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Preface 
This is the Thirteenth Edition of ANSl/CAN/UL/ULC 1 99,  Standard for Automatic Sprinklers for Fire­
Protection Service. 

UL is accredited by the American National Standards Institute (ANSI )  and the Standards Council of 
Canada (SCC) as a Standards Development Organization (SDO). ULC Standards is accredited by the 
Standards Council of Canada (SCC) as a Standards Development Organization (SDO). 

This Standard has been developed in compliance with the requ i rements of ANSI and sec for 
accreditation of a Standards Development Organization . 

This ANSl/CAN/UL/ULC 1 99 Standard is under continuous maintenance, whereby each rev1s1on is 
approved in compliance with the requirements of ANSI and SCC for accreditation of a Standards 
Development Organization . In the event that no revisions are issued for a period of four years from the 
date of publ ication, action to revise, reaffirm, or withdraw the standard shall be in itiated . 

Annexes 6. and�. identified as I nformative, are for i nformation purposes only. 

In Canada, there are two official languages, Engl ish and French . All safety warnings must be in French 
and Engl ish.  Attention is drawn to the possibi l ity that some Canadian authorities may requ ire add itional 
markings and/or instal lation instructions to be in both official languages . 

This Thirteenth Edition Joint American National Standard and National Standard of Canada is based on , 
and now supersedes, the Twelfth Edition of UL 1 99 and the Second Edition of U LC/ORD-C1 99.  

Comments or proposals for revisions on any part of the Standard may be submitted at any time. Proposals 
should be submitted via a Proposal Request in the On-Line Collaborative Standards Development System 
(CSDS) at https://csds.ul .com. 

U L's Standards for Safety are copyrighted by UL. Neither a printed nor electronic copy of a Standard 
should be altered in any way. Al l  of U L's Standards and al l copyrights, ownerships,  and rights regarding 
those Standards shall remain the sole and exclusive property of UL.  

To purchase U L  Standards, visit the UL Standards Sales Site at 
http://www.shopulstandards.com/ HowToOrder.aspx or call tollfree 1 -888-853-3503. 

This Ed ition of the Standard has been formally approved by the UL Standards Technical Panel (STP) on 
Sprinkler Equ ipment For Fire Protection ,  STP 1 99 .  

This l ist represents the STP 1 99 membership when the final text i n  this standard was balloted. Since that 
time, changes in the membership may have occurred . 

UL COPYRIGHTED MATERIAL - NOT AUTHORIZED FOR FURTHER 
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For further information on UL standards, please contact: 

Underwriters Laboratories Inc. 
1 71 Nepean Street, Su ite 400 
Ottawa, Ontario K2P 084 
Phone: 1 -6 1 3.755.2729 
E-mai l :  U LCStandards@ul .com 
Web site: u l .org 

This Standard is intended to be used for conformity assessment. 

9 

The intended primary appl ication of this standard is stated in its scope. It is important to note that it 
remains the responsibil ity of the user of the standard to judge its su itabi l ity for this particular application . 

CETTE NORME NATIONALE DU CANADA EST DISPON I BLE EN VERSIONS FRAN<;AISE ET 
ANGLAISE 
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INTRODUCTION 

1 Scope 

1 . 1 These requirements cover automatic sprinklers includ ing conventional ,  spray, sidewal l ,  extended 
coverage, residentia l ,  certain specific appl ication sprinklers and storage sprinklers including early 
suppression fast response (ESFR) intended for instal lation on sprinkler systems for fire-protection service. 
Requirements for the instal lation and use of sprinklers are included in the National Bu i ld ing Code of 
Canada, Standards for the I nstallation of Sprinkler Systems, NFPA 1 3; I nstal lation of Sprinkler Systems in 
One- and Two-Family Dwel l ings and Manufactured Homes, NFPA 1 30;  and I nstallation of Sprinkler 
Systems in Low-Rise Residential Occupancies, NFPA 1 3R; as well as other appl icable NFPA Standards.  

1 .2 The requirements in this standard are not intended to restrict the appl ication of representative fi re 
and other tests for special sprinklers, as referenced in Standard for the Instal lation of Sprinkler Systems ,  
NFPA 1 3, that are intended to provide protection for specific fire hazards. 

2 Components 

2 . 1  Except as indicated in 2 .2, a component of a product covered by this standard shal l  comply with the 
requirements for that component. 

2 .2 A component is not required to comply with a specific requ i rement that: 

a) I nvolves a feature or characteristic not required in the appl ication of the component in the 
product covered by this standard , or 

b) Is superseded by a requirement in this standard . 

2 .3 A component shal l  be used in accordance with its rating establ ished for the intended cond itions of 
use. 

2.4 Specific components are incomplete in construction features or restricted in performance 
capabil ities. Such components are intended for use only under l imited condit ions, such as certain 
temperatures not exceeding specified l imits, and shal l  be used only under those specific condit ions. 

3 Units of Measurements 

3 . 1  Where values of measurement are specified in both SI and U.S .  Customary units, it is the 
responsibil ity of the user of this standard to determine the un it of measurement appropriate for the user's 
needs. 

4 Normative References 

4 . 1  The following standards are referenced in th is standard, and portions of these referenced standards 
may be essential for compl iance. 

American Society of Mechanical Engineers (ASME) Standards 

ANSl/ASME 81 .20. 1 ,  Standard on Pipe Threads, General Purpose, Inch 

American Society for Testing and Materials (ASTM) Standards 

ASTM B 1 1 7 , Standard Practice for Operating Salt Spray (Fog) Apparatus 

L "" l7 L - LCD FOR FURTHER 
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ASTM E 1 1 ,  Standard Specification for Woven Wire Test Sieve Cloth and Test Sieves 

ASTM E 1 354, Test Method for Heat and Visible Smoke Release Rates for Materials and Products Using 
an Oxygen Consumption Calorimeter 

National F ire Protection Association (NFPA) Codes and Standards 

NFPA 1 3 , Standard for the Installation of Sprinkler Systems 

NFPA 1 3D,  Standard for the Installation of Sprinkler Systems in One- and Two-Family Dwellings and 
Manufactured Homes 

NFPA 1 3R, Standard for the Installation of Sprinkler Systems in Low-Rise Residential Occupancies 

NFPA 30, Flammable and Combustible Liquids Code 

NFPA 308, Code for the Manufacture and Storage of Aerosol Products 

National Research Council  Canada 

National Building Code of Canada 

UL Standards 

UL 9,  Standard for Fire Tests of Window Assemblies 

UL 1 57, Standard for Gaskets and Seals 

UL 723, Standard for Test for Surface Burning Characteristics of Building Materials 

UL 7 46C, Standard for Polymeric Materials - Use in Electrical Equipment Evaluations 

ULC Standards 

CAN/ULC-S1 02 ,  Method of Test for Surface Burning Characteristics of Building Materials and Assemblies 

CAN/ULC-S1 36, Standard Method of Fire Test of Sprinkler Protected Window Systems 

5 Glossary 

5 . 1  For the purpose of this standard the following definitions apply: 

5.2 ACTUAL DELIVERED DENS ITY (ADD) - The rate at which water, d ischarged from a sprinkler, is 
actually deposited onto the top of the protected horizontal surface under a fire cond ition.  

5 .3 ASSEMBLY LOAD - The extension force applied to the sprinkler frame by the assembly of its 
operating mechanism. 

5.4 AUTOMATIC SPRI NKLER - A sprinkler intended to open automatically by operation of a heat­
responsive element that maintains the discharge orifice closed by means such as the exertion of pressure 
on a cap (button or d isc). A sprinkler is installed on piping so that a spray of water is d ischarged in a 
specific pattern for suppression or control of fires. 
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5 . 5  CEIL ING SPRI NKLER - See Concealed Ceil ing Sprinkler (5 .7), Flush Cei l ing Sprinkler (5 . 1 8) and 
Recessed Ceil ing Sprinkler (5.28) .  

5.6 COATED, PAI NTED, OR PLATED SPRINKLER - A  sprinkler that has factory appl ied coatings, paint, 
or platings for corrosion protection or decorative purposes . 

5.7 CONCEALED CEIL ING SPRINKLER - A  sprinkler assembly having a cover plate. 

5.8 CONTROL MODE DENSITY AREA (CMDA) STORAGE SPRINKLER FOR STANDARD 
COVERAGE AREAS - A sprinkler intended to be installed using standard coverage areas and 
density/area criteria referenced in NFPA 1 3. 

5.9 CONTROL MODE SPECIF IC  APPLICATION (CMSA) STORAGE SPRINKLER - A sprinkler 
intended for the protection of stored commodities as referenced in NFPA 1 3  or the end use l imitations 
specified for the product. 

5 . 1 0  CONVENTIONAL (OLD STYLE) SPRINKLER - A sprinkler intended for instal lation in the upright or 
pendent position , that directs from 40 to 60 % of the total water in it ial ly d ischarged in the downward 
d irection .  

5 . 1 1  DISCHARGE COEFFICIENT "K" - Coefficient of d ischarge i n  the formula, 

in which : 

Q is the flow in gpm, and 

p is the pressure in lbf/in2 gauge (psig ) . 
I n  SI un its: 

Q is the flow in I/min ;  and 

p is the pressure in bar. 

K=_SL 
JP 

5. 1 2  DRY-TYPE SPRI NKLER - A  sprinkler secured in an extension n ipple that has a seal at the inlet end 
to prevent water from entering the n ipple until the sprinkler operates. These sprinklers consist of an 
upright, pendent, sidewal l ,  flush, or other types. 

Note: Dry-type ESFR sprinklers are intended for use on wet systems only since ESFR sprinklers are not intended for use in dry 
systems as referenced in NFPA 13 .  

5 . 1 3  EARLY-SUPPRESSION FAST-RESPONSE (ESFR) SPRINKLER - A qu ick respond ing sprinkler 
that automatical ly discharges water over a specified area to provide early suppression of a fire. 

5 . 1 4  EXTENDED COVERAGE SPRINKLER INTENDED FOR LIGHT HAZARD OCCUPANCIES (ECLH) 
- A sprinkler having a specified area of coverage which is larger than the standard sprinkler coverage 
areas and is intended for use in l ight hazard occupancies described in NFPA 1 3. 

5 . 1 5  EXTENDED COVERAGE SPRINKLER INTENDED FOR ORDI NARY HAZARD OCCUPANCIES 
(ECOH) - A sprinkler having a specified area of coverage which is larger than the standard sprinkler 
coverage areas and is intended for use in ordinary hazard occupancies described in NFPA 1 3. 

HER 
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5 . 1 6  EXTENDED COVERAGE CONTROL MODE DENSITY AREA (CM DA) STORAGE SPRINKLER -
A sprinkler intended to be instal led using the extended coverage area and density/area criteria referenced 
in NFPA 1 3. 

5 . 1 7  FLOW CONTROL (FC) SPRINKLER - A sprinkler that is intended to control water flow by 
automatical ly cycl ing open and closed within a specified temperature range. 

5 . 1 8  FLUSH CEIL ING SPRI NKLER - A sprinkler in  wh ich al l or part of the body is mounted above the 
lower plane of the cei l ing (or beyond a wall  for s idewall sprinklers) ,  but all of the heat responsive col lector 
is below the lower plane of the cei l ing (or beyond a wall  for s idewall sprinklers) .  

5 . 1 9  H EAT RESPONSIVE ELEMENT - That portion of a sprinkler that breaks, melts, or otherwise 
functions to initiate the automatic operation of the sprinkler when exposed to sufficient heat. 

5.20 HEPTANE - Commercial grade heptane having the following characteristics: 

a)  Min imum In itial Boi l ing Point of 1 90 °F (88 °C); 

b) Maximum Dry Point of 2 1 2  °F ( 1 00 °C); and 

c) Specific Gravity (60 °F/60 °F)  (1 5 .6 °C/1 5.6 °C) of 0 .68 - 0.73. 

5 .21  OPEN SPRI NKLER - An automatic sprinkler with the heat responsive and activating elements 
removed. The discharge orifice is open. 

5 .22 OPERATING TEMPERATU RE - The temperature at which the heat responsive element of a 
sprinkler operates when immersed in a l iquid bath under control led rate of rise conditions. 

5.23 ORIF ICE - The opening that controls the amount of water d ischarged from a sprinkler at a g iven 
pressure. 

5 .24 PENDENT SPRI NKLER - A sprinkler intended to be installed so that its deflector is located below 
the orifice and the water flows downward against the deflector. 

5.25 QUICK RESPONSE-EXTENDED COVERAGE L IGHT HAZARD OCCUPANCY SPRINKLER - A 
sprinkler that compl ies with the appl icable requirements for such sprinklers in the Sensitivity Tests, Section 
33 , when tested and installed in a test room at greater than standard spacings as stated in the installation 
instructions and complies with the requirements for extended coverage light hazard occupancy sprinklers .  

5 .26 QUICK RESPONSE-EXTENDED COVERAGE ORDI NARY HAZARD OCCUPANCY SPRINKLER 
- A sprinkler that compl ies with the applicable requirements for such sprinklers in the Sensitivity Tests, 
Section 33, when tested and insta l led in a test room at greater than standard spacings as stated in the 
installation instructions and complies with the requ irements for extended coverage ordinary hazard 
occupancy sprinklers. 

5.27 QUICK RESPONSE (QR) SPRINKLER - A sprinkler that complies with the appl icable requirements 
for such sprinklers in the Sensitivity Tests, Section 33, and that is intended to be installed at standard 
spacings. 

5 .28 RECESSED CEIL ING SPRINKLER - A sprinkler assembly in which al l or part of the sprinkler body 
or frame, other than the in let thread, is mounted withi n  a recessed housing. 

5.29 RESI DENTIAL SPRI NKLER - A  sprinkler intended to be installed in residential occupancies. 

UL COPYRIGHTED MATERIAL - NOT AUTHORIZED FOR FURTHER 

REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM UL INC. 



FEBRUARY 25, 2022 ANSl/CAN/UL/ULC 199 1 5  

5.30 RESPONSE T I M E  INDEX (RTI)  - A measure o f  the thermal sensitivity o f  the sprinkler's heat 
responsive element. 

5 .31 S IDEWALL SPRAY SPRINKLER - A sprinkler intended for instal lation on or near the wal l  and near 
the cei l ing ,  and designed to discharge most of the water away from the nearby wall  with a small portion of 
the discharge d i rected at the wal l  behind the sprinkler. 

5.32 SPECI F IC APPLICATION SPRINKLERS - A sprinkler intended for a l im ited end use such as for 
protecting windows, combustible concealed spaces or attics. 

5.33 SPRAY SPRI NKLER (STANDARD) - A sprinkler intended for instal lation in either the upright or 
pendent position respectively, designed to d istribute water downward in an umbrella-shaped pattern . The 
discharge from a spray sprinkler having a nominal 5.6 (80) "K" factor covers a ci rcle 1 6  ft (4.88 m) in 
d iameter, 4 ft (1 .22 m) below the sprinkler, when the sprinkler is d ischarg ing water at the rate of 1 5  gpm 
(57 I/min) .  See 1 0  Pan Distribution Test, 54.3 . 

5.34 STANDARD FIRE TEST COMMODITY - CARTONED GROUP A PLASTICS (UNEXPAN DED) -
Single wal l  corrugated cardboard cartons measuring a nominal 2 1  by 21  by 20.5 in h igh (530 by 530 by 
520 mm) containing 1 25 crystal l ine polystyrene cups in separate compartments with in  the carton .  Single 
wall corrugated cardboard sheets are used to separate the five layers of cups and interlocking single wal l  
corrugated cardboard vertical d ividers are used to separate the 25 cups i n  each layer. Eight of  the cartons 
are arranged in a 2 x 2 x 2 array with the open end of the cups facing down and placed on a nominal 42 by 
42 by 5 in high (1 070 by 1 070 by 1 27 mm) two-way hardwood pallet. 

5.35 STANDARD FIRE TEST COMMOD ITY - CLASS II Double tri-wal l  corrugated cardboard cartons 
with five-sided steel (open bottom)  stiffeners inserted for stabil ity. The cartons are to comply with the 
requirements for Class 2 ,  Style E ,  "AAA" fluting as specified in the Federal Specification for Boxes, 
Fiberboard , Corrugated, Tri-Wal l ,  PPP-B-640D.  The two cartons have a combined nominal thickness of 1 
in (25 mm). The a nominal measurements for the outside carton are 42 by 42 by 42 in ( 1 070 by 1 070 by 
1 070 mm) and the nominal measurements for the i nside carton are 41 by 41 by 41 in ( 1 040 by 1 040 by 
1 040 mm). The cartons are to be placed on a nominal 42 by 42 by 5 in high ( 1 070 by 1 070 by 1 27 mm) 
two-way hardwood pallet. 

5.36 STORAGE SPRI NKLER - See Control Mode Density Area (CM DA) Storage Sprinkler for Standard 
Coverage Areas (See 5.8) ,  Control Mode Specific Application (CMSA) Storage Sprinkler (5 .9) ,  Early­
Suppression Fast-Response (ESFR) Sprinkler (5 . 1 3) and Extended Coverage Control Mode Density Area 
(CMDA) Storage Sprinkler (5 . 1 6). 

5.37 UPRIGHT SPRINKLER - A sprinkler intended to be i nstalled so that its deflector is located above 
the orifice and the water flows upward against the deflector. 

6 Terminology 

6 . 1  Where these requirements reference "automatic sprinkler", the requirements apply to any type of 
sprinkler unless otherwise specified. 

6.2 Where these requirements reference "extended coverage sprinklers", the requ i rements apply to any 
type of extended coverage sprinkler unless otherwise specified . 
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CONSTRUCTION 

7 General 

7 . 1  An automatic sprinkler shal l  be constructed to effect closure of its water seat for extended periods of 
time without leakage and to open as intended and release al l  parts as specified in this standard. The 
closure of the water seat shal l  not be achieved by the use of a dynamic 0-ring or simi lar sea l (an 0-ring or 
similar seal that moves during operation or is in contact with a component that moves during operation) .  

7 .2 For  dry-type pendent and sidewall sprinklers, the connection of  the extension nipple to the seal 
assembly at the in let shal l  be airtight. See Dry Sprinkler Air Tightness Test, Section 27 . 

7 .3 Stampings shall show no cracking or spl itting and shall be un iformly smooth and clean cut. 

7.4 An automatic sprinkler shal l  be chemically or mechanically staked to maintain the manufacturer's 
assembly load . The assembly load shall not be able to be changed by the use of common hand tools 
without causing visible damage to the sprinkler. 

7 .5 Sprinkler types or materials not anticipated by these requirements require add itional evaluation, such 
as tests to investigate special metal l ic or nonmetall ic materials. 

7 .6 An escutcheon for sprinklers other the polymeric residential sprinklers shal l be constructed of a 
metal l ic material .  

7.7 When instal led with the intended fittings specified in the installation instructions, see Manufacturer's 
Instal lation Instructions, Section 60 , dry sprinklers installed in dry systems shall be constructed to min imize 
the potential to accumulate water, scale, and sed iment on the sprinkler inlet and shal l  provide an 
unobstructed flow path upon operation. 

7 .8 For sprinklers incorporating a glass bulb heat responsive element, the fi l l ing end t ip of the bulb shal l  
be completely encased in an enclosure to min imize the potential for breakage or damage. For the 
purposes of applying this requirement, a bulb tip with in the waterway of a dry type sprinkler shal l  be 
considered enclosed. 

7 .9 Sprinklers with g lass bu lb type heat responsive elements shall be equipped with protective covers 
that are designed to remain in place during instal lation and be removed before the sprinkler system is 
placed in service. 

Exception: Certain sprinkler designs, such as sprinklers with guards, concealed, intermediate level, wax 
coated and dry type sprinklers, may not be required to have protective covers. 

7 . 1 0  Sprinklers required to be equ ipped with sprinkler covers shall comply with Impact Test for Protective 
Covers, Section ll and 59. 1 2 . 

8 Inlet Threads 

8 . 1  Sprinklers shal l  be provided with external pipe threads at the inlet end as specified in Table 1 1 . 1 . 
In let-end pipe threads shall comply with the Standard on Pipe Threads, General Purpose, Inch, 
ANSl/ASME 81 .20. 1 .  

Exception No. 1 :  Dry-type sprinklers shall be permitted to be provided with larger external NPT pipe 
threads. 
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Exception No. 2 :  Internal taper pipe threads (NPT) o f  314- or 1 -in size shall be permitted to be used for an 
8. 0 nominal "K" factor, ceiling, and dry type sprinklers in lieu of those specified in Table 11 .  1 . 

Exception No. 3: Sprinklers intended for use in installations where sprinkler fittings incorporate pipe 
threads other than NPT type threads shall be permitted to be provided with pipe threads complying with a 
national pipe thread standard compatible with those fittings. 

Exception No. 4: Sprinkler inlets intended for attachment to piping by means other than threads are able to 
be used when the sprinklers: 

a) Have a nominal "K" factor corresponding to the discharge coefficient as specified in Table 11 .  1 ; 

b) Are provided with nominal "K" factor markings as specified in 59. 2; and 

c) Are intended to be attached in a manner that does not involve welding and that permits sprinkler 

removal from sprinkler piping without the use of special tools or torch cutting equipment. 

8.2 Threads shal l  be clean cut and true and free from burrs, scoring, or chatter marks. 

9 Temperature Ratings 

9 . 1  The temperature ratings, temperature classifications, and color cod ings of automatic sprinklers shal l  
be as specified in Table 9 . 1 . See 59.6. 

Table 9 .1  
Temperature Ratings, Classifications, and Color Codings 

Maximum cei l ing 

Temperature 
Temperature rating Color code temperature 

classification OF (oC) Sprinkler Glass bulb OF (oC) 

Ordinary 1 35 - 1 70 (57 - 77) Uncolored or Black Orange - 1 35 °F (57 °C) 1 00 (38) 

Red - 1 55 °F (68 °C) 

Intermediate 1 75 - 225 (79 - 1 07) White Yellow - 1 75 °F (79 °C) 1 50 (66) 

Green - 200 °F (93 °C) 

High 250 - 300 (121  - 149) Blue Blue 225 (1 07) 

Extra high 325 - 375 (163 - 1 9 1 )  Red Purple 300 (149) 

Very extra high 400 - 475 (204 - 246) Green Black 375 (1 91 ) 

Ultra high 500 - 575 (260 - 302) Orange Black 475 (246) 

9.2 Residential and ESFR sprinklers shall have a temperature rating that fal ls within the range of the 
ordinary or intermediate classification. 

1 0  Pressure Rating 

1 0. 1  Sprinklers other than storage and ESFR sprinklers shall have a rated pressure of 1 75 psig ( 1 .2 
Mpa), 250 psig ( 1 .7 Mpa) ,  or 300 psig (2. 1 Mpa).  Storage and ESFR sprinklers shal l  have a rated pressure 
of 1 75 psig ( 1 .2 Mpa).  

1 0.2 The discharge pressure associated with a rated flow for any sprinkler shal l  not be less than 7 psig 
(48 kPa).  

UL COPYRIGHTED MATERIAL - NOT AUTHORIZED FOR FURTHER 

REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM UL INC. 



1 8  ANSl/CAN/UL/ULC 1 99 FEBRUARY 25, 2022 

11 Nominal "K" Factor 

1 1 . 1 Sprinklers other than residential sprinklers and dry sprinklers in lengths longer than the min imum, 
shal l  have a discharge coefficient complying with one of the nominal "K" factor ranges specified in  Table 
.111. The nominal "K" factor is to be determined from the d ischarge coefficient "K", as specified by the 
Discharge Coefficient Test, Section 53. 

Table 1 1 . 1 
Nominal "K" factor and thread size 

Nominal K-factor, 
Discharge coefficient "K" External thread-type 

gpm/(psi)112(L/min/(bar)112) gpm/(psi)112 (L/min/(bar)112) in NPT 

1 .4 (20) 1 .3 - 1 .5 ( 19 - 22)  1 /2 

1 .9 (27) 1 .8 - 2.0 (26 - 29) 1 /2 

2 .8 (40) 2.6 - 2.9 (38 - 42)  1 /2 

4.2 (57) 4.0 - 4.4 (59 - 64) 1 /2 

5.6 (80) 5.3 - 5.8 (76 - 84) 1 /2 

8 .0 ( 1 1 5) 7.4 - 8.2 ( 107 - 1 1 8) 3/4 
or 1 /2+ 

1 1 .2 (160) 10 .7 - 1 1 .7 ( 159 - 1 66) 3/4 
or 1 /2+ 

1 4.0 (200) 1 3 .5 - 1 4.5 ( 195 - 209) 3/4 

1 6.8 (240) 16 .0 - 1 7.6 (231 - 254) 3/4 

1 9.6 (280) 1 8 .6 - 20.6 (272 - 301 ) 1 

22.4 (320) 21 .3 - 23.5 (31 1 - 343) 1 

25.2 (360) 23.9 - 26.5 (349 - 387) 1 

28.0 (400) 26.6 - 29.4 (389 - 430) 1 

+The 1 /2 in NPT inlet thread for these sprinklers are for use in existing facilities (retrofit) only as referenced in NFPA 13 .  

1 1 .2 The diameter of a discharge orifice or any i nternal passage of a sprinkler sha l l  be at  least 0 .21 in 
(5 .3 mm).  

1 1 .3 Sprinklers intended for use in dry or pre-action systems shall have a "K" factor greater than 4.0. 

12 Coati ngs And Platings 

1 2 . 1  The operation and distribution characteristics of a sprinkler shall not be impaired by the application 
of any factory applied coating,  paint, or plating when the sprinkler is tested in accordance with these 
requirements. 

1 2 .2 A corrosion resistant coating or plating shal l be un iformly appl ied. 

1 2 .3 A wax coating shal l  not be brittle when new nor become brittle with age. 

13 Polymeric Residential Sprinklers 

1 3 . 1  Residential sprinklers having pressure reta in ing and other load bearing components made of 
polymeric materials shal l  be constructed to comply with the fol lowing: 

a) Requirements described within this standard that are applicable to residential sprinklers .  
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b)  Sprinklers that have polymeric gaskets and  no additional pressure reta ining or load bearing 
polymeric components are not l imited to the use restrictions described in 1 3.2 and 1 3 .3 . 

1 3.2 Polymeric materials used to construct pressure reta in ing and load bearing components shal l  be 
constructed in such a manner that the polymeric materials do not extend into the area being protected by 
the sprinkler unless covered with a metal l ic material such as brass, bronze or sta in less steel . 

1 3.3 The manufacturer's installation instructions shal l indicate that the polymeric sprinklers are to be 
instal led in NFPA 1 30 applications and attached to sprinkler systems constructed of plastic sprinkler pipe 
and fittings only. See Section 60. 

PERFORMANCE 

GENERAL 

14 Details 

1 4 . 1  To determine compliance with these requirements, the various types and patterns of a sprinkler 
shall be subjected to the appl icable performance tests described here in .  

1 4.2 When a recessed or concealed sprinkler is  tested with an escutcheon and cover plate (as 
appl icable) during the performance tests, the sprinkler is to be recessed to the maximum depth al lowed by 
the sprinkler/escutcheon combination. 

15 Samples 

1 5. 1  The number of samples required for investigation varies for d ifferent sprinkler types. The number of 
samples required for examination and test are to be determined following a review of detailed drawings, 
examination of a prel iminary sample, or both. 

PHYSICAL STRENGTH AND LEAKAGE TESTS 

1 6  Load on Heat Responsive Element Test 

1 6. 1  The average and maximum design loads exerted on the heat responsive element, and the overal l  
load tolerance based on the design load for the assembly, are to be determined . When the application of 
the rated working pressure to the in let end of the sprinkler increases the assembly load by more than 
1 0  %, the add itional load is to be added to the measured load on the heat responsive element. The 
information developed is to be used for Strength of Heat Responsive Element Test, Section 1L 

1 6.2 At least 25 sprinklers are to be tested to determine the average load . An arrangement for measuring 
the load on the heat responsive element is to be developed for each specific design. 

1 7  Strength Of Heat Responsive Element Test 

1 7.1 Fusible-al loy types 

1 7. 1 . 1  A heat responsive element i n  the ordinary temperature rating shall either: 

a) Sustain a load of 1 5  times its maximum design load for a period of 1 00 h; or 

b) Demonstrate the abil ity to sustain the maximum design load when tested in accordance with 
1 7 . 1 .2 and 1 7. 1 .3 . -- --
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1 7  . 1 .2 Compliance with 1 7  . 1 . 1  (a) is to be determined by subjecting at least ten sample heat responsive 
elements to a load of 1 5  times the maximum design load for at least 1 00 h. Compliance with 1 7. 1 . 1  (b) is to 
be determined by subjecting sample heat-responsive elements to loads in excess of the maximum design 
load. A minimum of ten samples are to be loaded at various values as requ i red up to 1 5  times the design 
load. At least one heat responsive element shall susta in a load for a time greater than 1 000 h. These load 
and time values shall then be used to derive a least-square, fu l l  logarithmic regression curve of load as a 
function of time, from which the loads at 1 h and 1 000 h are to be determined . The design load shall 
comply with the fol lowing equation : 

in which : 

Ld is the maximum design load ; 

Lm is the load at 1 h ;  and 

L0 is the load at 1 h .  

17  . 1 .3 The test samples are to be loaded at a cond itioned temperature of 70 ±5 °F (21 ±3 °C) .  

1 7 .2 Glass-bulb types 

1 7  .2 . 1  The lower tolerance l imit for bulb strength, based on calculations with a degree of confidence of 
0.99 for 99 % of samples, shal l  exceed two times the upper tolerance l imit for sprinkler assembly load 
based on calculations with the same degree of precision as for bulb strength . 

1 7 .2.2 The bulb strength is to be measured by applying a steadily increasing load,  uti l iz ing a 
compression testing mach ine, until the bulb breaks. This test is to be conducted with the bulb mounted in 
the seating parts, with the same dimensions used in the sprinkler and a material hardness with in  the range 
of 38 - 50 Rockwell C. The rate of loading shall not exceed 55 lbf load per s (25 kg/s) ,  or at a rate that 
deflects the bulb 0.02 in (0.51 mm) per min ,  whichever measurement is conven ient for the test apparatus 
being used . Bulb seats shal l  be permitted to be reinforced circumferentially to not interfere with the bulb 
breakage. A minimum of 1 5  samples of each temperature rating and each bulb type are to be tested. See 
Annex A. 

1 7  .2 .3 Calcu lations are to be based on the Normal or Gaussian Distribution except where another 
d istribution is shown to be more appl icable due to manufacturing or design factors. 

1 8  Glass-bulb Thermal Shock Test 

1 8 . 1  A sprinkler having a glass bulb shall withstand the thermal shock of rapid temperature changes 
without breakage or fracture of the g lass bulb when tested as specified in 1 8 .2 . 

1 8 .2 At least five samples of the sprinkler are to be cond itioned for 5 min in a l iqu id bath at 20 °F ( 1 1  °C) 
less than the marked temperature rating. The samples then are to be removed and immediately 
submerged in another l iqu id bath at 50 °F ( 1 0  °C). The bulb of each sprinkler shall be visually observed for 
signs of breakage or fracture .  

1 9  Strength Of Frame Test 

1 9 . 1  An automatic sprinkler frame shall not show permanent deformation in excess of 0 .2 % of the 
distance between its bearing points when subjected to a test loading of twice its assembly load at rated 
hydrostatic pressure. 
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1 9.2 The distance between load-bearing points is to be measured to the nearest 0 .001 in (0.03 mm) from 
the plane of the sprinkler-orifice outlet at the center of the orifice to the center of the compression bearing 
surface. 

1 9.3 At least ten sprinkler samples are to be individually installed in a test apparatus that applies a load 
to the upper compression bearing surface. A measuring instrument is to be attached to ind icate the 
amount of deflection at the deflector end of the sprinkler frame. 

1 9.4 With the threaded in let restrained from movement, a measuring i nstrument is to be positioned to 
indicate the amount of deflection at the deflector end of the sprinkler frame. The heat responsive element 
of the sample is then to be carefu lly removed so as not to damage the frame. The negative axial 
deflection, due to release of the assembly load,  is to be recorded . A force is then to be appl ied to re-deflect 
the sprinkler at a rate of 0.02 in (0.51 mm) per min until the deflection returns to zero. The force at zero 
deflection is to be recorded as the assembly load.  An alternate means of determining assembly load shal l  
be permitted to be util ized when determined to provide equ ivalent or more accurate resu lts . 

1 9.5 A force equal to twice the sum of the force recorded i n  1 9 .4 plus the force appl ied to the sprinkler 
frame at rated pressure is then to be appl ied to each sample and held for not more than 5 s .  The deflection 
during the appl ication of this load and the amount of permanent set after the load has been released are to 
be determined. The percentage of permanent deformation (elongation) shall be calcu lated using the 
measured permanent deflection and the minimum distance measured between load bearing points to 
verify compliance with the requirements in 1 9 . 1 . 

20 Impact Resistance Test 

20. 1 An automatic sprinkler, except for dry type sprinklers,  shall not be damaged or leak when tested as 
described in 20.2 . See Figure 20. 1 . 

20.2 Five sample sprinklers are to be tested by dropping a cyl indrical mass equivalent to the mass of the 
sprinkler to the nearest 1 5  g increment from a height of one meter onto the geometric center of the 
deflector, or when this is not practicable such as with a concealed or flush type sprinkler, onto the butt end 
of the sprinkler. The mass is to be prevented from impacting more than once upon each sample. Following 
the impact, each sprinkler is to be visual ly examined and there shall be no evidence of cracks, breaks, or 
any other damage. Each sample sprinkler shall then be subjected to the Leakage Test, Section 25 , 
fol lowed by the appl icable testing in Sensitivity Tests, Section 33 based upon sprinkler type. 
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Figure 20.1 

Impact test apparatus 

Cold Drawn Seamless Steel Tubing I nside 

Diameter 0 .56 i n + 0 -0.01 in ( 1 4. 1 0  mm +0 -0. 1 3  mm) 

Weight (see Detai l  "A") 

Length to be Determined 
(Function of Required Weight) 

Latching Pin 

Break Corner 
0 .002 in x 45° 

(0.06 mm x 45°) 

3 ft ( 1  m )  

oD 
Deta i l  "A" Weight 

0 .50 in ( 12 .70 mm) Diameter 
AISI  C 1 0 1 8  Cold 

Finished Steel 

Sprinkler Support 
6 .5 in ( 165mm) Diameter 
Cold Finished Steel 
AISI C 1 0 1 8  

FEBRUARY 25, 2022 

Adjustable Brackets (2) 

--.---
1 . 1 3  in (28.6 mm) 

�' � �������--+-������� 

s2469k 
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21 Impact Test for Protective Covers 

ANSl/CAN/UL/ULC 199 23 

2 1 . 1  A g lass bulb type sprinkler, with the protective cover instal led , shall not be damaged or leak and the 
cover shall remain in place when tested as described in 2 1 .2 . See Figure 2 1 . 1 . 

Figure 2 1 . 1  

Impact test apparatus for protective covers 

Cold Drawn Seamless Steel Tubing 

Inside Diameter 0.56 in + 0 -0.01 in 

(14. 1 0  mm +0 -0. 1 3  mm) 

Mass (see Detail "A") 

Length to be Determined 

(Function of Required Weight) 

Break Corner 
0.002 in x 45° 

oo·� .... , 
Detail "A" Weight 

0.50 in (12.70 mm) Diameter 

AISI C 1 0 1 8  

Cold Finished Steel 

s24691 

3ft (1 m) 

Adjustable Brackets (2) 

/ 
/ /  

/
/
/ Rigid 

/ Support 
/ / / / / / / / / 

/ / 
/ / / / 
/ 

/ 

Lorem ipsum 
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2 1 .2 Five sample g lass bulb sprinklers with their protective covers are to be mounted in the horizontal 
position and impacted with a cyl indrical mass equ ivalent to the mass of the sprinkler to the nearest 1 5  g 
increment from a height of one meter onto the geometric center of the glass heat responsive element. Five 
add itional samples are to be tested with the impact applied to the opposite side of the sprinkler if the cover 
is designed to provide unsymmetrical protection .  If the glass bulb extends beyond the perimeter of the 
sprinkler deflector, an add itional five sample sprinklers are to be mounted in the vertical position and 
impacted with the same cyl indrical mass from a height of one meter onto the geometric center of the g lass 
heat responsive element. The mass is to be prevented from impacting more than once upon each sample. 
Following the impact, each sprinkler is to be visually examined and there shall be no evidence of cracks, 
breaks, or any other damage to the glass bulb. Each sample sprinkler shal l  then be subjected to the 
Leakage Test, Section 25. In addition, each sample shall then be subjected to the applicable testing in 
Sensitivity Tests, Section 33 based upon sprinkler type. 

22 Impact Test for Guards 

22. 1  Sprinkler and guard assemblies subjected to the tests described i n  22.2 - 22.5 , shal l :  

a)  Show n o  evidence o f  visual damage to the sprinkler; and 

b) Comply with the Operation - Lodgement Test, Section 34 . 

22.2 Twelve sample sprinklers are to be assembled with their intended guard i n  accordance with the 
manufacturers instal lation instructions and divided into two groups of six assemblies in each group. 

22.3 Samples from the first group are to be tested i ndividually by dropping a 1 . 1 8  lb (0.54 kg), 2 in (50 .8 
mm) in d iameter stain less steel bal l  (Series 440) from a height of 2 .5  ft (0.76 m) onto the end of the 
assembly as shown in Figure 22. 1 . Samples from the second group are to be tested ind ividually by 
dropping the ball onto the side, near the top of the guard as shown in Figure 22.2 . 
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Figure 22.1 

Impact test on first group of samples 

2 .5  ft (0 .76 m )  

/ 1 . 1 8  lb  (0 .54 kg) Steel Bal l  

E-+-+- (J/ 2 in ( 50.8 mm)  Diameter 

25 
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Figure 22.2 

Impact test on second group of samples 

2.5 ft (0.76 m) 

/ 1 . 1 8  lb (0.54 kg) Steel Bal l 

<'---+--+- U/ 2 in (50.8 mm) Diameter 
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22.4 Impact due to fal l ing steel ball in both cases shall be located between support members of the 
guard . 

22.5 After impact, the sprinkler samples shall be visually examined for damage. The samples are then 
subjected to the Operation - Lodgement Test, Section 34 except that one sample from each group is to be 
tested using the double feed arrangement at each of following inlet six pressures: 25 ( 1 72) ,  50 (345), 75 
(51 7) ,  1 00 (689) ,  1 25 (862) and 1 50 ( 1 206) psig (kPa). 

23 Rough Usage Test 

23. 1 An automatic sprinkler, except for dry-type sprinklers, shall withstand the effects of rough usage 
without deterioration of its performance characteristics. Following 3 min of tumbling as described in 23.3 , 
the sprinkler shal l  comply with the Leakage Test, Section 25, and the Sensitivity Tests, Section 33 based 
upon the sprinkler type. 

23.2 Five sample sprinklers are to be tested .  The sprinklers are to be tested with a shipping protector in 
place when the protector is intended to be removed from the sprinkler after the sprinkler is installed and 
reference to this removal requirement is made in  the installation instructions . 

