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The Thirteenth Edition of the Standard for Automatic Sprinklers for Fire-Protection Service,
ANSI/CAN/UL/ULC 199, has been issued to reflect the latest ANSI and SCC approval dates, and to
incorporate the proposals dated February 5, 2021 and May 14, 2021.

The requirements are substantially in accordance with Proposal(s) on this subject dated February 5, 2021
and May 14, 2021.
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Preface

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

Protection Se

rvice.

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

This Standard has been developed in compliance with the requirements of ANSI and SCC for
accreditation of a Standards Development Organization.
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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 requirements in this standard are not intended to restrict the application of representative fire
and other tesis for special sprinklers, as referenced in Standard for the Installation of-Spripkler Systems,
NFPA 13, that are intended to provide protection for specific fire hazards.

2 Compongnts

2.1 Except s indicated in 2.2, a component of a product covered by this'standard shall cbmply with the
requirements ffor that component.

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 stiperseded by a requirement in this standard.

2.3 A comppnent 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 .arte 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 Measurements

3.1 Where yalues—6f measurement are specified in both SI and U.S. Customary ynits, it is the
responsibility [of the’user of this standard to determine the unit of measurement appropriate for the user's
needs.

4 Normative References

4.1 The following standards are referenced in this standard, and portions of these referenced standards
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
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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 Rese¢arch Council Canada

National Buildlng Code of Canada

UL Standardg
UL 9, Standargl 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]DL MODE SPECIFIC APPLICATION (CMSA) STORAGE SPRINKLER) - A sprinkler
intended for fhe protection of stored commodities as referenced in NFPA 13 or the~end pse 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,

_ 9
k=5

in which:
Q is thee flow in gpm, and

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

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

p is thé pressure‘in'bar.

5.12 DRY-T)YPE SPRINKLER — A sprinkler secured in an extension nipple that has a seal ft the inlet end
to prevent wateryffom entering the nipple until the sprinkler operates. These sprinklers|consist of an
upright, pendent; sidewatt, fiust, orothertypes:

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).

519 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) Maxjmum 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 BPRINKLER — An automatic sprinkler with the\heat responsive and activating elements

removed. The|discharge orifice is open.

5.22 OPERATING TEMPERATURE - The temperature at which the heat responsive [element of a

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

5.23 ORIFIG
pressure.

5.24 PENDH
the orifice and

5.25 QUICK
sprinkler that ¢
33, when testd
instructions arj

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 SPH
omplies with.the applicable requirements for such sprinklers in the Sensitivity
d and installed 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

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 (RTI) — 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 cgqrdboard vertical dividers are used to separate the 25-eups in each layer. Eight

are arranged
42 by 5 in 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

5.36 STORA

M a spray sprinkler having a nominal 5.6 (80) “K” factor covers a circle 16
(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 (UNE
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
h (1070 by 1070 by 127 mm) two-way hardwoodpallet.

ARD FIRE TEST COMMODITY — CLASS 4l Double tri-wall corrugated carg
i steel (open bottom) stiffeners inserted for stability. The cartons are to cqg
for Class 2, Style E, “AAA” fluting-as specified in the Federal Specificat
orrugated, Tri-Wall, PPP-B-640D. -The two cartons have a combined nominal
he a nominal measurements far(the outside carton are 42 by 42 by 42 in (10
d the nominal measurementsifor the inside carton are 41 by 41 by 41 in (10

vood pallet.

\GE SPRINKLER - See Control Mode Density Area (CMDA) Storage Sprinkle

Coverage Ar

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

5.37 UPRIGHT:SPRINKLER — A sprinkler intended to be installed so that its deflector is
the orifice and_the water flows upward against the deflector.

as (See 5.8),\Control Mode Specific Application (CMSA) Storage Sprinklg

ft (4.88 m) in
ate of 15 gpm

FXPANDED) —
530 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 sea
similar seal that moves during operation or is in contact with a component that moves during

| (an O-ring or
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 ¢

7.4 An autor
assembly load
without causin

natic sprinkler shall be chemically or mechanically staked to maintain the n
. The assembly load shall not be able to be changed by the use)of comm
g visible damage to the sprinkler.

7.5 Sprinkler
as tests to invi

types or materials not anticipated by these requirements require additional ev
stigate special metallic or nonmetallic materials.

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

7.7 When installed with the intended fittings specified«inthe installation instructions, see M
Installation Ingtructions, Section 60, dry sprinklers installed in dry systems shall be constructs
the potential fo accumulate water, scale, and sediment on the sprinkler inlet and shg
unobstructed flow path upon operation.

