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Preface

This is the Thirteenth Edition of ANSI/CAN/UL/ULC 199, Standard for Automatic Sprinklers for Fire-
Protection Service.

ULSE 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 Co

uncil of Canada (SCC) as a Standards Development Organization (SDO).

This Standard has been developed in compliance with the requirements of ANSI and SCC for
accreditation of a Standards Development Organization.

This ANSI/C
approved in
Development
date of public

Annexes A ar

In Canada, th
and English.
markings and

This Thirteen
and now supe

Requests for
worded in suq
concerned.

Comments orf
should be suk
at https://csd{

Our Standard
should be alt
those Standa

AN/UL/ULC 199 Standard is under continuous maintenance, whereby-éa
compliance with the requirements of ANSI and SCC for accreditation” of
Organization. In the event that no revisions are issued for a period of/four \
btion, action to revise, reaffirm, or withdraw the standard shall be initiated.

d B, identified as Informative, are for information purposes only.

ere are two official languages, English and French. All safety warnings mus
Attention is drawn to the possibility that some Canadian authorities may req
or installation instructions to be in both official langtages.

h Edition Joint American National Standard’and National Standard of Canad
rsedes, the Twelfth Edition of UL 199 andithe Second Edition of ULC/ORD-C1

interpretation of this Standard should be sent to ULC Standards. The reque
h a manner as to permit a “yes?or “no” answer based on the literal text of th

proposals for revisions on‘any part of the Standard may be submitted at any ti
mitted via a Proposal.Request in the Collaborative Standards Development S
.ul.com.

5 for Safety«are ‘copyrighted by ULSE Inc. Neither a printed nor electronic copy
bred in any-way. All of our Standards and all copyrights, ownerships, and ri
ds shallkremain the sole and exclusive property of ULSE Inc.

ch revision is
a Standards
ears from the

t be in French
uire additional

A is based on,
D9.

bsts should be
e requirement

me. Proposals
ystem (CSDS)

of a Standard
phts regarding

This Edition g

f the Standard has been formally approved by the Technical Committee (TQ

) on Sprinkler

Equipment For Fire Protection, TC 199.

This list represents the TC 199 membership when the final text in this standard was balloted. Since that
time, changes in the membership may have occurred.
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International Classification for Standards (ICS): 13.220.01, 13.220.10, 13.220.20

For information on ULSE Standards, visit http://www.shopulstandards.com, call toll free 1-888-853-3503 or
email us at ClientService@shopULStandards.com.

This Standard is intended to be used for conformity assessment.

The intended primary application of this standard is stated in its scope. It is important to note that it
remains the responsibility of the user of the standard to judge its suitability for this particular application.

CETTE NORME NATIONALE DU CANADA EST DISPONIBLE EN VERSIONS FRANCAISE ET
ANGI AISE
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INTRODUCTION
1 Scope

1.1 These requirements cover automatic sprinklers including conventional, spray, sidewall, extended
coverage, residential, certain specific application sprinklers and storage sprinklers including early
suppression fast response (ESFR) intended for installation on sprinkler systems for fire-protection service.
Requirements for the installation and use of sprinklers are included in the National Building Code of
Canada, Standards for the Installation of Sprinkler Systems, NFPA 13; Installation of Sprinkler Systems in
One- and Two-Family Dwellings and Manufactured Homes, NFPA 13D; and Installation of Sprinkler

Systems in Low-Rise Residential Occupancies, NFPA 13R; as well as other applicable NFPA Standards.

1.2 The req
and other tes
NFPA 13, tha

2 Compone

2.1
requirements

Except as indicated in 2.2, a component of a product covered by this*standard shall ¢

Lirements in this standard are not intended to restrict the application of rep

are intended to provide protection for specific fire hazards.

nts

for that component.

sentative fire

s for special sprinklers, as referenced in Standard for the Installation of-Spfipkler Systems,

bmply with the

2.2 A compgnent is not required to comply with a specific requirement that:
a) Invplves a feature or characteristic not required\in the application of the conjponent in the
produgt covered by this standard, or
b) Is siperseded by a requirement in this standard.
2.3 A compénent shall be used in accordance with its rating established for the intended conditions of
use.
2.4 Specific| components are incomplete in construction features or restricted in| performance
capabilities. $uch components .are intended for use only under limited conditions, such as certain
temperatures|not exceeding specified limits, and shall be used only under those specific conditions.

3 Units of Mleasurements

3.1 Where
responsibility

values—~0f measurement are specified in both Sl and U.S. Customary U
of the’user of this standard to determine the unit of measurement appropriate

needs.

nits, it is the
for the user's

4 Normative References

4.1

may be essential for compliance.

American Society of Mechanical Engineers (ASME) Standards

ANSI/ASME B1.20.1, Standard on Pipe Threads, General Purpose, Inch

American Society for Testing and Materials (ASTM) Standards

ASTM B117, Standard Practice for Operating Salt Spray (Fog) Apparatus

The following standards are referenced in this standard, and portions of these referenced standards
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ASTM E11, Standard Specification for Woven Wire Test Sieve Cloth and Test Sieves

ASTM E1354, Test Method for Heat and Visible Smoke Release Rates for Materials and Products Using
an Oxygen Consumption Calorimeter

National Fire Protection Association (NFPA) Codes and Standards
NFPA 13, Standard for the Installation of Sprinkler Systems

NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and Two-Family Dwellings and
Manufactured Homes

NFPA 13R, Standard for the Installation of Sprinkler Systems in Low-Rise Residential Occupancies
NFPA 30, Flammable and Combustible Liquids Code

NFPA 30B, Cqgde for the Manufacture and Storage of Aerosol Products
National Resg¢arch Council Canada

National Buildlng Code of Canada

UL Standardg
UL 9, Standardgl for Fire Tests of Window Assemblies

UL 157, Stanaard for Gaskets and Seals

UL 723, Standard for Test for Surface Burning Characteristics of Building Materials
UL 746C, Standard for Polymeric Materials — Use in Electrical Equipment Evaluations
ULC Standards

CAN/ULC-S1Q2, Method of Test for Surface Burning Characteristics of Building Materials anq Assemblies

CAN/ULC-S136, 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 DENSITY (ADD) — The rate at which water, discharged from a sprinkler, is
actually deposited onto the top of the protected horizontal surface under a fire condition.

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

5.4 AUTOMATIC SPRINKLER — 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 disc). A sprinkler is installed on piping so that a spray of water is discharged in a
specific pattern for suppression or control of fires.
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5.5 CEILING SPRINKLER — See Concealed Ceiling Sprinkler (5.7), Flush Ceiling Sprinkler (5.18) and
Recessed Ceiling Sprinkler (5.28).

5.6 COATED, PAINTED, OR PLATED SPRINKLER — A sprinkler that has factory applied coatings, paint,
or platings for corrosion protection or decorative purposes.

5.7 CONCEALED CEILING 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 13.

5.9 CONTR})L MODE SPECIFIC APPLICATION (CMSA) STORAGE SPRINKLER~| A sprinkler
intended for fhe protection of stored commodities as referenced in NFPA 13 or the-end lse limitations
specified for the product.

5.10 CONVENTIONAL (OLD STYLE) SPRINKLER - A sprinkler intended for'installation in the upright or
pendent posifion, that directs from 40 to 60 % of the total water initially. discharged in the downward
direction.

5.11 DISCHARGE COEFFICIENT "K" — Coefficient of dischargein‘the formula,

K= g
7

in which:
Qs thle flow in gpm, and

p is the pressure in Ibf/in? gauge (psig).

In Sl units:
Q is thie flow in I/min; and

p is the pressuré.in-bar.

5.12 DRY-T)YPE SPRINKLER — A sprinkler secured in an extension nipple that has a seal at the inlet end
to prevent water)from entering the nipple until the sprinkler operates. These sprinklers| consist of an
upright, pendent, sidewall, 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.

5.13 EARLY-SUPPRESSION FAST-RESPONSE (ESFR) SPRINKLER — A quick responding sprinkler
that automatically discharges water over a specified area to provide early suppression of a fire.

5.14 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 light hazard occupancies described in NFPA 13.

5.15 EXTENDED COVERAGE SPRINKLER INTENDED FOR ORDINARY 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 13.
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5.16 EXTENDED COVERAGE CONTROL MODE DENSITY AREA (CMDA) STORAGE SPRINKLER —
A sprinkler intended to be installed using the extended coverage area and density/area criteria referenced
in NFPA 13.

5.17 FLOW CONTROL (FC) SPRINKLER — A sprinkler that is intended to control water flow by
automatically cycling open and closed within a specified temperature range.

5.18 FLUSH CEILING SPRINKLER — A sprinkler in which all or part of the body is mounted above the
lower plane of the ceiling (or beyond a wall for sidewall sprinklers), but all of the heat responsive collector
is below the lower plane of the ceiling (or beyond a wall for sidewall sprinklers).

5.19 HEAT 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) Minimum Initial Boiling Point of 190 °F (88 °C);
b) Max)mum Dry Point of 212 °F (100 °C); and

c) Spegific Gravity (60 °F/60 °F) (15.6 °C/15.6 °C) of 0.68 — 0.73.

5.21 OPEN
removed. The

SPRINKLER — An automatic sprinkler with the\heat responsive and activa
discharge orifice is open.

ting elements

5.22 OPERA

sprinkler operates when immersed in a liquid bath under controlled rate of rise conditions.

5.23 ORIFIQ
pressure.

5.24 PENDH
the orifice and

5.25 QUICK
sprinkler that ¢
33, when testg
instructions an

TING TEMPERATURE — The temperature at which the heat responsive

E — The opening that controls.the amount of water discharged from a sprink

NT SPRINKLER - A sprinkler intended to be installed so that its deflector is
the water flows downward against the deflector.

RESPONSE-EXTENDED COVERAGE LIGHT HAZARD OCCUPANCY SP¥H
omplies with.the applicable requirements for such sprinklers in the Sensitivity
d and instalted in a test room at greater than standard spacings as stated in t
d complies with the requirements for extended coverage light hazard occupan

5.26 QUICK

element of a

ler at a given

ocated below

RINKLER — A
Tests, Section
he installation
Cy sprinklers.

RESPONSE-EXTENDED COVERAGE ORDINARY HAZARD OCCUPANCY]

SPRINKLER

— A sprinkler that complies with the applicable 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 ordinary hazard
occupancy sprinklers.

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

5.28 RECESSED CEILING SPRINKLER — A sprinkler assembly in which all or part of the sprinkler body
or frame, other than the inlet thread, is mounted within a recessed housing.

5.29 RESIDENTIAL SPRINKLER - A sprinkler intended to be installed in residential occupancies.
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5.30 RESPONSE TIME INDEX (RTIl) — A measure of the thermal sensitivity of the sprinkler's heat
responsive element.

5.31 SIDEWALL SPRAY SPRINKLER - A sprinkler intended for installation on or near the wall and near
the ceiling, and designed to discharge most of the water away from the nearby wall with a small portion of
the discharge directed at the wall behind the sprinkler.

5.32 SPECIFIC APPLICATION SPRINKLERS - A sprinkler intended for a limited end use such as for
protecting windows, combustible concealed spaces or attics.

5.33 SPRAY SPRINKLER (STANDARD) — A sprinkler intended for installation in either the upright or
pendent position respectively, designed to distribute water downward in an umbrella-shaped pattern. The

discharge fro
diameter, 4 ft
(57 I/min). Se

5.34 STANL
Single wall cq
520 mm) con
wall corrugate

corrugated cgrdboard vertical dividers are used to separate the 25-cups in each layer. Eight

are arranged
42 by 5in hig

5.35 STANQ
with five-side
requirements
Fiberboard, G
in (25 mm). T
1070 mm) an

1040 mm). The cartons are to be placedwon a nominal 42 by 42 by 5 in high (1070 by 107

two-way hard

M a spray sprinkler having a nominal 5.6 (80) “K” factor covers a circle 46
(1.22 m) below the sprinkler, when the sprinkler is discharging water at.the™r
b 10 Pan Distribution Test, 54.3.

ARD FIRE TEST COMMODITY — CARTONED GROUP A PLASTICS (UNH
rrugated cardboard cartons measuring a nominal 21 by 21 by, 20.5 in high (
aining 125 crystalline polystyrene cups in separate compartments within the
d cardboard sheets are used to separate the five layers 6 cups and interlock

n a2 x 2 x 2 array with the open end of the cups facing down and placed on a
N (1070 by 1070 by 127 mm) two-way hardwoodpallet.

ARD FIRE TEST COMMODITY — CLASS I Double tri-wall corrugated card
H steel (open bottom) stiffeners inserted“for stability. The cartons are to cqg
for Class 2, Style E, “AAA” fluting-as specified in the Federal Specificati
orrugated, Tri-Wall, PPP-B-640D. The two cartons have a combined nominal
he a nominal measurements for(the outside carton are 42 by 42 by 42 in (10
d the nominal measurements/for the inside carton are 41 by 41 by 41 in (10

vood pallet.

5.36 STORA
Coverage Ar

Suppression Fast-Response (ESFR) Sprinkler (5.13) and Extended Coverage Control Modj¢
(CMDA) Storage Sprinkier (5.16).

5.37 UPRI

the orifice and the water flows upward against the deflector.

AGE SPRINKLER —See Control Mode Density Area (CMDA) Storage Sprinkle
as (See 5.8),\Control Mode Specific Application (CMSA) Storage Sprinklg

HT SPRINKLER — A sprinkler intended to be installed so that its deflector is

ft (4.88 m) in
ate of 15 gpm

FXPANDED) —
630 by 530 by
carton. Single
ing single wall
of the cartons
nominal 42 by

board cartons
mply with the
on for Boxes,
thickness of 1
70 by 1070 by
10 by 1040 by
0 by 127 mm)

r for Standard
r (5.9), Early-
e Density Area

located above

6 Terminology

6.1

sprinkler unless otherwise specified.

Where these requirements reference “automatic sprinkler”, the requirements apply to any type of

6.2 Where these requirements reference "extended coverage sprinklers”, the requirements apply to any
type of extended coverage sprinkler unless otherwise specified.
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CONSTRUCTION
7 General

7.1 An automatic sprinkler shall be constructed to effect closure of its water seat for extended periods of
time without leakage and to open as intended and release all parts as specified in this standard. The
closure of the water seat shall not be achieved by the use of a dynamic O-ring or similar seal (an O-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 inlet shall be airtight. See Dry Sprinkler Air Tightness Test, Section 27.

7.3 StampinJ;s shall show no cracking or splitting and shall be uniformly smooth and clean-gut.

7.4 An autormatic sprinkler shall 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)6f commen hand tools
without causing visible damage to the sprinkler.

7.5 Sprinklen types or materials not anticipated by these requirements require additional evpluation, such
as tests to investigate special metallic or nonmetallic materials.

7.6 An escufcheon for sprinklers other the polymeric residential sprinklers shall be constructed of a
metallic materf|al.

7.7 When ingtalled with the intended fittings specified«inthe installation instructions, see Manufacturer’s
Installation Instructions, Section 60, dry sprinklers installed in dry systems shall be constructed to minimize
the potential fo accumulate water, scale, and sediment on the sprinkler inlet and shgll provide an
unobstructed flow path upon operation.

7.8 For sprinklers incorporating a glass.bulb heat responsive element, the filling end tip of|the bulb shall
encased in an enclosure to minimize the potential for breakage or damage. For the
purposes of gpplying this requirement, a bulb tip within the waterway of a dry type sprinkler shall be
considered englosed.

7.9 Sprinklens with glass bulb type heat responsive elements shall be equipped with protective covers
that are designed to remain in place during installation and be removed before the sprinkler system is
placed in service.

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

7.10 Sprinklers required to be equipped with sprinkler covers shall comply with Impact Test for Protective
Covers, Section 21 and 59.12.

7.11 In addition to the applicable requirements described herein, flexible dry-type sprinklers or sprinklers
constructed with an integral flexible hose connection shall be evaluated in accordance with the applicable
requirements described in UL 2443, Standard for Flexible Sprinkler Hose with Fittings for Fire Protection
Service. Sprinklers with an integral flexible hose connection shall be constructed to avoid the potential of
altering the K-factor of the assembly when the sprinkler needs to be replaced, such as having an inlet
configuration that is not typical for the K-Factor of the assembly.
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8 Inlet Thre

8.1

ads

Sprinklers shall be provided with external pipe threads at the inlet end as specified in Table 11.1.

Inlet-end pipe threads shall comply with the Standard on Pipe Threads, General Purpose, Inch,
ANSI/ASME B1.20.1.

Exception No. 1: Dry-type sprinklers shall be permitted to be provided with larger external NPT pipe

threads.

Exception No. 1A: External taper pipe threads (NPT) of 1-in size shall be permitted to be used for 5.6 and
8.0 nominal “K” factor sprinklers in lieu of those specified in Table 11.1.

Exception No
8.0 nominal “f

Exception Ng
threads other]
national pipe

Exception No
be used wherj

a) Hay
b) Are

c) Are
remov

8.2 Threads
9 Temperat

9.1 The tem
be as specifig

2: Internal taper pipe threads (NPT) of 3/4- or 1-in size shall be permitted o
K” factor, ceiling, and dry type sprinklers in lieu of those specified in Table~111.

. 3: Sprinklers intended for use in installations where sprinklefittings ind
than NPT type threads shall be permitted to be provided with pipe.threads co
hread standard compatible with those fittings.

4: Sprinkler inlets intended for attachment to piping by'means other than thre
the sprinklers:

e a nominal “K” factor corresponding to the discharge coefficient as specified i
provided with nominal “K” factor markings as’specified in 59.2; and

intended to be attached in a manner that does not involve welding and that pe
1l from sprinkler piping without the usé’of special tools or torch cutting equipme

shall be clean cut and true and ffee from burrs, scoring, or chatter marks.
ure Ratings

perature ratings, temperature classifications, and color codings of automatic s
d in Table 9.1. See 59.6.

Table 9.1
Temperature Ratings, Classifications, and Color Codings

be used for an

torporate pipe
implying with a

nds are able to

n Table 11.1;

rmits sprinkler
ent.

prinklers shall

Maximum ceiling
Temperature rating Color code temperature

Temperature -

classification °F (°C) Sprinkler Glass bulb °F (°C)
Ordinary 135-170 (57 -77) Uncolored or Black | Orange — 135 °F (57 °C) 100 (38)

Red - 155 °F (68 °C)
Intermediate 175-225 (79-107) White Yellow — 175 °F (79 °C) 150 (66)
Green — 200 °F (93 °C)

High 250 - 300 (121 - 149) Blue Blue 225 (107)
Extra high 325-375 (163 —191) Red Purple 300 (149)
Very extra high 400 - 475 (204 — 246) Green Black 375 (191)
Ultra high 500 -575 (260 —302) Orange Black 475 (246)
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9.2 Residential and ESFR sprinklers shall have a temperature rating that falls within the range of the
ordinary or intermediate classification.

10 Pressure Rating

10.1 Sprinklers other than storage and ESFR sprinklers shall have a rated pressure of 175 psig (1.2
Mpa), 250 psig (1.7 Mpa), or 300 psig (2.1 Mpa). Storage and ESFR sprinklers shall have a rated pressure
of 175 psig (1.2 Mpa).

10.2 The discharge pressure associated with a rated flow for any sprinkler shall not be less than 7 psig
(48 kPa).

11 Nominal [‘K” Factor
11.1  Sprinklgrs other than residential sprinklers and dry sprinklers in lengths longer.than the minimum,
shall have a discharge coefficient complying with one of the nominal “K” factor ranges spectified in Table
11.1. The norIinaI “K” factor is to be determined from the discharge coefficient “K”, as spgcified by the
Discharge Cogfficient Test, Section 53.
Table 11.1
Nominal “K” factor and thread'size
Nominal K-factor, Discharge coefficient"K" External thread-type
gpm/(psi)"?(L/mini(bar)'?) gpm/(psi)'2 (L/min/(bar)"?) in NPT
1.4 (20) 1.3-15 (19-22) 1/2
1.9 (27) 1.8-2.0 (26 —29) 1/2
2.8 (40) 26-29 (38-42) 1/2
4.2 (40) 40-4.4 (57 - 63) 1/2
5.6 (§0) 5.3=58 (76 —84) 1/2
8.0 (1/15) 7.4-82 (107 - 118) J/4
orfi/2*
11.2 (160) 10.7 - 11.7 (159 — 166) J/4
orfl/2*
14.0 (200) 13.5-14.5 (195 —209) q4
16.8 (240) 16.0-17.6 (231-254) q4
19.6 (280) 18.6 —20.6 (272 -301) 1
22.4 (320) 21.3-235 (311 —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.

11.2 The diameter of a discharge orifice or any internal passage of a sprinkler shall be at least 0.21 in
(5.3 mm).

11.3 Sprinklers intended for use in dry or pre-action systems shall have a “K” factor greater than 4.0.
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12 Coatings And Platings

121

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.

12.2 A corrosion resistant coating or plating shall be uniformly applied.

12.3 A wax coating shall not be brittle when new nor become brittle with age.

13 Polymer

ic Residential Sprinklers

13.1 Resid¢
polymeric ma

a) Red

b) Sprinklers that have polymeric gaskets and no additional pressure retaining o

polym

13.2 Polymgric materials used to construct pressure retaining and load bearing compo

constructed i
the sprinkler U

13.3 The m
attached to pl

PERFORMANCE

GENERAL
14 Details

14.1
shall be subj¢

14.2 When
applicable) dy

To detg¢rmine compliance’/with these requirements, the various types and patterns

ntial sprinklers having pressure retaining and other load bearing compon
erials shall be constructed to comply with the following:

uirements described within this standard that are applicable to residential sprin

bric components are not limited to the use restrictions described in 13.2 and 13

such a manner that the polymeric materials do ngb extend into the area bein
nless covered with a metallic material such as brass, bronze or stainless steel

Anufacturer's installation instructions shall-indicate that the polymeric sprink
bstic sprinkler pipe and fittings only. See,Section 60.

cted to the applicable performance tests described herein.

a recessed or concealed sprinkler is tested with an escutcheon and cq
ring the performance tests, the sprinkler is to be recessed to the maximum de
scufcheon combination.

ents made of

klers.

[ load bearing
.3.

hents shall be

g protected by

lers are to be

of a sprinkler

ver plate (as
pth allowed by

the sprinkler/e

15 Samples

15.1

The number of samples required for investigation varies for different sprinkler types. The number of

samples required for examination and test are to be determined following a review of detailed drawings,
examination of a preliminary sample, or both.

PHYSICAL STRENGTH AND LEAKAGE TESTS

16 Loadon

16.1

Heat Responsive Element Test

The average and maximum design loads exerted on the heat responsive element, and the overall

load tolerance based on the design load for the assembly, are to be determined. When the application of
the rated working pressure to the inlet end of the sprinkler increases the assembly load by more than
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10 %, the additional 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 17.

16.2 Atleast 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.

17 Strength Of Heat Responsive Element Test
17.1 Fusible-alloy types

17.1.1 A heat responsive element in the ordinary temperature rating shall either:

a) Susrlain a load of 15 times its maximum design load for a period of 100 h; or

b) Denponstrate the ability to sustain the maximum design load when tested,in ac¢ordance with
17.1.2pnd 17.1.3.

17.1.2 Comgpliance with 17.1.1(a) is to be determined by subjecting at least ten sample hgat responsive
elements to a Joad of 15 times the maximum design load for at least 100 h."\Compliance with [17.1.1(b) is to
be determined by subjecting sample heat-responsive elements to loads(in*excess of the makimum design
load. A minimym of ten samples are to be loaded at various values.as required up to 15 times the design
load. At least Ine heat responsive element shall sustain a load foryatime greater than 1000 h. These load
and time valugs shall then be used to derive a least-square, full logarithmic regression curve of load as a
function of time, from which the loads at 1 h and 1000 h ‘are to be determined. The desjgn load shall
comply with the following equation:

L,<1021° /I,

in which:
Ly is the maximum design load;
L., is the load at 1000 h; and

L,isthe load at 1 h.

17.1.3 The t¢st samplés-are to be loaded at a conditioned temperature of 70 £5 °F (21 £3 °C).

17.2 GIass-TuIb types

17.2.1 The lower tolerance limit for bulb strength, based on calculations with a degree of confidence of
0.99 for 99 % of samples, shall exceed two times the upper tolerance limit for sprinkler assembly load
based on calculations with the same degree of precision as for bulb strength.

17.2.2 The bulb strength is to be measured by applying a steadily increasing load, utilizing a
compression testing machine, 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 within the range
of 38 — 50 Rockwell C. The rate of loading shall not exceed 55 Ibf 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 convenient for the test apparatus
being used. Bulb seats shall be permitted to be reinforced circumferentially to not interfere with the bulb
breakage. A minimum of 15 samples of each temperature rating and each bulb type are to be tested. See
Annex A.
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17.2.3 Calculations are to be based on the Normal or Gaussian Distribution except where another
distribution is shown to be more applicable due to manufacturing or design factors.