23.3 Five samples are to be individually placed in a vinyl-l ined right hexagonal prism-shaped druma 
designed to provide a tumbling action. The drum is to have an axis of rotation of 1 0  in (254 mm). The 
distance between opposite sides is to be 1 2  in (305 mm).  For each test, one sample and five 1 - 1 /2-in 
(38. 1 -mm) hardwood cubes are to be placed in the drum.  The drum is to be rotated at 1 revolution per s for 
3 min .  The sample is to be removed from the drum, examined for signs of damage, and then subjected to 
the Leakage Test, Section 25, and to the Sensitivity Tests, Section 33 . 

a A drum acceptable for this test is available from Kramer Industries, Inc., Copiague, NY 1 1 726, Model K1401 . 

24 Flow Endurance Test 

24. 1 An automatic sprinkler shal l  withstand for 30 min ,  without evidence of cracking, deformation, or 
separation of any part, a waterflow at a pressure equal to the rated pressure plus 25 psig ( 1 72 kPa).  

24.2 One sample of an automatic sprinkler is to be installed in i ts intended instal lation orientation on an 
elbow or tee for d ry type sprinklers in a pressurized water system having a supply pipe with a minimum 
nominal diameter of 1 - 1 /2 in (40 mm). For concealed type sprinklers, the deflector support pins shal l  be 
orientated paral lel to the supply pipe. The heat responsive element of the sprinkler is to be activated at the 
specified test pressure, and the water flow shal l be adjusted to obtain the specified test pressure for 
30 min. 

25 Leakage Test 

25. 1 When tested as described in 25.2 and 25.3 , an automatic sprinkler shall not exh ibit leakage at any 
pressure from 0 to the appl icable leakage test pressure shown in Table 25. 1 . 
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Table 25.1 
Test Pressures for the Leakage and Hydrostatic Tests 

Rated pressure Leakage test pressure Hydrostatic test pressure 

psig (MPa) psig (MPa) psig (MPa) 

1 75 (1 .2) 500 (3.4) 700 (4.8) 

250 (1 .7) 500 (3.4) 1 000 (6.9) 

300 (2. 1 )  600 (4. 1 )  1 200 (8.3) 

25.2 At least 20 samples are to be ind ividually tested . The sprinkler inlets are to be fi l led with water and 
vented of air. 

25.3 The pressure is to be increased from 0 to the test pressure at a rate not exceed ing 300 psig (2.07 
MPa) per min and then held for 1 min at the pressure specified in Table 25. 1 . There shall be no visible 
leakage in any sample. 

26 Hydrostatic Strength Test 

26 . 1  An automatic sprinkler shal l  withstand, for 1 min,  without rupture, an internal hydrostatic pressure 
equal to the hydrostatic test pressure shown in Table 25. 1 . 

26.2 The samples from the Leakage Test, Section 25, are to be used for this test. 

26.3 The sprinkler in lets are to be filled with water and vented of air. The pressure is to be increased from 
0 to the hydrostatic test pressure shown in Table 25. 1 at a rate not exceeding 300 psig (2.07 MPa) per min .  
The pressure is to be maintained at  the test pressure and held for 1 min .  The sample sha l l  not rupture, 
operate, or release any of its operating parts during the pressure increase nor whi le being mainta ined at 
the test pressure for 1 min.  

27 Dry Sprinkler Air Tightness Test 

27 . 1  When tested as described in 27.2 and 27.3, the connection of the extension nipple to the i nlet seal 
assembly for a dry-type pendent or sidewall sprinkler shal l  not exh ibit leakage at any a i r  pressure from 0 to 
1 5  psig (0 to 1 03 kPa) when the pressure is applied externally to this connection. 

27.2 At least five samples of the minimum length are to be ind ividual ly tested . The assembly is to be 
instal led in an air leakage test fixture in such a manner that the extension nipple connection to the in let 
seal assembly can be fully pressurized with air. See Figure 27 . 1 . 
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Figure 27.1 

Dry sprinkler air tightness test apparatus (typical) 

Pressurized with air 

su0548 
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27.3 The assembly is to be immersed in water and orientated so that a i r  bubbles indicating leakage past 
the extension nipple and in let seal assembly connection point are allowed to freely escape from internal 
waterway of the dry sprinkler assembly. The air pressure applied to the connection point is then to be 
increased from 0 to 1 5  psig (0 to 1 03 kPa) within  30 s and then held for 30 s. Observations shal l  be made 
for leakage as evidenced by any air bubbles escaping from the internal portion of the dry sprinkler 
assembly. 

28 30-Day Leakage Test 

28. 1 When tested as described in 28.2 - 28.4 , an automatic sprinkler shal l :  

a)  Experience no leakage when subjected to the 30 day test pressure specified in Table 28 . 1  for 30 
days; 

b) Not leak when subjected to the leakage test pressure specified in Table 25 . 1  or less for 1 min 
following the 30 days; and 

c) Show no distortion or other mechanical damage fol lowing the leakage testing , as determined by 
visual examination. 

Table 28.1 
Test Pressures for the 30-Day Leakage Test 

Rated pressure 30-day test pressure 

psig (MPa) psig (MPa) 

1 75 ( 1 .2) 300 (2. 1 )  

250 ( 1 .7) 450 (3. 1 )  

300 (2 . 1 )  500 (3.4) 

28.2 Five samples are to be insta l led on a water-fi l led test l ine maintained under a constant test pressure 
as specified in Table 28. 1  for 30 days. The samples are to be examined during and at the end of the test 
period for evidence of leakage of water at the closure cap. 

28.3 Fol lowing completion of this 30-day test period , the samples are to be tested to verify that they do 
not leak at the leakage test pressure specified in Table 25 . 1  or at any lower pressure .  The pressure is to be 
increased from 0 to the required test pressure a rate not exceeding 300 psig (2.07 MPa) per min .  The 
pressure is to be maintained at the leakage test pressure specified in Table 25 . 1  for 1 min ,  and is then to 
be decreased to 0 psig at a rate not exceeding 300 psig (2.07 MPa) per min .  

28 .4 The samples then are to be visually examined to verify there is no evidence of d istortion or other 
mechanical damage. 

29 Water Hammer Test 

29. 1  When tested a s  described i n  29.2 - 29.5, a n  automatic sprinkler shal l :  

REPR 

a) Experience no leakage when subjected to 1 00,000 applications of pressure surges having a test 
pressure range as specified in Table 29. 1 ; 

b) Not leak when subjected to the leakage test pressure specified in Table 25. 1 for 1 min ,  fol lowing 
the 1 00,000 cycles of water hammer; and 

c) Show no distortion or other physical damage following the water hammer testing, as determined 
by visual examination . 

c A L  - R IZE r HE 
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Table 29.1 
Test Pressure Ranges for the Water Hammer Test 

Rated pressure Test pressure range 

psig (MPa) psig (MPa) 

1 75 ( 1 .2) 50 - 500 (0.34 - 3.4) 

250 ( 1 .7) 50 - 500 (0.34 - 3.4) 

300 (2. 1 )  1 50 - 600 (1 - 4. 1 )  

29.2 Five samples are to be installed o n  a water-fi l led test l ine connected to a pump system that 
produces a rapid rise in pressure in accordance with Table 29. 1 at the rate of not more than 60 cycles per 
min .  The test piping is to be filled so that there is water at the sprinkler seat, and the pump is to be placed 
in operation and adjusted to produce the specified test-pressure cycle. 

29.3 During the pressure cycl ing,  observations are to be made for evidence of leakage. 

29.4 Fol lowing completion of the pressure cycl i ng ,  the samples are to be tested to verify that they do not 
leak at the leakage test pressure specified in Table 25. 1 or at any lower pressure. The pressure is to be 
increased from 0 to the required test pressure at a rate not exceed ing 300 psig (2.07 MPa) per min .  The 
pressure is to be maintained at the leakage test pressure specified in Table 25. 1 for 1 min ,  and is then to 
be decreased to 0 psig at a rate not exceeding 300 psig (2.07 MPa) per min .  

29 .5 The samples then are to be visually examined to verify there is no evidence of  d istortion or other 
mechan ical damage. 

30 Vacuum Test 

30. 1 An automatic sprinkler shall not be damaged and shall comply with the Leakage Test, Section 25 , 
following exposure to a vacuum as specified in 30.2. 

30.2 Five samples are to be instal led on a manifold and subjected to a vacuum of minus 8.84 psi ( 1 8  in of 
mercury) (minus 61 kPa) for 1 min .  The samples are then to be removed from the manifold , visual ly 
examined for damage, and then subjected to the Leakage Test, Section 25 . 

OPERATION TESTS 

31 Operating Temperature (Bath) Test 

3 1 . 1  The operating temperature of automatic sprinklers and cover plates, when tested as described in 
3 1 . 1  - 31 .7, shall be within a temperature range as follows: 

a) ±3.5 % of the marked temperature rating for sprinklers rated less than 400 °F (204 °C); and 

b) 1 07 % of the marked temperature rating for sprinklers rated 400 °F (204 °C) and higher. 

For the purpose of this determination for sprinklers rated 400 °F (204 °C) and higher, the marked 
temperature rating is to be the minimum value and included as one of the values with in the range, making 
a total of eleven values in the range. Upon operation, al l  operating parts of the sprinkler shall clear the 
waterway as intended except as ind icated in 3 1 .2 . 

3 1 .2 Sprinkler operation for this test includes the i ntended function ing of eutectic elements or any rupture 
of a glass bulb heat responsive element. If partial fracture of the glass bulb in the l iquid environment 
occurs which does not result in sprinkler operation, the temperature at which bulb-fracture occurred shal l  
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be considered the operating temperature, but add itional sprinkler samples shall be subjected to the Air 
Bath for Glass Bulb Sprinkler Test, Section 32 . 

3 1 .3 At least ten samples of each type of sprinkler produced of each temperature rating are to be 
subjected to this test. A sprinkler that does not requ ire pressure to operate is to be tested at zero gauge 
pressure. A sprinkler that requires pressure to operate is to be tested while pressurized at 4-1 /2 ± 1 /2 psig 
(3 1 ±3.4 kPa).  

3 1 .4 Water is to be used in bath tests of sprinklers that have operating temperature ratings of 1 75 °F 
(79 °C) or lower. Samples having operating temperature ratings of  1 76 - 575 ° F  (80 - 302 °C) are to be 
bath-tested in an oil having a flash point exceeding the test temperature. 

3 1 .5 The samples are to be placed in an upright position and completely immersed i n  the water or oi l  
bath. The bath vessel is to be provided with a source for heating the l iqu id at the prescribed rate and with 
means to ag itate the l iquid and measure the temperature of the l iqu id bath. 

3 1 .6 A calibrated temperature measuring device is to be used to determine temperature of the l iqu ids in 
bath tests. The sensing element of the temperature measuring device is to be held level with the sprinkler 
operating parts by a support member. 

3 1 .7 The temperature of the bath l iquid is to be increased at a convenient rate unti l  the l iqu id is within 
20 °F ( 1 1  °C) of the temperature rating of the device [30 °F ( 1 6 °C) for 325 ° F  ( 1 63 °C) and higher 
temperature ratings]. The rate of temperature rise then is to be control led at a constant rate of 1 ±0.2 °F 
(0 .5 ±0 . 1  °C) per min until operation of the sprinkler or unt i l  a temperature 20 °F ( 1 1  °C) above the rated 
temperature is reached. The temperature of the l iquid and the time of operation, as each sprinkler 
operates, are to be recorded . 

32 Air Bath for Glass Bulb Sprinkler Test 

32. 1  When a partial fracture of a g lass bulb occurs during the Operating Temperature (Bath) Test, 
Section �. sprinklers with a glass bulb heat responsive element shal l fully operate when subjected to the 
air bath test described in 32 .2. 

32.2 Fifty sample sprinklers with a glass bulb heat responsive element shal l  be placed on their inlet in a 
programmable circulating air oven. The temperature in the oven shall be gradually increased to 20 ±2 °F 
( 1 1  ± 1 . 1  °C) below the marked temperature rating of  the sprinklers. When this temperature is reached, the 
oven shal l  be maintained at a constant temperature for a period of 60 ±5 min .  The temperature shall then 
be increased at a constant rate of 1 ±0 .5 °F (0.5 ±0.3 °C) per min u nti l the temperature in the oven is 25 % 
higher than the marked temperature rating of the sprinklers or unt i l  al l  the sprinklers operate, whichever 
occurs first. Each sample shall be examined for ful l  operation . 

33 Sensitivity Tests 

33.1 General 

33. 1 . 1  An automatic sprinkler shal l  comply with the requirements as referenced in Table 33. 1 based 
upon the sprinkler type: 

UL COPYRIGHTED MATERIAL - NOT AUTHORIZED FOR FURTHER 

REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM UL INC. 



FEBRUARY 25, 2022 ANSl/CAN/UL/ULC 199 

Table 33.1 
Sensitivity Requirements by Sprinkler Type 

Sprinkler type 

Standard Response (all except flush, recessed and concealed; and extended 
coverage) 

Standard Response Flush, Recessed and Concealed, and Standard Response 
Extended Coverage 

Quick Response(al l) 

Residential 

ESFR 

Requirements 

33.2.1 

33.2 . 1  and 33.3.1 

33.2.2 and 33.3.2 

33.2.2 and 33.3.2 

33.2.3 

33 

33. 1 .2 A coating shal l  not remain on sprinkler parts in a manner that impairs operation or d istribution at 
the time of sprinkler operation in 33.2 and 33.3. 

33.2 Oven heat test 

33.2 . 1  A standard response sprinkler shal l  operate within the time range specified in Table 33.2 for each 
sample sprinkler when tested in the Oven Heat Test as specified in 33.2.4 - 33.2.6 . If the sprinkler 
temperature is not shown in Table 33.2 , the minimum and maximum operating time range for each sample 
sprinkler shall be determined by using the formula specified in  33.2.7, based on a RTI value of 80 (m ·s) 1 12 

[ 1 45 (ft ·s)1 12] for the minimum value and on a RTI value of 350 (m ·s)112 [630 (ft ·s)112] for the maximum 
value, and the marked temperature rating of the sprinkler. 

Exception: The minimum operating time for the Oven Heat Test does not apply to standard response 
extended coverage and ceiling sprinklers complying with 33.3. 1 . 

33.2 .2 QR, QR extended coverage and residential sprinklers shal l  have the fol lowing operating time 
characteristics when tested in the sensitivity test oven as specified in 33.2.4 - 33.2.6 : 

a) A maximum operating time specified in Table 33.2 for each sample sprinkler in the as-received 
condition. If the sprinkler temperature rating is not shown in Table 33.2, the maximum operating 
time for each sample sprinkler shal l  be determined by using the formula specified in 33.2.7 based 
on a Response Time Index (RTI)  value of 50 (m ·s)1 12 [90 (ft ·s )112] ,  and the marked temperature 
rating of the sprinkler. 

b) Mean operating time after being subjected to the exposure tests specified in Sections 36, 44, 
and 45 shal l  be equal to or less than a 1 .30 multiple of the mean operating time of the sprinkler 
tested in the as-received condition. 
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Table 33.2 
Operating Time in Oven Heat Test for Quick Response, Residential and Standard Response 

Sprinklers 

Quick response 
Sprinkler temperature and residentialb Standard response type, Coated standard 

rating Oven temperature type, s s response type, s• 

OF (oC) OF (oC) Max. Min. Max. Max. 

1 35 (57.2) 275 (1 35) 1 1 .2 1 7 .8 78.3 1 80 

140 (60.0) 275 (1 35) 1 2.3 1 9 .7 86.3 1 80 

1 55 (68.3) 275 (1 35) 1 6.0 25.6 1 1 2 .2 1 80 

1 60 (71 . 1 )  275 (1 35) 1 7.3 27.7 1 2 1 .5 1 80 

1 65 (73.9) 275 (1 35) 1 8.7 30.0 1 3 1 .3 1 80 

1 75 (79.4) 386 (1 97) 12 . 1  1 9 .4 85.2 1 80 

200 (93.3) 386 (1 97) 1 6. 1  25.7 1 1 2 .9 1 80 

2 12  (1 00.0) 386 (1 97) 1 8.2 29.0 1 27.5 1 80 

220 (1 04.4) 386 (1 97) 1 9.7 31 .8 1 37.9 1 80 

250 ( 121 . 1 )  555 (291 ) 14.2 22.7 99.6 1 80 

286 ( 141 . 1 )  555 (291 ) 18 . 1  29.0 1 27.2 1 80 

300 (148.9) 555 (291 ) 1 9.8 31 .7 1 38.9 1 80 

360 ( 182.2) 765 (407) 1 6.7 26.8 1 1 7.0 1 80 

400 (204.4) 765 (407) 20.0 32.0 1 39.8 1 80 

450 (232.2) 765 (407) 24.6 39.4 1 72.2 1 80 

500 (260.0) 765 (407) 30.0 48. 1  21 0.2 21 0.3 

a Corrosion resistant sprinklers with coated heat responsive elements including wax, lead, Teflon, wax over lead, and polyester 
coating. Coated quick response sprinklers shall comply with 33.2.2 . 

b Residential sprinklers shall have a temperature rating within the ordinary and intermediate classifications. 

33.2.3 An ESFR sprinkler shall have the following sensitivity characteristics when tested in the sensitivity 
test oven as specified in 33.2.4 - 33.2.8. 

a) An RTI not exceeding 36 (m·s)112 [65 (ft ·s )1 12] in the as-received condition, and 

b) Mean operating time after being subjected to the exposure tests specified in  Sections 36 , 44, 
and 45 shall be equal to or less than a 1 .30 multiple of the mean operating time of the sprinklers 
tested in the as-received condition when tested in the most favorable orientation .  

Exception: An ESFR sprinkler shall be permitted to have an RT/ greater than 36 (m ·s) 112 [65 (ft·s)112] but 
not exceeding 50 (m ·s) 112 [90 (ft·s) 112] when fire suppression can be demonstrated during large scale fire 

tests representing the installation conditions, protected storage configurations, and protected commodity 

specified for the sprinkler utilizing a higher RT/ heat responsive element. See Section 55 for examples of 
large scale fire tests 
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Table 33.3 
Sensitivity Oven Temperatures 

Sprinkler temperature rating 

OF (oC) °F ±2 °F 

1 35 - 1 70 (57 - 77) 275 

1 75 - 225 (79 - 1 07) 386 

250 - 300 ( 121  - 149) 555 

325 - 575 ( 163 - 1 9 1 )  765 

35 

Oven temperature 

(°C ±1 °C) 

(1 35) 

(1 97) 

(290) 

(407) 

33.2.4 Sprinklers of each style are to be tested in the sensitivity test oven in the pendent position with the 
heat responsive element located at least 1 in (25.4 mm) away from the inside surfaces of the oven as 
follows: 

a) For sprinkler designs without frame arms and incorporating symmetrical heat responsive 
elements and symmetrical sprinkler bod ies, ten samples are to be orientated in the pendent 
position.  

b) For sprinkler designs (other than ESFR) with or without frame arms and incorporating 
unsymmetrical heat responsive elements or unsymmetrical body designs, ten samples are to be 
orientated in the pendent position with the heat responsive element upstream of the axis of the 
sprinkler body. 

c) For sprinkler designs incorporating frame arms with symmetrical heat responsive elements 
(other than ESFR), ten samples are to be orientated in the pendent position with the frame arms in 
a plane perpend icular to the direction of air flow. 

d) For cei l ing sprinkler designs incorporating removable cups, escutcheons, and removable closure 
assemblies, ten samples are to be orientated in the pendent position with the closure assemblies 
removed. 

e) For flush sprinklers with an air gap between the heat responsive element and the sprinkler body, 
ten samples shal l  be orientated in the pendent position . 

f) For cei l ing sprinkler designs incorporating an i ntegral closure assembly and flush style sprinklers 
without an air gap between the heat responsive element and sprinkler body, ten samples are to be 
orientated with the heat responsive element exposed to the air flow. Recessed or concealed style 
sprinkler designs where the heat responsive elements are not exposed , and that incorporate 
integral escutcheons or closures that are not practically removable, are not to be subjected to the 
Oven Heat Test. 

g) For ESFR sprinklers, twenty samples are to be tested . Five samples are to be tested in each of 
the following orientations: 

1 )  I n  the pendent position with the frame arms i n  a plane perpend icular to the d i rection of 
the air flow and the heat responsive element upstream of the axis of the sprinkler body. This 
orientation is generally most favorable with respect to response time. 

2) In the pendent position with the sprinkler rotated 90° from the fi rst orientation. 

3) I n  the pendent position with the sprinkler rotated 1 35° from the fi rst orientation . 

4) I n  the pendent position with the sprinkler rotated 1 80° from the fi rst orientation . 

33.2.5 At least ten samples are to be conditioned at 75 ±2 °F (24 ±1  °C) for at least 2 h .  The ambient 
temperature of the room with the plunge oven shall be 75 ±9 °F (24 ±5 °C). The in let end of each sprinkler 
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sample is to be connected to a source of air pressure at 4 ±1 psig (28 ±7 kPa) and quickly plunged into the 
sensitivity test oven in a pendent position . The operating time is to be measured using a timer capable of 
measuring 0 .01 s and accurate to within 0 .01  ±0 .01  s .  

33.2.6 The sensitivity test oven is to consist of a square or rectangu lar stainless steel chamber. A typical 
chamber is i l lustrated in Figure 33. 1 . A constant air velocity of 8.33 ±0.05 ft/s (2.54 ±0.01 m/s) and an a i r  
temperature as specified in Table 33.2 for each temperature rating and style sprinkler are to be 
established . Air velocity is to be measured using an orifice plate and a manometer or a bid irectional probe 
and a velometer. The air temperature is to be measured by use of a 30 AWG (0.05 mm2) thermocouple 
centered upstream from the sprinkler as shown in Figure 33. 1 . 
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Figure 33.1 

Typical Sensitivity Test Oven Configuration 
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33.2. 7 The required sprinkler operating time values specified in 33.2 . 1  and 33.2.2 shal l  be ca lculated by 
using the fol lowing equation: 

Where: 

-RT! * Jn[ 1 - [ (T,,,= T,,) ll Tg T,, 

RT/: Response Time Index [(ft·s)1 12 ; (m·s)112] 

t0: Operating time of the sprinkler [s] 

u: Nominal gas velocity in the test section of the oven [8 .33 fUs; 2 .54 m/s] 

Tm: Marked temperature rating of the sprinkler [°F ;  0C] 

T9 : Nominal gas temperature in test section in Table 33.2 [°F; 0C] 

Tu : Nominal sprinkler conditioning temperature [75 °F ;  24 °C] 

33.2.8 For ESFR sprinklers,  the RTI for each sample is to be computed as fol lows: 

RT! = Tu112 

in which : 

and: 

t0: Operating t ime of the sprinkler [s] Tm: Marked temperature rating of the sprinkler, [°F;  0C] 

T9 : Nominal gas temperature in the test section of the oven minus the nominal sprinkler 
Conditioning temperature, [°F; 0Cj; and 

U: Nominal gas velocity in the test section of the oven [8 .33 fUs ; 2 .54 m/s] 

33.3 Room heat tests 

33.3 . 1  When tested in accordance with 33.3.3 and 33.3.4 standard response flush,  recessed and 
concealed standard coverage sprinklers, and standard response extended coverage sprinklers shall 
operate such that the mean response time and unbiased standard deviation provide computed statistical 
tolerance l imits (see Annex 6.) with 95 % confidence that 99 % of the sprinklers tested do not exceed the 
applicable time l imit described in Table 33.4 . 

33.3.2 When tested in accordance with 33.3.3 and 33.3.5, QR standard coverage, QR extended 
coverage and residential sprinklers shall operate within the applicable time l imit described in Table 33.4. 
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Table 33.4 
Room Heat Sensitivity Requirements by Sprinkler Response 

Sprinkler type Sprinkler temperature rating of Sprinkler temperature rating of 
1 70 °F (77 °C) or less 1 75 °F (79 °C) to 225 °F (107 °C) 

Standard Response 231 sec 1 89 sec 

Standard Response ECLH 231 sec 1 89 sec 

Standard Response ECOH 1 50 sec 1 20 sec 

QR and Residential 75 sec 75 sec 

QR ECLH 75 sec 75 sec 

QR ECOH 55 sec 55 sec 

ESFR Test Not Applicable Test Not Applicable 

33.3.3 Sprinklers of each type are to be installed in a test room in the fol lowing position and orientation: 

a) For pendent and cei l ing sprinkler designs without frame arms and incorporating symmetrical 
heat responsive elements and symmetrical sprinkler bod ies, 1 0  samples are to be instal led in thei r  
intended position at  the cei l ing .  

b) For pendent and cei l ing sprinkler designs with or without frame arms and incorporating 
unsymmetrical heat responsive elements, 1 0  samples are to be orientated with the heat responsive 
element downstream of the axis of the sprinkler body in relation to the d i rection of the fire source. 
The samples are to be in their intended position at the cei l ing .  

c) For pendent and ceil ing sprinkler designs incorporating frame arms with symmetrical heat 
responsive elements, 1 0  samples are to be orientated with the frame arms in a plane parallel to the 
direction of the fire source. The samples are to be installed in their intended position at the cei l ing .  

d)  For pendent and sidewal l  sprinklers intended to be installed as a recessed sprinkler, 10 samples 
shall be tested in the recessed position in the cei l ing or wal l ,  as applicable, in l ieu of the non­
recessed position . 

e) For flush, recessed and concealed sprinklers having a vented escutcheon, 1 0  samples are to be 
instal led in the most recessed position i n  a manner that does not inh ibit air flow through the 
escutcheon.  

f )  For extended coverage upright sprinklers and pendent sprinklers not intended to be instal led as a 
recessed sprinkler, 1 0  samples shall be tested with the deflector 1 0  in (25.4 cm) below the cei l ing .  

g)  For residential pendent sprinklers also i ntended to be installed as a recessed sprinkler, 1 0  
samples shal l  be tested i n  the most recessed position i n  l ieu of the maximum distance below the 
cei l ing when the intended installation d istance below the cei l ing is 4 in ( 1 02 mm) or less. 

h)  For sidewall sprinklers, 1 0  samples are to be installed in their intended position with the deflector 
located 4 in ( 1 02 mm) below the cei l ing and the maximum distance below the cei l ing if i ntended for 
d istances greater than 6 in ( 1 52 mm). 

33.3.4 Sprinkler samples used for tests with a starting ambient temperature of 87 ±2 ° F  (31 ± 1  °C) shal l  
be conditioned at 87 ±2 ° F  (31 ± 1  °C) for 2 h prior to being installed . Sprinkler samples having a starting 
ambient temperature of 1 20 ±3 °F (49 ±2 °C) shall be conditioned at 1 20 ±3 °F (49 ±2 °C) for 2 h prior to 
being instal led. 

33.3.5 At least ten samples shal l  be tested in groups of five in a nominal 8 ft (2,4 m) high closed room 
and subjected to the heat from a 1 2  in (305 mm) by 1 2  in (305 mm) by 1 2  in (305 mm) sand burner (see 
Figure 33.2) located on the floor in one corner of the room . The sprinklers shal l  be located 6 in (1 5 cm) 
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apart as described in Figure 33.3, Figure 33.4 , Figure 33.5 or Figure 33.6 for the appl icable type of 
sprinkler referenced in each figure and in Table 33. 1 and Table 33.4 . The test parameters for each type of 
sprinkler shal l  be as specified in Table 33.5. Each sprinkler shall be filled with water at (20 ±5) °C either 
with no pressure or with the in let connected to a source of pressure at 0,05 MPa (0,5 bar) . During or after 
the installation of a sprinkler in the room, the sprinklers shall not be exposed to a temperature greater than 
1 5  °F(8 °C) above the starting ambient test temperature. 

Table 33.5 
Room Heat Sensitivity Test Parameters 

Gas flow for Gas flow for 
Starting ambient Starting ambient 

sprinkler sprinkler 
temperature for temperature for 

temperature rating temperature rating 
sprinkler sprinkler 

Sprinkler type 
Test room 

of of temperature rating temperature rating 
configuration 

1 70 °F (77 °C) or 1 75 °F (79 °C) to 
of of 

less, 225 °F (107 °C), 
1 70 °F (77 °C) or 175 °F (79 °C) to 

ft3/h (m3th) ft3/h (m3th) 
less, 225 °F (107 °C), 

OF (OC) OF (OC) 

Standard-Response Figure 33.3 340 (9.6) 9 1 5  (25.9) 87 ±2 (31 ±1 ) 1 20 ±3 (49 ±2) 

Standard-Response Figure 33.4 340 (9.6) 9 1 5  (25.9) 87 ±2 (31 ±1 ) 1 20 ±3 (49 ±2) 
Extended Coverage 

Quick Response Figure 33.5 500 (14.2) 600 (1 7.0) 87 ±2 (31 ±1 ) 1 20 ±3 (49 ±2) 

Residential Figure 33.5 500 (14.2) 500 (14.2) 87 ±2 (31 ±1 ) 87 ±2 (31 ±1 ) 

Quick Response Figure 33.6 500 (14.2) 600 (1 7.0) 87 ±2 (31 ±1 ) 1 20 ±3 (49 ±2) 
Extended Coverage 
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Figure 33.2 

Example of Sand Burner Apparatus 
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Materials: 
- Steel Plate Box, Welded. 
- Steel or Stainless Steel Piping and Fittings. 
- Mason Grade Sand. 

Key: 
1 Nominal 1 Inch Piping. 
2 Nominal 1-1 /4 or 1-1 /2 Inch Pipe 
3 Sand Depth 
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Figure 33.3 

Plan View of Room Heat Test for Standard Response F lush, Recessed and Concealed Sprinklers 
having a Standard Coverage Area 
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Figure 33.4 

Plan View of Room Heat Test for Standard Response Extended Coverage Sprinklers 
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Figure 33.5 

Plan View of Room Heat Test for QR and Residential Sprinklers 
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Figure 33.6 

Plan View of Room Heat Test for QR Extended Coverage Sprinklers 
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34 Operation - Lodgement Test 

ANSl/CAN/UL/ULC 1 99 FEBRUARY 25, 2022 

34. 1  An automatic sprinkler shal l  operate at service pressures of 7 psig (48 kPa) to the rated pressure. 
Upright dry-type sprinklers shal l  be permitted to operate at a min imum pressure in accordance with 34.3. 

34.2 Al l operating parts shall release with sharp, positive action . Operating parts intended to be released 
from the sprinkler assembly shall clear the sprinkler frame and deflector to not impair the water d istribution 
pattern and internal parts of dry sprinklers shall operate to not restrict water flow below its intended rate . 

34.3 An upright dry-type sprinkler of the maximum length shall operate and clear the operating parts at a 
pressure of 1 2 .5 psig (86 kPa) or less. When the min imum pressure requ i red to clear operating parts 
exceeds 5 psig (34 kPa) ,  the minimum operating pressure of the sprinkler as referenced in the 
Manufacturer's Installation Instructions, Section 60, shal l  be designated as two times the minimum 
pressure required to clear the operating parts. 

34.4 Automatic sprinklers or dry-type automatic sprinklers in the shortest length are to be ind ividual ly 
tested except as specified in 34.3 . Each sample is to be installed i n  its intended installation position on a 
rigid piping arrangement and suppl ied with flowing water. Tests are to be conducted using a sing le-feed 
and a double-feed water supply arrangement as described i n  Figure 34 . 1 . The test pressures and number 
of samples tested at each pressure using each water supply configuration is to be as specified in Table 
34 . 1 . Each sample is to be operated by exposing the heat responsive element to a un iform application of 
heat. A sprinkler does not comply when a part i nterfering with correct water d istribution or water flow 
maintains interference for more than 1 0  s under the water flow service pressure .  The service pressure and 
the action of the operating parts, when releasing, are to be observed to determine compliance with these 
requirements. 
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Figure 34.1 

Operation - Lodgement Test Arrangements 

--- A ---

- Flow Blocked 

1 )  Outlet oriented for upright, 
pendent, or sidewall sprinklers 
as intended to be installed. 

2) Outlet size to be the same 
as the sprinkler inlet. 

S i ng le  Feed Arra ngement 

Bleed Line 

1 )  Outlet oriented for upright, 
pendent, or sidewall sprinklers 
as intended to be installed. 

2) Outlet size to be the same 
as the sprinkler inlet. 

Dou ble Feed Arrangement 

A- Minimum 1 O times nominal diameter straight length 
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Table 34.1  
Samples and Test Pressures for Operation-Lodgement Test 

Test pressure, psig (kPa) Water supply arrangement Number of test samples 

7 (48)8 Single Feed 5 

7 (48)8 Double Feed 5 

25 ( 172) Single Feed 5 

25 ( 172) Double Feed 5 

50 (345) Single Feed 5 

50 (345) Double Feed 5 

75 (517 )  Single Feed 5 

75 (517 )  Double Feed 5 

1 00 (689) Single Feed 5 

1 00 (689) Double Feed 5 

1 25 (862) Single Feed 5 

1 25 (862) Double Feed 5 

1 50 (1 034) Single Feed 5 

1 50 (1 034) Double Feed 5 

1 75 (1 206) Single Feed 5 

1 75 (1 206) Double Feed 5 

Incremental 25b Single Feed 5 at each pressure 

I ncremental 25b Double Feed 5 at each pressure 

a For dry upright sprinklers, the starting test pressure is 1 2.5 psig (86 kPa). 
b If the sprinkler is rated for a pressure of greater than 1 75 psig ( 1 206 kPa) ,  sprinklers are to be tested in 25 psig ( 1 72 kPa) 
increments from 200 psig ( 1 379 kPa) to the rated pressure. 

34.5 To determine the minimum operating pressure for upright dry-type sprinklers, five samples of 
maximum length are to be individual ly tested. Samples are to be installed on piping connected to a water 
supply intended for the purpose. With the supply pressure at 0 psig (0 kPa) , the heat responsive element 
of each sample is to be operated. The service pressure is then to be increased at a rate not greater than 
1 psig (7 kPa) in 1 5  s .  The pressure at which internal parts clear the waterway is to be noted . 

34.6 To determine that the internal parts of a dry sprinkler do not restrict the intended flow rate, a flow 
meter is to be connected to the water supply piping . Prior to operation of the test samples in 34 .4, an 
operated sample that has demonstrated acceptable K-factor results in the Discharge Coefficient Test, 
Section 53 , fixture shall be installed in the operational test fixture. Water is to be flowed at each of the 
pressures noted in 34.4 and the K-factor at each pressure is to be recorded. Dry-type sprinkler samples 
are to be tested as described in 34 .4. After sprinkler operation ,  the flow at each pressure specified in  34 .4 
is to be recorded . The d ischarge coefficient K-factor is then to be calculated as specified in  53.4 . The K­
factor value shal l  be within 5 percent of previously tested K-factor samples. 

35 Cycl ing Tests For Flow Control (FC) Sprinklers 

35.1 Operational cycl ing test 

35. 1 . 1  An FC sprinkler shall operate as intended for 1 0 ,000 cycles when tested as described in 35 . 1 .2 . 
Following the 1 0 ,000 cycles of operation the sprinkler shall comply with the requirement in 25. 1 , except 
that slight weeping defined as leakage not exceeding 20 ml/min shall be permitted . 
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35. 1 .2 The sprinkler is to be installed in a test fixture and suppl ied with water at a pressure of 40 ±5 psig 
(276 ±49 kPa). Heat is to be appl ied to the sprinkler unt i l  it operates and attains the fully open position . The 
heat appl ication then is to be discontinued and the heat sensing element permitted to cool until the 
sprinkler closes. This procedure is to be repeated until the specified nu mber of test cycles is completed . 
The interval between each closing of the sample and reappl ication of the heat is not to be greater than 
60 s. 

35.2 Cycl ing after water exposure test 

35.2 . 1  An FC sprinkler shal l operate as intended for 1 000 cycles when tested as described i n  35. 1 .2 , 
after being immersed for 1 4  days in distil led water at a temperature between 203 - 2 1 2  °F (95 - 1 00 °C). 

35.3 Contaminated-water cycling test 

35.3 . 1  An FC sprinkler shall show no evidence of clogging when subjected to 1 000 cycles as described 
in 35. 1 .2 using water that has been contaminated in accordance with 35.3.2 . Fol lowing the 1 000 cycles , 
the sprinkler shall comply with the requirements i n  25. 1 , except that sl ight weeping defined as leakage not 
exceeding 20 ml/min shal l  be permitted . 

35.3.2 The water used during the cycl ing specified in 35.3 . 1  is to consist of 1 5  gal lons (0.06 m3) of tap 
water into which has been mixed 3.5 lbs ( 1 .584 kg) of contaminants which sieve as described in Table 
35. 1 . The solution is to be continuously agitated during the test. 

Table 35. 1 
Contaminant for Contaminated-Water Cycling Test 

Sieve 
Nominal sieve opening Grams of contaminant {±5 %) 

designation• in (mm) Pipe scale Top soil Sand 

No. 25 0.0278 (0.706) - 456 200 

No. 50 0.0 1 17  (0.297) 82 82 327 

No. 1 00 0.0059 (0.1 50) 84 6 89 

No. 200 0.0029 (0.074) 81  - 21 

No. 325 0.00 1 7  (0.043) 1 53 - 3 

Total 400 544 640 
a Sieve designations correspond with those specified in the Standard Specification for Woven Wire Test Sieve Cloth and Test 
Sieves, ASTM E1 1 . Cenco-Meinzer sieve sizes 25 mesh, 50 mesh, 1 00 mesh, 200 mesh, and 325 mesh, corresponding with the 
number designation in the table, have been found to comply with ASTM E1 1 . 

EXPOSURE AND CORROSION TESTS 

36 High Temperature Exposure Test (90 Day) 

36. 1 An automatic sprinkler, except for wax coated sprinklers, shall withstand for 90 days, without 
evidence of weakness or malfunction, an exposure to a h igh-ambient temperature in accordance with 
Table 36. 1 , or 20 °F ( 1 1  °C) below the rated operating temperature of the samples (whichever is the lower 
temperature), and not less than 1 20 °F (49 °C) .  To evaluate weakness and malfunction fol lowing the 
exposure, each sprinkler shall comply with the Leakage Test, Section 25. Also, following the leakage test, 
each sprinkler shall be operable and comply with the following sensitivity requ i rements based upon the 
type of sprinkler: 

(.,, 

a) Sprinklers other than recessed and concealed types are to be subjected to the Oven Heat Test, 
see 33.2 . 1  - 33.2.8 . The mean time of operation shall not increase more than a 1 .30 multiple when 
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compared to the mean operating time of samples not subjected to the High Temperature Exposure 
Test (90 Day), Section 36 . I n  addition ,  the operating time for each standard response sprinkler 
sample shal l  be with in the l im its described in 33.2. 1 . 

b) Recessed and concealed sprinklers are to be subjected to the Room Heat Test, see 33.3 . The 
mean time of operation shal l  not increase more than a 1 .30 multiple when compared to the mean 
operating time of samples not subjected to the High Temperature Exposure Test (90 Day) , Section 
36 . 