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

7.9 Sprinklens with glass bulb type heat responsive elements shall be equipped with pro
that are desighed to remain in place during installation and be removed before the sprin
placed in service.

ut.

nanufacturer's

bn hand tools

aluation, such

structed of a

lanufacturer’s
td to minimize
Il provide an

the bulb shall
age. For the
hkler shall be

ective covers
ler system is

Exception: Ceytain sprinkler designs, such as sprinklers with guards, concealed, intermedi

hte level, wax

coated and dry type sprinklers, may not be required to have protective covers.

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

8.1 Sprinklers shall be provided with external pipe threads at the inlet end as specified

for Protective

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.
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Exception No. 2: Internal taper pipe threads (NPT) of 3/4- or 1-in size shall be permitted to be used for an
8.0 nominal “K” factor, ceiling, and dry type sprinklers in lieu of those specified in Table 11.1.

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

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

a) Have a nominal “K” factor corresponding to the discharge coefficient as specified in Table 11.1;

b A ; J ) H IRTIVAIN 4 Lor il e OO J
) re PTOVIACU WILTT TTOTTITIar TN TaCLlUN TTIArRiiiy s do SPCUINICU ITT JI. £, dilu

c) Arelintended to be attached in a manner that does not involve welding and that/pgrmits sprinkler
removgl from sprinkler piping without the use of special tools or torch cutting equipment.

8.2 Threadg shall be clean cut and true and free from burrs, scoring, or chatter marks.
9 Temperature Ratings

9.1 The temperature ratings, temperature classifications, and color codings of automatic gprinklers shall
be as specified in Table 9.1. See 59.6.

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

Maximum ceiling
Temperature rating Color code temperature

Temperaturg -

classificatiof °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 (719-107) 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)

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).
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11 Nominal “K” Factor

11.1 Sprinklers 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 specified in Table
11.1. The nominal “K” factor is to be determined from the discharge coefficient “K”, as specified by the
Discharge Coefficient Test, Section 53.

Table 11.1
Nominal “K” factor and thread size
Nominal K-factor, Discharge coefficient "K" External thread-type
gpm/(psi)"(LminMBar) "2 gpmi(psi) 2 {CTmin/(bar) "2) in NPT
1.4 (20) 1.3-15 (19-22) 112
1.9 (27) 1.8-2.0 (26 - 29) 1/2
2.8 (40) 2.6-29 (38-42) 1/2
4.2 (37) 40-4.4 (59 — 64) 1/2
5.6 (30) 5.3-5.8 (76 — 84) 1/2
8.0 (1115) 74-82 (107 —118) 4
orfl/2*
11.2 (160) 10.7-11.7 (159166) 4
orfl/2*
14.0 (200) 13.5-14.5 (195 — 209) 4
16.8 (240) 16.0-17.6 (231-254) 4
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 — 294 (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 Sprinklgrs intended for use in dry or pre-action systems shall have a “K” factor greater than 4.0.
12 Coatingg And*Platings
12.1 The operation and diStribution characteristics of a sprinkier shalt 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 Polymeric Residential Sprinklers

13.1 Residential sprinklers having pressure retaining and other load bearing components made of
polymeric materials shall be constructed to comply with the following:

a) Requirements described within this standard that are applicable to residential sprinklers.
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b) Sprinklers that have polymeric gaskets and no additional pressure retaining or load bearing
polymeric components are not limited to the use restrictions described in 13.2 and 13.3.

13.2 Polymeric materials used to construct pressure retaining and load bearing components shall be
constructed in such a manner that the polymeric materials do not extend into the area being protected by
the sprinkler unless covered with a metallic material such as brass, bronze or stainless steel.

13.3 The manufacturer's installation instructions shall indicate that the polymeric sprinklers are to be
installed in NFPA 13D applications and attached to sprinkler systems constructed of plastic sprinkler pipe
and fittings only. See Section 60.

PERFORMANCE

GENERAL
14 Details

14.1 To detérmine compliance with these requirements, the various types“and patterns|of a sprinkler
shall be subjeicted to the applicable performance tests described herein.

14.2 When |a recessed or concealed sprinkler is tested with_an escutcheon and cqver plate (as
applicable) dyring the performance tests, the sprinkler is to be.recessed to the maximum depth allowed by
the sprinkler/gscutcheon combination.
15 Sampleg
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 detgiled drawings,
examination qf a preliminary sample, or both.

PHYSICAL STRENGTH AND LEAKAGE TESTS

16 Load on|Heat Responsive Element Test

16.1 The avierage 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 thg application of
the rated working pressure to the inlet end of the sprinkler increases the assembly load|by more than
10 %, the additienal load is to be added to the measured load on the heat responsive| element. The
information d¢veloped is to be used for Strength of Heat Responsive Element Test, Section 7.