18 Glass-bulb Thermal Shock Test

18.1 A sprinkler having a glass bulb shall withstand the thermal shock of rapid temperature changes
without breakage or fracture of the glass bulb when tested as specified in 18.2.

18.2 At least five samples of the sprinkler are to be conditioned for 5 min in a liquid bath at 20 °F (11 °C)
less than the marked temperature rating. The samples then are to be removed and immediately
submerged in another liquid bath at 50 °F (10 °C). The bulb of each sprinkler shall be visually observed for
signs of breakage or fracture.

19 Strength Of Frame Test

0.2 % of the
load at rated

19.1 An aut
distance betw
hydrostatic pr|

pmatic sprinkler frame shall not show permanent deformation inyexcess of
een its bearing points when subjected to a test loading of twice ‘its assembl
bssure.

19.2 The dig
the plane of t
surface.

tance between load-bearing points is to be measured fo, the nearest 0.001 in (
he sprinkler-orifice outlet at the center of the orifice t6the center of the compr

D.03 mm) from
pssion bearing

19.3 At least ten sprinkler samples are to be individually-installed in a test apparatus that
to the upper|compression bearing surface. A measuring instrument is to be attached ft
amount of deflection at the deflector end of the sprinkler frame.

applies a load
o indicate the

19.4 With tHe threaded inlet restrained from-movement, a measuring instrument is to bg positioned to

indicate the a
of the sampl
deflection, du
the sprinkler

deflection is t
be permitted f

19.5 A forcs

mount of deflection at the deflector end of the sprinkler frame. The heat respg
e is then to be carefully.removed so as not to damage the frame. The

-

nsive element
hegative axial

e to release of the assembly load, is to be recorded. A force is then to be appli
at a rate of 0.02 in (0.51 mm) per min until the deflection returns to zero. Th
b be recorded as the-assembly load. An alternate means of determining asse
0 be utilized when.determined to provide equivalent or more accurate results.

equal towice the sum of the force recorded in 19.4 plus the force applied {

force at zero
bly load shall

}f to re-deflect

D the sprinkler
The deflection

frame at rated pressure)is then to be applied to each sample and held for not more than 5 s.
during the applicationof this load and the amount of permanent set after the load has been rfeleased are to
be determined. ted using the
measured pekm ring points to
verify compliance with the requirements in 19.1.

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 cylindrical mass equivalent to the mass of the
sprinkler to the nearest 15 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 visually 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,
followed by the applicable testing in Sensitivity Tests, Section 33 based upon sprinkler type.
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Figure 20.1

Impact test apparatus
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21 Impact Test for Protective Covers

211 A glass bulb type sprinkler, with the protective cover installed, shall not be damaged or leak and the
cover shall remain in place when tested as described in 21.2. See Figure 21.1.
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Figure 21.1

Impact test apparatus for protective covers
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21.2 Five sample glass bulb sprinklers with their protective covers are to be mounted in the horizontal
position and impacted with a cylindrical mass equivalent to the mass of the sprinkler to the nearest 15 g
increment from a height of one meter onto the geometric center of the glass heat responsive element. Five
additional 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 additional five sample sprinklers are to be mounted in the vertical position and
impacted with the same cylindrical mass from a height of one meter onto the geometric center of the glass
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 shall 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

221 Sprinkler and guard assemblies subjected to the tests described in 22.2 — 22,5, shall:
a) Shgw no evidence of visual damage to the sprinkler; and

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

22.2 Twelvel sample sprinklers are to be assembled with theiréiniended guard in accordance with the
manufacturers installation instructions and divided into two groups of six assemblies in each|group.

22.3 Samplg¢s from the first group are to be tested individually by dropping a 1.18 Ib (0.54|kg), 2 in (50.8
mm) in diamgter stainless steel ball (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 fromvthe second group are to be tested |ndividually by
dropping the Iball 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

N
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Figure 22.2

Impact test on second group of samples
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22.4 Impact due to falling 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 (172), 50 (345), 75
(517), 100 (689), 125 (862) and 150 (1206) 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 shall comply with the Leakage Test, Section 25, and the Sensitivity Tests, Secfion 33 based
upon the sprinkler type.

23.2 Five sample sprinklers are to be tested. The sprinklers are to be tested wijth-a shipping protector in
place when the protector is intended to be removed from the sprinkler after the. sprinkler i 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-lined right’hexagonal prism-ghaped drum?
designed to pfovide a tumbling action. The drum is to have an axis.of rotation of 10 in (254 mm). The
distance betwpen opposite sides is to be 12 in (305 mm). For{gach test, one sample and five 1-1/2-in
(38.1-mm) hadwood cubes are to be placed in the drum. The dtum is to be rotated at 1 revolution per s for
3 min. The safnple is to be removed from the drum, examinéd-for signs of damage, and then subjected to
the Leakage Test, Section 25, and to the Sensitivity Tests;Séction 33.

a A drum acceptable for this test is available from Kramer Industfies, Inc., Copiague, NY 11726, Model K1401.

24 Flow Endurance Test

24.1  An autgmatic sprinkler shall withstand for 30 min, without evidence of cracking, d¢formation, or
separation of any part, a waterflow ‘at a pressure equal to the rated pressure plus 25 psig (172 kPa).

24.2 One sample of an automatic sprinkler is to be installed in its intended installation origntation on an
elbow or tee fpr dry type sprinklers in a pressurized water system having a supply pipe with a minimum
nominal diameter of 1-1/27in (40 mm). For concealed type sprinklers, the deflector support pins shall be
orientated parallel to'the supply pipe. The heat responsive element of the sprinkler is to be agtivated at the
specified test |pressure, and the water flow shall 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 exhibit leakage at any
pressure from 0 to the applicable 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)
175 (1.2) 500 (3.4) 700 (4.8)
250 (1.7) 500 (3.4) 1000 (6.9)
300 (2.1) 600 (4.1) 1200 (8.3)

25.2 Atleast 20 samples are to be individually tested. The sprinkler inlets are to be filled with water and

vented of air.

253 The pr

MPa) per min

leakage in an
26 Hydrost

26.1  An aut
equal tothe h

26.2 Thesa

26.3 The sp|

0 to the hydro

The pressure|

operate, or re

the test press
27 Dry Spri

271
assembly for

15 psig (0 to 1

27.2 At leas
installed in ar

seal assembl

pssure is to be increased from 0 to the test pressure at a rate not exceeding
and then held for 1 min at the pressure specified in Table 25.1. There sha
sample.

atic Strength Test

bmatic sprinkler shall withstand, for 1 min, without rupture; an internal hydros
ydrostatic test pressure shown in Table 25.1.

mples from the Leakage Test, Section 25, are to'be used for this test.

Finkler inlets are to be filled with water and.vented of air. The pressure is to be i
Static test pressure shown in Table 25.4vat a rate not exceeding 300 psig (2.07

lease any of its operating parts during the pressure increase nor while being
Lire for 1 min.

hkler Air Tightness Test

When fested as described,in 27.2 and 27.3, the connection of the extension nipple t

b dry-type pendentor sidewall sprinkler shall not exhibit leakage at any air pres
03 kPa) whenthe pressure is applied externally to this connection.

t five samples of the minimum length are to be individually tested. The ass
air_leakage test fixture in such a manner that the extension nipple connect

300 psig (2.07
| be no visible

static pressure

ncreased from
MPa) per min.

is to be maintained at the test pressdre and held for 1 min. The sample shall not rupture,

maintained at

b the inlet seal

sure from 0 to

embly is to be
on to the inlet

can be fully pressurized with air. See Figure 27.1.
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Figure 27.1
Dry sprinkler air tightness test apparatus (typical)

( A
Al

Pressurized with air

su0548 o
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27.3 The assembly is to be immersed in water and orientated so that air bubbles indicating leakage past
the extension nipple and inlet 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 15 psig (0 to 103 kPa) within 30 s and then held for 30 s. Observations shall 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 shall:
a) Experience no leakage when subjected to the 30 day test pressure specified in Table 28.1 for 30
days;
b) Noff leak when subjected to the leakage test pressure specified in Table 25.9"or(less for 1 min
followipg the 30 days; and
¢) Shgw no distortion or other mechanical damage following the leakage-testing, as determined by
visual pxamination.
Table 28.1
Test Pressures for the 30-Day Leakage Test
Rated pressure 30-day test pressure
pslg (MPa) psig (MPa)
175 (1.2) 300 e
250 (1.7) 450 @1
300 .1) 500 (B-4)
28.2 Five sgmples are to be installed-ona water-filled test line 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 gnd of the test

period for eviq

28.3 Follow
not leak at the
increased fro
pressure is to
be decreased

ence of leakage of.water at the closure cap.

ng completion of'this 30-day test period, the samples are to be tested to veri

leakage testpressure specified in Table 25.1 or at any lower pressure. The pr
m 0 to the\required test pressure a rate not exceeding 300 psig (2.07 MPa
be maintained at the leakage test pressure specified in Table 25.1 for 1 min,
to0\psig at a rate not exceeding 300 psig (2.07 MPa) per min.

fy that they do
essure is to be
per min. The
and is then to

28.4 The samples then are to be visually examined to verify there is no evidence of distortion or other
mechanical damage.

29 Water Hammer Test

29.1

When tested as described in 29.2 — 29.5, an automatic sprinkler shall:

a) Experience no leakage when subjected to 100,000 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, following
the 100,000 cycles of water hammer; and

¢) Show no distortion or other physical damage following the water hammer testing, as determined
bv visual examination.
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Table 29.1
Test Pressure Ranges for the Water Hammer Test

Rated pressure Test pressure range
psig (MPa) psig (MPa)
175 (1.2) 50 — 500 (0.34-3.4)
250 (1.7) 50 — 500 (0.34-3.4)
300 (2.1) 150 — 600 1-4.1)

29.2 Five samples are to be mstalled on a water-ﬂlled test line connected to a pump system that
produces a rapid [ ate of not more than 60 cycles per
min. The test piping is to be f|IIed SO that there is water at the sprlnkler seat, and the pump-i$ to be placed
in operation and adjusted to produce the specified test-pressure cycle.

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

29.4 Following completion of the pressure cycling, the samples are to be tested to verify thiat they do not
leak at the legkage test pressure specified in Table 25.1 or at any lowefpressure. The pregsure is to be
increased from 0 to the required test pressure at a rate not exceeding 300 psig (2.07 MPa) per min. The
pressure is to [be maintained at the leakage test pressure specifiedin Table 25.1 for 1 min, pnd 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 distgrtion or other
mechanical dgmage.

30 Vacuum [fest

30.1 An autgmatic sprinkler shall not be damaged and shall comply with the Leakage Tedt, Section 25,
following exposure to a vacuum as specified in 30.2.

30.2 Five samples are to be installed on a manifold and subjected to a vacuum of minus 8.84 psi (18 in of
mercury) (minus 61 kPa) for 1-min. The samples are then to be removed from the manifold, visually
examined for damage, and then'subjected to the Leakage Test, Section 25.

OPERATION TESTS

31 Operatinr Temperature (Bath) Test

31.1 The operating temperature of automatic sprinklers and cover plates, when tested as described in
31.1 — 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) 107 % 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 within the range, making
a total of eleven values in the range. Upon operation, all operating parts of the sprinkler shall clear the
waterway as intended except as indicated in 31.2.

31.2 Sprinkler operation for this test includes the intended functioning of eutectic elements or any rupture
of a glass bulb heat responsive element. If partial fracture of the glass bulb in the liquid environment
occurs which does not result in sprinkler operation, the temperature at which bulb-fracture occurred shall
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be considered the operating temperature, but additional sprinkler samples shall be subjected to the Air
Bath for Glass Bulb Sprinkler Test, Section 32.

31.3 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 require 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
(31 £3.4 kPa).

31.4 Water is to be used in bath tests of sprinklers that have operating temperature ratings of 175 °F
(79 °C) or lower. Samples having operating temperature ratings of 176 — 575 °F (80 — 302 °C) are to be

bath-tested in

an oil having a flash point exceeding the test temperature.

31.5 The s3
bath. The bat
means to agit

31.6 Acalb
bath tests. Th
operating part

31.7 Thete
20 °F (11 °C
temperature 1
(0.5 £0.1 °C)
temperature

operates, are

32 AirBath

32.1 When
Section 31, s
air bath test d

32.2 Fifty s4
programmabl
(11 £1.1°C) b
oven shall be
be increased
higher than tH

mples are to be placed in an upright position and completely immersed in
h vessel is to be provided with a source for heating the liquid at the prescribé
bte the liquid and measure the temperature of the liquid bath.

rated temperature measuring device is to be used to determine temperature ¢
e sensing element of the temperature measuring device is to\be/held level wif
s by a support member.

mperature of the bath liquid is to be increased at a.cenvenient rate until the
of the temperature rating of the device [30 °F<{(16 °C) for 325 °F (163 °
atings]. The rate of temperature rise then is to be. controlled at a constant ra
per min until operation of the sprinkler or untiha’temperature 20 °F (11 °C) a
s reached. The temperature of the liquid<and the time of operation, as

to be recorded.

for Glass Bulb Sprinkler Test

a partial fracture of a glass;bulb occurs during the Operating Temperatur

bscribed in 32.2.

mple sprinklers-with a glass bulb heat responsive element shall be placed on
b circulating aireven. The temperature in the oven shall be gradually increas
elow the marked temperature rating of the sprinklers. When this temperature

at a eonstant rate of 1 £0.5 °F (0.5 £0.3 °C) per min until the temperature in th
e marked temperature rating of the sprinklers or until all the sprinklers oper:

occurs first. E

the water or oil

!t

rate and with

f the liquids in
h the sprinkler

liquid is within
C) and higher
e of 1 £0.2 °F
bove the rated
pach sprinkler

e (Bath) Test,

brinklers with a glass bulb heat responsive element shall fully operate when siibjected to the

their inlet in a
ed to 20 +2 °F
s reached, the

maintajned at a constant temperature for a period of 60 5 min. The temperature shall then

b oven is 25 %
hte, whichever

ch Qnmplp shall be examined for full nppmﬁnn

33 Sensitivity Tests

33.1

33.1.1

General

upon the sprinkler type:

An automatic sprinkler shall comply with the requirements as referenced in Table 33.1 based
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Table 33.1
Sensitivity Requirements by Sprinkler Type

Sprinkler type Requirements
Standard Response (all except flush, recessed and concealed; and extended 33.21
coverage)
Standard Response Flush, Recessed and Concealed, and Standard Response 33.2.1and 33.3.1
Extended Coverage
Quick Response(all) 33.2.2and 33.3.2
Residential 33.2.2and 33.3.2
ESFR 33.2.3

ing shall not remain on sprinkler parts in a manner that impairs operation|or [distribution at
the time of sprjnkler operation in 33.2 and 33.3.

33.2 Oven heat test

33.2.1 A stafdard response sprinkler shall operate within the time range specified in Table|33.2 for each
sample sprindler when tested in the Oven Heat Test as specified, in.83.2.4 — 33.2.6. If| the sprinkler
temperature i not shown in Table 33.2, the minimum and maximum-Operating time range fof each sample
sprinkler shall|be determined by using the formula specified in 38.2.7, based on a RTI value|of 80 (m-s)'’?
[145 (ft-s)"?] for the minimum value and on a RTI value of 350 (m-s)"? [630 (ft-s)"?] for fhe 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 cov@grage and ceiling sprinklers complyingwith 33.3.1.

33.2.2 QR, @R extended coverage and residential sprinklers shall have the following gperating time
characteristicd when tested in the sensitivity test oven as specified in 33.2.4 — 33.2.6:

a) A mpximum operating time specified in Table 33.2 for each sample sprinkler in the as-received
conditipn. If the sprinkler témperature rating is not shown in Table 33.2, the maxinjum operating
time fof each sample sprinkler shall be determined by using the formula specified in|33.2.7 based
on a Response Time(lndex (RTI) value of 50 (m-s)"? [90 (ft-s)"?], and the marked temperature
rating qf the sprinkier.

b) Megn operating time after being subjected to the exposure tests specified in Seftions 36, 44,
and 44 shall\be equal to or less than a 1.30 multiple of the mean operating time of the sprinkler
tested |n\the“as-received condition.
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Operating Time in Oven Heat Test for Qui-lt-:a;(blgeegggnse, Residential and Standard Response
Sprinklers
Quick response
Sprinkler temperature and residential® Standard response type, Coated standard
rating Oven temperature type, s s response type, s?

°F (°C) °F (°C) Max. Min. Max. Max.
135 (57.2) 275 (135) 11.2 17.8 78.3 180
140 (60.0) 275 (135) 12.3 19.7 86.3 180
155 (68.3) 275 (135) 16.0 25.6 112.2 180
160 4 275 4353 3 27 4+24-5 180
165 (73.9) 275 (135) 18.7 30.0 131.3 180
175 (79.4) 386 (197) 12.1 19.4 85.2 180
200 (93.3) 386 (197) 16.1 25.7 H2:9 180
212 (100.0) 386 (197) 18.2 29.0 127.5 180
220 (104.4) 386 (197) 19.7 31.8 137.9 180
250 (121.1) 555 (291) 14.2 227 99.6 180
286 (141.1) 555 (291) 18.1 29.0 127.2 180
300 (148.9) 555 (291) 19.8 31.7 138.9 180
360 (182.2) 765 (407) 16.7 26.8 117.0 180
400 (204.4) 765 (407) 20.0 320 139.8 180
450 (232.2) 765 (407) 24.6 394 172.2 180
500 (260.0) 765 (407) 30.0 48.1 210.2 210.3

2 Corrosion resiptant sprinklers with coated heat responsive~elements including wax, lead, Teflon, wax over lead, gnd polyester

coating. Coated quick response sprinklers shall complywith 33.2.2.

® Residential spfinklers shall have a temperature rafing-within the ordinary and intermediate classifications.

33.2.3 AnE
testoven as s

a) An

RTI not exceeding 36 (m-s)"2 [65 (ft-s)"?] in the as-received condition, and

SFR sprinkler shall have the following sensitivity characteristics when tested irf the sensitivity
pecified in 33.2.4~33.2.8.

b) Megan operating time after being subjected to the exposure tests specified in Sections 36, 44,

and 4%

tested

shall-be”equal to or less than a 1.30 multiple of the mean operating time of| the sprinklers
intheras-received condition when tested in the most favorable orientation.

Exception: An ESFR sprinkler shall be permitted to have an RTI greater than 36 (m-s)"? [65 (ft-s)"?] but
not exceeding 50 (m-s)"? [90 (ft-s)"?] 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 RTI 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 Oven temperature
°F (°C) °F £2 °F (°C +1°C)
135-170 (57 -77) 275 (135)
175 - 225 (79-107) 386 (197)
250 — 300 (121 - 149) 555 (290)
325-575 (163 - 302) 765 (407)
33.2.4 Sprinklers-ef-each-shyle-are-te-be-testedinthe-sensitivity-test-oven-inthependentpasition with the
heat responsiye element located at least 1 in (25.4 mm) away from the inside surfacesof the oven as
follows:
a) For| sprinkler designs without frame arms and incorporating symmetrical heat responsive
elements and symmetrical sprinkler bodies, ten samples are to be orientated inl the pendent
position.
b) For| sprinkler designs (other than ESFR) with or withoutyframe arms and |incorporating
unsyminetrical heat responsive elements or unsymmetrical-body designs, ten samples are to be
orientafed in the pendent position with the heat responsive /element upstream of the axis of the
sprinklgr body.
c) For|sprinkler designs incorporating frame arms, with symmetrical heat respongive elements

(other {han ESFR), ten samples are to be orientated in the pendent position with the
a plang

d) For
assem

removeg

e) For

ten sar

f) For g
without

orienta

sprinkl¢r designs where the heat responsive elements are not exposed, and th

perpendicular to the direction of air flow:

ceiling sprinkler designs incorporating removable cups, escutcheons, and remg
blies, ten samples are to be orientated in the pendent position with the closu
d.

lush sprinklers with an.airgap between the heat responsive element and the s
hples shall be orientated in the pendent position.

eiling sprinkler(designs incorporating an integral closure assembly and flush s
an air gap between the heat responsive element and sprinkler body, ten sam
ed with_the-heat responsive element exposed to the air flow. Recessed or cq

frame arms in

vable closure
e assemblies

prinkler body,

tyle sprinklers
ples are to be
ncealed style

incorporate

integral escutcheons or closures that are not practically removable, are not to be supjected to the

Oven Heatb Test.

F

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

1) In the pendent position with the frame arms in a plane perpendicular to the direction 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 first orientation.

3) In the pendent position with the sprinkler rotated 135° from the first orientation.

4) In the pendent position with the sprinkler rotated 180° from the first 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 inlet 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 rectangular stainless steel chamber. A typical
chamber is illustrated in Figure 33.1. A constant air velocity of 8.33 +0.05 ft/s (2.54 +0.01 m/s) and an air
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 bidirectional probe
and a velometer. The air temperature is to be measured by use of a 30 AWG (0.05 mm?) 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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Key
1 —Heating Plenum A —14in (356 mm)
2-8inx8in (203 mm x 203 mm) Square Duct B —50in (1.27 mm)
3 — Orifice C -16in (406 mm)
4 — Air Velocity Pressure Taps D -12in (295 mm)
5—30 AWG Thermocouple E —54in (1.37 mm)

6 — Test Section

7 — Sprinkler

8 — Fine Mesh Screens
9 — Air Velocity Damper

10 — Blower
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33.2.7 The required sprinkler operating time values specified in 33.2.1 and 33.2.2 shall be calculated by
using the following equation:

Where:

r =

—Rff*hﬂl—

(Tm_T:a)
T_‘g_?;a

Q

T

RTI: Response Time Index [(ft's)"?; (m-s)"?]

t,: Ope

ratina tima nftha cnrinklar [o]
rathg—tHe-SHe-Sprraer1S

u: Non

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

Ty Ng
T, : Ng

33.2.8 ForH

in which:

and:

t,: Opegrating time of the sprinkler [s] T,,: Marked temperature rating of the sprinkler, [

Tg: N
condit|

U: Nominalgas velocity in the test section of the oven [8.33 ft/s; 2.54 m/s]

oning temperature, [°F; °C]; and

33.3 Room

RTI = Tu'"

ninal gas velocity in the test section of the oven [8.33 ft/s; 2.54 m/s]

minal gas temperature in test section in Table 33.2 [°F; °C]

minal sprinkler conditioning temperature [75 °F; 24 °C]

SFR sprinklers, the RTI for each sample is to be computed as follows:

bminal gas_temperature in the test section of the oven minus the non

F; °C]

hinal sprinkler

heattests

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 limits (see Annex A) with 95 % confidence that 99 % of the sprinklers tested do not exceed the

applicable tim

e limit 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 limit 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

170 °F (77 °C) or less 175 °F (79 °C) to 225

Sprinkler temperature rating of

°F (107 °C)

QR and Residen
QR ECLH
QR ECOH

Standard Response
Standard Response ECLH
Standard Response ECOH

231 sec
231 sec
150 sec

189 sec
189 sec
120 sec
75 sec

tial 75 sec

75 sec 75 sec

55 sec 55 sec

ESFR

Test Not Applicable Test Not Appli

able

33.3.3 Sprin

a) For
heat re
intends

b) For
unsym
elemer
The sa

c) For
respon
directig

d) For
shall b
recess

e) For
installe

escutcheon.

f) For e
recess

lers of each type are to be installed in a test room in the following pasitioh and

sponsive elements and symmetrical sprinkler bodies, 10 samples are to be in
d position at the ceiling.

pendent and ceiling sprinkler designs with or without frame arms and
metrical heat responsive elements, 10 samples areio'be orientated with the he
t downstream of the axis of the sprinkler body inyrelation to the direction of th
mples are to be in their intended position at theceiling.

pendent and ceiling sprinkler designs ‘incorporating frame arms with sy
sive elements, 10 samples are to be orientated with the frame arms in a plane

bendent and sidewall sprinklers intended to be installed as a recessed sprinkle
b tested in the recessed .pg@sition in the ceiling or wall, as applicable, in lie
bd position.

lush, recessed andsconcealed sprinklers having a vented escutcheon, 10 sam
d in the most recessed position in a manner that does not inhibit air flov

xtended-caverage upright sprinklers and pendent sprinklers not intended to be
pd sprinkler, 10 samples shall be tested with the deflector 10 in (25.4 cm) belov

orientation:

pendent and ceiling sprinkler designs without frame arms and ihcorporating symmetrical

stalled in their

incorporating
at responsive
e fire source.

metrical heat
parallel to the

n of the fire source. The samples aré-to be installed in their intended position gt the ceiling.

r, 10 samples
u of the non-

ples are to be
b through the

installed as a
the ceiling.

g) For

residential pendent sprinklers also intended to be installed as a recessed

sprinkler, 10

samples shall be tested in the most recessed position in lieu of the maximum distance below the
ceiling when the intended installation distance below the ceiling is 4 in (102 mm) or less.

h) For sidewall sprinklers, 10 samples are to be installed in their intended position with the deflector
located 4 in (102 mm) below the ceiling and the maximum distance below the ceiling if intended for
distances greater than 6 in (152 mm).