Table 36.1 
H igh-Temperature Exposure Test Conditions 

Sprinkler temperature rating High ambient test temperature 

OF (oC) OF (oC) 

1 35 - 140 (57 - 60) 1 20 (49) 

145 - 1 70 (63 - 77) 1 25 (52) 

1 75 - 225 (79 - 1 07) 1 75 (79) 

250 - 300 ( 12 1  - 1 49) 250 ( 121 ) 

325 - 375 ( 163 - 1 9 1 )  300 ( 149) 

400 - 475 (204 - 246) 375 ( 191 ) 

500 - 575 (260 - 302) 475 (246) 

36.2 An automatical ly-control led , circulating-type, constant-temperature oven is to be used for this test. 
Five automatic sprinklers of each operating temperature are to be placed in an oven at the specified test 
temperature. For dry-type sprinklers, the minimum length to be produced shall be tested .  

37 High Temperature Exposure Test for Wax Coated Sprinklers 

37 . 1  A wax coated automatic sprinkler shall withstand for 90 days without evidence of deterioration or 
malfunction an exposure to a high-ambient temperature as specified in Table 9 . 1 , or 20 °F ( 1 1  °C) below 
the rated operating temperature of the samples (whichever is the lower temperature), and not less than 
1 20 °F (49 °C). Fol lowing the exposure, the coating shall not show evidence of deterioration such as 
cracking, flaking,  or flowing. To evaluate malfunction following the exposure, sprinklers are to be subjected 
to the Oven Heat Test, see 33.2 . 1  - 33.2.8. 

37.2 An automatical ly-control led , circulating-type, constant-temperature oven is to be used for this test. 
Five automatic sprinklers with each type of coating are to be placed in the oven at the specified test 
temperatures. 

38 High Temperature Exposure Test For Flow Control (FC) Sprinklers 

38. 1  After being conditioned as described i n  38.2, the change i n  the average d ischarge coefficient "K" of 
an FC sprinkler shall not exceed 1 0  % when compared with sprinklers that have not been cond itioned. 

38.2 Five sprinklers are to be conditioned for 1 h in a preheated circulating air oven maintained at 
1 000 °F (537 °C). The sprinklers then are to be removed from the oven and allowed to cool for at least 3 h 
at room temperature. 

38.3 After cool ing, the sprinklers are to be subjected to the Discharge Coefficient Test, Section 53 , to 
determine compliance with the requirements in 38. 1 . 
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38.4 The sprinklers are to be maintained in their intended instal lation position at a l l  times during the 
exposure and while being subjected to the Discharge Coefficient Test, Section 53 . 

39 Heat Resistance Test 

39. 1 A sprinkler, other than a polymeric residential sprinklers (see Section 52), without operating parts 
shal l  withstand the exposure to heat and subsequent immersion in water as described in 39.2 without 
signs of sign ificant deformation , bl istering or fracture. 

39.2 A sample sprinkler, without operating parts, shal l  be placed in an oven or furnace on its i nlet and 
heated to a temperature of 1 200 ±20 °F (650 ± 1 0  °C) for a period of 1 5  min .  Fol lowing the exposure ,  the 
sprinkler shall be removed from the oven by holding the inlet portion of the sprinkler, when possible, with 
tongs or a simi lar device and submersing the sample in a water bath having a temperature of 60 ±1 0 °F 
( 1 5 ±6 °C). 

40 Elastomeric Parts Test 

40. 1 An elastomeric part used to provide a seal shall have the following properties when tested as 
specified in the Standard for Gaskets and Seals, U L  1 57: 

a) For sil icone rubber (having poly-organo-siloxane as its constituent characteristic), a minimum 
tensile strength of 500 psi (3.4 MPa) and a minimum ultimate elongation of 1 00 %. 

b) For natural rubber and synthetic rubber other than si l icone rubber, a minimum tensi le strength of 
1 500 psi ( 1 0 .3 MPa) and minimum ultimate elongation of 1 50 %; or a min imum tensile strength of 
2200 psi ( 1 5.2 MPa) and a minimum ultimate elongation of 1 00 %.  

c)  Those properties relating to maximum tensi le set; min imum tensile strength and elongation after 
oven aging ; and hardness after oven aging, al l  as specified in Standard for Gaskets and Seals,  UL 
1 57 .  Also, the maximum compression set shall be 25 %.  The maximum service temperature used 
to determine the oven time and temperature for oven aging is 60 °C ( 1 40 ° F) ,  un less the product is 
designated for use at a higher temperature. 

40.2 The Standard for Gaskets and Seals, UL 1 57 ,  provides for the testing of either fin ished elastomeric 
parts or sheet or slab materia l .  Sheet or slab material is to be tested when the elastomeric parts are 0-
rings having diameters of less than 1 in (25.4 mm). The material tested is to be the same as that used in 
the product, regardless of whether finished elastomeric parts or sheet or s lab material is tested. 

41 Vibration Test 

4 1 . 1  An automatic sprinkler shall withstand the effects of vibration without deterioration of its 
performance characteristics when subjected to vibration at the frequency, duration, and ampl itude 
described in 41 .2 and 41 .3 . Fol lowing the vibration, the sprinkler shall comply with the requirements in the 
Leakage Test, Section 25. After being subjected to the Leakage Test, the sprinkler shal l  then be subjected 
to the Sensitivity Tests, Section 33 , based upon the type of sprinkler. 

4 1 .2 Five samples are to be attached to a steel mounting plate i n  any convenient fashion and the plate is 
to be bolted to the table of a vibration machine so that the samples are mounted vertical ly. The samples 
are to be vibrated in the vertical d irection while unpressurized as indicated in Table 41 . 1 . If the sprinklers 
exh ibit resonance at any frequency within the tested ranges, the resonant frequency (frequencies) is to be 
used for the entire test period . For dry-type sprinklers, samples of the maximum length produced are to be 
tested . 
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Amplitude 

in (mm) 

0.04 ( 1 .02) 

ANSl/CAN/UL/ULC 1 99 

in 

Table 41 . 1  
Vibration Test 

Displacement 

(mm) 

0.08 (2.03) 

FEBRUARY 25, 2022 

Frequency, Duration, 
hz h 

1 8  to 37 1 20 

41 .3 For these tests, ampl itude is defined as the maximum displacement of sinusoidal motion from 
position of rest to one-half of the total table d isplacement; resonance is defined as the maximum 
magnification of the applied vibration. 

42 Freezing Test 

42. 1  Fol lowing exposure to the freezing cond itions described in 42.2, an automatic sprinkler shal l  either 
operate, leak at low pressure, or not sustain any damage when water pressure is applied and shall comply 
with the requirements in Leakage Test, Section 25, and in Sensitivity Tests, Section 33. 

42.2 Five sample sprinklers are to be individually connected to one end of a 4 i n  ( 1 0 1 mm ) long, nominal 
1 in or larger steel pipe. Each pipe is to be completely filled with water and exposed to an atmosphere of 
minus 20 ± 1 0  °F (minus 29 ±5 °C) for 24 h .  Following the exposure, the samples are to be visual ly 
examined. When no damage or evidence of operation is noted, the samples are then to be checked to 
determine whether they leak at a pressure of 7 psig (48 kPa) . When they do not leak at a pressure of 
7 psig (48 kPa) , the samples shall then comply with the requirements in Leakage Test, Section 25 , and 
Sensitivity Tests, Section 33 . The test is to be repeated when the test apparatus, other than a sprinkler, 
fractures due to the freezing. 

43 Evaporation Test for Wax Coatings 

43. 1 When tested as specified in 43.3 , a protective coating for a sprinkler containing volati les such as 
wax or simi lar material shall not shrink, harden, crack, or flake. 

43.2 When tested as specified in 43.3 , the loss of volatiles in a wax coating shall not exceed 5 % of the 
weight of the original sample. 

43.3 A 50 ml sample of the protective coating is to be placed i n  a metal or glass cyl indrical container 
having a flat bottom,  an inside diameter of 55 ml, and an inside height of 35 ml. The conta iner, without 
any l id , is to be placed in an automatically control led , circulating-air, constant-ambient-temperature oven. 
The oven temperature is to be controlled as described in H igh Temperature - Test for Wax Coated 
Sprinklers ,  Section 37. The test is to be conducted for 90 days . During the test, the sample is to be 
removed from the oven at 7 day intervals and al lowed to cool for not less than 2 nor more than 4 h. During 
this cool ing time, the sample is to be examined for evidence of shrinking, hardening, cracking, or flaking. 
The sample is to be weighed before and after the 90 day exposure to determine loss of volati les . 

44 1 0-Day Corrosion Test 

44.1 General 

44. 1 . 1  The external parts of an automatic sprinkler having a corrosion-resistant coating or plating shall 
withstand an exposure to salt spray, hydrogen su lfide, and carbon dioxide-sulfur dioxide atmospheres 
when tested in separate groups of samples in accordance with 44. 1 .2 - 44. 1 .4 for a period of 1 0  days. 
Following the exposure, each sprinkler shall be operable and comply with the fol lowing sensitivity 
requirements based upon the type of sprinkler: 
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a) Sprinklers other than recessed and concealed types are to be subjected to the Oven Heat Test, 
see 33.2 . 1  - 33.2.8. The mean time of operation shal l not increase more than a 1 .30 multiple when 
compared to the mean operating time of samples not subjected to the 1 0-Day Corrosion Test, 
Section 44 . In addition ,  the operating time for each standard response sprinkler sample shall be 
with in the l imits described in 33.2 . 1 . 

b) Recessed and concealed sprinklers are to be subjected to the Room Heat Test, see 33.3. The 
mean time of operation shall not increase more than a 1 .30 multiple when compared to the mean 
operating time of samples not subjected to the 1 0-Day Corrosion Test, Section 44 . 

44. 1 .2 During the corrosive exposure, the sprinkler in let is to be sealed by a plastic cap after the sprinkler 
has been fi l led with deionized water and provisions taken to prevent condensation from fal l ing directly onto 
the test samples. 

44. 1 .3 With in 1 to 5 days fol lowing the exposure period , each sample is to be subjected to the Sensitivity 
Test, Section 33, in the most favorable position with respect to operating time. 

44. 1 .4 For al l  sprinklers except the ESFR type, three groups, each consisting of five sample sprinklers,  
are to be assembled . One group is to be exposed to 20 % salt spray, the second to hydrogen sulfide, and 
the third to sulfur d ioxide-carbon dioxide. For ESFR sprinklers, four groups, each consisting of five sample 
sprinklers, are to be assembled . Two groups are to be exposed to 20 % salt spray, the third to hydrogen 
su lfide, and the fourth to su lfur dioxide-carbon dioxide. 

44. 1 .5 CAUTION - Hydrogen sulfide and su lfur d ioxide are both toxic gases . Hydrogen su lfide gas is 
also flammable. Because of this, such gases must be stored, transferred , and used only with gastight 
systems. Adequate ventilation must also be provided to handle any accidental leakage. Presence of these 
gases is readily noticeable. Due to their unpleasant odor and irritant effect, they g ive warn ing of their 
presence. 

44.2 Salt spray exposure 

44.2 . 1  The samples are to be supported vertically and exposed to salt spray (fog) a s  specified i n  
Standard Practice for Operating Salt Spray (Fog) Apparatus,  ASTM B 1 1 7, except that the salt solution i s  to 
consist of 20 % by weight of common salt (sodium chloride). For al l sprinklers except ESFR, one group of 
five samples is to be supported with the i nlet in the vertical down position.  For ESFR sprinklers, one group 
is to be supported with the in let in the vertical down position and one group supported with the in let in the 
vertical up position . 

44.3 Moist hydrogen sulfide air mixture 

44.3 . 1  The samples are to be supported with the inlet in the vertical down position and exposed to a 
moist hydrogen sulfide air mixture in a closed glass chamber maintained at an ambient temperature of 75 
±5 °F  (24 ±3 °C) . On 5 days out of every 7, an amount of hydrogen su lfide equ ivalent to 1 .0 % of the 
volume of the chamber is to be introduced into the chamber from a commercial gas cyl inder, the volume 
required being measured with a flowmeter and timer. Prior to each introduction of gas, the remaining gas­
air mixture from the previous day is to be thoroughly purged from the chamber. On the 2 days out of every 
7 that this does not occur, the chamber is to remain closed and no purging or introduction of gas is to be 
provided. During the exposure, the gas-air mixture is to be gently stirred by means of a small fan located in  
the upper middle portion of the chamber. A small amount of  water ( 10 ml/0 .003 m3 of  chamber volume) is  
to be maintained at  the bottom of the chamber for humid ity. 
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44.4 Moist carbon dioxide-sulfur dioxide air mixture 

44.4. 1  The samples are to be supported with the inlet in the vertical down position and exposed to a 
moist carbon dioxide-sulfur d ioxide air mixture i n  a closed glass chamber maintained at an ambient 
temperature of 75 ±5 ° F  (24 ±3 °C). On 5 days out of every 7, an amount of carbon dioxide equivalent to 
1 .0 % of the volume of the chamber, plus an amount of su lfur d ioxide equ ivalent to 1 .0 % of the volume of 
the chamber, is to be introduced . Prior to each i ntroduction of gas, the remaining gas-ai r  mixture from the 
previous day is to be thoroughly purged from the chamber. On the 2 days out of every 7 that this does not 
occur, the chamber is to remain closed and no purging or i ntroduction of gas is to be provided . A small 
amount of water ( 1 0  ml/0 .003 m3 of chamber volume) is to be maintained at the bottom of the chamber for 
humid ity. 

45 30-Day Corrosion Test 

45. 1 The external parts of an automatic sprinkler having a corrosion-resistant coating or plating shal l  
withstand an exposure to salt spray, hydrogen sulfide, and carbon dioxide-sulfur d ioxide atmospheres 
when tested in separate groups of samples in accordance with 44. 1 .2 - 44. 1 .4 for a period of 30 days. 
Fol lowing the exposure, each sprinkler shall be operable and comply with the following sensitivity 
requirements based upon the type of sprinkler: 

a) Sprinklers other than recessed and concealed types are to be subjected to the Oven Heat Test, 
see 33.2 . 1  - 33.2.8 . The mean time of operation shall not increase more than a 1 .30 mu ltiple when 
compared to the mean operating time of samples not subjected to the 30-Day Corrosion Test, 
Section 45. In add ition,  the operating time for each standard response sprinkler sample shal l  be 
with in the l imits described in 33 .2 . 1 . 

b) Recessed and concealed sprinklers are to be subjected to the Room Heat Test, see 33.3 . The 
mean time of operation shal l  not increase more than a 1 .30 multiple when compared to the mean 
operating time of samples not subjected to the 30-Day Corrosion Test, Section 45. 

45.2 Each sample is to be subjected to the Sensitivity Test, Section 33, with in  1 to 5 days fol lowing the 
exposure period . 

46 90-Day Moist Air Test 

46. 1 An automatic sprinkler shall withstand an exposure to h igh temperature-humid ity in accordance with 
46.2 for a period of 90 days. Fol lowing the exposure, each test sample shall operate at a service pressure 
not exceeding 7 psig (48 kPa) within 5 s after operation of the heat responsive element. 

46.2 Five samples are to be insta l led on a pipe man ifold wh ich conta ins water and the entire manifold is 
to be placed in a temperature-humidity chamber for 90 days. The temperature of the chamber is to be 203 
±2 °F (95 ±1  °C) and the humidity is to be 98 ±2 %.  The sprinkler samples for the moist air test are to have 
heat responsive elements that have a temperature rating to withstand the elevated temperature. 

46.3 After the exposure, each sample is to be installed on piping and supplied with water at a service 
pressure of 7 psig (48 kPa). Each sprinkler is then to be activated by exposing the heat responsive 
element to a un iform appl ication of heat. The operating parts intended to be released from the sprinkler 
assembly shal l  be thrown clear of the frame and deflector with in  5 s after operation of the heat responsive 
element. 
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47 Exposure Tests on Sprinklers Incorporating Polymeric Gaskets 

47.1 General 

55 

47. 1 . 1  An automatic sprinkler that incorporates a polymeric material to effect the closure of the orifice 
shal l  not leak, where specified , and shal l operate at a service pressure not exceed ing 7 psig (48 kPa) after 
being exposed , in separate groups of samples, to the exposures specified in 47.2 - 47.6. 

47.2 Corrosive exposures 

47.2 . 1  Three groups, each consisting of five samples, are to be assembled . One group is to be exposed 
to 20 % salt spray as specified in 44.2 . 1 , the second to hydrogen sulfide as specified in 44.3 . 1  and the 
third to carbon dioxide-sulfur d ioxide as specified in 44.4 . 1 . Each exposure period is to be 30 days. 

47.2.2 Following the exposure, the operating parts in  contact with the polymeric material of each test 
sample shall operate with in 5 s after being exposed to a service pressure not exceed ing 7 psig (48 kPa).  

47.3 Temperature cycl ing exposure 

47.3 . 1  Five samples are to be exposed to ten temperature cycles, each comprised of a 24 h exposure to 
a low temperature of minus 40 ° F  (minus 40 °C) and a 24 h exposure to a high temperature as specified in 
Table 36. 1 . 

47.3.2 Following the exposures, each sprinkler is to be installed on piping and suppl ied with water at a 
service pressure of 7 psig (48 kPa). Each sprinkler is then to be operated by exposing the heat responsive 
element to a uniform application of heat. The operating parts in contact with the polymeric material of each 
test sample shall operate as intended within 5 s.  

47.4 Hydrocarbon exposure fol lowed by moist air exposure 

47.4 . 1  Two groups, each consisting of five samples, are to be assembled . One group is to have the 
sprinkler in let exposed to a l iquid mixture of saturated hydrocarbon chains ranging from C 1 2  to C 1 7 ,  mixed 
in equal parts by weight. The second group is to have the sprinkler inlet exposed to a sol id  wax mixture of 
saturated hydrocarbon chains ranging from C 1 8  to C25, mixed in equal parts by weight. The wax mixture 
has a melting point of 1 29 ±2 ° F  (54 ±1 °C) .  A hydrocarbon material equal to or greater than that requ ired 
to completely cover the water seal area or 0.025 ml (approximately 0 . 1  g) is to be placed in the sprinkler 
inlet in a manner to expose the polymeric seal assembly to the hydrocarbon .  The samples using the wax 
mixture shal l  be warmed to 1 40 ±5 ° F  (60 ±3 °C) to l iquefy the material for even distribution over the seal 
area. Both groups of sprinklers are then to be conditioned at 70 ±1 0 °F (21 ±5.6 °C) for a min imum of 72 h .  
After these exposures, the samples are then to be subjected to the 9 0  day moist air test specified in  90-
Day Moist Air Test, Section 46, with the sprinkler installed in the pendent position and the hydrocarbon 
mixtures left in the in let. 

47.4.2 After these test exposures, each sample is to be hydrostatically pressurized at 7 psig (48 kPa) 
and examined for leakage for a period of 1 min,  and then operated by exposing the heat responsive 
element to a un iform appl ication of heat. 

47.5 Hydrocarbon exposure fol lowed by water immersion exposure 

47.5 . 1  Two groups, each consisting of five samples, are to be assembled and subjected to the 
hydrocarbon exposures described in 47.4 . After the minimum 72 h hydrocarbon exposure, the samples 
are to be instal led on a manifold and hydrostatically pressurized to a pressure value of 25 psig ( 1 72 (kPa) 
less than the rated pressure and immersed for 90 days in  tap water maintained at a temperature of 1 89 
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±3.6 °F (87 ±2 °C). After 30 and 60 days, the hydrostatic pressure is to be released and then repressurized 
to a pressure value of 25 psig ( 1 72 (kPa) less than the rated pressure. 

47.5.2 After these exposures, each sample is to be hydrostatically pressurized and operated at 7 psig 
(48 kPa) and examined for leakage for a period of 1 min ,  and then operated by exposing the heat 
responsive element to a uniform appl ication of heat. 

47.6 Exposure to antifreeze solutions 

47.6. 1 Two groups, each consisting of five samples, are to be assembled . The samples are to be 
instal led onto a manifold.  The manifold is to be partia l ly fi l led , such that the i nlet of each sample is exposed 
to the fol lowing antifreeze solutions (by volume) for 90 days at a temperature of 1 89 ±3.6 °F (87 ±2 °C): 

a)  One group exposed to a 40 % propylene glycol/60 % tap water mixture; and 

b) One group exposed to a 50 % glycerine/SO % tap water mixture. 

47.6.2 After these exposures, each sample is to be hydrostatically pressurized at 7 psig (48 kPa) and 
examined for leakage for a period of 1 min, and then operated by exposing the element to a un iform 
appl ication of heat. 

48 Dry-Type Sprinkler Deposit Loading Test 

48. 1  After exposure to a carbon dioxide-sulfur d ioxide atmosphere i n  accordance with 48.2 - 48.6 for 30 
days, the water seal assembly and internal components of a dry-type sprinkler shall function as intended 
with in 5 s after 7 psig (48 kPa) air pressure is appl ied to the sprinkler inlet. 

48.2 After the carbon dioxide-sulfur d ioxide exposure, the samples are to be dried at 1 20 ±5 °F (49 
±2 °C) in an automatical ly-controlled , circulating-type, constant temperature oven for not less than 24 h or 
more than 72 h prior to being operated at 7 psig (48 kPa) with air. 

48.3 Two groups, each consisting of five sample sprinklers in the ordinary temperature rating and the 
minimum length to be produced , are to be assembled . If lubricant is req uired to faci l itate sprinkler 
assembly, the minimum amount required to assemble the test samples shall be used . One group is to be 
exposed with the sprinkler in the vertical position with the in let up and the second group with the sprinkler 
in let down. 

48.4 The samples are to be exposed to a moist carbon d ioxide-sulfur d ioxide air mixture in a closed 
chamber maintained at 95 ±3 °F (35 ±1 .7  °C) .  The samples are to be supported in a manner to permit the 
internal and external sprinkler parts to be exposed to the gases , such as by placing test samples on 
polymeric l ight diffuser trays with nominal 0.5 by 0.5 in ( 1 2 .7  by 1 2 .7  mm) openings. Al l test samples shall 
be supported at only one elevation level within the chamber. On five days out of every seven,  an amount of 
carbon dioxide equ ivalent to 1 .0 % of the volume of the chamber, plus an amount of sulfur dioxide 
equ ivalent to 1 .0 % of the volume are to be introduced . Prior to each introduction of gas, the remaining 
gas-air mixture from the previous day is to be thoroughly purged from the chamber. On the two days out of 
every seven that th is does not occur, the chamber is to remain closed and no purging or i ntroduction of 
gas is to be provided. A small amount of water ( 1 0  ml/0 .003 m3 of chamber volume) is to be maintained at 
the bottom of the chamber for humidity. This water is to be replaced weekly. 

48.5 After exposure to the carbon dioxide-sulfur d ioxide air mixture, each sample is to be dried as 
specified in 48.2 . Each sample is then to be stored at 70 ±5 °F (21 ±3 °C) prior to installation onto piping in 
the pendent position and suppl ied with air at a service pressure of 7 psig (48 kPa).  Each sprinkler is then 
to be activated by exposing the heat responsive element to a un iform application of heat or by removing 
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the heat responsive element if it is degraded by the moist carbon d ioxide-su lfur d ioxide exposure .  The 
water seal assembly and other internal parts shall clear the waterway as intended . 

48.6 CAUTION - Sulfur dioxide is a toxic gas. This gas must be stored, transferred , and used only with 
gastight systems. Adequate ventilation must also be provided to handle leakage. Presence of this gas is 
read ily noticeable. Due to its unpleasant odor and irritant effect, it gives warning of its presence.  

49 Dezincification Test of Brass Parts 

49.1 General 

49. 1 . 1  Sprinkler parts that are made of a copper al loy conta in ing more than 1 5  % zinc and normally 
exposed to system water shal l  not exhibit the fol lowing after exposure to a copper chloride solution for 
1 44 h :  

a) An  average dezincification depth exceeding 0.0039 in ( 1 00 µm) ;  and 

b) An individual reading of dezincification depth exceeding 0.0079 in (200 µm).  

49.2 Reagent 

49.2 . 1  A test solution is to be prepared by d issolving 0 .028 lb ( 1 2 .7  g) of copper ( I I )  chloride dihydrate 
(CuCl2 ·2H20) in d isti l led water and then making up the volume to 0.26 gallon ( 1 000 ml) .  Fresh solution is to 
be used for each test. 

49.3 Test pieces 

49.3 . 1  Three test pieces are to be taken from the sprinkler part. These pieces are to be cut in such a 
way, for example by sawing and grinding with l ight pressure, that the properties of the materials are 
unaffected. The area of each test piece to be exposed shall be approximately 0 . 1 55 in2 (1 00 mm2) .  

49.3.2 Each test piece is to be embedded in a thermoset resin having minimal shrinkage characteristics 
and the test surface ground using wet abrasive paper, fin ishing with 500 grade or finer. The test surfaces 
are to be cleaned with ethanol prior to testing. 

49.4 Method 

49.4 . 1  Each test piece is to be placed in the middle of the beaker conta in ing the copper ( 1 1 )  chloride 
solution so that the test surface is vertical and at least 0.59 in (1 5 mm) above the bottom of a g lass beaker 
covered with suitable plastic foi l ,  for example polyethylene, secured with elastic thread or another method 
of seal ing using non-metal l ic compound . A total of 0 .066 gallon (+0.0 1 3  gal lon, -0.0026 gallon) [250 ml 
(+50 ml, - 1 0  m l )] of the copper ( I I )  chloride solution is required per 0. 1 55 square in ( 1 00 mm2) of exposed 
surface of the test piece. 

49.4.2 The beaker containing the test piece is to be placed in the thermostatically control led oven or o i l  
bath with the temperature maintained at 1 67 ±3 ° F  (75 ±2 °C) .  The test piece is to be exposed 
continuously for 1 44 h. At the end of th is period , they are to be removed from the beaker, washed in water, 
rinsed in the ethanol, and al lowed to dry. 

49.4.3 Microscopic examination of the test piece is to be conducted as soon as possible after the 
exposure. If the test pieces are stored before microscopic examination, they are to be kept in a desiccator. 
Each test piece is to be sectioned at right angles to the exposed test surface , and the remain ing thermoset 
resin attached to the section that is to be removed. The cross-sectioned piece is then to be re-embedded 
in a thermoset resin having minimal shrinkage, and the area to be viewed is to be ground and pol ished for 
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microscopic examination . The total length of section through the exposed surface is not to be less than 
0.2 in (5 mm). If the dimensions of the test piece make this impossible, the section is to be taken to provide 
the maximum possible total length . 

49.4.4 The dezincification depth measurements are to be made at five evenly spaced locations and the 
average calculated . The dezincification depth is to be measured from the post exposed test surface and is 
not to include the sample edge. The maximum dezincification is to be recorded . Magnification is to be 
used to provide the greatest accuracy of measurement. 

50 Stress-Corrosion Cracking of Brass Sprinkler Parts Test 

50. 1  After being subjected for 1 0  days to a moist ammonia exposure as described in 50.2 and 50.3 , a 
sprinkler having brass parts shal l :  

a)  Show no evidence of  cracking , delamination,  or  degradation; or  

b) Perform as intended. 

50.2 Five samples without any plating or coating are to be degreased and then exposed for 1 0  days to a 
moist ammonia-air mixture maintained in a chamber having a cover constructed of glass or suitable 
polymeric material. 

50.3 A sufficient amount of aqueous ammonia to cover the bottom of the chamber and having a specific 
gravity of 0 .94 is to be maintained during the test. The lowest portion of the samples are to be positioned 
1 - 1 /2 (+ 1 /2 ,  -0) in [(38. 1 mm) ( 1 2 .7 mm, -0 mm)] above the l iqu id surface and supported by an inert tray. 
The moist ammonia-air mixture in the chamber is to be maintained at essential ly atmospheric pressure 
with the temperature constant at 93 ±2 ° F  (34 ±1  °C) . 

50.4 After the exposure period , the test samples are to be examined using a microscope having a 
magnification of 25X for any cracking , delamination or other degradation as a result of the test exposure. 
The deposits on some samples shall be permitted to be removed using a cleaning solution to assist in the 
examination for cracks or degradation . Operating parts exhibiting degradation as a result of the test 
exposure described in 50.2 and 50.3 shall withstand, without leakage, a hydrostatic test pressure of 1 75 
psig ( 1 .21  MPa) or one equivalent to their maximum design pressure, whichever is greater, for 1 min ,  and 
operate at 7 psig (48 kPa) when exposed to a uniform application of heat. When the samples have any 
cracking, delamination, or degradation of nonoperating parts as a result of the test exposure, they shall 
withstand flowing water at their rated pressure for 30 min .  

51 Stress-Corrosion Cracking Of Stainless Steel Sprinkler Parts Test 

5 1 . 1  Austenitic stain less steel parts of a sprinkler shal l  show no evidence of cracking ,  delamination, or 
degradation, or shall demonstrate intended performance,  after being subjected to boi l ing magnesium 
chloride solution. The exposure to the solution is to be 1 50 h for sprinklers intended for normal use, and 
500 h for sprinklers having stainless steel parts not protected by a corrosion resistant coating when 
intended for use in corrosive atmospheres. See 51 .2 - 51 .7. 

5 1 .2 Five samples without any coating or plating are to be degreased prior to being exposed to the 
magnesium chloride solution . Samples of sprinklers for normal use are permitted to tested with the coating 
or plating intact if subjected to the 500 h exposure rather than the 1 50 h exposure. 

5 1 .3 Parts used in sprinklers are to be placed in a sealed glass chamber that is fitted with a thermometer 
and a wet condenser. The chamber is to be fi l led approximately one-half fu l l  or to a level at least 0 .5 in 
(1 .27 cm) above the test sample with a nominal 44 % by weight magnesium chloride solution ,  placed on a 
thermostatical ly-controlled electrica l ly heated mantel ,  and mainta ined at a boi l ing temperature of 302 
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±2 ° F  ( 1 50 ±1 °C) . The parts are to be unassembled , that is, not contained in a sprinkler assembly. The 
exposure is to last for 1 50 or 500 h, as specified in 5 1 . 1 . 

5 1 .4 After the exposure period , the test samples are to be removed from the boi l ing magnesium chloride 
solution and rinsed in de-ion ized water. 

5 1 .5 The test samples are then to be examined using a m icroscope having a magnification of 25X for 
any cracking, delamination, or other degradation as a result of the test exposure. Test samples exhibiting 
degradation are to be tested as described in 5 1 .6 or 51 .7, as appl icable. Test samples not exhibiting 
degradation comply with the requirements and shall not be tested further. 

5 1 .6 Operating parts exh ibiting degradation are to be reassembled into the sprinkler or, if this is not 
possible, new parts tested as fol lows. Five new sets of parts are to be assembled in sprinkler frames made 
of materials that do not alter the corrosive effects of the magnesium chloride solution on the stain less steel 
parts. These test samples are to be degreased and subjected to the magnesium chloride solution 
exposure specified in 5 1 .3 . Following the exposure, the test samples shall withstand,  without leakage, a 
hydrostatic test pressure at their rated pressure for 1 min ,  and then operate at 7 psig (48 kPa) - see 
Operation - Lodgement Test, Section 34 . 

5 1 .7 Nonoperating parts exh ibiting degradation are to be reassembled into the sprinkler or, if this is not 
possible, new parts tested as fol lows. Five new sets of parts are to be assembled in sprinkler frames made 
of materials that do not alter the corrosive effects of the magnesium chloride solution on the stain less steel 
parts. These test samples are to be degreased and subjected to the magnesium chloride solution 
exposure specified in 5 1 .3 . Fol lowing the exposure, the test samples shall withstand a flowing pressure of 
1 75 psig ( 1 .21  MPa) for 30 min without separation of permanently attached parts. 

52 Polymeric Residential Sprinkler Tests 

52.1 General 

52. 1 . 1  After being subjected to the test exposures specified in 52 . 1 .2 , polymeric sprinkler assemblies 
shall show no visible cracks and comply with the Leakage Test (Section 25) ,  Hydrostatic Strength Test 
(Section 26) ,  and Flow Endurance Test (Section 24 ) .  

52 . 1 .2 The sprinkler sample assemblies are to be subjected to the following exposures: 

a) Water immersion specified in 52. 1 .3 for 1 80 days; 

b) Air-oven aging specified in 52. 1 .4 for 1 80 days; and 

c) Accelerated l ight and water specified in 52. 1 .5 . 

52.1 .2 Test samples and post exposure testing 

52. 1 .2 . 1  Eight sprinkler sample assemblies are to be subjected to each exposure described in 52. 1 .3 -
52. 1 .5 . For sprinkler in lets with pipe threads constructed of a polymeric material ,  the in let is to be threaded 
into a fitting with metal l ic threads that al low the sprinkler i nlet to be open to the exposure environment 
d uring the tests described in 52. 1 .3 and 52. 1 .4 . The inlet of four sprinkler samples shall be tightened into a 
fitting using the maximum torque value specified in the manufacturer's instructions and the remain ing four 
samples shal l  be tightened to 1 20 % of the maximum torque value specified in the manufacturer's 
instal lation instructions prior to placing the samples into the exposures described in 52. 1 .3 and 52 . 1 .4 . 
After the exposure described in 52. 1 .5 , the in let of four sprinkler samples shall be tightened into a fitt ing 
with metall ic threads using the maximum torque value specified i n  the manufacturer's instructions and the 
remaining four  samples shal l  be tightened to 1 20 % of the maximum torque value specified in the 
manufacturer's instal lation instructions prior to the physical testing described in 52. 1 .2 .2 . 
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Exception: For sprinklers with polymeric inlet pipe threads that are constructed to prevent over-torqueing 
during installation, eight samples are tightened into a fitting using only the maximum torque value specified 
in the manufacturer's instructions. 

52. 1 .2.2 Fol lowing the exposures described in 52. 1 .3 - 52. 1 .5 , three samples with the maximum torque 
value and three samples with 1 20 % of the maximum torque value from each exposure are to be subjected 
to the Leakage Test (Section 25) and Hydrostatic Strength Test (Section 26). When subjected to the 
Leakage Test (Section 25), no visible leakage past a polymeric threaded in let connection shall be 
observed when the pipe threads are sealed as specified by the manufacturer and no visible cracks in the 
in let threads shall be observed after removal of the sprinkler from the fitt ing. The remain ing samples from 
each exposure are to be subjected to the Flow Endurance Test (Section 24 ) .  

52 . 1 .2.3 At the manufacturer's option, add itional samples shall be permitted to be subjected to these 
exposures and removed for physical testing after shorter exposure durations to obtain interim resu lts for 
informational purposes. 

52.1 .3 Water immersion exposure 

52. 1 .3 . 1  The test samples specified in 52. 1 .2 are to be immersed in a bath containing tap water and 
maintained at a temperature of 1 89 ±4 °F (87 ±2 °C) for a period of 1 80 days. After the exposure, the 
samples are to be conditioned for not less than 24 h at 70 ±5 °F (21 ±3 °C) prior to the physical testing 
described in 52 . 1 .2 .2 . 

52.1 .4 Air oven aging exposure 

52. 1 .4 . 1  The test samples specified in 52. 1 .2 are to be subjected to 242 ±5 °F ( 1 1 7  ±3 °C) for 1 80 days. 
After the exposure ,  the samples are to be conditioned for not less than 24 h at 70 ±5 °F (21 ±3 °C) prior to 
the physical testing described in 52 . 1 .2.2 . 

Exception: An air oven aging test at a lower temperature for a longer period of time may be applied. The 
duration of exposure is to be calculated from the following formula: 

D = ( 1 84049)e-6·93 [ �l 
where: 

D = test duration in days; 

t1 = lower test temperature for longer duration, °C; and 

t2= test temperature for D = 1 80 days, °C.  

52.1 .5 Light and water exposure 

52. 1 .5 . 1  The test samples specified in 52. 1 .2 are to be exposed to ultraviolet l ight exposure in 
accordance with the Standard for Polymeric Materials - Use in Electrical Equipment Evaluations, UL 
746C. For polymeric sprinklers intended for indoor installations only, the exposure period shal l  be 360 h for 
carbon-arc or 500 h for xenon-arc conditioning. For polymeric sprinklers intended for outdoor installations 
on ly, the exposure period shall be 720 h for carbon-arc or 1 000 h for xenon-arc conditioning. After the 
exposure, the samples are to be conditioned for not less than 24 h at 70 ±5 °F (21 ±3 °C) prior to the 
physical testing described in 52 . 1 .2 .2 . 
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52.2 Long-term hydrostatic pressure test 

61 

52.2 . 1  When tested as described in 52.2.2 and 52 .2 .3, polymeric sprinkler assembl ies shal l  withstand 
2 .5 times the rated working pressure for a period of 90 days without rupture, leakage, or operation with the 
assembl ies conditioned to 1 50 °F and then comply with the Leakage (Section 25) and Sensitivity Oven 
Heat (33.2) Tests. 

52.2.2 Ten sprinkler sample assembl ies are to be subjected to this test. For sprinkler in lets with pipe 
threads constructed of a polymeric material ,  the i nlet of five sprinkler samples shal l  be tightened i nto a 
fitting with metal l ic threads using the maximum torque value specified in the manufacturer's instructions 
and the remaining five samples shall be tightened to 1 20 % of the maximum torque value specified in the 
manufacturer's instal lation instructions prior to applying the test pressure. 

Exception: For sprinklers with polymeric inlet pipe threads that are constructed to prevent over-torqueing 
during installation, ten samples are tightened into a fitting using only the maximum torque value specified 
in the manufacturer's instructions. 

52.2.3 The test samples shal l  be connected to water filled supply piping, vented of entrapped air, and 
subjected to a constant pressure of 2.5 times the rated working pressure .  The test samples are to be 
conditioned in an automatical ly control led air bath or oven that is capable of maintain ing a constant 
temperature of 1 50 ±4 °F (66 ±2 °C) for 90 days. After the exposure, the samples are to be conditioned for 
not less than 24 h at 70 ±5 °F (21 ±3 °C) prior to further test ing. Each sample shal l  be then be subjected to 
the Leakage Test (Section 25) followed by the Sensitivity Oven Heat Test (33.2) .  

52.3 Temperature cycl ing test 

52.3 . 1  When subjected to the temperature cycl ing exposure described in 52 .3 .2 and 52.3.3 , polymeric 
sprinkler assembl ies shal l  not crack, rupture, leak, or operate and then comply with the Leakage Test 
(Section 25) ,  Sensitivity Oven Heat Test (33.2) ,  and Flow Endurance Test (Section 24 ) .  

52.3.2 Ten sprinkler sample assembl ies are to be subjected to this test. For sprinkler in lets with pipe 
threads constructed of a polymeric material ,  the i nlet of five sprinkler samples shal l  be tightened i nto a 
fitting with metal l ic threads using the maximum torque value specified in the manufacturer's instructions 
and the remaining five samples shall be tightened to 1 20 % of the maximum torque value specified in the 
manufacturer's instal lation instructions prior to applying the test pressure. 