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

b) Demonstrate the ability to sustain the maximum design load when tested in accordance with
17.1.2 and 17.1.3.
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17.1.2 Compliance with 17.1.1(a) is to be determined by subjecting at least ten sample heat responsive
elements to a load 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 maximum design
load. A minimum of ten samples are to be loaded at various values as required up to 15 times the design
load. At least one heat responsive element shall sustain a load for a time greater than 1000 h. These load
and time values 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 design load shall
comply with the following equation:

L,<1021%, /L,

in which:
L, is the maximum design load;
L,,is the load at 1 h; and

L,is the load at 1 h.
17.1.3 The test samples are to be loaded at a conditioned temperature(of 70 +5 °F (21 £3 °C
17.2 Glass-bhulb types
17.21

The lpwer tolerance limit for bulb strength, based oncalculations with a degree of [confidence of

0.99 for 99 %
based on calc

17.2.2 The
compression {
the seating pa
of 38 — 50 Ro
deflects the by
being used. B
breakage. A n
Annex A.

17.2.3 Calcu
distribution is s

18 Glass-bu

18.1

of samples, shall exceed two times the.upper tolerance limit for sprinkler g
Ilations with the same degree of precision as for bulb strength.

pulb strength is to be measured® by applying a steadily increasing loa
esting machine, until the bulb breaks. This test is to be conducted with the bu
Its, with the same dimensions‘used in the sprinkler and a material hardness wi
ckwell C. The rate of loading shall not exceed 55 Ibf load per s (25 kg/s), or|

LIb seats shall be permitted to be reinforced circumferentially to not interfere

inimum of 15 samples of each temperature rating and each bulb type are to 1

lations @re to be based on the Normal or Gaussian Distribution except w
hown-to be more applicable due to manufacturing or design factors.

ssembly load

d, utilizing a
Ib mounted in
thin the range
at a rate that

Ib 0.02 in (0.51 mm) permin, whichever measurement is convenient for the fest apparatus

with the bulb
e tested. See

here another

Hb-Thermal-ShoeekTest

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
19.1  An automatic sprinkler frame shall not show permanent deformation in excess of 0.2 % of the

distance between its bearing points when subjected to a test loading of twice its assembly load at rated
hydrostatic pressure.
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19.2 The distance between load-bearing points is to be measured to the nearest 0.001 in (0.03 mm) from
the plane of the sprinkler-orifice outlet at the center of the orifice to the center of the compression bearing
surface.

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

19.4 With the threaded inlet restrained from movement, a measuring instrument is to be positioned to
indicate the amount of deflection at the deflector end of the sprinkler frame. The heat responsive element
of the sample is then to be carefully removed so as not to damage the frame. The negative axial
deflection, due to release of the assembly load, is to be recorded. A force is then to be applied to re-deflect
the sprinkler @t a rate of 0.02 in (0.51 mm) per min until the deflection returns to zero. Fh¢ force at zero
deflection is tp be recorded as the assembly load. An alternate means of determining assembly load shall
be permitted fo be utilized when determined to provide equivalent or more accurate results.

19.5 A forcq equal to twice the sum of the force recorded in 19.4 plus the force’ applied tp the sprinkler
frame at rateq pressure is then to be applied to each sample and held for not.more than 5 s.[The deflection
during the application of this load and the amount of permanent set after the load has been rfeleased are to
be determingd. The percentage of permanent deformation (elongation) shall be calculdted using the
measured pefmanent deflection and the minimum distance measufed between load bearing points to
verify complignce with the requirements in 19.1.

20 Impact Resistance Test

20.1  An autpmatic sprinkler, except for dry type sprinkiers, shall not be damaged or leak When tested as
described in 40.2. See Figure 20.1.

20.2 Five sgmple 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 sprinklgr. The mass is to be prevented from impacting more than once upon each sanpple. Following
the impact, each sprinkler is to be‘\visually examined and there shall be no evidence of cra¢ks, breaks, or
any other damage. Each sample sprinkler shall then be subjected to the Leakage Tegt, Section 25,
followed by thie applicable testing in Sensitivity Tests, Section 33 based upon sprinkler type.
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Figure 20.1

Impact test apparatus

Cold Drawn Seamless Steel Tubing Inside
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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.

Impact test apparatus for protective covers

Cold Drawn Seamless Steel Tubing
Inside Diameter 0.56 in + 0 -0.01 in
(14.10 mm +0 -0.13 mm)

Figure 21.1

Mass (see Detail "A")

Length to be Determingd
(Function of Required Veight)

/ ‘

Break Corner
0.002 in x 45°
(0.06 mm x 45°)

Detail “A” Weight
0.50 in (12.70 mm) Qiameter
AISI C1018

Cold Finished Steel

Latching Pin | |

—

—_ =

Brackets(2y

3ft (1 m) ‘

524691

Lorem ipsum
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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 TLst for Guards

22.1 Sprinklgr and guard assemblies subjected to the tests described in 22.2 — 2275, shall:
a) Shoy no evidence of visual damage to the sprinkler; and

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

22.2 Twelve|sample sprinklers are to be assembled with their.intended guard in accordance with the
manufacturerq installation instructions and divided into two groups.of six assemblies in each group.