33.3.4 Sprinkler samples used for tests with a starting ambient temperature of 87 +2 °F (31 +1 °C) shall
be conditioned at 87 +2 °F (31 £1 °C) for 2 h prior to being installed. Sprinkler samples having a starting
ambient temperature of 120 £3 °F (49 £2 °C) shall be conditioned at 120 +3 °F (49 £2 °C) for 2 h prior to

being installed

33.3.5 At least ten samples shall be tested in groups of five in a nominal 8 ft (2,4 m) high closed room
and subjected to the heat from a 12 in (305 mm) by 12 in (305 mm) by 12 in (305 mm) sand burner (see
Figure 33.2) located on the floor in one corner of the room. The sprinklers shall be located 6 in (15 cm)
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apart as described in Figure 33.3, Figure 33.4, Figure 33.5 or Figure 33.6 for the applicable type of
sprinkler referenced in each figure and in Table 33.1 and Table 33.4. The test parameters for each type of
sprinkler shall 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 inlet 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
15 °F(8 °C) above the starting ambient test temperature.

Table 33.5
Room Heat Sensitivity Test Parameters

Starting ambient Starting ambient

Gas flow for Gas flow for for temperature for
| _temperature
sSprinkier | Sprinkler | . per
. . sprinkler sprinkler
temperature rating | temperature rating . .
. Test room temperature rating | temperature rating
Sprinkler type configuration of of of of
170°F (77°C)or | A7S°F(79°C)to | 4760p 779¢) o | 175°F (79°C) to
S jess, 225 °F (107 °C), less 225 °F (107 °C)
ft>/h (m>/h) ft>/h (m>/h) °F|°C) °F (°C)

Standard-Respdnse Figure 33.3 340 (9.6) 915 (25.9) 87'+2(31 £1) 20 +3 (49 £2)
Standard-Respdnse Figure 33.4 340 (9.6) 915 (25.9) 87 £2 (31 +1) 20 £3 (49 £2)
Extended Coverpge

Quick Responsg Figure 33.5 500 (14.2) 600 (17.0) 87 £2 (31 £1) 20 £3 (49 £2)
Residential Figure 33.5 500 (14.2) 500 (14.2) 87 £2 (31 +1) 87 £2 (31 £1)
Quick Responsg Figure 33.6 500 (14.2) 600¢17.0) 87 £2 (31 £1) 20 +3 (49 £2)

Extended Coverpge
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Figure 33.2

Example of Sand Burner Apparatus

1
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12"(305mm) ?
6"(152mm)
10OP VIEW
3 Sand
12"(305mm)
7"(180mm) - ;
2.5"(64mm)
SIDE VIEW
~——12"(305mm) —T
—=\==-75"(19mm) Typical
| PP i S " Materials:
12'(305mm) - Steel Plate Box, Welded|
. - Steel or Stainless Steel H
6 (15fmm) - Mason Grade Sand.
u Key:
1 Nominal 1 Inch Piping.
Z N()Ilmldl =178 00 1T=-1721

L 0.25"(6.35mm) Diameter holes (Typical)

BOTTOM VIEW

3 Sand Depth

iping and Fittings.

ch Pipe
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Figure 33.3

Plan View of Room Heat Test for Standard Response Flush, Recessed and Concealed Sprinklers
having a Standard Coverage Area
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Key

1 — sidewall sprinkler locations
2 — pendent sprinkler locations
a — typical dimension

b — sand burner
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Figure 33.4
Plan View of Room Heat Test for Standard Response Extended Coverage Sprinklers
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Key

1 — sidewall sprinkler locations
2 — pendent sprinkler locations
L — coverage length

W — coverage width

a — typical dimension

b —sand burner
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Figure 33.5

Plan View of Room Heat Test for QR and Residential Sprinklers
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Key

1 — sidewall sprinkler locations
2 — pendent sprinkler locations
a — typical dimension

b — sand burner
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Figure 33.6

Plan View of Room Heat Test for QR Extended Coverage Sprinklers
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Key

1 — sidewall sprinkler locations
2 — pendent sprinkler locations
L — coverage length

W — coverage width

a — typical dimension

b —sand burner
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34 Operation — Lodgement Test

34.1  An automatic sprinkler shall operate at service pressures of 7 psig (48 kPa) to the rated pressure.
Upright dry-type sprinklers shall be permitted to operate at a minimum pressure in accordance with 34.3.

34.2 All 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 distribution
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 12.5 psig (86 kPa) or less. When the minimum pressure required to clear operating parts
exceeds 5 psig (34 kPa), the minimum operating pressure of the sprinkler as referenced in the
Manufacturerfs Installation Instructions, Section 60, shall be designated as two times|the minimum
pressure reqyired to clear the operating parts.

34.4 Automatic sprinklers or dry-type automatic sprinklers in the shortest length are to pe individually
tested except|as specified in 34.3. Each sample is to be installed in its intended installation position on a
rigid piping afrangement and supplied with flowing water. Tests are to be-«conducted using a single-feed
and a double{feed water supply arrangement as described in Figure 34.4. Fhe test pressurgs and number
of samples tgsted at each pressure using each water supply configuration is to be as spgcified in Table
34.1. Each sgmple is to be operated by exposing the heat responsive element to a uniforn] application of
heat. A sprinkler does not comply when a part interfering with)cerrect water distribution| or water flow
maintains intgrference for more than 10 s under the water flow.setvice pressure. The servicg pressure and
the action of the operating parts, when releasing, are to be*0bserved to determine compliahce with these
requirements
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Figure 34.1

Operation — Lodgement Test Arrangements

1 1/2 in. minimum

Nominal diameter piping —\ “/ Bleed Line

A [ ] [ | =—— Flow Blocked

1) Outlet oriented for upright,

pemndent, or sidewattsprinklers
as intended to be installed.

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

Single Feed Arrangement

1 1/2 in. minimum

Nomingl diameter piping —\ V Bleed Line

) |

— =

| -

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

=

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

Double Feed Arrangement
su0101

A — Minimum 10 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)7 Single Feed 5
7 (48)? Double Feed 5
25(172) Single Feed 5
25 (172) Double Feed 5
50 (345) Single Feed 5
50 (345) Double Feed 5
75 (1—11 7) Qingln Eead 5
75 (517) Double Feed 5
100 (689) Single Feed 5
100 (689) Double Feed 5
125 (862) Single Feed 5
125 (862) Double Feed 5
150 (1034) Single Feed 5
150 (1034) Double Feed 5
175 (1206) Single Feed 5
175 (1206) Double Feed 5
Ifcremental 25° Single Feed 5 at each prgssure
Ifcremental 25° Doublé.\Feed 5 at each prgssure

@ For dry uprigh

® I the sprinkler]
increments fron

sprinklers, the starting test pressure is 12.5 psig-(86 kPa).

is rated for a pressure of greater than 175 psig (1206 kPa), sprinklers are to be tested in 25 psig (
200 psig (1379 kPa) to the rated pressute)

72 kPa)

345 To det
maximum len
supply intend
of each samp
1 psig (7 kPa

ermine the minimum operating pressure for upright dry-type sprinklers, fi
gth are to be individually tested. Samples are to be installed on piping conneg
bd for the purpose.«With the supply pressure at 0 psig (0 kPa), the heat respg
le is to be operated. The service pressure is then to be increased at a rate n
in 15 s. The pressure at which internal parts clear the waterway is to be noted

34.6 To det¢rmine that the internal parts of a dry sprinkler do not restrict the intended flq
b connected to the water supply piping. Prior to operation of the test sampl

meter is to bg¢

operated sa

Section 53, fib

ple that has demonstrated acceptable K- faotor results in the Dlscharge C

e samples of
ted to a water
nsive element
bt greater than

w rate, a flow
es in 34.4, an
pefficient Test,

d-at each of the

pressures noted in 34.4 and the K-factor at each pressure is to be recorded Dry type spnnkler 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 discharge coefficient K-factor is then to be calculated as specified in 53.4. The K-
factor value shall be within 5 percent of previously tested K-factor samples.

35 Cycling Tests For Flow Control (FC) Sprinklers

35.1

35.1.1

Operational cycling test

An FC sprinkler shall operate as intended for 10,000 cycles when tested as described in 35.1.2.

Following the 10,000 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 supplied with water at a pressure of 40 +5 psig
(276 +49 kPa). Heat is to be applied to the sprinkler until it operates and attains the fully open position. The
heat application 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 number of test cycles is completed.
The interval between each closing of the sample and reapplication of the heat is not to be greater than
60 s.

35.2 Cycling after water exposure test

35.2.1 An FC sprinkler shall operate as intended for 1000 cycles when tested as described in 35.1.2,
after being immersed for 14 days in distilled water at a temperature between 203 — 212 °F (95 - 100 °C).

35.3 Contaminated-water cycling test

35.3.1 An FC sprinkler shall show no evidence of clogging when subjected to 1000 |cycled as described
in 35.1.2 using water that has been contaminated in accordance with 35.3.2. Fpllewing thg 1000 cycles,
the sprinkler shall comply with the requirements in 25.1, except that slight weeping defined gs leakage not
exceeding 20 mL/min shall be permitted.

35.3.2 The Water used during the cycling specified in 35.3.1 is to corisist of 15 gallons (0{06 m®) of tap
water into which has been mixed 3.5 Ibs (1.584 kg) of contaminants which sieve as descfibed 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 (0:708) - 456 200
No. 50 0.0117 (0.297) 82 82 327
No. 100 0.0059 (0.150) 84 6 89
No. 200 0.0029 (0.074) 81 - 21
No. 325 0.0017 (0.043) 153 - 3

Total 400 544 640

@ Sieve designatfons corréspond with those specified in the Standard Specification for Woven Wire Test Sieve Cloth and Test
Sieves, ASTM E[l1. Cenco-Meinzer sieve sizes 25 mesh, 50 mesh, 100 mesh, 200 mesh, and 325 mesh, correspohding with the
number designalion in the table, have been found to comply with ASTM E11.

L
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 high-ambient temperature in accordance with
Table 36.1, or 20 °F (11 °C) below the rated operating temperature of the samples (whichever is the lower
temperature), and not less than 120 °F (49 °C). To evaluate weakness and malfunction following 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 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 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. In addition, the operating time for each standard response sprinkler
sample shall be within the limits 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 High Temperature Exposure Test (90 Day), Section

36.
Table 36.1
High-Temperature Exposure Test Conditions
Sprinkler temperature rating High ambient test temperaturje
°F (°C) °F ©)

135140 (57 —60) 120 49)

1454170 (63-77) 125 52)

175225 (79-107) 175 79)

250300 (121 - 149) 250 (121)

325375 (163 -191) 300 (149)

400 {475 (204 — 246) 375 (191)

500 575 (260 — 302) 475 (b46)
36.2 An autpmatically-controlled, circulating-type, constant-temperature oven is to be used for this test.
Five automatic sprinklers of each operating temperaturé are to be placed in an oven at thg specified test
temperature. fFor dry-type sprinklers, the minimum (ength 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 a
the rated ope
120 °F (49 °
cracking, flaki
to the Oven H

37.2 An aut
Five automat

h exposure to a high-ambient temperature as specified in Table 9.1, or 20 °F
rating temperature’of the samples (whichever is the lower temperature), ang
). Following the\exposure, the coating shall not show evidence of deterio
hg, or flowing. To evaluate malfunction following the exposure, sprinklers are f
eat Test, see.33.2.1 — 33.2.8.

pmatically-controlled, circulating-type, constant-temperature oven is to be use

(11 °C) below
not less than
ation such as
b be subjected

d for this test.

c. 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 in 38.2, the change in the average discharge coefficient "K" of

an FC sprinkler shall not exceed 10 % when compared with sprinklers that have not been conditioned.

38.2 Five sprinklers are to be conditioned for 1 h in a preheated circulating air oven maintained at
1000 °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 cooling, 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 installation position at all 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
shall withstand the exposure to heat and subsequent immersion in water as described in 39.2 without
signs of significant deformation, blistering or fracture.

39.2 A sample sprinkler, without operating parts, shall be placed in an oven or furnace on its inlet and
heated to a temperature of 1200 +20 °F (650 £10 °C) for a period of 15 min. Following the exposure, the
sprinkler shall be removed from the oven by holding the inlet portion of the sprinkler, when possible, with
tongs or a sinjilar device and submersing the sample in a water bath having a temperaturg of 60 +10 °F
(15 6 °C).

40 Elastom¢éric Parts Test

40.1 An elagtomeric part used to provide a seal shall have the following.properties when tested as
specified in th¢ Standard for Gaskets and Seals, UL 157:

a) For
tensile

b) For
1500 p|
2200 p

c) Thos
oven a
157. A
to dete
design

40.2 The Stg
parts or sheet
rings having d
the product, re

41 Vibration

silicone rubber (having poly-organo-siloxane as its eofstituent characteristig
strength of 500 psi (3.4 MPa) and a minimum ultimate-elongation of 100 %.

natural rubber and synthetic rubber other thantsilicone rubber, a minimum tens
5i (10.3 MPa) and minimum ultimate elongation of 150 %; or a minimum tens|
5i (15.2 MPa) and a minimum ultimate elongation of 100 %.

e properties relating to maximum tensile set; minimum tensile strength and el

50, the maximum compression set shall be 25 %. The maximum service tem
Fmine the oven time and temperature for oven aging is 60 °C (140 °F), unless
hted for use at a higher témperature.

ndard for Gaskets-and Seals, UL 157, provides for the testing of either finishg
or slab material."Sheet or slab material is to be tested when the elastomeri
ameters of lessthan 1 in (25.4 mm). The material tested is to be the same 4
gardless of Whether finished elastomeric parts or sheet or slab material is testg

Test

), @ minimum

ile strength of
le strength of

pngation after

jing; and hardness after oven aging, all as specified in Standard for Gaskets and Seals, UL

berature used
the product is

d elastomeric
b parts are O-
s that used in
d.

411

An automalic sprinkler shall withstand the effecis of vibration without deterioration of its

performance characteristics when subjected to vibration at the frequency, duration, and amplitude
described in 41.2 and 41.3. Following the vibration, the sprinkler shall comply with the requirements in the
Leakage Test, Section 25. After being subjected to the Leakage Test, the sprinkler shall then be subjected
to the Sensitivity Tests, Section 33, based upon the type of sprinkler.

41.2 Five samples are to be attached to a steel mounting plate in any convenient fashion and the plate is
to be bolted to the table of a vibration machine so that the samples are mounted vertically. The samples
are to be vibrated in the vertical direction while unpressurized as indicated in Table 41.1. If the sprinklers
exhibit 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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Table 41.1
Vibration Test
Amplitude Displacement Frequency. Duration
in (mm) in (mm) hz h
0.04 (1.02) 0.08 (2.03) 1810 37 120

41.3 For these tests, amplitude is defined as the maximum displacement of sinusoidal motion from

position of rest to one-half of the total table displacement; resonance is defined as
magnification of the applied vibration.

the maximum

42 Freezing Test
421 Follow
operate, leak
with the requi

ng exposure to the freezing conditions described in 42.2, an automatic,sprink
at low pressure, or not sustain any damage when water pressure is applied an
ements in Leakage Test, Section 25, and in Sensitivity Tests, Section 33.

42.2 Five sgmple sprinklers are to be individually connected to one end of.a 4 in (101 mm
1 in or larger steel pipe. Each pipe is to be completely filled with watercand exposed to an
minus 20 +10 °F (minus 29 5 °C) for 24 h. Following the exposure, the samples are
examined. When no damage or evidence of operation is noted;ythe samples are then to
determine whether they leak at a pressure of 7 psig (48 kPa). When they do not leak at
7 psig (48 kPa), the samples shall then comply with the requirements in Leakage Test, S
Sensitivity Tepts, Section 33. The test is to be repeated when the test apparatus, other th

fractures dueflto the freezing.

43 Evaporation Test for Wax Coatings

43.1 When
wax or similar

ested as specified in 43.3, alprotective coating for a sprinkler containing vo
material shall not shrink, harden, crack, or flake.

43.2 When fested as specified in'43.3, the loss of volatiles in a wax coating shall not excs
weight of the priginal sample.

43.3 A 50 mL sample of-the protective coating is to be placed in a metal or glass cylind
having a flat bottom, andinside diameter of 55 mL, and an inside height of 35 mL. The con
any lid, is to e placed’in an automatically controlled, circulating-air, constant-ambient-tem
The oven terpperature is to be controlled as described in High Temperature — Test fo

ler shall either
d shall comply

long, nominal
atmosphere of
to be visually
pe checked to
a pressure of
pction 25, and
an a sprinkler,

atiles such as

ped 5 % of the

rical container
tainer, without
berature oven.

Wax Coated

Sprinklers, Se¢ction 37. The test is to be conducted for 90 days. During the test, the s3

mple is to be

removed from the oven at 7 day intervals and allowed to cool for not less than 2 nor more than 4 h. During
this cooling 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 volatiles.

44 10-Day Corrosion Test

441 General

44.1.1 The external parts of an automatic sprinkler shall withstand an exposure to salt spray, hydrogen
sulfide, 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 10 days. Following the exposure, each sprinkler shall be
operable and comply with the following 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 shall not increase more than a 1.30 multiple when
compared to the mean operating time of samples not subjected to the 10-Day Corrosion Test,
Section 44. In addition, the operating time for each standard response sprinkler sample shall be

within t

he limits 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

operati

ng time of samples not subjected to the 10-Day Corrosion Test, Section 44.

44.1.2 During the corrosive exposure, the sprinkler inlet is to be sealed by a plastic cap after the sprinkler
has been filled with deionized water and provisions taken to prevent condensation from falling directly onto

the test sampl

44.1.3 Within 1 to 5 days following the exposure period, each sample is to be subjeeted to

Test, Section 3

4414 Fora
are to be asse
the third to sul
sprinklers, are
sulfide, and th

4415 CAUT
also flammabl
systems. Adeg
gases is read
presence.

44.2 Saltsp

4421 The 9
Standard Prad
consist of 20 9
five samples is
is to be suppo|
vertical up pos

44.3 Moist K

CS.

3, in the most favorable position with respect to operating time.

| sprinklers except the ESFR type, three groups, each consisting of five sam
mbled. One group is to be exposed to 20 % salt spray, the se¢ond to hydrogg
fur dioxide-carbon dioxide. For ESFR sprinklers, four groups, each consisting
to be assembled. Two groups are to be exposed to 20 % salt spray, the thir
b fourth to sulfur dioxide-carbon dioxide.

ION — Hydrogen sulfide and sulfur dioxide are)both toxic gases. Hydrogen
e. Because of this, such gases must be stored, transferred, and used only|
uate ventilation must also be provided to<handle any accidental leakage. Preg
ly noticeable. Due to their unpleasantiodor and irritant effect, they give w4

ray exposure
amples are to be supported vertically and exposed to salt spray (fog) a
tice for Operating Salt Spray (Fog) Apparatus, ASTM B117, except that the sa

o by weight of common salt (sodium chloride). For all sprinklers except ESFR
to be supported with the inlet in the vertical down position. For ESFR sprinklg

ition.

ydrogen sulfide air mixture

he Sensitivity

ble sprinklers,
n sulfide, and
of five sample
1 to hydrogen

sulfide gas is
with gastight
ence of these
rning of their

5 specified in
t solution is to
one group of

rs, one group

rted with the_inlet in the vertical down position and one group supported with {he inlet in the

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
15 °F (24 £3 °C). On 5 days out of every 7, an amount of hydrogen sulfide equivalent to 1.0 % of the
volume of the chamber is to be introduced into the chamber from a commercial gas cylinder, 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 m® of chamber volume) is
to be maintained at the bottom of the chamber for humidity.
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44.4 Moist carbon dioxide-sulfur dioxide air mixture

4441 The samples are to be supported with the inlet in the vertical down position and exposed to a
moist carbon dioxide-sulfur dioxide 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 carbon dioxide equivalent to
1.0 % of the volume of the chamber, plus an amount of sulfur dioxide equivalent to 1.0 % of the volume of
the chamber, is 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 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. A small
amount of water (10 mL/0.003 m? of chamber volume) is to be maintained at the bottom of the chamber for

humidity.

45 30-Day

451 The ex
withstand an
when tested

Following the
requirements

a) Spr
see 33
compg
Sectio
within

b) Red
mean
operat

452 Each s
exposure peri

Lorrosion Test

ternal parts of an automatic sprinkler having a corrosion-resistant coating g
exposure to salt spray, hydrogen sulfide, and carbon dioxide-sulfur, dioxidg
n separate groups of samples in accordance with 44.1.2 — 44.1.4for a peri

exposure, each sprinkler shall be operable and comply. with the follow
based upon the type of sprinkler:

nklers other than recessed and concealed types are to/be subjected to the O
.2.1 — 33.2.8. The mean time of operation shall notincrease more than a 1.30
red to the mean operating time of samples not subjected to the 30-Day C

the limits described in 33.2.1.

essed and concealed sprinklers are to.be subjected to the Room Heat Test,
time of operation shall not increase . more than a 1.30 multiple when compare
ng time of samples not subjected to‘the 30-Day Corrosion Test, Section 45.

ample is to be subjected todhe Sensitivity Test, Section 33, within 1 to 5 day
od.

46 90-Day Moist Air Test

46.1 An aut
46.2 for a per|
not exceeding

pmatic sprinkler-shall withstand an exposure to high temperature-humidity in ac
od of 90 days. Following the exposure, each test sample shall operate at a s€
7 psig (48 kPa) within 5 s after operation of the heat responsive element.

46.2 Five s&

r plating shall
atmospheres
bd of 30 days.
ing sensitivity

ven Heat Test,
multiple when
orrosion Test,

h 45. In addition, the operating time for each.standard response sprinkler sample shall be

see 33.3. The
d to the mean

5 following the

cordance with
rvice pressure

mples are to be installed on a pipe manifold which contains water and the en

ire manifold is

to be placed in a temperature-humidity chamber for 90 days. The temperature of the chamber is to be 203
12 °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 uniform application of heat. The operating parts intended to be released from the sprinkler
assembly shall be thrown clear of the frame and deflector within 5 s after operation of the heat responsive
element.
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47 Exposure Tests on Sprinklers Incorporating Polymeric Gaskets

471 General

47.1.1 An automatic sprinkler that incorporates a polymeric material to effect the closure of the orifice
shall not leak, where specified, and shall operate at a service pressure not exceeding 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 ified | i ified in 44.3.1 and the
third to carbon dioxide-sulfur dioxide as specified in 44.4.1. Each exposure period is to be 30

| of each test
g (48 kPa).

47.2.2 Following the exposure, the operating parts in contact with the polymeric materia
sample shall gperate within 5 s after being exposed to a service pressure not exceegding 7 ps

47.3 Temperature cycling exposure

47.3.1 Five qamples are to be exposed to ten temperature cycles, €ach’ comprised of a 24
a low tempera
Table 36.1.

h exposure to
ure of minus 40 °F (minus 40 °C) and a 24 h exposure)to a high temperature as specified in

47.3.2 Folloy
service pressu
elementtoau
test sample sh

ith water at a
at responsive
hterial of each

ving the exposures, each sprinkler is to be installed on piping and supplied W
re of 7 psig (48 kPa). Each sprinkler is thento be operated by exposing the he
hiform application of heat. The operating.parts in contact with the polymeric m
all operate as intended within 5 s.

47.4 Hydrogarbon exposure followed by moist air exposure

5 to have the
to C17, mixed
vax mixture of

47.4.1 Two groups, each consisting'of five samples, are to be assembled. One group i
sprinkler inlet ¢xposed to a liquid mixture of saturated hydrocarbon chains ranging from C12
in equal parts py weight. The second group is to have the sprinkler inlet exposed to a solid V

saturated hydfocarbon chainsg ranging from C18 to C25, mixed in equal parts by weight. Th
has a melting point of 129 #2 °F (54 £1 °C). A hydrocarbon material equal to or greater thar

B wax mixture
that required

to completely fover thedwater seal area or 0.025 ml (approximately 0.1 g) is to be placed in the sprinkler

inlet in @ manner to expose the polymeric seal assembly to the hydrocarbon. The samples
mixture shall he warimed to 140 +5 °F (60 £3 °C) to liquefy the material for even distribution

Lising the wax
over the seal

imum of 72 h.
; ecified in 90-
Day Moist Air Test, Section 46, with the sprinkler installed in the pendent position and the hydrocarbon
mixtures left in the inlet.

psyof sprinklers are then to be conditioned at 70 +10 °F (21 5.6 °C) for a min

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 uniform application of heat.

47.5 Hydrocarbon exposure followed 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 installed on a manifold and hydrostatically pressurized to a pressure value of 25 psig (172 (kPa)
less than the rated pressure and immersed for 90 days in tap water maintained at a temperature of 189
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13.6 °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 (172 (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 application 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
installed onto a manifold. The manifold is to be partially filled, such that the inlet of each sample is exposed
to the following antifreeze solutions (by volume) for 90 days at a temperature of 189 +3.6 °F (87 +2 °C):

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

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

47.6.2 After

examined for
application of

these exposures, each sample is to be hydrostatically pressurized at 7 psig
leakage for a period of 1 min, and then operated by expesing the elemen
heat.