Exception: For sprinklers with polymeric inlet pipe threads that are constructed to prevent over-torqueing 
during installation, ten samples are tightened into a fitting using only the maximum torque value specified 
in the manufacturer's instructions. 

52.3.3 The test samples are to be exposed to ten temperature cycles while pressurized with a ir  to 40 
psig (276 Kpa) with each cycle comprised of a 24 h exposure to a low temperature of minus 40 ±4 °F 
(minus 40 ±2 °C) and a 24 h exposure to 1 50 ±4 °F (66 ±2 °C) .  After the exposure ,  the samples are to be 
conditioned for not less than 24 h at 70 ±5 ° F  (21 ±3 °C) prior to further test ing. Each sample shal l  be then 
be subjected to the Leakage Test (Section 25) followed by the Sensitivity Oven Heat Test (33.2) .  After 
removal of the sprinkler from the fitting, no visible cracks in the i nlet threads shal l  be observed . One of the 
samples shal l  then be subjected to the Flow Endurance Test (Section 24 ) .  

52.4 Impact test 

52.4 . 1  A polymeric sprinkler assembly, except for dry-type sprinklers, shall not be damaged or leak when 
tested as described in 52.4.2 and then comply with the Leakage Test (Section 25) ,  Sensitivity Oven Heat 
Test (33.2),  and Flow Endurance Test (Section 24 ) .  
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52.4.2 With each sample conditioned for not less than 24 h at the minimum instal lation temperature 
referenced in the manufacturer's instructions or 0 ±4 °F (minus 1 8  ±2 °C) ,  wh ichever is lower, five sprinkler 
sample assembl ies are to be subjected to an impact by dropping a cyl indrical mass equ ivalent to the mass 
of the sprinkler to the nearest 1 5  g increment from a height of one meter onto the geometric center of the 
deflector or, when this is not practicable, onto the butt end of the sprinkler. The mass is to be prevented 
from impacting more than once upon each sample. See Figure 20 . 1  for a description of the test 
arrangement. Fol lowing the impact, each sprinkler is to be visually examined and there shal l  be no 
evidence of cracks, breaks, or any other damage. Each sample shall then be subjected to the Leakage 
Test (Section 25) followed by the Sensitivity Oven Heat Test (33.2) .  One of the samples shal l  then be 
subjected to the Flow Endurance Test (Section 24 ) . 

WATER FLOW AND DISTRIBUTION TESTS 

53 Discharge Coefficient Test 

53. 1 When tested in accordance with 53.2 - 53.4 , a sprinkler shall have i ndividual "K" factor values at 
each pressure that are with in ±5 % of the calculated mean d ischarge coefficient for the range of pressures 
tested and,  except for residential sprinklers, shall have a mean d ischarge coefficient that is with in one of 
the ranges specified in Table 1 1 . 1 . For residential sprinklers, the mean discharge coefficient shall be with in 
±5 % of the nominal K-factor referenced in the manufacturer's instructions. See 60.2(a). 

Exception: A residential sprinkler with an mean "K" factor of less than 4.0 shall be permitted to have 
individual "K" factor values that are not within ±5 % of the mean "K" factor if the single "K" factor value is 
within ±0. 2 units of the mean "K" factor value. 

53.2 The sprinkler is to be installed on an outlet from a reservoir sized so that the velocity head effect 
(V2/2 g) is reduced to approach a velocity of zero. The outlet is to consist of a pipe coupl ing of a size 
corresponding with the size of the sprinkler thread ( 1 /2 ,  3/4 or, 1 in N PT), as described in the Standard on 
P ipe Threads,  General Purpose, Inch, ANS l/ASME 81  .20. 1 .  For sprinklers having a nominal "K" factor of 8 

or less, the coupl ing is to be installed in the reservoir by positioning the coupl ing in a hole so that the in let 
to the coupl ing protrudes into the interior of the reservoir 1 /8 in (3.2 mm) or more . See Figure 53. 1 as an 
example of the apparatus. For sprinklers having a nominal "K" factor greater than 8, the outlet shall consist 
of a nominal 6 in blank flange dril led and threaded to the appropriate thread size, and attached to a 6 in 
pipe. See Figure 53.2 for an example of this apparatus. 
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Figure 53.1 

Discharge Coefficient Test Equipment 
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Figure 53.2 

Discharge Coefficient Test Equipment for Sprinklers with "K" Factors Greater Than Eight 
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53.3 When dry-type sprinklers are tested, the range of lengths tested is to include the maximum and 
minimum lengths to be produced. The minimum length is to be used to determine compliance with the 
requirements specified in 1 1 .2 . Also see 60. 1 . 

53.4 Two samples with the frame and deflector removed are to be tested . Each sprinkler sample, except 
for ESFR sprinklers,  is to be flow tested first at a pressure of 7 psig (48 kPa) and then at 1 0  psig (69 kPa). 
For ESFR sprinklers, testing is to be started at 1 5  psig ( 1 03 kPa).  Following this, the pressure is to be 
increased in 5 psig (34 kPa) increments up to 50 psig (345 kPa), in 1 0  psig (69 kPa) increments up to and 
including 75 psig (51 7  kPa) less than the rated pressure, decreased in 1 0  psig (69 kPa) increments down 
to 50 psig (345 kPa), in 5 psig (34 kPa) increments down to 1 0  psig (60 kPa), and then decreased to 7 psig 
(48 kPa). The flow at each increment of pressure is to be measured by a flow-measuring device having an 
accuracy of with in 2 % of the actual flow. The discharge coefficient "K" is to be calculated by dividing the 
flow in gpm (Umin) by the square root of the pressure in psig (bar) . The mean d ischarge coefficient "K" is 
then to be calculated .  

54 Water Distribution Tests 

54.1  General 

54. 1 . 1  An automatic sprinkler shall comply with the requirements as referenced in Table 54. 1  based 
upon the sprinkler type. 

Table 54.1 
Water Distribution Requirements by Sprinkler Type 

Sprinkler type 

Conventional (Old Style) sprinklers 

All pendent and upright standard coverage sprinklers, including 
flush, recessed and concealed that have a nominal K-factor not 
exceeding 8 .0 gpm/(psi)1 12 [ 1 15  L/min/(bar)112] .  

Sidewall standard coverage sprinklers, including flush, 
recessed and concealed that have a nominal K-factor not 
exceeding 8 .0 gpm/(psi)1 12 [ 1 15  L/min/(bar)112] .  Also, sprinkler 
guards. 

Pendent, upright and sidewall ECLH sprinklers including flush, 
recessed and concealed types 

Pendent and upright ECOH sprinklers including flush, recessed 
and concealed types 

Residential pendent, upright and sidewall including flush, 
recessed and concealed types 

ESFR having a nominal K-factor of 14.0 gpm/(psi)1 12 [200 
L/min/(bar)112] and 1 6 .8 gpm/(psi)112 [240 L/min/(bar)112] 

All sprinkler types except conventional 

Requirements 

54.2 Water Distribution Test - Conventional (Old Style) 
Sprinklers 

54.3 1 O Pan Distribution Test 
54.4 1 6  Pan Distribution Test 

54.5 1 00 Pan Distribution Test - Sidewall Sprinklers (Standard 
Coverage) 

54.6 Wall Wetting Test for ECLH Sprinklers 

54.7 Distribution Tests for ECOH Sprinklers 

54.8 Residential Sprinkler Water Distribution Test - Horizontal 
Surface 
54.9 Residential Sprinkler Water Distribution Test Vertical 
Surface 

54. 1 0  Distribution Tests for Pendent ESFR Sprinklers Having a 
Nominal K-factor of 1 4.0 or 1 6 .8 
54. 1 1  Thrust Force Test for Pendent ESFR Sprinklers Having a 
Nominal K-factor of 1 4.0 or 1 6 .8 

54. 1 2  Lateral Discharge Tests 

54. 1 .2 Additional water distribution tests shall be permitted to be conducted to characterize the 
distribution characteristics of sprinklers not addressed in Table 54 . 1 . 
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54.2 Water d istribution test - Conventional (old style) sprinklers 

FEBRUARY 25, 2022 

54.2 . 1  When a conventional (old style) sprinkler is flowing water at the rate specified in Table 54.2 for 
various sprinkler "K" factors, the number of conta iners in which the quantity of water is less than 50 % of 
the water coverage specified in column 2 of Table 54 .2 shall not exceed the value specified in column 6 of 
Table 54.2. 

Nominal "K" 
Factor 

gpm/(psi)112 

(L/min/(bar) 112) 

4.2 (57) 

5.6 (80) 

5.6 (80) 

8.0 ( 1 1 5) 

8.0 ( 1 1 5) 

Table 54.2 
Water Coverage Values for Conventional Sprinklers 

Flow rate per Number of 
Water coverage sprinkler Protected area Sprinkler spacing containers with 

a lower content 
gpm/ft2 (mm/min) gpm (I/min) ft2 (m2) ft (m) of water 

0.06 (2.5) 1 3 .4 (50.6) 21 7.8 (20.25) 1 4 .76 (4.5) 8 

0. 1 2  (5.0) 1 6 .2 (61 .3) 1 3 1 .8 ( 1 2.25) 1 1 .48 (3.5) 5 

0.36 (1 5.0) 35.7 (1 35.0) 96.8 (9) 9.84 (3) 4 

0.24 (1 0.0) 23.8 (90.0) 96.8 (9) 9.84 (3) 4 

0.72 (30.0) 49.5 (1 87.5) 67.2 (6.25) 8.2 (2.5) 3 

54.2.2 Four sprinklers of the same type shall be i nstalled i n  a test chamber having minimum d imensions 
of 23 by 23 ft (7 by 7 m).  The sprinklers shall be arranged in a square, on piping prepared for this purpose. 
The arrangement of the piping and collection pans is shown in Figure 54 . 1  - Table 54.4. The sprinklers are 
to be instal led 2 in (50 mm) below the cei l ing in the upright position and 1 1  in (275 mm) in the pendent 
position. The frame arms of the sprinklers shall be positioned parallel to the supply pipes. 
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Figure 54.1  

Layout of Water Distribution Col lection Room for Conventional Sprinklers 

[Measured area 21 7.9 ft2 (20 .25 m2)] 
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Figure 54.2 

Layout of Water Distribution Collection Room for Conventional Sprinklers 

[Measured area 1 3 1 .8 tt2 (1 2.25 m2)] 
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Figure 54.3 

Layout of Water Distribution Col lection Room for Conventional Sprinklers 

[Measured area 96.8 tt2 (9 m2)] 
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Figure 54.4 

Layout of Water Distribution Collection Room for Conventional Sprinklers 

[Measured area 67.24 ft2 (6.25 m2)] 
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54.2.3 Water is to be d ischarged for a minimum of 1 0  min ,  and the amount col lected in each pan is to be 
measured and recorded to determine the amount and un iformity of d ischarge. 

54.2.4 Flush or recessed type sprinklers shall be mounted in a false cei l ing of d imensions not less than 
20 by 20 ft (6 by 6 m), arranged symmetrically in the test chamber. The sprinklers shal l  be fitted d i rectly 
into the horizontal pipework by means of tee or elbow fitt ings. 

54.2 .5 The area covered and the water density of coverage for the three nominal "K" factors are given in 
Table 54 .2. 

54.2.6 The water d istribution in the area between the four sprinklers shal l  be measured by means of 
square col lection pans of size 1 9 .7  in (500 mm). The d istance between the cei l ing and the upper edge of 
the col lection pans shal l  be 8.9 ft (2.7 m).  The pans shall be positioned central ly in the room, beneath the 
four sprinklers. The water shall be col lected for at least 3 min .  

54.2 .7  The water discharge of sprinklers downward from the deflectors is to be 40 to 60 %.  The 
sprinklers are to be installed horizontally in a testing apparatus as shown in Figure 54 .5 . The deflector is to 
be positioned with in the apparatus so that a theoretical d ividing l ine between the two collecting volumes 
intersects a point on the axis of the sprinkler where the water spray is traveling substantially paral lel to the 
plane of the partition.  The sprinklers are to be tested at the flow cond itions specified in Table 54 .3. 
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Water Distribution Above and Below the Deflectors for Conventional Sprinklers 
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Table 54.3 
Flow Conditions for Conventional Sprinklers 

Nominal "K" Factor 
g pm/(psi) 112(L/min/(bar) 112) 

4.2 (57) 

5.6 (80) 

8.0 ( 1 1 5) 

54.3 1 0  Pan d istribution test 

Water flow rate 

gal/min 

1 3.4 

1 6.2 

23.8 

FEBRUARY 25, 2022 

(I/min) 

(50.6) 

(61 .3) 

(90) 

54.3 . 1  When tested as described in 54.3.3 and 54.3 .4, the water-d istribution pattern from a sprinkler, 
except as noted in 54.3.2 , shal l  not exceed a 1 6  ft (4 .88 m) diameter circular area located in a horizontal 
plane 4 ft (1 .22 m) below the sprinkler deflector. When guards are used with a sprinkler, testing shal l  be 
conducted with and without the guard .  

54.3.2 Water shal l  not accumulate in areas outside the 1 6  ft (4 .88 m) d iameter ci rcle unless the 
accumulations do not exceed 0.03 gpm/ft2 ( 1 .2 mm/min) .  

54.3 .3 An open sprinkler is  to be installed in its intended position (upright or pendent) i n  a tee fitting 1 in  
by 1 in with an in let the size of the sprinkler, supplied with water by 1 in  piping flowing from one direction . 
The sprinkler deflector is to be located 7 i n  ( 1 78 mm) below a min imum 1 2  by 1 2  ft (3.65 by 3.65 m) 
smooth, flat, horizontal cei l ing.  The frame arms are to be parallel to the piping on which instal led . For dry 
type sprinklers ,  the minimum length to be produced is to be tested . A cei l ing or recessed type sprinkler is 
to be mounted in the cei l ing in the intended installation position.  The deflector is to be 4 ft ( 1 .22 m) above a 
row of ten 1 ft2 (305 mm2) collection pans directly below the center of the sprinkler sample. The center of 
the first pan is to be directly below the center of the sprinkler. See Figure 54.6 for a rotating table 
arrangement. The test is to be repeated on a second sprinkler sample. 
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Figure 54.6 

1 0  Pan Sprinkler Distribution Test Arrangement (Rotating Table Arrangement) 
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2 

r 1 2  in x 1 2  in (305 mm) PANS - 12 in (305 mm) DEEP 

LIP ON ONE EDGE, 10 PANS 

1 Included only when upright sprinkler is being tested 

2 Included only when pendent sprinkler is being tested 

ELECTRIC MOTOR 

DRIVE 
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54.3.4 With the table and pans or sprinkler rotating at 1 revolution per min (rpm ) , water is to be 
discharged from the sprinkler for a minimum of 1 0  min or unti l a pan is fi l led with water, whichever occurs 
first and at a rate of 1 5  gpm (57 L/min ) for 1 .4 (20), 1 .9 (27), 2 .8 (40) ,  4 .2 (57), and 5.6 (80) nominal "K" 
factor sprinklers and at a rate of 21 gpm (80 L/min ) for 8 .0  ( 1 1 5) nominal "K" factor sprinklers .  The water 
col lected is to be measured and the density in gpm/ft2 (mm/min ) calculated . 

54.4 1 6  Pan distribution test 

54.4 . 1  Four sprinklers, flowing at the rates ind icated i n  Table 54.4 and tested as specified in 54.4.2 -
54.4.9 , shal l  discharge water at an average density of: 

a) Not less than the average shown in Table 54.4 for the 1 6  pans (see 54.4.8) ;  and 

b) Not less than 75 % of the specified average for any individual pan. 

UL COPYRIGHTED MATERIAL - NOT AUTHORIZED FOR FURTHER 

REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM UL INC. 



74 ANSl/CAN/UL/ULC 1 99 FEBRUARY 25, 2022 

Table 54.4 
1 6  Pan Sprinkler Distribution Tests 

Nominal "K" Factor Waterflow per sprinkler Minimum average collection 
gpm/(psi)112 

gpm (Umin) gpm/ft2 (L/min/(bar)112) 

1 .4 (20) 3.75 ( 14.2) 0.0375 

1 .9 (27) 5.25 ( 1 9.8) 0.0525 

2.8 (40) 7.50 (28.4) 0.0750 

4.2 (57) 1 1 .25 (45.5) 0. 1 1 25 

5.6 (80) 1 5.00 (56.7) 0 . 1 500 

8.0 ( 1 1 5) 21 .00 (79.4) 0.21 00 

54.4.2 Dry-type sprinklers are to be tested using the shortest available length . 

(mm/min) 

(1 .6) 

(2.2) 

(3.2) 

(4.8) 

(6.4) 

(8.9) 

54.4.3 Sprinklers fitted with guards shall not reduce the average collection by more than 20 % compared 
to the sprinkler tested without guard , but shall also comply with the min imum average col lection and 
individual pan requirements described in 54.4. 1 . 

54 .4.4 Sprinklers rated at a pressure greater than 1 75 psig ( 1 .2 MPa),  shall be tested at a flow rate 
corresponding to a pressure of 75 psig (51 7  kPa) less than the rated pressure and comply with the 
requirements of 54.4 . 1  (a) and (b) for the "K" factor specified . 

54 .4.5 Two distribution tests are to be conducted . After completion of the fi rst test, two of the four 
sprinklers in opposite corners are to be transposed, prior to conducting the second test. The results of 
each test shall be in accordance with 54.4. 1 . 

54 .4.6 Four open sprinklers, except the dry type, are to be i nstalled in their intended position (upright or 
pendent) in 90° elbows having a 1 in (25.4 mm) in let and an outlet the same size as the sprinkler in let. Dry 
type sprinklers are to be installed in a 1 in (25.4 mm) tee having an outlet the same size as the sprinkler 
in let. Each sprinkler is to be suppl ied with water through 1 i n  piping, with sprinkler deflectors located 7 in 
(1 78 mm) below a minimum 1 2- by 12 ft (3.66- by 3.66-m) smooth , flat, horizontal cei l ing .  The frame arms 
are to be paral lel to the piping on which installed . 

54 .4.7 Each cei l ing or recessed type sprinkler is to be mounted in the center of a min imum 2- by 2-ft 
(0 .61 - by 0.61 -m) square "cei l ing" in the intended installation position . Dry-type sprinklers are tested using 
the shortest avai lable length. 

54 .4.8 The four sprinklers are to be installed on 1 0- by 1 0-ft (3.05- by 3.05-m) spacings. Sixteen 1 ft2 

(305-mm2) pans, located 7 ft, 6 in (2.29 m)  below the sprinkler deflectors and centered between the 
sprinklers ,  are to be used to col lect the sprinkler d ischarge. See Figure 54 .7. 

54 .4.9 Water is to be d ischarged for a minimum of 1 0  m in .  The amount collected in each pan is to be 
measured, and the density in gpm/ft2 (mm/min2) calcu lated . 
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Figure 54.7 

1 6  Pan Sprinkler Distribution Test Arrangement 
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54.5 1 00 Pan d istribution test - Sidewal l  sprinklers (standard coverage) 

54 .5 . 1  When tested as described in 54.5.3 - 54.5 .5, the water d istribution from two sidewal l  sprinklers 
over a 1 00 ft2 (9.3 m2) floor area covered by 1 00 collection pans (see Figure 54.8) shal l  be as follows: 

a) For 1 .4 (20), 1 .9 (27), 2 .8  (40), 4.2 (57), and 5.6 (80) nominal "K" factor sprinklers ,  a minimum 
average water collection in the pans of 0.050 gpm/ft2 (2.0 mm/min) ,  and a minimum water 
collection of 0.030 gpm/ft2 ( 1 .2 mm/min)  for any ind ividual pan . 

b) For 8.0 ( 1 1 5) nominal "K" factor sprinklers, a min imum average water collection i n  the pans of 
0.070 gpm/ft2 (2.9 mm/min) ,  and a minimum water collection of 0.030 gpm/ft2 ( 1 .2 mm/min) for any 
individual pan. 

c) Sprinklers fitted with guards shall not reduce the average collection by more than 20 % 
compared to the sprinkler tested without guard , but shall also comply with the minimum average 
and individual pan requirements described 54.5 . 1  (a) and (b). 
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Figure 54.8 

Sidewall  Sprinkler Distribution Test 
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54.5.2 When tested as described in 54.5.3 - 54.5.5 , each sidewall sprinkler shall wet an area of a 
smooth wall  located behind the sprinkler to within 4 ft ( 1 .22 m) below the level of the sprinkler deflector. 
Such wetting shal l  account for a minimum of 3.5 % of the total d ischarge at the min imum pressure 
specified in 54.5.4 . The wall  surface between the i nstalled sidewall sprinklers shall be completely wetted 
from the floor to with in 4 ft (1 .22 m) below the deflector. 

54.5.3 Two sprinklers are to be installed below a cei l ing in their intended instal lation position ,  each 
suppl ied with water through 1 in  piping in front of a 20 ft wide by 8 ft high (6. 1 - by 2 .4-m) wal l  section. For 
d ry type sprinklers, the minimum length to be produced is to be tested . The sprinklers are to be attached to 
the 1 in  piping as follows: 

a) Upright and pendent type - by means of a go0 elbow, 1 in  close n ipple, and a 1 - by 1 in  go0 
elbow; 

b) Horizontal type - by means of a go0 elbow; and 

c) Dry type - by means of a tee. 

The two sprinklers are to be installed with their deflectors 6 in  ( 1 52 mm) from the wal l  and spaced 1 0  ft 
(3.05 m) apart, with frame arms in a un iform d irection . One hundred 1 -ft (305-mm) square collection pans 
are to be located in a 1 0-by 1 0-ft (3.05- by 3.05-m) square, centered between the sprinklers and extending 
2 to 12 ft (0 .61  to 3.65 m) outward from the wal l .  The sprinkler deflectors are to be located 4 in  (1 02 mm) 
below a cei l ing and the maximum distance below the cei l ing as specified i n  the installation instructions if 
the maximum distance exceeds 4 in  ( 1 02 mm) below a cei l ing.  The cei l ing is to be located 8 ft (2.4 m) 
above the floor. See Figure 54.8. 

54.5.4 For 1 .4 (20), 1 .g (27), 2 .8  (40) ,  4.2 (57), and 5.6 (80) nominal "K" factor sprinklers ,  the water flow 
rate through each sprinkler is to be 1 5  gpm (57 Umin) .  For 8.0 (1 1 5) nominal "K" factor sprinklers ,  the 
water flow rate through each sprinkler is to be 21 gpm (80 Umin) .  In add ition ,  sprinklers rated for 
pressures exceeding 1 75 psig ( 1 .2 MPa) are to be tested at a flow rate correspond ing to a pressure of 75 
psig (51 7  kPa) less than the rated pressure. 

54.5.5 Water is to be discharged for a minimum of 1 0  min .  The water wetting the wal l  behind the 
sprinkler is to be col lected , measured, and the percentage of the total d ischarge calcu lated . The water 
impinging on the back wall  is to flow downward on the surface of a nonporous plastic material that is to be 
placed over the surface of the wal l .  The water is to be directed from the plastic into a row of collection pans 
on the floor adjacent to the wal l .  The pans along the back wal l  are to be provided with a shield/cover 
located within 2 in (50 mm) of the wal l  so that the water col lected in the pans is primarily from the water 
impinging on the back wal l .  The amount collected in each pan is to be measured and recorded to 
determine the amount and uniformity of discharge. 

54.6 Wall wetting test for ECLH sprinklers 

54 .6 . 1  When tested as described in 54.6.2 - 54.6.4, and installed as specified by the manufacturer, each 
sprinkler shal l  wet the entire area of the wal l  surfaces of the test room to a min imum height of 30 in (762 
mm) above the floor. 

54.6.2 The wal l  wetting tests are to be conducted in an enclosed room having the maximum d imensions 
intended for the sprinkler as specified by the manufacturer and a cei l ing 8 ft (2.4 m) high .  

54.6.3 Sidewal l  type sprinklers are to  be installed at  the greatest intended d istance from the wal l  and at 
the minimum and maximum intended distance below the cei l ing .  For d ry type sprinklers, the minimum 
length to be produced is to be tested . The piping configuration shown in Figure 55.3 is to be used . 
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54.6.4 The manufacturer's specified minimum water flow rate is to be used . For sprinklers having a 
pressure rating greater than 1 75 psig ( 1 .2 MPa) , tests are also to be conducted at a flow rate 
correspond ing to a pressure of 75 psig (51 7  kPa) less than the rated pressure is to be used for the largest 
rated spacing. The water is to flow for at least 1 min .  After 1 min of water flow, the flow is to be 
discontinued and each of the four walls examined to determine whether they are continuously wet from the 
floor to at least 30 in (762 mm ) above the floor. 

54.7 Distribution tests for ECOH sprinklers 

54. 7 . 1  The water col lected in any individual col lection pan ,  the average water col lected for al l  collection 
pans in the distribution area, and the average water col lected for collection pans in any 1 6  ft2 ( 1 .5 m2) 
square area shal l  comply with the values specified in Table 54.5 with four sprinklers d ischarging water at 
the flows and distances above the collection pans specified in Table 54.5. The sprinklers shall be tested 
using the coverage areas specified by the manufacturer. 

UL COPYRIGHTED MATERIAL - NOT AUTHORIZED FOR FURTHER 

REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM UL INC. 



80 ANSl/CAN/UL/ULC 199 FEBRUARY 25, 2022 

Table 54.5 
Pan Col lection Values 

Minimum average 
Sprinkler coverage Number of Deflector to pan Water flow per Minimum col lection in collection in any 16 ft2 Minimum average 

ft 

14 x 14 

1 6  x 1 6  

1 8 x  1 8  

20 x 20 

area collection distance sprinkler any individual pan square area collection in all pans 

(m) pans ft (m) gpm (I/min) gpm/ft2 (mm/min) gpm/ft2 (mm/min) gpm/ft2 

(4.3 x 4.3) 64 7.5 (2.29) 30 ( 1 13) 0.075 (3.2 1 )  0 . 1 1  (4.71 ) 0. 1 5  

64 7.5 (2.29) 39 ( 147) 0 . 10 (4.28) 0 . 15  (6.42) 0.20 

64 3.0 (0.91 ) 30 ( 1 13) 0.03 (1 .28) 0.08 (3.42) 0. 1 5  

64 3.0 (0.91 ) 39 ( 147) 0.03 (1 .28) 0 . 1 1  (4.71 ) 0.20 

(4.9 x 4.9) 1 00 7.5 (2.29) 39 ( 147) 0.075 (3.2 1 )  0 . 1 1  (4.71 ) 0. 1 5  

1 00 7.5 (2.29) 51 ( 1 93) 0 . 10 (4.28) 0 . 15  (6.42) 0.20 

1 00 3.0 (0.91 ) 39 ( 147) 0.03 (1 .28) 0.08 (3.42) 0. 1 5  

1 00 3.0 (0.91 ) 51 ( 1 93) 0.03 (1 .28) 0 . 1 1  (4.71 ) 0.20 

(5.5 x 5.5) 144 7.5 (2.29) 49 (1 85) 0.075 (3.2 1 )  0 . 1 1  (4.71 ) 0. 1 5  

144 7.5 (2.29) 65 (246) 0 . 10 (4.28) 0 . 15  (6.42) 0.20 

144 3.0 (0.91 ) 49 (1 85) 0.03 (1 .28) 0.08 (3.42) 0. 1 5  

144 3.0 (0.91 ) 65 (246) 0.03 (1 .28) 0 . 1 1  (4.71 ) 0.20 

(6. 1  x 6. 1 )  1 96 7.5 (2.29) 60 (227) 0.075 (3.2 1 )  0 . 1 1  (4.71 ) 0. 1 5  

1 96 7.5 (2.29) 80 (302) 0 . 10 (4.28) 0 . 15  (6.42) 0.20 

1 96 3.0 (0.91 ) 60 (227) 0.03 (1 .28) 0.08 (3.42) 0. 1 5  

1 96 3.0 (0.91 ) 80 (302) 0.03 (1 .28) 0 . 1 1  (4.71 ) 0.20 
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54.7.2 Four open sprinklers are to be installed i n  their intended position (upright or pendent) i n  the 1 .5 by 
1 .5 by 3/4 in (38 . 1  by 38. 1 by 1 9 .05 mm) tees, each suppl ied with water through two 1 .5 in (38 . 1  mm) 
d iameter pipes with sprinklers placed at the corners of spacings specified by the manufacturer. The upright 
and pendent sprinkler deflectors are to be located 7 in  ( 1 78 mm) below flat cei l ing and frame arms are to 
be parallel to the piping on which it is instal led . For dry type sprinklers, the min imum length to be produced 
is to be tested . A cei l ing mounted sprinkler type is to be instal led as specified by the manufacturer. 

54.7.3 Col lection pans, having d imensions of 1 ft2 (305 mm2), are to be centered below the sprinklers at 
distances below the sprinkler deflectors as specified in Table 54.5. 

54.7.4 Water is to be discharged for 1 0  min.  The amount col lected in each pan is to be measured , and 
the density in gpm/ft2 (mm/min)  calcu lated . 

54.8 Residential sprinkler water d istribution test - Horizontal surface 

54.8.1 Acceptance criteria 

54.8. 1 . 1 When instal led in accordance with the i nstal lation i nstructions and tested at each rated spacing 
as described in 54.8.2. 1 . 1 - 54.8.2 .3.2 , a residential sprinkler shall d istribute water over a horizontal 
surface such that the appl ication rate for any 1 ft2 (0.09 m2) area within the design area (the maximum 
area the sprinkler is intended to protect) shall be at least 0 .02 gpm/ft2 (0 .8 mm) except that: 

a) No more than four 1 ft2 areas for each quadrant shall be allowed to be at least 0.0 1 5  gpm/ft2 (0.6 
mm) for upright and pendent sprinklers; and 

b) No more than eight 1 ft2 areas (0.09 m2) shal l  be allowed to be at least 0.01 5 gpm/ft2 (0.6 mm) 
for each half  (split a long the sprinkler centerl i ne) of the design area for sidewal l  sprinklers .  

Exception: Testing at a 1 5  ft by 15  ft (4. 6 m by 4.  6 m) rated spacing shall not be required provided: 

a) The sprinkler is rated for a 16  ft by 16  ft ( 4. 9 m by 4. 9 m) spacing, 

b) The rated flow at the 15  ft by 15  ft (4. 6  m by 4. 6 m) spacing is not less than 90 percent of the 
rated flow at the 16  ft by 16  ft (4. 9  m by 4.9 m) spacing and 

c) The discharge pressure complies with 10.2. 

54.8.2 Test method 

54.8.2.1 General 

54.8.2 . 1 . 1 Tests are to be conducted on an ind ividual sprinkler using design flow rates specified in the 
instal lation instructions. In addition ,  for sprinklers having a pressure rating greater than 1 75 psig ( 1 .2 Mpa), 
tests are to be conducted at the maximum rated spacing using a flow corresponding to a pressure of 75 

psig (51 7  kPa) less than the rated pressure. The water d istribution test is to be conducted for 20 min at 
each flow rate, except a shorter duration can be used if a pan with in  the collected area has reached its 
capacity. 

54.8.2 . 1 .2 Dry-type sprinklers are to be tested using the shortest avai lable length and the longest 
available length , if the K-factor for the longest length deviates by more than 5 % from the shortest available 
length . 

54.8.2 . 1 .3 An open horizontal sidewall residential sprinkler is to be installed in its intended position in a 
reducing pipe fitting having a 1 in (25 mm) inlet and an outlet the same size as the sprinkler in let, and is to 
be suppl ied with water through 1 in piping.  The minimum nipple length lead ing to the sprinkler fitting shal l  
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not be less than 1 0  in (254 mm). The sprinkler is to be i nstalled under a smooth , flat cei l ing extending at 
least over the water col lection pans. The sprinkler deflector is to be located in its intended position as 
specified in the instal lation instructions. After the in itial test to measure the water collected for half of the 
design area, a second test shal l  be conducted to measure the water col lected for the other half (other side 
of the sprinkler deflector) of the design area. 

54 .8.2 . 1 .4 An open pendent, recessed pendent, flush pendent, concealed pendent, or upright residential 
sprinkler is to be instal led in its intended position as specified in the installation instructions in a reducing 
pipe fitting having a 1 in (25 mm) in let and an outlet the same size as the sprinkler in let, and is to be 
suppl ied with water through 1 in piping. Recessed, flush,  and concealed sprinklers are to be installed in 
their intended position as specified in the instal lation instructions under a min imum 4 ft by 4 ft ( 1 .2 by 1 .2 
m) square, smooth, flat cei l ing area. The sprinkler deflector is to be located i n  its intended position as 
specified in the instal lation instructions. A pendent, upright, flush, or concealed sprinkler is a lso to be 
tested after being rotated 90° about its vertical axis after being tested as in itially instal led. 

54.8.2.2 Upright, pendent, flush, and concealed sprinklers 

54.8.2 .2 . 1  Col lector pans measuring 1 ft2 (0 .09 m2) are to be placed on the floor in one q uadrant of the 
sprinkler's d ischarge pattern . See Figure 54 .9. The tops of the pans are to be 8 ft (2.4 m)  below the cei l ing .  
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Figure 54.9 

Horizontal Surface Water Col lection for Upright and Pendent Sprinklers 
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54.8.2.2.2 At the completion of water flow, the water col lected is to be measured to verify compliance 
with the requirements in 54.8. 1 . 1 . 

54.8.2.3 Sidewal l  sprinklers 

54.8.2 .3 . 1  Col lector pans measuring 1 ft2 (0.09 m2) are to be placed as shown in Figure 54. 1 0. The tops 
of the pans are to be 6 ft, 1 0  in  (2.08 m) below the cei l ing.  See Figure 54. 1 0 . 
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Figure 54. 1 0  

Horizontal Surface Water Collection for Sidewall Sprinklers 
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54.8.2.3.2 At the completion of water flow, the water col lected is to be measured to verify compliance 
with the requirements in 54.8. 1 . 1 . 

54.9 Residential sprinkler water d istribution test - Vertical surface 

54.9.1 Acceptance criteria 

54.9. 1 . 1 When instal led in accordance with the installation instructions and tested at each rated spacing 
as described in 54 .9.2 . 1  - 54.9.2.6 , a residential sprinkler shal l  d istribute water in a un iform manner over 
vertical surfaces as fol lows: 

where: 

a) Wal ls  within the coverage area shall be wetted to at least with in 28 i n  (71 1  mm) of the cei l ing with 
one sprinkler discharging water at the specified design flow rate. 

b) For square coverage areas, each wall  within the coverage area shall be wetted with at least 5 % 
of the sprinkler flow; for rectangular coverage areas, each wall  within the coverage area shal l  be 
wetted with a proportional water amount based on 20 % of the total sprinkler d ischarge in 
accordance with the fol lowing formula: 

WW = 20 % (�) 
WW = Required amount of water col lected o n  a wal l ,  % 

D = Wal l  length, ft, and 

P = Total perimeter of coverage area, ft. 

Exception: Testing at a 15 ft by 1 5  ft (4. 6  m by 4. 6 m) rated spacing shall not be required provided: 

a) The sprinkler is rated for a 1 6  ft by 16  ft ( 4. 9 m by 4. 9 m) spacing, 

b) The rated flow at the 1 5  ft by 15 ft (4. 6 m by 4.6 m) spacing is not less than 90 percent of the 
rated flow at the 1 6  ft by 1 6  ft (4. 9 m by 4. 9 m) spacing and 

c) The discharge pressure complies with 10. 2. 

54.9.2 Test method 

54.9.2 . 1  Tests are to be conducted on an individual sprinkler using flow rates specified in the installation 
instructions. In addition,  for sprinklers having a pressure rating greater than 1 75 psig ( 1 .2 Mpa), tests are 
to be conducted at the maximum rated spacing using a flow corresponding to a pressure of 75 psig (51 7 
kPa) less than the rated pressure. Each water d istribution test is to be conducted for a min imum of 1 0  min ,  
except a shorter duration can be used if a pan within the collected area has reached its capacity. 

54 .9.2.2 Dry-type sprinklers are to be tested using the shortest available length and the longest avai lable 
length , if the K-factor for the longest length deviates by more than 5 % from the shortest available length . 

54 .9.2.3 An open residential sprinkler is to be installed in its intended position in a pipe fitting having a 1 -
i n  in let and an outlet the same size as the sprinkler in let, and is to be suppl ied with water through 1 -in 
piping. The sprinkler deflector is to be located in its i ntended position as specified in the installation 
instructions. A pendent or upright sprinkler is to be tested at a 90° rotation after being tested as in itially 
instal led . 
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54.9.2.4 Col lector pans are to be used to determine that at least 5 % of the sprinkler flow is d ischarged 
onto each wal l  (see 54 .9.2.5). The walls of the test room are to be nonporous or have a nonporous 
covering so that water impinging on the walls can be collected and measured . 

54.9.2.5 The collector pans are to measure 1 ft2 (0.09 m2) and are to be placed on the floor against the 
walls for the length and width of specified coverage. They are to be 6 ft, 1 0  in (2.08 m) below the cei l ing .  
The pans a long the wal ls are to be provided with a shield/cover located within 2 in (50 mm) of the wal ls so 
that the water collected in the pans is primarily from the water impinging on the walls. See Figure 54 . 1 1 . 
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Figure 54.1 1  

Vertical Water Col lection 
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54.9.2.6 The specified water flow rate is to be establ ished and the test is to be conducted for a minimum 
of 10 min or until a pan is fi l led with water, whichever comes first. At the completion of the test, the water 
col lected and the height of wal l  wetting is to be measured to determine compliance with the requ irements 
in 54 .9 . 1 . 1 . 

54.1 0  Distribution tests for pendent ESFR sprinklers having a nominal K-factor of 1 4.0 or 1 6.8 

54. 1 0 . 1  When tested as described i n  54. 1 0.3 - 54. 1 0 .4, the water d istribution for a pendent ESFR 
sprinkler having a nominal K-factor of 1 4.0 and 1 6 .8 shal l comply with the requ i rements described in Table 
54.6. 

Exception: An ESFR sprinkler is permitted to have distribution characteristics different from those 
specified in Table 54. 6, when fire suppression is demonstrated during full scale fire tests representing the 
installation conditions, protected storage configurations, and protected commodity specified for the 
sprinkler. 

Table 54.6 
Water Distribution Test Parameters and Requirements 

Number of Minimum Minimum 
sprinklers Deflector to Minimum flue Minimum non-flue non-flue 

centered over water space 20-pan space space 
the water Sprinkler col lector (4 pans) average individual, at individual 
collection spacing Pipe spacing clearance average density least 1 0  pans pan 

system ft ft ft-in gpm/ft2 gpm/ft2 gpm/ft2 gpm/ft2 

1 0 0 1 4-6 1 .7 0.91 0.50 0.24 

2 1 0  0 4-2 N/R 0.77 0.60 0.20 

2 0 1 0  4-2 N/R 0.75 0.60 0.20 

4 1 0  1 0  4-2 N/R 0.71 0.60 0.37 

54. 1 0 .2 For dry-type sprinklers, the minimum and maximum lengths to be produced are to be tested . 

