- 

tion to an existing system, enough o f  the existing system 
indicated on the plans to make all conditions clear. 

(ee) For hydraulically designed systems, the information 
on the hydraulic data nameplate.  

(ft') A graphic representation o f  the scale used on all 
plans. 
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(gg) Name and address o f  contractor. 

(hh) Hydraulic reference points shown on the plan shall 
co r re spond  with comparab le  re fe rence  points  on the 
hydraulic calculation sheets. 

(ii) T h e  min imum rate o f  water application (density), 
the design area o f  water application, in-rack sprinkler  
demand,  and the water required for hose streams both 
inside and outside. 

(jj) T h e  total  quant i ty  o f  water  and  the p r e s su re  
required noted at a common reference point  for each sys- 
tem. 

(kk) Relative elevations o f  sprinklers, junction points, 
and supply or reference points. 

(11) I f  room design method is used, all unprotected wall 
openings throughout  the floor protected. 

(ram) Calculation o f  loads for sizing, and details of, 
sway bracing. 

(nn) The  setting for pressure reducing valves. 

(oo) Informat ion about backflow preventers  (manufac- 
turer,  size, type). 

(pp) Informat ion about antifreeze solution used (type 
and amount). 

6-1.1.2" Working plans for automatic sprinkler systems 
with nonfire protection connections. Special symbols shall 
be used and explained for  auxiliary piping, pumps,  heat 
exchangers, valves, strainers, and the like, clearly distin- 
guishing these devices and piping runs f rom those o f  the 
sprinkler system. Model number,  type, and manufacturer ' s  
name shall be identified for each piece o f  auxiliary equip- 
ment. 

6-2 Hydraulic Calculation Forms. 

6-2.1 General.  Hydraulic calculations shall be p repared  
on form sheets that include a summary  sheet, detailed 
work sheets, and a graph sheet. (See copies of typical forms, 
Figures A-6-2.2(a), A-6-2.3, and A-6-2.4.) 

6-2.2* Summary Sheet. The  summary sheet shall con- 
tain the following information, where applicable: 

(a) Date 

(b) Location 

(c) Name o f  owner and occupant 

(d) Building number  or other identification 

(e) Description o f  hazard 

(f) Name and address o f  contractor or designer 

(g) Name o f  approving agency 

(h) System design requirements 

1. Design area of  water application, sq fi 

2. Minimum rate o f  water application (density), gpm 
per sq ft 

3. Area per  sprinkler, sq fi 

(i) Total  water  requi rements  as calculated including 
allowance for inside hose, outside hydrants, and water cur- 
tain and exposure sprinklers 

(j) Allowance for  in-rack sprinklers, gpm 

(k) Limitat ions (dimension,  flow, and pressure)  on 
extended coverage or other listed special sprinklers. 

6-2.3" Detailed Work Sheets. Detailed work sheets or 
computer  printout  sheets shall contain the following infor- 
mation: 

(a) Sheet number  

(b) Sprinkler description and discharge constant (K) 

(c) Hydraulic reference points 

(d) Flow in gpm 

(e) Pipe size 

(i~ Pipe lengths, center to center o f  fittings 

(g) Equivalent pipe lengths for fittings and devices 

(h) Friction loss in psi per  fi o f  pipe 

(i) Total  friction loss between reference points 

(j) I n - r ack  s p r i n k l e r  d e m a n d  ba lanced  to ceil ing 
demand 

(k) Elevation head in psi between reference points 

(1) Required pressure in psi at each reference point 

(m) Velocity pressure and normal pressure i f  included 
in calculations 

(n) Notes to indicate starting points, reference to other 
sheets, or to clarify data shown 

(o)* Diagram to accompany gridded system calculations 
to indicate flow quantities and directions for lines with 
sprinklers operat ing in the remote area 

(p) Combined K-factor calculations for  sprinklers on 
drops, armovers,  or sprigs where calculations do not begin 
at sprinkler.  

6-2.4* Graph Sheet. A graphic representat ion o f  the 
complete hydraulic calculation shall be plotted on semi- 
logarithmic graph paper  (QlSS) and shall include the fol- 
lowing: 

(a) Water supply curve 

(b) Sprinkler system demand 

(c) Hose demand (where applicable) 

(d) In-rack sprinkler demand (where applicable). 

6-3 Water Supply Information. The  following informa- 
tion shall be included: 

(a) Location and elevation o f  static and residual test 
gauge with relat ion to the riser reference point 

(b) Flow location 

(c) Static pressure, psi 

(d) Residual pressure, psi 

(e) Flow, gpm 

(f) Date 

(g) T ime 
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(h) T e s t  conduc ted  by or  i n fo rma t ion  suppl ied  by 

(i) O t h e r  sources o f  water  supply,  with pressure  or  ele- 
vation. 

6-4 Hydraul ic  Calculation Procedures. 

6-4.1" Genera l .  A calculated system for  a bui lding,  or  a 
calculated addi t ion  to a system in an exis t ing spr ink le red  
bui lding,  supersedes  the rules in the  spr inkler  s tandard  
gove rn ing  pipe schedules,  except  that  all systems con t inue  
to be l imited by area, and  p ipe  sizes shall be no less than 
1 in. (25.4 mm)  nomina l  for  f e r rous  p ip ing  and  3/4 in. 
(19 mm)  nomina l  for  c o p p e r  tub ing  or  nonmetal l ic  p ip ing  
listed for  fire spr inkler  service. T h e  size o f  pipe,  n u m b e r  
o f  spr inklers  pe r  b ranch  line, and  n u m b e r  o f  b ranch  lines 
per  cross main are  o therwise  l imited only by the available 
water  supply.  However ,  spr inkler  spacing and  all o the r  
rules covered  in this and  o the r  appl icable  s tandards  shall 
be observed.  

6-4.2 Formulas, 

6-4.2.1 Friction Loss Formula. Pipe fr ict ion losses shall 
be d e t e r m i n e d  on the basis o f  the Hazen-Wil l iams formula .  

4.52 Qi.85 p =  
cI.s5 d487 

where  p is the fr ict ional  resistance in p o u n d s  p ressure  pe r  
square  inch pe r  foot  o f  pipe,  Q is the gallons per  minu te  
flowing, and  d is the actual in terna l  d i ame te r  o f  p ipe  in 
inches with C as the fr ic t ion loss coefficient.  

Qm .85 
For  SI Units:  Pm = 6.05 × Cl.S5 d4.87 x 105 

W h e r e  Pm is the fr ict ional  resistance in bars pe r  me te r  o f  
pipe,  Qm is the flow in L/min,  d m is the  actual in ternal  
d i ame te r  in m m  and C is the fr ict ion loss coefficient.  

6-4.2,2 Ve loc i ty  Pressure Formula.  Veloci ty p r e s su re  
shall be d e t e r m i n e d  on  the basis o f  the  fo rmu la  

Pv = 0.001 123 Q2D4 

Pv = velocity p ressure  in psi. 

where :  

Q = flow in g p m  

D = the inside d iamete r  in inches. 

For SI units: 1 in. = 25.4 mm; 1 gal ffi 3.785 L; 1 psi = 0.0689 
bar. 

6-4.2.3 Normal  Pressure Formula.  N o r m a l  p r e s s u r e  
(Pn) shall be d e t e r m i n e d  on the basis o f  the fo rmula  

Pn = Pt " Pv 

where :  

Pt = total p ressure  in psi (bars) 

Pv = velocity pressure  in psi (bars) 

6-4.2.4 Hydraul ic  Junction Points. Pressures at hydrau-  
lic j unc t ion  points  shall balance within 0.5 psi (0.03 bar). 
T h e  h ighes t  p ressure  at the junc t ion  point ,  and the total 
flows as adjusted,  shall be car r ied  into the calculations. 

6-4.3 Equivalent Pipe Lengths o f  Valves and Fittings. 

6-4.3.1 T a b l e  6-4.3.1 shall be used  to d e t e r m i n e  the  
equiva len t  l eng th  o f  p ipe  for  fittings and  devices unless 
m a n u f a c t u r e r ' s  test data  indicate  that  o t h e r  factors a re  
appropr ia te .  For  saddle- type fittings hav ing  frict ion loss 
g rea te r  than  that  shown in Tab le  6-4.3.1, the increased 
fr ic t ion loss shall be inc luded  in hydraul ic  calculations. 

6-4.3.2 Tab le  6-4.3.1 shall be used with Hazen-Wil l iams 
C = 120 only. For  o the r  values o f  C, the values in Tab le  
6-4.3.1 shall be mul t ip l ied  by the  factors indicated in Tab le  
6-4.3.2. 

Table 6-4.3.2 

Value o f  C 1O0 130 140 150 

Multiplying Factor 0.713 1.16 1.33 1.51 

NOTE: This is based upon the friction loss through the 
fitting being independent of  the C factor available to the 
piping. 

Table 6-4.3.1 Equivalent Pipe Length Chart 

Fittings and Valves Fittings and Valves Expressed in Equivalent Feet of Pipe 
3/4 in. 1 in. 11/4 in. 11/2 in. 2 in. 21/2 in. 3 in. 31/2 in. 4 in. 5 in. 6 in. 8 in. 10 in. 12 in. 

45 ° Elbow 1 1 1 2 2 3 3 3 4 5 7 9 11 13 
90 ° Standard Elbow 2 2 3 4 5 6 7 8 10 12 14 18 22 27 
900 Long Turn Elbow 1 2 2 2 3 4 5 5 6 8 9 13 16 18 
Tee or Cross (Flow Turned 90 °) 3 5 6 8 10 12 15 17 20 25 30 35 50 60 
Butterfly Valve 6 7 10 12 9 10 12 19 21 
Gate Valve 1 1 1 1 2 2 3 4 5 6 
Swing Check* 5 7 9 11 14 16 19 22 27 32 45 55 65 

For S1 Units: 1 fi = 0.3048 m. 
*Due to the variations in design of swing check valves, the pipe equivalents indicated in the above chart are considered average. 
NOTE: This table applies to all types of pipe listed in Table 6-4.4.5 
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6-4.3.3 Specific friction loss values or  equivalent  p ipe  
lengths for alarm valves, dry pipe valves, deluge valves, 
strainers, and other  devices shall be made available to the 
authori ty having jurisdiction. 

6-4.4* C a l c u l a t i o n  Procedure .  

6-4.4.1" For  all systems the design area  shall be the 
hydraulical ly most demand ing  based on the cri teria o f  
5-2.3. 

Exception: Special design approaches in accordance with 5-3.3. 

(a) When the design is based on area/density method,  
the design area shall be a rectangular  area having a dimen-  
sion paral lel  to the branch lines at least 1.2 times the 
square root  o f  the area o f  sprinkler  operat ion (A) used. 
This  may include sprinklers on both sides o f  the cross 
main. Any fractional sprinkler  shall be carried to the next 
h igher  whole sprinkler.  

Exception: In systems having branch lines with an insufficient 
number of sprinklers to fulfill the 1.2 ,/Yf requirement, the design 
area shall be extended to include sprinklers on adjacent branch 
lines supplied by the same cross main. 

(b) W h e n  the des ign  is based  on the room design 
method,  see 5-2.3.3. The  calculation shall be based on the 
room and communicat ing space, i f  any, that is the hydrau-  
lically most demanding.  

6-4.4.2" For gr idded  systems, the designer shall verify 
that  the hydraulically most demand ing  area is being used. 
A minimum o f  two addit ional sets o f  calculations shall be 
submitted to demonst ra te  peaking o f  demand  area friction 
loss when c o m p a r e d  to areas immedia te ly  adjacent  on 
ei ther  side along the same branch lines. 

Exception: Computer programs that show the peaking of the 
demand area friction loss shall be acceptable based on a single set 
of calculations. 

6-4.4.3 System p ip ing  shall be hydraul ical ly  des igned 
using design densities and areas o f  operat ion in accor- 
dance with Figure 5-2.3 as required for the occupancies 
involved. 

(a)* The  density shall be calculated on the basis o f  area 
o f  sprinkler  operat ion.  The  area covered by any sprinkler  
for use in hydraulic design and calculations shall be deter-  
mined in accordance with 4-2.2.1. 

(b)* When  sprinklers are installed above and below a 
ceiling or  in a case where more  than two areas are suppl ied 
f rom a common set o f  branch lines, the branch lines and 
supplies shall be calculated to supply the largest water 
demand.  

6-4.4.4* Each sp r ink l e r  in the  des ign  a r ea  and  the 
remainder  o f  the hydraulically designed system shall dis- 
charge at a flow rate at least equal to the st ipulated mini- 
mum water applicat ion rate (density) mult ipl ied by the  
area  o f  sprinkler  operation.  Begin calculations at the 

hydraulical ly most remote  sprinkler .  Discharge at each 
sprinkler shall be based on the calculated pressure at that 
sprinkler. 

Exception No. 1: When area of application is equal to or greater 
than 1500 sq ft, sprinkler discharge in closets, washrooms, and 
similar small compartments requiring only one sprinkler shall be 
permitted to be omitted from hydraulic calculations within the area 
of application. Sprinklers in these small compartments shall, how- 
ever, be capable of discharging minimum densities in accordance 
with Figure 5-2.3. 

Exception No. 2: When sprinklers are provided above and below 
obstructions such as wide ducts or tables, the water supply for one 
of the levels of sprinklers shall be permitted to be omitted from the 
hydraulic ceiling design calculations within the area of applica- 
tion. In any case, the most hydraulically demanding arrangement 
shall be calculated. 

6-4.4.5 Calculate pipe friction loss in accordance with the 
Hazen-Williams formula  with C values from Table 6-4.4.5. 

(a) Include pipe, fittings, and devices such as valves, 
meters, and strainers, and calculate elevation changes that 
affect the sprinkler  discharge. 

Exception: Tie-in drain piping shall not be included in the 
hydraulic calculations. 

(b) Calculate the loss for a tee or  a cross where flow 
direct ion change occurs based on the equivalent  p ipe  
length  o f  the p i p i n g  segment  in which the fi t t ing is 
included. The  tee at the top o f  a riser nipple shall be 
included in the branch line; the tee at the base o f  a riser 
nipple shall be included in the riser nipple; and the tee or 
cross at a cross main-feed main junct ion shall be included 
in the cross main. Do not include fitting loss for straight- 
through flow in a tee or cross. 

(c) Calculate the loss o f  reducing elbows based on the 
equivalent feet value o f  the smallest outlet. Use the equiv- 
alent feet value for the s tandard  elbow on any abrupt  
90-degree turn, such as the screw-type pattern.  Use the 
equivalent  feet value for  the long- tu rn  elbow on any 
sweeping 90-degree turn,  such as a flanged, welded, or 
mechanical joint-elbow type. (See Table 6-4.3.1.) 

(d) Friction loss shall be excluded for the fitting directly 
connected to a sprinkler.  

(e) Losses through a pressure-reducing valve shall be 
included based on the normal  inlet pressure condition. 
Pressure loss data f rom the manufacturer ' s  l i terature shall 
be used. 

Table 6-4.4.5 Hazen-Williams C Values 

P ipe  or Tube C Value* 

Unlined Cast or Ductile Iron 
Black Steel (Dry Systems including Preaction) 
Black Steel (Wet Systems including Deluge) 
Galvanized (all) 
Plastic (listed)--All 
Cement Lined Cast or Ductile Iron 
Copper Tube or Stainless Steel 

100 
100 
120 
120 
150 
140 
150 

*The authority having jurisdiction may recommend other C values. 
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13-62 I N S T A L L A T I O N  OF S P R I N K L E R  SYSTEMS 

6-4.4.6" Orifice plates or sprinklers of  different orifice 
sizes shall not be used for balancing the system. 

Exception No. 1: Sprinklers with different orifice sizes shall be 
acceptable for special use such as exposure protection, small rooms 
or enclosures, or directional discharge. (See 1-4.2for definition of 
small rooms.) 

Exception No. 2: Sprinklers with different orifice sizes shall be 
acceptable in light hazard occupancies that utilize extended cover- 
age sprinklers for part of the protection area. 

6-4.4.7* Velocity pressure  (Pv) may or may not  be 
included in the calculations at the discretion of  the design- 
er. I f  velocity pressures are used, they shall be used on both 
branch lines and cross mains where applicable. 

6-4.4.8 Minimum operat ing pressure of  any sprinkler 
shall be 7 psi (0.5 bar). 

Exception: When different minimum operating pressure for the 
desired application is specified in the listing of the sprinkler. 

6-5 Pipe Schedules. Pipe schedules shall not be used, 
except in existing systems and in new systems or extensions 
to existing systems described in Chapter 5. Water supplies 
shall conform to 5-2.2. 

6-5.1" General.  The  pipe schedule sizing provisions shall 
not apply to hydraulically calculated systems. Sprinkler sys- 
tems having sprinklers with orifices other than 1/2 in. 
(13 mm) nominal,  listed piping material other than that 
covered in Table 2-3.1, Extra Hazard Groups 1 and 2 sys- 
tems, and exposure protection systems shall be hydrauli- 
cally calculated. 

6-5.1.1 The  number  of  automatic sprinklers on a given 
pipe size on one floor shall not exceed the number  given 
in 6-5.2, 6-5.3, or 6-5.4 for a given occupancy. 

6-5.1.2" Size o f  Risers. Each system riser shall be sized 
to supply all sprinklers on the riser on any one floor as 
de termined by the standard schedules of  pipe sizes in 
6-5.2, 6-5.3, or 6-5.4. 

6-5.1.3 Slatted Floors, Large Floor Openings,  Mezza- 
nines, and Large Platforms. Buildings having slatted 
floors, or  large u n p r o t e c t e d  floor open ings  wi thout  
approved stops, shall be treated as one area with reference 
to pipe sizes, and the feed mains or risers shall be of  the 
size required for the total number  of  sprinklers. 

6-5.1.4 Stair Towers. Stairs, towers, or other construc- 
tion with incomplete floors, i f  piped on independent  risers, 
shall be treated as one area with reference to pipe sizes. 

6-5.2 Schedule for Light Hazard Occupancies. 

6-5.2.1 Branch lines shall not exceed 8 sprinklers on 
either side of  a cross main. 

Exception: When more than 8 sprinklers on a branch line are 
necessary, lines may be increased to 9 sprinklers by making the two 
end lengths 1 in. (25.4 mm) and 11/4 in. (33 ram), respectively, 
and the sizes thereafter standard. Ten sprinklers may be placed on 
a branch line making the two end lengths 1 in. (25.4 mm) and 
11/4 in. (33 ram), respectively, and feeding the tenth sprinkler by a 
21/2-in. (64-mm) pipe. 

6-5.2.2 Pipe sizes shall be in accordance with Table  
6-5.2.2. 

Exception: Each area requiring more sprinklers than the number 
specified for 31/2-in. (89-mm) pipe in Table 6-5.2.2 and without 
subdividing partitions (not necessarily fire walls) shall be supplied 
by mains or risers sized for Ordinary Hazard Occupancies. 

Table 6-5.2.2 Light Hazard Pipe Schedules 

Steel Copper 

1 in . . . . . . . . . . .  2 sprinklers 1 in . . . . . . . . . . .  2 sprinklers 
11/4 in . . . . . . . . .  3 sprinklers 11/4 in . . . . . . . . .  3 sprinklers 
1 t/2 in . . . . . . . . .  5 sprinklers 11/2 in . . . . . . . . .  5 sprinklers 
2 in . . . . . . . . . . .  10 sprinklers 2 in . . . . . . . . . . .  12 sprinklers 
21/2 in . . . . . . . . .  30 sprinklers 21/2 in . . . . . . . . .  40 sprinklers 
3 in . . . . . . . . . . .  60 sprinklers 3 in . . . . . . . . . . .  65 sprinklers 
31/2 in . . . . . . . . .  100 sprinklers 31/2 in . . . . . . . . .  115 sprinklers 
4 in . . . . . . . . . . .  See 4-2.1 4 in . . . . . . . . . . .  See 4-2.1 

For  SI Uni ts :  1 in. = 25.4 ram. 

6-5.2.3 When sprinklers are installed above and below 
ceilings [see Figures 6-5.2.3(a), (b), and (c)] and such sprin- 
klers are supplied from a common set o f  branch lines or 
separate branch lines from a common cross main, such 
branch lines shall not exceed 8 sprinklers above and 8 
sprinklers below any ceiling on either side of  the cross 
main. Pipe sizing up to and including 21/2 in. (64 mm) shall 
be as shown in Table 6-5.2.3 utilizing the greatest number  
of  sprinklers to be found on any two adjacent levels. 

For SI Units :  1 in. = 25.4 mm.  

Figure 6-5.2.3(a) Arrangement of branch lines supplying sprinklers above and below a ceiling. 
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PLANS AND CALCULATIONS 13--63 

Sprinkler In 
Concealed Space 

6-5 .2 .3 .1"  W h e n  t he  total  n u m b e r  o f  s p r i n k l e r s  above  
a n d  be low a cei l ing exceeds  the  n u m b e r  specif ied in T a b l e  
6-5.2.3 fo r  21/2-in. (64-mm)  pipe,  the  p ipe  s u p p l y i n g  such  
sp r ink le r s  shall  be  i nc r ea sed  to 3 in. (76 m m )  a n d  sized 
t h e r e a f t e r  a c c o r d i n g  to t h e  s c h e d u l e  s h o w n  in T a b l e  
6-5.2.2 for  the  n u m b e r  o f  sp r ink l e r s  above  or  be low a ceil- 
ing,  w h i c h e v e r  is l a rger .  