22.3 Samples from the first group are to be tested individually by dropping a 1.18 Ib (0.54 kg), 2 in (50.8
mm) in diameter stainless steel ball (Series 440) from‘a height of 2.5 ft (0.76 m) onto the end of the
assembly as phown in Figure 22.1. Samples fromthe second group are to be tested ipdividually by
dropping the ball onto the side, near the top of the:guard as shown in Figure 22.2.
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Figure 22.1

Impact test on first group of samples

—

1.18 Ib (0.54 kg) Steel Ball

@ @ 2 in ( 50.8 mm) Diameter

2.5t (0.76 m)

—

sm1184b
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Figure 22.2

Impact test on second group of samples

-

(90O

1.18 Ib (0.54 kg) Steel Ball
2 in (50.8 mm) Diameter

2.5t (0.76 m) |

Il

sm1185b
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22.4
guard.

Impact due to falling steel ball in both cases shall be located between support members of the

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
upon the sprir

23.2 Five s&

place when the protector is intended to be removed from the sprinkler after the ‘sprinkler i

reference to t

23.3 Five sagmples are to be individually placed in a vinyl-lined right hexagonal prism-

designed to
distance betw
(38.1-mm) ha
3 min. The sg
the Leakage

@ A drum acceptd

24 FlowEn

241 An auf
separation of

24.2 One sz
elbow or tee
nominal diam|
orientated pa
specified tesf]

shall comply with the Leakage Test, Section 25, and the Sensitivity Tests, Se
kler type.

mple sprinklers are to be tested. The sprinklers are to be tested with’a shippi

his removal requirement is made in the installation instructions.

rovide a tumbling action. The drum is to have an axis of rotation of 10 in (
een opposite sides is to be 12 in (305 mm). For each test, one sample an
Fdwood cubes are to be placed in the drum. Thedrum is to be rotated at 1 revg
mple is to be removed from the drum, examined for signs of damage, and thg
[est, Section 25, and to the Sensitivity Tests, Section 33.

ble for this test is available from Kramer Industriés, Inc., Copiague, NY 11726, Model K1401.

Hurance Test

bmatic sprinkler shall withstand for 30 min, without evidence of cracking, d
any part, a waterflowat a pressure equal to the rated pressure plus 25 psig (17

mple of an autematic sprinkler is to be installed in its intended installation ori
for dry typessprinklers in a pressurized water system having a supply pipe w
eter of 1-1/2 in (40 mm). For concealed type sprinklers, the deflector suppor
allel to-the supply pipe. The heat responsive element of the sprinkler is to be g
pressure, and the water flow shall be adjusted to obtain the specified teg

ttion 33 based

ng protector in
5 installed and

shaped drum?
P54 mm). The
d five 1-1/2-in
lution per s for
n subjected to

eformation, or
2 kPa).

entation on an
th a minimum
t pins shall be
ctivated at the
t pressure for

30 min.

25 Leakage Test

251

pressure from 0 to the applicable leakage test pressure shown in Table 25.1.

When tested as described in 25.2 and 25.3, an automatic sprinkler shall not exhibit leakage at any
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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.

25.3 The pre
MPa) per min
leakage in any

26 Hydrostdtic Strength Test

26.1  An autd
equal to the hy

26.2 The sar

26.3 The spr
0 to the hydrog
The pressure
operate, or re
the test presst

27 Dry Sprinkler Air Tightness Test

27.1 When t
assembly for 3
15 psig (0 to 1

27.2 At leasf
installed in an

ssure is to be increased from 0 to the test pressure at a rate not exceeding 3
and then held for 1 min at the pressure specified in Table 25.1. There shall
sample.

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

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

tatic test pressure shown in Table 25.1at a rate not exceeding 300 psig (2.07
s to be maintained at the test pressdre and held for 1 min. The sample shg
ease any of its operating parts during the pressure increase nor while being
re for 1 min.

bsted as describedhin'27.2 and 27.3, the connection of the extension nipple tg
dry-type pendéntor sidewall sprinkler shall not exhibit leakage at any air pres
D3 kPa) whenithe pressure is applied externally to this connection.

five samples of the minimum length are to be individually tested. The asse
air.leakage test fixture in such a manner that the extension nipple connecti

seal assembly

00 psig (2.07
be no visible

tatic pressure

nkler inlets are to be filled with water and«wented of air. The pressure is to be increased from

MPa) per min.
Il not rupture,
maintained at

the inlet seal

sure from O to

mbly is to be
bn 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)

([ e

su0548
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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) Not [leak when subjected to the leakage test pressure specified in Table 25,1 '6r [ess for 1 min
following the 30 days; and

¢) Shoy no distortion or other mechanical damage following the leakagetésting, as determined by
visual gxamination.