54. 1 0 .3 The tests are to be performed at a 75 psig (51 7 kPa) d ischarge pressure for sprinklers having a 
nominal K-factor of 1 4.0 and 52 psi (359 kPa) for sprinklers having a nominal K-factor of 1 6.8 .  Open 
sprinklers are to be installed onto nominal 2-in diameter or larger piping with the pendent style sprinklers 
positioned 1 3  ±1 in (330 ±25 mm) below the cei l ing and upright style sprinklers positioned 6 ±1 in ( 1 52 ±25 
mm) below the cei l ing and at the minimum distance above the pipe specified by the manufacturer. Each 
test is to be conducted three times with d ifferent sprinkler samples used for each test. 

54. 1 0 .4 Twenty water col lection pans are to be positioned as shown in Figure 54 . 1 2 . Each water 
col lection pan in the non-flue space is to be 1 9.7  in (0.5  m) square. The 1 6  non-flue space water collection 
pans are to be located in four groups of four pans as i l lustrated in Figure 54 . 1 2 . The four flue space 
col lection pans are to be 6 in ( 1 52 mm) wide and as shown in Figure 54 . 1 2 . The water is to be col lected for 
a minimum of 5 min.  
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Figure 54.1 2  

Distribution Collection Pans 
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54.1 1  Thrust force test for pendent ESFR sprinklers having a nominal K-factor of 1 4.0 or 1 6.8 

91 

54. 1 1 . 1  When tested as described in 54. 1 1 .3 , an open,  pendent ESFR sprinkler having a nominal K­
factor of 1 4.0 and 1 6.8 shal l  provide an average center core thrust force of at least 2 . 1  lb/ft2 (1 0 kg/m2) .  

Exception: An ESFR sprinkler is able to have a center core thrust force characteristic different from that 
specified in 54. 11 . 1 , when fire suppression is demonstrated during full scale fire tests representing the 
installation conditions, protected storage configurations, and protected commodity specified for the 
sprinkler. 

54. 1 1 .2 For dry-type sprinklers,  the minimum and maximum lengths to be produced are to be tested. 

54. 1 1 .3 Three sample sprinklers are to be installed ind ividually onto the test apparatus. The center core 
thrust force over a nominal 1 3 .5 in (343 mm) diameter plate is to be measured d i rectly under a single 
sprinkler d ischarging water at a pressure of 75 psi (51 7 kPa) for sprinklers having a nominal K-factor of 
1 4.0 and 52 psi (359 kPa) for sprinklers having a nominal K-factor of 1 6 .8. The sprinkler is to be installed 
above the test apparatus shown in Figure 54. 1 3 . The test duration is to be 5 min and the data col lected for 
each sample sprinkler is to be averaged over the 5 min period . 
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Figure 54.1 3  
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54.1 2  Lateral d ischarge tests 

54.1 2.1  Acceptance criteria 

54. 1 2 . 1 . 1  While d ischarging water at a service pressure of 75 psig (0.5 1 7 kPa) less than the rated 
pressure, an open sprinkler shal l  not prevent the operation of second ordinary-temperature rated 
automatic sprinkler of the same type and response located at the d istance specified in Table 54 .7 when 
tested as described in 54. 1 2 .2 - 54. 1 2 .6 . 

54.1 2.2 Upright and pendent sprinklers 

54. 1 2 .2 . 1  An upright or pendent automatic sprinkler of the type noted in Table 54 .7 in the ordinary 
temperature rating shal l  be instal led on piping at a d istance specified in Table 54 .7 from a second open 
sprinkler of the same type and response. Cei l ing sprinklers are to be tested in their  most recessed 
condition .  The sprinklers shal l  be on separate parallel pipelines. 

54.1 2.3 Sidewall  sprinklers 

54. 1 2 .3 . 1  For sidewal l  sprinklers, an automatic and open sprinkler in the ordinary temperature rating is to 
be instal led on the same pipe l ine with the sprinklers located at a d istance apart as specified in Table 54.7 
to discharge water perpend icular to the pipe l ine .  The test is to be conducted with the sprinklers located at 
d istances specified in Table 54 .7 below a flat cei l ing and 6 in (1 52 mm) away from a back wal l .  

54.1 2.4 Exposure to heat and flame 

54. 1 2 .4 . 1  Water is to be discharged from the open sprinkler at a service pressure of 75 psig (0 .51 7 kPa) 
less than the rated pressure. Under this condition ,  the automatic sprinkler is to be exposed to the heat and 
flame from a 1 ft2 (305 mm2) square pan, 4 in ( 1 02 mm) deep, conta in ing 1 pint (0,47 I )  of heptane and 
1 pint (0,47 I )  of water. Observations are to be made for operation of the automatic sprinkler. The test is to 
be conducted at each of the deflector to cei l ing distances specified for each type of sprinkler l isted in Table 
54.7. 

54.1 2.5 Intermediate level sprinklers 

54. 1 2 .5 . 1  An ordinary-temperature rated automatic sprinkler is to be installed in the center of and located 
7 ft, 6 in (2.29 m) below four open sprinklers which are located on the corners of a 1 0- by 1 0-ft (3- by 3-m) 
square. Water is to be d ischarged from the open sprinklers at a service pressure of 7 psig (48 kPa) per 
sprinkler. Under this condition , the automatic sprinkler is to be exposed to the heat and flame from a 1 -ft 
(305-mm) square pan , 4 in ( 1 02 mm) deep, containing 1 pint (0 .47 L) of heptane) and 1 pint (0.47 liter) of 
water. The top of the pan is to be located 6 i n  ( 1 52 mm) below the heat-responsive element of the closed 
sprinkler. The test is then to be repeated with the closed sprinkler 5 ft ( 1 .52 m) below the four open 
sprinklers.  

54.1 2.6 Specific appl ication sprinklers 

54. 1 2 .6 . 1  Specific appl ication sprinklers intended for horizontal concealed spaces shal l  be tested in 
accordance with 54. 1 2.4 , but shal l  have a 4 ft ( 1 .2 m) long section of trade size 2 by 4 in [nominal 1 .5 in 
(3.8 cm) by 3.5 in (8.9 mm)] l umber installed at the cei l ing on its flat s ide and located between the two 
sprinklers,  4 in ( 1 02 mm) horizontally from the sprinkler d ischarging water. 

54. 1 2 .6 .2  Specific appl ication sprinklers intended for windows shall be tested in accordance with 
54. 1 2 .4 . 
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54.1 2.7 Consumption of heptane 

54. 1 2 .7 . 1  I n  a l l  test conditions, the automatic sprinkler shall operate before the heptane is consumed . 

Table 54.7 
Lateral Discharge Test Parameters 

Distance from top of pan to 

Sprinkler type 
sprinkler heat responsive 

Distance between sprinkler, element, Distance from ceil ing, 1 

ft (m) in (mm) in (mm) 

Standard Coverage Pendent, 6 ( 1 .83) 6 (1 52) 6, 14 and 22 ( 1 52, 356 and 
Upright, and ESFR 559) 

Standard Coverage Sidewall 6 ( 1 .83) 6 (1 52) 4 and 12 ( 1 02 and 305) 

Extended Coverage Pendent 8 (2.4) or minimum distance 6 (1 52) 6, 14 and 22 ( 1 52, 356 and 
and Upright specified by installation 559) 

instructions 

Extended Coverage Sidewall 8 (2.4) or minimum distance 6 (1 52) 4 and 12 ( 1 02 and 305) 
specified by installation 

instructions 

Residential Pendent and 8 (2.4) or minimum distance 1 2  (305) 4 (1 02)2 

Upright specified by installation 
instructions 

Residential Sidewall 8 (2.4) or minimum distance 1 2  (305) 4 and 1 2  ( 1 02 and 300) 
specified by installation 

instructions 

Specific application - 6 (1 .83) or minimum distance 6 ( 1 52)  4 ( 1 02) 
windows specified by the installation 

instructions 

Specific application - 8 (2.4) or minimum distance 6 ( 1 52)  4 ( 1 02) 
horizontal concealed spaces specified by installation 

instructions 

Note 1 - See 54. 1 2.2.1 for ceiling sprinklers. 

Note 2 - Recessed sprinklers can be tested in the recessed condition in lieu of 4 in ( 1 02 mm) below ceiling. 

FIRE TESTS 

55 Fire Test Requirements 

55.1 General 

55. 1 . 1  An automatic sprinkler shall comply with the requirements as referenced in Table 55. 1 based 
upon the sprinkler type. 
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Table 55.1 
Fire Test by Sprinkler Type 

Sprinkler type 

All pendent and upright standard coverage sprinklers, including 
flush, recessed and concealed that have a nominal K-factor not 
exceeding 8.0 gpm/(psi)1 12 [ 1 15  L/min/(bar)112] .  

Al l  sidewall standard coverage sprinklers, including flush, 
recessed and concealed that have a nominal K-factor of 5.6 
gpm/(psi)112 [80 L/min/(bar)112] or 8.0 gpm/(psi)112 [ 1 1 5  
L/min/(bar)112] intended for use i n  ordinary hazard occupancies. 
All ECOH sprinklers, including flush, recessed and concealed 
types. 

All ECLH sprinklers, including flush, recessed and concealed 
types 

All ECOH sprinklers, including flush, recessed and concealed 
types 

Residential pendent, upright and sidewall including flush, 
recessed and concealed 

Flow control type sprinklers 

CMDA storage sprinklers 

CMSA storage sprinklers 

All pendent ESFR sprinklers 

Pendent ESFR sprinklers having nominal K-factor of 1 4 .0 
gpm/(psi)112 [200 L/min/(bar)112] or 1 6.8 gpm/(psi)1 12 [240 
L/min/(bar) 112] 

Specific appl ication - windows 

Requirements 

55.2 350 lb ( 1 59 kg) Wood Crib Fire Test 

55.3 ECLH Sprinkler Fire Tests 

55.4 ECOH Sprinkler P i led Stock Fire Tests 

55.5 Residential Sprinkler Fire Tests 

55.6 Flow Control (FC) Sprinkler Piled Stock Fire Test 

55.7 CMDA Storage Sprinkler Large Scale Fire Tests 

55.8 CMSA Storage Sprinkler Large Scale Fire Tests 

55.9 ESFR Sprinkler Large Scale Fire Tests 

55.1 O Actual Delivered Density (ADD) Tests for Pendent ESFR 
Sprinklers Having a Nominal K-factor of 1 4.0 or 1 6.8 

55. 1 1  Fire Tests for Specific Application Sprinklers Intended to 
Protect Windows 

95 

Specific appl ication - horizontal concealed spaces 55. 1 2  Fire Tests for Specific Application Sprinklers Intended for 

55.2 350 Pound (1 59 kg) wood crib fire test 

55.2.1 General 

Use in Horizontal Concealed Spaces 

55.2 . 1 . 1 When tested as described in 55.2.2 - 55.2.4 wh i le d ischarging water at the flow rates as shown 
in Table 55.2 ; and for sprinklers having a rated pressure exceeding 1 75 psig (1 .2 MPa),  at a flow rate 
correspond ing to a pressure of 75 psig (51 7  kPa) less than the rated pressure; four  open sprinklers shal l :  

a) Limit the loss in weight of the wood crib to not more than 20 %;  and 

b) Result in the cei l ing temperature reduced to a value less than 530 °F  (295 °C) above ambient 
with in 5 min after start of water discharge. Additionally, from the time the temperature in itia l ly fal ls 
below 530 °F (295 °C) above ambient to the end of the test, the cei l ing temperature shal l  not 
exceed this value for more than three consecutive min and the average temperature for this period 
shal l  not exceed 530 °F (295 °C) above ambient. 

55.2 . 1 .2 Sidewal l ,  1 .4, 1 .9 ,  2 .8,  and 4.2 nominal "K" factor, and extended coverage type sprinklers ,  
intended for use in l ight hazard occupancies only, are not to be  subjected to the 350 Pound ( 1 59 kg )  Wood 
Crib Fire Test, 55.2 . 
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Table 55.2 
Flows for 350 Pound ( 1 59 kg) Wood Crib Fire Test 

Sprinkler description Spacing Test flow per sprinkler 

ft (m) gpm (I/min) 

Spray type, Nominal K = 5.6 (80) 1 0 x 1 0 (3.05 x 3.05) 15 and 25 (56.7 and 94.5) 

Spray type, Nominal K = 8.0 10 x 1 0  (3.05 x 3.05) 21  and 35 (79.4 and 1 32.3) 
( 1 1 5) 

Sidewal l ,  Nominal K = 5.6 (80) 10 x 20 (3.05 x 6. 1 )  1 5  and 25 (56.7 and 94.5) 

Sidewal l ,  Nominal K = 8.0 ( 1 1 5) 1 0  x 20 (3.05 x 6. 1 )  2 1  and 35 (79.4 and 1 32.3) 

12 x 1 2  (3.7 x 3.7) 22 and 29 (83.2 and 1 09.6) 

Extended coverage sprinklers for 
1 4  x 1 4  (4.3 x 4.3) 30 and 39 ( 1 1 3.4 and 1 47.4) 

ordinary hazard occupancies, 1 6  x 1 6  (4.9 x 4.9) 39 and 51 ( 147.4 and 1 92.8) 
upright and pendent 

1 8 x 1 8 (5.5 by 5.5) 49 and 65 ( 1 85.2 and 245.7) 

20 x 20 (6.1 by 6. 1 )  60 and 80 (226.8 and 302.4) 

55.2.2 Test method - spray upright, spray pendent, cei l ing,  dry, or recessed or extended 
coverage for ordinary hazard occupancies types 

55.2.2 . 1  Four open standard coverage sprinklers of the upright, pendent, cei l ing,  or dry type are to be 
instal led on 1 0  by 1 0  ft (3.05 by 3.05 m) spacings. Extended Coverage Sprinklers for Ord inary Hazard 
Occupancies are to be instal led at their rated spacings. Sprinkler frame arms are to be parallel to the 
piping and the wood crib centered between the four sprinklers . For extended coverage sprinklers ,  an 
add itional fire test is to be conducted at the maximum rated spacing, using the highest flow indicated in 
Table 55.2 for the appl icable spacing, with the crib positioned in a location yielding the least amount of 
water col lected during the Distribution Tests for Extended Coverage Sprinklers I ntended for Ord inary 
Hazard Occupancies, 54.7 . The test room is to be a min imum of 60 by 60 ft ( 1 8 .3 by 1 8.3  m) square. The 
piping grid is to be connected to a water-supply piping system.  See Figure 55.2 . 

55.2.2.2 Dry-type sprinklers are to be tested using the shortest available length produced by the 
manufacturer and instal led into tees rather than elbows in the piping system.  

55.2.2.3 The deflectors of  upright sprinklers are to be  located 7 in (1 78 mm)  below the cei l ing .  The 
deflectors of pendent sprinklers are to be located 1 2  in (305 mm) below the cei l ing.  Each cei l ing sprinkler 
(flush, concealed , or recessed type) is to be mounted i n  the center of a 4 by 4 ft ( 1 .2 by 1 .2 m) cei l ing 
section in accordance with the manufacturer's installation instructions. 

55.2.3 Test method - sidewall  types for ord inary hazard use 

55.2 .3 . 1  Four open sidewal l  sprinklers are to be i nstalled at the corners of a 1 0  by 20 ft (3.05 by 6 . 1  m) 
piping grid with the deflectors located 7 in ( 1 78 mm) for upright sprinklers, 9-1 /2 in (24 1 mm) for horizontal 
sprinklers, and 1 2  in (305 mm) for pendent sprinklers from the cei l ing .  Sprinklers located at the extremities 
of each 20 ft (6. 1  m) d imensional l ine are to face each other and are to be set to d ischarge in an opposing 
pattern with the l ine forming the axis of the spray. 

55.2.4 Test method - all types 

55.2.4 . 1  The test is to be conducted in a vented test room having a 1 5  ft, 9 in (4 .8 m) h igh smooth, flat, 
horizontal cei l ing.  The piping grid is to be connected to the water supply. 

55.2.4.2 The fire employed for these tests is to combine the use of a combustible l iquid (heptane, see 
5.20) torch and a crib of wood weighing approximately 350 lbs (1 59 kg) .  

t- H 
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55.2.4.3 The wood crib is to consist of layers of trade size 2- by 4-in [nominal 1 - 1 /2 by 3-1 /2 in (38 . 1  by 
88.9 mm)] ,  trade size 4- by 4-in [nominal 3-1 /2 by 3-1 /2 in (88.9 by 88.9 mm)] and trade size 4- by 6-in 
[nominal 3-1 /2 by 5-1 /2 in (88.9 by 1 38 mm)] kiln-dried spruce or fi r lumber (moisture content 6 to 1 2  %) 
having the configuration and support i l lustrated by Figure 55. 1 . 

55.2.4.4 The alternate layers of lumber are to consist of the sizes specified in 55.2.4.3 of the lengths 
specified in Figure 55. 1 , and placed at right angles to the adjacent layers as i l lustrated in Figure 55. 1 . The 
individual wood members in each layer are to be evenly spaced from each other, and form a square crib, 
4- by 4-ft ( 1 .22- by 1 .22-m) in area and 2 1 -1 /2 in (546 mm) high, supported , in turn ,  by the two 8 ft (2.44 m) 
long,  4- by 6- in (1 04- by 1 52-mm) stringers. The total crib weight is to be determined and recorded . 
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20- 1 /2 in  

520 . 7  mm 

s23 1 6c 

Note: 1 in = 25.4 mm 

1 ft =  0.305 m 

T 

I 

Quantity 

2 

1 3  

28 
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Figure 55. 1 

350 Pound (1 59 kg) Fire Test Crib 

E N D  VI EW 

4 ft 

1 .22 m 

S I D E  VI EW 

8 ft 

2 .44 m 

Description of material 

4- by 6-in trade size lumber, 8 ft (2.44 m) long 

4- by 4-in trade size lumber, 4 ft (1 .22 m) long 

2- by 4-in trade size lumber, 4 ft (1 .22 m) long 
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55.2.4.5 The crib is to be supported by a steel framework as i l lustrated i n  Figure 55.2 , or the equ ivalent. 
The crib supports are to be located beyond the edges of a 6- by 8-ft ( 1 .83- by 2.44-m) steel pan .  

55.2.4.6 The top of the wood crib is to be 7-1 /2 ft (2.29 m) below the deflectors of the test sprinklers. 

55.2.4.7 The steel pan is to be 6 by 8 ft ( 1 .83 by 2.44 m) by 1 2  in (305 mm) deep, constructed of steel not 
less than 3/1 6  in (5.4 mm) thick. The top edges are to be reinforced by a cont inuous steel angle section . 
The pan is to be l iqu id-tight and is to be filled prior to test with water to a depth of approximately 4 in (1 02 
mm). The pan is to be provided with a means for drain ing to maintain the 4 i n  ( 1 02 mm) water level. 
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Figure 55.2 

Typical Fire Test Arrangement 

I I ---- Thermocouple 
I 

See note for spacing 

4 Sprinklers - spaced 1 0  ft x 1 0  ft (3.05 m) 
for types other than  sidewall 

4 Sprinklers - spaced 1 0  ft x 20ft (3 .05 m x 6 . 1 0  m) 
for sidewall types 

4 Sprinklers - spaced as specified by the 
manufacturer for extended coverage types 

Crib  

Nozzle 

/ 

1 .8 m x 2 .4  m x 
304.8 mm 

Pan "'----- I gniter ������--!+-���-=-�� 
I I  

�=l=====================JJ 
Fuel Supply Piping 
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7 in ( 1 77.8 mm)  

7 ft-6 i n  
2 .29 m 

Adjustable P ipe 
Support 

Support 
Frame 

n-heptane 
Flame 

Overflow Pipe 
2-1 /2 in 

1 5  ft-9 in 
4.80 m 
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55.2.4.8 At a location in the pan and directly under the vertical axis of the wood crib, an atomizing nozzle 
is to be placed and arranged to spray heptane vertically upward . The nozzle and its supply piping are to be 
arranged as shown by Figure 55.2. To prevent flameout, an igniter is to be located near the nozzle .  The 
igniter shal l  be any convenient device that prevents flameout, such as a container partial ly fi l led with 
heptane. 

55.2.4.9 The atomizing nozzlea is to form a hollow-spray pattern having an included angle of 75° when 
atomizing heptane at the rate of 0.9 gpm (3.4 Umin). 

a A nozzle having these characteristics is the Catalog Number WS-1 5  Industrial Nozzle as produced by the Delavan Manufacturing 
Co., West Des Moines, Iowa 50265. 

55.2.4. 1 0  A means for supplying and metering the fuel is to be furn ished . 

55.2.4. 1 1  The temperatures at the cei l ing level are to be continuously recorded during the test, uti l izing 
an unprotected 20 AWG (0 .52 mm2) chromel-alumel thermocouple centrally located above the test crib 
2 in (50 .8 mm) from the cei l ing .  The relation of the thermocouple to the cei l ing and the crib is to be as 
i l l ustrated in Figure 55.2 . 

55.2.4 . 1 2  The fuel flow is to be started and the torch ign ited immediately. The 30-min test period is to 
begin when the torch is ignited .  Water application is to be started after a min imum free-burning time of 
1 min or after a cei l ing temperature of 1 400 °F  (760 °C) is attained , whichever occurs last. Thirty min  after 
ignition ,  the fuel flow to the torch is to be stopped, and after any residual fi re i n  the crib is extinguished , the 
water is to be turned off. 

55.2.4 . 1 3  The crib is then to be dried and weighed. The drying is to be accompl ished either by using an 
oven or by storing the crib for 7 days after the test in a sheltered area. The values of the crib weight 
measured before the test (6 to 1 2  % moisture content) and after drying are to be corrected to the value at 
0 % moisture before calculations are performed to determine compl iance with the 20 % weight loss 
requirement specified in 55.2 . 1 . 1 . 

55.2 .4 . 1 4  The average temperature for the time interval between the time at which the cei l ing 
temperature first falls below a temperature of 530 °F (295 °C) above in itial ambient and the t ime at the end 
of the test is to be computed by comparing the area u nder the curve determined by the recorded cei l ing 
temperatures with the area beneath a straight l ine drawn at the temperature point 530 °F  (295 °C) above 
in itial ambient. The area beneath the curve of the recorded cei l ing temperatures shal l  be the lesser of the 
two areas. 

55.3 ECLH spri nkler fire tests 

55.3.1 General 

55.3. 1 . 1 When tested as described in 55.3.2 - 55.3.4, an extended coverage sprinkler for l ight-hazard 
occupancies shal l  l imit the average loss of weight of three wood cribs to not more than 35 % .  

55.3. 1 .2 The fire test i s  to b e  conducted in a room having the maximum dimensions i ntended for the 
sprinkler as specified by the manufacturer for each flow rating .  

55.3. 1 .3 Recessed or concealed sprinklers with vented escutcheons are to be installed in a manner that 
does not inhibit air flow through the escutcheon (unblocked) .  
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55.3.2 . 1  For a sidewal l  type sprinkler intended for installation at d istances from a smooth (unobstructed) 
cei l ing between 4 and 6 in ( 1 02 and 1 52 mm), one sprinkler is to be installed on a wal l  with the deflector 
located 4 in ( 1 02 mm) below a smooth (unobstructed), horizontal cei l ing, as i l lustrated in Figure 55.3 . For a 
sidewal l  type sprinkler intended for installation at d istances below the cei l ing exceeding 6 in ( 1 52 mm), two 
series of tests are to be conducted ,  one with the sprinkler installed 4 in ( 1 02 mm) below the cei l ing and a 
second test series with the sprinkler installed at the maximum distance below the cei l ing specified by the 
manufacturer. A sidewall type sprinkler intended for use with obstructed cei l ings, such as those cei l ings 
having beams, is to be similarly installed, except that the obstructions specified by the manufacturer are to 
be incorporated into the cei l ing.  The base of a horizontal type sprinkler is to be installed adjacent to the 
wal l .  The deflector of an upright or pendent type sidewall sprinkler is to be mounted at the minimum 
clearance from the wall  specified by the manufacturer. A s idewall type sprinkler is to be insta l led using a 
1 0-in (254-mm) long, 1 -in (25.4-mm) diameter n ipple with reducing coupling installed with axis 
perpend icu lar to the wal l .  See Figure 55.3. 
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Figure 55.3 

Piping Arrangements for ECLH Sprinkler Fire Tests 
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55.3.3 Test method - cei l ing, pendent, or upright types 

FEBRUARY 25, 2022 

55.3.3 . 1  A sprinkler of the cei l ing,  pendent, or upright type is to be installed in its i ntended installation 
position with the deflector 1 0  in  (254 mm) below the cei l ing,  un less specifically designed for other positions 
(such as cei l ing sprinkler instal lations) .  See Figure 55.3 . 

55.3.4 Test method - all types 

55.3.4 . 1  Water distribution measurements are to b e  conducted in an enclosed room with an open 
sprinkler d ischarging water at the minimum flow rate and maximum area of coverage specified by the 
manufacturer. The minimum flow rate is to be not less than a minimum water density of 0 . 1  gpm/ft2 (4 .0  
mm/min)  for the specified coverage area. For sprinklers rated at  a pressure exceeding 1 75 psig (1 .2 MPa), 
tests are also to be conducted using a flow rate correspond ing to a pressure of 75 psig (51 7 kPa) less than 
the rated pressure for the largest rated spacing. Water col lection pans that are 1 2  in  (305 mm) square ,  and 
1 2  in  (305 mm) deep with a lip on one edge, are to be located on the floor of the enclosed room in the 
areas of the 1 1  crib locations as shown in Figure 55.4 . The d istribution data are to be recorded and used in 
determining the specific positions of the wood cribs as required for the second and third fire tests specified 
in 55.3.4 .2 . 

55.3.4.2 A series of three fire tests are to be conducted at each flow rate using automatic sprinklers in 
the maximum temperature rating. For the first fire test, a wood crib as specified in 55.3.4 .4 - 55.3.4 .6 is to 
be located at Crib Location 1 of the test enclosure, see Figure 55.4 . For the second fire test, the wood crib 
is to be located at Crib Location 2, 3, 4, 5, 6, or 7, see Figure 55.4 , whichever location had the least 
amount of water collected during the distribution determinations .  However, when Crib Location 5, 6, or 7 
had the least amount of water collected then: 

a) A sprinkler other than a sidewall type is to be rotated 1 80° and the crib placed in Crib Location 1 ,  
3 ,  or 4, whichever is opposite the crib location that had the least amount of water collected; and 

b) A sidewall type sprinkler is to be installed on the wall  near Crib Location 2.  
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Figure 55.4 

Location of Fire Test Cribs for ECLH Sprinklers 
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55.3.4.3 For the thi rd fire test, the wood crib is to be located in the center of one of the four quadrants of 
the test room (see Figure 55.4 , Crib Location 8, 9, 1 0, or 1 1  ), whichever had the least amount of water 
col lected during the distribution determination . However, when Crib Location 8 or 9 had the least amount 
of water collected, then: 

a) A sprinkler other than a sidewall type is to be rotated 1 80° and the fi re placed i n  Crib Location 1 0  
or 1 1 ,  whichever is opposite the crib location that had the least amount of water collected ; and 

b) A sidewall type sprinkler is to be installed on the wal l  near Crib Location 2. 

55.3.4.4 The wood crib is to be dimensioned 20 by 20 by 1 5  in (508 by 508 by 381 mm) high and weigh 
33 ±2 lbm ( 1 5  ±1  kg). 

55.3.4.5 The wood crib is to consist of ten alternate layers of five trade size 2- by 2-in [nominal 1 -1 /2- by 
1 - 1 /2-in (38. 1 - by 38. 1 -mm)] kiln-dried spruce or fir lumber 20 in (508 mm) long . The alternate layers of the 
lumber are to be placed at right angles to the adjacent layers. The individual wood members in each layer 
are to be evenly spaced along the length of the previous layer of wood members and stapled to the 
adjacent members. 

55.3.4.6 After the wood crib is assembled , it is to be cond itioned at a temperature of 1 20 ±1 0 °F (49 
±5 °C) for not less than 48 h. Fol lowing the conditioning,  the moisture content of the crib is to be measured 
with a probe type moisture meter. The moisture content of the crib at any measurement location is not to 
exceed 8 % prior to weighing the crib for the fire test. 

55.3.4.7 For each test, the crib is to be placed on four bricks that are 4 in ( 1 02 mm) h igh ,  one at each 
corner of the crib, that are contained in a 21 by 21 by 4 in (533 by 533 by 1 02 mm) deep steel pan fi l led 
with 1 /4 gal lon (0 .95 L) of heptane on a 1 -i n  (25.4 mm) layer of water. When the crib position is in a corner, 
the edge of the crib is to be positioned 1 /2 in ( 1 2 .7  mm) from both walls. A noncombustible cei l ing material 
shal l  be instal led immediately above each fire location . 

55.3.4.8 The test room enclosure and sprinkler sample are to be mainta ined at a temperature of 75 
± 1 5  °F (24 ±8 °C) prior to each test. The room is not to have provisions for ventilation other than that 
provided by the two door openings shown in Figure 55.4 . 

55.3.4.9 The water flow for the sprinkler is to be preset for the flow rate specified in 55.3.4 . 1 . The test 
room doors are to be ful ly opened . The heptane is to be ign ited . The test is to be conducted for 1 0  min 
after the ign ition of the heptane. Ten min after ignition , the water for the sprinkler is to be turned off. When 
the fire in the crib has not been extinguished, it  is to be careful ly extingu ished to prevent further destruction 
of the crib .  The crib is to be removed from the test enclosure and is to be cond itioned at a temperature of 
1 20 ±1 0 °F (49 ±5 °C) for not less than 48 h .  

55.4 ECOH sprinkler pi led stock fire tests 

55.4 . 1  When tested as  described in 55.4.2 - 55.4.9 , the water d ischarge from the sprinkler shal l :  

a)  Not result in operation of more than the maximum number of  sprinklers specified in Table 55.3 
within 45 min of the start of the test. 

b) Result in the cei l ing temperature to be reduced to a value less than 530 °F (276 °C) above 
ambient within 5 min after start of water d ischarge from the third operating sprinkler. Add itional ly, 
from the time the temperature in itially fal ls below 530 °F (276 °C) above ambient to the end of the 
test, the cei l ing temperature shall not exceed this value for more than three consecutive min  and 
the average temperature for this period shall not exceed 530 °F  (276 °C) above ambient. 
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Table 55.3 
Pi led Stock Fire Test Conditions and Criteria 

Sprinkler coverage area Test flow per sprinkler 
Maximum number of 

ft (m) gpm (I/min) sprinklers to operate 

20 by 20 (6.1 by 6. 1 )  80 (302) 5 

1 8  by 1 8  (5.5 by 5.5) 65 (246) 5 

1 6  by 1 6  (4.9 by 4.9) 51 (1 93) 6 

14  by 1 4  (4.3 by 4.3) 39 ( 147) 8 

55.4.2 The test room for the fire tests shall have provisions for venting the heat and smoke and for 
drainage of the sprinkler d ischarge. A wet pipe automatic sprinkler system shall be installed below a 
smooth, flat, non-combustible horizontal ceil ing un less otherwise specified in the test conditions. 
Sprinklers shall be supplied through a looped or gridded piping system consisting of nominal 2 or 2.5 in (50 
or 65 mm) diameter pipe. See Figure 55.5 for a typical test room . 
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Figure 55.5 

Location of Pi led Cartons 
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55.4.3 I n  the first fire test, at least 1 6  sprinklers are to be installed in the test room at the maximum 
sprinkler spacing specified by the manufacturer with the ignition source located between four automatic 
sprinklers arranged to d ischarge water as specified in Table 55.3. The sprinkler deflectors are to be 
located 1 2  in (305 mm) below the cei l ing. A clearance of 1 8  in  (457 mm) between the sprinkler deflector 
and the commodity is to be provided . 

55.4.4 I n  the second test, at least 25 sprinklers are to be installed in the test room,  using the minimum 
rated coverage area specified by the manufacturer, with the ignition source located d i rectly below one 
sprinkler with each sprinkler flowing water corresponding to the values specified in for the appl icable 
coverage area. The sprinkler deflectors are to be located approximately 3 in  (76 .2 mm) below the cei l ing 
for upright sprinklers and approximately 1 2  in (305 mm) below the cei l ing for pendent sprinklers. A nominal 
clearance of 1 0  ft (3.05 m) between the sprinkler deflector and the top of commodity is to be provided . 

55.4.5 The piled stock is to consist of 45 Standard Class I I  commodity in a three pallet-cartons wide by 
five long by three high-pal letized arrangement. See Figure 55.5. The moisture content of the cardboard 
boxes as measured in representative samples shall be within 8 ±3 %. A 6- in  (1 52-mm) free space is to be 
maintained between al l  carton stacks. 

55.4.6 The ign ition source for the first fire test is to consist of 1 .5 lb (0.68 kg) of shredded paper placed 
on the floor as i l l ustrated in Figure 55.5 and ignited . 

55.4.7 Temperatures are to be recorded by means of thermocouples located near the cei l ing ,  which are 
to be located 2 in (50 .8 mm) below the cei l ing and 6 in ( 1 52 mm) from the centerl ine of the flue above each 
of the stored commodity in the center of the test array. See Figure 55.5. Additional thermocouples are to 
be located next to the heat sensitive element of each sprinkler. 

55.4.8 The waterflow during sprinkler d ischarge is to be continuously mon itored so that the waterflow is 
to be adjusted as required during the test to provide the appl icable sprinkler d ischarge flow specified in 
Table 55.3. 

55.4.9 The fire test is to be continued for 45 min after ignition .  

55.5 Residential sprinkler fire test 

55.5.1 General 

55.5. 1 . 1 When fire tested as described in 55.5. 1 .2 - 55.5.4 . 1 , a residential sprinkler shall l im it 
temperatures as specified in 55.5. 1 . 1  (a) - (d) when tested at each rated spacing referenced in the 
instal lation instructions. Add itional ly, a maximum of two residential sprinklers shall operate. The sprinklers 
shal l  l imit temperatures as fol lows: 

a) The maximum temperature 3 in (76 mm) below the cei l ing at either location as i l l ustrated in 
Figure 55.6 to Figure 55.8 shall not exceed 600 °F (31 6  °C) .  

b) The maximum temperature 5-1 /4 ft ( 1 .6 m) above the floor shal l  not exceed 200 ° F  (93 °C) .  

c) The temperature at the location described in (b) shal l  not exceed 1 30 ° F  (54 °C) for more than 
any continuous 2-min period . 

d) The maximum cei l ing material temperature 1 /4 i n  (6.4 mm) behind the f in ished cei l ing surface 
shal l  not exceed 500 ° F  (260 °C) .  

See Figure 55.6 (pendent, upright, flush, recessed pendent, and concealed sprinklers) or Figure 55.7 and 
Figure 55.8 (sidewall sprinklers) for temperature measuring locations. 
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55.5. 1 .2 Residential sprinklers in each temperature rating are to be subjected to the tests specified in 
55.5.2 . 1  - 55.5.4 . 1 . 

Exception: Testing at a 15 ft by 1 5  ft (4. 6 m by 4. 6 m) rated spacing shall not be required provided: 

a) The sprinkler is rated for a 1 6  ft by 16  ft ( 4. 9 m by 4. 9 m) spacing; 

b} The rated flow at the 15 ft by 15 ft (4. 6  m by 4. 6 m) spacing is not less than 90 % of the rated 
flow at the 1 6  ft by 1 6  ft (4. 9  m by 4. 9 m) spacing; and 

c) The discharge pressure complies with 10. 2. 
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Figure 55.6 

Fire Test Arrangement - Residential Pendent, Upright, Flush, Recessed Pendent, and Concealed 
Sprinklers 

2L 

L = Coverage length 
W = Coverage width 

s4300e 

L/2 

Ii 8 in (203 mm) 

D !8l ---------t-+-----r 

TH ERMOCOUPLES, � 
3 in (76.2 mm) BELOW 
CEIL ING AND 5-1/4 ft 
( 1 .6 m) ABOVE FLOOR 

T HERMOCOUPLE, 
3 in (76.2 mm) BELOW 
CEIL ING (ROOM CENTER) \ 

---- W/2 ___ _..,\] L 

SPRI NKLER 
(TYPICAL) \ ---------+-+---� 

3 ft (0.9 m) 

4 in 
( 102 mm) 

®_l 
'----------------�1-----i-la 41 in J 

( 1 .04 m) 

YRIGHTED MATERIAL - NOT AUTHORIZED FOR FURTHER 

REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM UL INC. 



1 1 2  ANSl/CAN/UL/ULC 1 99 FEBRUARY 25, 2022 

Figure 55.7 

Fire Test Arrangement - Residential Sidewal l  Sprinklers, Test Arrangement No. 1 
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Figure 55.8 

Fire Test Arrangement - Residential S idewall  Sprinklers, Test Arrangement No. 2 
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55.5.2 Test arrangement 

55.5.2 .1  General 

55.5.2. 1 . 1 Pendent, upright, flush, recessed pendent, and concealed sprinklers are to be subjected to 
the fire test arrangement in Figure 55.6, and sidewall sprinklers are to be subjected to both fire test 
arrangements in Figure 55.7 and Figure 55.8 . 

55.5.2.2 Test room 

55.5.2 .2 . 1  The test room dimensions for pendent, upright, flush, recessed pendent, and concealed 
sprinklers are to be the rated sprinkler coverage width by twice the rated coverage length by a nominal 8 ft 
(2.4 m) high cei l ing.  The test room dimensions for s idewall sprinklers are to be the rated sprinkler 
coverage length by 1 - 1 /2 times the rated sprinkler coverage width plus 9 ft (2.7 m) by a nominal 8 ft (2.4 m) 
high cei l ing.  See Figure 55.6 - Figure 55.8. 

55.5.2.2.2 The test room cei l ing is to be covered with acoustical panels or gypsum board attached to 
furring strips. Acoustical panels used in the 4 by 4 ft ( 1 .2 by 1 .2 m) area d i rectly over the fire source are to 
measure 2 by 4 ft (0.6 by 1 .2 m),  be 1 /2 in ( 1 2 .7 mm) thick, have a density of 1 3.5 ±1 .5 lb/ft3 (21 6 
±24 kg/m3), and have a maximum flame spread index of 25 when tested in accordance with the Standard 
for Test for Surface Burning Characteristics of Bui ld ing Materials, UL 723 and the Method of Test for 
Surface Burning Characteristics of Bui lding Materials and Assemblies, CAN/ULC-S1 02 .  For each test, 
new acoustical panels in the 4 by 4 ft ( 1 .2 by 1 .2 m) area directly over the fire source are to be installed . 

55.5.2.2.3 The test room is to have provisions for ventilation through two door openings on opposite test 
room wal ls.  Each opening is to be 7 ft 4 in (2.2 m) h igh,  which provides for an 8 in (200 mm) l intel above 
the openings. The door widths are to be as specified in Figure 55.6 - Figure 55.8 . 