48 Dry-Typ¢ Sprinkler Deposit Loading Test

48.1 Aftere
days, the wat|
within 5 s afte

kKposure to a carbon dioxide-sulfur dioxide atmdsphere in accordance with 48.]
br seal assembly and internal components.@f a dry-type sprinkler shall functig
I 7 psig (48 kPa) air pressure is applied to'the sprinkler inlet.

48.2 Atfter the carbon dioxide-sulfur dioxide exposure, the samples are to be dried at

12 °C)inan g
more than 72

48.3 Two gn
minimum len
assembly, the
exposed with

utomatically-controlled, circulating-type, constant temperature oven for not les
h prior to being operated at 7\psig (48 kPa) with air.

oups, each consisting.of-five sample sprinklers in the ordinary temperature
gth to be produced;~are to be assembled. If lubricant is required to faci
minimum amount required to assemble the test samples shall be used. One
the sprinkler inithe vertical position with the inlet up and the second group wit

(48 kPa) and
t to a uniform

o
ESN

8.6 for 30
as intended

ST

120 +5 °F (49
s than 24 h or

rating and the
itate sprinkler
group is to be
h the sprinkler

inlet down.

48.4 The sgmplestaré to be exposed to a moist carbon dioxide-sulfur dioxide air mixture in a closed
chamber maitained at 95 £3 °F (35 +£1.7 °C). The samples are to be supported in a manngr to permit the
internal and gxternal sprinkler parts to be exposed to the gases. such as by placing test samples on
polymeric light diffuser trays with nominal 0.5 by 0.5 in (12.7 by 12.7 mm) openings. All 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 equivalent to 1.0 % of the volume of the chamber, plus an amount of sulfur dioxide
equivalent 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 this does not occur, the chamber is to remain closed and no purging or introduction of
gas is to be provided. A small amount of water (10 ml/0.003 m? 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 dioxide 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 supplied 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 uniform application of heat or by removing
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the heat responsive element if it is degraded by the moist carbon dioxide-sulfur dioxide 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
readily noticeable. Due to its unpleasant odor and irritant effect, it gives warning of its presence.

49 Dezincification Test of Brass Parts

491 General

49.1.1 Sprinkler parts that are made of a copper alloy containing mare than 15 % zinc and normally
exposed to system water shall not exhibit the following after exposure to a copper chlarige solution for
144 h:

a) An average dezincification depth exceeding 0.0039 in (100 ym); and

b) An individual reading of dezincification depth exceeding 0.0079 in (200 pym).
49.2 Reagent
4921 Ates

(CuCl,2H,0) i
be used for ed

solution is to be prepared by dissolving 0.028 Ib{(12:7 g) of copper (ll) chlofide dihydrate
h distilled water and then making up the volume 10.0.26 gallon (1000 ml). Fresh solution is to
ch test.

49.3 Test piéces

49.3.1 Threg
way, for exan
unaffected. Th

49.3.2 Each
and the test s
are to be clear

49.4 Methog

49.4.1 Each
solution so tha

test pieces are to be taken from-the sprinkler part. These pieces are to be
ple by sawing and grinding with’ light pressure, that the properties of the
e area of each test piece to be-exposed shall be approximately 0.155 in? (100

test piece is to be embedded in a thermoset resin having minimal shrinkage ¢
irface ground using.wet abrasive paper, finishing with 500 grade or finer. The
ed with ethanol prior to testing.

test piece is to be placed in the middle of the beaker containing the coppe
t.theutest surface is vertical and at least 0.59 in (15 mm) above the bottom of g

cut in such a
materials are
mm?).

haracteristics
test surfaces

r (1) chloride
glass beaker

sl Alootin £ Iva h-aoloctie theaod Ay o4

other method

covered with st

U faor avamnla ~Al g vaenae caocrradaan
CaioTC PTa St o101, TOT CAaTT PTG POTy Tt yTeTTC— ST OO Uit crasuctnocad—oral

of sealing using non-metallic compound. A total of 0.066 gallon (+0.013 gallon, -0.0026 gallon) [250 ml
(+50 ml, -10 ml)] of the copper (II) chloride solution is required per 0.155 square in (100 mm?) of exposed
surface of the test piece.

49.4.2 The beaker containing the test piece is to be placed in the thermostatically controlled oven or oil
bath with the temperature maintained at 167 +3 °F (75 +2 °C). The test piece is to be exposed
continuously for 144 h. At the end of this period, they are to be removed from the beaker, washed in water,
rinsed in the ethanol, and allowed 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 remaining 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 polished 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 10 days to a moist ammonia exposure as described in 50.2 and 50.3, a
sprinkler having brass parts shall:

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

b) Perform as intended.
50.2 Five sg
moist ammor]
polymeric ma

mples without any plating or coating are to be degreased and then exposed f¢r 10 days to a
ia-air mixture maintained in a chamber having a cover~constructed of glass or suitable
erial.

50.3 A suffig
gravity of 0.94
1-1/2 (+1/2, -

ient amount of aqueous ammonia to cover the bottom of the chamber and ha
| is to be maintained during the test. The lowestportion of the samples are to
D) in [(38.1 mm) (12.7 mm, -0 mm)] above the liquid surface and supported b

The moist ammonia-air mixture in the chamber is to be maintained at essentially atmosp

with the temp

brature constant at 93 £2 °F (34 £1 °C).

50.4 After the exposure period, the test samples are to be examined using a micros

magnification
The deposits
examination

exposure deg
psig (1.21 MR
operate at 7

cracking, delz
withstand flow

51 Stress-Q

of 25X for any cracking, delamination or other degradation as a result of the
pn some samples shall be permitted to be removed using a cleaning solution
or cracks or degradation) Operating parts exhibiting degradation as a res
cribed in 50.2 and 50.3-shall withstand, without leakage, a hydrostatic test p
a) or one equivalentto their maximum design pressure, whichever is greater,
psig (48 kPa) when exposed to a uniform application of heat. When the sam|
mination, or'degradation of nonoperating parts as a result of the test expos
ing waterattheir rated pressure for 30 min.

orrosion Cracking Of Stainless Steel Sprinkler Parts Test

ving a specific
be positioned
y an inert tray.
neric pressure

ope having a
test exposure.
to assist in the
ult of the test
essure of 175
for 1 min, and
ples have any
ure, they shall

51.1

Austenitic stainless steel parts of a sprinkler shall show no evidence of cracking, delamination, or

degradation, or shall demonstrate intended performance, after being subjected to boiling magnesium
chloride solution. The exposure to the solution is to be 150 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.

51.2 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 150 h exposure.

51.3 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 filled approximately one-half full 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
thermostatically-controlled electrically heated mantel, and maintained at a boiling temperature of 302
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12 °F (150 1 °C). The parts are to be unassembled, that is, not contained in a sprinkler assembly. The
exposure is to last for 150 or 500 h, as specified in 51.1.

51.4 After the exposure period, the test samples are to be removed from the boiling magnesium chloride
solution and rinsed in de-ionized water.

51.5 The test samples are then 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. Test samples exhibiting
degradation are to be tested as described in 51.6 or 51.7, as applicable. Test samples not exhibiting
degradation comply with the requirements and shall not be tested further.

if this is not
frames made
stainless steel

51.6 Operating parts exhibiting degradation are to be reassembled into the sprinkler or
possible, new parts tested as follows. Five new sets of parts are to be assembled in sprinkler
of materials that do not alter the corrosive effects of the magnesium chloride solution on'the

parts. These |test samples are to be degreased and subjected to the magnesium- chlpride solution
exposure speg¢ified in 51.3. Following the exposure, the test samples shall withstand, withqut leakage, a
hydrostatic tegt pressure at their rated pressure for 1 min, and then operaterat’7 psig (48 kPa) — see
Operation — Lgdgement Test, Section 34.

51.7 Nonopsgrating parts exhibiting degradation are to be reassembledinto the sprinkler g
possible, new parts tested as follows. Five new sets of parts are to be@ssembled in sprinklen
of materials that do not alter the corrosive effects of the magnesium- chloride solution on the

r, if this is not
frames made
stainless steel

bride solution
g pressure of

parts. These [test samples are to be degreased and subjected to the magnesium chl
exposure spegified in 51.3. Following the exposure, the test'samples shall withstand a flowin
175 psig (1.21|MPa) for 30 min without separation of permanently attached parts.
52 Polymeric Residential Sprinkler Tests
521 Generdl

br assemblies
Strength Test

52.1.1 After
shall show no|
(Section 26), 4

being subjected to the test*exposures specified in 52.1.2, polymeric sprinkl
visible cracks and comply with the Leakage Test (Section 25), Hydrostatic
nd Flow Endurance.Jest (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 180 days;

b) Air-qven.aging specified in 52.1.4 for 180 days; and

c) Accelerated Tight and water specified in 52.71.5.
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 inlets with pipe threads constructed of a polymeric material, the inlet is to be threaded
into a fitting with metallic threads that allow the sprinkler inlet to be open to the exposure environment
during 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 remaining four
samples shall be tightened to 120 % of the maximum torque value specified in the manufacturer's
installation 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 inlet of four sprinkler samples shall be tightened into a fitting
with metallic threads using the maximum torque value specified in the manufacturer's instructions and the
remaining four samples shall be tightened to 120 % of the maximum torque value specified in the
manufacturer's installation 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 Following the exposures described in 52.1.3 — 52.1.5, three samples with the maximum torque
value and three samples with 120 % of the maximum torque value from each exposure are to be subjected
to the Leakage Test (Section 25) and Hydrostatic Strength Test (Section 26). Leakage unrelated to the
polymeric body shall not be considered a noncompliant result. When subjected to the Leakage Test
(Section 25), no visible leakage past a polymeric threaded inlet connection shall be observed when the
pipe threads are sealed as specified by the manufacturer and no visible cracks in the inlet threads shall be
observed after removal of the sprinkler from the fitting. The remaining samples from each exposure are to
be subjected to the Flow Endurance Test (Section 24).

52.1.2.3 At the manufacturer's option, additional samples shall be permitted to be Subjected to these
exposures and removed for physical testing after shorter exposure durations to obtain’ intgrim results for
informational purposes.

52.1.3 Watdr immersion exposure

52.1.3.1 The¢ test samples specified in 52.1.2 are to be immersed in)a bath containing ftap water and
maintained a{ a temperature of 189 +4 °F (87 +2 °C) for a period.6f 180 days. After the|exposure, the
samples are {o be conditioned for not less than 24 h at 70 £5 £ (21 +3 °C) prior to the physical testing
described in §2.1.2.2.

52.1.4 Air oven aging exposure
52.1.4.1 Th¢ test samples specified in 52.1.2 areto be subjected to 242 £5 °F (117 £3 °C) for 180 days.

After the expgsure, the samples are to be conditioned for not less than 24 h at 70 £5 °F (21|+3 °C) prior to
the physical tg¢sting described in 52.1.2.2.

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

D= (184049)9'6'93{%)

where:

D = te$t duration in days;

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

t,= test temperature for D = 180 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 light 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 shall be 360 h for
carbon-arc or 500 h for xenon-arc conditioning. For polymeric sprinklers intended for outdoor installations
only, the exposure period shall be 720 h for carbon-arc or 1000 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.



https://ulnorm.com/api/?name=UL 199 2025.pdf

62 ANSI/CAN/UL/ULC 199 JUNE 27, 2025

52.2 Long-term hydrostatic pressure test

52.2.1 When tested as described in 52.2.2 and 52.2.3, polymeric sprinkler assemblies shall withstand
2.5 times the rated working pressure for a period of 90 days without rupture, leakage, or operation with the
assemblies conditioned to 150 °F and then comply with the Leakage (Section 25) and Sensitivity Oven
Heat (33.2) Tests.

52.2.2 Ten sprinkler sample assemblies are to be subjected to this test. For sprinkler inlets with pipe
threads constructed of a polymeric material, the inlet of five sprinkler samples shall be tightened into a
fitting with metallic threads using the maximum torque value specified in the manufacturer's instructions
and the remaining five samples shall be tightened to 120 % of the maximum torque value specified in the

manufacturer's installation instructions prior to applying the test pressure.

Exception: Fo
during installa
in the manufaq

52.2.3 The't
subjected to 3
conditioned in
temperature o
not less than 2
the Leakage T

52.3 Tempe

52.3.1 Whern
sprinkler asse
(Section 25), §

52.3.2 Ten ¢
threads const
fitting with me
and the remai
manufacturer'

Exception: Fo
during installa
in the manufaq

[ sprinklers with polymeric inlet pipe threads that are constructed to prevent ¢
jon, ten samples are tightened into a fitting using only the maximum torque v
turer's instructions.

bst samples shall be connected to water filled supply piping;:vented of entra
constant pressure of 2.5 times the rated working pressure< The test samp
an automatically controlled air bath or oven that is, capable of maintainin
F 150 £4 °F (66 +2 °C) for 90 days. After the exposure;.the samples are to be G
4 hat70 £5 °F (21 £3 °C) prior to further testing. Each’ sample shall be then b
bst (Section 25) followed by the Sensitivity OveniHeat Test (33.2).
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8.3, polymeric

mblies shall not crack, rupture, leak, or operate and then comply with the
ensitivity Oven Heat Test (33.2),\and Flow Endurance Test (Section 24).

prinkler sample assemblies* are to be subjected to this test. For sprinkler in
ucted of a polymeric material, the inlet of five sprinkler samples shall be tig
tallic threads usingsthe maximum torque value specified in the manufacturer
ning five samples.shall be tightened to 120 % of the maximum torque value s
b installation instructions prior to applying the test pressure.

[ sprinklers- with polymeric inlet pipe threads that are constructed to prevent ¢
jon, teh.Samples are tightened into a fitting using only the maximum torque V|
turer’s instructions.

| eakage Test

lets with pipe
htened into a
s instructions
becified in the

ver-torqueing
alue specified

52.3.3 The test samples are to be exposed to ten temperature cycles while pressurized with air 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 150 +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 testing. Each sample shall 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 inlet threads shall be observed. One of the
samples shall 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 installation temperature
referenced in the manufacturer's instructions or 0 +4 °F (minus 18 £2 °C), whichever is lower, five sprinkler
sample assemblies are to be subjected to an impact by dropping a cylindrical mass equivalent to the mass
of the sprinkler to the nearest 15 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. Following the impact, each sprinkler is to be visually examined and there shall 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 shall then be
subjected to the Flow Endurance Test (Section 24).

WATER FLOW AND DISTRIBUTION TESTS

53 Discharge Coefficient Test

ctor values at
e of pressures
5 within one of
shall be within

53.1 When fested in accordance with 53.2 — 53.4, a sprinkler shall have individual “K” f3
each pressurg that are within £5 % of the calculated mean discharge coefficient.for the rang
tested and, except for residential sprinklers, shall have a mean discharge coefficient that i
the ranges spgcified in Table 11.1. For residential sprinklers, the mean discharge coefficient
15 % of the npminal K-factor referenced in the manufacturer’s instructions: See 60.2(a).

residential sprinkler with an mean “K” factor of {&éss’ than 4.0 shall be permitted to have
factor values that are not within +5 % of the mean "K" factor if the single "K"|factor value is
its of the mean "K" factor value.

Exception: A
individual “K”
within £0.2 un

53.2 The sprinkler is to be installed on an outlet fram-a reservoir sized so that the veloc
(V22 g) is refluced to approach a velocity of zero; The outlet is to consist of a pipe cou
corresponding with the size of the sprinkler thread(1/2, 3/4 or, 1 in NPT), as described in th

ty head effect
bling of a size
e Standard on

Pipe Threads
or less, the c(
to the couplin
example of th
of a nominal

pipe. See Figl

General Purpose, Inch, ANSI/ASME B1.20.1. For sprinklers having a nomina
upling is to be installed in thelreservoir by positioning the coupling in a hole s
g protrudes into the interiorof the reservoir 1/8 in (3.2 mm) or more. See Fig|
e apparatus. For sprinklers having a nominal “K” factor greater than 8, the outl
b in blank flange drilled ‘and threaded to the appropriate thread size, and attz
ire 53.2 for an example of this apparatus.

“K” factor of 8
o that the inlet
ire 53.1 as an
bt shall consist
chedtoa6in
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Figure 53.1

Discharge Coefficient Test Equipment for Sprinklers with Nominal K-factors of 8.0 (115) or Less
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Figure 53.2

Discharge Coefficient Test Equipment for Sprinklers with Nominal K-factors Greater Than 8.0 (115)
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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 11.2. Also see 60.1.

53.4 Two samples with the frame and deflector removed are to be tested. Each sprinkler sample is to be
flow tested at nominal pressure increments. For all sprinklers, except ESFR, testing is initially conducted
at a pressure of 7 psig (48 kPa) and then at 10 psig (69 kPa). For ESFR sprinklers, testing is to be started
at 15 psig (103 kPa). Following this, the pressure is to be increased in 5 psig (34 kPa) increments up to
50 psig (345 kPa), in 10 psig (69 kPa) increments up to and including 75 psig (517 kPa) less than the rated
pressure, decreased in 10 psig (69 kPa) increments down to 50 psig (345 kPa), in 5 psig (34 kPa)
increments down to 10 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 within 2 % of the actual

flow. The discliarge coefficien IS 10 be calculated by dividing the 1low In gpm (L/min) by the square root
of the pressur¢ in psig (bar). The mean discharge coefficient "K" is then to be calculated.

54 Water Distribution Tests

54.1

5411 An a{
upon the sprin

General

kler type.

tomatic sprinkler shall comply with the requirements,as referenced in Tabl

Table 54.1
Water Distribution Requirements by Sprinkler Type

e 54.1 based

Sprinkler type

Requirements

Conventional (O

d Style) sprinklers

54.2 Water Distribution Test — Conventional (Olq
Sprinklers

Style)

All pendent and
flush, recessed §
exceeding 8.0 g

Lpright standard coverage sprinklersylincluding
nd concealed that have a nominal K-factor not
m/(psi)""? [115 L/min/(bar)"?].

54.3 10 Pan Distribution Test
54.4 16 Pan Distribution Test

Sidewall standa
recessed and co
exceeding 8.0 g
guards.

d coverage sprinklers, including flush,
hcealed that have a nominal K-factor not
m/(psi)"’? [115 L/min/(bar)'"?]. Also, sprinkler

54.5 100 Pan Distribution Test — Sidewall Sprink
Coverage)

lers (Standard

Pendent, uprigh
recessed and co

and sidewall-ECLH sprinklers including flush,
hcealed types

54.6 Wall Wetting Test for ECLH and ECOH Spijinklers

and concealed t

Pendent and uptfight EEOH sprinklers including flush, recessed

pes

54.7 Distribution Tests for ECOH Sprinklers

t — Horizontal

Residential pen

entZunright and sidewall includina flush
TP =4 v

recessed and concealed types

54 8 Rasidential Qprinl{lnr \Aater Distribution-Te.
Surface

54.9 Residential Sprinkler Water Distribution Test Vertical

Surface

ESFR having a nominal K-factor of 14.0 gpm/(psi)'’? [200
L/min/(bar)"?] and 16.8 gpm/(psi)"’ [240 L/min/(bar)"?]

54.10 Distribution Tests for Pendent ESFR Sprinklers Having a

Nominal K-factor of 14.0 or 16.8

54.11 Thrust Force Test for Pendent ESFR Sprinklers Having a

Nominal K-factor of 14.0 or 16.8

All sprinkler types except conventional

54.12 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 distribution test — Conventional (old style) sprinklers

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 containers 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.

Table 54.2
Water Coverage Values for Conventional Sprinklers
Nominal "K" Flow rate per Number of
Factor y |____Water coverage sprinkler Protectod-area—|Sprinkler spacing | containers with
gpm/(psi)'2 a lower content
(L/min/(bar)"?)[| gpm/ft?> | (mm/min) gpm (/min) 2 (m?) ft (m) of water
4.2 (57) 0.06 (2.5) 13.4 (50.6) 217.8 (20.25) 14.76 “:5) 8
5.6 (80) 0.12 (5.0) 16.2 (61.3) 131.8 (12.25) 11.48 (3.5) 5
5.6 (80) 0.36 (15.0) 357 | (135.0) 96.8 9) 9.84 (3) 4
8.0 (115) 0.24 (10.0) 23.8 (90.0) 96.8 9) 9.84 3) 4
8.0 (115) 0.72 (30.0) 495 | (187.5) 67.2 (6.25) 8.2 (2.5) 3

54.2.2 Fourlsprinklers of the same type shall be installed in a test chamber having minimym dimensions
of 23 by 23 ft[7 by 7 m). The sprinklers shall be arranged in assquare, on piping prepared fgr this purpose.
The arrangerment of the piping and collection pans is shown in Figure 54.1 — Table 54.4. Thqg sprinklers are
to be installed 2 in (50 mm) below the ceiling in the upright position and 11 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 Collection Room for Conventional Sprinklers
[Measured area 217.9 ft? (20.25 m?)]
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Layout of Water Distribution Collection Room for Conventional Sprinklers
[Measured area 131.8 ft? (12.25 m?)]

Figure 54.2
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Figure 54.3
Layout of Water Distribution Collection Room for Conventional Sprinklers

[Measured area 96.8 ft? (9 m?)]
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Figure 54.4
Layout of Water Distribution Collection Room for Conventional Sprinklers

[Measured area 67.24 ft? (6.25 m?)]
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54.2.3 Water is to be discharged for a minimum of 10 min, and the amount collected in each pan is to be
measured and recorded to determine the amount and uniformity of discharge.

54.2.4 Flush or recessed type sprinklers shall be mounted in a false ceiling of dimensions not less than
20 by 20 ft (6 by 6 m), arranged symmetrically in the test chamber. The sprinklers shall be fitted directly
into the horizontal pipework by means of tee or elbow fittings.

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 distribution in the area between the four sprinklers shall be measured by means of
square collection pans of size 19.7 in (500 mm). The distance between the ceiling and the upper edge of
the collection pans shall be 8.9 ft (2.7 m). The pans shall be positioned centrally in the roon), beneath the
four sprinklers| The water shall be collected for at least 3 min.

54.2.7 The Water discharge of sprinklers downward from the deflectors is t0<be 40 tp 60 %. The
sprinklers are o be installed horizontally in a testing apparatus as shown in Figure54.5. The|deflector is to
be positioned within the apparatus so that a theoretical dividing line betweéen, the two colletting volumes
intersects a pqgint on the axis of the sprinkler where the water spray is traveling substantially jparallel to the
plane of the partition. The sprinklers are to be tested at the flow conditions specified in Table $4.3.

Figure 54.5

Water Distribution Above and Below the Deflectors for Conventional Sprinkl
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Table 54.3
Flow Conditions for Conventional Sprinklers
Nominal "K" Factor Water flow rate
gpm/(psi)"(L/min/(bar)"?) gal/min (I/min)
4.2 (57) 13.4 (50.6)
5.6 (80) 16.2 (61.3)
8.0 (115) 23.8 (90)

54.3 10 Pan distribution test

54.3.1 When tested as described in 54.3.3 and 54.3.4, the water-distribution pattern<frg
except as noted in 54.3.2, shall not exceed a 16 ft (4.88 m) diameter circular area located
plane 4 ft (1.22 m) below the sprinkler deflector. When guards are used with a sprinkler, t
conducted with and without the guard.

54.3.2 Water shall not accumulate in areas outside the 16 ft (4.88, m)~diameter cirg
accumulation$ do not exceed 0.03 gpm/ft? (1.2 mm/min).