~ -- 12" 

f 
Ceiling 

~ 1  ' Tee 

For SI Units: 1 in. = 25.4 ram. 
Figure 6-5.2.3(b) Sprinkler on riser nipple from branch 

line in lower fire area. 

Table 6-5.2.3 Number  o f  Sprinklers above and be low a Cei l ing 

Steel Copper 

1 in . . . . . . . . . . .  2 sprinklers 1 in . . . . . . . . . . .  2 sprinklers 
1 t/4 in . . . . . . . . .  4 sprinklers 1 t/4 in . . . . . . . . .  4 sprinklers 
11/2 in . . . . . . . . .  7 sprinklers 1 t/2 in . . . . . . . . .  7 sprinklers 
2 in . . . . . . . . . . .  15 sprinklers 2 in . . . . . . . . . . .  18 sprinklers 
21/2 in . . . . . . . . .  50 sprinklers 21/2 in . . . . . . . . .  65 sprinklers 

6-5 .3  S c h e d u l e  f o r  O r d i n a r y  H a z a r d  O c c u p a n c i e s .  

6-5.3.1 B r a n c h  l ines  shal l  no t  e x c e e d  8 s p r i n k l e r s  o n  
e i t h e r  side o f  a cross  ma in .  

Exception: When more than 8 sprinklers on a branch line are 
necessary, lines may be increased to 9 sprinklers by making the two 
end lengths 1 in. (25.4 ram) and 11/4 in. (33 ram), respectively, 
and the sizes thereafter standard. Ten sprinklers may be placed on 

t Upright Sprinkler 
, In Concealed 

Space 
Upright  ! 
Def lectors 

! 

I~--- - -  R ed u cer 

1 2 "  (Min.)  ~ Plate 

/'7" 
Upright  = ~ ~ ANipple  

9 0  ° Ell 
Tee  

Ceiling (Lower) 

} r ink ler  

~ Pendent 
Def lector  

For S1 Units: t in. = 25.4 ram. 
Figure 6-5.2.3(c) Arrangement of branch lines supplying sprinklers above and below ceilings. 
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13-64  INSTALLATION OF SPRINKLER SYSTEMS 

a branch line making the two end lengths 1 in. (25.4 mm) and 
11/4 in. (33 mm), respectively, and feeding the tenth sprinkler by a 
21/2-in. (64-mm) pipe. 

6-5.3.2 Pipe sizes shall  be  in a c c o r d a n c e  with T a b l e  
6-5.3.2(a). 

Table 6-5.3.2(a) Ordinary Hazard Pipe Schedule 

Steel Copper 

1 in . . . . . . . . . . .  2 sprinklers 1 in . . . . . . . . . . .  2 sprinklers 
11/4 in . . . . . . . . .  3 sprinklers 11/4 in . . . . . . . . .  3 sprinklers 
11/2 in . . . . . . . . .  5 sprinklers 11/2 in . . . . . . . . .  5 sprinklers 
2 in . . . . . . . . . . .  10 sprinklers 2 in . . . . . . . . . . .  12 sprinklers 
21/2 in . . . . . . . . .  20 sprinklers 21/2 in . . . . . . . . .  25 sprinklers 
3 in . . . . . . . . . . .  40 sprinklers 3 in . . . . . . . . . . .  45 sprinklers 
31/2 in . . . . . . . . .  65 sprinklers 31/2 in . . . . . . . . .  75 sprinklers 
4 in . . . . . . . . . . .  100 sprinklers 4 in . . . . . . . . . . .  115 sprinklers 
5 in . . . . . . . . . . .  160 sprinklers 5 in . . . . . . . . . . .  180 sprinklers 
6 in . . . . . . . . . . .  275 sprinklers 6 in . . . . . . . . . . .  300 sprinklers 
8 in . . . . . . . . . . .  See 4-2.1 8 in . . . . . . . . . . .  See 4-2.1 

For SI Units: l in. = 25.4 rnm. 

Exception: When the distance between sprinklers on the branch 
line exceeds 12 f l  (3.7 m), or the distance between the branch lines 
exceeds 12 f i  (3.7 m), the number of sprinklers for a given pipe 
size shall be in accordance with Table 6-5.3.2(b). 

6-5.3.3.1" W h e n  the total n u m b e r  o f  spr inklers  above 
and below a ceil ing exceeds  the n u m b e r  specified in Tab le  
6-5.3.3 for  3-in. (76-mm) pipe,  the p ipe  supply ing  such 
sprinklers  shall be increased to 31/2 in. (89 mm)  and sized 
t h e r e a f t e r  a c c o r d i n g  to the  s chedu le  shown in T a b l e  
6-5.2.2 o r  Tab l e  6-5.3.2(a) fo r  the n u m b e r  o f  spr inklers  
above or  below ceiling, whichever  is larger .  

Exception: When the distance between the sprinklers protecting 
the occupied area exceeds 12f l  (3.7 m) or the distance between the 
branch lines exceeds 12 f t  (3.7 m), the branch lines shall be sized 
in accordance with either Table 6-5.3.2(b), taking into consider- 
ation the sprinklers protecting the occupied area only, or para- 
graph 6-5.3.3, whichever requires the greater size of pipe. 

6-5.4" Extra  Haza rd  Occupancies  shall be  hydraulical ly 
calculated. 

Exception: For existing systems, see A-6-5.4. 

6-5.5 Deluge Systems. O p e n  spr inkler  and  de luge  sys- 
tems shall be hydraulical ly calculated accord ing  to applica- 
ble s tandards.  

6-5.6* Exposure Systems. Exposure  sprinklers  shall be 
hydraulical ly calculated using Tab le  6-5.6 and a relative 
classification o f  exposures  Guide  Number .  

Table 6-5.3.2(b) Number of Sprinklers--Greater than 12 ft 
Separations 

Steel Copper 

21/2 in . . . . . . . . .  15 sprinklers 21/2 in . . . . . . . . .  20 sprinklers 
3 in . . . . . . . . . . .  30 sprinklers 3 in . . . . . . . . . . .  35 sprinklers 
31/2 in . . . . . . . . .  60 sprinklers 31/2 in . . . . . . . . .  65 sprinklers 

For other pipe and tube sizes, see Table 6-5.3.2(a) 

For SI Units: 1 in. = 25.4 mm. 

6-5.3.3 W h e n  sprinklers  a re  installed above and  below 
ceilings and  such spr inklers  a re  suppl ied  f r o m  a c o m m o n  
set o f  b ranch  lines o r  separa te  b r anch  lines suppl ied  by a 
c o m m o n  cross main,  such branch  lines shall not  exceed  8 
spr inklers  above and  8 spr inklers  below any cei l ing on 
e i ther  side o f  the cross main.  Pipe sizing up to and includ- 
ing  3 in. (76 mm)  shall be as shown in Tab le  6-5.3.3 [see 
Figures 6-5.2.3(a), (b), and (c)] util izing the greatest  n u m b e r  
o f  spr inklers  to be f o u n d  on any two adjacent  levels. 

Table 6-5.3.3 Number of Sprinklers above and below a Ceiling 

Steel Copper 

1 in . . . . . . . . . . .  2 sprinklers 1 in . . . . . . . . . . .  2 sprinklers 
11/4 in . . . . . . . . .  4 sprinklers 11/4 in . . . . . . . . .  4 sprinklers 
11/2 in . . . . . . . . .  7 sprinklers 11/2 in . . . . . . . . .  7 sprinklers 
2 in . . . . . . . . . . .  15 sprinklers 2 in . . . . . . . . . . .  18 sprinklers 
21/2 in . . . . . . . . .  30 sprinklers 2t/2 in . . . . . . . . .  40 sprinklers 
3 in . . . . . . . . . . .  60 sprinklers 3 in . . . . . . . . . . .  65 sprinklers 

For SI Units: 1 in. = 25.4 mm, 

Chapter  7 Water Suppl ies  

7-1 Genera l .  Every automat ic  spr inkler  system shall have 
at least one  automat ic  water  supply. 

7-1.1 Capac i ty .  Wate r  supplies shall be reliable and be 
capable  o f  p rov id ing  the r e q u i r e d  flow and  pressure  for  
the  r e c o m m e n d e d  d u r a t i o n  as speci f ied  in C h a p t e r  5 
(Design Approaches) .  

7-1.2 Arrangement. 

7-1.2.1 Underground Supply Pipe. For  p ipe  schedule  
systems, the  u n d e r g r o u n d  supply p ipe  shall be at least as 
large as the system riser. 

7-1.2.2 Connection between Underground and Above- 
ground Piping. T h e  connec t ion  be tween  the system pip- 
ing  and  u n d e r g r o u n d  p ip ing  shall be m a d e  with a suitable 
t ransi t ion piece and shall be p roper ly  s t rapped  or  fas tened  
by a p p r o v e d  devices. T h e  transi t ion piece shall be pro-  
tected against  possible d a m a g e  f rom corrosive agents,  sol- 
ven t  attack, or  mechanica l  damage .  

7-1.2.3" Connection Passing through or under Founda- 
tion Walls .  W h e n  system p ip ing  pierces  a f o u n d a t i o n  
wall below g rade  o r  is located u n d e r  the founda t ion  wall, 
c learance  shall be p rov ided  to p reven t  breakage  o f  the pip- 
ing  due  to bu i ld ing  set t lement .  

7-1.3 Me te r s .  W h e r e  m e t e r s  a re  r e q u i r e d  by o t h e r  
authori t ies ,  they shall be listed. 
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Table 6-5.6 Exposure Protection 

SECTION A--WINDOW SPRINKLERS Application 

Window Discharge Rate over 
Guide Level of Sprinkler Coefficient Flow Rate 25 ft 2 of 

Number Window Sprinkler Orifice Size (K Factor) (Q) Window Area 

Top 2 levels 3/8 in. 2.8 7.4 gpm 0.30 gpm/ft 2 
1.50 or less Next lower 2 levels 5/16 in. 1.9 5.0 gpm 0.20 gpm/ft 2 

Next lower 2 levels 1/4 in. 1.4 3.7 gpm 0.15 gprn/ft 2 
Top 2 levels q2 in. 5.6 14.8 gpm 0.59 gpm/ft 2 

1.51 to 2.20 Next lower 2 levels 7/16 in. 4.2 11.1 gpm 0.44 gpm/ft 2 
Next lower 2 levels 3/8 in. 2.8 7.4 gpm 0.30 gpm/ft ~ 
Top 2 levels 5/8 in. 11.2 29.6 gpm 1..18 gpm/ft 2 

2.21 to 13.15 Next lower 2 levels 17/~2 in. 8.0 21.2 gpm 0.85 gpm/ft ~ 
Next lower 2 levels 1/2 in. 5.6 14.8 gpm 0.59 gpm/ft 2 

SECTION B---CORNICE SPRINKLERS 
Cornice 

Guide Sprinkler Application Rate 
Number Orifice Size per Lineal Foot 

1.50 or less 3/s in. 0.75 gpm 
1.51 to 2.20 t/2 in. 1.50 gpm 
2.21 to 13.15 5/8 in. 3.00 gpm 

7-2 Types.  

7-2.1" Connect ions  to Water Works Systems. A connec- 
tion to a reliable water works system shall be an acceptable 
water supply source. The  volume and pressure o f  a public 
water supply shall be de te rmined  f rom waterflow test data. 
(See NFPA 24, Standard for the Installation of Private Fire Ser- 
vice Mains and Their Appurtenances.) The  authori ty having 
jur isdict ion shall be permit ted to require an adjustment  to 
the waterflow test data to account for daily and seasonal 
fluctuations, possible in terrupt ion by flood or ice condi- 
tions, large simultaneous industrial  use, future  demand  on 
the water supply system, or  any o ther  condition that could 
affect the water supply. 

7-2.2 Pumps.  

7-2.2.1" Acceptabi l i ty .  A single automatically controlled 
fire pump installed in accordance with NFPA 20, Standard 
for the Installation of Centrifugal Fire Pumps, shall be an 
acceptable water supply source. 

7-2.2.2* Supervis ion.  When a single fire pump consti- 
tutes the sole sprinkler  supply, it shall be provided with 
supervisory service from an approved central station, pro-  
prietary,  or remote  station system or  equivalent. 

7-2.3 Pressure Tanks. 

7-2.3.1 Acceptability.  

7-2.3.1.1 A pressure  tank installed in accordance with 
NFPA 22, Standard for Water Tanks for Private Fire Protec- 
tion, shall be an acceptable water supply source. 

7-2.3.1.2 P res su re  tanks  shall  be p r o v i d e d  with an 
a p p r o v e d  m e a n s  fo r  a u t o m a t i c a l l y  m a i n t a i n i n g  the  
required air pressure.  When a pressure tank is the sole 
water supply, there  shall also be provided an approved  
trouble alarm to indicate low air pressure and low water 
level with the alarm supplied f rom an electrical branch cir- 
cuit i ndependen t  o f  the air compressor.  

7-2.3.1.3 Pressure tanks shall not be used to supply other 
than sprinklers and hand hose attached to sprinkler piping. 

7-2.3.2 Capaci ty .  In  addi t ion  to the requ i rements  o f  
7-1.1, the water capacity o f  a pressure tank shall include 
the extra capacity needed to fill dry pipe or  preaction sys- 
tems when installed. The  total volume shall be based on 
the water  capacity,  plus the air  capacity r equ i r ed  by 
7-2.3.3. 

7-2.3.3" Water Level and Air Pressure. Pressure tanks 
shall be kept two-thirds full o f  water, and an air  pressure 
o f  at least 75 psi (5.2 bars) by the gauge shall be main- 
tained. When the bottom o f  the tank is located below the 
highest sprinklers served, the air pressure by the gauge 
shall be at least 75 psi (5.2 bars) plus three times the pres- 
sure caused by the column o f  water in the sprinkler  system 
above the tank bottom. 

7-2.4 Gravi ty  Tanks.  An elevated tank installed in accor- 
dance with NFPA 22, Standard for Water Tanks for Private 
Fire Protection, shall be an acceptable water supply source. 

C h a p t e r  8 S y s t e m  A c c e p t a n c e  

8-1 Approval  o f  Sprinkler Systems. The  installing con- 
tractor shall: 

(a) Notify the authori ty having jurisdict ion and owner's 
representative o f  the time and date testing will be per- 
formed.  

(b) Perform all required acceptance tests. (See Section 
8-2.) 

(c) Comple te  and  sign the a p p r o p r i a t e  Cont rac tor ' s  
Material and Test  Certificate(s) [see Figures 8-1(a) and 
8-1(b)]. 
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CONTRACTOR'S MATERIAL & TEST CERTIFICATE FOR A B O V E G R O U N D  PIPING 

PROCEDURE 
Upon completion of work, Inspe~lon and tests shall be made by the contractor's representallve and wltne4sed by an owner's representative. All defects shall be cot rected and 
system left in service before contractor's personnel finally leave the Job. 

A certificate shall be filled out and signed by both represant~ivee. Copies shall be prepared for approving a~horlties, owners, and contractor. It is understood the owner's re~o- 
resentatlve s signature in no way pre udces any claim against contractor for faulty mlerlel, poor w o r ~ s h l p .  Or failure to comply with approving auth~ity's requirements or 
local ordinances. 

PROPERTY NAME DATE 

PROPERTY ADDRESS 

ACCEPTED BY APPROVING AUTHORITIES (NAMES) 

ADDRESS 

PLANS 
INSTALLATION CONFORMS TO ACCEPTED PLANS 0 YES E] NO 

EQUIPMENT USED IS APPROVED D YES D NO 
IF NO, EXPLAIN DEVIATIONS 

HAS PERSON IN CHARGE OF FIRE EQUIPMENT BEEN INSTRUCTED AS TO LOCATION E] YES [] NO 
OF CONTROL VALVES AND CARE AND MAINTENANCE OF THIS NEW EQUIPMENT? 
IF NO, EXPLAIN 

INSTRUCTIONS 

HAVE COPIES OF THE FOLLOWING BEEN LEFT ON THE PREMISES: C3 YES []  NO 
1. SYSTEM COMPONENTS INSTRUCTIONS (3 YES L-1 NO 
2. CARE AND MAINTENANCE INSTRUCTIONS £3 YES [] NO 
3. NFPA 13A (~YES ONO 

LOCATION SUPPLIES BUILDINGS OF SYSTEM 

YEAR OF ORIFICE TEMPERATURE 
MAKE MODEL MANUFACTURE SIZE QUANTITY RATING 

SPRINKLERS 

PIPE AND Type of Pipe 
RTTINGS Type of Fittings 

MAXIMUM TIME TO OPERATE 
ALARM ALARM DEVICE THROUGH TEST CONNECTION 
VALVE TYPE MAKE MODEL MIN, SEC. 

OR FLOW 
INDICATOR 

DRY VALVE Q.O.D. 

DRY ~PE 
OPERATING 

TEST 

MAKE MODEL SERIAL NO. 

TIME TO TRIP 
THRU TEST 
CONNECTION" 
MIN. SEC. 

WATER 
PRESSURE 

MAKE MODEL SERIAL NO. 

AIR TRIP POINT 
PRESSURE AIR PRESSURE 

PSI PSI PSI 

TIME WATER 
REACHED 

TEST OUTLET" 
MIN. SEC. 

ALARM 
OPERATED 
PROPERLY 

YES NO 

i Without 
Q.O.D, 

With 
Q.O.D. 

IF NO. EXPLAIN 

• MEASURED FROM TIME INSPECTOR'S TEST CONNECTION IS OPENED. 
85A (10-88) PRINTED IN U.S.A. 

Figure 8-I(a). 

(OVER) 
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DELUGE & 
PREAC~ON 

VALVES 

TEST 
DESCRIPTION 

TESTS 

BLANK TES~NG 
GASKETS 

WELDING 

CUTOUTS 
(~SCS) 

HYDRAUUC 
DATA 

NAMEPLATE 

OPERATION 
O PNEUMATIC O ELECTRIC O HYDRAULIC 

PIPING SUPERVISED O YES O NO [ DETECTING MEDIA SUPERVISED [] YES O NO 
DOES VALVE OPERATE FROM THE MANUAL TRIP AND/OR REMOTE CONTROL STATIONS O YES [] NO 
IS THERE AN ACCESSIBLE FACILITY IN EACH CIRCUIT FOR TESTING IF NO, EXPLAIN 

[]  YES 0 NO 
DOES EACH CIRCUIT OPERATE DOES EACH CIRCUIT MAXIMUM TIME TO 

MAKE MODEL SUPERVISION LOSS ALARM OPERATE VALVE RELEASE OPERATE RELEASE 
YES NO YES NO MIN. I SEC, 

[ 
HYDROSTATIC: Hydrestatic tests shall be made at not less than 200 psi (13.6 bars) lor two hours or 50 psi (3.4 bars) above static pressure in excess 
of 150 PSI (10.2 bars) for two hours. Differential dry-pipe valve dapbers shall be lefl open during test to prevent damage. All aboveground piping leakage 
shall be stopped. 
PNEUMATIC: Establish 40 psi (2.7 bars) air pressure and measure drop which shall not e~ceed 1-1/2 psi (0.1 bars) in 24 hours, Test pressure 
tanks at normal water levai and air pressure and measure air pressure drop which shall not exceed 1-1/2 psi (0.1 bars} in 24 hours. 

ALL PIPING HYDROSTATICALLY TESTED AT PSI FOR HRS. IF NO, STATE REASON 

DRY PIPING PNEUMATICALLY TESTED 0 YES [3 NO 
EQUIPMENT OPERATES PROPERLY O YES O NO 

CO YOU CERTIFY AS THE SPRINKLER CONTRACTOR THAT AODffiVES AND CORROSIVE CHEMICALS, SODIUM SILICATE OR 

DERIVATIVES OF SODIUM SILICATE, BRINE, OR OTHER CORROSIVE CHEMICALS WERE NOT USED FOR TESTING SYSTEMS OR 
STOPPING LEAKS? [] YES O NO 

DRAIN READING OF GAGE LOCATED NEAR WATER RESIDUAL PRESSURE WITH VALVE IN TEST 

"rEst" SUPPLY TEST CONNECTION: PSI CONNECTION OPEN WIDE PSI 

UNDERGROUND MAINS AND LEAD IN CONNECTIONS TO SYSTEM R~SERS FLUSHED BEFORE CONNECTION MADE TO SPRINKLER PIPING. 

VERIFIED BY COPY OF THE U FORM NO. 858 O YES [] NO I OTHER EXPLAIN 

FLUSHED BY INSTALLER OF UNDER- 

GROUND SPRINKLER PIPING [] YES []  NO 

NUMBER USED J LOCATIONS j NUMBER REMOVED 

WELDED PIPING O YES O NO 

IF YES. . .  

DO YOU CERTIFY AS THE SPRINKLER CONTRACTOR THAT WELDING PROCEDURES COMPLY 
WITH THE REQUIREMENTS OF AT LEAST AWS D10.9, LEVEL AR-3 

DO YOU CERTIFY THAT THE WELDING WAS PERFORMED BY WELDERS QUALIFIED IN 
COMPLIANCE WITH THE REQUIREMENTS OF AT LEAST AWS 010.9, LEVEL AR-3 

DO YOU CERTIFY THAT WELDING WAS CARRIED OUT IN COMPLIANCE WITH A 
DOCUMENTED QUALITY CONTROL PROCEDURE TO INSURE THAT ALL DISCS ARE 
RETRIEVED, THAT OPENINGS IN PIPING ARE SMOOTH, THAT SLAG AND OTHER 
WELDING RESIDUE ARE REMOVED, AND THAT THE INTERNAL DIAMETERS OF 
PIPING ARE NOT PENETRATED 

DO YOU CERTIFY THAT YOU HAVE A CONTROL FEATURE TO ENSURE THAT ALL 
CUTOUTS (DLSCS) ARE RETRIEVED? 