55.5.2.2.4 Douglas fir, 3-ply panels measuring 4 by 8 ft ( 1 .2 by 2.4 m) are to be placed on two of the test 
room walls extending out from a common corner. One panel is to be placed on each wal l .  See Figure 55.9. 
The panels are to be 1 /4 in (6.4 mm) thick with each ply constructed of Douglas fir. The plywood panels 
are to be conditioned at 70 ±5 °F (21 ±2.8 °C) and 50 ± 1 0  % relative humidity for at least 72 h prior to test. 
They are to be placed on the walls by being attached to 1 /2 in ( 1 2 .7  mm) thick wood furring strips. The 
Douglas fir plywood panels shal l  have the burning characteristic properties specified in Table 55.4 . 
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Figure 55.9 
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Table 55.4 
Burning Characteristics for P lywood Panels 

Property Test method Range 

Flame Spread Index Standard for Test for Surface Burning Characteristics of 1 30 ±30 
Building Materials, UL 723 

Critical Heat Flux Use of Cone Calorimeter at radiant heat fluxes between 1 0  1 5  ±3 kW/m2 
and 20 kW/m2 

Thermal Response Use of Cone Calorimeter at radiant heat fluxes of 25, 35, 220 ±50 kW·s112/m2 
Parameter 50 kW/m2 

55.5.2.3 Fire source 

55.5.2 .3 . 1  The fire source is to consist of a wood crib and simulated furniture. The wood crib is to be 
ignited with a pan of heptane and the simu lated furniture is to be ignited with two 6 in long by 1 /4 in (6.4 
mm) diameter cotton wicks soaked in heptane. See Figure 55.6 (pendent, upright, flush, recessed 
pendent, and concealed sprinklers) or Figure 55.7 and Figure 55.8 (sidewall sprinklers) for placement of 
the fire source in the test room. 

55.5.2.3.2 The wood crib is to weigh 5.5 to 7 lbm (2.5 to 3.2 kg) and is to be dimensioned approximately 
1 2  by 1 2  by 6 in  high (305 by 305 by 1 52 mm). The crib is to consist of four alternate layers of four trade 
size 2 by 2 in [nominal 1 - 1 /2 by 1 - 1 /2 in  (38 . 1  by 38. 1 mm)] kiln-dried spruce or fi r lumber 1 2  in (305 mm) 
long. The alternate layers of the lumber are to be placed at r ight angles to the adjacent layers . The 
individual wood members in each layer are to be evenly spaced along the length of the previous layer of 
wood members and stapled . 

55.5.2.3.3 After the wood crib is assembled, it is to be conditioned at a temperature of 220 ±1 0 °F ( 1 04 
±5 °C) for not less than 24 h or more than 72 h .  Following the cond ition ing, the crib is to be placed i n  a 
plastic bag and stored at room temperature for at least 4 h before being used in a test. 

55.5.2.3.4 Recessed and concealed sprinklers having vented escutcheons are to be installed in the most 
recessed position in a manner that inh ibits airflow through the escutcheons (blocked) by placing an 8-in 
thick (203 mm), R-25 fiberglass insulating batt entirely around and over the top of the sprinkler, and 
against the cei l ing or wal l  in such a manner that the air flow through the escutcheon vents are inh ibited by 
the insu lation . 

55.5.2.3.5 The simulated furniture is to consist of two 3 in (76 mm) thick uncovered pure polypropylene 
oxide polyol, polyether foam cushions having a density of 1 .70 to 1 .90 lb/ft3 (27 .2 to 30.4 kg/m3) and 
measuring 32 by 30 in  (8 1 0  by 760 mm). Each foam cushion is to be glued to a 33 by 31 in (840 by 790 
mm), nominal 1 /2 in (1 2 .7  mm) thick plywood backing using an aerosol urethane foam adhesive . The foam 
cushion is to be glued on the plywood to provide for a 1 /2 in ( 1 2 .7  mm) space along the sides and a 1 in  
(25 mm) space at the bottom as i l lustrated i n  Figure 55.9 . The foam cushion and plywood backing 
assembly is to be conditioned at 70 ±5 °F (21 ±2.8 °C) and 50 ±1 0 % relative humid ity for at least 24 h 
prior to test. Prior to each test, the foam and plywood backing assembly is to be placed in a steel frame to 
provide support for holding each assembly in the vertical orientation . The polyether foam shall have the 
burning characteristic properties specified in Table 55.5 . 
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Table 55.5 
Polyether Foam Burning Characteristics 

Property Test method Range 

Peak Heat Release Rate Test Method for Heat and Visible Smoke Release Rates for 345 ±85 kW/m2 
(HRR) (Average of 5 Materials and Products Using an Oxygen Consumption 
samples) Calorimeter, ASTM E1 354 at 30 kW/m2 heat flux 
Heat of Combustion Test Method for Heat and Visible Smoke Release Rates for 22 ±3 kJ/g 
(Average of 5 samples) Materials and Products Using an Oxygen Consumption 

Calorimeter, ASTM E1 354 at 30 kW/m2 heat flux 

55.5.2.3.6 The entire fire test package is to be placed on top of a 1 /4 in (6.4 mm) thick cement board 
sheath ing or equivalent noncombustible sheathing material having d imensions of 4 by 4 ft ( 1 .2 by 1 .2 m) .  
For each test, a new or dried sheathing shall be used . See Figure 55.9 . 

55.5.2.4 Sprinkler installation 

55.5.2.4 . 1  Three residential sprinklers are to be i nstalled in the test room for each fire test. Two are to be 
instal led at the rated length and width coverage dimensions, and the third is to be installed near the 
doorway furthest from the fire. For all sprinkler styles, the third sprinkler instal led near the doorway shal l  be 
as follows: 

a) The same heat responsive element and temperature rating as the other sprinklers with in the 
room; and 

b) Installed such that the center of the heat responsive element is :  

1 )  2 in (50.8 mm) below the ceil ing for pendent, upright, flush, recessed pendent, and 
concealed sprinklers; and 

2) 4 in ( 1 02 mm) below the cei l ing and 2 in (50 .8 mm) from the wall  for sidewal l  sprinklers. 

The two residential sprinklers nearest the fire source are to be installed in reducing pipe fittings having a 
1 in (25 mm) in let and an outlet the same size as the sprinkler i nlet and be suppl ied with water through 1 in 
(25 mm) piping . The minimum nipple length lead ing to the sprinkler fitting shal l  not be less than 10 i n  (254 
mm). Dry-type sprinklers are to be tested using the shortest available length and the longest available 
length, if the K-factor for the longest length deviates by more than 5 % from the shortest avai lable length . 
See Figure 55.6 - Figure 55.9 . 

55.5.2.4.2 Pendent and upright sprinklers are to be installed with their deflectors located 3 i n  (76 mm) 
below the cei l ing or as specified in the installation i nstructions if other than 3 in (76 mm) is specified . A 
pendent sprinkler also intended to be installed as a recessed pendent sprinkler shal l  be tested i n  the most 
recessed position in l ieu of 3 in (76 mm) below the cei l ing .  Flush and concealed sprinklers are to be 
instal led in their intended location as specified in the installation instructions. Pendent, upright, flush, 
recessed pendent and concealed sprinklers are to be tested in two orientations. One test is to be 
orientated such that the sprinkler frame arms or deflector pins are parallel to the short room wal l  and a 
second test is to be conducted with the sprinkler frame arms or deflector pins rotated 90°. 

55.5.2.4.3 Recessed and concealed sprinklers having vented escutcheons are to be insta l led in the most 
recessed position in a manner that inhibits airflow through the escutcheons (blocked) by placing an 8-in 
thick (203 mm), R-25 fiberglass insulating batt entirely around and over the top of the sprinkler, and 
against the cei l ing in such a manner that the air flow through the escutcheon vents are inh ibited by the 
insulation . 
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55.5.2.4.4 A sidewall sprinkler shall be tested, using both test arrangements referenced in Figure 55.7 
and Figure 55.8 , in a manner as fol lows: 

a) With its deflector located 4 in ( 1 02 mm) below the cei l ing ;  and 

b) With its deflector located at the maximum distance below the cei l ing as specified i n  the 
installation instructions if the maximum distance exceeds 6 in  ( 1 52 mm ) below the cei l ing .  

55.5.3 Test method 

55.5.3 . 1  Sprinklers intended for use in dry systems are to be tested with the water d ischarge delayed 
1 5  s after the first sprinkler operates. 

55.5.3.2 The test room is to have an ambient air temperature of 80 ±5 °F (27 ±3 °C) measured at the 
thermocouple located 3 in  (76 mm) below the cei l ing.  See Figure 55.6 - Figure 55.8. All water from 
previous testing shal l  be removed such that there is no visible water on the floor, cei l ing ,  or wal ls .  

55.5.3.3 The temperatures at each thermocouple location are to be continuously recorded during the test 
using 20 AWG (0.8 mm) chromel-alumel thermocouples or thermocouples providing equ ivalent 
temperature measuring resu lts. When water impingement impacts the thermocouple measurement, the 
thermocouples are to be shielded from water impingement using metall ic tape attached to the wire. The 
tape is to be formed into an umbrel la shape, large enough to protect the thermocouple ends. 

55.5.3.4 Sixteen ounces (0.5 L) of water and eight ounces (0 .24 L) of heptane are to be placed in a pan 
d irectly below the wood crib located 2 in  (50 mm ) from the wall  panels. 

55.5.3.5 The heptane in the pan located beneath the crib is to be ign ited and the heptane soaked cotton 
wicks placed on bricks are to be ignited immediately following the heptane pan ignition .  

55.5.3.6 The fire test is to be conducted for 30 min after the ign ition of the wood crib, un less after 1 0  min ,  
a l l  the combustibles are extingu ished or  only the wood crib is sustain ing combustion at  which point the test 
is to be terminated. The water flow to the sprinklers is to be the minimum flow rate specified in the 
installation instructions for the sprinkler coverage area tested. In add ition,  for sprinklers having a pressure 
rating greater than 1 75 psig ( 1 .2 Mpa) , tests are to be conducted at the maximum rated spacing using a 
flow corresponding to a pressure of 75 psig (51 7 kPa) less than the rated pressure. 

55.5.4 Supplementary test 

55.5.4 . 1  When sprinkler coverage areas exceed 1 2  by 1 2  ft (3.7 by 3.7 m ) , and the sprinkler has not 
been investigated for a 1 2  by 1 2  ft (3.7 by 3.7 m ) area using the same or a lesser flow rate as the next 
larger rated coverage area, the tests specified in 55.5. 1 . 1  - 55.5.3.6 are to be repeated in a room size 
corresponding to a 1 2  by 1 2  ft (3.7 by 3.7 m ) coverage area, using a water flow rate corresponding to the 
minimum flow rate required for the next larger coverage area. 

55.6 Flow control (FC) sprinkler pi led stock fire tests 

55.6 . 1  When an FC sprinkler is tested under the conditions described i n  55.6.2 - 55.6.8, the water 
d ischarge shal l :  

a) Limit the travel of the fire so that the fifth row of  boxes as shown in Figure 55. 1 1  does not sustain 
combustion . 

b) Result in the cei l ing temperature being reduced to a value less than 530 °F (295 °C) above 
ambient within 5 min after start of water discharge. 
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c)  Result in the cei l ing temperature not exceed ing 530 °F  (295 °C) for more than three consecutive 
min and the average temperature not exceeding 530 °F (295 °C) from the time the temperature 
in itially fal ls below 530 °F  (295 °C) above ambient to the end of the test. 

55.6.2 The test room is to have a cei l ing 1 5  ft, 9 in (4 .8 m) h igh .  The test room is to have provisions for 
venting the heat and smoke and drainage of sprinkler d ischarge. See Figure 55. 1 0  for a typical test room 
arrangement. 
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Figure 55. 1 0  
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Figure 55. 1 1  
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55.6.3 Eighteen ord inary temperature rated sprinklers are to be installed using a sprinkler grid consisting 
of three 1 -1 /2 in (38 mm) minimum nominal diameter branch l ines that are looped on both ends. Each 
branch line is to be ind ividually supplied from a 2-1 /2 in (65 mm) minimum nominal diameter cross main .  
The sprinkler grid is to provide a 10  by  1 0  ft (3.05 by  3.05 m)  sprinkler spacing, and  sprinkler deflectors are 
to be located a nominal 1 2  in (305 mm) below the cei l ing .  See Figure 55 . 1 0 . 

55.6.4 Temperatures are to be recorded by means of 24 thermocouples located near the cei l ing .  Six 
thermocouples, identified as Nos. 1 - 6 in Figure 55. 1 0 , are to be located 2 in (50.8 mm) below the cei l ing 
and directly above the sprinklers, and 1 8  thermocouples are to be located next to the heat sensitive 
element of each sprinkler. 

55.6.5 The waterflow during sprinkler discharge is to be continuously monitored so that the waterflow is 
capable of being adjusted as required during the test to provide the a sprinkler d ischarge density to open 
sprinklers as specified in 55.6 . 1 . 

55.6.6 The pi led stock is to consist of Standard Class I I  commodity stored in a three pallet-carton wide by 
five long pal letized arrangement. The moisture content of the cardboard boxes as measured in 
representative samples shal l  be within 8 ±3 %. A 6- in ( 1 52-mm) free space is to be maintained between al l  
carton stacks. See Table 55.6 and Figure 55. 1 1 . 

Table 55.6 
Pi led Stock Fire Test Conditions for FC Sprinklers 

Sprinkler spacing Open sprinkler discharge Number of Nominal storage height 

Test No. density Class I I  
ft (m) gpm/ft2 (mm/min) commodities ft (m) 

1 1 0  x 1 0  (3.05 x 3.05) 0 . 1 5 (6.4) 30 8 2.4 

2 1 0  x 1 0  (3.05 x 3.05) 0.20 (8.6) 45 1 2  3.6 

55.6.7 The ign ition source for the fire test is to consist of 1 .5 lbs (0.68 kg) of shredded paper placed on 
the floor in the space between the first and second carton i n  the middle row as i l lustrated i n  Figure 55. 1 1  
and ignited . 

55.6.8 The fire test is to be continued for 45 min after ignition and visual observations made for travel of 
fire during the test. 

55.7 CMDA storage sprinkler large scale fire tests 

55.7 . 1  When tested as described in 55.7.2 - 55.7.6 and Table 55.8 - Table 55. 1 2 , as applicable, the 
water d ischarge from a sprinkler shall be capable of control l ing the large-scale fires described for each 
sprinkler such that compliance with the requirements in Table 55.7 is demonstrated . 
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Table 55.7 
CMDA Storage Sprinkler Fire Test Requirements 

Criteria description 

Nominal K-factor, gpm/(psi)1 12 
[L/min/(bar) 112] 
Maximum number of sprinklers permitted 
to operate 

Maximum 1 min average steel 
temperature, °F (°C) 

Permitted fire spread 

Standard coverage 

1 1 .2 ( 1 60), 1 4.0  (200), and 1 6.8 (240) 

20 

1 000 (538) 

No sustained combustion at the end of 
the main test array and none at the outer 

edges of the target array 

Extended coverage 

1 6.8  (240) and 25.2 (360) 

Not more than the number of sprinklers 
covering an area that exceeds 2000 ft2 

( 1 3.6 m2) based upon the installed 
sprinkler spacing 

1 000 (538) 

No sustained combustion at the outer 
edge of the end of the main test array 

and none at the outer edges of the target 
array 

55. 7 .2 The test room for these tests shall have provisions for venting the heat and smoke and for 
drainage of the sprinkler discharge. 

55.7.3 A wet pipe automatic sprinkler system shall be i nstalled below a smooth, flat, non-combustible 
horizontal cei l ing unless otherwise specified in the test conditions. Water flow shal l  be control led to 
maintain the required water d ischarge density specified for the sprinkler as referenced in Table 55.8 , Table 
55.9 , Table 55. 1 0, Table 55. 1 1 , or Table 55. 1 2  as applicable. Representative sample sprinklers shall be 
instal led at the spacing specified for each fire test. Sprinklers shall be installed throughout the test area 
and suppl ied through a looped or gridded piping system consisting of nominal 2 or 2 .5  in (50 or 65 mm) 
d iameter pipe. 
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Table 55.8 
Fire Test Conditions for Nominal K=1 1 .2 ( 160) CMDA Sprinklers 

Test No. Test 1 Test 2 Test 3 

Storage type Palletized Double row rack Double row rack 
Commodity type Std. cartoned group A plastic Std. cartoned group A plastic Std. class 1 1  

Test array See Figure 55. 1 3  See Figure 55. 14 See Figure 55. 1 5  

Nominal storage height, 15 (4.6) 15 (4.6) 20 (6. 1 )  
ft (m) 

Nominal ceil ing height, 25 (7.6) 25 (7.6) 30 (9. 1 )  
ft (m) 

Sprinkler temperature rating High temperature classification or Minimum temperature rating Minimum temperature rating 
maximum temperature rating, whichever is 

less 
Nominal deflector to ceiling distance, 12 (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 

in (cm) 3 (7 .6) for upright 3 (7 .6) for upright 3 (7.6) for upright 
Sprinkler spacing, 8 x 10 (2.4 x 3.0) 8 x 10 (2.4 x 3.0) 10 x 10 (3.0 x 3.0) 

ft x ft (m x m) 
Nominal discharge density, 0.60 (24.5) 0.60 (24.5) 0.37 ( 1 5. 1 )  

gpm/ft2 (mm/min) 
Ignition location Between four Under one Between four 

Test duration, min 30 30 30 

Note - Actual distance is dependent upon sprinkler construction and branch line pipe d iameter. 
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Table 55.9 
Fire Test Conditions for Nominal K=14.0 (200) CMDA Sprinklers 

Test No. Test 1 Test 2 Test 3 Test 4 Test 5 

Storage type Palletized Double row rack Double row rack Double row rack Double row rack 
Commodity type Std. cartoned group A Std. cartoned group A Std. Class I I  Std. Class 1 1  Std. Class I I  

plastic plastic 
Test array See Figure 55. 1 3  See Figure 55. 14 See Figure 55. 1 5  See Figure 55. 1 5  See Figure 55. 1 5  

Nominal storage height, 15 (4.6) 15 (4.6) 20 (6. 1 )  20 (6. 1 )  20 (6. 1 )  
ft (m) 

Nominal ceil ing height 25 (7.6) 25 (7.6) 30 (9. 1 )  Adjusted to achieve 30 (9. 1 )  
minimum clearance 

between sprinkler deflector 
and top of commodity 

Sprinkler temperature High temperature Minimum temperature Minimum temperature Minimum temperature Minimum temperature 
rating classification or maximum rating rating rating rating 

temperature rating, 
whichever is less 

Nominal deflector to ceiling 12 (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 
distance, 3 (7.6) for upright 3 (7 .6) for upright 3 (7.6) for upright 3 (7 .6) for upright 3 (7.6) for upright in  (cm)• 

Sprinkler spacing, 8 x 10 (2.4 x 3.0) 8 x 10 (2.4 x 3.0) 10  x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 
ft x ft (m x m) 

Nominal discharge density, 0.60 (24.5) 0.60 (24.5) 0.37 ( 1 5 . 1 )  0.37 ( 15. 1 )  0.37 ( 1 5 . 1 )  
gpm/ft2 (mm/min) 

Ignition location Between four Under one Between four Between two on same Under one 
branch line 

Test duration 30 30 30 30 30 
a Actual distance is dependent upon sprinkler construction and branch line pipe diameter. 
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Table 55. 1 0  
Fire Test Conditions for Nominal K=1 6.8 (240) CMDA Sprinklers 

Test No. Test 1 Test 2 Test 3 

Storage type Palletized Double row rack Double row rack 
Commodity type Std. cartoned group A plastic Std. cartoned group A plastic Std . cartoned group A plastic 

Test array See Figure 55. 1 3  See Figure 55. 1 4  See Figure 55. 1 6  
Nominal storage height, 1 5  (4.6) 1 5  (4.6) 20 (6. 1 )  

ft (m) 
Nominal ceil ing height, 25 (7.6) 25 (7.6) Adjusted to achieve minimum clearance 

ft (m) between sprinkler deflector and top of 
commodity 

Sprinkler temperature rating High temperature classification or Minimum temperature rating Minimum temperature rating 
maximum temperature rating, whichever is 

less 
Nominal deflector to ceiling distance, 12 (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 

in (cm)" 3 (7 .6) for upright 3 (7.6) for upright 3 (7.6) for upright 
Sprinkler spacing, 8 x 1 0  (2.4 x 3.0) 8 x 10 (2.4 x 3.0) 10 x 10 (3.0 x 3.0) 

ft x ft (m x m) 
Nominal discharge density, 0.60 (24.5) 0.60 (24.5) 0.60 (24.5) 

gpm/ft2 (mm/min) 
Ignition location Between four Under one Between two on same branchline 

Test duration, min 30 30 30 
a Actual d istance is dependent upon sprinkler construction and branch line pipe diameter. 
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Table 55. 1 1  
Fire Test Conditions for Nominal K=1 6.8 (240) CMDA EC Sprinklers 

Test No. Test 1 Test 2 Test 3 Test 4 Test 5" Test 6 

Storage type Double row rack Double row rack Double row rack Double row rack Double row rack Double row rack 
Commodity type Std . class 1 1  Std. class I I  Std. class 1 1  Std. class 1 1  Std. class I I  Std. cartoned group A 

plastic 
Test array See Figure 55. 1 2  See Figure 55. 1 2  See Figure 55. 1 5  See Figure 55. 1 5  See Figure 55. 1 5  See Figure 55. 1 6  

Nominal storage height, 1 5  (4.6) 1 5  (4.6) 20 (6. 1 )  20 (6. 1 )  20 (6. 1 )  20 (6. 1 )  
ft (m) 

Nominal ceiling height, 25 (7.6) Adjusted to achieve 30 (9. 1 )  30 (9. 1 )  25 (7.6) 25 (7.6) 
ft (m) minimum clearance 

between sprinkler 
deflector and top of 

commodity 
Sprinkler temperature Minimum temperature Minimum temperature Minimum temperature Minimum temperature Minimum temperature High temperature 

rating rating rating rating rating rating classification or 
maximum temperature 

rating, whichever is less 
Nominal deflector to 1 2  (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 

ceiling distance, 3 (7.6) for upright 3 (7.6) for upright 3 (7.6) for upright 3 (7 .6) for upright 3 (7.6) for upright 3 (7.6) for upright in  (cm)b 

Sprinkler spacing 14 x 1 4  1 4 x 1 4 1 4  x 1 4  1 5 x  1 0  1 4  x 1 4  1 0 x 1 0 
ft x ft (m x m) (4.3 x 4.3) (4.3 x 4.3) (4.3 x 4.3) (4.6 x 3.0) (4.3 x 4.3) (3.0 x 3.0) 

(15 between branch 
lines) 

Nominal d ischarge 0.23 (9.4) 0.23 (9.4) 0.30 ( 1 2.2) 0.30 ( 1 2.2) 0.30 ( 1 2.2) 0.60 (24.5) 
density, 

gpm/tt2 (mm/min) 
Ignition location Under one Between four Between two on same Between two on Between four Between two on same 

branchline separate branchline branchline 
Test duration, min 30 30 30 30 30 30 

a Test to be conducted with two barriers having a depth so that they extend not less than 3 in (75.6 mm) below the sprinkler deflector and not less than 22 ft (6.4 m) long installed 
perpendicular to the piping and spaced 7 ft (2.1  m)  apart. 
b Actual d istance is dependent upon sprinkler construction and branch line pipe diameter. 
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Table 55. 12  
Fire Test Conditions for Nominal K=25.2 (360) CMDA EC Sprinklers 

Test No. Test 1 Test 2 Test 3 Test 4 Test 5" Test 6 Test 7 

Storage type Double row rack Double row rack Double row rack Double row rack Double row rack Double row rack Palletized 
Commodity type Std. class I I  Std. class 1 1  Std . cartoned group Std. cartoned group Std . cartoned group Std. cartoned group Std. cartoned group 

A plastic A plastic A plastic A plastic A plastic 
Test array See Figure 55. 1 5  See Figure 55. 1 5  See Figure 55. 1 6  See Figure 55. 1 4  See Figure 55. 1 6  See Figure 55. 1 6  See Figure 55. 1 3  

Nominal storage 20 (6. 1 )  20 (6. 1 )  2 0  (6. 1 )  1 5  (4.6) 20 (6. 1 )  20 (6. 1 )  1 5  (4.6) 
height, 
ft (m) 

Nominal ceiling 30 (9. 1 )  24 (7.3) Adjusted to achieve 25 (7.6) 25 (7.6) 25 (7.6) 25 (7.6) 
height, minimum clearance 
ft (m) between sprinkler 

deflector and top of 
commodity 

Sprinkler Minimum Minimum Minimum Minimum High temperature Minimum High temperature 
temperature rating temperature rating temperature rating temperature rating temperature rating classification or temperature rating classification or 

maximum maximum 
temperature rating, temperature rating, 

whichever is less whichever is less 
Nominal deflector to 1 2  (30.5) for pendent 1 2  (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 

ceiling distance, 3 (7.6) for upright 1 2  (30.5) for upright 12 (30.5) for upright 3 (7 .6) for upright 12 (30.5) for upright 3 (7.6) for upright 3 (7 .6) for upright in (cm)b 

Sprinkler spacing 14 x 1 4  1 4 x  1 4  1 4  x 1 4  1 4 x  1 4  1 4  x 1 4  1 5  x 1 0  1 4  x 1 4  
ft x ft ( m  x m )  (4.3 x 4.3) (4.3 x 4.3) (4.3 x 4.3) (4.3 x 4.3) (4.3 x 4.3) (4.6 x 3.0) (4.3 x 4.3) 

(15 between branch 
lines) 

Nominal discharge 0.37 ( 1 5 . 1 )  0.37 ( 1 5. 1 )  0.60 (24.5) 0.60 (24.5) 0.60 (24.5) 0.60 (24.5) 0.60 (24.5) 
density, 

gpm/ft2 (mm/min) 
Ignition location Under one Between four Between two on Between two on Between four Between four Between four 

same branchline same branchline 
Test duration, min 30 30 30 30 30 30 30 

• Test to be conducted with two barriers having a depth so that they extend not less than 3 in (75.6 mm) below the sprinkler deflector and not less than 22 ft (6.4 m) long installed 
perpendicular to the piping and spaced 7 ft (2. 1  m)  apart. 
b Actual distance is dependent upon sprinkler construction and branch line pipe d iameter. 
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55.7.4 A nominal 4-ft ( 1 .2-m) length of 2 by 2 by 0.25 in (50 by 50 by 6 mm) steel angle beam shal l be 
mounted adjacent to the cei l ing above the ignition location . Five equally spaced Type K, or equ ivalent, 
thermocouples shall be embedded in the steel angle beam to measure its temperature. 

55.7.5 A means shall be provided to determine the time and number of sprinkler operations. Water 
pressure and flow shal l  be monitored and measured through cal ibrated flow meters. Sign ificant events 
shal l  be monitored and recorded using calibrated t iming devices located within the data acquisition system 
and manual ly. 

55.7.6 The ign ition source shal l  consist of either two or four cel lu lose cotton igniters positioned with in  the 
array near floor level as specified in Figure 55. 1 2  - Figure 55. 1 6 . Each igniter is half of a standard igniter 
constructed from a nominal 3-in (76-mm) diameter by nominal 3-in (76-mm) long bundle soaked with 4 
±0. 1 25 fl oz ( 1 1 8  ±3.7 ml) of gasol ine and wrapped in a polyethylene bag. 
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Figure 55.1 2  

Fire Test Array for Double Row Rack Storage of Standard Class I I  Commodity (Nominal 1 5  Ft High) 
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Figure 55. 1 3  

Fire Test Array for Pal letized Storage of Cartoned Group A P lastic Commodity (Nominal 1 5  Ft High) 
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Figure 55.1 4  

Fire Test Array for Double Row Rack Storage of Cartoned Group A Plastic Commodity (Nominal 1 5  
Ft High) 
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Figure 55. 1 5  

Fire Test Array for Double Row Rack Storage of Standard Class I I  Commodity (Nominal 2 0  Ft High) 
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Figure 55. 1 6  

Fire Test Array for Double Row Rack Storage o f  Cartoned Group A Plastic Commodity (Nominal 20 
Ft High) 
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55.8 CMSA storage sprinkler large scale fire tests 

1 35 

55.8 . 1  When tested as described in 55.8.2 - 55.8.6 and Table 55. 1 4  or Table 55. 1 5, as appl icable, the 
water discharge from a sprinkler shall be capable of control l ing the large-scale fires described for each 
sprinkler such that compliance with the requirements in Table 55. 1 3  is demonstrated .  

Table 55. 1 3  
CMSA Storage Sprinkler Fire Test Requirements 

Nominal K-Factor, gpm/(psi)1 12 (L/min/(bar)112) 1 6.8 (240) and 1 9 .6 (280) 
Maximum number of sprinklers permitted to operate 1 5  
Maximum 1 min average steel temperature, °F (°C) 1 000 (538) 

Permitted fire spread No sustained combustion at the outer edge of the end of the 
main test array and none at the outer edges of the target array 

55.8.2 The test room for these tests shall have provisions for venting the heat and smoke and for 
drainage of the sprinkler discharge. 

55.8.3 A wet pipe automatic sprinkler system shall be i nstalled below a smooth, flat, non-combustible 
horizontal cei l ing.  Water flow shall be controlled to maintain the requ i red pressure at the sprinkler as 
referenced in Table 55. 1 4  or Table 55. 1 5 , as applicable. The test pressure uti l ized for the fire testing shal l  
be permitted to be less than the values referenced in Table 55. 1 4  or Table 55. 1 5 , if requested by the 
manufacturer. Representative sample sprinklers shall be installed at the spacing specified for each fi re 
test. Sprinklers shall be instal led throughout the test area and suppl ied through a looped or gridded piping 
system consisting of nominal 2 or 2-1 /2 in (50 or 65 mm ) diameter p ipe. 
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Table 55.14 
Fire Test Conditions for Nominal K=1 6.8 (240) CMSA Storage Sprinklers Storage Height of 25 ft (6.1 m)  and Maximum Ceiling Height of 30 

ft (7.6 m) 

Test No. Test 1 Test 2 Test 3 Test 4 

Storage type Double row rack Double row rack Double row rack Double row rack 
Commodity type Std. cartoned group A plastic Std. cartoned group A plastic Std. cartoned group A plastic Std. class 1 1  

Test array See Figure 55. 1 6  See Figure 55. 1 7  See Figure 55. 1 6  See Figure 55. 1 8  

Nominal storage height, 20 (6. 1 )  25 (7.6) 20 (6. 1 )  25 (7.6) 
ft (m) 

Nominal ceil ing height, 30 (9. 1 )  Adjusted to achieve minimum 30 (9. 1 )  30 (9. 1 )  
ft (m) clearance between sprinkler 

deflector and top of commodity 
Sprinkler temperature rating Minimum temperature rating High temperature classification or Minimum temperature rating Minimum temperature rating 

maximum temperature rating, 
whichever is less 

Nominal deflector to ceiling 12 (30.5) for pendent 12 (30. 5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 
distance, 

3 (7.6) for upright 3 (7.6) for upright 3 (7 .6) for upright 3 (7 .6) for upright in (cm)• 
Sprinkler spacing 1 0  x 1 0  (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 

ft x ft (m x m) 
Nominal pressure at sprinkler, 22 ( 1 5 1 )  2 2  ( 1 5 1 ) 22 ( 1 5 1 )  1 0  (69) 

psig, (Kpa) 
Ignition location Under one Between four Between two on same branchline Between four 

Test duration, min 30 30 30 30 

a Actual d istance is dependent upon sprinkler construction and branch line pipe diameter. 
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Table 55.1 5  
Fire Test Conditions for Nominal K=1 9.6 (280) Pendent CMSA Storage Sprinklers for Use with a Maximum Storage Height of 35 ft (1 0.7 m) 

and Maximum Ceiling Height of 40 ft (12.2 m) 

Test No. Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test a 

Storage type Double row rack Double row rack Double row rack Double row rack Double row rack Double row rack Double row rack Double row rack 
Commodity type Std. cartoned Std. cartoned Std. cartoned Std. cartoned Std. cartoned Std. cartoned Std. cartoned Std. cartoned 

group A plastic group A plastic group A plastic group A plastic group A plastic group A plastic group A plastic group A plastic 
Test array See Figure 55. 1 6  See Figure 55. 1 7  See Figure 55. 1 6  See Figure 55. 1 9  See Figure 55.20 See Figure 55. 1 9  See Figure 55. 1 6  See Note 1 

Nominal storage 20 (6. 1 )  25 (7.6) 20 (6. 1 )  30 (9. 1 )  35 ( 1 0.7) 30 (9. 1 )  20 (6. 1 )  See Note 1 
height, 
ft (m) 

Nominal ceiling 30 (9. 1 )  Adjusted to 30 (9. 1 )  40 (1 2.2) Adjusted to 40 (1 2.2) 40 ( 1 2.2) 35 ( 1 0.7) 
height, achieve minimum achieve minimum 
ft (m) clearance clearance 

between sprinkler between sprinkler 
deflector and top deflector and top 

of commodity of commodity 
Sprinkler Minimum Minimum Minimum Minimum Minimum Minimum See Note 1 See Note 1 

temperature rating temperature rating temperature rating temperature rating temperature rating temperature rating temperature rating 
Nominal deflector 1 2  (30.5) Maximum Maximum 12 (30.5) Maximum Maximum See Note 1 See Note 1 

to ceiling distance, specified by specified by specified by specified by 
in (cm) manufacturer manufacturer manufacturer manufacturer 

Sprinkler spacing 1 0  x 1 0  (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 
ft x ft (m x m)  

Nominal 16 ( 1 1 0) 1 6  ( 1 1 0) 1 6  ( 1 1 0) 30 (207) 30 (207) 30 (207) 30 (207) 25 ( 1 72) 
discharge 
pressure 

psig (KPa) 
Ignition location Under one Between four Between two on Under One (See Between four Between two on See Note 1 See Note 1 

same branchline Note 2) same branchline 
Test duration, min 30 30 30 30 30 30 30 30 
Note 1 - Test scenario selected for this test is to be the most challenging based upon the results of previous tests. 
Note 2 - Test is to be conducted with the three sprinklers located over the center of the storage array obstructed with a bar joist as permitted in the manufacturer's installation 
instructions if the sprinkler is intended to be installed less than 12 in (305 mm) horizontally from the bottom of the bar joist. 
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55.8.4 A nominal 4-ft ( 1 .2-m) length of 2 by 2 by 0.25-in (50 by 50 by 6-mm) steel angle beam shal l  be 
mounted adjacent to the cei l ing above the ignition location . Five equally spaced Type K, or equivalent, 
thermocouples shal l  be embedded in the steel angle beam to measure its temperature. 

55.8.5 A means shal l  be provided to determine the time and number of sprinkler operations. Water 
pressure and flow shal l  be monitored and measured through cal ibrated flowmeters. Sign ificant events 
shal l  be monitored and recorded using calibrated timing devices located with in  the data acquisition system 
and manual ly. 

55.8.6 The ignition source shal l consist of either two or four cel lu lose cotton ign iters positioned with in the 
array near floor level as specified in Figure 55. 1 6 , Figure 55 . 1 7, Figure 55. 1 8 , Figure 55. 1 9  or Figure 
55.20 , as applicable. Each ign iter is half of a standard ign iter constructed from a nominal 3-in (76-mm) 
d iameter by nominal 3-in (76-mm) long bundle soaked with 4 ±0 . 1 25 fl oz ( 1 1 8  ±3.7 ml) of gasol ine and 
wrapped in a polyethylene bag. 
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Figure 55. 1 7  

Fire Test Array for Double Row Rack Storage of Cartoned Group A Plastic Commodity (Nominal 25 
Ft High) 
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Figure 55.1 8  

Fire Test Array for Double Row Rack Storage of Standard Class I I  Commodity (Nominal 25 Ft High) 
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Figure 55. 1 9  

Fire Test for Double Row Rack Storage of Cartoned Group A Plastic Commodity (Nominal 3 0  Ft 
High) 
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and between four sprinklers test 
scenarios 

29 ft - 8  in (9.0 m) 
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Figure 55.20 

Fire Test for Double Row Rack Storage of Cartoned Group A Plastic Commodity (Nominal 35 Ft 
High) 

Class l l --

Group A--

Ignition location for under one sprinkler test scenario 

4 - Ignition location at base of array 

5 ft 
(1 .5 m) f-

5 ft 
(1 .5 m) f-

5 ft 
( 1 .5 m) f-

5 ft 
( 1 .5 m) f-

5 ft 
(1 .5 m) 

(Main Array) 
Plan View 

10 in �-'----'!IF==;!' 

� 32 ft -4 in ( 10 m) 

Ignition location for between two 
and between four sprinklers test 
scenarios 

34 ft - 8 in ( 1 0.6 m) 

(0.3 m) �-77:m'777777:m777?m77T� 

s5308D 
(Main Array) 

Elevation View 
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55.9 ESFR sprinkler large scale fire tests 

143 

55.9 . 1  When tested as described in 55.9.2 - 55.9.6 , the water d ischarge from a sprinkler shall be 
capable of suppressing the large-scale fires described for each sprinkler such that compliance with the 
requirements in Table 55. 1 6  is demonstrated. 

Table 55. 1 6  
Pendent ESFR Fire Test Requirements 

Criteria to be evaluated Test requirements 

Nominal K-factor, gpm/(psi)1 12(L/min/(bar)112) 1 4.0,  1 6.8,  22.4, 25.2 and 28.0 
One within the test series Remaining tests within the 

Maximum number of sprinklers permitted to operate test series 
9 8 

Maximum 1 min  average steel temperature, °F (°C) 1 000 (538) 
Regrowth of fire No signs of regrowth at the end of the test as evidenced by 

significantly increasing steel or gas temperatures at the ceiling 
Fire spread No sustained combustion at the end of the main test array and 

none at the outer edges of the target array 

55.9.2 The test room for these tests shall have provisions for venting the heat and smoke and for 
drainage of the sprinkler discharge. 

55.9.3 A wet pipe automatic sprinkler system shall be i nstalled below a smooth , flat, non-combustible 
horizontal cei l ing unless otherwise specified in the test conditions. Water flow shal l  be control led to 
maintain the required sprinkler discharge pressure specified in Table 55. 1 7, Table 55. 1 8 , Table 55 . 1 9 , 
Table 55.20, Table 55.2 1 , Table 55.22 or Table 55.23 as applicable. The test pressure util ized for the fi re 
testing shall be permitted to be less than the values referenced in Table 55. 1 7, Table 55. 1 8, Table 55 . 1 9 , 
Table 55.20 , Table 55.2 1 , Table 55.22 or Table 55.23 , if requested by the manufacturer. Representative 
sample sprinklers shal l  be instal led at the spacing specified for each fire test. Sprinklers shall be instal led 
throughout the test area and suppl ied through a looped piping system consisting of nominal 2 .5  or 3 in (65 
or 80 mm ) diameter pipe. For the tests using a propylene glycol solution, the looped and supply piping 
shal l  in it ial ly be fi l led with the maximum volume and concentration of the propylene g lycol and water 
mixture referenced in the manufacturer's instructions. 