Table 28.1
Test Pressures for the 30-Day Leakage Test
Rated pressure 30-day test pressure
psig (MPa) psig (MPa)
174 (1.2) 300 @.1)
25 (1.7) 450 @1
30 (2.1) 500 (3.4)

28.2 Five samples are to be installed,on.a water-filled test line maintained under a constan{ 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 evidence of leakage of water at the closure cap.

28.3 Following completion of-this 30-day test period, the samples are to be tested to verify that they do
not leak at the|leakage testpressure specified in Table 25.1 or at any lower pressure. The prgssure is to be
increased from O to the‘required test pressure a rate not exceeding 300 psig (2.07 MPa)|per min. The
pressure is to [be maintained at the leakage test pressure specified in Table 25.1 for 1 min, pnd is then to
be decreased o O\psig at a rate not exceeding 300 psig (2.07 MPa) per min.

28.4 The samples then are to be visually examined to verify there is no evidence of 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
by 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 installed on a water-filled test line connected to a pump system that
produces a rapid rise in pressure in accordance with Table 29.1 at the rate of not more than 60 cycles per
min. The test [piping is to be filled so that there is water at the sprinkler seat, and the pump |[s to be placed
in operation ahd adjusted to produce the specified test-pressure cycle.

29.3 Duringfthe 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 that they do not
leak at the lepkage test pressure specified in Table 25.1 or at any lower _pressure. The prgssure 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 tg be maintained at the leakage test pressure specifiednin Table 25.1 for 1 min,|and is then to
be decreased|to 0 psig at a rate not exceeding 300 psig (2.07 MRa)per min.

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

30 Vacuum|Test

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

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

OPERATION|TESTS

31 Operating 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 sa||nples are to be placed in an upright position and completely immersed inth
bath. The bath vessel is to be provided with a source for heating the liquid at the presctibed
means to agitate the liquid and measure the temperature of the liquid bath.

31.6 A calibriated temperature measuring device is to be used to determine temperature o
bath tests. The¢ sensing element of the temperature measuring device is to He held level wit
operating part$ by a support member.

31.7 The temperature of the bath liquid is to be increased at a eotwvenient rate until the |
20 °F (11 °C) of the temperature rating of the device [30 °F {167°C) for 325 °F (163 °(
temperature ratings]. The rate of temperature rise then is to be\controlled at a constant rat
(0.5 £0.1 °C) per min until operation of the sprinkler or until“a@-temperature 20 °F (11 °C) ah
temperature i$ reached. The temperature of the liquidi@nd the time of operation, as ¢
operates, are 1o be recorded.

32 Air Bath for Glass Bulb Sprinkler Test

32.1 When a partial fracture of a glass-bulb occurs during the Operating Temperature
Section 31, sprinklers with a glass bulb-heat responsive element shall fully operate when su
air bath test dgscribed in 32.2.

32.2 Fifty sample sprinklerswith a glass bulb heat responsive element shall be placed on
programmablg circulating air oven. The temperature in the oven shall be gradually increass
(11 £1.1 °C) below the marked temperature rating of the sprinklers. When this temperature is

e water or oil
rate and with

F the liquids in
n the sprinkler

quid is within
C) and higher
p of 1 £0.2 °F
ove the rated
ach sprinkler

e (Bath) Test,
bjected to the

their inlet in a
d to 20 +2 °F
5 reached, the

oven shall be maintained at a constant temperature for a period of 60 £5 min. The temperafure shall then

be increased at a censtant rate of 1 £0.5 °F (0.5 £0.3 °C) per min until the temperature in the
higher than the marked temperature rating of the sprinklers or until all the sprinklers operg

ovenis 25 %
te, whichever

occurs first. Each sample shall be examined for full operation
33 Sensitivity Tests
33.1

General

33.1.1
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

coverage)

Residential
ESFR

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

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

Quick Response(all)

33.2.1

33.1.2 A co:Lting shall not remain on sprinkler parts in a manner that impairs operation of

the time of sp

33.2 Oven heat test

33.2.1 Astq
sample sprin
temperature i
sprinkler shal
[145 (ft-s)"?]
value, and the

Exception: Tt
extended cov

33.2.2 QR,
characteristic

a)An
condit
time fq
on a k
rating

b) Me
and 4!
tested

5 not shown in Table 33.2, the minimum and maximum‘@perating time range fo

for the minimum value and on a RTI value of 350 (m-s)"? [630 (ft-s)"?] for

inkler operation in 33.2 and 33.3.

ndard response sprinkler shall operate within the time range specified in Tablg
ler when tested in the Oven Heat Test as specified in\33.2.4 — 33.2.6. |

be determined by using the formula specified in 33,27, based on a RTI valug

marked temperature rating of the sprinkler.

e minimum operating time for the Oven.Heat Test does not apply to stan
brage and ceiling sprinklers complying:with 33.3.1.