NAME PLATE PROVIDED IF NO, EXPLAIN 

0 YES 0 NO 
DATE LEFT IN SERVICE WITH ALL CONTROL VALVES OPEN: 

O YES O NO 

O YES ~ NO 

E] YES 0 NO 

REMARKS 

NAME OF SPRINKLER CONTRACTOR 

TESTS WITNESSED BY 

SIGNATURES FOR PROPERTY OWNER (SIGNED) 

D YES O NO 

FOR SPRINKLER CONTRACTOR (SIGNED) 

TITLE 

I 
TITLE 

I 

DATE 
I 

DATE 

I 
ADDITIONAL EXPLANATION AND NOTES 

85A BACK 

Figure 8-1(a) (cont.). 
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CONTRACTOR'S MATERIAL & TEST CERTIFICATE FOR U NDERGROUND PIPING 

PROCEDURE 
Upon c ~ i o n  of work, inspection and tasts shall be made by the ¢ontraclor's representative and witnessed by an owner's rabresentative. All defects shall be corrected and 
system left in slmdol before contractods penlonnel finally leave the Jot). 

A omIIficate shall be filled out and s~ned by bo(h mprase~lves. Copies shall be ixepated for appt'ovlng aulhorifias, o;,vners, and contractor. It is understood the owner's rep- 
rasantative's i d ~ u r e  In no way pre]udk::as any Claim agaJrmt oontractor for fau#y malerlal, poor workml~nship, or failure to comply with approving authorily's requirements or 
local ordlnan(:m. 

PROPERTY NAME I DATE 

I 
PROPERTY ADDRESS 

ACCEPTED BY APPROVING AUTHORITIES (NAMES) 

PLANS 

ADDRESS 

UNDERGROUND 
PIPES 
ANO 

JOINTS 

INSTALLATION CONFORMS TO ACCEPTED PLANS 
EQUIPMENT USED IS APPROVED 

IF NO, STATE DEVIATIONS 

O YES Q NO 

D YES O NO 

HAS PERSON IN CHARGE OF FIRE EQUIPMENT BEEN INSTRUCTED AS TO LOCATION C] YES C] NO 
OF CONTROl. VALVES AND CARE AND MAINTENANCE OF THIS NEW EQUIPMENT? 
IF NO, EXPLAIN 

INSTRUCllONS HAVE COPIES OF APPROPRIATE INSTRUCTIONS AND CARE AND MAINTENANCE CHARTS O YES O NO 
BEEN LEFT ON PREMISES? 
IF NO, EXPLAIN 

SUPPLIES BUILDINGS 
LOCATION 

PiPE TYPES AND CLASS I TYPE JOINT 

I 
PIPE CONFORMS TO STANDARD O YES O NO 

FITrlNGS CONFORM TO STANDARD 0 YES 0 NO 

TEST 
DESCRIP'nON 

FLUSHING 
TESTS 

IF NO, EXPLAIN 

JOINTS NEEDING ANCHORAGE CLAMPED, STRAPPED, OR BLOCKED IN 

ACCORDANCE WITH STANDARD 
IF NO, EXPLAIN 

O YES Q NO 

FLUSHING. Flow the required rate until water is clear as indicated by no coilectlofl of foreign material in budap bags m outlets such as hydrants and 
blow-otis. Flush at flows not lees than 390 OPM (1476 IJmin) for 4-inch pipe, 880 GPM (3331 L/mln) for 6-1rich pipe, 1580 GPM (5905 IJn~n) for 8- 
Inch pipe, 2440 GPM (g235 IJmln) for 10-inch pipe, and 3520 GPM (13323 Umln) for 12-inch pipe. When supp~/cannot produce stipulated flow 
rates, obqaln maximum avaifabte. 
HYDROSTATIC_ I-I,Flroatattc fasts shall be made at not less than 200 pel (13.8 bars) for two hours or 50 psi (3.4 bars) above static prassure in 
exnoss of 150 psi (10.3 banl) for two hours. 

New pipe I~d w~h rubbe¢ g~mketed joints shall, if the wodqnansNp is satisfactory, have little or no leakage at the joints. The amount of 
leakage at the ~ims shall net exceed 2 qts. pet' hr. (1.89 L/h) per 100 joints irrespective of pipe diameter. The leakage shall be distributed over aJl 
joints. If such leakage DO:Urn at a few joints the inslallntlon shall be considered unsatisf"clory and necessary repaks made. The amount of allowable 
inaka4~ specified above may be i ~ e d  by 1 fl oz per In. valve dlamelor per hr. (30 mlJ25 mm/h) for each ~ sealed valve isolating the test 
sucticfl. If dry barrel hydrants are teeted with the rrlsln valve open, so the hydrants ate under pressure, an addIflonal 5 oz per minute ( 150 mL/min) 
klakage is permitted for each hydrellt. 

NEW UNDERGROUND PIPING FLUSHED ACCORDING TO 
BY (COMPANY) 
IF NO, EXPLAIN 

STANDARD O YES C] NO 

HOW FLUSHING FLOW WAS OBTAINED THROUGH WHAT TYPE OPENING 
C] PUBLIC WATER C] TANK OR RESERVOIR O FIRE PUMP C] HYDRANT BUTT, C] OPEN PIPE 

LEAD-INS FLUSHED ACCORDING TO STANDARD O YES O NO 
BY (COMPANY) 
IF NO, EXPLAIN 

HOW FLUSHING FLOW WAS OBTAINED THROUGH WHAT TYPE OPENING 
C] PUBLIC WATER ~ TANK OR RESERVOIR C) FIRE PUMP O Y CONN. TO FLANGE & SPIGOT r l  OPEN PIPE 

858(10-88) PRINTED INUSA (OVER) 

Figure 8-1(b). 
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HYDRO6TATIC 
TEST 

LEAKAGE 
TEST 

HYDRANTS 

CONTRO¢ 
VALVE8 

ALL NEW UNDERGROUND PIPING HYDROSTATICALLY TESTED AT 

PSl FOR HOURS 

TOTAL AMOUNT OF LEAKAGE MEASURED 

GALS. HOURS 

JOINTS COVERED 

O YES O NO 

ALLOWABLE LEAKAGE 

GALS. HOURS 

NUMBER INSTALLED I TYPE AND MAKE 

I 
WATER CONTROL VALVES LEFT WIDE OPEN 
IF NO, STATE REASON 

HOSE THREADS OF FIRE DEPARTMENT CONNECTIONS AND HYDRANTS INTERCHANGEABLE 
WITH THOSE OF FIRE DEPARTMENT ANSWERING ALARM 

ALL OPERATE SATISFACTORILY 

O YES O NO 

O YES O NO 

O YES O NO 

DATE LEFT IN SERVICE 

REMARKS 

NAME OF INSTALLING CONTRACTOR 

TESTS wrrl4ESSED BY 

51GNATURFJ FOR PROPERTY OWNER (SIGNED) 

FOR INSTALLING CONTRACTOR (SIGNED) 

I TITLE I DATE 

TITLE DATE 

I I 
ADDITIONAL EXPLANATION AND NOTES 

Figure 8-1(b) (cont.). 

8-2 Acceptance Requirements.  

8-2.1" F l u s h i n g  o f  Piping.  U n d e r g r o u n d  mains and  
lead-in connections to system risers shall be completely 
flushed before connection is made to sprinkler  piping. T h e  
flushing operat ion shall be continued for a sufficient t ime 
to ensure thorough cleaning. The  minimum rate o f  flow 
shall be not less than: 

(a) T h e  hydraulically calculated water demand  rate o f  
the system including any hose requirements,  or 

(b) Tha t  flow necessary to provide a velocity o f  10 ft per  
second (3 m/s), or  

(c) T h e  m a x i m u m  flow rate available to the system 
under  fire conditions. 

Table 8-2.1 Flow Required to Produce a Velocity of 10 ft per 
second (3 m/s) in Pipes 

Pipe Size Flow Rate Flow Rate 
(in.) (gpm) (L/min) 

4 390 1476 
6 880 3331 
8 1560 5905 

10 2440 9235 
12 3520 13323 

8-2.2 Hydrostatic Tests. 

8-2.2.1" All interior  piping and attached appurtenances  
subjected to system working pressure shall be hydrostati-  
cally tested at 200 psi (13.8 bars) and shall maintain that 
pressure without loss for 2 hours. Loss shall be de termined 
by a d rop  in gauge pressure or  visual leakage. 

Exception No. 1: Portions of systems normally subjected to work- 
ing pressures in excess of 150 psi (10.4 bars) shall be tested as 
described above at a pressure of 50 psi (3.5 bars) in excess of nor- 
mal working pressure. 
Exception No. 2: When cold weather will not permit testing with 
water, an interim air test may be conducted as described in 8-2.3. 

The test pressure shall be read from a gauge located at the 
low elevation point o f  the system or portion being tested. 

8-2.2.2 Addi t ives .  Additives, corrosive chemicals such as 
sodium silicate or derivatives o f  sodium silicate, brine, or 
other chemicals shall not be used while hydrostatically test- 
ing systems or for  s topping leaks. 

8-2.2.3 Piping between the exterior  fire depar tment  con- 
nection and the check valve in the fire depar tment  inlet 
pipe shall be hydrostatically tested in the same manner  as 
the balance o f  the system. 

8-2.2.4 When  hydros ta t ica l ly  test ing de luge  systems, 
plugs shall be installed in fittings and replaced with open 
sprinklers after the test is completed,  or the operat ing ele- 
ments o f  automatic sprinklers shall be removed after the 
test is completed.  
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13-70 INSTALLATION OF SPRINKLER SYSTEMS 

8-2.2.5 All underground  piping shall be hydrostatically 
tested in accordance with NFPA 24, Standard for the Instal- 
lation of Private Fire Service Mains and Their Appurtenances. 
The allowable leakage shall be within the limits prescribed 
by NFPA 24 and shall be recorded on the test certificate. 

8-2.2.6 Provision shall be made for proper disposal o f  
water used for flushing or testing. 

8-2.2.7* Test blanks shall have painted lugs protruding 
in such a way as to clearly indicate their presence. The  test 
blanks shall be numbered,  and the installing contractor 
shall have a r eco rd -keep ing  m e t h o d  ensur ing  their  
removal after work is completed. 

8-2.2.8 Differential Type Valves. The clapper o f  a dif- 
ferential type valve when subject to hydrostatic test pressures 
shall be held off  its seat to prevent damaging the valve. 

8-2.3 Dry System Air Test. In addition to the standard 
hydrostatic test, an air pressure leakage test at 40 psi 
(2.8 bars) shall be conducted for 24 hours. Any leakage 
that results in a loss o f  pressure in excess o f  11/2 psi 
(0.1 bar) for the 24 hours shall be corrected. 

8-2.4 System Operational Tests 

8-2.4.1 Waterflow detecting devices including the associ- 
ated alarm circuits shall be flow tested through the inspec- 
tor's test connection to result in an alarm on the premises 
within 5 minutes after such flow begins. 

8-2.4.2 A working test o f  the dry pipe valve alone, and 
with a quick-opening device, if  installed, shall be made by 
opening the inspector's test connection. The  test shall mea- 
sure the time to trip the valve and the time for water to be 
discharged from the inspector's test connection. All times 
shall be measured from the time the inspector's test con- 
nect ion is comple te ly  opened .  T h e  results shall be 
recorded using the Contractor's Material and Test Certifi- 
cate for Aboveground Piping. 

8-2.4,3 The  automatic operation o f  a deluge or preaction 
valve shall be tested in accordance with the manufacturer 's 
instructions. The  manual and remote control operation, 
when present, shall also be tested. 

8-2.4.4 Main Drain Flow Test. The  main drain valve 
shall be opened and remain open until the system pressure 
stabilizes. T h e  static and residual pressures shall be 
recorded on the contractor's test certificate. 

8-2.5 Each pressure reducing valve shall be tested upon 
completion o f  the installation to ensure proper pressure 
reduction at both maximum and normal inlet pressures. 

8-2.6 Operating tests shall be made o f  exposure protec- 
tion systems upon completion o f  the installation, when 
such tests do not risk water damage to the building on 
which it is installed or to adjacent buildings. 

8-3 Circulating Closed Loop Systems. For sprinkler sys- 
tems with non fire protection connections, additional infor- 
mation shall be appended to the Contractor's Material and 
Test Certificate shown in Figure 8-1(a) as follows: 

(a) Certification that all auxiliary devices, such as heat 
pumps, circulating pumps, heat exchangers, radiators, and 
luminaries, if a part o f  the system, have a pressure rating 
o f  at least 175 psi or 300 psi i f  exposed to pressures greater 
than 175 psi (12.1 or 20.7 bars). 

(b) All components o f  sprinkler system and auxiliary 
system have been pressure tested as a composite system in 
accordance with 8-2.2. 

(c) Waterflow tests have been conducted and waterflow 
alarms have operated while auxiliary equipment is in each 
o f  the possible modes o f  operation. 

(d) With auxiliary equipment tested in each possible 
mode o f  operation and with no flow from sprinklers or test 
connection, waterflow alarm signals did not operate. 

(e) Excess temperature controls for shutting down the 
auxiliary system have been properly field tested. 

8-4 Instructions. 

8-4.1 The  installing contractor shall provide the owner 
with: 

(a) All literature and instructions provided by the man- 
ufacturer describing proper operation and maintenance o f  
any equipment and devices installed. 

(b) Publication titled NFPA 13A, Recommended Practice 
for the Inspection, Testing and Maintenance of Sprinkler Systems. 

8-5* Hydraulic Design Information Sign. The installing 
contractor shall identify a hydraulically designed sprinkler 
system with a permanently marked weatherproof  metal or 
rigid plastic sign secured with corrosion resistant wire, chain, 
or other approved means. Such signs shall be placed at the 
alarm valve, dry pipe valve, preaction valve, or deluge valve 
supplying the corresponding hydraulically designed area. 
The sign shall include the following information: 

(a) Location o f  the design area or areas. 
(b) Discharge densities over the design area or areas. 
(c) Required flow and residual pressure demand at the 

base o f  riser. 

(d) Hose stream demand included in addition to the 
sprinkler demand. 

8-6 Circulating Closed Loop Systems. Discharge tests o f  
sprinkler systems with nonfire protection connections shall 
be conducted using system test connections described in 
2-7.2. Pressure gauges shall be installed at critical points 
and readings taken under  various modes o f  auxiliary 
equipment operation. Waterflow alarm signals shall be 
responsive to discharge o f  water through system test pipes 
while auxiliary equipment is in each o f  the possible modes 
o f  operation. 

Chapter 9 System Maintenance 

9-1 General. 

9-1.1" A sprinkler system installed in accordance with 
this standard shall be  properly maintained to provide at 
least the same level o f  performance and protection as 
designed. The  owner shall be responsible for maintaining 
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the system and keeping the system in good operating con- 
dition. (Guidance for maintaining the system is provided in 
NFPA 13A, Recommended Practice for Inspection and Mainte- 
nance of Sprinkler Systems.) 

9-1.2 When the sprinkler system has been subjected to 
adverse conditions such as freezing conditions in wet sprin- 
kler systems, structural damage, severe earthquakes, or 
fire exposure, the sprinkler system, including hangers, pip- 
ing, alarms, and sprinklers, shall be inspected and repaired 
or replaced if damaged. Sprinklers in the fire area shall be 
replaced. 

9-1.3" When the sprinkler piping is given any kind of  
coating, such as whitewash or paint, care shall be exercised 
to see that no automatic sprinklers are coated. 

9-2 Replacement of Sprinklers. 

9-2.1 When sprinklers are replaced, the replacement 
sprinkler shall be of  the same type, orifice, and tempera- 
ture rating unless conditions require a different type sprin- 
kler be installed. The replacement sprinkler shall then be 
of  a type, orifice, and temperature rating to suit the new 
conditions. 

9-2.2 Old-style sprinklers may be replaced with old-style 
sprinklers or with the appropriate pendent or upright 
sprinkler. 

9-2.3 Old-style sprinklers shall not be used to replace 
pendent or upright sprinklers. 

9-2.4 Extreme care shall be exercised when replacing 
horizontal sidewall and extended coverage sprinklers to 
assure the correct replacement sprinkler is installed. 

9-2.5 Sprinklers that have been painted or coated, except 
by the manufacturer, shall be replaced and shall not be 
cleaned by use of  chemicals, abrasives, or other means. (See 
2-2.4.3.) 

9-2.6 Sprinkler or spray nozzles used in commercial 
cooking equipment shall be replaced as specified in 3-9.12. 

9-3 Obstruction in Piping. 

9-3.1 Screens located in the inlet piping directly con- 
nected to rivers, lakes, ponds, reservoirs, uncovered tanks, 
and similar sources shall be cleaned annually and after 
work has been performed on fire protection water sup- 
plies. (See NFPA 24, Standard for the Installation of Private 
Fire Service Mains and Their Appurtenances.) 

9-3.2 Visual or flushing investigation shall be conducted 
o f  all systems for presence of  foreign material at intervals 
not exceeding 5 years. 

9-3.3* The main drain shall be tested quarterly. 

9-4 Testing of Antifreeze Systems. Before freezing 
weather each year, the solution in the entire system shall 
be emptied into convenient containers and brought to the 
proper specific gravity by adding concentrated liquid as 
needed. The resulting solution may be used to refill the 
system. 

Chapter 10 Referenced Publications 

10-1 The following documents or portions thereof are 
referenced within this standard and shall be considered 
part of  the requirements of  this document. The edition 
indicated for each reference is the current edition as of  the 
date of  the NFPA issuance of  this document. 

10-1.1 NFPA Publications. National Fire Protection 
Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, 
MA 02269-9101. 

N FPA 13 D, Standard for the Installation of Sprinkler Systems 
in One- and Two-Family Dwellings and Mobile Homes, 1991 
edition 

NFPA 13R, Standard for the Installation of Sprinkler Systems 
in Residential Occupancies up to and Including Four Stories in 
Height, 1991 edition 

NFPA 14, Standard for the Installation of Standpipe and 
Hose Systems, 1990 edition 

NFPA 20, Standard for the Installation of Centrifugal Fire 
Pumps, 1990 edition 

NFPA 22, Standard for Water Tanks for Private Fire Pro- 
tection, 1987 edition 

NFPA 24, Standard for the Installation of Private Fire Ser- 
vice Mains and Their Appurtenances, 1987 edition 

NFPA 51 B, Standard for Fire Prevention in Use of Cutting 
and Welding Processes, 1989 edition 

NFPA 70, National Electrical Code, 1990 edition 

NFPA 71, Standard for the Installation, Maintenance, 
and Use of Signaling Systems for Central Station Service, 1989 
edition 

NFPA 72, Standard for the Installation, Maintenance, and 
Use of Protective Signaling Systems, 1990 edition 

NFPA 96, Standard for the Installation of Equipment for the 
Removal of Smoke and Grease-Laden Vapors from Commercial 
Cooking Equipment, 1991 edition 

NFPA 231, Standard for General Storage, 1990 edition 

NFPA 231C, Standard for Rack Storage of Materials, 1991 
edition 

NFPA 251, Standard Methods of Fire Tests of Building Con- 
struction and Materials, 1990 edition 
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10-1.2 The following NFPA codes and standards contain 
specific sprinkler design criteria. 

NFPA 15, Standard for Water Spray Fixed Systems for Fire 
Protection, 1990 edition 

NFPA 16, Standard on Deluge Foam-Water Sprinkler and 
Foam-Water Spray Systems, 1991 edition 

NFPA 30, Flammable and Combustible Liquids Code, 1990 
edition 

NFPA 30B, Code for the Manufacture and Storage of Aero- 
sol Products, 1990 edition 

NFPA 40, Standard for the Storage and Handling of Cellu- 
lose Nitrate Motion Picture Film, 1988 edition 

NFPA 43A, Code for the Storage of Liquid and Solid Oxidiz- 
ers, 1990 edition 

NFPA 45, Standard on Fire Protection for Laboratories Using 
Chemicals, 1991 edition 

NFPA 58, Standard for the Storage and Handling of Lique- 
fied Petroleum Gases, 1989 edition 

NFPA 81, Standard for Fur Storage, Fumigation and Clean- 
ing, 1986 edition 

NFPA 101, ® Life Safety Code, ® 1991 edition 

NFPA 214, Standard on Water-Cooling Towers, 1988 edi- 
tion 

NFPA 231, Standard for General Storage, 1990 edition 

NFPA 231C, Standard for Rack Storage of Materials, 1991 
edition 

NFPA 231D, Standard for Storage of Rubber Tires, 1989 
edition 

NFPA 231 E, Recommended Practice for the Storage of Baled 
Cotton, 1989 edition 

NFPA 231F, Standard for Storage of Roll Paper, 1987 edi- 
tion 

NFPA 232, Standard for the Protection of Records, 1991 
edition 

NFPA 307, Standard for the Construction and Fire Protection 
of Marine Terminals, Piers, and Wharves, 1990 edition 

NFPA 409, Standard on Aircraft Hangars, 1990 edition 

NFPA 423, Standard for Construction and Protection of Air- 
craft Engine Test Facilities, 1989 edition 

10-1.3 Other Publications. 