54.3.3 An open sprinkler is to be installed in its intended position (upright or pendent) in g
by 1 in with ap inlet the size of the sprinkler, supplied with waterdy 1 in piping flowing from
The sprinkler|deflector is to be located 7 in (178 mm) below~a minimum 12 by 12 ft (3.
smooth, flat, horizontal ceiling. The frame arms are to be parallel to the piping on which ing
type sprinklerg, the minimum length to be produced is.to"be tested. A ceiling or recessed ty
to be mounted in the ceiling in the intended installation position. The deflector is to be 4 ft (1
row of ten 1 f> (305 mm?) collection pans directly below the center of the sprinkler sample
the first pan |is to be directly below the centeriof the sprinkler. See Figure 54.6 for a
arrangement.|The test is to be repeated on a‘second sprinkler sample.

m a sprinkler,
in a horizontal
bsting shall be

le unless the

tee fitting 1 in
one direction.
b5 by 3.65 m)
talled. For dry
pe sprinkler is
22 m) above a
The center of
rotating table
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Figure 54.6
10 Pan Sprinkler Distribution Test Arrangement (Rotating Table Arrangement)
I—-—Approx. 51t (1.5m) ——-I-—ApprOX- 5ft(1.5m) ——l /— 12 ft x 12 ft (3.7 m) CEILING
| | | | |
UPRIGHT '
/ /‘ SPRINKLER /— WATER SUPPLY INLET
, 1.l @ -
1 8
/ N\ \— 1 in SCHEDULE 40 PIPE
2
Zin (178 mm) PENDENT SPRINKLER
121in x 12 in (305 mm) PANS - 12 in (305 mm)BEEP
4ft(12m / LIP ON ONE EDGE, 10 PANS
I\I\I\I\I\I\I\I\/\/\II
. |.— ELECTRIG MOTOR
DRIVE
PIVOT /
Il WHEEL
| | FLOOR /
7
" Included only when upright sprinkler is being tested
2 Included only when pendent sprinkler is béing tested
s4465¢c
54.3.4 With the table and pans or sprinkler rotating at 1 revolution per min (rpm), water is to be

discharged fro
first and at a
factor sprinkle
collected is to

54.4 16 Pan

5441 Four
54.4.9, shall d

distribution test

m the sprinkler for a minimum’ of 10 min or until a pan is filled with water, whi
ate of 15 gpm (57 L/min) for 1.4 (20), 1.9 (27), 2.8 (40), 4.2 (57), and 5.6 (8(
Is and at a rate of 24_gpm (80 L/min) for 8.0 (115) nominal “K” factor sprinkle
be measured and-the'density in gpm/ft> (mm/min) calculated.

chever occurs
) nominal “K”
rs. The water

sprinklers; flowing at the rates indicated in Table 54.4 and tested as specified in 54.4.2 —
scharge water at an average density of:

a) Not

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

ess han the average shown In 1able 54.4 Tor the 1o pans (see 54.4.6), and
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Table 54.4
16 Pan Sprinkler Distribution Tests

Nominal "K" Factor Waterflow per sprinkler Minimum average collection
gpm/(psi)'? Ui 2 mi
(L/min/(bar)'?) gpm (L/min) gpm (mm/min)
1.4 (20) 3.75 (14.2) 0.0375 (1.6)
1.9 (27) 5.25 (19.8) 0.0525 (2.2)
2.8 (40) 7.50 (28.4) 0.0750 (3.2)
4.2 (57) 11.25 (45.5) 0.1125 (4.8)
5.6 (80) 15.00 (56.7) 0.1500 (6.4)
8.0 (115 ZT.00 79.4) 0.27T00 (8.9)
54.4.2 Dry-type sprinklers are to be tested using the shortest available length.
54.4.3 Sprinklers fitted with guards shall not reduce the average collection by more than 2D % compared
to the sprinkler tested without guard, but shall also comply with the minimum average [collection and

individual pan

54.4.4 Sprin

corresponding to a pressure of 75 psig (517 kPa) less than‘the rated pressure and cd

requirements

5445 Two
sprinklers in
each test sha

5446 Four
pendent) in 9
type sprinkler
inlet. Each sp
(178 mm) bel
are to be pars

54.4.7 Each
(0.61- by 0.61
the shortest a

requirements described in 54.4.1.

klers rated at a pressure greater than 175 psig (1{2yMPa), shall be tested

of 54.4.1 (a) and (b) for the "K" factor specified.

distribution tests are to be conducted. ,After completion of the first test, ty
bpposite corners are to be transposed,\prior to conducting the second test.
| be in accordance with 54.4.1.

open sprinklers, except the dry'type, are to be installed in their intended posi
)° elbows having a 1 in (25,4 mm) inlet and an outlet the same size as the spri
5 are to be installed in g71yin (25.4 mm) tee having an outlet the same size 4
rinkler is to be supplied, with water through 1 in piping, with sprinkler deflecto
bw a minimum 12- by, 12 ft (3.66- by 3.66-m) smooth, flat, horizontal ceiling. T
llel to the piping-on.which installed.

ceiling orrecessed type sprinkler is to be mounted in the center of a minin
-m) squarne "ceiling" in the intended installation position. Dry-type sprinklers a
vailablerlength.

at a flow rate
mply with the

vo of the four
The results of

ion (upright or
nkler inlet. Dry
s the sprinkler
Is located 7 in
he frame arms

hum 2- by 2-ft
e tested using

5448 The

our-sprinkters—are to be instattedom 0=y 10-ft(3:05- by -3-05-m)spacings

. Sixteen 1 ft?

(305-mm?) pans, located 7 ft, 6 in (2.29 m) below the sprinkler deflectors and centered between the
sprinklers, are to be used to collect the sprinkler discharge. See Figure 54.7.

54.4.9 Water is to be discharged for a minimum of 10 min. The amount collected in each pan is to be

measured, an

d the density in gpm/ft?> (mm/min?) calculated.
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Figure 54.7
16 Pan Sprinkler Distribution Test Arrangement
12t (3.7 m)
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54.5 100 Pan distribution test — Sidewall sprinklers (standard coverage)

54.5.1 When tested as described in 54.5.3 — 54.5.5, the water distribution from two sidewall sprinklers
over a 100 ft? (9.3 m?) floor area covered by 100 collection pans (see Figure 54.8) shall 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/ft® (2.0 mm/min), and a minimum water
collection of 0.030 gpm/ft? (1.2 mm/min) for any individual pan.

b) For 8.0 (115) nominal “K” factor sprinklers, a minimum average water collection in the pans of
0.070 gpm/ft? (2.9 mm/min), and a minimum water collection of 0.030 gpm/ft? (1.2 mm/min) for any
individual pan.

c) Spllinklers fitted with guards shall not reduce the average collection by mefe than 20 %
compdred to the sprinkler tested without guard, but shall also comply with the.minjmum average
and inglividual pan requirements described 54.5.1 (a) and (b).
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_ See Detail "A"
/”_ ‘\\/—

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 shall account for a minimum of 3.5 % of the total discharge at the minimum pressure
specified in 54.5.4. The wall surface between the installed sidewall sprinklers shall be completely wetted
from the floor to within 4 ft (1.22 m) below the deflector.

54.5.3 Two sprinklers are to be installed below a ceiling in their intended installation position, each
supplied with water through 1 in piping in front of a 20 ft wide by 8 ft high (6.1- by 2.4-m) wall section. For
dry 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 90° elbow, 1 in close nipple, and a 1- by 1 in 90°
elbow

b) Hor|zontal type — by means of a 90° elbow; and

c) Dryltype — by means of a tee.

The two sprinklers are to be installed with their deflectors 6 in (152 mm) from the wall and spaced 10 ft
(3.05 m) apart, with frame arms in a uniform direction. One hundred 1-ft(305-mm) square ¢ollection pans
are to be located in a 10-by 10-ft (3.05- by 3.05-m) square, centered between the sprinklersfand extending
2to 12 ft (0.6[1 to 3.65 m) outward from the wall. The sprinkler deflectors are to be located 4 in (102 mm)
below a ceiling and the maximum distance below the ceiling as_spécified in the installatior] instructions if
the maximum distance exceeds 4 in (102 mm) below a ceiling. The ceiling is to be locat¢d 8 ft (2.4 m)
above the flogr. See Figure 54.8.

54.5.4 For 1.4 (20), 1.9 (27), 2.8 (40), 4.2 (57), and 5.6 (80) nominal “K” factor sprinklers, |the water flow
rate through gach sprinkler is to be 15 gpm (57. l/min). For 8.0 (115) nominal “K” factor [sprinklers, the
water flow rgte through each sprinkler is to be 21 gpm (80 L/min). In addition, sprinklers rated for
pressures ex¢eeding 175 psig (1.2 MPa) are<to’be tested at a flow rate corresponding to a pressure of 75
psig (517 kP4) less than the rated pressure:

54.5.5 Watdr is to be discharged-for a minimum of 10 min. The water wetting the wgll behind the
sprinkler is tq be collected, measured, and the percentage of the total discharge calculated. The water
impinging on the back wall is t6_flow downward on the surface of a nonporous plastic mater|al that is to be
placed over the surface of the.wall. The water is to be directed from the plastic into a row of ¢ollection pans
on the floor gdjacent to.the' wall. The pans along the back wall are to be provided with [a shield/cover
located withirl 2 in (50-mm) of the wall so that the water collected in the pans is primarily from the water
impinging on|the bacK wall. The amount collected in each pan is to be measured and recorded to
determine thg amount and uniformity of discharge.

54.6 Wall wetting test for ECLH and ECOH sprinklers

54.6.1 When tested as described in 54.6.2 — 54.6.4, and installed as specified by the manufacturer, each
sprinkler shall wet the entire area of the wall surfaces of the test room to a minimum height of 30 in (762
mm) above the floor.

54.6.2 The wall wetting tests are to be conducted in an enclosed room having the maximum dimensions
intended for the sprinkler as specified by the manufacturer and a ceiling 8 ft (2.4 m) high.

54.6.3 Sidewall type sprinklers are to be installed at the greatest intended distance from the wall and at
the minimum and maximum intended distance below the ceiling. For dry 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 175 psig (1.2 MPa), tests are also to be conducted at a flow rate
corresponding to a pressure of 75 psig (517 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 collected in any individual collection pan, the average water collected for all collection
pans in the distribution area, and the average water collected for collection pans in any 16 ft?> (1.5 m?)
square area shall comply with the values specified in Table 54.5 with sprinkler deflector distances above
the collection|pans specified in Table 54.5. The sprinklers shall be tested using the ,coverage areas
specified by the manufacturer.
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Table 54.5
Pan Collection Values
Minimum average
Sprinkler coverage N of Deflector to pan Water flow per Minim_um.c_ollection in | collection in any 16 ft? Minin.lum. average
area cdllection distance sprinkier a'ny'nﬂTV'rd'uaI'pa'rl—ﬁTuare area collection in all pans
ft (m) pans ft (m) gpm (/min) gpm/ft2  (mm/min) | _gpm/MAt? (mm/min) | gpm/ft?  (mm/min)
14x14 (4.3x4.3) 64 75 (2.29) 30 (113) 0.075 (3.21) 0.11 4.71) 0.15 (6.42)
64 75 (2.29) 39 (147) 0.10 (4.28) 0.15 (6.42) 0.20 (8.66)
64 3.0 (0.91) 30 (113) 0.03 (1.28) 0.08 (3.42) 0.15 (6.42)
64 3.0 (0.91) 39 (147) 0.03 (1.28) 0.11 4.71) 0.20 (8.66)
16x16  (4.9x4.9) 100 75 (2.29) 39 (147) 0.075 (3.21) 0.11 4.71) 0.15 (6.42)
100 75 (2.29) 51 (193) 0:10 (4.28) 0.1§ (6.42) 0.20 (8.66)
100 3.0 (0.91) 39 (147) 0.03 (1.28) 0.08 (3.42) 0.15 (6.42)
Piﬁ(?;t 100 3.0 (0.91) 51 (193) 0.03 (1.28) 0.11 4.71) 0.20 (8.66)
Usrf;ght 18x18 (5.5x5.5) 144 75 (2.29) 49 (185) 0.075 (3.21) 0.11 4.71) 0.15 (6.42)
144 75 (2.29) 65 (246) 0.10 (4.28) 0.15 (6.42) 0.20 (8.66)
144 3.0 (0.91) 49 (185) 0.03 (1.28) 0.08 (3.42) 0.15 (6.42)
144 3.0 (0.91) 65 (246) 0.03 (1.28) 0.11 4.71) 0.20 (8.66)
20x20 (6.1x6.1) 196 75 (2.29) 60 (227) 0.075 (3.21) 0.1 4.71) 0.15 (6.42)
196 7.5 (2.29) 80 (302) 0.10 (4.28) 0.14 (6.42) 0.20 (8.66)
196 3.0 (0.9 60 (227) 0.03 (1.28) 0.08 (3.42) 0.15 (6.42)
196 3.0 (0.91) 80 (302) 0.03 (1.28) 0.11 4.71) 0.20 (8.66)
16x16  (4.9x4.9) 256 6.67 (2.03) 39 (147) NR NR 0.05 (2.0) 0.11 4.71)
256 6'67 (2.03) 51 (193) NR NR 0.05 (2.0) 0.15 (6.42)
256 3 (0.91) 39 (147) NR NR 0.05 (2.0) 0.11 4.71)
256 3 (0.91) 51 (193) NR NR 0.05 (2.0) 0.15 (6.42)
g%‘:\;‘am 16x18 (4.9x5.5) 288 6.67 (2.03) 43 (163) NR NR 0.05 (2.0) 0.11 @.71)
788 567 Z.03) 58 220) NR NR 00 (2.0) 0.15 (6.42)
288 3 (0.91) 43 (163) NR NR 0.05 (2.0) 0.11 4.71)
288 3 (0.91) 58 (220) NR NR 0.05 (2.0) 0.15 (6.42)
16x20 (4.9x6.1) 320 6.67 (2.03) 48 (182) NR NR 0.05 (2.0) 0.1 (4.71)

Table 54.5 Continued on Next Page
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Table 54.5 Continued

Minimum average
collection in any 16 ft2

Minimum average

Sprinkler coverage | Number of Deflector to pan Water flow per Minimum collection in um
area collection distance sprinkler any individual pan square area collection in all pans
ft (m) ans ft (m) gpm (/min) gpm/ft?  (mm/min) | gpm/f¥ (mm/min) [ gpm/f2  (mm/min)
320 6.67 (2.03) 64 (242) NR NR 0.05 (2.0) 0.15 (6.42)
320 3 (0.91) 48 (182) NR NR 0.05 (2.0) 0.11 (4.71)
320 3 (0.91) 64 (242) NR NR 0.05 (2.0) 0.15 (6.42)
e to be calculated based upon sprinkler

NR — No requirement

discharge densities of 0.15 gpm/ft? and 0.2}

" For other sidewall sprinkler coverage are
D gpm/ft? multiplied by the rated coverage area.

s, the number of collection pans is equal to the sprinkler coverage area and'the two water flows a
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54.7.2 For pendent and upright ECOH sprinklers, four open sprinklers are to be installed in their intended
position (upright or pendent) in 1.5 by 1.5 by 3/4 in (38.1 by 38.1 by 19.1 mm) tees, each supplied with
water through two 1.5 in (38.1 mm) diameter 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 (178
mm) below flat ceiling and frame arms are to be parallel to the piping on which it is installed.

54.7.2A For sidewall ECOH sprinklers, two open sprinklers are to be installed in their intended position in
1.5 by 1.5 by 3/4 in (38.1 by 38.1 by 19.1 mm) tees, each supplied with water through two 1.5 in (38.1 mm)
diameter pipes with sprinklers placed at the edge of their spacings as specified by the manufacturer. The
sidewall sprinkler deflectors are to be tested at both their minimum and 12 in (305 mm) below a flat ceiling
which is the maximum permitted for these type of sprinklers.

54.7.2B For
sprinkler type

dry type sprinklers, the minimum length to be produced is to be tested. A cgiling mounted
is to be installed as specified by the manufacturer.

54.7.3 Collg
distances bel

ction pans, having dimensions of 1 ft? (305 mm?), are to be centered’below th
bw the sprinkler deflectors as specified in Table 54.5.

e sprinklers at

54.7.4 Wate
the density in

r is to be discharged for 10 min. The amount collected in €aeh pan is to be measured, and

lgpm/ft?> (mm/min) calculated.
54.8 Residégntial sprinkler water distribution test — Horizontal surface

54.8.1 Accgptance criteria

54.8.1.1 WHen installed in accordance with the installation instructions and tested at each rated spacing

as described
surface such
area the sprin

a) No
mm) fg

b) No
for ead

Exception: Te

a) The

in 54.8.2.1.1 — 54.8.2.3.2, a residential sprinkler shall distribute water ove
that the application rate for any 1°ft?> (0.09 m?) area within the design area
kler is intended to protect) shallhe at least 0.02 gpm/ft? (0.8 mm) except that:

more than four 1 ft? areas-for each quadrant shall be allowed to be at least 0.0
r upright and pendent sprinklers; and

more than eight 1% areas (0.09 m?) shall be allowed to be at least 0.015 gp
h half (split alohgthe sprinkler centerline) of the design area for sidewall sprin}

sting at a 151t by 15 ft (4.6 m by 4.6 m) rated spacing shall not be required pro

sprinkler is rated for a 16 ft by 16 ft (4.9 m by 4.9 m) spacing,

r a horizontal
the maximum

15 gpmV/ft? (0.6

m/ft? (0.6 mm)
lers.

ided:

b) The

rated flow at the 15t by 151t (46 T by 2.6 1) ~Spacing 15 1ot fess tharmr 90

rated flow at the 16 ft by 16 ft (4.9 m by 4.9 m) spacing and

c) The
54.8.2 Test
54.8.2.1

54.8.2.1.1

discharge pressure complies with 10.2.

method

General

percent of the

Tests are to be conducted on an individual sprinkler using design flow rates specified in the

installation instructions. In addition, for sprinklers having a pressure rating greater than 175 psig (1.2 Mpa),
tests are to be conducted at the maximum rated spacing using a flow corresponding to a pressure of 75
psig (5617 kPa) less than the rated pressure. The water distribution test is to be conducted for 20 min at
each flow rate, except a shorter duration can be used if a pan within the collected area has reached its
capacity.
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54.8.2.1.2 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 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 inlet, and is to
be supplied with water through 1 in piping. The minimum nipple length leading to the sprinkler fitting shall
not be less than 10 in (254 mm). The sprinkler is to be installed under a smooth, flat ceiling extending at
least over the water collection pans. The sprinkler deflector is to be located in its intended position as
specified in the installation instructions. After the initial test to measure the water collected for half of the
design area, a second test shall be conducted to measure the water collected for the other half (other side
of the sprinkler deflector) of the design area.

54.8.2.1.4 Anp open pendent, recessed pendent, flush pendent, concealed pendent, orfupright residential
sprinkler is to pe installed in its intended position as specified in the installation instructions|in a reducing
pipe fitting haying a 1 in (25 mm) inlet and an outlet the same size as the sprinkler inlet] and is to be
supplied with water through 1 in piping. Recessed, flush, and concealed sprinklers are to be installed in
their intended [position as specified in the installation instructions under a minimum 4 ft by 4 ft (1.2 by 1.2
m) square, smooth, flat ceiling area. The sprinkler deflector is to be located in its intended position as
specified in the installation instructions. A pendent, upright, flush, or eoncealed sprinkler|is also to be
tested after befing rotated 90° about its vertical axis after being testeddas initially installed.

54.8.2.2 Uprtlight, pendent, flush, and concealed sprinklers

54.8.2.2.1 Cpllector pans measuring 1 ft? (0.09 m?) are.fé be placed on the floor in one gliadrant of the
sprinkler's disgharge pattern. See Figure 54.9. The tops‘of the pans are to be 8 ft (2.4 m) belgw the ceiling.
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Figure 54.9

Horizontal Surface Water Collection for Upright and Pendent Sprinklers
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54.8.2.2.2 At the completion of water flow, the water collected is to be measured to verify compliance
with the requirements in 54.8.1.1.

54.8.2.3 Sidewall sprinklers

54.8.2.3.1 Collector pans measuring 1 ft? (0.09 m?) are to be placed as shown in Figure 54.10. The tops
of the pans are to be 6.8 ft (2.1 m) below the ceiling. See Figure 54.10.
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Figure 54.10

Horizontal Surface Water Collection for Sidewall Sprinklers

\ COLLECT(Q

12X12in (0

R PANS
3X 0.3 M)

A

¥

—

$3138f

Wi2

!

SIDEWALL SPRINKLER

COVERAGE WIDTH
COVERAGE LENGTH


https://ulnorm.com/api/?name=UL 199 2025.pdf

88 ANSI/CAN/UL/ULC 199 JUNE 27, 2025

54.8.2.3.2 At the completion of water flow, the water collected is to be measured to verify compliance
with the requirements in 54.8.1.1.

54.9 Residential sprinkler water distribution test — Vertical surface
54.9.1 Acceptance criteria

54.9.1.1 When installed 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 shall distribute water in a uniform manner over
vertical surfaces as follows:

a) Walls within the coverage area shall be wetted to at least within 28 in (711 mm) of the ceiling with
one spfinkler discharging water at the specified design flow rate.

b) For $quare coverage areas, each wall within the coverage area shall be wetted 'with at least 5 %
of the gprinkler flow; for rectangular coverage areas, each wall within the covérage|area shall be
wetted| with a proportional water amount based on 20 % of the total)sprinkler| discharge in
accordgnce with the following formula:

WW = 20%(%)

where:
WW = Required amount of water collected on a wall;,%
D = W4ll length, ft, and

P = Tofpl perimeter of coverage area, ft.

Exception: Tegting at a 15 ft by 15 ft (4.6 m By 4.6 m) rated spacing shall not be required provided:
a) Thesprinkler is rated for a 161t 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 flpw at the 16 ft by )16 ft (4.9 m by 4.9 m) spacing and

¢) The pischarge pressure complies with 10.2.

54.9.2 Test T’uethod

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 175 psig (1.2 Mpa), tests are
to be conducted at the maximum rated spacing using a flow corresponding to a pressure of 75 psig (517
kPa) less than the rated pressure. Each water distribution test is to be conducted for a minimum of 10 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 available
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-
in inlet and an outlet the same size as the sprinkler inlet, and is to be supplied with water through 1-in
piping. The sprinkler deflector is to be located in its intended position as specified in the installation
instructions. A pendent or upright sprinkler is to be tested at a 90° rotation after being tested as initially
installed.


https://ulnorm.com/api/?name=UL 199 2025.pdf

JUNE 27, 2025 ANSI/CAN/UL/ULC 199 89

54.9.2.4 Collector pans are to be used to determine that at least 5 % of the sprinkler flow is discharged
onto each wall (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 ft? (0.09 m?) and are to be placed on the floor against the
walls for the length and width of specified coverage. They are to be 6.8 ft (2.1 m) below the ceiling. The
pans along the walls are to be provided with a shield/cover located within 2 in (50 mm) of the walls so that
the water collected in the pans is primarily from the water impinging on the walls. See Figure 54.11.

Figure 54.11
Vertical Water Collection
L/2 OR W/2
} (@) 2 %
P8 in. (b)
( 7 m) MAXIMUM WALL-WETTING
DISTANCE FROM CEILING
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(2,4 m)
COLLECTOR PANS
N A L el L
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COLLECTION PANS COLLECTION PANS
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| - | | w |
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1[N L LY X l

\ COLLECTOR PANS \ COLLECTOR PANS
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L = COVERAGE LENGTH
)X?= SIDEWALL SPRINKLER

}X{ = PENDENT OR UPRIGHT SPRINKLER

S5527a
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54.9.2.6 The specified water flow rate is to be established and the test is to be conducted for a minimum
of 10 min or until a pan is filled with water, whichever comes first. At the completion of the test, the water
collected and the height of wall wetting is to be measured to determine compliance with the requirements
in 54.9.1.1.

54.10 Distribution tests for pendent ESFR sprinklers having a nominal K-factor of 14.0 or 16.8

54.10.1 When tested as described in 54.10.3 — 54.10.4, the water distribution for a pendent ESFR
sprinkler having a nominal K-factor of 14.0 and 16.8 shall comply with the requirements described in Table
54.6.

Exception: An_ESFR_sprinkler is permitted to have distribution characteristics different from those
specified in Tgble 54.6, when fire suppression is demonstrated during full scale fire tests re;bresenting the
installation cqgnditions, protected storage configurations, and protected commodity. spegified 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 collector (4 pans) average individual, at individual
collection spacing Pipe spacing clearance average density least 10 pans pan
system ft ft ft-in gpml/ft? gpm/ft? gpm/ft? gpm/ft?
1 0 0 14-6 1.7 0.91 0.50 0.24
2 10 0 4-2 N/R 0.77 0.60 0.20
2 0 10 4-2 N/R 0.75 0.60 0.20
4 10 10 452 N/R 0.71 0.60 0.37

54.10.2 For dry-type sprinklers, the minimum and maximum lengths to be produced are to bpe tested.

54.10.3 The[tests are to be pérformed at a 75 psig (517 kPa) discharge pressure for sprinklers having a
nominal K-factor of 14.0 and.52 psi (359 kPa) for sprinklers having a nominal K-factor ¢f 16.8. Open
sprinklers are [to be installed*onto nominal 2-in diameter or larger piping with the pendent style sprinklers
positioned 13 1 in (330:£25 mm) below the ceiling and upright style sprinklers positioned 6 1 in (152 +25
mm) below th¢ ceiling-and at the minimum distance above the pipe specified by the manufacturer. Each
test is to be canducted three times with different sprinkler samples used for each test.

54.10.4 Twenty water collection pans are to be positioned as shown in Figure 54.12. Each water
collection pan in the non-flue space is to be 19.7 in (0.5 m) square. The 16 non-flue space water collection
pans are to be located in four groups of four pans as illustrated in Figure 54.12. The four flue space
collection pans are to be 6 in (152 mm) wide and as shown in Figure 54.12. The water is to be collected for
a minimum of 5 min.
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Figure 54.12
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54.11 Thrust force test for pendent ESFR sprinklers having a nominal K-factor of 14.0 or 16.8

54.11.1 When tested as described in 54.11.3, an open, pendent ESFR sprinkler having a nominal K-
factor of 14.0 and 16.8 shall provide an average center core thrust force of at least 2.1 Ib/ft? (10 kg/m?).