QR extended coverage and residential sprinklers shall have the following
5 when tested in the sensitivity-test oven as specified in 33.2.4 — 33.2.6:

on. If the sprinkler temperature rating is not shown in Table 33.2, the maxin
r each sample sprinkler shall be determined by using the formula specified ir
Response Time Index (RTI) value of 50 (m-s)? [90 (ft-s)"?], and the marke
bf the sprinklér,

hn operating time after being subjected to the exposure tests specified in Se
b shall-be equal to or less than a 1.30 multiple of the mean operating time ¢
in the’as-received condition.

distribution at

b 33.2 for each
f the sprinkler
r each sample
 of 80 (m-s)"?
the maximum

Hard response

bperating time

aximum operating time ‘specified in Table 33.2 for each sample sprinkler in the as-received

hum operating
33.2.7 based
d temperature

ctions 36, 44,
f the sprinkler
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Table 33.2

Operating Time in Oven Heat Test for Quick Response, Residential and Standard Response

Sprinklers

Sprinkler temperature

Quick response
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 = 275 35} 3 27-F 424-6 180
165 (73.9) 275 (135) 18.7 30.0 131.3 180
175 (79.4) 386 (197) 121 19.4 85.2 180
200 (93.3) 386 (197) 16.1 257 112.9 180
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 32.0 139.8 180
450 (232.2) 765 (407) 246 394 172.2 180
500 (260.0) 765 (407) 30.0 48.1 210.2 210.3

@ Corrosion resigtant sprinklers with coated heat responsive-elements including wax, lead, Teflon, wax over lead, and polyester
coating. Coated puick response sprinklers shall comply with 33.2.2.

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

33.2.3 An E$FR sprinkler shall have the following sensitivity characteristics when tested in|the sensitivity
test oven as specified in 33.2.4 —83.2.8.

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

b) Megn operating-time after being subjected to the exposure tests specified in Seftions 36, 44,
and 45 shall be-equal to or less than a 1.30 multiple of the mean operating time of [the sprinklers

tested |n the as-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)
325575 (163 -191) 765 (407)
33.2.4 Sprin
heat respons
follows:
a) For sprinkler designs without frame arms and incorporating symmetrical hgat responsive
elemepts and symmetrical sprinkler bodies, ten samples are to be'grientated in the pendent
positign.
b) Fof sprinkler designs (other than ESFR) with or without,*frame arms and| incorporating
unsynmmetrical heat responsive elements or unsymmetrical‘body designs, ten samples are to be
orientated in the pendent position with the heat responsive’element upstream of the axis of the
sprinkler body.
c) Forl sprinkler designs incorporating frame arms with symmetrical heat responsive elements
(other fthan ESFR), ten samples are to be orientated in the pendent position with the[frame arms in
a plang perpendicular to the direction of air flow.
d) For|ceiling sprinkler designs incorporating removable cups, escutcheons, and rempvable closure
assenblies, ten samples are to be otientated in the pendent position with the closyre assemblies
removgd.
e) Forlflush sprinklers with an air'gap between the heat responsive element and the sprinkler body,
ten samples shall be orientated in the pendent position.
f) For geiling sprinkler designs incorporating an integral closure assembly and flush style sprinklers
without an air gap.between the heat responsive element and sprinkler body, ten samples are to be
orientated with the-heat responsive element exposed to the air flow. Recessed or cpncealed style
sprinkler designs where the heat responsive elements are not exposed, and that incorporate
integrdl escutcheons or closures that are not practically removable, are not to be sybjected to the
Oven Heat Test.

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

1) 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 sprin
orientation is generally most favorable with respect to response time.

kler body. This

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 orientat

4) In the pendent position with the sprinkler rotated 180° from the first orientat

ion.

ion.

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


https://ulnorm.com/api/?name=UL 199 2022.pdf

36 ANSI/CAN/UL/ULC 199 FEBRUARY 25, 2022

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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1 — Heating Plepum 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:

T,-T)

T,- T,

—RTI* In|1 —

o~ Ju

RTI: Response Time Index [(ft's)"2; (m-s)"?]

t,: Ope

u: Nominal gas velocity in the test section of the oven [8.33 ft/s; 2.54 m/s]
T»: Marked temperature rating of the sprinkler [°F; °C]
T4 - Nominal gas temperature in test section in Table 33.2 [°F; °C]

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

33.2.8 For EBFR sprinklers, the RTI for each sample is to be computed as follows:

RTI = Tu'"?
in which:
T
T="/In|1-|—
o Tg
and:

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

Tg: No
conditi

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

43 EH £ Ll H= | [al
allllu Urmc Ur i opJTiminICT 1o

minal gas) teémperature in the test section of the oven minus the nom
bning teMmperature, [°F; °C]; and