Table 55. 1 7  
Fire Test Conditions for Nominal K=1 4.0 and 1 6.8 Pendent ESFR Sprinklers for Use With a 

Maximum Storage Height of 35 ft (1 0 .7 m) and Maximum Ceil ing Height of 40 ft (1 2.2 m) 

Test 1 

Storage type Double row rack 
Commodity type Std. cartoned group A plastic 

Test array See Figure 55. 1 6  
Nominal storage height, ft (m) 20 (6. 1 )  
Nominal ceiling height, ft (m) 40 ( 1 2.2) 
Sprinkler temperature rating M inimum temperature rating 

Nominal deflector to ceiling distance, in (cm) 14 (35.6) 
Sprinkler spacing, ft x ft (m x m) 10 x 10 (3.0 x 3.0) 

Table 55. 1 7  Continued on Next Page 
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Table 55. 1 7  Continued 

Test 1 

Nominal discharge pressure, psig (kPa) 
75 (51 8) for K=1 4.0 

52 (358) for K=1 6.8 

Ignition location Between two on same branchline 
Duration of test after first sprinkler operation, min 30 

UL COPYRIGHTED MATERIAL - NOT AUTHORIZED FOR FURTHER 
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Table 55.1 8  
Fire Test Conditions for Nominal K=22.4 Pendent ESFR Sprinklers for Use With a Maximum Storage Height of 40 ft (1 2.2 m )  and Maximum 

Ceil ing Height of 45 ft (1 3.7 m) 

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 

Storage type Double row rack Double row rack Double row rack Double row rack Double row rack Double row rack 
Commodity type Std. cartoned group Std. cartoned group Std. cartoned group Std. cartoned group Std. cartoned group Std. cartoned group 

A plastic A plastic A plastic A plastic A plastic A plastic 
Test array See Figure 55. 1 6  See Figure 55. 1 7  See Figure 55. 1 6  See Figure 55.20 See Figure 55.21 See Figure 55. 1 9  

Nominal storage 20 (6. 1 )  25 (7.6) 20 (6. 1 )  35 ( 1 0.7) 40 ( 1 2.2) 30 (9. 1 )  
height, 
ft (m) 

Nominal ceiling 30 (9. 1 )  30 (9. 1 )  30 (9. 1 )  45 ( 1 3.7) Adjusted to achieve 45 (1 3.7) 
height, minimum clearance 
ft (m) between sprinkler 

deflector and top of 
commodity 

Sprinkler Minimum Maximum Minimum Minimum Maximum Minimum 
temperature rating temperature rating temperature rating temperature rating temperature rating temperature rating temperature rating 

Nominal deflector to 1 4  (35.6) Maximum specified Maximum specified 1 4  (35.6) Maximum specified Maximum specified 
ceiling distance, by manufacturer by manufacturer by manufacturer by manufacturer 

in (cm) 
Sprinkler spacing, 1 0  x 1 0  1 0  x 1 0  1 0  x 1 0  1 0 x  1 0  1 0  x 1 0  1 0  x 1 0  

ft x ft (m x m) (3.0 x 3.0) (3.0 x 3.0) (3.0 x 3.0) (3.0 x 3.0) (3.0 x 3.0) (3.0 x 3.0) 
Nominal discharge 25 ( 1 72) 25 ( 1 72) 25 ( 1 72) 40 (276) 40 (276) 40 (276) 

pressure, 
psig (kPa) 

Ignition location Under one Between four Between two on Under one Between four Between two on 
same branchline same branchline 

Duration of test after 30 30 30 30 30 30 
first sprinkler 

operation, min 
Note 1 - Test scenario selected for this test is to be the most challenging based upon the results of previous tests. 

UL COPYRIGHTED MATERIAL - NOT AUTHORIZED FOR FURTHER 
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Test 7 

Double row rack 
Std. cartoned group 

A plastic 
See Figure 55. 1 7  

2 5  (7.6) 

45 ( 1 3.7) 

See Note 1 

See Note 1 

1 0  x 1 0  
(3.0 x 3.0) 
40 (276) 

See Note 1 

30 
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Table 55. 1 9  
Fire Test Conditions for Nominal K=22.4 Pendent ESFR Sprinklers for Use With a Maximum Storage Height of 43 ft ( 1 3 . 1  m )  and Maximum 

Cei l ing Height of 48 ft (14.6 m) 

Test 1 Test 2 Test 3 Test 4 

Storage type Double row rack Double row rack Double row rack Double row rack 
Commodity type Std . cartoned group A plastic Std . cartoned group A plastic Std . cartoned group A plastic Std. cartoned group A plastic 

Test array See Figure 55.24 See Figure 55.23 See Figure 55.23 See Figure 55.22 

Nominal storage height, 43 ( 1 3. 1 )  38 ( 1 1 .6) 38 ( 1 1 .6) 28 (8.5) 
ft (m) 

Nominal ceil ing height, 48 (1 4.6) 48 (1 4.6) 48 (1 4.6) 48 ( 1 4.6) 
ft (m) 

Sprinkler temperature rating Maximum temperature rating Minimum temperature rating Minimum temperature rating Minimum temperature rating 
Nominal deflector to ceiling Maximum specified by Maximum specified by 1 4  (35.6) Maximum specified by 

distance, manufacturer manufacturer manufacturer 
in (cm ) 

Sprinkler spacing, 1 0  x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 
ft x ft (m x m ) 

Nominal discharge pressure, 55 (379) 55 (379) 55 (379) 55 (379) 
psig (kPa) 

Ignition location Between four Between two on same branchline Under one See Note 
Duration of test after first sprinkler 30 30 30 30 

operation, min 
Note - Test scenario selected for this test is to be determined based upon the results of previous tests. 
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REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM UL INC. 



FEBRUARY 25, 2022 ANSl/CAN/UL/ULC 199 147 

Table 55.20 
Fire Test Conditions for Nominal K=25.2 Pendent ESFR Sprinklers for Use With a Maximum Storage Height of 40 ft (1 2.2 m) and Maximum 

Ceil ing Height of 45 ft (1 3.7 m) 

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 

Storage type Double row rack Double row rack Double row rack Double row rack Double row rack Double row rack Double row rack 
Commodity type Std . cartoned Std. cartoned Std. cartoned Std . cartoned Std. cartoned Std. cartoned Std. cartoned 

group A plastic group A plastic group A plastic group A plastic group A plastic group A plastic group A plastic 
Test array See Figure 55. 1 6  See Figure 55. 1 7  See Figure 55. 1 6  See Figure 55.20 See Figure 55.21 See Figure 55. 1 9  See Note 1 

Nominal storage 20 (6. 1 )  25 (7.6) 20 (6. 1 )  35 (1 0.7) 40 ( 1 2.2) 30 (9. 1 )  See Note 1 
height, 
ft (m) 

Nominal ceiling 30 (9. 1 )  30 (9. 1 )  30 (9. 1 )  45 (1 3.7) Adjusted to 45 ( 1 3.7) 40 ( 1 2.2) 
height, achieve minimum 
ft (m) clearance 

between sprinkler 
deflector and top 

of commodity 
Sprinkler Minimum Maximum Minimum Minimum Minimum Minimum See Note 1 

temperature temperature rating temperature rating temperature rating temperature rating temperature rating temperature rating 
rating 

Nominal deflector 1 4  (35.6) Maximum Maximum 14 (35.6) Maximum Maximum See Note 1 
to ceiling specified by specified by specified by specified by 
distance, manufacturer manufacturer manufacturer manufacturer 

in (cm) 
Sprinkler spacing, 1 0  x 1 0  1 0  x 1 0  1 0  x 1 0  1 0  x 1 0  1 0 x  1 0  1 0 x  1 0  1 0 x  1 0  

ft x ft ( m  x m) (3.0 x 3.0) (3.0 x 3.0) (3.0 x 3.0) (3.0 x 3.0) (3.0 x 3.0) (3.0 x 3.0) (3.0 x 3.0) 
Nominal 15 ( 1 03) 1 5 ( 1 03) 15 (1 03) 40 (276) 40 (276) 40 (276) 25 ( 1 72) 

discharge 
pressure, 
psig (kPa) 

Ignition location Under one Between four Between two on Under one Between four Between two on See Note 1 
same branchline same branchline 

Duration of test 30 30 30 30 30 30 30 
after first sprinkler 

operation, min 
Note 1 - Test scenario selected for this test is to be the most challenging based upon the results of previous tests. 
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Test 8 

Double row rack 
Std. cartoned 

group A plastic 
See Figure 55. 1 7  

2 5  (7.6) 

45 ( 1 3.7) 

See Note 1 

See Note 1 

1 0  x 1 0  
(3.0 x 3.0) 
40 (276) 

See Note 1 
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Table 55.21 
Fire Test Conditions for Nominal K=25.2 Pendent ESFR Sprinklers for Use With a Maximum Storage Height of 43 ft (13 .1  m) and Maximum 

Cei l ing Height of 48 ft (14.6 m) 

Test 1 Test 2 Test 3 Test 4 

Storage type Double row rack Double row rack Double row rack Double row rack 
Commodity type Std . cartoned group A plastic Std . cartoned group A plastic Std . cartoned group A plastic Std. cartoned group A plastic 

Test array See Figure 55.24 See Figure 55.23 See Figure 55.23 See Figure 55.22 
Nominal storage height, 43 ( 1 3. 1 )  38 ( 1 1 .6) 38 ( 1 1 .6) 28 (8.5) 

ft (m) 
Nominal ceil ing height, 48 (1 4.6) 48 (1 4.6) 48 (1 4.6) 48 ( 1 4.6) 

ft (m) 
Sprinkler temperature rating Maximum temperature rating Minimum temperature rating Minimum temperature rating Minimum temperature rating 
Nominal deflector to ceiling Maximum specified by Maximum specified by 1 4  (35.6) Maximum specified by 

distance, manufacturer manufacturer manufacturer 
in (cm) 

Sprinkler spacing, 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 
ft x ft (m x m) 

Nominal discharge pressure, 45 (31 0) 45 (31 0) 45 (31 0) 45 (31 0) 
psig (kPa) 

Ignition location Between four Between two on same branchline Under one See Note 
Duration of test after first sprinkler 30 30 30 30 

operation, min 
Note - Test scenario selected for this test is to be determined based upon the results of previous tests. 
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Table 55.22 
Fire Test Conditions for Nominal K=25.2 Pendent ESFR Sprinklers with a Propylene Glycol/Water Solution 

Test No. Test 1 Test 2 Test 3 Test 4 Test s Test 6 

Storage type Double row rack Double row rack Double row rack Double row rack Double row rack Double row rack 

Commodity type Std. Class I I  Std. Class I I  Std . Class I I  Std . Class 1 1  Std . Class I I  Std. Class I I  

Test array See Figure 55.25 See Figure 55.26 See Figure 55.26 See Figure 55.25 See Figure 55.27 See Figure 55.25 

Nominal storage height, 30 (9. 1 )  35 (1 0.7) 35 (1 0.7) 30 (9 . 1 )  4 0  (1 2.2) 30 (9 . 1 )  
ft (m) 

Nominal ceil ing height, 40 (1 2.2) 40 (1 2.2) 45.25 (1 3.8) 45.25 (1 3.8) 45.25 (1 3.8) 45.25 (1 3.8) 
ft (m) 

Sprinkler temperature Maximum temperature Maximum temperature Maximum temperature Maximum temperature Maximum temperature Maximum temperature 
rating rating rating rating rating rating rating 

Nominal deflector to 14 (35.6) 14  (35.6) 14 (35.6) 14 (35.6) 14 (35.6) 14 (35.6) 
ceiling distance, 

in (cm) 

Sprinkler spacing, 10 x 1 0  1 0  x 10  1 0  x 1 0  1 0 x  1 0  1 0  x 1 0  1 0 x  1 0  
ft x ft ( m  x m )  (3.0 x 3.0) (3.0 x 3.0) (3.0 x 3.0) (3.0 x 3.0) (3.0 x 3.0) (3.0 x 3.0) 

Nominal discharge 40 (276) 40 (276) 60 (414) 60 (414) 60 (414) 1 20 (818) 
pressure, 
psig (kPa) 

Ignition location Under one Between two on same Under one Between two on same Between four Between two on same 
branchline branchline 

Duration of test after 30 30 30 30 30 
first sprinkler operation, 

min 

UL COPYRIGHTED MATERIAL - NOT AUTHORIZED FOR FURTHER 
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30 



1 50 ANSl/CAN/UL/ULC 199 FEBRUARY 25, 2022 

Table 55.23 
Fire Test Conditions for Nominal K=28 Pendent ESFR Sprinklers for a 48 ft (1 4.6 m) Cei l ing Height 

Test 1 Test 2 Test 3 Test 4 

Storage type Double row rack Double row rack Double row rack Double row rack 

Commodity type Std . cartoned group A plastic Std . cartoned group A plastic Std . cartoned group A plastic Std. cartoned group A plastic 

Test array See Figure 55.24 See Figure 55.23 See Figure 55.23 See Figure 55.22 

Nominal storage height, 43 ( 13. 1 )  38 ( 1 1 .6) 38 ( 1 1 .6) 28 (8.5) 
ft (m) 

Nominal ceil ing height, 48 (1 4.6) 48 (1 4.6) 48 (1 4.6) 48 (1 4.6) 
ft (m) 

Nominal clearance to deflector, 5 (1 .5) 10 (3.0) 10 (3.0) 20 (6. 1 )  
ft (m) 

Sprinkler temperature rating Maximum temperature rating Minimum temperature rating Minimum temperature rating Minimum temperature rating 

Nominal deflector to ceiling Maximum specified by Maximum specified by 14 (35.6) Maximum specified by 
distance, in (cm) manufacturer manufacturer manufacturer 

Sprinkler spacing, 10 x 10 (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 10 x 10  (3.0 x 3.0) 10 x 10 (3.0 x 3.0) 
ft x ft (m x m) 

Nominal discharge pressure, 35 (24 1 )  35  (241 ) 35 (24 1 )  35  (241 ) 
psig (kPa) 

Ignition location Between four Between two on same branchline Under one offset Between two on same branchline 

Duration of test after first sprinkler 30 30 30 30 
operation, min 
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55.9.4 A nominal 4-ft ( 1 .2-m) length of 2 by 2 by 0.25 in (50 by 50 by 6 mm) steel angle beam shal l be 
mounted adjacent to the cei l ing above the ignition location . Five equally spaced Type K, or equ ivalent, 
thermocouples shall be embedded in the steel angle beam to measure its temperature. 

55.9.5 A means shall be provided to determine the time and number of sprinkler operations. Water 
pressure and flow shal l  be monitored and measured through cal ibrated flowmeters . Significant events 
shal l  be monitored and recorded using calibrated t iming devices located within the data acquisition system 
or manually recorded, as appl icable. 

55.9.6 The ign ition source shall consist of either two or four cel lu lose cotton igniters positioned with in  the 
array near floor level as specified in Figure 55. 1 6  - Figure 55.27 . Each igniter is half of a standard igniter 
constructed from a nominal 3-in (76-mm) diameter by nominal 3-in (76-mm) long bundle soaked with 4 
±0. 1 25 fl oz ( 1 1 8  ±3.7 ml) of gasol ine and wrapped in a polyethylene bag. 
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Figure 55.21 

Fire Test for Double Row Rack Storage of Cartoned Group A P lastic Commodity Nominal 40 ft (1 2.2 
m) High 

Class I I--

Group A--

Ignition location for under one sprinkler test scenario 
6 - Ignition location at base of array 

10 in 

5 ft 
(1 .5 m) t--
5 ft 
(1 .5 m) t--
5 ft 
(1 .5 m) t--
5 ft 
(1 .5 m) t--
5 ft 
(1.5 m) t--
5 ft 
(1.5 m) t--
5 ft 
(1.5 m) 

(Main Array) 
Plan View 

� 32 ft - 4 in (10 m) 

Ignition location for between two 
and between four sprinklers test 
scenarios 

39 ft - 8 in (12.1 m) 

(0.3 m) 
�-7n'777.777J?7z�77!1:777/.,-� 

s5309b 

(Main Array) 
Elevation View 
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Figure 55.22 

Fire Test for Double Row Rack Storage of Cartoned Group A P lastic Commodity Nominal 28 ft (8.5 
m) High 

Class I I  ---- 1 

Minimum aisle distance specified in 
manufacturer's installation instructions (typical) 

2 ft - 1  in 
10.64 m] 

5 ft 
11.S m] 

10 in 

5 ft 
11 .5 m] 

S ft 

[1.S m] 

5 ft 
11.5 m] 

5 ft 
[1 .S m] 

6 in 
115 cm] 

Main Array 

Plan View 

3 ft - 6  in 
11.1 m] 

-32 ft - 4 in 110 m] 

Ignition location for under one, between two, 
and between four sprinklers ignition scenarios 

• - Ignition location at base of array 

27 ft-11 in 18.5 m] 

10.3 m] .-----r.77777?777'77:;�77,�777,--� 

su0545c 

Main Array 

Elevation View 
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Figure 55.23 

Fire Test for Double Row Rack Storage of Cartoned Group A Plastic Commodity Nominal 38 ft (1 1 .6 
m) High 

Class I I ---

Group A ---

Minimum aisle specified in 
manufacturer's installation 

instructions (typical) 

2 ft -1 in 
[0.64 m] 

5 ft 
[1 .5 m] 

5 ft 
[1 .5 m] 

5 ft 
[1 .5 m] 

5 ft 
[1 .5 m] 

5 ft 
[1 .5 m] 

5 ft 
[1 .5 m] 

5 ft 
[1 .5 m] 

2.3 m] 
rft -6�" 

Main Array 
Plan View 

10 in -'-----'!¥'""""'11' 

3 ft - 6 in 
[1 .1 m] 

-32 ft - 4 in [10 m] 

Ignition location for under one, 
between two, and between 
four sprinklers ignition scenarios 

• - Ignition location at base of array 

37ft -11 in [ 1 1 .5 m ]  

[0.3 m].---777
7!7:
r,r,r,;
77z�,,,r,!77z

�--
� 

su0546c 

Main Array 
Elevation View 
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Figure 55.24 

Fire Test for Double Row Rack Storage of Cartoned Group A Plastic Commodity Nominal 43 ft (1 3.1 
m) High 

Minimum aisle distance specified in 

manufacturer's installation instructions (typical) 

su0547c 

2 ft -1 in 
[0.64 m] 

5 ft 
[1.5 m] 

5 ft 
[1.5 m] 

5 ft 
[1.5 m] 

5 ft 
[1.5 m] 

5 ft 
[1.5 m] 

5 ft 
[1.5 m] 

5 ft 
[1.5 m] 

5 ft 
[1 .5 m] 

r7�3;_q�in 

6 in 
[15 cm] 

Main Array 
Plan View 

Main Array 

Elevation View 

3 ft - 6 in 
[ 1 . 1  m] 

Ignition location for under one, 
between two, and between 
four sprinklers ignition scenarios 

• - Ignition location at base of array 

42 ft -11 in [ 1 3 m ]  
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Figure 55.25 

Fire Test for Double Row Rack Storage of Class II Commodity Nominal 30 ft (9.1 m) High 

Class II 

Ignition location for under one sprinkler test scenario 

• - Ignition location at base of array 

3 ft - 1 1  in 
(1 .2 m] 

10 in 

5 ft 
[1 .5 m] 

5 ft 
11 .5 m] 

5 ft 

(1 .5 m] 

5 ft 
l1 .5 m] 

5 ft 
(1 .5 m] 

Main Array 

Plan View 

-32ft - 4 in [10 m] 

Ignition location for between two 
and between four sprinklers test 
scenarios 

29 ft -9 in ( 9.0 m ]  

(0.3 m] .--�"7777/77/'77-7?'7."77m77/"r-_ _, 

su11 73b 

Main Array 

Elevation View 

UL COPY. D MATERIAL - THOR/ZED FOR FURTHER 

REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM UL INC. 



FEBRUARY 25, 2022 ANSl/CAN/UL/ULC 199 

Figure 55.26 

Fire Test for Double Row Rack Storage of Class I I  Commodity Nominal 35 ft (10 .7  m) High 

Class I I ---

Ignition location for under one sprinkler test scenario 
• - Ignition location at base of array 

3 ft -1 0 in 5 in 
[1 .2 m] [13 cm] 

5 ft 
[ 1 .5 m] 

5 ft 
[ 1 .5 m] 

5 ft 
[ 1 .5 m] 

5 ft 
[ 1 .5 m] 

5 ft 
[ 1 .5 m] 

5 ft 
[1 .5 m] 

10 in 

rft-6�' [2.3 m] 
ft -6 in 
[1 . 1 m] 

Main Array 
Plan View 

-32 ft -4 in [10 m] 

Ignition location for between two 
and between four sprinklers test 
scenarios 

34 ft -9 in [ 10.6 m ]  

[0.3 m] ,--------;-777/7;r,'77/'/7/.777i'777777r---� 

su1 174b 

Main Array 
Elevation View 
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Figure 55.27 

Fire Test for Double Row Rack Storage of Class I I  Commodity Nominal 40 ft (1 2.2 m) High 

Ignition location for under one sprinkler test scenario 
• - Ignition location at base of array 

3 ft -10 in 
[1.2 m] 

5 ft 
[1 .5 m] 

5 ft 
[1 .5 m] 

5 ft 
[1 .5 m] 

5 ft 
[1 .5 m] 

5 ft 
[1 .5 m] 

5 ft 
[1.5 m] 

5 ft 
[1.5 m] 

10 in 

5 in 
[13 cm] 

3 ft -6 in 
[1 . 1 m] 

-32 ft -4 in [10 m] 

Ignition location for between two 
and between four sprinklers test 
scenarios 

39 ft - 9 in [12 . 1 m] 

[0.3 m] .---/777/'7777/7;'7/7777/'777777--� 

su1 175b 

Main Array 
Elevation View 
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55. 1 0  Actual del ivered density (ADD) tests for pendent ESFR sprinklers having a nominal K­
factor of 1 4.0 or 1 6.8 

1 59 

55. 1 0 . 1  When tested as described i n  55. 1 0.3 - 55. 1 0 .8, a n  open ESFR pendent sprinkler having a 
d ischarge coefficient of 1 4 .0 or 1 6 .8 shall have a min imum 1 6-pan and minimum flue space (4-pan) 
average of not less than those values specified in Table 55.24 . In add ition,  the sum of the min imum 1 6-pan 
average and minimum flue space pan average values for the ten ADD tests shall not be less than the 
minimum sum values specified in notes (a) and (b) of Table 55.24 . 

Exception: An ESFR sprinkler is permitted to have ADD characteristics different from those specified in 
Table 55. 24, when fire suppression can be demonstrated during full scale fire tests representing the 
installation conditions, protected storage configurations, and protected commodity specified for the 
sprinkler. 
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Table 55.24 
Actual Del ivered Density (ADD) Measurement 

Test number Number of Sprinkler Pipe spacing Deflector to Freeburn Pressure for Direction of Minimum 16-
sprinklers spacing (ft) (ft) water collector convective spinkler K- feed flow pan average 

centered over clearance heat release factor 14/16.8 ADD, pans 1 -
the ADD (kBtu/min) (psi) 16 (gpm/ft2)0 

apparatus 

1 1 0 0 1 5  75 50/35 Double 0.28 

2 1 0 0 1 5  1 50 50/35 Double 0.28 
3 2 1 2  0 3 1 50 50/35 Double 0.25 

4 2 1 2  0 3 1 50 1 50/1 00 Double 0.35 

5 2 1 2  0 1 5  1 50 50/35 Double 0.20 
6 2 0 1 2  3 1 50 50/35 Double 0.25 

7 2 0 1 2  3 1 50 1 50/1 00 Double 0.40 
8 2 0 1 2  1 5  1 50 50/35 Double 0.20 
9 4 8 1 2  3 1 50 50/35 Double 0.50 

1 0  4 8 1 2  3 1 50 1 50/1 00 Double 0.60 
• Sum of minimum 1 6-Pan Average ADD = 3.8 gpm/ft2 for tests 1 - 1 0. 

b Sum of minimum Flue Space (4-Pan) Average = 4.6 gpm/ft2 for tests 1 - 10 .  

N/R - No minimum required . 
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55. 1 0.2  For dry-type sprinklers, the minimum and  maximum lengths to be  produced are to  be  tested . 

1 61 

55. 1 0 .3 The test arrangement is to be as shown in  Figure 55.28 - Figure 55.33. The test parameters for 
each test are to be as specified in Table 55.24. 

55. 1 0 .4 The enclosure for the tests is to be at least 30 by 30 by 28 ft (9. 1 by 9 . 1  by 8.5 m ) h igh .  A 
smooth, flat horizontal cei l ing at least 20 by 20 ft (6. 1 by 6 . 1  m ) in area is to be positioned in the center of 
the test enclosure. See Figure 55.29 for cei l ing height. 

55. 1 0 .5 Open ESFR sprinklers are to be i nstalled on 2 in (51 mm) diameter or larger piping with pendent 
style sprinkler deflectors positioned 1 3  ±1 in (330 ±25 mm ) below the cei l ing .  Figure 55.30 - Figure 55.33 
show sprinkler locations for each test. The piping grid is to be connected to a water supply system.  Each 
test is to be conducted three times with d ifferent sprinkler samples used for each test. 
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Figure 55.28 

ADD Test Arrangement - Plan View 
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Note: Each number 1 - 2 0  represents a collection pan;  collection pans 1 7  - 2 0  collect flue water and are t o  b e  located below 
collection pans 1 - 1 6  (see 55. 1 0.3). 
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Figure 55.29 

ADD Test Arrangement - Elevation View 
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Figure 55.30 

ADD Tests 1 and 2, One Sprinkler 
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Figure 55.32 

ADD Tests 6 - 8, Two Sprinklers 
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Figure 55.33 

ADD Tests 9 - 1 0, Four Sprinklers 

1 2 5 6 

< < 1 8  

1 1  1 2  1 5  1 6  

FEBRUARY 25, 2022 

c.o 

-+-' '+-

c.o 

UL COPYRIGHTED MATERIAL - NOT AUTHORIZED FOR FURTHER 

REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM UL INC. 



FEBRUARY 25, 2022 ANSl/CAN/UL/ULC 199 1 67 

55. 1 0 .6 Twenty automatic water collection pans are to be positioned as shown in  Figure 55.28. Each 
water col lection pan is to be 1 9 .7  in (0.5 m) square. Water collection pans 1 - 1 6  are to be located in four 
groups of four  pans. Each group of four pans is to be placed ins ide of a 42 by 42 by 40 in high ( 1 .07 by 
1 .07 by 1 .02 m high) container. The remaining four water collection pans 1 7  - 20 are to be positioned 24 in 
(6 1 0  mm) below the bottom of the four containers and rotated 45°. These water col lection pans are used 
to measure the amount of water discharged into them via the 6-in ( 1 52-mm) flue space between each 
group of four  pans. Each water collection pan is to be fitted with a 1 9 .7  by 1 9 .7  in (500 by 500 mm) l id . The 
lid is to be constructed so that the sprinkler discharge is directed into the automatic water col lection pan. 

55. 1 0 .7  To provide the specified rate of heat release for each test, a manifold of 24 heptane nozzles, in 
eight clusters of three, is to be located along the perimeter of flue collection pans 1 7  - 20, as shown in 
Figure 55.28 . The heptane nozzle clusters are to be positioned at the midpoint of each water collection 
pan. Each heptane nozzle is to have an integral stra iner, a rated flow of 5 gph ( 1 8.9 l/h ) and a 70° hol low 
cone discharge pattern . 

55. 1 0 .8 For each test, the cei l ing is to be positioned to provide the specified deflector to water collection 
pan clearance of 3 or 1 5  ft (0.9 or 4.6 m), as required by Table 55.24. The water and heptane flow rates 
are to be adjusted to their specified test values and the amount of water being d ischarged i nto the water 
col lection pans 1 - 1 6  and 1 7  - 20 is to be recorded for 5 min .  

55. 1 1  Fire tests for specific application sprinklers intended t o  protect windows 

55.1 1 . 1 General 

55. 1 1 . 1 . 1 Sprinklers intended to protect heat strengthened , tempered glazing materials with instructions 
to keep combustibles at least 2 in (50 .8 mm) away from g lazing surface shall be tested in accordance with 
CAN/ULC-S 1 36, Standard Method of Fire Test of Sprinkler Protected Window Systems using the minimum 
g lazing thickness specified in the manufacturer's installation i nstructions. 

55. 1 1 . 1 .2 Sprinklers complying with 55. 1 1 . 1 . 1 and also intended to protect fire rated glazing material 
without a l imitation for keeping combustibles at least 2 in (50 .8 mm) away from the glazing surface shal l  
comply with 55. 1 1 . 1 .3 when tested as described i n  55. 1 1 .2 . 1  - 55. 1 1 .3 .3 . 

55. 1 1 . 1 .3 When tested as described in 55. 1 1 . 1 . 1 and 55. 1 1 .2 . 1  - 55. 1 1 .3 .3 the glazing material shall not 
show any visual evidence of cracking or breakage for the duration of the test. 

55. 1 1 . 1 .4 The fire rated glazing referenced in 55. 1 1 . 1 .2 shall have the fol lowing characteristics: 

a) A fire rated window that demonstrated compliance with ANSI/UL 9, Standard for F ire Tests of 
Window Assembl ies with a minimum 20 min fire resistance rating and a hose stream rating .  

b) The area and height l imitations associated with the rating of the g lazing referenced in 
55. 1 1 . 1 .4(a) shall not be exceeded. 

c) The g lazing does not uti l ize a fi lm on the exterior surfaces. 

55.1 1 .2 Test arrangement 

55. 1 1 .2.1 Glazing test structure 

55. 1 1 .2 . 1 . 1 The glazing material is to be installed i n  a frame using the materials and components 
necessary for a complete installation. 
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55. 1 1 .2. 1 .2 The width of the glazing is not to be less than 6 ft (1 .8 m) and the height is to be the 
maximum referenced in the manufacturer's instructions for use with the glazing material tested. Butt 
joining sections of g lazing is permitted to be used to achieve the minimum g lazing width.  

55. 1 1 .2. 1 .3 The frame with the glazing installed in a vertical orientation is to be supported in a manner to 
provide stabil ity when exposed during the fire testing. 

55 . 1 1 .2 . 1 .4 The g lazing assembly is to be installed in a draft free room so that the flame from the fire 
source wil l  extend vertical ly above the pan containing heptane and against the surface of the glazing 
material. Barriers along the sides of the glazing assembly are permitted to be used , if they are needed to 
provide the requi red flame impingement on the glazing surface . 

55. 1 1 .2. 1 .5 Thermocouples are to be located on the exposed and non-exposed side of the glazing 
material at an elevation of 1 ft (0.3 m), 3 ft (0.9 m) and 5 ft ( 1 .5 m) d irectly above the top of the pan of 
heptane. See Figure 55.34. The thermocouples are to be secured to the g lazing material using a 
conductive, high temperature epoxy material capable of mainta in ing the thermocouple in the secured 
position. 
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Figure 55.34 

General Test Configuration 
Front elevation view of test arrangement 

Sprinkler Location: 
Sprinklers are to be installed horizontally away from 
glass and below the top of the glass at distances 
that are within the l imitations specified by the 
manufacturer. 
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55. 1 1 .2.2 F ire source 

55. 1 1 .2.2 . 1  A nominal 1 0  by 1 0  in (254 by 254 mm) square steel pan having a height of not less than 
1 .25 in (32 mm) contain ing not less than 50 oz ( 1 .5  L) of heptane is to be used as the fi re source. The 
freeboard distance above the l iquid to the top of the pan shall not exceed 0 .75 in (1 9 mm). 

55. 1 1 .2.2.2 The pan is to be slightly elevated above the floor and inset within the window frame so that 
the pan contacts the g lazing materia l .  

55. 1 1 .2.3 Sprinkler instal lation 

55. 1 1 .2.3 . 1  If the width of the g lazing does not exceed the sprinkler coverage width , one sprinkler is to be 
instal led at the center of the glazing. If the width of the glazing is greater than the sprinkler coverage width , 
two sprinklers shal l  be installed at their minimum al lowable d istance between the sprinklers. The sprinklers 
are to be instal led at distances below the top of the glazing and away from the surface of the glazing that 
are with in the criteria specified by the sprinkler manufacturer. 

55. 1 1 .2.3.2 One test is to be conducted using the min imum pressure specified by the manufacturer and 
a second test is to be conducted at the nominal 1 00 psig inlet pressure .  

55. 1 1 .2.3.3 For each test, open sprinklers are to be used and the desired discharge pressure is to be 
established using a manual ly or electron ically control led , qu ick opening type valve. Each sprinkler is to be 
suppl ied with piping having a nominal diameter of not less than 1 in (25 mm). 

55. 1 1 .2.3.4 The flow and pressure to the sprinkler is to be continuously recorded using ca l ibrated 
measuring instruments. 

55.1 1 .3 Test method 

55. 1 1 .3 . 1  To in itiate each test, the pan of heptane is to be ign ited and al lowed to burn freely for 5 min or 
when the g lazing temperature located 1 ft (0.3 m) above the pan of heptane reaches 932 °F (500 °C), 
whichever occurs last. 

55. 1 1 .3.2 At the end of the free-burn period , water is to be discharged from the sprinkler at the required 
in let pressure for not less than 30 s. 

55. 1 1 .3.3 After the sprinkler d ischarge, the glazing is to be visually examined for evidence of any 
cracking or breakage. 

55.1 2  Fire tests for specific application sprinklers intended for use in horizontal concealed 
spaces 

55.1 2.1 Open wood truss fire tests 

55.1 2.1 .1  General 

55. 1 2 . 1 . 1 . 1  When subjected to the fire tests described in 55. 1 2 . 1 . 1 . 1  - 55 . 1 2 . 1 .3 .6, water d ischarged 
from the sprinklers shall be capable of control l ing test fires originated in an open truss concealed space 
such that compliance with the following requirements are demonstrated :  

a) The sprinklers located beyond the draft curtains shall not operate. If testing is conducted without 
draft curtains, the sprinklers installed nearest the ends of the long side of the test structure shal l  not 
operate. 
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b) The sprinklers shal l discharge water into the space in such a manner to prevent the loaded wood 
trusses from col lapsing. 

55. 1 2. 1 . 1 .2 The temperature rating of the sprinklers subjected to the tests specified in 55. 1 2 . 1 .2 . 1  -
55. 1 2. 1 .3.6 shal l  be representative of the sprinkler temperature ratings referenced in the manufacturer's 
installation instructions. 

55. 1 2. 1 . 1 .3 Where sprinklers are intended to be i nstalled within an area enclosed by draft currents not 
exceeding 1 000 ft2 (92.9 m2) as referenced in the manufacturer's installation instructions, al l  of the 
sprinklers within the draft curtain area are to be included in the hydraul ic calculation for a sprinkler system 
design .  

55. 1 2 . 1 . 1 .4 Where sprinklers are intended to  be  installed without draft curtains or  i n  a draft curtain  area 
greater than 1 000 ft2 (92 .9 m2), the number of sprinklers requ ired to be i ncluded in the hydrau l ic 
calculation for a sprinkler system design, as referenced i n  the manufacturer's installation instructions, shal l  
be in accordance with one of the fol lowing:  

a) Al l  of the sprinklers within the draft curtain area, or 

b) Not be less than 1 50 % of the maximum number of sprinklers that operate during the fire test 
series, but no less than 6 sprinklers. In add ition ,  in no case shall the hydrau l ic design area 
referenced in the manufacturer's installation i nstructions be less than 1 000 ft2 (92 .9 m2) .  

55.1 2.1 .2 Test arrangement 

55.1 2.1 .2.1 Test structure 

55. 1 2. 1 .2 . 1 . 1 Fire tests shal l be conducted using open wood trusses having the minimum and maximum 
depth referenced in the manufacturer's installation instructions, but no greater than 60 in ( 1 .5 m).  Each test 
structure shall be constructed to have nominal d imensions of 40 ft (1 2 .2 m) long by 24 ft (7.3 m) wide to 
simulate the maximum draft curtain area of 1 000 ft2 (92 .9 m2) or up to 80 ft (24 .4 m) long by 24 ft (7.3 m) 
wide if  a larger draft curtain area is referenced in the manufacturer's installation instructions . Each test 
structure shal l  be constructed using a combination of 20 ft (6. 1 m) and 1 0  ft (3 m) long trusses spaced a 
nominal 24 in (61 0  mm) apart. Each truss shall be constructed of trade size 2 by 4 i n  (nominal 1 .5 in (38 
mm) by 3.5 in (89 mm) spruce, pine or fir lumber. Where the maximum draft curta in  area is greater than 
1 000 ft2 (92 .9 m2), the wood truss shall be the type with the top chord installed on its edge, unless the 
manufacturer's instal lation instructions l imits the sprinkler protection to wood trusses with the top chord 
installed flat (wide side). Figure 55.35 i l lustrates the typical wood trusses used to construct the test 
structure. The distance between trusses shall be permitted to be adjusted to provide the min imum 
obstruction d istance to the sprinkler. 
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Figure 55.35 

Typical Truss Detai l  
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Trusses constructed from trade size 2 by 4 inch (nominal 1 .5 inch [3.8 cm] by 3.5 inch 

[8.9 cm] lumber, cut to the size shown and connected with metal truss connector plates. 
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55. 1 2 . 1 .2 . 1 .2 Where required as referenced in  55. 1 2 . 1 . 1 .3 and 55 . 1 2 . 1 . 1 .4 , a d raft curtain having a 
depth of 1 /3 the height of the truss or 8 in (204 mm), wh ichever is greater, shal l  be installed around the 
perimeter of the test structure. The draft curtain shall be constructed of nominal 1 /4 in (6.4 mm) thick 
plywood. Tongue and groove oriented strand board having a nominal thickness of 3/4 in ( 1 9 mm) shall be 
instal led onto the top of the trusses and nominal 1 /2 in ( 1 2 .7  mm) thick gypsum board shal l be instal led 
onto the bottom of the trusses. A noncombustible material such as cement board is to be installed on top 
of the orientated stand board in the location of the ign ition to provide for the entrapment of hot gases in the 
event of a fire induced breach of the orientated strand board .  The bottom plane of the test structure is to be 
located above the floor of the test room to provide for accessibi l ity to replace structure members between 
tests . See Figure 55.35 for an i l lustration of a typical test arrangement. 

55. 1 2 . 1 .2 . 1 .3 To al low for the installation of sprinklers beyond the primary test area surrounded by the 
draft curtains, the upper plane of the structure is to be extended by 4 ft ( 1 .2 m) on each end. This extended 
area shal l  also be surrounded by draft curtains having the same depth as the draft curta ins used for the 
primary test area. See Figure 55.36 for add itional detai ls regarding the location of the draft curtains. 