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.

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

54.11.3 Three sample sprinklers are to be installed individually onto the test apparatus.(Fje center core
thrust force oyer a nominal 13.5 in (343 mm) diameter plate is to be measured directly ynder a single
sprinkler dischjarging water at a pressure of 75 psi (517 kPa) for sprinklers having ‘a| iominal K-factor of
14.0 and 52 pgi (359 kPa) for sprinklers having a nominal K-factor of 16.8. The sprinkler is fo be installed
above the testlapparatus shown in Figure 54.13. The test duration is to be 5 minand the data collected for
each sample gprinkler is to be averaged over the 5 min period.
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Figure 54.13
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54.12 Lateral discharge tests

54.12.1 Acceptance criteria

54.12.1.1

While discharging water at a service pressure of 75 psig (0.517 kPa) less than the rated

pressure, an open sprinkler shall not prevent the operation of second ordinary-temperature rated
automatic sprinkler of the same type and response located at the distance specified in Table 54.7 when
tested as described in 54.12.2 — 54.12.6.

54.12.2 Upri

541221 A
temperature r
sprinkler of th
condition. The

54.12.3 Sid¢

54.12.3.1 Fg
be installed orn
to discharge w
distances spe

54.12.4 Exp

54.12.4.1
less than the
flame from a
1 pint (0,47 1)
be conducted
54.7.

54.12.5 Inte

54.12.5.1 An
7 ft, 6in (2.29
10-ft (3- by 3-1
(48 kPa) per {
pressure used

Water is to be discharged from the open.sprinkler at a service pressure of 75 ps

ght and pendent sprinklers

ting shall be installed on piping at a distance specified in Table 54.7 froma
e same type and response. Ceiling sprinklers are to be tested in theit/n
sprinklers shall be on separate parallel pipelines.

wall sprinklers

r sidewall sprinklers, an automatic and open sprinkler in thecordinary temperat
the same pipe line with the sprinklers located at a distance apart as specified
ater perpendicular to the pipe line. The test is to be ¢onducted with the sprink
Lified in Table 54.7 below a flat ceiling and 6 in (1524nm) away from a back wal

bsure to heat and flame

bted pressure. Under this condition, thé automatic sprinkler is to be exposed f(

ft? (305 mm?) square pan, 4 in(102 mm) deep, containing 1 pint (0,47 1) of
bf water. Observations are to bevmnade for operation of the automatic sprinkler.
bt each of the deflector to ceiling distances specified for each type of sprinkler

mediate level sprinklers

ordinary-temperature rated automatic sprinkler is to be installed in the center

the ordinary
second open
ost recessed

ire rating is to
in Table 54.7
ers located at
R

g (0.517 kPa)
the heat and
heptane and
The testis to

listed in Table

bf and located

m) belowdour open sprinklers of the same type which are located on the corngrs of a 10- by

) square) Water is to be discharged from the open sprinklers at a service pres
prinkier except for ESFR and CMSA sprinklers which are to discharge watern
fon the testing referenced in 55.8, 55.9 or 55.10, as applicable. Under this

sure of 7 psig
at the lowest
condition, the

automatic spri

Kieristobeexposedto the heatandframefroma t=ft(305-mm)square parm,

4in (102 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 in (152 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.

54.12.6 Specific application sprinklers

54.12.6.1 Specific application sprinklers intended for horizontal concealed spaces shall be tested in
accordance with 54.12.4, but shall 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)] lumber installed at the ceiling on its flat side and located between the two
sprinklers, 4 in (102 mm) horizontally from the sprinkler discharging water.

54.12.6.2 Specific application sprinklers intended for windows shall be tested in accordance with
54.12.4.
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54.12.7 Consumption of heptane

54.12.7.1 In all 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 heat responsive

Sprinkler type Distance between sprinkler, element, Distance from ceiling,’
ft (m) in (mm) in (mm)
Standard Coverage Pendent 6 (1.83) 6 (152) 6. 14 and 22 (152, 356 and
Upright, and E#Ia;?? 459)
Standard Covellage Sidewall 6(1.83) 6 (152) 4 and 42 (102 and 305)
Extended Covefage Pendent 8 (2.4) or minimum distance 6 (152) 6, 14and 23 (152, 356 and
and Upright specified by installation 359)
instructions

Extended Covefage Sidewall 8 (2.4) or minimum distance 6 (152) 4 and 12 (102 and 305)

specified by installation
instructions

Residential Perjdent and 8 (2.4) or minimum distance 12 (30%) 4 102y
Upright specified by installation

instructions
Residential Sid¢wall 8 (2.4) or minimum distance 12 (305) 4 and 12 (102 and 300)

specified by installation

instructions
Specific applicafion — 6 (1.83) or minimum distance 6 (152) 41102)
windows specified by the installation

instructions
Specific applicafion — 8 (2.4) or minimum distance 6 (152) 4 (102)
horizontal concg¢aled spaces specified by installation

instructions

Note 1 — See 54.12.2.1 for ceiling sprinklers.

Note 2 — Recesped sprinklers can be tested in the recessed condition in lieu of 4 in (102 mm) below ceiling.

FIRE TESTS

55 Fire Test Requirements

55.1 Generfl

55.1.1 An automatic sprinkler shall comply with the requirements as referenced in Table 55.1 based
upon the sprinkler type.

55.1.2 The application of representative fire tests that differ from those described herein shall be
permitted when protection is requested by the manufacturer for specific fire hazards or storage
arrangements.
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Table 55.1
Fire Test by Sprinkler Type

Sprinkler type

Requirements

All pendent and upright standard coverage sprinklers, including
flush, recessed and concealed that have a nominal K-factor not
exceeding 8.0 gpm/(psi)'’2 [115 L/min/(bar)"?].

All sidewall standard coverage sprinklers, including flush,
recessed and concealed that have a nominal K-factor of 5.6
gpm/(psi)"? [80 L/min/(bar)"?] or 8.0 gpm/(psi)'’? [115
L/min/(bar)"?] intended for use in ordinary hazard occupancies.
All ECOH sprinklers, including flush, recessed and concealed
types.

55.2 350 Ib (159 kg) Wood Crib Fire Test

All ECLH sprinklers, including flush, recessed and concealed
types

55.3 ECLH Sprinkler Fire Tests

All ECOH sprinklers, including flush, recessed and concealed
types

55.4 ECOH Sprinkler Piled Stock Fire Tests

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

55.5 Residential Sprinkler Fire Tests

L/min/(bar)"?]

Flow control typg sprinklers 55.6 Flow Control (FC) Sprinkler Piled Stock Firg Test

CMDA storage sprinklers 55.7 CMDA Storage Sprinkler Large Scale Fire [Tests

CMSA storage sprinklers 55.8 CMSA Storage Sprinkler Large Scale Fire Jests

All pendent ESFR sprinklers 55.9 ESFR Spfinkler Large Scale Fire Tests

Pendent ESFR dprinklers having nominal K-factor of 14.0 55.10 Actual Delivered Density (ADD) Tests for Pendent ESFR
gpm/(psi)'”? [20d L/min/(bar)"?] or 16.8 gpm/(psi)"’? [240 Sprinklers Having a Nominal K-factor of 14.0 or [16.8

Specific applicatjon — windows

55.11 Fire Tests for Specific Application Sprinkle
Protect Windows

rs Intended to

Specific applicatjon — horizontal concealed spaces

55.12 Fire Tests for Specific Application Sprinkle
Use in Horizontal Concealed Spaces

rs Intended for

55.2 350 Pound (159 kg) wood crib(fire test

55.2.1 General
55.2.1.1 Wh
in Table 55.2;
corresponding

a) Limi

bn tested as.described in 55.2.2 — 55.2.4 while discharging water at the flow ra
and for_sprinklers having a rated pressure exceeding 175 psig (1.2 MPa),
to a pressure of 75 psig (517 kPa) less than the rated pressure; four open spri

the 16ss in weight of the wood crib to not more than 20 %; and

tes as shown
at a flow rate
nklers shall:

b) Result in the ceiling temperature reduced to a value less than 530 °F (277 °C) above ambient
within 5 min after start of water discharge. Additionally, from the time the temperature initially falls
below 530 °F (277 °C) above ambient to the end of the test, the ceiling temperature shall not
exceed this value for more than three consecutive min and the average temperature for this period
shall not exceed 530 °F (277 °C) above ambient.

55.2.1.2 Sidewall, 1.4, 1.9, 2.8, and 4.2 nominal “K” factor, and extended coverage type sprinklers,
intended for use in light hazard occupancies only, are not to be subjected to the 350 Pound (159 kg) Wood

Crib Fire Test, 55.2.
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Table 55.2
Flows for 350 Pound (159 kg) Wood Crib Fire Test

Sprinkler description Spacing Test flow per sprinkler
ft (m) gpm (/min)
Spray type, Nominal K = 5.6 (80) 10x10 (3.05x 3.05) 15 and 25 (57 and 95)
Spray type, Nominal K = 8.0 10x10 (3.05x3.05) 21 and 35 (79 and 132)
(115)
Sidewall, Nominal K = 5.6 (80) 10 x 20 (3.05x6.1) 15and 25 (57 and 95)
Sidewall, Nominal K= 8.0 (115) 10x 20 (3.05x6.1) 21 and 35 (79 and 132)
12x12 (3.7x3.7) 22 and 29 (83 and 110)
14x 14 (4.3x4.3) 30 and 39 (14 and 148)
Pendent and Ugright ECOH 16 x 16 (4.9x4.9) 39 and 51 (148 and 193)
18x18 (5.5 by 5.5) 49 and 65 (185 and 246)
20 x 20 (6.1by6.1) 60 and)80 (P27 and 303)
16x 16 (4.9x4.9) 39.and 51 (148 and 193)
Sidewall ECOH 16x 18 (4.9 by 5.5) 43-and 58 (163 and 220)
16 x 20 (4.9by6.1 48 and 64 (182 and 242)
' For other sidefvall ECOH coverage areas, the two test flows are to be calculated'based upon sprinkler discharge|densities of
0.15 gpm/ft? andl 0.20 gpm/ft> multiplied by the rated coverage area.
55.2.2 Testmethod - spray upright, spray pendent, ceiling, dry, or recessed or extended
coverage for|lordinary hazard occupancies types

55.2.21

r open standard coverage sprinklers of the upright, pendent, ceiling, or dry

Fo
installed on ]‘0 by 10 ft (3.05 by 3.05 m) spacings. ECOH sprinklers are to be installed

spacings. Sp
four sprinkler

inkler frame arms are to be-parallel to the piping and the wood crib centere
5. For pendent and upright E€OH sprinklers, an additional fire test is to be co

maximum rat¢d spacing, using the highést flow indicated in Table 55.2 for the applicable sp

crib positione

d in a location yielding the least amount of water collected during the Distrib

type are to be
at their rated
d between the
hducted at the
acing, with the
ution Tests for

ECOH sprinklers, 54.7. The testfoom is to be a minimum of 60 by 60 ft (18.3 by 18.3 m) square. The
piping grid is fo be connectedtoa water-supply piping system. See Figure 55.2.

55.2.2.2 Dry-type spfinklers are to be tested using the shortest available length prgduced by the
manufacturerfand installed into tees rather than elbows in the piping system.

55.2.2.3 Th¢ deflectors of upright sprinklers are to be located 7 in (178 mm) below tHe ceiling. The
deflectors of pendent sprinklers are to be located 12 in (305 mm) below the ceiling. Each ceiling sprinkler
(flush, concealed, or recessed type) is to be mounted in the center of a 4 by 4 ft (1.2 by 1.2 m) ceiling
section in accordance with the manufacturer's installation instructions.

55.2.3 Test method - sidewall types for ordinary hazard use

55.2.3.1 Four open sidewall sprinklers are to be installed at the corners of a piping grid. Standard
coverage sidewall sprinklers are to be installed on a 10 by 20 ft (3.05 by 6.1 m) piping grid with 10 ft (3.05
m) between sprinklers on two separate branch lines that are installed 20 ft (6.1 m) apart. Sidewall ECOH
sprinklers are to be installed on a piping grid at each rated spacing. The sprinkler deflectors are to be
located 7 in (178 mm) for upright sidewall sprinklers, 9-1/2 in (241 mm) for horizontal sidewall sprinklers,
and 12 in (305 mm) for pendent sidewall sprinklers from the ceiling. The sprinklers are to be positioned
such that two sprinklers on a branch line are aligned with two sprinklers installed on the adjacent branch
line and discharge water directly toward its opposing sprinkler.
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55.2.4 Test method - all types

55.2.4.1 The test is to be conducted in a vented test room having a 15 ft, 9 in (4.8 m) high smooth, flat,
horizontal ceiling. 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 liquid (heptane, see
5.20) torch and a crib of wood weighing approximately 350 Ibs (159 kg).

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 138 mm)] kiln-dried spruce or fir lumber (moisture content 6 to 12 %)
having the configuration and support illustrated by Figure 55.1.

55.2.4.4 Thq 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 illustratéd in Fiqure 55.1. The
individual wood members in each layer are to be evenly spaced from each other,;and form p square crib,
4- by 4-ft (1.23- by 1.22-m) in area and 21-1/2 in (546 mm) high, supported, in tdrn; by the twp 8 ft (2.44 m)
long, 4- by 6-in (104- by 152-mm) stringers. The total crib weight is to be determined and recorded.



https://ulnorm.com/api/?name=UL 199 2025.pdf

JUNE 27, 2025 ANSI/CAN/UL/ULC 199

Figure 55.1
350 Pound (159 kg) Fire Test Crib
END VIEW
I
' B W B W W W B
20-1/2 in o il s e S e e,
520.7 mm

i.@@@@@

e e

4 ft

_

1.22 m

244 m
s2316c¢
Quantity Description of material
2 4- by 6-in trade size lumber, 8 ft (2.44 m) long
13 4- by 4-in trade size lumber, 4 ft (1.22 m) long
28 2- by 4-in trade size lumber, 4 ft (1.22 m) long

Note: 1in =254 mm
1ft=0.305m
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55.2.4.5 The crib is to be supported by a steel framework as illustrated in Figure 55.2, or the equivalent.
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 panis to be 6 by 8 ft (1.83 by 2.44 m) by 12 in (305 mm) deep, constructed of steel not
less than 3/16 in (5.4 mm) thick. The top edges are to be reinforced by a continuous steel angle section.
The pan is to be liquid-tight and is to be filled prior to test with water to a depth of approximately 4 in (102
mm). The pan is to be provided with a means for draining to maintain the 4 in (102 mm) water level.
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Figure 55.2

Typical Fire Test Arrangement

7in (177.8 mm)

i
|
! —=—— Thermocouple
|

| See note for spacing

Nofe: ‘

4 Sprinklers - spaced 10 ft x 10 ft (3.05 m)
for types other than sidewall
4 Sprinklers - spaced 10 ft x 20ft (3.05 m x 6.10 m)
for sidewall types
4 Sprinklers - spaced as specified by the
manufacturer for extended coverage types

Ft-6 in
229m

Adjustable Pipe

pe

Il JJ |l J_l / Support
_ | )
i Support
| I Frame
42 in - -
1.07 m \\ / -~
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‘ ———__  n-heptane
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N

T
I
:::::Jl J/
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N
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$2318e . upPly FIping

\
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55.2.4.8 At alocation 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 shall be any convenient device that prevents flameout, such as a container partially filled with
heptane.

55.2.4.9 The atomizing nozzle? 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 L/min).

@ A nozzle having these characteristics is the Catalog Number WS-15 Industrial Nozzle as produced by the Delavan Manufacturing
Co., West Des Moines, lowa 50265.

55.2.4.10 A ||neans for supplying and metering the fuel is to be furnished.

55.2.4.11 Th
an unprotecte
2 in (50.8 mm
illustrated in Fj

e temperatures at the ceiling level are to be continuously recorded during the
i 20 AWG (0.52 mm?) chromel-alumel thermocouple centrally lo€ated abov
) from the ceiling. The relation of the thermocouple to the ceiling and the ¢

Qure 55.2.

test, utilizing
the test crib
ib is to be as

55.2.4.12 Th
begin when tH

e fuel flow is to be started and the torch ignited immediately. The 30-min te
e torch is ignited. Water application is to be started after a minimum free-b
1 min or after g ceiling temperature of 1400 °F (760 °C) is attained, whichever occurs last. T|
ignition, the fugl flow to the torch is to be stopped, and after any:residual fire in the crib is ext
water is to be {urned off.

5t period is to
irning time of
hirty min after
nguished, the

55.2.4.13 The crib is then to be dried and weighed.sThe drying is to be accomplished either by using an

oven or by st
measured bef
0 % moisture
requirement s

55.2.4.14 Th
temperature fi
of the test is t
temperatures
initial ambient
two areas.

pring the crib for 7 days after the test in a sheltered area. The values of the crib weight
bre the test (6 to 12 % moisture content) and after drying are to be corrected to the value at
before calculations are performied to determine compliance with the 20 % weight loss
pecified in 55.2.1.1.

e average temperature for the time interval between the time at which the ceiling
st falls below a temperature of 530 °F (295 °C) above initial ambient and the time at the end
b be computedsby-Comparing the area under the curve determined by the regorded ceiling
vith the areatbeneath a straight line drawn at the temperature point 530 °F (295 °C) above
The area’beneath the curve of the recorded ceiling temperatures shall be th¢ lesser of the

55.3 ECLH s‘prinkler fire tests

55.3.1 Gene

55.3.1.1

ral

When tested as described in 55.3.2 — 55.3.4, an extended coverage sprinkler for light-hazard

occupancies shall limit the average loss of weight of three wood cribs to not more than 35 %.

55.3.1.2 The fire test is to be conducted in a room having the maximum dimensions intended 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 Test method - sidewall type

55.3.2.1 For a sidewall type sprinkler intended for installation at distances from a smooth (unobstructed)
ceiling between 4 and 6 in (102 and 152 mm), one sprinkler is to be installed on a wall with the deflector
located 4 in (102 mm) below a smooth (unobstructed), horizontal ceiling, as illustrated in Figure 55.3. For a
sidewall type sprinkler intended for installation at distances below the ceiling exceeding 6 in (152 mm), two
series of tests are to be conducted, one with the sprinkler installed 4 in (102 mm) below the ceiling and a
second test series with the sprinkler installed at the maximum distance below the ceiling specified by the
manufacturer. A sidewall type sprinkler intended for use with obstructed ceilings, such as those ceilings
having beams, is to be similarly installed, except that the obstructions specified by the manufacturer are to
be incorporated into the ceiling. The base of a horizontal type sprinkler is to be installed adjacent to the
wall. The deflector of an upright or pendent type sidewall sprinkler is to be mounted at the minimum
clearance frofn the wall specified by the manuracturer. A sidewall type sprinkler 1s to be inptalled using a
10-in  (254-mm) long, 1-in (25.4-mm) diameter nipple with reducing coupling installed with axis
perpendicular to the wall. See Figure 55.3.
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Figure 55.3
Piping Arrangements for ECLH Sprinkler Fire Tests

SIDEWALL SPRINKLER

CEILING

T 1in X 1in 90° EL
| | ~— SPRINKEBR

| / |
\ 1in X % in REDUCING

1 in SCHEDULE 40 PIPE
’ COUPLING
10 in (254 mm) LONG

SPRINKLERS OTHER'THAN SIDEWALL TYPES

1in X 1in 90° EL \\A

—— CEILING

1

1 in SCHEDULE 40 PIPH,
10 in(254 mm) LONG

10 in (254 mm)
1in X %2 in REDUCING

" COUPLING

—~— SPRINKLER

s3158c


https://ulnorm.com/api/?name=UL 199 2025.pdf

JUNE 27, 2025 ANSI/CAN/UL/ULC 199 105

55.3.3 Test method - ceiling, pendent, or upright types

55.3.3.1 A sprinkler of the ceiling, pendent, or upright type is to be installed in its intended installation
position with the deflector 10 in (254 mm) below the ceiling, unless specifically designed for other positions
(such as ceiling sprinkler installations). See Figure 55.3.

55.3.4 Test method — all types

55.3.4.1 Water distribution measurements are to be conducted in an enclosed room with an open
sprinkler discharging 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/ft? (4.0
mm/min) for the specified coverage area. For sprinklers rated at a pressure exceeding 175 psig (1.2 MPa),
tests are also{o be conducted using a flow rate corresponding to a pressure of 75 psig (517il_‘(Pa) less than

the rated pregsure for the largest rated spacing. Water collection pans that are 12 in (305/mm) square, and
12 in (305 min) deep with a lip on one edge, are to be located on the floor of thefeénclosg¢d room in the
areas of the 1[I crib locations as shown in Figure 55.4. The distribution data are tobe 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 geries of three fire tests are to be conducted at each flow rate using automat|c 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 554+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-e rotated 180° and the crib placed in Qrib Location 1,
3, or 4] whichever is opposite the crib location that had the least amount of water coll¢cted; and

b) A sigdewall 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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Y

Y

i

ZXZ _ SPRINKLER OTHER THAN SIDEWALL TYPE (WHEN OTHER
THAN SIDEWALL TYPE IS BEING TESTED)

ﬁ _ SIDEWALL TYPE SPRINKLER (WHEN SIDEWALL TYPE IS
BEING TESTED)

POSSIBLE CRIB LOCATION (SEE TEXT FOR SPECIFIC
LOCATION DETERMINATIONS)
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55.3.4.3 For the third 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, 10, or 11), whichever had the least amount of water
collected 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 180° and the fire placed in Crib Location 10
or 11, 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.

55.3.4.4 The wood crib is to be dimensioned 20 by 20 by 15 in (508 by 508 by 381 mm) high and weigh
33 £2 Ibm (15 £1 kg).

55.3.4.5 ThJa wood crib is to consist of ten alternate layers of five trade size 2- by 2-in [norininal 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 alterhate 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 istapled to the
adjacent menpbers.

55.3.4.6 After the wood crib is assembled, it is to be conditioned at-a.temperature of 1R0 +10 °F (49
15 °C) for not|less than 48 h. Following the conditioning, the moistur€,content of the crib is t¢p be measured
with a probe {ype moisture meter. The moisture content of the crib at any measurement log¢ation is not to
exceed 8 % prior to weighing the crib for the fire test.

55.3.4.7 Fo1 each test, the crib is to be placed on four pricks that are 4 in (102 mm) high, one at each
corner of the [crib, that are contained in a 21 by 21 by:4.in (533 by 533 by 102 mm) deep $teel pan filled
with 1/4 gallomn (0.95 L) of heptane on a 1-in (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 (12.7mm) from both walls. A noncombustible g¢eiling material
shall be installed immediately above each fire location.

55.3.4.8 The¢ test room enclosure and.‘sprinkler sample are to be maintained at a temperature of 75
115 °F (24 18 °C) prior to each test{ The room is not to have provisions for ventilation gther than that
provided by the two door openings.shown in Figure 55.4.

55.34.9 Thi water flow forthe sprinkler is to be preset for the flow rate specified in 55.8.4.1. The test
room doors afe to be fully\opened. The heptane is to be ignited. The test is to be condugted for 10 min
after the ignitipn of the heptane. Ten min after ignition, the water for the sprinkler is to be tufned off. When
the fire in the prib has not been extinguished, it is to be carefully extinguished to prevent furtll\er destruction
of the crib. THe crib.s to be removed from the test enclosure and is to be conditioned at a femperature of
120 +10 °F (4P.£5°C) for not less than 48 h.

55.4 ECOH sprinkler piled stock fire tests

55.4.1 When tested as described in 55.4.2 — 55.4.9, the water discharge from the sprinkler shall:

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 ceiling temperature to be reduced to a value less than 530 °F (276 °C) above
ambient within 5 min after start of water discharge from the third operating sprinkler. Additionally,
from the time the temperature initially falls below 530 °F (276 °C) above ambient to the end of the
test, the ceiling 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

Piled Stock Fire Test Conditions and Criteria

Sprinkler coverage area Test flow per sprinkler Maximum number of
ft (m) gpm (/min) sprinklers to operate
20 by 20 (6.1by6.1) 80 (302) 5
18 by 18 (5.5 by 5.5) 65 (246) 5
16 by 16 (4.9 by 4.9) 51 (193) 6
14 by 14 (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 th

smooth, flat,

Sprinklers sha

e sprinkler discharge. A wet pipe automatic sprinkler system shall be installed below a

non-combustible horizontal ceiling unless otherwise specified in the [test conditions.

or 65 mm) diameter pipe. See Figure 55.5 for a typical test room.

| be supplied through a looped or gridded piping system consisting of nominal R or 2.5 in (50
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Figure 55.5

Location of Piled Cartons
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55.4.3 In the first fire test, at least 16 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 discharge water as specified in Table 55.3. The sprinkler deflectors are to be
located 12 in (305 mm) below the ceiling. A clearance of 18 in (457 mm) between the sprinkler deflector
and the commodity is to be provided.