10-1.3.1 ANSI  Publications.  American National Stan- 
dards Institute, Inc., 1450 Broadway, New York, New 
York 10018. 

ANSI B 1.20.1-1983, Pipe Threads, General Purpose 

ANSI B16.1-1989, Cast Iron Pipe Flanges and Flanged Fit- 
tings, Class 25, 125, 250 and 800 

ANSI 
150 and 

ANSI 
and 250 

ANSI 

ANSI 
Fittings 

B 16.3-1985, Malleable Iron Threaded Fittings, Class 
300 

B16.4-1985, Cast Iron Threaded Fittings, Classes 125 

B 16.5-1988, Pipe Flanges and Flanged Fittings 

B 16.9-1986, Factory-Made Wrought Steel Buttwelding 

ANSI B 16.11-1980, Forged Steel Fittings, Socket- Welding 
and Threaded 

ANSI B 16.18-1984, Cast Copper Alloy Solder Joint Pressure 
Fittings 

ANSI B16.22-1989, Wrought Copper and Copper Alloy Sol- 
der Joint Pressure Fittings 

ANSI B 16.25-1986, Buttwelding Ends 

ANSI B36.10M-1985, Welded and Seamless Wrought Steel 
Pipe 

10-1.3.2 ASTM Publications. American Society for Test- 
ing and Materials, 1916 Race Street, Philadelphia, PA 
19105. 

ASTM A53-1990, Standard Specification for Welded Pipe, 
Steel, Black and Hot-Dipped, Zinc-Coated and Seamless Steel 
Pipe 

ASTM A135-1989, Specifications for Electric-Resistance 
Welded Steel Pipe 

ASTM A234-1990, Standard Specification for Piping Fit- 
tings of Wrought-Carbon Steel and Alloy Steel for Moderate and 
Elevated Temperatures 

ASTM A795-1990, Specification for Black and Hot-Dipped 
Zinc-Coated (Galvanized) Welded and Seamless Steel Pipe for 
Fire Protection Use 

ASTM B32-1989, Standard Specification for Solder Metal, 
95-5 (Tin-Antimony-Grade 95TA) 

ASTM B75-1986, Standard Specification for Seamless Cop- 
per Tube 

ASTM B88-1989, Standard Specification for Seamless Cop- 
per Water Tube 

ASTM B251-1988, Standard Specification for General 
Requirements for Wrought Seamless Copper and Copper-Alloy 
Tube 

ASTM E136-1982, Standard Test Method for Behavior of 
Materials in a Vertical Tube Furnace at 750°C 

ASTM E380-1989, Standard for Metric Practice 

10-1.3.3 AWS Publications. American Welding Society, 
2501 N.W. 7th Street, Miami, FL 33125. 

AWS A5.8-1989, Specification for Brazing Filler Metal 

AWS D 10.9-1980, Specification for Qualification of Welding 
Procedures and Welders for Piping and Tubing 
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APPENDIX A 1 3 - 7 3  

A p p e n d i x  A 

This Appendix is not a part of the requirements of this NFPA docu- 
ment, but is included for information purposes only. 

A-1-4.2 Misce l laneous  Storage. The  sprinkler system 
design criteria for miscellaneous storage at heights below 
12 ft (3.7 m) is covered by this standard in Chapters 4 and 
5. Section 5-2.3.1.1 describes design criteria and 4-2.2 
(Table 4-2.2) describes installation requirements (area lim- 
its). These apply to all storage o f  12 feet or  less in height. 

A-1-4.2 Sprinkler System. A sprinkler system is consid- 
ered to have a single system riser control valve. 

A-1-4.4 See Figure A-1-4.4. 

A-1-4.5.1 QRES Sprinkler. Research into the develop- 
ment o f  QRES sprinklers is continuing under  the auspices 
o f  the National Fire Protection Research Foundation. It is 
expected that the proposed design criteria will be added to 
the standard when a thorough analysis o f  the test data is 
completed. 

A-1-4.5.1 ESFR Sprinkler. It is important to realize that 
the effectiveness o f  these highly tested and engineered 
sprinklers depends on the combination o f  fast response 
and the quality and uniformity o f  the sprinkler discharge. 
It should also be realized that ESFR sprinklers cannot be 
relied upon to provide fire control, let alone suppression, 
if  they are used outside the guidelines specified in 5-3.5. 

A-1-4.5.3 Dry Sprinkler. Under  certain ambient condi- 
tions wet pipe systems having dry-pendent  (or upright) 
sprinklers may freeze due to heat loss by conduction. 
There fo re ,  due  considerat ion should be given to the 
amount  o f  heat maintained in the heated space, the length 
o f  the nipple in the heated space, and other relevant 
factors. 

A-l-4.6(a) The  following are examples o f  obstructed con- 
struction. The  definitions are provided as guidance to 
assist the user in determining the type o f  construction 
feature: 

(i) Beam and Girder Construction. The  term beam and 
girder construction as used in this standard includes noncom- 
bustible and combustible roo f  or floor decks supported by 
wood beams o f  4 in. (102 mm) or greater nominal thick- 
ness or concrete or  steel beams spaced 3 to 71/9 ft (0.9 to 
2.3 m) on centers and either supp0rted on or framed into 
girders.  [When suppor t ing  a wood plank deck, this 
includes semi-mill and panel construction, and when sup- 
porting (with steel framing) gypsum plank, steel deck, con- 
crete, tile, or similar material, this would include much o f  
the so-called noncombustible construction.] 

(ii) Composite Wood Joist Construction. The term composite 
wood joist construction refers to wood beams o f  I cross sec- 
tion constructed o f  wood flanges and solid wood web, sup- 
porting a floor or roo f  deck. Composite wood joists may 
vary in depth up to 48 in. (1.2 m), may be spaced up to 
48 in. (1.2 m) on centers, and may span up to 60 ft (18 m) 
between supports. Joist channels should be fire-stopped to 
the full depth o f  the joists with material equivalent to the 
web construction so that individual channel areas do not 
exceed 300 sq ft (27.9 m2). See Figure A-1-4.6(a)(ii) for 
examples o f  composite wood joist construction. 

(iii) Panel Construction. The  term panel construction as 
used in this standard includes ceiling panels formed by 
members capable o f  trapping heat to aid the operation o f  
sprinklers and limited to a maximum o f  300 sq ft (27.9 m 2) 
in area. Beams spaced more than 71/2 ft (2.3 m) apart and 
framed into girders qualify for panel construction pro- 
vided the 300 sq ft (27.9 m ~) area limitation is met. 

(iv) Semi-Mill Construction. The  term semi-mill construc- 
tion as used in this standard refers to a modified standard 
mill construction, where greater column spacing is used 
and beams rest on girders. 

S { E E 

J A-System Riser D-Riser Nipple 
~" B-Feed Main E-Branch Lines 

C-Cross Main F-Underground Supply 

Figure A-1-4.4 Building elevation showing parts of sprinkler piping system. 
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- W o o d  

Figure A-l-4.6(a)(ii) Typical composite wood joist construction. 

(v) Wood Joist Construction. The  term wood joist construc- 
tion refers to solid wood members  o f  rectangular  cross sec- 
tion, which may vary from 2 to 4 in. (51 to 102 mm) nom- 
inal width and up to 14 in. (356 mm) nominal  dep th  
spaced up to 3 ft (0~9 m) on centers, and spanning up to 
40 ft (12 m) between supports,  suppor t ing  a floor or  r oo f  
deck. Solid wood members  less than 4 in. (102 mm) nomi- 
nal width and up to 14 in. (356 mm) nominal  depth ,  
spaced more than 3 ft (0.9 m) on centers are also consid- 
ered as wood joist  construction. 

A-l-4.6(b)  The  following are examples o f  unobstructed 
construction. The  definitions are provided as guidance to 
assist the user in de te rmining  the type o f  construction fea- 
ture: 

(i) Bar Joist Construction. The  term bar joist construction 
refers to construction employing joists consisting o f  steel 
t ru s s - shaped  members .  W o o d  t rus s - shaped  members ,  
which consist o f  wood top and bot tom chord members  not 
exceeding 4 in. (102 mm) in depth  with steel tube or  bar  
webs, are also defined as bar  joists. Bar joist  includes non- 
combustible or  combustible roo f  or  floor decks on bar  joist  
construction. See Figures A-1-4.6(b)(i)l and A-1-4.6(b)(i)2 
for examples o f  bar  joist  construction. 

Figure A-l-4.6(b)(i)l Wood bar joist construction. 

(ii) Open Grid Ceilings. Open grid ceilings are ceilings 
in which the openings are q4 in. (6.4 mm) or  larger  in the 
least dimension,  the thickness o f  the ceiling material  does 
not exceed the least dimension o f  the openings, and such 
openings constitute at least 70 percent  o f  the ceiling area. 

Figure A-l-4.6(b)(i)2 Open-web bar joist construction. 

(iii) Smooth Ceiling Construction. The  term smooth ceiling 
construction as used in this s tandard includes: 

(a) Flat slab, pan-type reinforced concrete, concrete 
joist less than 3 ft (0.9 m) on centers. 

(b) Continuous smooth bays formed by wood, con- 
crete, or steel beams spaced more than 71/2 ft (2.3 m) on 
centers  - -  beams  s u p p o r t e d  by columns,  g i rders ,  or  
trusses. 

(c) Smooth r o o f  or  floor decks suppor ted  directly on 
girders or trusses spaced more  than 71/2 ft (2.3 m) on 
centers. 

(d) Smooth monolithic ceilings o f  at least 3/4 in. 
(19 mm) o f  plaster on metal lath or  a combination o f  mate- 
rials o f  equivalent  fire-resistive ra t ing a t tached to the 
unders ide  o f  wood joists, wood trusses, and bar  joists. 

(e) Open web-type steel beams, regardless o f  spacing. 

(f) Smooth shell-type roofs, such as folded plates, 
hyperbolic paraboloids,  saddles, domes, and long barrel  
shells. 

NOTE: In (b) through (f) above, combustible or noncom- 
bustible floor decks are permitted. Item (b) would include 
standard mill construction. 

(g) Suspended ceilings o f  combustible or  noncom- 
bustible construction. 

(h) Smooth monolithic ceilings with fire resistance 
less than that specified unde r  item (d) at tached to the 
underside o f  wood joists, wood trusses, and bar  joists. 

(iv) Standard Mill Construction. The  term standard mill 
construction as used in this s tandard refers to heavy t imber 
construction as defined in NFPA 220, Standard on Types of 
Building Construction. 

(v) Wood Truss Construction. The  term wood truss con- 
struction refers to parallel  or  pitched wood chord members  
connected by open wood members (webbing) suppor t ing a 
roo f  or  floor deck. Trusses with steel webbing, similar to 
bar  joist  construction, having top and bot tom wood chords 
exceeding 4 in. (102 mm) in depth,  should also be consid- 
ered wood truss construction. 

A-1-4.7 Occupancy examples in the listings as shown in 
the various hazard classifications are in tended to represent  
the norm for those occupancy types. Unusual  or  abnormal  
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fuel loadings or combustible characteristics and susceptibil- 
ity for changes in these characteristics, for a particular 
occupancy, are considerations that Should be weighed in 
the selection and classification. 

The Light Hazard classification is intended to encom- 
pass residential occupancies; however, this is not intended 
to preclude the use of  listed residential sprinklers in resi- 
dential occupancies or residential portions of  other occu- 
pancies. 

A-1-4.7.1 Light Hazard Occupancies include occupancies 
having conditions similar to: 

Churches 
Clubs 
Eaves and overhangs, if  combustible construction with 

no combustibles beneath 
Educational 
Hospitals 
Institutional 
Libraries, except large stack rooms 
Museums 
Nursing or convalescent homes 
Office, including data processing 
Residential 
Restaurant seating areas 
Theaters and Auditoriums excluding stages and prosce- 

niums 
Unused attics. 

A-1-4.7.2.1 Ordinary Hazard Occupancies (Group 1) 
include occupancies having conditions similar to: 

Automobile parking and showrooms 
Bakeries 
Beverage manufacturing 
Canneries 
Dairy products manufacturing and processing 
Electronic plants 
Glass and glass products manufacturing 
Laundries 
Restaurant service areas. 

A-1-4.7.2.2 Ordinary Hazard Occupancies (Group 2) 
include occupancies having conditions similar to: 

Cereal mills 
Chemical plants - -  ordinary 
Confectionery products 
Distilleries 
Dry cleaners 
Feed mills 
Horse stables 
Leather goods manufacturing 
Libraries - -  large stack room areas 
Machine shops 
Metal working 
Mercantile 
Paper and pulp mills 
Paper process plants 
Piers and wharves 
Post offices 
Printing and publishing 
Repair garages 

Stages 
Textile manufacturing 
Tire manufacturing 
Tobacco products manufacturing 
Wood machining 
Wood product assembly. 

A-1-4.7.3.1 Extra Hazard Occupancies (Group 1) include 
occupancies having conditions similar to: 

Aircraft hangars 
Combustible hydraulic fluid use areas 
Die casting 
Metal extruding 
Plywood and particle board manufacturing 
Printing [using inks having flash points below 100°F 

(37.9°C)] 
Rubber reclaiming, compounding, drying, milling, 

vulcanizing 
Saw mills 
Textile picking, opening, blending, garnetting, carding, 

combining of  cotton, synthetics, wool shoddy, or burlap 
Upholstering with plastic foams. 

Extra Hazard Occupancies (Group 2) include occupan- 
cies having conditions similar to: 

Asphalt saturating 
Flammable liquids spraying 
Flow coating 
Mobile home or modular building assemblies (where fin- 

ished enclosure is present and has combustible interiors) 
Open oil quenching 
Plastics processing 
Solvent cleaning 
Varnish and paint dipping. 

A-1-4,7.4.1 Other NFPA standards contain design crite- 
ria for fire control or fire suppression (see 1-4.7.4 and Chap- 
ter 10). While these may form the basis of  design criteria, 
this standard describes the methods of  design, installation, 
fabrication, calculation, and evaluation of  water supplies 
that should be used for the specific design of the system. 

A-2-1.1 Included among items requiring listing are 
sprinklers, some pipe and some fittings, hangers, alarm 
devices, valves controlling flow of  water to sprinklers, valve 
tamper switches, and gauges. 

A-2-2.3 Information regarding the highest temperature 
that may be encountered in any location in a particular 
installation may be obtained by use of  a thermometer that 
will register the highest temperature encountered; it 
should be hung for several days in the location in question, 
with the plant in operation. 

A-2-2.4.1 Examples of  such locations are paper mills, 
packing houses, tanneries, alkali plants, organic fertilizer 
plants, foundries, forge shops, fumigation, pickle and vin- 
egar works, stables, storage battery rooms, electroplating 
rooms, galvanizing rooms, steam rooms of  all descriptions 
including moist vapor dry kilns, salt storage rooms, loco- 
motive sheds or houses, driveways, areas exposed to out- 
side weather such as piers and wharves exposed to salt air, 
areas under sidewalks, around bleaching equipment in 
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flour mills, all port ions o f  cold storage buildings where a 
direct ammonia  expansion system is used, and port ions o f  
any plant  where corrosive vapors prevail. 

A-2-2.4.2 Care should be taken in the handl ing  and 
installation o f  wax-coated or  similar sprinklers to avoid 
damaging the coating. 

A-2-2.4.3 Painting o f  sprinklers may re tard  the thermal  
response o f  the heat-responsive element,  may interfere  
with the free movement  o f  parts, and may rende r  the 
sprinkler  inoperative. Moreover,  paint ing may invite the 
application o f  subsequent coatings, thus increasing the pos- 
sibility o f  a malfunction o f  the sprinkler.  

A-2-2.5.2 The  use o f  the wrong type o f  escutcheon with 
recessed or  flush type sprinklers can result in severe dis- 
rupt ion o f  the spray pat tern,  which can destroy the effec- 
tiveness o f  the sprinkler.  

A-2-2.6 Sprinklers under  open gratings should be pro-  
v ided  with shields.  Shields over  au tomat ic  spr ink lers  
should not be less, in least dimension,  than four times the 
distance between the shield and fusible element,  except 
special sprinklers incorporat ing a buih-in shield need not 
comply with this recommendat ion  i f  listed for the particu- 
lar application. 

A-2-3.2 See Table A-2-3.2. 

A-2-3.4 See Table A-2-3.4. 

A-2-3.5 Other  types o f  pipe  and tube that have been 
investigated and listed for sprinkler  applications include 
lightweight steel pipe and thermoplast ic  pipe and fittings. 
While these products  may offer advantages,  such as ease o f  
handl ing and installation, cost effectiveness, reduction o f  

friction losses, and improved  corrosion resistance, it is 
impor tant  to recognize that they also have limitations that 
are to be considered by those contemplat ing their  use or  
acceptance. 

With respect to lightweight steel pipe, corrosion studies 
have shown that, in comparison to Schedule 40 pipe, its 
effective life may be reduced,  the level o f  reduction being 
re la ted  to its wall thickness. Fur the r  in format ion  with 
respect to corrosion resistance is contained in the individ- 
ual listings o f  such products.  

With respect to thermoplastic pipe and fittings, expo- 
sure o f  such piping to elevated temperatures  in excess o f  
that for which it has been listed may result  in distortion or  
failure. Accordingly,  care must be exercised when locating 
such systems to ensure  that  the ambien t  t empera tu re ,  
including seasonal variations, does not exceed the rated 
value. 

Considerat ion must also be given to the possibility o f  
exposure  o f  the piping to elevated temperatures  dur ing  a 
fire. The  survival o f  thermoplastic p iping under  fire condi- 
tions derives primari ly from the cooling effect o f  the dis- 
charge from the sprinklers it serves. As this discharge may 
not occur simultaneously with the rise in ambient  temper-  
a ture  and,  under  some circumstances, may be delayed for 
periods beyond the tolerance o f  the piping, protection in 
the  fo rm o f  a fire res i s tan t  m e m b r a n e  is gene ra l ly  
required.  (Some listings do provide for the use o f  exposed 
piping in conjunction with residential  or  quick-response 
sprinklers,  but  only under  specific, l imited installation cri- 
teria.) When protection is required,  it is described in the 
listing information for  each individual product ,  and the 
requirements  given must be followed. Equally important ,  
such pro tec t ion  must  be mainta ined .  Removal  of, for  
example,  one or  more panels in a lay-in ceiling can expose 
piping in the concealed space to the possibility o f  failure in 
the event o f  a fire. Similarly the relocation o f  openings 
through protective ceilings that expose the pipe to heat, 
inconsistent with the listing, would place the system in jeop-  
ardy. The  potential for loss o f  the protective membrane  
under  earthquake conditions should also be considered. 

Table A-2-3.2 Steel Pipe Dimensions 

Schedule 101 
Nominal Outside Inside Wall 
Pipe Size Diameter Diameter Thickness 

in. in. (mm) in. (mm) in. (ram) 

Schedule 30 
Inside Wall 

Diameter Thickness 
in. (mm) in. (mm) 

Schedule 40 
Inside Wall 

Diameter Thickness 
in. (mm) in. (mm) 

1 1.315 (33.4) 1.097 (27.9) 0.109 (2.8) . . . .  1.049 (26.6) 0.133 (3.4) 
1]/4 1.660 (42.2) 1.442 (36.6) 0.109 (2.8) . . . .  1.380 (35.1) 0.140 (3.6) 
1~/2 1.900 (48.3) 1.682 (42.7) 0.109 (2.8) . . . .  1.610 (40.9) 0.145 (3.7) 
2 2.375 (60.3) 2.157 (54.8) 0.109 (2.8) . . . .  2.067 (52.5) 0.154 (3.9) 
21/2 2.875 (73.0) 2.635 (66.9) 0.120 (3.0) . . . .  2.469 (62.7) 0.203 (5.2) 
3 3.500 (88.9) 3.260 (82.8) 0.120 (3.0) . . . .  3.068 (77.9) 0.216 (5.5) 
31/2 4.000 (101.6) 3.760 (95.5) 0.120 (3.0) . . . .  3.548 (90.1) 0.226 (5.7) 
4 4.500 (114.3) 4.260 (108.2) 0.120 (3.0) . . . .  4.026 (102.3) 0.237 (6.0) 
5 5.563 (141.3) 5.295 (134.5) 0.134 (3.4) . . . .  5.047 (128.2) 0.258 (6.6) 
6 6.625 (168.3) 6.357 (161.5) 0.1342 (3.4) . . . .  6.065 (154.1) 0.280 (7.1) 
8 8.625 (219.1) 8.249 (209.5) 0.1882 (4.8) 8.071 (205.0) 0.277 (7.0) . . . .  

I0 • 1 0 . 7 5  (273.1) 1 0 . 3 7  (263.4) 0.1882 (4.8) 10.14 (257.6) 0.307 (7.8) . . . .  