55. 1 2 . 1 .2 . 1 .4 The two trusses nearest the ignition location shall be subjected to a load correlating to the 
maximum truss design load specified by the truss manufacturer. See Figure 55.37 for an i l l ustration of the 
typical loading arrangement. 
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Figure 55.36 

Open Wood Truss Fire Test Arrangement with a 1 000 ft2 (92.9 m2) Draft Curtain Area 

Draft curtain installed at the end of the trusses and also around the entire 
perimeter of the structure 
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Figure 55.37 
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55.1 2.1 .2.2 Ignition source 

55. 1 2 . 1 .2 .2. 1 For fire tests using the minimum depth trusses, a nominal 7 lb (3.2 kg) wood crib consisting 
of four alternate layers of four trade size 2 by 2 in ki ln-dried spruce of fir lumber 1 2  in (305 mm) long placed 
on top of 1 2  by 1 2  by 4 in (305 by 305 by 1 02 mm) steel pan containing 8 oz (0.24 L) heptane and 1 6  oz 
(0.48 L) water is to be used . For fire tests using the maximum depth trusses up to 36 in (91 cm), a nominal 
13 lb  (5 .9 kg) wood crib consisting of eight alternate layers of four trade size 2 by 2 i n  kiln-dried spruce or 
f ir lumber 1 2  in (300 mm) long p laced on top of 1 2  by 1 2  by 4 i n  (305 by 305 by 1 02 mm) steel pan 
contain ing 8 oz (0.24 L) heptane and 16 oz (0.48 L) water is to be used . For fire tests using the maximum 
depth trusses greater than 36 in (91 cm) but not exceeding 60 in (1 52 cm), a nominal 2 1  lb (9.5 kg) wood 
crib consisting of twelve alternate layers of four trade size 2 by 2 in ki ln-dried spruce or fi r lumber 1 2  in 
(300 mm) long placed on top of 12 by 12 by 4 in (305 by 305 by 1 02 mm) steel pan containing 12 oz (0.36 
L) heptane and 16 oz (0.48 L) water is to be used . For al l cribs, the alternate layers are to be placed at 
right angles to the adjacent layers and the individual wood members in each layer are to be evenly spaced 
along the length of the previous layer of wood members and stapled . 

55. 1 2 . 1 .2.2.2 After the wood crib is assembled, it is to be cond itioned at a temperature of 220 ±1 0 °F 
(1 04 ±5 °C) for not less than 24 h or  more than 72 h .  Following the cond itioning, the crib is to be placed in 
a plastic bag and stored at room temperature for at least 4 h before being used in a test. 

55.1 2.1 .2.3 Sprinkler instal lation 

55. 1 2 . 1 .2 .3. 1 Eight or more sprinklers are to be installed within the primary test area with the sprinklers 
nearest the ignition location at the maximum spacing referenced in the manufacturer's installation 
instructions. Additional target sprinklers are to be installed within the extended areas of the test structure 
to determine if sprinklers located beyond the primary test area operate. See Figure 55.36 for additional 
information regarding the location of the sprinklers. 

55. 1 2 . 1 .2.3.2 The sprinklers located within the primary test area are to be instal led onto a piping 
configuration having the sprinkler branch l ines connected to a nominal 1 - 1 /2 in diameter or larger supply 
piping to provide the required water flow to each sprinkler installed with in  the primary test area. The target 
sprinklers at the ends of the test structure are not requ ired to be connected to a water supply. 

55. 1 2 . 1 .2.3.3 Al l sprinklers are to be installed at the maximum distance below the upper deck referenced 
in the manufacturer's installation instructions. Sprinklers nearest the ign ition location shall be installed at a 
location that considers the obstruction l imitations referenced in the manufacturer's instal lation instructions. 

55.1 2.1 .3 Test method 

55. 1 2 . 1 .3 . 1  Tests are to be conducted with an ignition location between two sprinklers and between four 
sprinklers. Representative fire tests are to be conducted at ( 1 )  the minimum inlet pressure to the sprinklers 
referenced in the manufacturer's installation instructions when the sprinklers are installed at thei r  
maximum coverage area and (2)  the minimum al lowable inlet pressure to the sprinklers ,  but not less than 
7 psig (48kPa), when the sprinklers are installed with a coverage area less than the maximum coverage 
area referenced in the manufacturer's installation instructions. In no case shall the sprinkler d ischarge 
density be less than 0 . 1 0  gpm/ft2 (4 mm/min) .  

55. 1 2 . 1 .3 .2 If sprinkler protection is intended using both wet and dry sprinkler systems, fire tests shal l  be 
conducted using a simulated dry system. For the simulated dry system tests, the water delivery to the 
sprinklers shal l  be delayed 60 s after the first sprinkler operates. 

55. 1 2 . 1 .3 .3 The moisture content of the trusses in the area of the fire involvement shal l  be with in 6 to 
1 2  %.  
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55. 1 2 . 1 .3.4 For the fire tests using the minimum truss height, an opening slightly larger than the area of 
the top of the wood crib is to be provided in the bottom of the test structure to a l low for the instal lation of 
the ignition source. An adjustable platform is to be provided for the heptane pan so that the nominal 8 lb 
(3.6 kg) wood crib, which is placed on the top of the pan, can be i nserted through the opening and 
positioned so that the bottom of the crib is at the same elevation as the lower plane of the trusses. For the 
fire tests using the maximum truss height, both the heptane pan and wood crib are to be placed inside the 
test structure. 

55. 1 2 . 1 .3 .5 To in itiate each fire test, the heptane in the pan located beneath the crib is to be ignited . 

55. 1 2 . 1 .3 .6 The fire test is to be conducted for 30 min after the first sprinkler operates un less al l the 
combustibles are extinguished prior to this time. The water pressure suppl ied to the sprinklers shall be in 
accordance with 55. 1 2 . 1 .3. 1 . 

55.1 2.2 Solid and composite wood joist fire tests 

55.1 2.2.1 General 

55. 1 2 .2. 1 . 1  When subjected to the fire tests described in 55. 1 2 .2 . 1 . 1  - 55. 1 2 .2 .3 .6 , water d ischarged 
from the sprinklers shall be capable of control l ing test fires originated in an wood joist concealed space 
such that compliance with the following requirements are demonstrated : 

a) The sprinklers located beyond the draft curtains shall not operate. If testing is conducted without 
draft curtains, the sprinklers installed nearest the ends of the long side of the test structure shal l  not 
operate. 

b) When testing is conducted with composite wood joists, the sprinklers shal l  d ischarge water i nto 
the space in such a manner to prevent the loaded composite wood joists from col lapsing.  

55. 1 2 .2. 1 .2 The temperature rating of the sprinklers subjected to the tests specified in 55. 1 2 .2 . 1 . 1  -
55. 1 2 .2.3.6 shal l  be representative of the sprinkler temperature ratings referenced in the manufacturer's 
instal lation instructions. 

55. 1 2 .2. 1 .3 Where sprinklers are intended to be i nstalled within an area enclosed by draft currents not 
exceeding 1 000 ft2 (92.9 m2) as referenced in the manufacturer's installation instructions, all of the 
sprinklers within the draft curtain area are to be included in the hydraul ic calculation for a sprinkler system 
design .  

55. 1 2 .2 . 1 .4 Where sprinklers are intended to  be  installed without draft curtains or  i n  a draft curtain  area 
greater than 1 000 ft2 (92 .9 m2), the number of sprinklers requ ired to be i ncluded in the hydrau l ic 
calculation for a sprinkler system design, as referenced i n  the manufacturer's installation instructions, shal l  
be in accordance with one of the fol lowing:  

a) Al l  of the sprinklers within the draft curtain area, or 

b) Not be less than 1 50 % of the maximum number of sprinklers that operate during the fire test 
series, but no less than 6 sprinklers. In add ition ,  in no case shall the hydrau l ic design area 
referenced in the manufacturer's installation i nstructions be less than 1 000 ft2 (92 .9  m2) .  

55.1 2.2.2 Test arrangement 

55.1 2.2.2.1 Test room 

55. 1 2.2.2. 1 . 1 Fire tests shal l  be conducted using solid wood joists with a 1 2  in (30 cm) distance and the 
maximum distance between the bottoms of the upper plane joists to the top of the lower plane joists 
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referenced in the manufacturer's installation instructions, but no greater than 60 in ( 1 .5 m).  Each test 
structure shal l  be constructed to have nominal d imensions of 40 ft ( 1 2 .2 m) long by 24 ft (7.3 m) wide to 
simulate the maximum draft curtain area of 1 000 ft2 (92 .9 m2) or up to 80 ft (24 .4 m) long by 24 ft (7.3 m) 
wide if  a larger draft curtain area is referenced i n  the manufacturer's installation instructions. The tota l 
width of the area with joists instal led at the upper and lower planes shall be not less than 4 ft (1 .2 m) wider 
than the maximum sprinkler spacing referenced in the manufacturer's installation instructions. The upper 
plane of the test structure shal l  be constructed of nominal 2 by 1 2  in sol id wood joists spaced 1 6  i n  (406 
mm) apart with tongue and groove orientated strand board having a nominal thickness of 3/4 in ( 1 9  mm) 
installed onto the top of the joists. The orientated strand board is to be extended beyond the sides of the 
upper plane joists so that the total width of the upper deck is 24 ft (7.3 m) .  The lower plane of the test 
structure shall be constructed of nominal 2 by 6 in solid wood joists spaced 1 6  in (406 mm) apart with 
nominal 1 /2-in ( 1 2.7-mm) thick orientated strand board installed onto the bottom of the joists. The solid 
wood joists shall be made of spruce, pine or fir. Where the maximum draft curtain area is greater than 
1 000 ft2 (92.9 m2) ,  composite wood joists having the maximum depth referenced in the manufacturer's 
instal lation instructions shal l  be used for testing i n  the upper plane of the test structure, unless the 
manufacturer's installation instructions l imits the sprinkler protection to only solid wood joists. 

55. 1 2 .2.2. 1 .2 Where draft curtains are required i n  55. 1 2 .2 . 1 .3 and 55. 1 2 .2 . 1 .4 , each joist channel for the 
upper plane of the test structure shall be provided with blocking beyond the last row of sprinklers on each 
end of the primary test area. Sections of the wood joists are to be used to construct the blocking and are to 
span the entire width and depth of the joist channel . Draft curtains extending 1 /3 of the distance between 
upper and lower joists or 6 in (1 52 mm), whichever is greater, below the bottom of the upper joists is to be 
instal led around the perimeter of the test structure includ ing the blocked joist channels in the upper plane. 
The draft curtains shal l  be constructed of nominal 1 /4 in (6.4 mm) thick plywood . A noncombustible 
material such as cement board is to be installed onto the top of the orientated strand board in the location 
of the ignition to provide for the entrapment of hot gases in the event of a fire induced breach of the 
orientated strand board . See Figure 55.38 for an i l lustration of a typical test arrangement. 
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Figure 55.38 

Solid Wood Joist Test Arrangement with a 1 000 ft2 (92.9 m2) Draft Curtain Area 
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55. 1 2 .2.2 . 1 .3 To al low for the installation of target sprinklers beyond the primary test area surrounded by 
draft curtains, the upper plane of the test structure is to be extended by 4 ft ( 1 .2 m) on each end. This 
extended area shal l  a lso be surrounded by draft curta ins having the same depth as the draft curta ins used 
for the primary test area. See Figure 55.38 for additional details regard ing the location of the draft curta ins. 

55. 1 2 .2.2 . 1 .4 Where testing is conducted with composite wood joists, the two joists nearest the ign ition 
location shal l  be subjected to a load correlating to the maximum joist design load specified by the joist 
manufacturer. See Figure 55.37 for an i l lustration of the typical load ing arrangement. 

55.1 2.2.2.2 Ignition source 

55. 1 2 .2.2.2. 1 The ign ition source for each test is to consist of a wood crib, having a nominal weight of 
33 lbm ( 1 5  kg) ,  constructed of ten alternate layers of five trade size 2- by 2-in [nominal 1 - 1 /2- by 1 -1 /2-in 
(38. 1 - by 38. 1 -mm)] ki ln-dried spruce or fir lumber 20 in (508 mm) long.  The alternate layers of the lumber 
are to be placed at right angles to the adjacent layers. The ind ividual wood members in each layer are to 
be evenly spaced along the length of the previous layer of wood members and stapled to the adjacent 
members. 

55. 1 2 .2.2.2.2 After the wood crib is assembled, it is  to be cond itioned at a temperature of 1 20 ±1 0 °F (49 
±5 °C) for not less than 48 h prior to conducting the fire test. 

55. 1 2 .2.2.2.3 For each test, the crib is to be placed on four bricks, one at each corner of the crib, that are 
contained in a 21 by 21 by 4 in (533 by 533 by 1 02 mm) deep steel pan fi l led with 32 oz (0.95 L) of heptane 
on a 1 -in (25.4 mm) layer of water. A section of the lower joist(s) is to be removed to al low for the crib to be 
placed on the floor and positioned in location relative to the sprinklers.  

55.1 2.2.2.3 Sprinkler instal lation 

55. 1 2 .2.2.3. 1 Eight or more sprinklers are to be installed within the primary test area with the sprinklers 
nearest the ignition location at the maximum spacing referenced in the manufacturer's installation 
instructions. Additional target sprinklers are to be i nstalled at the ends of the test structure to determine if 
sprinklers beyond the primary test area operate. See Figure 55.38 for additional information regard ing the 
location of the sprinklers. 

55. 1 2 .2.2.3.2 The sprinklers located within the primary test area are to be instal led onto a piping 
configuration having the sprinkler branch l ines con nected to a 1 - 1 /2 in diameter or larger supply piping to 
provide the required water flow to each sprinkler installed within the primary test area . The target 
sprinklers at the ends of the test structure are not required to be connected to a water supply. 

55. 1 2 .2.2.3.3 Al l sprinklers are to be installed at the maximum distance below the bottom of the upper 
plane joists referenced in the manufacturer's instal lation instructions. 

55.1 2.2.3 Test method 

55. 1 2 .2.3 . 1  Tests are to be conducted with an ignition location between two sprinklers and between four 
sprinklers. Representative fire tests are to be conducted at ( 1 )  the minimum inlet pressure to the sprinklers 
referenced in the manufacturer's installation instructions when the sprinklers are installed at their 
maximum coverage area and (2) the minimum al lowable inlet pressure to the sprinklers ,  but not less than 
7 psig (48kPa), when the sprinklers are i nstalled with a coverage area less than the maximum coverage 
area referenced in the manufacturer's installation instructions. In no case shall the sprinkler d ischarge 
density be less than 0 . 1 0  gpm/ft2 (4 mm/min) .  
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55. 1 2.2.3 .2 If sprinkler protection is intended using both wet and dry sprinkler systems, fi re tests shall be 
conducted using a simulated dry system.  For the simu lated dry system tests, the water del ivery to the 
sprinklers shal l  be delayed 60 s after the first sprinkler operates. 

55. 1 2 .2.3.3 The moisture content of the joists in the area of the fire involvement shal l  be within 6 to 12 %. 

55. 1 2 .2.3.4 Both the heptane pan and wood crib are to be placed inside the test structure to provide the 
ignition source for the fire. 

55. 1 2 .2 .3 .5 To in itiate each fire test, the heptane in the pan located beneath the crib is to be ignited . 

55. 1 2 .2.3.6 The fire test is to be conducted for 30 min after the first sprinkler operation unless al l  the 
combustibles are extinguished prior to th is time. The water pressure at the sprinkler shall be in accordance 
with 55. 1 2 .2 .3. 1 . 

MANUFACTURING AND PRODUCTION TESTS 

56 General 

56. 1 The manufacturer shall provide regular production control, inspection, and tests. The program shal l  
include at least the tests specified in Production Leakage Test, Section 57, and Glass Bulb I ntegrity Test, 
Section 58 , for each sprinkler. 

57 Production Leakage Test 

57. 1  Each automatic sprinkler shall not leak when subjected to the appropriate hydrostatic test pressure 
as specified in Table 57. 1 , maintained for not less than 2 s. See 57.2 . 

Table 57. 1  
Test Pressures for the Production Leakage Test 

Rated pressure Test pressure 

psig (MPa) psig (MPa) 

1 75 ( 1 .2) 500 (3.4) 

250 ( 1 .7) 500 (3.4) 

300 (2. 1 )  600 (4. 1 ) 

57.2 Other test arrangements shal l be permitted to be uti l ized when determined to be equivalent. 

58 Glass Bulb Integrity Test 

58. 1  After being subjected to the production leakage test, a glass bulb sprinkler assembly shal l  be 
evaluated for integrity of the glass bulb for cracking, breaking, or other damage as indicated by the loss of 
flu id.  For example, the bubble in each glass bulb shall be examined at room ambient temperature. The 
sprinkler shal l  then be heated in a circulating air oven or l iquid bath to 9 ° F  (5 °C) below the minimum 
operating temperature range of the sprinkler. The bubble shal l  then be examined to determine the bubble 
size has been reduced in accordance with the glass bulb manufacturer's specifications. After cool ing,  the 
bubble size shal l  again be examined to determine the bubble returned to the original size with in  the 
tolerance al lowed by the glass bulb manufacturer. 
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MARKINGS 

59 General 

59. 1  A four- to six-character identification number, with no i ntervening spaces, shal l  be used to identify 
the manufacturer and sprinkler operating characteristics. The number shall be cast or d ie-stamped on the 
sprinkler deflector or on a visible non-operating part, which is not used to instal l the sprinkler. In addition ,  
the identification number for decorative ceil ing sprinklers is permitted to be located behind the cover plate 
that is removable with common tools, provided the number will be visible after the sprinkler is instal led and 
the cover plate is removed . 

59.2 The identification number shall consist of one or two Engl ish-alphabetic character(s) to identify the 
manufacturer, immediately fol lowed by three or four numbers (digits) to un iquely identify a sprinkler as to 
the K-factor (orifice size) or orifice shape, deflector characteristic, pressure rating and thermal sensitivity 
classification .  

59 .3 The deflector of sprinklers intended for horizontal sidewall instal lation shal l  be marked with the word 
"TOP". See 59.4 . 

59.4 The deflector of a vertical sidewall sprinkler shall clearly show its i ntended orientation with regard to 
the d i rection of flow. When an arrow is used to i nd icate the d irection of flow, it shal l be accompan ied by the 
word "FLOW". 

59.5 A sprinkler shall also be permanently marked with the temperature rating and year of manufacture 
on a visible, non-operating part. Sprinklers produced in the last 3 months of a calendar year shal l  be 
marked with the current year or the following year as the date of manufacture, and those produced in the 
first 6 months of a calendar year shall be marked with the preced ing year or the current year as the date of 
manufacture. 

59.6 The frame arms of automatic sprinklers of the various temperature ratings shal l  be colored in 
accordance with the color code designated in Table 9 . 1 . 

Exception No. 1: The color identification for coated sprinklers shall be permitted to be a dot on the top of 
the deflector, the color of the coating material, or colored frame arms. 

Exception No. 2: Frame arm color identification is not required for plated or painted sprinklers, ceiling 

sprinklers, or similar decorative types. 

Exception No. 3: Frame arm or dot color identification is not required for sprinklers having glass bulb heat 
responsive elements color coded in accordance with Table 9. 1 . 

59.7 Plated ,  painted , or coated decorative sprinklers shall be provided with a d istinctive means to identify 
these finishes as being applied at the factory such as unplated or uncoated components. 

59.8 When a manufacturer produces sprinklers at more than one factory, each sprinkler shal l  have a 
d istinctive marking to identify it as the product of a particular factory. 

59.9 When g lass bulb sprinklers are manufactured with more than one supplier of glass bulbs, each 
sprinkler shal l  have a distinctive marking to identify the frangible bulb manufacturer. 

59 . 1 0  An escutcheon intended for instal lation with recessed and concealed type sprinkler assembl ies 
and not attached by the manufacturer shall be marked as follows: "FOR USE WITH (SPRI NKLER 
IDENTI F ICATION NUMBER(S) AND SPRIN KLER TEMPERATURE RATI NG(S))." 
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59. 1 1  The cover plate for a concealed sprinkler shall be marked with the words:  "DO NOT PAI NT" on the 
exterior surface. 

59. 1 2  Protective covers shall be orange in color and shall be marked to ind icate that the cover must be 
removed before the sprinkler system is placed in service. The marking shall be placed on the cover so it is 
visible after sprinkler installation . 

59. 1 3  Sprinkler guards shall be marked with the name or identifying symbol of the manufacturer or 
private labeler; and the model designation. 

INSTALLATION INSTRUCTIONS 

60 Manufacturer's Installation Instructions 

60. 1 Each package of sprinklers shall be provided with manufacturer's instal lation instructions or with a 
statement indicating that the instructions are available from the manufacturer. 

60.2 For al l  sprinkler types, the instructions shall i nclude the following where applicable: 

a) Nominal d ischarge coefficient (K-factor), for residential sprinklers the referenced discharge 
coefficient shall be with in the al lowed range described in 53. 1 ; 

b) Response type; 

c) Rated pressure; 

d)  Minimum distance between sprinklers when the min imum distance exceeds 6 ft (1 .8 m) for 
standard coverage sprinklers and 8 ft (2.4 m)  for other sprinklers;  

e) Installation position ; 

f) Maximum and minimum distances of sprinkler deflector from cei l ing and/or wa l l  if this is not 
specified in the installation standard (standard and extended coverage sidewal l  sprinklers shal l  
specify the ranges for deflector d istances below the cei l ing of 4 - 6, 6 - 1 2 , 12 - 1 8 , 4 - 1 2 ,  4 - 1 8 , 
or 6 - 1 8  in ( 1 02 - 1 52 mm), ( 1 52 - 305 mm), (305 - 457 mm), ( 1 02 - 305 mm) ( 1 02 - 457 mm), or 
(1 52 - 457 mm); 

g)  For recessed and concealed sprinklers, an ind ication as to whether the sprinkler is required to 
be vented. If venting is a required , a statement indicating that installation with a positive pressure 
above the housing is not permitted ; 

h) Sprinkler identification number; 

i )  Manufacturer's installation tool(s ); 

j) A statement requiring removal of protective cover; 

k) Minimum rated flows for residential, extended coverage and specific appl ication sprinklers; 

I )  Coverage area dimensions for sprinklers other than sprinklers intended for standard coverage 
areas; 

m) Instructions for proper assembly and instal lation of cei l ing sprinklers ;  

n)  For dry upright type sprinklers, the min imum requ ired in let pressure; 
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o) For dry type sprinklers, the K-factor for dry sprinkler lengths that are less than the nominal range 
specified in Table 1 1 . 1 ; 

p) For dry sprinklers intended to be installed in dry systems, i nformation on the appropriate 
sprinkler-fitting compatibil ity, to minimize the potential to accumulate water, scale, and sediment of 
the sprinkler inlet and provide for an unobstructed flow path upon operation ; 

q )  Type of cei l ing configuration, if different from that referenced in the instal lation standard ; 

r) I nd ication that the sprinkler is to be i nstalled i n  accordance with the requ i rements of the Standard 
for the Instal lation of Sprinkler Systems, NFPA 1 3, the Standard for the Instal lation of Sprinkler 
Systems In  Low-Rise Residential Occupancies, NFPA 1 3R, or the Standard for the Installation of 
Sprinkler Systems in One- and Two-Family Dwell ings and Manufactured Homes, NFPA 1 30,  as 
appl icable; 

s)  Coverage area dimensions for sprinklers other than sprinklers i ntended for standard coverage 
area. 

60.3 In add ition to 60.2 , the manufacturer's i nstallation instructions for ESFR, Standard Coverage 
Storage and Extended Coverage Storage sprinklers shall include the following where applicable, if the 
criteria is d ifferent from that specified in the referenced instal lation standard : 

a) Commodity or commodities to be protected; 

b) Storage arrangements al lowed ; 

c) Instal lation and obstruction criteria ;  

d )  Maximum cei l ing and storage heights with associated min imum operating pressures ; 

e) Min imum number of sprinklers required to be included in the hydraul ic calculation ;  

f) Hose stream al lowance and duration . 

60.4 For residential sprinklers, the minimum specified water d ischarge rates in 60.2 (k) and ( I )  shal l  not 
be less than those specified in Table 60. 1 . The minimum flow rating for a sprinkler shal l  be the same for 
single and mu ltiple operating sprinklers. 

UL COPYRIGHTED MATERIAL - NOT AUTHORIZED FOR FURTHER 

REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM UL INC. 



FEBRUARY 25, 2022 ANSl/CAN/UL/ULC 199 185 

Table 60.1 
Minimum Rated Sprinkler Flow Rates 

Upright, pendent, recessed pendent, flush, and concealed sprinklers 

Spacing, ft (m) Minimum flow, gpm (l/m) 

12 x 1 2  (3.7 x 3.7) 8 (28) 

14 x 14  (4.3 x 4.3) 1 0  (37) 

1 5  x 1 5  (4.6 x 4.6) 1 2  (45) 

1 6  x 1 6  (4.9 x 4.9) 1 3  (49) 

1 8  x 1 8  (5.5 x 5.5) 1 7  (64) 

20 x 20 (6.1 x 6 . 1 ) 20 (76) 

Sidewall sprinklers 

Spacing, ft (m) Minimum flow, gpm (l/m) 

12 x 1 2  (3.7 x 3.7) 8 (28) 

14 x 14  (4.3 x 4.3) 1 0  (37) 

1 5  x 1 5  (4.6 x 4.6) 1 2  (45) 

1 6  x 1 6  (4.9 x 4.9) 1 3  (49) 

1 8  x 1 8  (5.5 x 5.5) 1 7  (64) 

20 x 20 (6.1 x 6 . 1 ) 20 (76) 

16 x 1 8  (4.9 x 5.5) 1 5  (57) 

16 x 20 (4.9 x 6. 1 )  1 6  (61 ) 

1 8  x 20 (5.5 x 6. 1 )  1 8  (69) 

Note - The minimum rated flows for sidewall sprinkler spacings other than those specified in this table shall not be less than a flow 
correlating to a 0.05 gpm/ft2 (2 mm/min) discharge density. 

60.5 For polymeric sprinklers described in Section _Ll, the following shall be provided in the instructions: 

a) I nformation indicating that the sprinklers are l im ited for installation and use in accordance with 
Standard for Instal lation of Sprinkler Systems in One- and Two-Family Dwel l ings and Mobile 
Homes, NFPA 1 30 when attached to plastic sprinkler pipe and fittings only. 

b) For sprinklers with polymeric inlet threads, the type of thread sealant to be used and the 
maximum torque to be used to tighten the i n let thread into a fitt ing shall be specified . 

c) Minimum installation temperature. 

d) Indoor use on ly, or both indoor and outdoor i nstallations.  

60.6 For sprinkler guards, the method of assembly and sprinklers intended for use with the guard shal l  
be referenced by the sprinkler identification number shal l  be referenced in the instructions. 
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AN NEX A ( Informative) 

A1 TOLERANCE LIMIT CALCULATION METHODS 

FEBRUARY 25, 2022 

A 1 . 1 The calculation methods for determining compl iance with the tolerance l imit requirements specified 
in 1 7  .2 . 1  and 33.3 . 1  are described in A 1 .2 - A 1 .5 . -- -- -- --

A1 .2 Record the sample operation t ime in decimal form . 

A 1 .3 Calcu late the mean and unbiased standard deviation . The sample unbiased standard deviation (S) 
is calcu lated from the formula: 

S =  

in  which : 

X = sample mean 

n -

L (Xj - X)2 
i= l 

n - 1 

X; = individual values of each sample tested 

n = number of samples tested 

A 1 .4 Determine K, where K is a factor specified in Table A 1 . 1 (Table for K, Factors for One-Sided 
Tolerance Limits for Normal Distributions): 

a) I n  calculations for the Strength of Heat Responsive Element Test for Glass Bulb Types (1 7 .2 . 1  ) ,  
use columns one and  two of  Table A 1 . 1 . 

b) I n  calculations for the Response Test for Ceil ing and Recessed Type Sprinklers - Ordinary and 
I ntermediate Temperature Rated (31 .3) ,  use columns one and three of Table A 1 . 1 . 

A1 .5 The steps to complete the comparison with the requ irements specified in 1 7 .2 . 1  are to be 
performed as ind icated in Figure A 1 . 1 . The steps to complete the comparison with the requ irements of 
33.3.3 are to be performed as ind icated in Figure A 1 .2 . 
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Table A1 . 1  

Strength of heat responsive element test for Response test for ordinary and intermediate 
glass bulb types temperature rated cei l ing sprinklers 

( including concealed, flush, and recessed) 

(1 7.2.1 ) (33.3) 

v = 0.99 v = 0.95 

p = 0.99 p = 0.99 

n (99 % of samples) (99 % of samples) 

1 0  5.075 3.981 

1 1  4.828 3.852 

1 2  4.633 3.747 

1 3  4.472 3.659 

1 4  4 .336 3 .585 

1 5  4.224 3 .520 

1 6  4 . 1 24 3.463 

1 7  4 .038 3 .4 1 5  

1 8  3.961 3 .370 

1 9  3.893 3.331 

20 3.832 3.295 

2 1  3.776 3.262 

22 3.727 3.233 

23 3.680 3.206 

24 3.638 3 . 1 81 

25 3.601 3 . 1 58 

30 3.446 3 .064 

35 3 .334 2 .994 

40 3.250 2 .941  

45 3 . 1 81 2 .897 

50 3 . 1 24 2 .863 
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Sample Bulb Strength 

Values, lbs (Kg) 

X1 [Mean Bulb Strength, lbs (Kg)] 

S1 [Sample Unbiased Standard Deviation for X1 lbs (Kg)] 

X2 [Mean Assembly Load, lbs (Kg)] 

S2 (Sample Unbiased Standard Deviation for X2) 

Figure A1 .1  

K1 (Bulb Strength Factor from Table A 1 . 1 for y = 0.99 and P = 0.99) 
K2 (Assembly Load Factor from Table A 1 . 1  for y = 0.99 and P = 0.99) 
TL2 (Upper Tolerance Limit for Sprinkler Assembly Load = X2 + K2S2) 

TL1 (Lower Tolerance Limit for Bulb Strength = X1 - K1S1 ) 

Sample Data Is Capable Of Being Used When TL1 > 2TL2 

Min:Sec = Min (Decimal) 

X (Mean Sample Sprinkler Operating Time, Min) 

S (Sample Unbiased Standard Deviation, Min) 

n (Sample Size) 

K (Factor from Table A 1 . 1 for y = 0.95 and P = 0.99 
TL (Tolerance Limit = X + KS) 

Sample Data Is Capable Of Being Used When: 

Figure A1 .2 

TL � 3 . 1 5  For Intermediate Temperature Rated Ceiling Sprinklers 

FEBRUARY 25, 2022 

Sprinkler Assembly Load 

Values, lbs (Kg) 

Min:Sec = Min (Decimal) 
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AN NEX 8 ( Informative) 

Table 81 
Template for Pendent Residential Sprinkler Rating Data 

Company Name and Sprinkler Identification Number, 4.9 K-Factor Pendent Sprinkler 

Ordinary temp rating Intermediate temp rating 
Minimum 

Max. coverage area Max. spacing ( 155 °F/68 °C) (1 75 °F/79 °C) Deflector to 
ft x ft (m x m) ft (m) Flow GPM Pressure PSI Flow GPM Pressure PSI ceil ing spacing 

(Umin) (bar) (Umin) (bar) 
ft (m) 

12 x 12 (3, 7 x 3, 7) 12 (3,7) 13 (49,2) 7 (0,48) 13 (49,2) 7 (0,48) 
1 -3/8 to 4 in 

14 x 14 (4,3 x 4,3) 1 4  (4 ,3) 13 (49,2) 7 (0,48) 13 (49,2) 7 (0,48) or 1 /2" 

1 6 X  16 (4,9 X 4,9) 16 (4 ,9) 13 (49,2) 7 (0,48) 13 (49,2) 7 (0,48) recessed 8 (2,4) 
using Style 

1 8  x 1 8  (5,5 x 5,5) 18 (5,5) 17 (64.3) 12 (0,83) 17 (64.3) 12 (0,83) 20 

20 x 20 (6, 1 x 6, 1 )  20 (6 , 1 )  2 0  (75,7) 1 6 .7 (1 , 15 )  20  (75,7) 1 6 .7 (1 , 15 )  
Escutcheon 

For ceiling sprinklers, refer to NFPA 13 ,  NFPA 1 3R or NFPA 1 30 .  

Table 82 
Template for Horizontal Sidewal l  Residential Sprinkler Rating Data 

Company Name and Sprinkler Identification Number TY1334, 4.2 K-Factor Horizontal Sidewall Sprinkler 

Ordinary temp rating Intermediate temp rating 
Top of Minimum 

Max. coverage area Max. spacing (1 55 °F/68 °C) ( 175 °F/79 °C) 
deflector to spacing 

ft x ft (m x m) ft (m) Flow GPM Pressure PSI Flow GPM Pressure PSI ceiling ft (m) 
(Umin) (bar) (Umin) (bar) 

12 x 1 2  (3,7 x 3,7) 12 (3,7) 12 (45,4) 8.2 (0,57) 12 (45,4) 8.2 (0,57) 4 to 6 in ( 1 02 
1 4  x 1 4  (4,3 x 4,3) 14 (4 ,3) 14 (53,0) 1 1 . 1 (0,77) 16 (60,6) 1 4.5 ( 1 ,00) to 1 52 mm); 

1 /2" 
1 6 X 1 6 (4,9 X 4,9) 16 (4 ,9) 16 (60,6) 1 4 .5 (1 ,00) 16 (60,6) 1 4.5 ( 1 ,00) recessed 

1 6 X 1 8 (4,9 X 5,5) 16 (4 ,9) 19 (71 ,9) 20.5 (1 ,41 ) 1 9  (71 ,9) 20.5 ( 1 ,41 ) using Style 
20 

1 6  x 20 (4,9 x 6 , 1 ) 1 6  (4 ,9) 23 (87, 1 )  30.0 (3,07) 23 (87, 1 )  30.0 (3,07) Escutcheon 

12 x 1 2  (3,7 x 3,7) 12 (3,7) 13 (49,2) 9.6 (0,66) 13 (49,2) 9.6 (0,66) 
8 (2,4) 

6 to 12 in 
1 4  x 14 (4 ,3 x 4,3) 1 4  (4 ,3) 17 (64,3) 1 6 .4 (1 , 1 3) 1 8  (68, 1 )  1 8.4 ( 1 ,27) ( 1 52 to 305 

mm); 1 /2" 
1 6 X 1 6 (4,9 X 4,9) 16 (4 ,9) 18 (68, 1 )  1 8 .4 (1 ,27) 18 (68, 1 )  1 8.4 ( 1 ,27) recessed 

1 6 X 1 8 (4,9 X 5,5) 16 (4 ,9) 21  (79,5) 25 ( 1 ,72) 21  (79,5) 25 (1 ,72) using Style 
20 

1 6  x 20 (4,9 x 6, 1 )  1 6  (4 ,9) 26 (98,4) 38.3 (2,64) 26 (98,4) 38.3 (2,64) Escutcheon 

For ceiling sprinklers, refer to NFPA 13 ,  NFPA 13R or NFPA 1 30. 
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Table 83 
Template for General Information on Storage Sprinklers 

Table 1 - Sprinkler General  Information 

Item Description 

Sprinkler Identification Number (SIN)  xxxx 

K Factor, (gpm/epsi) ( lpm/e bar) 1 1 .2/1 4/1 6.8/1 9 .6/22. 1 /25.2/28 

Thread Size 1 /2 in ,  3/4 in or 1 in  

Sprinkler Orientation Pendent/Upright/Sidewal l  

Maximum Working Pressure, psi (bar) 1 75 psi ( 1 2  bar) 

UL COPYRIGHTED MATERIAL - NOT AUTHORIZED FOR FURTHER 

REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM UL INC. 



FEBRUARY 25, 2022 ANSl/CAN/UL/ULC 199 191 

Table 84 
Template for Specific Design Information for ESFR Sprinklers 

Table 2 - Commodity Selection And Design Criteria For Model XYZ ESFR Sprinklers 

Storage Type NFPA 

Sprinkler Type ES FR/CM SA/CM DA 

Response Type ESFR/QR/SR 

System Type Wet/Dry/Pre-action/Deluge 

Temperature Rating °F (°C) 1 65 °F (74 °C) 

Open Frame (that is, no solid shelves) Single, 
Double, Mu ltiple-Row, 

Refer to NFPA 1 3  
or Portable Rack Storage of Class I- IV and Group 

A or B Plastics 

Solid Pile or Palletized Storage of Class I- IV and 
Refer to NFPA 1 3  Group A or B Plastics 

Idle Pal let Storage Refer to NFPA 1 3  

Rubber Tire Storage Refer to NFPA 1 3  

Rol led Paper Storage 
Refer to NFPA 1 3  (Refer to the standard . )  

Flammable Liquid Storage 
Refer to NFPA 30. (Refer to the standard . )  

Aerosol Storage 
Refer to NFPA 308. (Refer to the standard . )  

Automotive Components in Portable Racks 
Refer to NFPA 1 3  (Control mode only, refer to the standard . )  

UL COPYRIGHTED MATERIAL - NOT AUTHORIZED FOR FURTHER 

REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM UL INC. 



1 92 ANSl/CAN/UL/ULC 1 99 FEBRUARY 25, 2022 

Table BS 
Template for Specific Design Information for Specific Appl ication Sprinklers 

Table 3 - Commodity Selection And Design Criteria For Model XYZ Specific Appl ication 
Sprinklers 

Description Certification Information 

Sprinkler Type ESFR/CMSA/CMDA 

Temperature Rating °F  (°C) 1 65 °F (74 °C) 

Response Type ES FR/QR/SR 

Sprinkler Position 
Pendent, frame arms al igned with pipe, deflectors 

parallel with cei l ing or roof 

System Type Wet/Dry/Pre-action/Deluge 

Maximum Area of Coverage 1 00 ft2 30.5 m2 

Minimum Area of Coverage 64 ft2 1 9.5 m2 

Maximum Slope Cei l ing 2 in rise for 1 2  in run 

Maximum Spacing 10 ft (3. 1  m) 

Minimum Spacing 8 ft (2.4 m) 

Min imum of 4 in ( 1 00 mm) from wal ls but no more 
Deflector Distance from Walls than 1 /2 the al lowable d istance permitted between 

sprinklers 

Deflector to Top of Storage Minimum of 36 in (0.9 m) 

Deflector to Ceil ing Distance 6 to 1 4  in ( 1 52 mm to 355 mm) 

Maximum Ceil ing Height 48 ft ( 1 4 .6 m) 

Maximum Storage Height 43 ft ( 1 3. 1  m) 

Palletized, sol id piled , open frame; s ing le row, 
Storage Arrangement double row, or multiple row and portable rack 

arrangement 

Commodity Class I- IV, Cartoned unexpanded plastic 

NFPA 1 3  for ESFR Sprinklers based upon 45 psi 
Sprinkler System Design (3. 1 bar) design pressure 1 69 gpm (640 lpm) with 

1 2  sprinkler remote area 

Obstruction Criteria 
Reference NFPA 1 3  and/or manufacturers 

technical data sheet 

Min imum Aisle Width 8 ft (2.4 m) 

Hose Stream al lowance and Water Supply 250 gpm for 60 min or as determined by the 
Duration approval (950 lpm for 60 min) 
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