55.4.4 In 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 directly below one
sprinkler with each sprinkler flowing water corresponding to the values specified in for the applicable
coverage area. The sprinkler deflectors are to be located approximately 3 in (76.2 mm) below the ceiling
for upright sprinklers and approximately 12 in (305 mm) below the ceiling for pendent sprinklers. A nominal
clearance of 10 ft (3.05 m) between the sprinkler deflector and the top of commodity is to be provided.

5545 Thep
five long by th
boxes as mea
maintained be

iled stock is to consist of 45 Standard Class || commodity in a three pallét-cdrtons wide by
ree high-palletized arrangement. See Figure 55.5. The moisture content of {he cardboard
sured in representative samples shall be within 8 £3 %. A 6-in (152-mm) free space is to be
fween all carton stacks.

55.4.6 The ignition source for the first fire test is to consist of 1.5 Ib (0.68.kg) of shredded
on the floor aslillustrated in Figure 55.5 and ignited.

paper placed

55.4.7 Temp
to be located 2
of the stored (¢
be located nex

bratures are to be recorded by means of thermocauplés located near the ceil
in (50.8 mm) below the ceiling and 6 in (152 mm).from the centerline of the fl
ommodity in the center of the test array. See*Figure 55.5. Additional thermog
t to the heat sensitive element of each sprinkler.

ng, which are
e above each
ouples are to

55.4.8 The waterflow during sprinkler discharge. is>t6 be continuously monitored so that the waterflow is
to be adjusteq as required during the test to previde the applicable sprinkler discharge flov specified in
Table 55.3.

55.4.9 The fife test is to be continuedfor45 min after ignition.

55.5 Resideptial sprinkler firetest

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 limit

renced in the
I he sprinklers

temperatures Jas speeified in 55.5.1.1 (a) — (d) when tested at each rated spacing refe
installation instructions. Additionally, a maximum of two residential sprinklers shall operate. ]
shall limit temperatures-asfolows:

a) The maximum temperature 3 in (76 mm) below the ceiling at either location as illustrated in
Figure 55.6 to Figure 55.8 shall not exceed 600 °F (316 °C).

b) The maximum temperature 5-1/4 ft (1.6 m) above the floor shall not exceed 200 °F (93 °C).

c) The temperature at the location described in (b) shall not exceed 130 °F (54 °C) for more than
any continuous 2-min period.

d) The maximum ceiling material temperature 1/4 in (6.4 mm) behind the finished ceiling surface
shall 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 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 % 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.
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Figure 55.6
Fire Test Arrangement — Residential Pendent, Upright, Flush, Recessed Pendent, and Concealed
Sprinklers
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Figure 55.7

Fire Test Arrangement — Residential Sidewall Sprinklers, Test Arrangement No. 1
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Figure 55.8

Fire Test Arrangement — Residential Sidewall 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 Testroom

55.5.2.2.1 The test room dlmenS|ons for pendent uprlght flush, recessed pendent, and concealed
sprinklers are ta a nominal 8 ft
(2.4 m) high|ceiling. The test room dimensions for sidewall sprmklers are to be thé-yated sprinkler
coverage length by 1-1/2 times the rated sprinkler coverage width plus 9 ft (2.7 m) by ahomipal 8 ft (2.4 m)
high ceiling. See Figure 55.6 — Figure 55.8.

55.6.2.2.2 e test room ceiling is to be covered with acoustical panels or'gypsum board attached to
furring strips. JAcoustical panels used in the 4 by 4 ft (1.2 by 1.2 m) area directly over the firg source are to
measure 2 by 4 ft (0.6 by 1.2 m), be 1/2 in (12.7 mm) thick, have a density of 13.5 H1.5 Ib/ft> (216
+24 kg/m?), ahd have a maximum flame spread index of 25 when testéd in accordance with the Standard
for Test for urface Burning Characteristics of Building Materials; UL 723 and the Method of Test for
Surface Burnjng Characteristics of Building Materials and Assemblies, CAN/ULC-S102. 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 he installed.

55.5.2.2.3 The test room is to have provisions for ventitation through two door openings op opposite test
room walls. Bach opening is to be 7 ft 4 in (2.2 m) high; which provides for an 8 in (200 min) lintel above
the openings.| The door widths are to be as specified;in Figure 55.6 — Figure 55.8.

55.5.2.2.4 DQouglas 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 wall. Sge Figure 55.9.
The panels afe to be 1/4 in (6.4 mm)thick with each ply constructed of Douglas fir. The plywood panels
are to be condglitioned at 70 +5 °F (21 £2.8 °C) and 50 £10 % relative humidity for at least 72| h prior to test.
They are to he placed on the walls by being attached to 1/2 in (12.7 mm) thick wood furr|ng strips. The
Douglas fir plywood panels shall have the burning characteristic properties specified in Tablg 55.4.
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Figure 55.9

Simulated Furniture Fuel Package

3 inch thick Foam Pad
Y (76.2 mm)

4 2in (50.8 mm) \ g 4in(101.6mm) il
) o —
TIHITT .
TITITT re— 33in (.84m) —=
L L1 o— 32in(.81m) —=f
1/4in (6.3 mm) Thick — T K2in__ = £
Douglas Fir Plywood (typical) _ (1.07mm) 7 S
£ =
E. N 31in
o~
o
€ Jcoton Wick 1/4 n dia. X61n CttonWiek o (8m)
.= J(6.3mmX 152.4 mm) = ] 63 X15§4 i
< (6.3 mm 4 mm) ~ &
1/2 in Thick Plywood | — | I — 6in X 2in X 1 1/4 in Brick P 5
(12.7 mm) y \ (152.4 mm X 50.8 mm X 31.8 mm) 1in—’
4t X4t X1/4in (25.4 mm)
(12mX1.2m X 6.3 mm) 112n Thick P .
. . - 1/2 in Thick Plywoo
Non Combustible Sheathing (12.7 mm)
- N B—
y \- 1/8 in Thick Angle Arm Frame
(3.2 mm)
ELEVAT|ON
PLAN (front view of furnitfire only)
e e Jinchthick Foam Pad
(76.2 m)
31in °
31in
(8m) (0.8 m) o
i | .
tin| }
(25.4 mm) =—33in (84 m) &=
FOAM ADHESIVEPATTERN SIDE ELEVATION
12in
(205 ) —1
{365 ¥
4in IREmEE! 6in
_{ (104 mm) T (152 mm)
/ :l TTTTTT %
12inX12in _f

(305 mm X 305 mm)

STEEL TEST PAN WOOD CRIB

s4303g


https://ulnorm.com/api/?name=UL 199 2025.pdf

JUNE 27, 2025

ANSI/CAN/UL/ULC 199

117

Table 55.4
Burning Characteristics for Plywood Panels

Property Test method Range
Flame Spread Index Standard for Test for Surface Burning Characteristics of 130 £30
Building Materials, UL 723
Critical Heat Flux Use of Cone Calorimeter at radiant heat fluxes between 10 15 +3 kW/m?

and 20 kW/m?

Parameter

Thermal Response

Use of Cone Calorimeter at radiant heat fluxes of 25, 35,
50 kW/m?

220 +50 kW-s""?/m?

55.5.2.3 Fire source

55.5.2.3.1

e fire source is to consist of a wood crib and simulated furniture. The-woo|

ignited with a|pan of heptane and the simulated furniture is to be ignited with two 6 in-long
mm) diametdr cotton wicks soaked in heptane. See Figure 55.6 (pendent,~upright, fl
pendent, and|concealed sprinklers) or Figure 55.7 and Figure 55.8 (sidewall sprinklers) fo

the fire sourc

55.5.2.3.2 T
12 by 12 by §
size 2by 2 in
long. The alt

in the test room.

he wood crib is to weigh 5.5 to 7 Ibm (2.5 to 3.2 kg) and is-to be dimensioned
in high (305 by 305 by 152 mm). The crib is to consist of four alternate layer
[nominal 1-1/2 by 1-1/2 in (38.1 by 38.1 mm)] kiln<dried spruce or fir lumber 1
brnate layers of the lumber are to be placed at.right angles to the adjace

individual wodd members in each layer are to be evenly spaced along the length of the pr

wood membe

55.5.2.3.3
15 °C) for no
plastic bag an

555234 R
recessed pos|

rs and stapled.

After the wood crib is assembled, it isdo'be conditioned at a temperature of 22

less than 24 h or more than 72 h:\Following the conditioning, the crib is to
d stored at room temperature for\at least 4 h before being used in a test.

ecessed and concealed sprinklers having vented escutcheons are to be instal
tion in a manner that inhibits airflow through the escutcheons (blocked) by

thick (203 mm), R-25 fiberglass.insulating batt entirely around and over the top of the

against the ce
the insulation

55.5.2.3.5 T
oxide polyol,
measuring 32

iling or wall in such'a manner that the air flow through the escutcheon vents g

he simutated furniture is to consist of two 3 in (76 mm) thick uncovered pure
polyether foam cushions having a density of 1.70 to 1.90 Ib/ft® (27.2 to 3(
by.:30'in (810 by 760 mm). Each foam cushion is to be glued to a 33 by 31

d crib is to be
by 1/4 in (6.4
Ish, recessed
- placement of

approximately
s of four trade
2 in (305 mm)
nt layers. The
evious layer of

0 £10 °F (104
be placed in a

ed in the most
lacing an 8-in
sprinkler, and
re inhibited by

polypropylene
4 kg/m®) and
n (840 by 790

mm), nomina

1/2°in (12 7 mm) thick plywood backing using an aerosol urethane foam adhe

sive. The foam

cushion is to be glued on the plywood to provide for a 1/2 in (12.7 mm) space along the sides and a 1 in
(25 mm) space at the bottom as illustrated in Figure 55.9. The foam cushion and plywood backing
assembly is to be conditioned at 70 5 °F (21 2.8 °C) and 50 £10 % relative humidity 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/m?
(HRR) (Average of 5 Materials and Products Using an Oxygen Consumption
samples) Calorimeter, ASTM E1354 at 30 kW/m? 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 E1354 at 30 kW/m? 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
sheathing or gquivalent noncombustible sheathing material having dimensions of 4 by 4 ft ([1.2 by 1.2 m).
For each test, @ new or dried sheathing shall be used. See Figure 55.9.

55.5.2.4 Sprinkler installation

installed at the rated length and width coverage dimensions, and the third is to be installed near the
doorway furthgst from the fire. For all sprinkler styles, the third sprinkler ifistalled near the dogrway shall be
as follows:

55.5.2.41 T}ree residential sprinklers are to be installed in the test room for_each fire test. [Two are to be

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

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

1) 2 in (50.8 mm) below the ceiling’,for pendent, upright, flush, recessed [pendent, and
concealed sprinklers; and

2) 4 in (102 mm) below the ceiling and 2 in (50.8 mm) from the wall for sidewalf sprinklers.

The two residéntial sprinklers nearest the fire source are to be installed in reducing pipe fitlings having a
1in (25 mm) iplet and an outlet the same size as the sprinkler inlet and be supplied with watgr through 1 in
(25 mm) piping. The minimum_nipple length leading to the sprinkler fitting shall not be less than 10 in (254
mm). Dry-typg sprinklers are\té6 be tested using the shortest available length and the longest available
length, if the K-factor for thelongest length deviates by more than 5 % from the shortest available length.
See Figure 55|6 — Figure(55.9.

55.5.2.4.2 Pe¢ndent and upright sprinklers are to be installed with their deflectors located|3 in (76 mm)
below the ceillng-or as specified in the installation instructions if other than 3 in (76 mm) ik specified. A
pendent sprinkler also intended to be installed as a recessed pendent sprinkler shall be tested in the most
recessed position in lieu of 3 in (76 mm) below the ceiling. Flush and concealed sprinklers are to be
installed 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 wall 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 installed 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 ceiling in such a manner that the air flow through the escutcheon vents are inhibited 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 follows:

a) With its deflector located 4 in (102 mm) below the ceiling; and

b) With its deflector located at the maximum distance below the ceiling as specified in the
installation instructions if the maximum distance exceeds 6 in (152 mm) below the ceiling.

55.5.3 Test method

55.5.3.1
15 s after the first sprinkler operates.

Sprinklers intended for use in dry systems are to be tested with the water discharge delayed

55.5.3.2 Th¢ test room is to have an ambient air temperature of 80 £5 °F (27 £3 °C), m{
thermocouple| located 3 in (76 mm) below the ceiling. See Figure 55.6 — Figure~55.8.
previous testing shall be removed such that there is no visible water on the floor, ceiling, or w

55.5.3.3 Th¢ temperatures at each thermocouple location are to be continuously recorded
using 20 AYVG (0.8 mm) chromel-alumel thermocouples or thermacouples providi
temperature measuring results. When water impingement impacts the~thermocouple meg
thermocouples are to be shielded from water impingement using metallic tape attached tq
tape is to be fprmed into an umbrella 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 p
directly below]the wood crib located 2 in (50 mm) from the@all panels.

55.5.3.5 Th
wicks placed

heptane in the pan located beneath the crib is to be ignited and the heptane
bn bricks are to be ignited immediately following the heptane pan ignition.

55.5.3.6 The¢ fire test is to be conducted far-30 min after the ignition of the wood crib, unleg
all the combustibles are extinguished or-only the wood crib is sustaining combustion at whic
is to be termiinated. The water flow to’ the sprinklers is to be the minimum flow rate s
installation ingtructions for the sprinkler coverage area tested. In addition, for sprinklers hay,
rating greater{ than 175 psig (1:2yMpa), tests are to be conducted at the maximum rated s
flow correspopding to a pressure of 75 psig (517 kPa) less than the rated pressure.

55.5.4 Supplementary test

55.5.4.1 When.sprinkler coverage areas exceed 12 by 12 ft (3.7 by 3.7 m), and the sp

pasured at the
All water from
alls.

during the test
ng equivalent
surement, the
the wire. The

laced in a pan

soaked cotton

s after 10 min,
h point the test
pecified in the
ng a pressure
bacing using a

inkler has not

been investighted for a 12 by 12 ft (3.7 by 3.7 m) area using the same or a lesser flow ra

te as the next

larger rated coverage area, the tests specified in 55.5.1.1 — 55.5.3.6 are to be repeated i
corresponding to a 12 by 12 ft (3.7 by 3.7 m) coverage area, using a water flow rate corres
minimum flow rate required for the next larger coverage area.

55.6 Flow control (FC) sprinkler piled stock fire tests

55.6.1
discharge shall:

n a room size
ponding to the

When an FC sprinkler is tested under the conditions described in 55.6.2 — 55.6.8, the water

a) Limit the travel of the fire so that the fifth row of boxes as shown in Figure 55.11 does not sustain

combustion.

b) Result in the ceiling 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 ceiling temperature not exceeding 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
initially falls below 530 °F (295 °C) above ambient to the end of the test.

55.6.2 The test room is to have a ceiling 15 ft, 9 in (4.8 m) high. The test room is to have provisions for
venting the heat and smoke and drainage of sprinkler discharge. See Figure 55.10 for a typical test room
arrangement.
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Figure 55.10
Location of FC Sprinklers and Piled Cartons
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(3 - Sprinkler Locations

- Thermocouples located 2 in (51mm) below ceiling above
sprinklers on the center branch line.

$2883i
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Figure 55.11

Carton Arrangement
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Note: See Figure 55.5 for elevation view of Test No. 2.
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55.6.3 Eighteen ordinary temperature rated sprinklers are to be installed using a sprinkler grid consisting
of three 1-1/2 in (38 mm) minimum nominal diameter branch lines that are looped on both ends. Each
branch line is to be individually supplied from a 2-1/2 in (65 mm) minimum nominal diameter cross main.
The sprinkler grid is to provide a 10 by 10 ft (3.05 by 3.05 m) sprinkler spacing, and sprinkler deflectors are
to be located a nominal 12 in (305 mm) below the ceiling. See Figure 55.10.

55.6.4 Temperatures are to be recorded by means of 24 thermocouples located near the ceiling. Six
thermocouples, identified as Nos. 1 — 6 in Figure 55.10, are to be located 2 in (50.8 mm) below the ceiling
and directly above the sprinklers, and 18 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 discharge density to open
sprinklers as $pecified in 55.6.1.

55.6.6 The piled stock is to consist of Standard Class Il commodity stored in a three pallet-tarton wide by
five long palletized arrangement. The moisture content of the cardboard boxes as| measured in
representativg samples shall be within 8 £3 %. A 6-in (152-mm) free space is to be maintaingd between all
carton stacks| See Table 55.6 and Figure 55.11.

Table 55.6
Piled Stock Fire Test Conditions for#C Sprinklers

Sprinkler spacing Open sprinkler discharge Nominal stprage height

. Number of
Test No. density Class Il
ft (m) gpm/ft? (mm/min) | commodities ft (m)
1 10x 10 (3.05 x 3.05) 0.15 (6.4) 30 8 2.4
2 10x 10 (3.05 x 3.05) 0.20 (8.6) 45 12 3.6

55.6.7 The ignition source for the fire tést is to consist of 1.5 Ibs (0.68 kg) of shredded paper placed on
the floor in the space between the. first and second carton in the middle row as illustrated in Figure 55.11
and ignited.

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

55.7 CMDA|staorage sprinkler large scale fire tests

55.7.1 When tested as described in 55.7.2 — 55.7.6 and Table 55.8 — Table 55.12, as applicable, the
water discharge from a sprinkler shall be capable of controlling the large-scale fires described for each
sprinkler such that compliance with the requirements in Table 55.7 is demonstrated. At the option of the
manufacturer, the length of the stored commodity in the main and target arrays for the double row rack
arrangements shall be permitted to be reduced to a nominal 24 ft (7.3 m) for any of the fire tests. If the fire
spreads to the end of the main test array as indicated in Table 55.7, the manufacturer shall be permitted to
reconduct the test using the nominal 32 ft (10 m) long array.
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Table 55.7

CMDA Storage Sprinkler Fire Test Requirements

Criteria description

Standard coverage

Extended coverage

Nominal K-Factor, gpm/(psi)"/?

[L/min/(bar)"?]

11.2 (160), 14.0 (200), and 16.8 (240)

16.8 (240) and 25.2 (360)

temperature, °F (°C)

Maximum number of sprinklers permitted 20 A number of sprinklers not exceeding a
to operate 2000 ft? (13.6 m?) area based upon the

installed sprinkler spacing
Maximum 1 min average steel 1000 (538) 1000 (538)

Permitted fire spread

No sustained combustion at the end of

No sustained combustion at the outer

theTmaim test altdy dhna none at the outer
edges of the target array

sdge of theemdoftheain 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 sinoke and for

drainage of th¢ sprinkler discharge.

55.7.3 A wel pipe automatic sprinkler system shall be installed belowsa smooth, flat, nopn-combustible
horizontal ceiling unless otherwise specified in the test conditionss Water flow shall be| controlled to
maintain the required water discharge density specified for the sprinkler as referenced in Tahle 55.8, Table
55.9, Table 58.10, Table 55.11, or Table 55.12 as applicable.-Répresentative sample sprinklers shall be

installed at thi spacing specified for each fire test. Sprinklersyshall be installed throughouf the test area
h

and supplied
diameter pipe.

rough a looped or gridded piping system gensisting of nominal 2 or 2.5 in (b0 or 65 mm)
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Table 55.8
Fire Test Conditions for Nominal K=11.2 (160) CMDA Sprinklers

ft (m)

Test No. Test 1 Test 2 Test 3
Storage type Ralletized Beuble-row-rack Double row rack
Commodity type Std. cartoned group A plastic Std. cartoned group A plastic Std. class Il
Test array See Figure 55.13 See Figure 55.14 See Figure 55.15
Nominal storage height, 15 (4.6) 15 (4.6) 20 (6.1)
ft (m)
Nominal ceiling height, 25(7.6) 25 (7.6) 30(9.1)

Sprinkler temperature rating

High temperature classification or
maximum temperature rating, whichever is
less

Minimum temperature rating

Minimum temperature rating

Nominal deflector to ceiling distance,
in (cm)

12 (30.5) for pendent
3 (7.6) for upright

124(30.5) for pendent
3 (7.6) for upright

12 (30.5) for pendent
3 (7.6) for upright

Sprinkler spacing,

8x10 (2.4 x 3.0)

8x 10 (2.4 x 3.0)

10x 10 (3.0x 3.0)

ft x ft (m x m)
Nominal discharge density, 0.60 (24.5) 0.60 (24.5) 0.37 (15.1)
gpm/ft2 (mm/min)
Ignition location Between four Under one Between four
Test duration, min 30 30 30

Note — Actual distance is dependent upory

sprinkler construction and branch'line pipe diameter.
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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 PaHetized ”huble-m;ad(——Deuble-mmd(——Deubb-seﬁ rack Double row rack
Commodity type Std. cartbned group A Std. cartoned group A Std. Class Il Stdy Clasls Il Std. Class Il
plastic plastic
Test array See F|gure 55.13 See Figure 55.14 See Figure 55.15 See’Figure p5.15 See Figure 55.15
Nominal storage height, 1p (4.6) 15 (4.6) 20 (6.1) 20 (6.1 20 (6.1)
ft (m)
Nominal ceiling height 2p (7.6) 25 (7.6) 30 (9.1) Adjusted to dchieve 30 (9.1)
minimum cleprance
between sprinkigr deflector
and top of commodity
Sprinkler temperature High témperature Minimum temperature Minimum temperature Minimum temperature Minimum temperature
rating classificatipn or maximum rating rating rating rating

temperpture rating,
whichgver 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 gendent 12 (30.5) for pendent
Oi":t(izf)‘i’ 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
Sprinkler spacing, 8x1((2.4 x3.0) 8x10 (2.4 x3.0) 10x 10 (3.0 x3.0) 10 x 10 (3.0}x 3.0) 10x 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 (15.1) 0.37 (15{1) 0.37 (15.1)
gpm/ft? (mm/min)
Ignition location Between four Under one Between four Between two ¢n same Under one
branch lipe
Test duration 30 30 30 30 30

@ Actual distance is dependent upon sprinH

ler construction‘and branch line pipe diameter.
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Table 55.10
Fire Test Conditions for Nominal K=16.8 (240) CMDA Sprinklers

ft (m)

Test No. Test 1 Test 2 Test 3
Storage type Ralletized BDouble-row-rack Double row rack
Commaodity type Std. cartoned group A plastic Std. cartoned group A plastic Std. cartoned group A plastic
Test array See Figure 55.13 See Figure 55.14 See Figure 55.16
Nominal storage height, 15 (4.6) 15 (4.6) 20 (6.1)
ft (m)
Nominal ceiling height, 25(7.6) 25(7.6) Adjusted to achieve minimum clearance

between sprinkler deflector and top of
commodity

Sprinkler temperature rating

High temperature classification or
maximum temperature rating, whichever is
less

Minimum temperature rating

Minimum temperature rating

Nominal deflector to ceiling distance,

12 (30.5) for pendent

42 (30.5) for pendent

12 (30.5) for pendent

H a
in (em) 3 (7.6) for upright 3 (7.6) for upright 3 (7.6) for upright
Sprinkler spacing, 8x10(2.4x3.0) 8x10(2.4x3.0) 10x 10 (3.0x 3.0)
ft x ft (m x m)

Nominal discharge density, 0.60 (24.5) 0.60 (24.5) 0.60 (24.5)

gpm/ft, (mm/min)

Ignition location Between four Under one Between two on same branchline
Test duration, min 30 30 30

a Actual distance is dependent upon sprin

kler construction and branch:lin€ pipe diameter.
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Table 55.11

Fire Test Conditions for Nominal K=16.8 (240) CMDA EC Sprinklers

Test No.