NOTE 1: Schedule 10 defined to 5 in. (127 mm) nominal pipe size by ASTM A135. 
NOTE 2: Wall thickness specified in 2-3.2. 
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Table #,-2-3.4 Copper Tube Dimensions 

Type K 
Nominal  Outside Inside Wall 

Tube Size Diameter Diameter Thickness 
in. in. (mm) in. (nun) in. (mm) 

Type L Type M 
Inside Wall Inside Wall 

Diameter Thickness Diameter Thickness 
in. (mm) in. (mm) in. (mm) in. (mm) 

S/4 0.875 (22 .2)  0.745 (18.9) 0.065 (1.7) 
1 1.125 (28 .6)  0.995 (25.3) 0.065 (1.7) 
11/4 1.375 (34 .9)  1 .245  (31.6) 0.065 (1.7) 
1 ~/2 1.625 (41 .3)  1 .481  (37.6) 0.072 (1.8) 
2 2.125 (54 .0 )  1.959 (49.8) 0.083 (2.1) 
21/'2 2.625 (66 .7)  2.435 (61.8) 0.095 (2.4) 
3 3.125 (79 .4 )  2.907 (73.8) 0.109 (2.8) 
31/2 3.625 (92 .1)  3.385 (86.0) 0.120 (3.0) 
4 4.125 (104.8) 3.857 (98.0) 0.134 (3.4) 
5 5.125 (130.2) 4.805 (122.0) 0.160 (4.1) 
6 6.125 (155.6) 5.741 (145.8) 0.192 (4.9) 
8 8.125 (206.4) 7.583 (192.6) 0.271 (6.9) 

10 10.13 (257.3)  9.449 (240.0) 0.338 (8.6) 

0.785 (19.9) 0.045 (1.1) 0.811 (20.6)  0.032 (0.8) 
1.025 (26.0) 0.050 (1.3) 1.055 (26.8) 0.035 (0.9) 
1.265 (32.1) 0.055 (1.4) 1.291 (32.8)  0.042 (1.1) 
1.505 (38.2) 0.060 (1.5) 1.527 (38.8)  0.049 (1.2) 
1.985 (50.4) 0.070 (1.8) 2.009 (51.0) 0.058 (1.5) 
2.465 (62.6) 0.080 (2.0) 2.495 (63.4) 0.065 (1.7) 
2.945 (74.8) 0.090 (2.3) 2.981 (75.7)  0.072 (1.8) 
3.425 (87.0) 0.100 (2.5) 3.459 (87.9) 0.083 (2.1) 
3.905 (99.2) 0.110 (2.8) 3.935 (99.9) 0.095 (2.4) 
4.875 (123.8) 0.125 (3.2) 4.907 (124.6) 0.109 (2.8) 
5.845 (148.5) 0.140 (3.6) 5.881 (149.4) 0.122 (3.1) 
7.725 (196.2) 0.200 (5.1) 7.785 (197.7) 0.170 (4.3) 
9.625 (244.5) 0.250 (6.4) 9.701 (246.4) 0.212 (5.4) 

While the listings o f  thermoplastic piping do not pro- 
hibit its installation in combustible concealed spaces where 
the provision o f  sprinkler protection is not required, and 
while the statistical record o f  fire originating in such space 
is low, it should be recognized that the occurrence o f  a fire 
in such a space could result in failure o f  the piping system. 

The  investigation o f  pipe and tube other than described 
in Table 2-3.1 should involve consideration o f  many fac- 
tors, including: 

(a) Pressure rating. 

(b) Beam strength (hangers). 

(c) Unsupported vertical stability. 

(d) Movement  dur ing sprinkler operat ion (affecting 
water distribution). 

(e) Corrosion (internal and external), chemical and elec- 
trolytic. 

(f) Resistance to failure when exposed to elevated tem- 
peratures. 

(g) Methods o f  joining (strength, permanence, fire haz- 
ard). 

(h) Physical characteristics related to integrity during 
earthquakes. 

A-2-4.2 Rubber-gasketed pipe fittings and couplings 
should not be installed where ambient temperatures can be 
expected to exceed 150°F (66°C) unless listed for this ser- 
vice. I f  the manufacturer  further  limits a given gasket 
compound, those recommendations should be followed. 

A-2-4.4 Listed flexible connections are permissible and 
encouraged for sprinkler installations in racks to reduce 
the possibility o f  physical damage. When flexible tubing is 
used it should be located so that it will be protected against 
mechanical injury. 

A-2-5.1.2 Some steel piping material having lesser wall 
thickness than specified in 2-5 .1 .2  has been listed for use in 
sprinkler systems when joined with threaded connections. 
The  service life o f  such products may be significantly less 

than that o f  Schedule 40 steel pipe, and it should be deter- 
mined if  this service life will be sufficient for the applica- 
tion intended. 

All such threads should be checked by the installer using 
working ring gauges conforming to the Basic Dimensions 
o f  Ring Gauges for USA (American) Standard Taper  Pipe 
Threads, NPT, as per ANSI/ASME B 1.20.1, Table 8. 

A-2-5.2 See Figure A-2-5.2(a) and Figure A-2-5.2(b) on 
the following page. 

A-2-5.2.2 As used in this standard, shop in the term shop 
welded means either: 

(a) At the sprinkler contractor's or fabricator's premise. 
(b) An approved welding area at the building site. 

A-2-5.2.5(a) Listed, shaped, contoured nipples meet the 
definition o f  fabricated fittings. 

A-2-5.4 The  fire hazard o f  the brazing and soldering 
processes should be suitably safeguarded. 

A-2-5.4.1 Continued corrosive action from self-cleaning 
fluxes after the soldering or brazing process is completed 
has resulted in leaks from the seats o f  sprinklers. 

A-2-6.1 See Figure A-2-6.1 on page 79. 

A-2-6.1.5 Table 2-6.1.5(a) assumes that the load from 
15 ft (5 m) o f  water-filled pipe, plus 250 lb (114 kg), is 
located at the midpoint o f  the span o f  the trapeze member, 
with a maximum allowable bending stress o f  15 KSI 
(111 kg). I f  the load is applied at other than the midpoint, 
for the purpose o f  sizing the trapeze member, an equiva- 
lent length o f  trapeze may be used, derived from the 
formula 

4 a b  
L - 

a + b  

where "L" is the equivalent length, "a" is the distance from 
one support to the load, and "b" is the distance from the 
other  support to the load. 

When multiple mains are to be supported or multiple 
trapeze hangers are provided in parallel, the required or 
available section modulus may be added. 
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Universal Top and 
Bottom Beam Clamp 

C-Type Clamps 
^, 

Big Mouth Universal Top 
and Bottom Beam Clamp 

Large Flange Clamp C-Clamp C-Clamp With 
Retaining Strap 

Side Beam Attachment 

Center Load Clamp 

Wall Bracket 

Rod Coupling 

Spot Concrete Insert 

Eye Nut 

Center Load Clamp 

Coach Screw 

U-Hook 

Adjustable Swivel Loop Hanger 

V 
Wrap-around U-Hook 

Adjustable Chp For Branch Lines 

Figure A-2-6.1 

J-Hanger 

Pipe Clamp Malleable Swivel Hanger 

Spde Beam Adjustable Hanger 

Common t ypes  o f  acceptable bangers.  

Clevis Hanger 

Riser Clamp 
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A-2-6.1.7 The  rules covering the hanging o f  sprinkler  
piping take into consideration the weight o f  water-filled pipe 
plus a safety factor. No allowance has been made for the 
hanging o f  nonsystem components from sprinkler piping. 

A-2-6.3.1 Powder-dr iven studs should not  be used in 
steel o f  less than 3/16 in. (4.8 mm) total thickness. 

A-2-6.3.2 The  ability o f  concrete to hold the studs varies 
widely according to type o f  aggregate,  quality o f  concrete, 
and p rope r  installation. 

A-2-9.2.4 The  surge o f  water when the valve trips may 
seriously damage the device. 

A-2-9.3.1 Audible  alarms are normal ly  located on the 
outside o f  the building. Listed electric gongs, bells, horns, 
or  sirens inside the bui lding or  a combination inside and 
outside are sometimes advisable. 

A-2-9.3.2 All alarm appara tus  should be so located and 
ins ta l led  that  all pa r t s  a re  accessible  for  inspec t ion ,  
removal, and repair  and should be substantially supported.  

A-2-9.5.1 Switches that will silence electric alarm sound- 
ing devices by in terrupt ion o f  electrical current  are not 
desirable; however, i f  such means are provided,  then the 
electrical alarm sounding device circuit should be a r ranged  
so that when the sounding device is electrically silenced, 
that fact should be indicated by means o f  a conspicuous 
light located in the vicinity o f  the riser or alarm control 
panel. This  light should remain  in operat ion dur ing  the 
entire per iod  o f  the electrical circuit interrupt ion.  

A-3-2 A dry pipe system should be installed only where 
heat  is not  adequate  to prevent  freezing o f  water in all or  
sections o f  the system. Dry pipe systems should be con- 
verted to wet pipe  systems when they become unnecessary 
because adequate  heat  is provided.  Sprinklers should not 
be shut o f f  in cold weather. 

When two or  more dry pipe valves are used, systems 
should preferably be divided horizontally to prevent  
simultaneous operation o f  more than one system and the 
resultant increased time delay in filling systems and discharg- 
ing water, plus receipt o f  more than one waterflow alarm sig- 
nal. 

When adequate  heat is present  in sections o f  the dry 
pipe system, consideration should be given to dividing the 
system into a separate wet pipe system and dry pipe sys- 
tem. Minimized use o f  dry p ipe  systems is desirable where 
speed o f  operat ion is o f  part icular  concern. 

A-3-2.3 The  capacities o f  the various sizes o f  pipe given 
in Table  A-3-2.3 are for convenience in calculating the 
capacity o f  a system. 

A-3-2.5 The  dry  pipe valve should be located in an acces- 
sible place near  the spr inkler  system it controls. When 
exposed to cold, the dry  pipe valve should be located in a 
valve room or  enclosure o f  adequate  size to proper ly  ser- 
vice equipment.  

Table A-3-2.3 Capacity of  One Foot of  Pipe (Based on actual 
internal pipe diameter) 

Nominal Gal Nominal Gal 
Diameter Sch 40 Sch 10 Diameter Sch 40 Sch 10 

3/4 in. 0.028 - -  3 in. 0.383 0.433 
1 in. 0.045 0.049 3q2 in. 0.513 0.576 
11/4 in. 0.078 0.085 4 in. 0.660 0.740 
11/2 in. 0.106 0.115 5 in. 1.040 1.144 
2 in. 0.174 0.190 6 in. 1.501 1.649 ~ 
21/2 in. 0.248 0.283 8 in. 2.663 2.776 z 

For SI Units: 1 in. = 25.4 mm; 1 ft = 0.3048 m; 1 gal = 3.785 L. 
10.134 Wall Pipe 
~0.188 Wall Pipe 
s Schedule 30 

A-3-2.6.2 T h e  compressor  should draw its air supply 
from a place where the air  is dry  and not  too warm. Mois- 
ture f rom condensation may cause t rouble in the system. 

A-3-3.1 Conditions o f  occupancy or  special hazards may 
require  quick application o f  large quantities o f  water, and 
in such cases deluge systems may be needed.  

Fire detection devices should be selected to assure oper-  
ation, yet guard  against p remature  operat ion o f  sprinklers,  
based on normal  room temperatures  and draf t  conditions. 

In  locations where ambient  t empera ture  at the ceiling is 
high f rom heat  sources other  than fire conditions, heat- 
responsive devices that operate  at h igher  than ordinary  
tempera ture  and are capable o f  withstanding the normal  
high t e m p e r a t u r e  for  long per iods  o f  t ime should be 
selected. 

When corrosive conditions exist, materials or  protective 
coatings that resist corrosion should be used. 

To  help avoid ice formation in piping due to accidental 
t r ipping o f  dry pipe valves in cold storage rooms, a deluge 
automatic water control valve may be used on the supply 
side o f  the d ry  p ipe  valve. When  this combinat ion  is 
employed:  

(a) Dry systems may be manifolded to a deluge valve, 
the protected area not exceeding 40,000 sq ft (3716 mZ). 
The  distance between valves should be as short as possible 
to minimize water hammer.  

(b) T h e  dry pipe valves should be pressurized to 50 psi 
(3.4 bars) to reduce the possibility o f  dry pipe valve oper-  
ation f rom water hammer.  

A-3-3.2.1(c) This  is sometimes refer red  to as a double 
interlock preaction system. 

A-3-3.3 When  8-in. (203-mm) p ip ing  is employed  to 
reduce friction losses in a system operated by fire detection 
devices, a 6-in. (152-mm) preaction or  deluge valve and 
6-in. (152-mm) gate valve between taper  reducers should 
be permit ted.  
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APPENDIX A 13-81 

A-3-4.1 Combined dry pipe and preaction systems may 
be installed when wet pipe systems are impractical. They  
are intended for use in, but not limited to, structures 
where a number  o f  dry pipe valves would be required if  a 
dry pipe system were installed. 

A-3-4.1.1 See Figure A-3-4.1.1. 

A-3-4.3 See Figure A-3-4.3. 

A-3-5.1 Antifreeze solutions may be used for maintaining 
automatic sprinkler protection in small unheated areas. 
Antifreeze solutions are recommended only for systems 
not exceeding 40 gal (151 L). 

Because o f  the cost o f  refilling the system or replenish- 
ing small leaks, it is advisable to use small dry valves where 
more than 40 gal (151 L) are to be supplied. 

A-3-5.2 Listed CPVC sprinkler pipe and fittings should 
be protected from freezing with glycerine only. The  use o f  
diethylene, ethylene, or propylene glycols are specifically 

prohibited. Laboratory testing shows that glycol-based 
antifreeze solutions present a chemical environment detri- 
mental to CPVC. 

A-3-5.2,3 Beyond certain limits, increased proportion o f  
antifreeze does not lower the freezing point o f  solution. 
(See Figure A-3-5.2.3 on the following page.) 

Glycerine, diethylene glycol, ethylene glycol, and propy- 
lene glycol should never be used without mixing with 
water in proper  proportions, because these materials tend 
to thicken near 32°F (0°C). 

A-3-5.3 All permitted antifreeze solutions are heavier 
than water. At the point o f  contact (interface) the heavier 
liquid will be below the lighter liquid, preventing diffusion 
o f  water into the unheated areas. 

A-3-6.1.2 Outlets should be provided at critical points on 
sprinkler system piping to accommodate attachment o f  
pressure gauges for test purposes. 

L___ 

'1 

See Figure A-3-4 .3  Typical Piping Layout 
(In One Story Shed-5 Section System) 

~.mm 
See Figure 3-4.2 

Figure A-3-4.I.I Typical piping layout for combined dry pipe and preaction sprinkler system. 

Tubing Or Wiring To ~'.=,.~,= 
Fire Detection System ' It I I  

I I  

Strainer''J~ ~ = =JE~  [ !  II 
r . . . .  JJ 

, ,  L : . , . . .  , ,  Lu.,.** oS' 

System F 

T o  S a f e  Place 

Figure A-3-4.3 Arrangement of air exhaust valves for combined dry pipe and preaction sprinkler system. 
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Figure A-3-5.2.3 
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Freezing points of water solutions of ethylene glycol and dlethylene glycol. 

A-3-7.2.1 The  water supply should be capable o f  furnish- 
ing the total demand for all exposure sprinklers operating 
simultaneously for protection against the exposure fire 
under  consideration for a duration o f  not less than 60 
minutes. 

A-3-8 Careful installation and maintenance, and some 
special arrangements o f  piping and devices as outlined in 
this section, are needed to avoid the formation o f  ice and 
frost inside piping in cold storage rooms that will be main- 
tained at or below 32°F (0°C). Conditions are particularly 
favorable to condensation where pipes enter cold rooms 
from rooms having temperatures above freezing. 

Whenever the opportunity offers, fittings such as those 
specified in 3-8.1 and illustrated in Figures A-3-8.1 (a) and 
A-3-8.1 (b), as well as flushing connections, should be pro- 
vided in existing systems. 

When possible, risers should be located in stair towers or 
other locations outside o f  refrigerated areas. This would 
reduce the probabilities o f  ice or frost formation within the 
riser (supply) pipe. 

Cross mains should be connected to risers or feed mains 
with flanges. In general, flanged fittings should be installed 
at points that would allow easy dismantling o f  the system. 
Split ring or other easily removable types o f  hangers will 
facilitate the dismantling. 

Because it is not practical to allow water to flow into 
sprinkler piping in spaces that may be constantly subject to 
freezing, or where temperatures must be maintained at or 
below 40°F (4.4°C), it is important that means be provided 
at the time o f  system installation to conduct trip tests on 
dry pipe valves that service such systems. NFPA 13A, Rec- 
ommended Practice for the Inspection, Testing and Maintenance 
of Sprinkler Systems, contains guidance in this matter. 

A-3-8.1 Joining o f  pipe and fittings using split housing cou- 
plings may allow separation o f  pipe for internal inspection. 

A-3-8.1(a) This may be accomplished by a blind flange on 
a fitting (tee or cross) in the riser or cross main or a remov- 
able section 24 in. (610 mm) long in the feed main as 
shown in Figure A-3-8. l(a). Such fittings in conjunction 
with the flushing connections specified in 9-3.2 permit 
examinat ion o f  the entire length o f  the cross mains. 
Branch lines may be examined by disconnecting them 
from cross mains. 

A-3-8.1(b) This may be accomplished by means o f  2-in. 
(5 l-mm) capped nipples or blind flanges on fittings. 

A-3-8.1(e) This can be accomplished at floor penetrations 
by a tee with a blind flange in the cold room and at wall 
penetrations by a 24-in. (610-mm) flanged removable sec- 
tion in the warm room as shown in Figure A-3-8.1(b). 

A-3-8.4 Propylene glycol or other suitable material may 
be used as a substitute for priming water, to prevent evapo- 
ration o f  the priming fluid and thus reduce ice formation 
within the system, subject to state and local health regula- 
tions. 

A-3-9.2 See Figure A-3-9.2 on page 84. 

A-4-1 The  installation requirements are specific for the 
normal arrangement o f  structural members. There  will be 
a r r angemen t s  o f  s t ructural  members  not  specifically 
detailed by the requirements. By applying the basic princi- 
ples, layouts for such construction can vary from specific 
illustrations, provided the maximum specified for the spac- 
ing and location Of sprinklers (Section 4-4) are not  
exceeded. 
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. . . . .  -~..,.:....;.~.:.-.' ;-~.. . . . . . . .  

I I Bl~Fr~°nS:eM;itnAcrB ~ ~  

(a) Elevation At Riser And Cross Main 
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h Line 

Feed Main 

24 in. Flanged Removable Section 
At A or Blind Flange At B 

(b) Elevation At Feed Main And Cross Main 
For S[ Units: 1 in. = 25.4 mm. 
Figure A-3-8. l(a)  Fittings to facilitate examinat ion o f  feed mains,  risers, 

and cross mains  in freezing areas. 

~]_ Tee With 

24 in. I I 

For SI Units: 1 in. = 25.4 mm. 
Figure A-3-8.1(b) Fittings in feed main or riser pass ing through wall  or 

floor from warm room to cold room. 

A-4-1.1 This standard contemplates full sprinkler protec- 
tion for all areas. Other NFPA standards that mandate 
sprinkler installation may not require sprinklers in certain 
areas. The  requirements of  this standard should be used 
insofar as they are applicable. The  authority having juris- 
diction should be consulted in each case. 

When buildings or portions of  buildings are of  combus- 
tible construction or contain combustible material, stan- 
dard fire barriers should be provided to separate the areas 
that are sprinkler protected from adjoining unsprinklered 
areas. All openings should be protected in accordance with 
applicable standards, and no sprinkler piping should be 
placed in an unsprinklered area unless the area is permit- 
ted to be unsprinklered by this standard. 

Water supplies for partial systems should be designed 
with consideration to the fact that in a partial System more 
sprinklers may be opened in a fire that originates in an 
unprotected area and spreads to the sprinklered area than 
would be the case in a completely protected building. Fire 
originating in a non-sprinklered area may overpower the 
partial sprinkler system. 

When sprinklers are installed in corridors only, sprin- 
klers should be spaced up to the maximum of  15 ft (4.5 m) 
along the corridor, with one sprinkler opposite the center 
o f  any door or pair of  adjacent doors opening onto the 
corridor, and with an additional sprinkler installed inside 
each adjacent room above the door opening, When the 
sprinkler in the adjacent room provides full protection for 
that space, an additional sprinkler is not required in the 
corridor adjacent to the door. 

A-4-2.2 Tests involving areas of  coverage over 100 sq ft 
(9.3 m 2) for large-drop sprinklers are limited in number,  
and use of  areas of  coverage over 100 sq ft (9.3 m 2) should 
be carefully considered. 

joists  above Girders or Framed into Girders; 
Branch Lines Uni formly  Spaced between Girders 

Maximum Spacing: 130 sq ft per Sprinkler 
L × S = 130 or less 

Wall Or Partition~ 

Key 
L = Distance between branch lines, l imit  15 ft. 
S = Distance bewteen sprinklers on branch lines, l imit 15 ft. 
Y = M a x i m u m  distance between girders. 

Examples  

Y - L S ( M a x )  Y L S ( M a x )  

10f t9 in .  10f t9 in .  12ft l in .  10ft 10in. 10ft 10in. 1 2 f i 0 i n  
12ft l in .  1 2 f t l i n .  ] O f t 9 i n .  

For SI Units: 1 in. = 25.4 mm; 1 ft = 0.3048 m; 1 ft 2 = 0.0929 m ~. 