F; °Cl

inal sprinkler

33.3 Room heat tests

33.3.1 When tested in accordance with 33.3.3 and 33.3.4 standard response flush, recessed and
concealed standard coverage sprinklers, and standard response extended coverage sprinklers shall
operate such that the mean response time and unbiased standard deviation provide computed statistical
tolerance limits (see Annex A) with 95 % confidence that 99 % of the sprinklers tested do not exceed the
applicable time 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 Sprinkler temperature rating of
170 °F (77 °C) or less 175 °F (79 °C) to 225 °F (107 °C)
Standard Response 231 sec 189 sec
Standard Response ECLH 231 sec 189 sec
Standard Response ECOH 150 sec 120 sec
QR and Residential 75 sec 75 sec
QR ECLH 75 sec 75 sec
QR ECOH 55 sec 55 sec
ESFR Test Not Applicable ‘Test Not Applicable
33.3.3 Sprinklers of each type are to be installed in a test room in the following position and orientation:

a) Forl pendent and ceiling sprinkler designs without frame arms and-incorporatin
heat responsive elements and symmetrical sprinkler bodies, 10 samples are to be in
intendgd position at the ceiling.

b) For pendent and ceiling sprinkler designs with or without frame arms and
unsynimetrical heat responsive elements, 10 samples are-te_ be orientated with the h
element downstream of the axis of the sprinkler body .in relation to the direction of t
The samples are to be in their intended position at the.ceiling.

c) For pendent and ceiling sprinkler designsyincorporating frame arms with syn
resporjsive elements, 10 samples are to be orientated with the frame arms in a plane

g symmetrical
stalled in their

incorporating
bat responsive
he fire source.

hmetrical heat
parallel to the

directipn of the fire source. The samples arédo be installed in their intended position at the ceiling.

d) For|pendent and sidewall sprinklers.intended to be installed as a recessed sprinkl

br, 10 samples

shall e tested in the recessed peosition in the ceiling or wall, as applicable, in ligu of the non-

recesded position.

e) Forlflush, recessed and toncealed sprinklers having a vented escutcheon, 10 sanpples are to be

installg
escutdheon.

d in the most recessed position in a manner that does not inhibit air flo

v through the

f) For ¢xtended €overage upright sprinklers and pendent sprinklers not intended to b¢ installed as a

reces

ed sprinkler, 10 samples shall be tested with the deflector 10 in (25.4 cm) belo

v the ceiling.

g) For residential pendent sprlnklers also mtended to be installed as a recessed sprinkler, 10

samples—shat-be-tested-inthe

ance below the

ceiling when the mtended mstallatlon distance below the ce|I|ng is4in (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 12 °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
Gas flow for Gas flow for ?tartmg ambient Staﬂ;r;gai:m:lfeor:t
Sprinkier Sprinkier W’—. -
. . 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 779c) 08, | 175 °F (79 °C) to
less, 225 °F (107 °C), less 225 °F (107 °C)
3 3 3 3 d 4 )
ft°/h (m>/h) ft°/h (m°/h) °F (2C) °F (°C)
Standard-Respofse Figure 33.3 340 (9.6) 915 (25.9) 8AX2/(31 £1) 120 £3 (49 +2)
Standard-Respofse Figure 33.4 340 (9.6) 915 (25.9) 8712 (31 +1) 1120 £3 (49 £2)
Extended Covergge
Quick Response Figure 33.5 500 (14.2) 600 (17.0) 87 +2 (31 +1) 1120 £3 (49 £2)
Residential Figure 33.5 500 (14.2) 500 (14.2) 87 +2 (31 1) 7 +2 (311)
Quick Response Figure 33.6 500 (14.2) 600(47.0) 87 +2 (31 £1) 120 £3 (49 +2)
Extended Covergge
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Figure 33.2

Example of Sand Burner Apparatus
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=\ J=—75"(19mm) Typical
I P . " Materials:
12'(305mm) - Steel Plate Box, Welded
" - Steel or Stainless Steel
6 “Tmm) - Mason Grade Sand.

/U

Key:

1 Nominal 1 Inch Piping.

Piping and Fittings.

S5529

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

2 Nomimatt=t/4or+=t/2tnch Pipe

3 Sand Depth


https://ulnorm.com/api/?name=UL 199 2022.pdf

42 ANSI/CAN/UL/ULC 199 FEBRUARY 25, 2022

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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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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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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Figure 33.6

Plan View of Room Heat Test for QR Extended Coverage Sprinklers
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1 — sidewall sprinkler locations
2 — pendent sprinkler locations
L — coverage length

W — coverage width

a — typical dimension
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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
Manufacturer’s Installation Instructions, Section 60, shall be designated as two times [the minimum
pressure required to clear the operating parts.