Test 1

Test 2 Test 3 Test 4 Test 5° Test 6
Storage type Double row raek Double-row-rasck Double-row-rack—————Doublerow-rasck Doeuble row rack Double row rack
Commodity type Std. class|ll Std. class Il Std. class Il Std. class Il Stf. class Il Std. cartoned group A
plastic
Test array See Figure 55.12 See Figure 55.12 See Figure 55.15 See Figure 55.15 See IFigure 55.15 See Figure 55.16
Nominal storage height, 15 (4.6) 15 (4.6) 20 (6.1) 20 (6.1) PO (6.1) 20 (6.1)
ft (m)
Nominal ceiling height, 25 (7.6) Adjusted to achieve 30 (9.1) 30.(9.1) P5 (7.6) 25 (7.6)
ft (m) minimum clearance
between sprinkler
deflector and top of
commodity
Sprinkler temperature Minimum tempegrature 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 12 (30.5) for p¢ndent 12 (30.5) for pendent 12 (30.5) forpendent 12 (30.5) for pendent 12 (30.,p) for pendent 12 (30.5) for pendent
Ce"'ri‘r? (Ocl'rf]t)"i',”ce’ 3 (7.6) for upfight 3 (7.6) for upright 3 (2.8)or upright 3 (7.6) for upright 3 (7.8) for upright 3 (7.6) for upright
Sprinkler spacing 14 x 14 14 x 14 14 x 14 15x10 N4 x14 10x10
ft x ft (m x m) (4.3x4.3) (4.3x4.3) (4.3x4.3) (4.6 x3.0) (4.3x4.3) (3.0x3.0)
(15 between branch
lines)
Nominal discharge 0.23 (9.4) 0.23 (9.4) 0.30 (12.2) 0.30 (12.2) 0.30 (12.2) 0.60 (24.5)
density,
gpm/ft? (mm/min)
Ignition location Under ong Between four Between two on same Between two on Befween four Between two on same
branchline separate branchline branchline
Test duration, min 30 30 30 30 30 30
@ Test to be conducted with two barriers haying-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 diameter.



https://ulnorm.com/api/?name=UL 199 2025.pdf

JUNE 27, 2025

ANSI/CAN/UL/ULC 199

129

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 57 Test 6 Test7
Stol’age type Double row I'aCl‘ Daoublarowrack Daoublarowrack Daoublarowrack Daoublarowrack DOUbIe row raCk Pa”etized
Commodity type Std. class Il Std. class Il Std. cartoned group | Std. cartoned group | Std. cartoned group, | $td. cartoned group | Std. cartoned group
A plastic A plastic A plastic A plastic A plastic
Test array See Figure 55.1§ See Figure 55.15 See Figure 55.16 See Figure 55.14 See Figure:55:16 See Figure 55.16 See Figure 55.13
Nominal storage 20 (6.1) 20 (6.1) 20 (6.1) 15 (4.6) 20.(6.1) 20 (6.1) 15 (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 ratin

temperature rating

temperature rating

temperature rating

classification or
maximum
temperature rating,
whichever is less

emperature rating

classification or
maximum
temperature rating,
whichever is less

Nominal deflector to
ceiling distance,

12 (30.5) for pendg

—

12 (30.5) for pendent

12 (30.5) for pendent

12 (30.5) for pendent

12 (30.5) for pendent

1

P (30.5) for pendent

12 (30.5) for pendent

in (cm)P 3 (7.6) for uprigh 12 (30.5) for upright | 12 (30.5) forupright 3 (7.6) for upright 12 (30.5) for upright 3 (7.6) for upright 3 (7.6) for upright
Sprinkler spacing 14 x14 14 x 14 14'x 14 14 x 14 14 x 14 15x10 14 x 14
ft x ft (m x m) (4.3x4.3) (4.3x4.3) (4.3x4.3) (4.3x4.3) (4.3x4.3) (4.6 x3.0) (4.3x4.3)
(15 between branch
lines)
Nominal discharge 0.37 (15.1) 0.37 (15.1) 0.60 (24.5) 0.60 (24.5) 0.60 (24.5) 0.60 (24.5) 0.60 (24.5)
density,
gpm/ft? (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 hd

ving'a depth so that they extend not less than 3 in (75 6 mm) below the sprinkler deflector and nofl

perpendicular to the piping and spaced 7 ft (2.1 m) apart.

b Actual distance is dependent upon sprinkler construction and branch line pipe diameter.

less than 22 ft (6.4 m) long installed



https://ulnorm.com/api/?name=UL 199 2025.pdf

130 ANSI/CAN/UL/ULC 199 JUNE 27, 2025

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 shall be
mounted adjacent to the ceiling above the ignition location. Five equally spaced Type K, or equivalent,
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 shall be monitored and measured through calibrated flow meters. Significant events
shall be monitored and recorded using calibrated timing devices located within the data acquisition system
and manually.

55.7.6 The ignition source shall consist of either two or four cellulose cotton igniters positioned within the
array near floor level as specified in Figure 55.12 — Figure 55.16. 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
1+0.125 fl oz (118 £3.7 ml) of gasoline and wrapped in a polyethylene bag.
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Figure 55.12
Fire Test Array for Double Row Rack Storage of Standard Class Il Commodity (Nominal 15 Ft High)
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Figure 55.13

Fire Test Array for Palletized Storage of Cartoned Group A Plastic Commodity (Nominal 15 Ft High)
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Figure 55.14
Fire Test Array for Double Row Rack Storage of Cartoned Group A Plastic Commodity (Nominal 15

Ft High)
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Figure 55.15

Fire Test Array for Double Row Rack Storage of Standard Class Il Commodity (Nominal 20 Ft High)
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Figure 55.16
Fire Test Array for Double Row Rack Storage of Cartoned Group A Plastic Commodity (Nominal 20

Ft High)
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55.8 CMSA storage sprinkler large scale fire tests

55.8.1 When tested as described in 55.8.2 — 55.8.6 and Table 55.14 or Table 55.15, as applicable, the
water discharge from a sprinkler shall be capable of controlling the large-scale fires described for each
sprinkler such that compliance with the requirements in Table 55.13 is demonstrated. At the option of the
manufacturer, the length of the stored commodity in the main and target arrays for the double row rack
arrangements shall be permitted to be reduced to a nominal 24 ft (7.3 m) for any of the fire tests. If the fire
spreads to the end of the main test array as indicated in Table 55.13, the manufacturer shall be permitted
to reconduct the test using the nominal 32 ft (10 m) long array.

Table 55.13
CMSA_St SorinklerEire T R .
Nomingdl K-Factor, gpm/(psi)"’? (L/min/(bar)"’?) 16.8 (240) and 19.6-(280)
Maximum humber of sprinklers permitted to operate 15
Maximum|1 min average steel temperature, °F (°C) 10001(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 forl venting the heat and sinoke and for
drainage of th¢ sprinkler discharge.

55.8.3 A wel pipe automatic sprinkler system shall be installed below a smooth, flat, nopn-combustible
horizontal ceiljng. Water flow shall be controlled to maintain the required pressure at th¢ sprinkler as
referenced in lable 55.14 or Table 55.15, as applicable. The test pressure utilized for the firg testing shall
be permitted {o be less than the values referenced in Table 55.14 or Table 55.15, if requested by the
manufacturer.|Representative sample sprinklers shall be installed at the spacing specified for each fire
test. Sprinklers shall be installed throughout, the“test area and supplied through a looped or gridded piping
system consisfing of nominal 2 or 2-1/2 in (50 or 65 mm) diameter pipe.
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Table 55.14
Fire Test Conditions for Nominal K=16.8 (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 Test2 Test 3 Test4
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'plasgtic Std. class Il
Test array See Figure 55.16 See Figure 55.17 See Figure 55.16 See Figure 55.18
Nominal storage height, 20 (6.1) 25(7.6) 20(6.1) 25(7.6)
ft (m)
Nominal ceiling 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
di'nSt(i';f)‘Z’ 3 (7.6) for upright 3 (7.6) for upright 3 (7.6) for upright 3 (7.6) for upright
Sprinkler spacing 10x10 (3.0 x3.0) 10 x 10(3.0 x 3.0) 10x 10 (3.0x 3.0) 10x10 (3.0 x3.0)
ft x ft (m x m)
Nominal pressure at sprinkler, 22 (151) 22 (151) 22 (151) 10 (69)
psig, (Kpa)
Ignition location Under one Between four Between two on same branghline Between four
Test duration, min 30 30 30 30

@ Actual distance is dependent upon sprin

kler construction and bratieh line pipe diameter.
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Table 55.15

Fire Test Conditions for Nominal K=19.6 (280) Pendent CMSA Storage Sprinklers for Use with a Maximum Storage Height of 35 ft (10.7 m)

and Maximum Ceiling Height of 40 ft (12.2 m)

Test No. Test 1 Test 2 Test3 Test4 Test5 Test 6 Test7 Test 8
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 55.16 | See Figure 55.17 | See Figure 55.16 | See Figure 55.19 | See Figure 55.20 | See Figure 55.19 | See Figure 55.16 See Note 1
Nominal storage 20 (6.1) 25 (7.6) 20 (6.1) 30(9.1) 35(10.7) 30(9.1) 20 (6.1) See Note 1
height,
ft (m)
Nominal ceiling 30(9.1) Adjusted to 30(9.1) 40 (12.2) Adjusted to 40 (12.2) 40 (12.2) 35(10.7)
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 | tgmperature rating | temperature rating | temperature rating | temperature rating | temperature rating
Nominal deflector 12 (30.5) Maximum Maximum 1230.5) 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 | 10 x 10 (3.0x3.0) | 1P x10(3.0x3.0) [ 10x 10 (3.0 x3.0),] 10x 10 (3.0x3.0) | 10x10(3.0x3.0) | 10x 10 (3.0x 3.0) | 10x 10 (3.0x 3.0) | 10x 10 (3.0 x 3.0)
ft x ft (m x m)
Nominal 16 (110) 16 (110) 16 (110) 30 (207) 30 (207) 30 (207) 30 (207) 25(172)
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 branchling
Test duration, min 30 30 30 30 30 30 30 30

Note 1 — Test scenario selected for this tes

Note 2 — Test is to be conducted with the tt
instructions if the sprinkler is intended to be installed less than 12 in (305 mm) horizontally from the bottom of the bar joist.

is to'be the most challenging based upon the results of previous tests.

earkel } P 4l " L4l " Lo PR RTT) L ek hha ol
CT SPITIAICTS TULAITU UVET UITT LTTIIET UT'UTTS SlUTayt dilfdy UUSUULICU WILTT a Udl JUISU as PTTiTiicut

1 the manufacturer's installation
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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 shall be
mounted adjacent to the ceiling above the ignition location. Five equally spaced Type K, or equivalent,
thermocouples shall be embedded in the steel angle beam to measure its temperature.

55.8.5 A means shall be provided to determine the time and number of sprinkler operations. Water
pressure and flow shall be monitored and measured through calibrated flowmeters. Significant events
shall be monitored and recorded using calibrated timing devices located within the data acquisition system
and manually.

55.8.6 The ignition source shall consist of either two or four cellulose cotton igniters positioned within the
array near floor level as specified in Figure 55.16, Figure 55.17, Figure 55.18, Figure 55.19 or Figure
55.20, as applicable. Each igniter is half of a standard igniter constructed from a nominal 3-in (76-mm)
diameter by njominal 3-in (76-mm) long bundle soaked with 4 £0.125 fl oz (118 +3.7 ml) of gasoline and
wrapped in a polyethylene bag.
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Figure 55.17

Fire Test Array for Double Row Rack Storage of Cartoned Group A Plastic Commodity (Nominal 25
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Figure 55.18
Fire Test Array for Double Row Rack Storage of Standard Class Il Commodity (Nominal 25 Ft High)
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Figure 55.19
Fire Test for Double Row Rack Storage of Cartoned Group A Plastic Commodity (Nominal 30 Ft

High)
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Figure 55.20
Fire Test for Double Row Rack Storage of Cartoned Group A Plastic Commodity (Nominal 35 Ft
High)
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55.9 ESFR sprinkler large scale fire tests

55.9.1 When tested as described in 55.9.2 — 55.9.6, the water discharge from a sprinkler shall be
capable of suppressing the large-scale fires described for each sprinkler such that compliance with the
requirements in Table 55.16 is demonstrated. At the option of the manufacturer, the length of the stored
commodity in the main and target arrays for the double row rack arrangements shall be permitted to be
reduced to a nominal 24 ft (7.3 m) for any of the fire tests. If the fire spreads to the end of the main test
array as indicated in Table 55.16, the manufacturer shall be permitted to reconduct the test using the

nominal 32 ft (

10 m) long array.

Table 55.16
PendentESFR Fire Test Requirements

Criteria to be e

aluated Test requirements

Nominal K-Factd

r, gpm/(psi)"2(L/min/(bar)"?) 14.0, 16.8, 22.4, 25:2 and 28.0

Maximum numb

One within the test series Remaining

br of sprinklers permitted to operate test

bsts within the
Beries

9

8

Maximum 1 min

pverage steel temperature, °F (°C) 1000 (538)

Regrowth of fire

No signs of regrowth at the end of the test as
significantlydncreasing steel or gas temperatur

levidenced by
bs 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 farray
55.9.2 The tpst 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
horizontal cei
maintain the
Table 55.20,

1o

pipe automatic sprinkler system shall be installed below a smooth, flat, no
ing unless otherwise specified in the test conditions. Water flow shall be
quired sprinkler discharge pressure specified in Table 55.17, Table 55.18,

h-combustible
controlled to
Table 55.19,

ble 55.21, Table 55.22 or Table 55.23 as applicable. The test pressure utiliz

testing shall b
Table 55.20, 1

b permitted to be less than the values referenced in Table 55.17, Table 55.18

ed for the fire
Table 55.19,

sample sprink
throughout the
or 80 mm) dig
shall initially &
mixture refere

ers shall be installed at the spacing specified for each fire test. Sprinklers shé
test arearand supplied through a looped piping system consisting of nominal
meter pipe. For the tests using a propylene glycol solution, the looped and
e filled>with the maximum volume and concentration of the propylene gly
ncedhin the manufacturer's instructions.

able 55.21, Table-65.22 or Table 55.23, if requested by the manufacturer. Representative

Il be installed
P.5 or 3in (65
supply piping
col and water

Table 55.17

Fire Test Conditions for Nominal K=14.0 and 16.8 Pendent ESFR Sprinklers for Use With a
Maximum Storage Height of 35 ft (10.7 m) and Maximum Ceiling Height of 40 ft (12.2 m)

Test 1
Storage type Double row rack
Commaodity type Std. cartoned group A plastic
Test array See Figure 55.16
Nominal storage height, ft (m) 20 (6.1)
Nominal ceiling height, ft (m) 40 (12.2)

Table 55.17 Continued on Next Page
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Table 55.17 Continued

Test 1

Sprinkler temperature rating

Minimum temperature rating

Nominal deflector to ceiling distance, in (cm)

14 (35.6)

Sprinkler spacing, ft x ft (m x m)

10x 10 (3.0 x 3.0)

Nominal discharge pressure, psig (kPa)

75 (518) for K=14.0

52 (358) for K=16.8

Ignition location

Between two on same branchline

Duration of test after first sprinkler operation, min

30
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Table 55.18
Fire Test Conditions for Nominal K=22.4 Pendent ESFR Sprinklers for Use With a Maximum Storage Height of 40 ft (12.2 m) and Maximum

Ceiling Height of 45 ft (13.7 m)

Test 1

Test 2

Test 3

(See Note 2)

(See Note 3)

(See Note 4)

Testd

TestS

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 grou 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 A plastic
Test array See Figure 55.16 See Figure 55.17 See Figure 55.16 See Figure 55.20 See Figure 55.21 See Figure 55.19 See Figure 55.17
Nominal storage 20(6.1) 25 (7.6) 20 (6.1) 35(10.7) 40 (12.2) 30(9.1) 25 (7.6)
height,
ft (m)
Nominal ceiling 30(9.1) 30(9.1) 30(9.1) 45 (13.7) Adjusted to achieve 45 (13.7) 45 (13.7)
height, minimum clearance
ft (m) between sprinkler
deflector and top of
commodity
Sprinkler Minimum Maximum Minimum Minimum Maximum Minimum See Note 1
temperature rating temperature rating temperature rating temperature rating temperature rating temperature rating temperature rating
Nominal deflector to 14 (35.6) Maximum specified | Maximum specified 14 (35.6) Maximum specified | Maximum specified See Note 1
ceiling distance, by manufacturer by manufacturer by manufacturer by manufacturer
in (cm)
Sprinkler spacing, 10x10 10x10 10110 10x10 10x10 10x10 10x 10
ft x ft (m x m) (3.0x3.0) (3.0x3.0) (3:0x 3.0) (3.0x3.0) (3.0x3.0) (3.0x3.0) (3.0x3.0)
Nominal discharge 25 (172) 25 (172) 25 (172) 40 (276) 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 See Note 1
same branchline [same branchline
Duration of test after 30 30 30 30 30 30 30

first sprinkler
operation, min

Note 1 — Test scenario selected for this tes

is\to'be the most challenging based upon the results of previous tests.

Note 2 — This test shall be permitted to be waived if the sprinkler demonstrates compliance with the requirements of Test No. 2 of Table 55.24 (Actual Delivered Density (ADD)
Measurement) at a pressure of 25 psi (172 kpa).

Note 3 — This test shall be permitted to be waived if the sprinkler demonstrates compliance with the requirements of Test No. 9 of Table 55.24 (Actual Delivered Density (ADD)
Measurement) at a pressure of 25 psi (172 kpa).

Note 4 — This test shall be permitted to be waived if the sprinkler demonstrates compliance with the requirements of Test No. 5 of Table 55.24 (Actual Delivered Density (ADD)
Measurement) at a pressure of 25 psi (172 kpa).
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Table 55.19

Fire Test Conditions for Nominal K=22.4 Pendent ESFR Sprinklers for Use With a Maximum Storage Height of 43 ft (13.1 m) and Maximum

Ceiling Height of 48 ft (14.6 m)

Test 1 Test 2 Test 3 Test4
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'plasgtic 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 (11.6) 38111.6) 28 (8.5)
ft (m)
Nominal ceiling height, 48 (14.6) 48 (14.6) 48 (14.6) 48 (14.6)
ft (m)
Sprinkler temperature rating Mpximum temperature rating Minimum temperature rating Minimum temperature rating Minimum temperature rating

operation, min

Nominal deflector to ceiling Maximum specified by Maximum specified by 14 (35.6) Maximum specified by
distance, manufacturer manufacturer manufacturer
in (cm)
Sprinkler spacing, 10x 10 (3.0x 3.0) 10 x 10 (3.0.%340) 10x 10 (3.0x 3.0) 10x 10 (3.0x 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 Betweef two on same branchline Under one See Note
Duration of test after first sprinkler 30 30 30 30

Note — Test scenario selected for this test

is to be determined based uponthe results of previous tests.
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Table 55.20
Fire Test Conditions for Nominal K=25.2 Pendent ESFR Sprinklers for Use With a Maximum Storage Height of 40 ft (12.2 m) and Maximum

Ceiling Height of 45 ft (13.7 m)

Test 1 Test 2 Test 3 Test4 Test5 Test 6 Test7 Test 8
(See Note 2) (See Note 3) (See Note 4)
Storage type Double row rack | Double row rack | Double row rack | Double row rack | Double row rack | Double rew/rack | Double rowrack | 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 plastig group A plastic group A plastic
Test array See Figure 55.16 | See Figure 55.17 | See Figure 55.16 | See Figure 55.20 | See Figure 55.21 | See Figure 55.19 See Note 1 See Figure 55.17
Nominal storage 20 (6.1) 25(7.6) 20 (6.1) 35(10.7) 40 (12.2) 30(9.1) See Note 1 25(7.6)
height,
ft (m)
Nominal ceiling 30(9.1) 30(9.1) 30 (9.1) 45 (13.7) Adjusted to 45 (13.7) 40 (12.2) 45 (13.7)
height, achieve minimum
ft (m) clearance
between sprinkler
deflector and top
of commodity
Sprinkler temperature Minimum Maximum Minimum Minimum Minimum Minimum See Note 1 See Note 1
rating temperature temperature temperature tetmperature temperature temperature
rating rating rating rating rating rating
Nominal deflector to 14 (35.6) Maximum Maximum 14 (35.6) Maximum Maximum See Note 1 See Note 1
ceiling distance, specified by specified by specified by specified by
in (cm) manufacturer manufacturer manufacturer manufacturer
Sprinkler spacing, 10x 10 10x10 10 x40 10x 10 10x 10 10x 10 10x 10 10x 10
ft x ft (m x m) (3.0x3.0) (3.0x3.0) (8.0x 3.0) (3.0x3.0) (3.0x3.0) (3.0x3.0) (3.0x3.0) (3.0x3.0)
Nominal discharge 15 (103) 15 (103) 15 (103) 40 (276) 40 (276) 40 (276) 25 (172) 40 (276)
pressure,
psig (kPa)
Ignition location Under one Between four Between two on Under one Between four Between two on See Note 1 See Note 1
same branchline same branchling
Duration of test after 30 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.

Note 2 — This test shall be permitted to be waived if the sprinkler demonstrates compliance with the requirements of Test No. 2 of Table 55.24 (Actual Delivered Density (ADD)
Measurement) at a pressure of 15 psi (103 kpa).
Note 3 — This test shall be permitted to be waived if the sprinkler demonstrates compliance with the requirements of Test No. 9 of Table 55.24 (Actual Delivered Density (ADD)
Measurement) at a pressure of 15 psi (103 kpa).
Note 4 — This test shall be permitted to be waived if the sprinkler demonstrates compliance with the requirements of Test No. 5 of Table 55.24 (Actual Delivered Density (ADD)
Measurement) at a pressure of 15 psi (103 kpa).
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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

Ceiling Height of 48 ft (14.6 m)

Test1 Test2 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'plasgtic 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 (11.6) 38111.6) 28 (8.5)
ft (m)
Nominal ceiling height, 48 (14.6) 48 (14.6) 48 (14.6) 48 (14.6)
ft (m)
Sprinkler temperature rating Mpximum temperature rating Minimum temperature rating Minimum temperature rating Minimum temperature rating

operation, min

Nominal deflector to ceiling Maximum specified by Maximum specified by 14 (35.6) Maximum specified by
distance, manufacturer manufacturer manufacturer
in (cm)
Sprinkler spacing, 10x 10 (3.0x 3.0) 10 x 10 (3.0.%340) 10x 10 (3.0x 3.0) 10x 10 (3.0x 3.0)
ft x ft (m x m)
Nominal discharge pressure, 45 (310) 455(310) 45 (310) 45 (310)
psig (kPa)
Ignition location Between four Betweef two on same branchline Under one See Note
Duration of test after first sprinkler 30 30 30 30

Note — Test scenario selected for this test

is to be determined based uponthe results of previous tests.



https://ulnorm.com/api/?name=UL 199 2025.pdf

150 ANSI/CAN/UL/ULC 199 JUNE 27, 2025
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 5 Test 6
Storage type Double row I"""' Double-row-rasck Double-row-rack————Double-row-rask————Deuble row rack Double row rack
Commodity type Std. CIasJ I Std. Class Il Std. Class Il Std. Class Il Stdl. Class Il Std. Class Il
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(10.7) 35(10.7) 30 (9.1) 40 (12.2) 30 (9.1)
ft (m)
Nominal ceiling height, 40 (12.2 40 (12.2) 45.25 (13.8) 45.25 (13:8) 45|25 (13.8) 4525 (13.8)

ft (m)

first sprinkler operation,
min

Sprinkler temperature Maximum tempgrature | 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, 10x 10 10x 10 10x 10 10x 10 N0 x 10 10x10
ft x ft (m x m) (3.0x3.0) (3.0x3.0) (3.0 x 3:Q) (3.0x3.0) (3.0x3.0) (3.0x3.0)
Nominal discharge 40 (276 40 (276) 60.(474) 60 (414) 60 (414) 120 (818)
pressure,
psig (kPa)
Ignition location Under one Between two on same Under one Between two on same Befween four Between two on same
branchline branchline branchline
Duration of test after 30 30 30 30 30 30
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Table 55.23

Fire Test Conditions for Nominal K=28 Pendent ESFR Sprinklers for a Maximum Storage Height of 43 ft (13.1 m) and Maximum Ceiling

Height of 48 ft (14.6 m)

Test1 Test2 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'plasgtic 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 (11.6) 38111.6) 28 (8.5)
ft (m)
Nominal ceiling height, 48 (14.6) 48 (14.6) 48 (14.6) 48 (14.6)
ft (m)
Sprinkler temperature rating Mpximum temperature rating Minimum temperature rating Minimum temperature rating Minimum temperature rating

Nominal deflector to ceiling
distance, in (cm)

Maximum specified by
manufacturer

Maximum specified by
manufacturer

14 (35.6)

Maximum specified by
manufacturer

Sprinkler spacing,
ft x ft (m x m)

10x 10 (3.0 x 3.0)

10 x 10 (3.0 x 3.0)

10x 10 (3.0x 3.0)

10x 10 (3.0 x 3.0)

Nominal discharge pressure,
psig (kPa)

35 (241)

35 (241)

35 (241)

35 (241)

Ignition location

Between four

Between twe on same branchline

Under one offset

Between two on same branchline

Duration of test after first sprinkler
operation, min

30

30

30

30
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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 shall be
mounted adjacent to the ceiling above the ignition location. Five equally spaced Type K, or equivalent,
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 shall be monitored and measured through calibrated flowmeters. Significant events
shall be monitored and recorded using calibrated timing devices located within the data acquisition system
or manually recorded, as applicable.

55.9.6 The ignition source shall consist of either two or four cellulose cotton igniters positioned within the
array near floor level as specified in Figure 55.16 — 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
+0.125 fl oz (118 £3.7 ml) of gasoline and wrapped in a polyethylene bag.
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Figure 55.21
Fire Test for Double Row Rack Storage of Cartoned Group A Plastic Commodity Nominal 40 ft (12.2
m) High
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Figure 55.22
Fire Test for Double Row Rack Storage of Cartoned Group A Plastic Commodity Nominal 28 ft (8.5
m) High
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