Figure A-4-2.2 Layout o f  sprinklers under open wood  
joist  construct ion- -Ordinary  Hazard Occupancies .  
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1 3 - 8 4  INSTALLATION OF SPRINKLER SYSTEMS 

I I 

\ 

Legend 
A Exhaust Fan 
B Sprinkler Or Nozzle At Top Of Vertical Riser 
C Sprinkler Or Nozzle At Midpoint Of Each Offset 
D 5 ' -0"  Maximum 
E Horizontal Duct Nozzle Or Sprinkler 
F 10'-0" Maximum 
G Nozzle Or Sprinkler In Hood Or Duct Collar 
H 1" Minimum, 12 '° Maximum 
I Nozzle Or Sprinkler In Hood Plenum 
J 1" Maximum 
K In Accordance With The Listing 
L Deep Fat Fryer 
M In Accordance With The Listing 
N Cooking Equipment Nozzle Or Sprinkler 
O Counter Height Cooking Equipment 
P Upright Broiler, Or Salamander Broiler 
Q Broiling Compartment Sprinkler Or Nozzle 
R Broiling Compartment 
S Exhaust Hood 

° I F I 
~ E  ~ E  

o~ 

'1 
D I 

J-I 
~Z ~Z 

I I 
K K 

7---1. 

I 

~r  ° 

*Listed For Deep Fat Fryer Protection 

Figure A-3-9.2 Typical installation showing automatic sprinklers or automatic nozzles being 
used for the protection of commercial cooking equipment and ventilation systems. 
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A-4-$.1.1 T h e  evaluation for usage should be based upon  
a review o f  available technical data. 

A-4-3.1.2 This  requi rement  is to minimize the obstruc- 
tion o f  the discharge pattern.  

A-4-3.6.1 T h e  response and water distribution pat tern o f  
listed residential  sprinklers have been shown by extensive 
fire testing to provide better  control  than spray sprinklers 
in residential  occupancies. These  sprinklers are in tended 
to prevent flashover in the room o f  fire origin, thus improv- 
ing the chance for occupants to escape or be evacuated. 

A-4-3.8.2 This requirement is to avoid scale accumulation. 

A-4-4.1.2.1 Except ion  A n  example o f  sprinklers in small 
rooms for  hydraulically designed and pipe schedule sys- 
tems is shown in Figure A-4-4.1.2.1(a), and  examples for  
hydraulically designed systems only are shown in Figures 
A-4-4.1.2.1(b), (c), and (d). 

< 

< 

-~ 16' 6"  _1 

o 

7 ' 6 "  _]_ 9 ' 0 "  

0 " 0 4  
t a C M  

Q , .  

ForSI Units: 1 in. = 25.4mm; 1 ft = 0.3048m. 
Figure A-4-4.1.2.1 (a). 
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'v 

30'  0 °' 

0 

7 '6 "  _1~ 15' 0" 

O 

~ 7 ' 6 "  

ForSI Units: 1 in. = 25.4mm; 1 ft = 0.3048m. 
Figure A-'ld.l.2.1(h). 

30' 0"  
q .  .IP 

~ O  O 

ForSl Units: lin. = 25.4mm; 1 ft =0.3048m. 
Figure A.44.1.2.1(c). 

m 

1 

~o 
,e-.. 

I 

30' 0" 
i I .  

o o 

m O  O 
6 'o ' "  k 15'0" _I_ 9 '0"  

I ~ V  

For SI Units: l in .=  25.4mm; 1 ft = 0.3048m. 
Figure A-4-4.1.2. l (d). 

1 

A-4-4.1.3.1 When  o f  a depth  that will obstruct the spray 
discharge pat tern,  girders,  beams or  trusses forming nar- 
row pockets o f  combustible construction along walls may 
require addit ional  sprinklers. 

A-4-4.1.$.2.1 Frequently,  addit ional  sprinkler equipment  
can be avoided by reducing the width o f  decks or  galleries 
and providing p rope r  clearances. Slatting o f  decks or walk- 
ways or  the use o f  open grat ing as a substitute for auto- 
matic sprinklers the reunder  is not acceptable. T h e  use o f  
cloth or  paper  dust  tops for  rooms forms obstruction to 
water distribution. I f  employed,  the area below should be 
sprinklered.  

A-4-4.1.3.3 The  distances given in Table 4-4.1.3.3 were 
de termined through  tests in which privacy curtains with 
either a solid fabric or  close mesh [1/4 in. (6.4 mm)] top 
panel  were installed. For  broader-mesh top panels, e.g., 1/2 
in. (13 mm), the obstruction o f  the sprinkler  spray is not 
likely to be severe and the authori ty having jurisdict ion 
may not need to apply the requirements  in 4-4.1.3.3. 

A-4-4.1.5 On spr inkler  lines larger than 2 in. (51 mm), 
consideration should be given to the distribution interfer-  
ence caused by the pipe,  which can be minimized by install- 
ing sprinklers on riser nipples or  installing sprinklers in 
the penden t  position. 

A-4-4.1.6 The  18 in. (457 mm) dimension is not in tended 
to limit the height o f  shelving on a wall or  shelving against 
a wall in acco rdance  with 4-4.1.6. W h e n  she lv ing  is 
installed on a wall and is not directly below sprinklers,  the 
shelves, including storage thereon,  may extend above the 
level o f  a plane located 18 in. (457 ram) below ceiling 
sprinkler  deflectors. Shelving, and any storage thereon,  
directly below the sprinklers may not extend above a 
plane located 18 in. (457 mm) below the ceiling sprinkler 
deflectors. 

A-4-4.1.7.1.1 Exceptions No. 1, 2, and 3 do not require 
sprinkler  protect ion because it is not physically practical to 
install sprinklers in these spaces. To  reduce the possibility 
o f  uncontrol led fire spread,  consideration should be given 
in these unspr inklered  concealed space situations to using 
Exceptions No. 5, 8, and 9. 
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13-86 INSTALLATION OF SPRINKLER SYSTEMS 

A-4-4.1.7.2.2 When practicable, sprinklers should be 
staggered at the alternate floor levels, particularly when 
only one sprinkler is installed at each floor level. 

A-4-4.1.7.3.3 See Figures A-4-4.1.7.3.3(a) and (b). 

Fire Div is ion 1 

Fire Div is ion 2 
i I 

Figure A-4-4.1.7.3.3(a) Noncombustible stair shaft 
serving two fire sections. 

Fire Div is ion 1 

Firewal l  

+ 

I I 
Fire Div is ion 2 

Figure A-4-4.1.7.3.3(b) Noncombustible stair shaft 
serving one fire section. 

A-4-4.1.7.3.4 When sprinklers in the normal ceiling pat- 
tern are closer than 6 ft (1.8 m) from the water curtain, it 
may be preferable to locate the water curtain sprinklers in 
recessed baffle pockets. (See Figure A-4-4.1.7.3.4.) 

A-4-4.1.7.4 The  installation o f  sprinklers at floor levels 
should be arranged so as to protect the sprinklers from 
mechanical injury and from falling materials and not cause 
obstruction within the chute. This can usually be accom- 
plished by recessing the sprinkler in the wall o f  the chute 
or by providing a protective deflector canopy over the 
sprinkler. Sprinklers should be placed so that there will be 
minimum interference o f  the discharge therefrom. (See also 
1-6.2.) Sprinklers with special directional discharge character- 
istics may be advantageous. (See Figure A-4-4.1.7.4.) 

A-4-4.1.7.6 Small loading docks, covered platforms,  
ducts, or similar small unheated areas may be protected by 
dry-pendent sprinklers extending through the wall from 
wet sprinkler piping in an adjacent heated area. When 
protecting covered platforms, loading docks, and similar 
areas, a dry-pendent sprinkler should extend down at a 45 
degree angle. The  width o f  the area to be protected should 
not exceed 71/2 ft (2.3 m). Sprinklers should be spaced not 
over 12 ft (3.7 m) apart. (See Figure A-4-4.1.7.6.) 

A-4-4.1.7.9.2 Saw-toothed roofs have regularly spaced 
monitors o f  saw tooth shape, with the nearly vertical side 
glazed and usually arranged for venting. Sprinkler place- 
ment is limited to a maximum o f  3 ft down the slope from 
the peak because o f  the effect o f  venting on sprinkler 
sensitivity. 

6'-0" 
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--i - -  I Sheet Metal Screws / ~ ,  = • / ~. \ 
2" On Centers• Smooth / A 1 

} Screw HeadsWith File /~ / l l l~  ~ 
Or Emery Paper. / ///1/\\ 
Attachment May Be.~._~/ / /1~\ \  ) 
By, Spot Welding. 

18 20 Gauge Steel 
Sprinkler Shield Front Elevation 

¢ ,f 
~ 3  -,. "---~- 

Side Elevation Section A-A 

Figure A-4-4.1.7.4 Canopy for protecting sprinklers in 
building service chutes. 

7'-6" Max. _1 

"Canopy Ov(e~ "3 m) - I  

Dry-Pendent 
Sprinkler 

Line Inside 
Heated Area 

÷ 

Figure A-4-4.1.7.6 Dry-pendent sprinklers for protection of 
covered platforms, loading docks, and similar areas. 

A-4-4.1.7.13 The  installation o f  open-grid egg crate, lou- 
ver, or honeycomb ceilings beneath sprinklers restricts the 
sideways travel o f  the sprinkler discharge and may change 
the character o f  discharge. 

A-4-4.1.7.14.3 Drop-out  ceilings do not  provide the 
required protection for soft-soldered copper  joints or 
other piping that requires protection. 

A-4-4.1.7.14.4 The  ceiling tiles may drop before sprin- 
kler operation. Delayed operation may occur because heat 
must then bank down from the deck above before sprin- 
klers will operate. 

A-4-4.1.7.15 See NFPA 81, Standard on Fur Storage, Fumi- 
gation and Cleaning. For tests o f  sprinkler performance in 
fur vaults see Fact Finding Report on Automatic Sprinkler 
Protection for Fur Storage Vaults o f  Underwriters Labora- 
tories Inc., dated November 25, 1947. 

A-4-4.1.7.23 One and one-half  (11/2) in. hose connections 
for use in storage occupancies and other locations where 
standpipe systems are not required are covered by this 
standard. When Class II  standpipe systems are required, 
see the appropriate provisions o f  NFPA 14, Standard for the 
Installation of Standpipe and Hose Systems, with respect to 
hose stations and water supply for hose connections from 
sprinkler systems. 

A-4-4.1.7.24 Combined automatic sprinkler and stand- 
pipe risers should not be interconnected by sprinkler sys- 
tem piping. 

A-4-4.1.7.25 See Figure A-4-4.1.7.25. 

• ~ m a i n  

~ Flan~d joint 
~ - - o r  mechanical grooved couplings 

Figure A-4-4.1.7.25 One arrangement of  flanged joint at sprinkler  riser. 

A-4-4.2.2.1 The  protection area per sprinkler should be 
determined using the S x L = Protection Area rule as fol- 
lows: 

1. "S" - -  Determine distance to the next sprinkler (or to 
the wall, in case o f  an end sprinkler on a branch line) 
upstream and downstream. Choose the larger o f  either 
twice the distance to the wall or the distance to the next 
sprinkler. 

2. "L" - - T h e  distance to the opposite side o f  the room 
will be "L." Where sprinklers are provided on both sides o f  
the room, "L" should be half  the distance between the 
walls. 

A-4-4.3.1 It is important that sprinklers in the immediate 
vicinity o f  the fire center not skip, and this requirement 
imposes certain restrictions on the spacing. 
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1 3 - 8 8  INSTALLATION OF SPRINKLER SYSTEMS 

A-4-4.3,3 I f  all other factors are held constant, the oper- 
ating time o f  the first sprinkler will vary exponentially with 
the distance between the ceiling and deflector. At distances 
greater than 7 in. (178 mm), for other than open wood 
joist construction, the delayed operating time will permit 
the fire to gain headway, with the result that substantially 
more sprinklers operate. At distances less than 7 in. 
(178 mm), other effects come into play. Changes in distri- 
bution, penetration, and cooling nullify the advantage 
gained by faster operation. The net result is again increased 
fire damage accompanied by an increase in the number of  
sprinklers operated. The optimum clearance between deflec- 
tors and ceiling is, therefore, 7 in. (178 mm). For open wood 
joist construction the optimum clearance between deflectors 
and the bottom of  joists is 31/2 in. (89 mm). 

A-4-4.3.4 To a great extent, large-drop sprinklers rely on 
direct attack to gain rapid control o f  both the burning fuel 
and ceiling temperatures. Therefore, interference with the 
discharge pattern and obstructions to the distribution 
should be avoided. 

A-4-5.1.1 See Figure A-4-5.1.1. 

A-4-5.1.1.1 A water supply connection should not extend 
into a building or through a building wall unless such con- 
nection is under the control o f  an outside listed indicating 
valve or an inside listed indicating valve located near the 
outside wall of  the building. 

All valves controlling water supplies for sprinkler sys- 
tems or portions thereof, including floor control valves, 
should be accessible to authorized persons during emer- 
gencies. Permanent ladders, clamped treads on risers, 
chain-operated hand wheels, or other accepted means 
should be provided when necessary. 

Outside control valves are suggested in the following 
order of  preference: 

(a) Listed indicating valves at each connection into the 
building at least 40 ft (12.2 m) from buildings if space per- 
mits. 

(b) Control valves installed in a cutoff stair tower or 
valve room accessible from outside. 

(c) Valves located in risers with indicating posts 
arranged for outside operation. 

(d) Key-operated valves in each connection into the 
building. 

A-4-5.1.1.6 When a system having only one dry pipe 
valve is supplied with city water and fire department con- 
nection it will be satisfactory to install the main check valve 
in water supply connection immediately inside o f  the 
building. In instances where there is no outside control 
valve, the system indicating valve should be placed at the 
service flange, on the supply side of  all fittings. 

A-4-5.1.1.7 See Figure A-4-5.1.1.7. 

A-4-5.1.2.3 When the relief valve operation would result in 
water being discharged onto interior walking or working sur- 
faces, consideration should be given to piping the discharge 
from the valve to a drain connection or other safe location. 

< 

Wet Pipe System 

t 

< 
I 

-% 

Dry Pipe System 

Wet Pipe and Dry Pipe System 

-% 

I 
/ 

< 

< 

I 
/ \  l 

/.* 
-% 

Preaction System 

Check Valve 

J O.S. & Y. Valve 

Alarm Valve 

Dry Pipe Valve 

Figure A-4-5.1.1 

Deluge System 

Deluge Valve 

- ~  Fire Department Connection 

Preaction Valve 

Examples of acceptable valve arrangements. 

A-4-5.2.2.1 When copper tube is to be installed in moist 
areas or other environments conducive to galvanic corro- 
sion, copper hangers or ferrous hangers with an insulating 
material should be used. 

A-4-5.2.3.1 Exception No. 1 See Figure A-4-5.2.3.1. 

A-4-5.2.3.3 Sprinkler  piping should be adequately 
secured to restrict the movement of  piping upon sprinkler 
operation. The reaction forces caused by the flow of  water 
through the sprinkler could result in displacement of  the 
sprinkler, thereby adversely affecting sprinkler discharge. 
Listed CPVC pipe and listed polybutylene pipe have spe- 
cific requirements for piping support to include additional 
pipe bracing of  sprinklers. (See Figure A-4-5.2.3.3.) 
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City Main }1 :1 
City Control Valve 
Nonindicating Valve 

ire D epao m0nt 

To System 

~ BaH Drip 

Figure A-4-5.1.1.7 Pit for gate valve, check valve, and fire department connection. 

Less Than 6'-0" Baffles 

I I I 
1 
I 

Not To Exceed 12'-0" 

ForSI Units: l in.  = 25.4mm; 1 ft = 0.3048m. 

Figure A-4-5.2.3.1 Distance between hangers. 

A-4-5.2 .3 .3  E x c e p t i o n  No.  1 See F igu re  A-4-5.2 .3 .3  
Excep t ion  No. 1. 

A - 4 - 5 . 2 . 3 . 3  E x c e p t i o n  No .  2 See F i g u r e  A - 4 - 5 . 2 . 3 . 3  
Excep t ion  No. 2 o n  t he  fo l lowing page .  

A-4-5 .2 .3 .4  See F i g u r e  A-4-5 .2 .3 .4  o n  the  fo l lowing page .  

A-4-5 .2 .3 .4  E x c e p t i o n  See F i g u r e  A-4-5 .2 .3 .4  Excep t ion  
o n  t he  fo l lowing page .  

A-4-5.3.1 All  p i p i n g  s h o u l d  be  a r r a n g e d  w h e r e  pract ica-  
ble to d r a i n  to t he  m a i n  d r a i n  valve. 

A-4-5.3.5.2.3 A n  e x a m p l e  o f  a n  accessible loca t ion  would  
be  a valve located  a p p r o x i m a t e l y  7 ft  (2 m) above  the  f loor  
level to which  a hose  cou ld  be  c o n n e c t e d  to d i scha rge  the  
wa te r  in  a n  accep tab le  m a n n e r .  

Max. 

[ 4 ~ L 4 8 "  For 1¼" 
60"  For 1~ "  or Larger 

] i I i 
o ,  o 

Greater Than 36" For 1" 
Greater  Than 48"  For 1¼" 
Greater Than 60"  For 1½" or Larger 

Then Extend Here 

ForSI Units: l in.  = 25.4mm; 1 ft = 0.3048m. 

Figure A-4-5.2.3.3 Distance from sprinkler to hanger. 

I _ F For Any Pipe Size: I ,~ L r q ~  12- Max. For Steel Pipe 
I L 6"  Max. For Copper Pipe 

F °r :aAt enrYTPiaPe S2z' e F o r S t ee I Pip 

6"  For Copper Pipe 
Then Extend Here 

For Sl Units: 1 in. = 25.4mm; l f t  = 0.3048m. 

Figure A-4-5.2.3.3 Exception No. 1 Distance from sprinkler to hanger where maximum pressure exceeds 100 psi (6.9 bars) and a 
branch line above a ceiling supplies pendent sprinklers below the ceiling. 
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Pipe 

B 

C D 

(I % 

E 

A U-type hangers for branch lines 
B Wraparound U-hook 
C Adjustable clip for branch lines 
D Side beam adjustable hanger 
E Adjustable coach screw clip for branch lines 
Figure A-4-5.2.3.3 Exception No. 2 Examples of acceptable hangers for 

end of line (or armover) pendent sprinklers. 

Armover ~ " ~  
to sprinkler 

Without support: 
24"  max. for steel pipe 
12" max. for copper tube 

i I  

Branch line 
or cross main 

ForSl Units: 1 in. = 25.4 mm; 1 ft = 0.3048 m. 
Figure A-4-5.2.3.4 Maximum length for unsupported armover. 

A-4-5.3.6.1 When possible, the main sprinkler  riser drain 
should discharge outside the building at a point free from 
the possibility o f  causing water damage.  When it is not 
possible to discharge outside the bui lding wall, the drain 
should be piped to a sump, which in turn  should discharge 
by gravity or  be p u m p e d  to a waste water drain or  sewer. 
The  main sprinkler  riser drain connection should be o f  a 
size sufficient to carry o f f  water from the fully open drain 
valve while it is discharging under  normal  water system 
pressures. When this is not possible, a supplementary  

Armover  to 
pendent sprinkler 

Without support: 
12" max. for steel pipe 
6" max. for copper tube 

4 

Branch line 
or cross main 

ForSI Units: 1 in. = 25.4mm; 1 fi = 0.3048m. 
NOTE: The pendent sprinkler may be installed either directly in the fitting 
at the end of the armover or in a fitting at the bottom of a drop nipple. 

Figure A-4-5.2.3.4 Exception Maximum length of unsupported armover 
when the maximum pressure exceeds 100 psi (6.9 bars) and a branch line 

above a ceiling supplies pendent sprinklers below the ceiling. 

drain  o f  equal size should be provided for test purposes 
with free discharge, located at or above grade.  

A-4.5.4.2.1 Types  o f  locations where corrosive conditions 
may exist include bleacheries, dye houses, metal plating 
processes, animal pens, and certain chemical plants. 

I f  corrosive conditions are not o f  great  intensity and 
humidi ty  is not  abnormal ly  high, good results can be 
obtained by a protective coating o f  red lead and varnish or  
by a good grade o f  commercial acid-resisting paint. The  paint 
manufacturer 's instructions should be followed in the prepa- 
ration o f  the surface and in the method o f  application. 

Where  moisture conditions are severe but  corrosive con- 
ditions are not o f  great intensity, copper  tube or  galva- 
nized steel pipe, fittings, and hangers may be suitable. The  
exposed threads o f  steel pipe should be painted.  

In instances where the piping is not readily accessible 
and where the exposure to corrosive fumes is severe, either 
a protective coating o f  high quality may be employed or  some 
form o f  corrosion-resistant material used. 

A-4-5.4 .3 .1  S p r i n k l e r  systems are  p r o t e c t e d  aga ins t  
ear thquake damage by means o f  the following: 

(a) Stresses that would develop in the p iping due to dif- 
ferential  bui lding movement  are minimized through the 
use o f  flexible joints or clearances. 

(b) Bracing is used to keep the piping fairly rigid when 
suppor ted  from a building component  expected to move 
as a unit, such as a ceiling. 

Areas known to have a potential  for earthquakes have 
been identified in building code and insurance maps. An  
example  o f  such a map is shown in Figure A-4-5.4.3.1. 

A-4-5.4.3.2 Strains on spr inkler  p ip ing  can be greatly 
lessened and, in many cases, damage prevented  by increas- 
ing the flexibility between major parts o f  the sprinkler sys- 
tem. One part  o f  the piping should never be held rigidly 
and another  par t  allowed to move freely without provision 
for relieving the strain. Flexibility can be provided by using 
listed flexible couplings, by joining grooved end pipe at criti- 
cal points, and by allowing clearances at walls and floors. 
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Source-insurance Services Office 

F~rthquake Zones 

l--Maximum potential for earthquake damage 3--Slight potential 
2--Reasonable potential 4 and 5--Earthquake protection not required 

Figure A-4-5.4.3.1 Example of seismic map. 

Tank or pump risers should be treated the same as 
sprinkler risers for their portion within a building. The  
discharge pipe o f  tanks on buildings should have a control 
valve above the roo f  line so any pipe break within the 
building can be controlled. 

Piping 3 in. (76 mm) or smaller in size is pliable enough 
so that flexible couplings are not usually necessary. A flex- 
ible coupling is a mechanical coupling or fitting that per- 
mits some angular displacement, axial displacement, and 
rotation o f  the piping without failure o f  the pipe or fitting. 
"Rigid-type" mechanical couplings that do not permit  
movement at the grooved connections are not considered 
flexible couplings [See Figures A-4-5.4.3.2(a) and (b) on the 
following page.] 

A-4-5.4.3.2(d) A building expansion joint  is usually a 
bituminous fiber strip used to separate blocks or units o f  
concrete to prevent cracking due to expansion as a result 
o f  temperature changes. In this case, the flexible coupling 
required on one side by 4-5.4.3.2(d) will suffice. 

For seismic separation joints, considerably more flexibil- 
ity is needed, particularly for piping above the first floor. 
Figure A-4-5.4.3.3 on page 93 shows a method o f  provid- 
ing additional flexibility through the use o f  swing joints. 

A-4-5.4.3.3 Plan and elevation views o f  a seismic separa- 
tion assembly assembled with flexible elbows are shown in 
Figure A-4-5.4.3.3. 

A seismic separation assembly is considered to be an 
assembly o f  fittings, pipe, and couplings or an assembly o f  
pipe and couplings that permits movement in all direc- 
tions. The extent o f  permitted movement should be suffi- 
cient to accommodate calculated differential motions during 
earthquakes. In lieu o f  calculations, permitted movement can 
be made at least twice the actual separations, at right angles 
to the separation as well as parallel to it. 

A.4-5.4.3.4 While clearances are necessary around the 
sprinkler piping to prevent  breakage due to building 
movement, suitable provision should also be made to pre- 
vent passage o f  water, smoke, or fire. 

Drains, fire department  connections, and other auxiliary 
piping connected to risers should not be cemented into 
walls or floors; similarly, pipes that pass horizontally 
through walls or foundations should not be cemented sol- 
idly or strains will accumulate at such points. 

When risers or lengths o f  pipe extend through sus- 
pended ceilings, they should not be fastened to the ceiling 
framing members. 
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24 in. (0.6 m), 

Maximum k 

i \4-Way Brec 
(Pipe Must Rotate 

• ' W i t h i n  B r a ¢  ) it 
Flexible Coupling 

Siding 

4-Way 

Elbow With 
Flexible Joints 

i 
Flexible Coupling Flexible Coupling 

Note to Detail A: 

D E T A I L  A D E T A I L  B 

M a y  B e  P r e f e r r e d  For Metal Buildings 

The four-way brace should be attached above the upper flexible coupling required for the riser and preferably to the 
roof structure if suitable. The brace should not be attached directly to a plywood or metal deck. 

Figure A-4-5.4.3.2(a) Riser details. 

Flexible Elbow 

~__ 
/ I f  Dimension Is 

L e s s  Than 3 f t  (0.91 m), 
Flexible Fitt ing Is Not 
N e e d e d .  

(A T-Connect ion Fitt ing With 
Flexible Joints May Be Substi- 
tuted For Elbow.) 

Figure A-4.5.4.3.2(b) Detail at short riser. 

A-4-5.4.3.5.1 Location of S w a y  Bracing .  Two-way braces 
are either longitudinal or lateral depending on their orienta- 
tion with the axis of  the piping. [See Figures A-4-5.4.3.5.1(a), 
(b), (c), and (d) on the following pages.] The simplest form of  
two-way brace is a piece of  steel pipe or angle. Because the 

brace must act in both compression and tension, it is neces- 
sary to size the brace to prevent buckling. 

An important aspect of sway bracing is its location. In 
Building 1 of  Figure A-4-5.4.3.5.1 (a), the relatively heavy 
main will pull on the branch lines when shaking occurs. I f  
the branch lines are held rigidly to the roof  or floor above, 
the fittings can fracture due to the induced stresses. 

Bracing should be on the main as indicated at Location 
B. With shaking in the direction o f  the arrows, the light 
branch lines will be held at the fittings. Where necessary, a 
lateral brace or other restraint should be installed to pre- 
vent a branch line from striking against building compo- 
nents or equipment. 

A four-way brace is indicated at Location A. This keeps 
the riser and main lined up and also prevents the main 
from shifting. 

In Building 1, the branch lines are flexible in a direction 
parallel to the main, regardless of building movement. The 
heavy main cannot shift under  the roof or floor, and it also 
steadies the branch lines. While the main is braced, the flex- 
ible couplings on tihe riser allow the sprinkler system to move 
with the floor or roof above, relative to the floor below. 
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i 
~ ~ - 2  Ells 

10" Long Nipple 10" Lon ,  ~ . ' ~ D  ' 
Nipple 

t 'A" C,ol   "C°upling 
/ ~ /  Fire 

8" 8" Sprinkler 
2 Ells Main 

Position I \2 Ells 
& Nipple 'E' 

PLAN 
. . . .  .....z Vertical I 

Fire Sprinkler Coupling i ~  Movement Main g, _E,, ,-- 
t ~ [  ~ m  ]Normal 

/'A' ~ , ~ ~  I - ~  'B'' P°siti°n i ~  ( Ell --__ ' 

Eli/ mlt~ n Nipple 'E" ~-- -- ~ - -  

2 Ell Lengths 
8½" For 3" Pipe 
7½" For 2½" 
Pipe 

~'g' 

ELEVATION 

. ; J  ~ d J  ~4. M.¢ x ,~  t 

4" 4" 

2 2 ~  4" 
~ Normal ~ 

Position - [ 
Longitudinal Movement 

Lateral Movement 
HORIZONTAL VIEWS 

NOTE: 

Metric Equivalent 
1" = 25.4 mm 
1' = 0.305 m 

The figure illustrates an 8-in. separation crossed by pipes up to 4 in. in nominal diameter. For other 
separation distances and pipe sizes, lengths and distances should be modified proportionally. 

Figure A-4-5.4.3.3 Seismic separation assembly. 

A 
+ 

~i-- No Bracing 

No 

lg F 

Building 
A-Four-Way Brace at Riser 
B-Lateral Brace 
C-Lateral Brace 
D-Short Drop [Fig. A-4-5.4.3.2(a)] 
E-Couplings at Wall Penetration 
F-Longitudinal Brace 

Figure A-4-5.4.3.5.1(a) Earthquake protection for sprinkler piping. 

Figures A-4-5.4.3.5.1(b), (c), and (d) show typical loca- 
tions o f  sway bracing. 

Listed devices permit t ing connection o f  braces to both 
the pipe and the building structure are available and are 
recommended.  However, alternate means o f  at tachment 
capable o f  handl ing the expected loads are acceptable. 

Connection o f  the brace to the pipe can be made with a 
pipe clamp or U-bolt. One bolt o f  the pipe clamp can pass 
through a flattened end o f  pipe or  one leg o f  an angle. 
(The other  leg and filet o f  the angle can be cut away.) Pipe 
rings should be avoided because they result in a loose fit. 
Once the pipe is able to vibrate within a loose fitting, the 
bolts in the r ing assembly can be fractured.  

T h e  brace can be at tached to the s t ructural  system 
directly through a leg o f  an angle or  a flattened port ion o f  
pipe. Where  dimensions are tight or some play must 
be allowed, a special fitting can be used. [See Figure 
A-4-5.4.3.5.1(b).] This threads on an end o f  pipe. Rotation 
o f  the flat a round  the bolt allows play in the angle o f  the 
brace without sacrificing snugness. 
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Longitudinal Brace 
(Two-Way) 

I-/ l lJJl 
~ r a c e  (Two-Way) 

Longitudinal Brace Can Serve As Lateral 
Brace For Cross Main If Connections 
Are Strong Enough 40' 

(12 rn) 

Lateral Brace (Two-Way) I I l [ I I I 1 1  I 

40' ] 1  [~tud!;;I}~N~Ai~:dg~N?e~d;e;dj~A°r'Other 
(12 m) t Four-Way Brace 

40' 

(12 m) 

Figure A-4-5.4.3.5.1 (b) Typical location of  bracing on a tree system. 

Lateral Brace Longitudinal Brace (Two-Way) 

2 

[ NO Bracing ~ "-~ ~ 

I 
~ ~Lateral B race (Two-Way) 

Four-Way Brace 
Figure A-4-5.4.3.5.1(c) Typical location of  bracing on a gridded system. 

40 40' 

.,, T 
Longitudinal Brace/ ~, 
(Two-Way) - -~  ~Four-Way Brace 

Figure A-4-5.4.3.5.1(d) Typical location o f  bracing on a looped system. 

"'.~' ? 

U-Bolt 
Riser ~ ~,,~[ ~ /  

F aste4nl~:~ 

Wall ~ i 

Figure A-4-5.4.3.5.1(e) Detail of  four-way brace at riser. 

Some adjustment can be provided in a pipe brace by use 
o f  a left-hand/right-hand coupling. For all threaded con- 
nections, sight holes or other means should be provided to 
permit indication that sufficient thread is engaged. 

To properly size and space braces, it is necessary to 
employ the following steps: 

(a) Based on the distance o f  mains from the structural 
members that will support the braces, choose brace shapes 
and sizes from Table 4-5.4.3.5• 1 (b) such that the maximum 
slenderness ratios 1/r do not exceed 200. The  angle o f  the 
braces from the vertical should be at least 30 degrees and 
preferably 45 degrees or more. 

(b) Tentatively space lateral braces at 40 ft (12 m) max- 
imum distances along mains and tentatively space longitu- 
dinal braces at 80 ft (24 m) maximum distances along 
mains. Lateral braces should meet the piping at right 
angles, and longitudinal braces should be aligned with the 
plpmg. 
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I f  Not  Over 2-4~" 

,----T 
_ ~ 0  ver 

24" 

+ , 

A / /  Pipe Or L 
~ / ~ °  . 

¢ $ 

¢ 

Angle Or Equal 

/ 

Clip Angle I 

- +  

,2 Bolts In Each 
Connection 

. Vertical Member 
Of Truss 

%1 
o D ¢ 

Q - - - -7  

¢1 

J 

Figure A-4-5.4.3.5.1(f) Acceptable types of sway bracing. 

(c) Determine the total load tentatively appl ied to each 
brace in accordance with the examples shown in Figure 
A-4-5.4.B.5.1(h) and the following: 

1. For the loads on lateral braces on cross mains, add  
one-hal f  the weight o f  branch to one-hal f  the weight o f  the 
port ion o f  the cross main within the zone o f  influence 
o f  the brace. [See examples 1, 3, 6, and 7 in Figure 
A-4-5.4.3.5.1 (h ) on the following page.] 

2. For the loads on longitudinal braces on cross mains, 
consider only one-hal f  the weight o f  the cross mains, feed 
mains, and the first 15 ft o f  branch line piping within the 
zone o f  influence. Branch lines need not  be included i f  
piping is provided with lateral sway bracing. 

3. For the four-way brace at the riser, add the longitu- 
dinal and lateral loads within the zone o f  influence o f  
the brace. [See examples 2, 3, 4, 5, 7, and 8 in Figure 
A-4-5.4.3.5.1(h) on the following page.] 

Use the information on weights o f  water-filled piping 
contained within Table A-4-5.4.3.5.1. 

(d) I f  the total expected loads are less than the maxi- 
mums permi t ted  in Table 4-5.4.3.5.1(b) for the part icular  
brace and orientation, go on to step (e). I f  not, add  addi-  
tional braces to reduce the zones o f  influence o f  over- 
loaded braces. 

(e) Check that fasteners connecting the braces to struc- 
tural suppor t ing  members  are adequate  to suppor t  the 
expected loads on the braces in accordance with Table  
4-5.4.3.5.1(c). I f  not, again add addit ional  braces or addi-  
tional means o f  support .  

Figure A-4-5.4.3.5.1(g) Special fitting. 

A-4-5 .4 .3 .5 .3  T h e  four-way brace provided at the riser 
may also provide longitudinal  and lateral bracing for adja- 
cent mains. 

A-4-5.4.3.5.8 Wires used for piping restraints should be 
at tached to the branch line with two tight turns a round  the 
pipe, and fastened with four  tight turns within 11/2 inches, 
and should be at tached to the structure in accordance with 
the details shown in Figures A-4-5.4.3.5.8(a) through (d) 
on the following pages or  o ther  approved method.  
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Figure A-4-5.4.3.5.1(h) Examples of load distribution to bracing. 

Table A-4-5.4.3.5.1 Piping Weights for Determining Horizontal 
Load  

Weight of  1/2 Weight of 
Water-Filled Water-Filled 

Schedule 40 Pipe Pipe (lb per ft) Pipe (lb per ft) 

1 2.05 1.03 
1 z/4 2.93 1.47 
11/2 3.61 1.81 
2 5.13 2.57 
21/2 7.89 3.95 
3 10.82 5.41 
31/2 13.48 6.74 
4 16.40 8.20 
5 23.47 11.74 
6 31.69 15.85 
8* 47.70 23.85 

Schedule 10 Pipe 

1 1.81 0.91 
11/4 2.52 1.26 
11/2 3.04 1.52 
2 4.22 2.11 
2]/2 5.89 2.95 
3 7.94 3.97 
3112 9.78 4.89 
4 11.78 5.89 
5 17.30 8.65 
6 23.03 11.52 
8 40.08 20.04 

* Schedule 30 
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i.?.. 

=u=j/ L 1 ~to~ , , ,  

Ceiling Clip 5/8 in. 
r 

Max. 

Vert ical Hanger Wire ~_~ 

5/16 in. Dr i l l - In  
r ~ _ ~  Expansion Anchor  

, [- M in imum 
• . ' - ~ ' , ' l ! l  I "  ~, . 

s,,oo,u,,,_~ , ,  ~ \ ) 0 = 0  
Concrete / ~ , .  

=,t!:..'==7:x; ,o;,_o=ox 1= ~..'~,~ ,,./.~,.--0. 

Splayed Seismic Bracing Wire 

(A) Vertical Hanger Wire 
A t tachment  

(B) Splayed Seismic Bracing Wire 
A t tachment  

.°.~ 
Vertical 
Wire Hanger 

(C) 

Wire "P ig ta i l "  With 2 in. Dia. Loop & 4 in. Tail 

. . . . . . . . .  

(D) 

Wire A t tachment  To Cast-In-Place Concrete 

Figure A-4-5.4.3.5.8(a). 
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13-98 I N S T A L L A T I O N  OF SPRINKLER SYSTEMS 

Steel Strap I ~  

(See Note) 11  A [ 

~ B ~  ayed Seismic Bracing Wire 
(Test For 440 Ib) 

Structural 
Shape 

~-~ Ceiling Clip 

9 [ . - -  Vertical 
Hanger Wire 
(Test For 200 LB) 

(A) A t  Steel Beams 

Note: See Figure A-4-5.4.3.5.8(a), 
Detail B. 

I 

I 

Web Members 

Vertical 
Hanger W i r e ~  

Seismic 
Bracing Wire 

See Note 2 ~  

(B] At  Open-Web Steel Joist 

Note 1: Splay wires parallel to joist. 
Splay wires cannot be perpendicular 
to joist. 

Note 2: See Figure A-4-5.4.3.5.B(a), 
Details (A) and (B). 

Insulation Over 
Steel Deck \ 

L , . . . . . . . . .  _ L . . _  ... _ :.:J 

2 - # 8  × 1 /2  in. 

BriarCing ScrewsSelf-Tapping 

Steel Straps 
3 in. Wicle X 4 in. Long x 12 Ga. 

Insulation Over 
Steel Deck 

2OGa' M i n ' J  / ~ - - H a n g e r W i r e - T i e  

#3  X 12 in. Rebar--J | To #3 Rebar With 

1 
Three Wraps Around 
Rebar And One Wrap 
Around Wire 

(C) At  Steel Roof Deck (D) A t  Steel Roof Deck 

Note: If self-tapping screws are used with concrete fil l, 
set screws before placing concrete. 

Acceptable Details-W ire Connections To Steel F raining 
Figure  A-4-5.4.3.5.8(b). 
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Non-Structura l  
Concrete Fil l  \ 

I 
t 

. ~. , 

i i : ; : ~ ~ o , i  . - . o "  .o... ' ;  . . . . .  ~" ° "l 

Stee, O eck----~ I I I ~---- ~ Rebar X Lengt, I I I ReqdToCover 
See(B) For ~ I I M in~Df  Four High 

Hanger Wire 

Structural  

o ~..o= : 
' : • ~ ' r ' l  till 

|111 
Ud 

Deck 

Sho t - I n  Or Expansion Anchor  
(Load Testing Required) 

(A) A t  Steel Deck With 
Insulating Fill 

Note: Bracing wi re  detail similar. 

(S) A t  Steel Deck With 
Concrete F ill 

Note: See Figure A-4-5 .4 .3 .5 .8(a) ,  
Detail (C). 

Structural 
Concrete F ill 

I . .  ~, : ,  .. o .-,..-=.. ,...~ ...,.,~\ 
. .  . . . . . .  oO, .~ ,~  .o° ; . ' 0 ; ;1  

See Note ~ S 

Bracing Wire 

Structural  
Concrete F ill --'-~ 

:'. '. 0", . ' " "  o ." ~ " .  ': • f2 ; , ' . ,  . - ' .  ' . ~  " :1 

• ~. , , :~. .o. 

N o t e ~  ~ / Steel Deck 
See 

i ~  Hanger Wire 

(C) A t  Steel Deck With 
Concrete F ill 

Note: See Figure A-4-5 .4 .3 .5 .8(a) ,  
Detail (B). 

(D) A t  Steel Deck With 
Concrete Fil l  

Note: See Figure A-4-5 .4 .3 .5 .8(a) ,  
Detail (A). 

Note: I f  sel f- tapping screws are used wi th  concrete f i l l ,  
set screws before placing concrete. 

Acceptable Details-Wire Connections To Steel Frarning 

Figure A-4-5.4.3.5.8(c). 
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13-100 INSTALLATION OF SPRINKLER SYSTEMS 
3-1 1/2 in. X 9 Ga. Staples Or 

. ~ A t 3 - S t r o n g h o l d  "J" Nails 
Each Wire Loop 

Bracing Wire Hanger W i r e ~  

(A) Wood Joist Or Rafter 

f 
1/4 in. Dia. Screw Eye 
With Full Thread 
Embedment (1 1/4 in. Min.) 

Bracing Wire F 

(B) At Wood Joist Or Rafter 

3-1 1/2 in. X 9 Ga. Staples Or 
3-Stronghold "J "  Nails 
At  Each W i ~ ,  

2X Blkg. W/2-16d / / { //4{ 
Common Nails / / / ,,/ / 
Ea. End " "~ / ~" / 

Bracing Wire I / 

/ 
For Bracing Wires-Fully 
Embed Screw Eye Threads 
In Direction Of Wire / 

/ 
1/4 in. Dia. Drilled Hole 

Solid Blocking 
Required For 
Either Type 
Of Bracing Wire 

Hanger Wire 

Saddle Tie-See (G) 

(C) At  Wood Joist Or Block (D) To Bottom Of Joist 

Web Member 

~ / ~ ~ S a d d l e  Tie See (G) 

Hanger Wire ~ ~ Bracing Wire 

(E) Bracing Wire Parallel To Wood Truss 

Do Not insert Screw Eyes 
Into Side Of Micro-Lain F 

(F) Micro-Lam Upper Flange 

.- ~ 1 - ~  D imensio n 
~ G r e a t e r  

/ ~ Hanger Wires-3 Tight 
.~ Turns & Bracing Wires 

4 Tight Turns 

(G) Typ. Saddle Tie 

Note: Do Not Insert III 

W 
Screw Eyes Parallel 
To Laminations (See F) 
(Detail May Also Be 
Used At Top Chord) 

1/4 in. Dia. Screw Eye With 
1 1/4 in. Min. Penetration 

Hanger Wire 

_11- 

~ 1  in. Min. 

(H) Micro-Lam Lower Flange 

Acceptable Details-Wire Connections To Wood Framing Figure A-4-5.4.3.5.8(d). 
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APPENDIX A 1 3 - 1 0 1  

A-4-6.1.1 Central  station, auxiliary, remote  station, or 
p ropr ie ta ry  protective signaling systems are a highly desir- 
able supplement  to local alarms, especially from a safety to 
life s tandpoint .  (See 4-6.1.1.6.) 

Ident i f icat ion Signs.  A p p r o v e d  ident i f icat ion signs 
should be provided for outside alarm devices. The  sign 
should be located near  the device in a conspicuous position 
and should be worded as follows: 

"SPRINKLER FIRE ALARM - -  WHEN BELL RINGS 
CALL FIRE DEPARTMENT OR POLICE." 

0 • 

Figure A-4-6.1.1 Ident i f icat ion sign.  

A-4-6.1.1.5 W a t e r - m o t o r - o p e r a t e d  devices should  be 
located as near  as practicable to the alarm valve, dry pipe 
valve, or  o ther  waterflow detecting device. The  total length 
o f  the pipe to these devices should not exceed 75 ft 
(22.9 m) nor  should the water-motor-operated device be 
located over 20 ft (6.1 m) above the alarm device or dry 
pipe valve. 

A-4-6.1.1.6 Monitoring should include but not be limited 
to control valves, building temperatures ,  fire pump power 
supplies and running  conditions, and water tank levels and 
temperatures.  Pressure supervision shall also be provided 
on pressure tanks. 

A-4-6.2 The  fire department  connection should be located 
not less than 18 in. (457 mm) and not more than 4 ft 
(1.22 m) above the level o f  the adjacent grade or  access level. 

A-4-6.2.1 Fire depar tment  connections should be located 
and ar ranged so that hose lines can be readily and conve- 
niently attached without interference from nearby objects 
including buildings, fences, posts, or  other  fire depar tment  
connections. When a hydran t  is not available, other water 
supply sources such as a natural  body o f  water, a tank, or 
reservoir should be utilized. The  water authori ty should be 
consulted when a nonpotable  water supply is proposed  as 
a suction source for the fire depar tment .  

A-4-6.2.3 The  check valve should be located to maxi- 
mize accessibility and minimize freezing potential.  

A-4-6.4.2 This test connection should be in the upper  
story, and the connection should preferably be piped from 
the end o f  the most remote  branch line. T h e  discharge 
should be at a point  where it can be readily observed. In 
locations where it is not practical to terminate the test con- 
nection outside the building, the test connection may ter- 
minate into a drain capable o f  accepting full flow under  
system pressure. In this event, the test connection should 
be made using an approved  sight test connection contain- 
ing a smooth bore corrosion-resistant orifice giving a flow 
equivalent to one sprinkler  simulating the least flow from 
an individual sprinkler in the system. [See Figures A-4-6.4.2(a) 
and A-4-6.4.2(b).] The test valve should be located at an acces- 
sible point and preferably not over 7 ft (2.1 m) above the 
floor. The  control valve on the test connection should be 
located at a point not exposed to freezing. 

For SI Units: 1 ft = 0.3048 m. 

NOTE:  

Preferably From End - - - I I P ~  ~ 
Of Remote Branch Line --'I-- 

Test Valve In 
Readily Accessib le '~= [ ] Smooth Bore 
Location qL I1 Corrosion Resistant 

Outlet Giving Flow 
Equivalent To One 
Sprinkler 

i 45 ° Ell 
i ELEVATION 

Not less than 4 fi (1.2 m) o f  exposed test pipe in wa rm room beyond valve when pipe extends t h rough  wall to outside. 

Figure A-4-6.4.2(a) System test connection on wet pipe system, 
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13-102 INSTALLATION OF SPRINKLER SYSTEMS 

l Indicating Type Floor Control  Valve 
With Supervisory Switch 

~ P r e s s u r e  Gauge 

Union With Corrosion- Sight Glass  
I I Resistant Orifice 

R iser---~l I Giving Flow 
Equivalent To 

l The Smallest 
Sprinkler " I 
Orifice In Test Valve Drain Valve 
The System 

11 
To Drain 

Figure A-4-6.4.2(b) Floor control valve. 

A-4-6.4.3 See Figure A-4-6.4.3. 

Pitch 
Branch Line 

Test Valve In Readily 
Accessible Location 

Plug-For Testing Remove / ~ 
And Install Temporary Connection 

] /Union 

~ 45 ° Ell 

[ I Smooth Bore Corrosion-Resistant 
I I O u t l e ~  OnteG;;inng kFi I°w Equ ivalent 

NOTE: To minimize condensation of  water in the drop to the test 
connection, provide a nipple-up o f f o f t h e  branch line. 

Figure A-4-6.4.3 System test connection on dry  pipe system. 

A-5-2.2.3 T h e  addit ional  pressure that is needed at the 
level o f  the water supply to account for sprinkler  elevation 
is 0.433 psi per  ft (9.8 kPa/m) o f  elevation above the water 
supply. 

A-5-2.3.1.1 Appropr i a t e  area/density, other  design crite- 
ria, and water supply requirements  should be based on sci- 
entifically based engineer ing analyses that may include 

submitted fire testing, calculations, or  results f rom appro-  
priate computat ional  models. 

A-5-2.3.1.3(b) This section is included to compensate for 
possible delay in operat ion o f  sprinklers f rom fires in com- 
bustible concealed spaces found  in wood f rame,  brick 
veneer,  and ordinary construction. 

A-5 .2 .3 .1 .3 (b )  Exception No. 3 T h i s  e x c e p t i o n  is 
in tended to apply only when the exposed materials in the 
space are limited combustible materials or  fire re ta rdant  
t reated wood as defined in NFPA 703, Standard for Fire 
Retardant Impregnated Wood and Fire Retardant Coatings for 
Building Materials. 

A-5-2.3.3.1 This  section allows for  calculation o f  the 
sprinklers in the largest room, so long as the calculation 
produces  the greatest hydraulic demand  among selection 
o f  rooms and communicat ing spaces. For example,  in a 
case where the largest room has four  sprinklers and a 
sma l l e r  r o o m  has two sp r i nk l e r s  bu t  c o m m u n i c a t e s  
th rough  unprotec ted  openings with three o ther  rooms, 
each having two sprinklers, the smaller room and group o f  
communicat ing spaces should also be calculated. 

Corridors  are rooms and should be considered as such. 

Walls may terminate at a substantial suspended ceiling 
and need not be extended to a ra ted floor slab above for 
this section to be applied. 

A-5-3.2.2 See Figure A-5-3.2.2. 

A-5-3.4 See Table A-5-3.4 on pages 104-105. 

A-5-3.5 See Table A-5-3.5 on page 106. 

A-5-3.6.1 I f  the system is a deluge type, then all the 
sprinklers need to be calculated even i f  they are located on 
different  building faces. 
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0 0 0 0 

/ \ 
/o o \  

(a) 

(b) 

0 0 0 

j c  / 
(c) 

/ o \  I 

(d) 

Calculate Area Indicated By Heavy Outline and X 
O Indicates Sprinklers 

Figure A-5-3.2.2 Examples of design area for dwelling units. 

A-6-1 Preliminary layouts should be submitted for review 
to the authority having jurisdiction before any equipment 
is installed or remodeled in order  to avoid error  or subse- 
quent misunderstanding. (See Figure A-6-1 on page 106.) 
Any material deviation from approved plans will require 
permission o f  the authority having jurisdiction. 

Preliminary layouts should show as much o f  the follow- 
ing information as is required to provide a clear represen- 
tation o f  the system, hazard, and occupancy: 

(a) Name o f  owner and occupant 

(b) Location, including street address 

(c) Point o f  compass 

(d) Construction and occupancy o f  each building 

NOTE: Data on special hazards should be submitted as 
they may require special rulings. 

(e) Building height in feet 

(t] I f  it is proposed to use a city main as a supply, 
whether the main is dead-end or circulating, size o f  main 
and pressure in psi, and, if  dead-end, direction and dis- 
tance to nearest circulating main 

(g) Distance from nearest pumping station or reservoir 

(h) In cases where reliable, up-to-date information is 
not available, a waterflow test o f  the city main should be con- 
ducted in accordance with A-7-2.1. The preliminary plans 
should specify who conducted the test, date and time, the 
location o f  the hydrants where flow was taken, and where 
static and residual pressure readings were recorded; the size 
o f  main supplying these hydrants, and the results o f  the test, 
giving size and number o f  open hydrant butts flowed; also 
data covering minimum pressure in the connection with the 
city main should be included. 

(i) Data covering waterworks systems in small towns in 
order to expedite the review o f  plans 

(j) Fire walls, fire doors, unprotected window open- 
ings, large unprotected floor openings, and blind spaces 

(k) Distance to and construction and occupancy o f  
exposing buildings--e.g., lumber yards, brick mercantiles, 
fire-resistive office buildings, etc. 

(1) Spacing o f  sprinklers, number  o f  sprinklers in each 
story or fire area and total number  o f  sprinklers, number  
o f  sprinklers on each riser and on each system by floors, 
total area protected by each system on each floor, total 
number o f  sprinklers on each dry pipe system or preaction 
or deluge system and if  extension to present equipment, 
sprinklers already installed 

(m) Capacities o f  dry pipe systems with bulk pipe 
included, see Table A-3-2.3; and, if  an extension is made 
to an existing dry pipe system, the total capacity o f  the 
existing and also the extended portion o f  the system 

(n) Weight or class, size, and material o f  any proposed 
underground pipe 

(o) Whether property is located in a flood or earth- 
quake area requiring consideration in the design o f  sprin- 
kler system 

(p) Name and address o f  party submitting the layout. 

A-6-1.1 See Figure A-6-1.1 on page 107. 

A-6-1.1.2 See Figures A-6-1.1.2(a) and (b) on page 108. 

A - 6 - 2 . 2  See Figures A-6-2.2(a) through (d) o n  pages 109 
through 112. 

A-6-2.3 See Figure A-6-2.3 on page 113. 

A-6-2.3(o) See Figure A-6-2.3(o) on page 114. 

A-6-2.4 See Figure A-6-2.4 on page 115. 
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13-104  INSTALLATION OF SPRINKLER SYSTEMS 

Table A.5-3.4 Large-Drop Sprinkler Data 

Pressure and Number of Design Sprinklers Required for Various Hazards for Large Drop Sprinklers 

Type of Hose Stream 
Hazard System Minimum Operating Pressure, ! psi (bar) Demand 

25 (1.7) 50 (3.4) 75 (5.2) gal/min (dmS/min) 

Water 
Supply 

D u r a t i o n ,  
Hr 

Number Design Sprinklers 

Palletized ~ Storage 
Class I, II, and III commodities up to Wet 15 

25 ft (7.6 m) with maximum 10 ft 
(3.0 m) clearance to ceiling Dry 25 

Class IV commodities up to 20 ft 
Wet 20 (6.1 m) with maximum 10 ft 

(3.0 m) clearance to ceiling Dry Does not apply 

Unexpanded plastics up to 20 ft 
Wet 25 (6.1 m) with maximum 10 ft 

(3.0 m) clearance to ceiling Dry Does not apply 

Expanded plastics commodities up to 
18 ft (5.5 m) with maximum 8 ft Wet Does not apply 
(2.4 m) clearance to ceiling Dry Does not apply 

Idle wood pallets up to 20 ft (6.1 m) Wet 15 
with maximum 10 ft (3.0 m) clear- 
ance to ceiling Dry 25 

Note 4 Note 4 500 (1900) 

Note 4 Note 4 

15 Note 4 

Does not apply Does not apply 500 (1900) 

15 Note 4 

Does not apply Does not apply 500 (1900) 

15 Note 4 500 (1900) 

Does not apply Does not apply 

Note 4 Note 4 

Note 4 Note 4 500 (1900) 11/2 

Solid Piled 2 Storage 
Class I, II, and III commodities up to 

20 ft (6.1 m) with maximum 10 ft 
(3.0 m) clearance to ceiling 

Class IV commodities and unexpanded 
plastics up to 20 ft (6.1 m) with max- 
imum 10 ft (3.0 m) clearance to 
ceiling 

$ Double-Row Rack Storage with Mini- 
mum 5.5 ft (1.7 m) Aisle Width 

Class I and II commodities up to 25 ft 
(7.6 m) with maximum 5 ft (1.5 m) 
clearance to ceiling 

Class I and II commodities up to 30 ft 
(9.2 m) with maximum 5 ft (1.5 m) 
clearance to ceiling 

Class I, II, and III commodities up to 
20 fi (6.1 m) with maximum 10 fi 
(3.0 m) clearance to ceiling 

Class I, II, and III commodities up to 
25 ft (7.6 m) with maximum lO ft 
(3.0 m) clearance to ceiling 

Class IV commodities up to 20 fi 
(6.1 m) with maximum 10 fi (3.0 m) 
clearance to ceiling 

Class IV commodities up to 25 fi 
(7.6 m) with maximum 10 ft clear- 
ance to ceiling 

Wet 15 Note 4 Note 4 

Dry 25 Note 4 Note 4 

Wet Does not apply 15 Note 4 

Dry Does not apply Does not apply Does not apply 

Wet 20 Note 4 Note 4 

Dry 30 Note 4 Note 4 

Wet 20 plus one 
level o f  in-rack 

sprinklers 6 
Dry 30 plus one 

level o f  in-rack 
sprinklers 6 

Note 4 Note 4 

500 (1900) 

500 (1900) 

500 (1900) 

Note 4 Note 4 500 (1900) 

11/2 

11/2 

11/2 

11/2 

Wet 15 Note 4 Note 4 

Dry 25 Note 4 Note 4 500 (1900) 11/2 

Wet 15 plus one Note 4 Note 4 11/2 
level o f  in-rack 

sprinklers 6 500 (1900) 
Dry 25 p l u s  o n e  Note4  Note4  

level o f  in-rack 
sprinklers 6 

Wet Does n o t  apply 20 15 

Dry Does not apply Does not apply Does not apply 500 (1900) 2 

Wet Does not apply 20 plus one 15 plus one 
level o f  in-rack level o f  in-rack 

sprinklers 6 sprinklers 6 500 (1900) 2 
Dry Does not apply Does not apply Does not apply 
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Table A-5-3.4 (cont.) 

Does not  apply  30 20 500 (1900) 2 

Does not  apply  Does not  apply Does not  apply 

U n e x p a n d e d  plastics up  to 20 ft 
(6.1 m) with m a x i m u m  10 ft 
(3.0 m) clearance to ceiling 

U n e x p a n d e d  plastics up  to 25 ft 
(7.6 m) with m a x i m u m  10 ft 
(3.0 m) clearance to ceiling 

Class IV commodi t i es  and  unex-  
p a n d e d  plastics up  to 20 ft (6.1 m) 
with m a x i m u m  5 ft (1.5 m) clear- 
ance to ceiling 

Class IV commodi t i es  and  unex-  
p a n d e d  plastics up  to 25 fi (7.6 m) 
with m a x i m u m  5 ft (1.5 m) clear- 
ance to ceiling 

Wet  

Dry 

Wet  Does not  apply  30 plus  one  20 plus  one  
level o f  in-rack level o f  in-rack 

sprinklers  4 spr inklers  4 
Dry Does not  apply  Does not  apply Does not  apply 

Wet  Does not  apply 15 Note 4 

Dry Does not  apply  Does not  apply Does not  apply 

500 (1900) 2 

Wet  Does not  apply  15 plus  one  Note 4 
level o f  in-rack 

sprinklers  4 

Dry Does not  apply  Does not  apply Does not  apply 

500 (1900) 2 

500 (1900) 2 

On-end Storage o f  Roll  Paper 2 
Heavyweight  p a p e r  in closed array, 

b a n d e d  in open  array,  or  b a n d e d  
or  u n b a n d e d  in a s t andard  array, 
up  to 26 ft (7.9 m) with m a x i m u m  
34 ft (10.4 m) clearance to ceiling 

A n y  grade  o f  paper ,  except  light- 
weight  pape r  with stacks in closed 
array, or  b a n d e d  or  u n b a n d e d  in a 
s t anda rd  array,  up  to 20 ft (6.1 m) 
with m a x i m u m  10 ft (3.0 m) clear- 
ance to ceiling 

M e d i u m  weight pape r  completely 
wrapped  (sides and  ends)  in one  or  
m o r e  layers of" heavyweight  paper ,  
or  l ightweight  pape r  in two or  
m o r e  layers o f  heavyweight  paper ,  
with closed array,  b a n d e d  in open  
array, or  u n b a n d e d  in a s t anda rd  
array,  up  to 26 ft (7.9 m) with max-  
i m u m  34 ft (10.4 m) clearance to 
ceiling 

Wet  Does not  apply  15 Note 4 

Dry Does not  apply  Does not  apply Does not  apply 

Wet  Does not  apply  15 Note 4 

Dry Does not  apply  25 Note 4 

0 4 
(Note 7) (Note  7) 

Wet  Does not  apply  15 Note 4 

0 4 
(Note 7) (Note  7) 

Dry Does not  apply  Does not  apply Does not  apply 
0 4 

(Note 7) (Note  7) 

Record Storage 
Paper  records  and /o r  c o m p u t e r  tapes 

in mult i t ier  steel shelving up  to 
5 ft (1.5 m) in width and  with aisles 

Wet  15 Note 4 
30 in. (76 cm) or  wider,  wi thout  
catwalks in the  aisles, up  to 15 ft 
(4.6 m) with m a x i m u m  5 ft (1.5 m) 
clearance to ceiling Dry 25 Note 4 

Same as above, bu t  with catwalks o f  
e x p a n d e d  metal  or  metal  gr id  with Wet  Does not  apply 15 
m i n i m u m  50% open  area in the  
aisles Dry Does not  apply  15 

Note 4 500 (1900) 11/2 

Note 4 

Note 4 

Note 4 

500 (1900) 11/2 

NOTES: 
1. Open wood joist construction. Fully firestop each joist channel to its full depth at intervals not exceeding 20 ft (6.2 m). In unfirestopped open wood joist 

construction, or if firestops are installed at intervals not exceeding 20 ft (6.1 m), increase the minimum operating pressures of  Table A-5-3.4 by 40 per- 
cent. 

2. See NFPA 231, Standard for General Storage. 
3. With rack storage, use conventional wood pallets only, no slave pallets. 
4. The high pressure may be used, but the required number of  design sprinklers may not be reduced from that required for the lower pressure. 
5. See NFPA 231F, Standard for the Storage of Roll Paper. 
6. Install in-rack sprinklers in accordance with NFPA 231C, Standard for Rack Storage. 
7. Hose stream demands and water supply durations may vary for roll paper storage depending on local conditions. See NFPA 231F, Standard for the Storage 

of Roll Paper. 
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Table A-5-3.5 ESFR Sprinkler Data 

M a x i m u m  Height  M a x i m u m  Height  
of  Storage See Note 

Type of  Storage Commodi ty  (ft) (ft) 

Single-, double-, and multiple-row 
and portable rack storage (no 
open-top containers or solid-piled 
or palletized storage) 

Roll paper on end, open/standard 
closed array, banded or unbanded 

Roll paper on end, open/standard 
closed array, banded or unbanded 

Cartoned plastics (unexpanded 
or expanded) and Class I 
through IV commodities, all 
either encapsulated or unencap- 
sulated 

Heavyweight paper 

25 30 

20 30 

Mediumweight paper 20 30 

Aerosol storage See NFPA 30B 

NOTE: The maximum height is to be measured to the underside of the roof deck or ceiling. 
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171 Spkrs. Per Floor m 
Total 528 Spkrs. 
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2-Sto. and Basement 
Wood Joist 
Construction 

I Heated 

[ 
I 

Nipple Up to 
Blind Space 

N. 12th. St. 

Office 
1 Sto. and Blind 
Space Above 

JOHN DOE AND CO. 
100 N. 12TH. ST. 
STRAND N.Y. 

SURVEYED 12-31-B9 BY: F . J .  CONTRACT NO. 
DRAWN 1-4-60 BY: F.J. 
CHECkEb 1-8-60 B~-I. l" .  N--4341 
APPROVED BY: 
6EGREE OF SPKR. I 160< 21~PI 280°13600 SHEET NO. 1 OF 1 
~,,S~EET '~'  [ I 1'" .. 

SCALE -1 1OTAL ON (~ON~ 528 8 
XYZ AUTOMATIC SPRINKLER CO. 

NEWARK Ol-HO 

Figure A-6-1 Typical preliminary plan. 

1991 Edition 
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8 0 ' - 0 "  

2x4 
Nip & C a p ~  
* = 2 2  

p280 ° I 
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>212 ° 

C-Clamp Hgrs. 
On 
Lines & Mains 

,, t i 
- ' ~  o - ~  1 
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x ~  

n L *25½ 
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Note: 
Figures Marked Thus . Denote 
Distance In Inches From Top Of 
Steel Joists Down To Center Of 
Pipe. 

10" Bar Joists 
2"-6"' O.C. 
1~"  Metal Deck 

2x4 

@ 
'-0" I 

I ] 
1 

2½ x 2½ x 4 Fire Dept. Conn. 

Water Motor ~ ; ~  
Alarm ~ ~ Curb Line 

City Gate Valve 

8"  City Main 
75# Static Pressure 
70# Residual 
500 G.P.M. Flowing N. SECOND ST. 

® ® ®  
Upright Sprinklers 
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I cj 
=~ 

_= , = _ :  . 

Zx4 Nip & Cap 
* = 22 

Pcs. To 
Bottom Of 
St. Joists 

CJ  
O ~  

UJ~ 

"1 , , -E 
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JOHN DOE CO., INC. 
22-32 N. SECOND ST. 

SMITHVILLE, NEW YORK 
SURVEYED 10-1-1989 BY: H.T. CONTRACT NO. 
DRAWN 10-3-1989 BY: H . T .  

CHECKED t0-10-1989 BY: R.J. N 4341 
APPROVED 10-12-1989 BY: T.E.P. 

I 

SPKR. 160 ° 212 ° 280o[360o I SHEET NO. I OF I DEGREE OF 

TH S SHEET 72 4 8 8~ I SCALE 1/8 - 1"-0" 
TOTAL ON CONTRACT 

XYZ AUTOMATIC SPRINKLER CO. 
NEWARK, OHIO 

Figure A-6-1.1 Typical working plans. 
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