34.4 Automgtic sprinklers or dry-type automatic sprinklers in the shortest lengthDare to e individually
tested except jps specified in 34.3. Each sample is to be installed in its intended, installation| position on a
rigid piping arfangement and supplied with flowing water. Tests are to be cenducted using|a single-feed
and a double-feed water supply arrangement as described in Figure 34.1. The test pressuregs and number
of samples tegted at each pressure using each water supply configuration is to be as spegtified in Table
34.1. Each sample is to be operated by exposing the heat responsivé element to a uniform|application of
heat. A sprinKler does not comply when a part interfering with“cofrect water distribution |or water flow
maintains intefference for more than 10 s under the water flow'service pressure. The service|pressure and
the action of the operating parts, when releasing, are to be ‘epserved to determine compliance with these
requirements.
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Figure 34.1

Operation — Lodgement Test Arrangements

1 1/2 in. minimum
Bleed Line

Nominal diameter piping —\

= 1]

[ ]=—— Flow Blocked

1) Outlet oriented for upright,

pendent; or sidewattsprinklers
as intended to be jnStalled.

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

Single Feed Arrangement

1 1/2 in. minimum

Nomirjal diameter piping —\ “/ Bleed Line

|

==
R —

— A

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

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

n

n

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 (517) Single Feed 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

tremental 25° Single Feed 5 at each pre

Eremental 25° DoubleFeed 5 at each pre:

psure

psure

& For dry upright

b If the sprinkler
increments from

I

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

rated for a pressure of greater than 175 psig\(1206 kPa), sprinklers are to be tested in 25 psig (1
200 psig (1379 kPa) to the rated pressure-

72 kPa)

34.5 To detq
maximum leng
supply intende
of each sampl
1 psig (7 kPa)

34.6 To dete]
meter is to be
operated sam

rmine the minimum operating pressure for upright dry-type sprinklers, fiv
th are to be individually ‘tested. Samples are to be installed on piping connec
d for the purpose. With'the supply pressure at 0 psig (0 kPa), the heat respo
e is to be operated) The service pressure is then to be increased at a rate no
in 15 s. The pressure at which internal parts clear the waterway is to be noted.

rmine that{the internal parts of a dry sprinkler do not restrict the intended flg

a)

-

samples of
led to a water
hsive element
t greater than

w rate, a flow

connected to the water supply piping. Prior to operation of the test samp
plerthat has demonstrated acceptable K-factor results in the Discharge C

Section 53, fi

ture shall be installed in the operational test fixture. Water is to be flowed

s in 34.4, an

I
iefficient Test,

t each of the

pressures noted in 34.4 and the K-factor at each pressure is to be recorded. Dry-type sprinkler samples
are to be tested as described in 34.4. After sprinkler operation, the flow at each pressure specified in 34.4
is to be recorded. The 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 wee

ping 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 AnF
in 35.1.2 usin
the sprinkler g
exceeding 20

C sprinkler shall show no evidence of clogging when subjected to 1000 cycle
g water that has been contaminated in accordance with 35.3.2. Fellowing th
hall comply with the requirements in 25.1, except that slight weeping defined
mL/min shall be permitted.

5 as described
e 1000 cycles,
bs leakage not

35.3.2 The ater used during the cycling specified in 35.3.1 is to cofsist of 15 gallons (.06 m®) of tap
water into which has been mixed 3.5 Ibs (1.584 kg) of contaminants which sieve as desgribed in Table
35.1. The solytion is to be continuously agitated during the test.
Table 35.1
Contaminant for Contaminated-Water Cycling Test
. Nominal sieve opening Grams of contaminant (£5 %
Sieve
designationf in (mm) Pipe scale Top soil Sand
No. 25 0.0278 (0.706) - 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 designalions corréspond with those specified in the Standard Specification for Woven Wire Test Sieve Cloth and Test
Sieves, ASTM B 11. Cenco=Meinzer sieve sizes 25 mesh, 50 mesh, 100 mesh, 200 mesh, and 325 mesh, correspgnding with the
number designgtionnin the table, have been found to comply with ASTM E11.

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 temperature
°F (°C) °F (16)
135 —[140 (57 —60) 120 49)
145-[170 (63-77) 125 (52)
175 -p25 (79-107) 175 (19)
250 - B00 (121 —149) 250 (1R1)
325-B75 (163 -191) 300 (149)
400 -p75 (204 — 246) 375 (1o1)
500 - p75 (260 - 302) 475 (246)
36.2 An autgmatically-controlled, circulating-type, constant-temperature oven is to be usefl for this test.

Five automati
temperature. R

sprinklers of each operating temperature”are to be placed in an oven at the
or dry-type sprinklers, the minimum length to be produced shall be tested.

37 High Temperature Exposure Test for Wax Coated Sprinklers

37.1 A wax
malfunction ar

coated automatic sprinkler,shall withstand for 90 days without evidence of d
exposure to a high-ambient temperature as specified in Table 9.1, or 20 °F

the rated opefating temperature_ofithe samples (whichever is the lower temperature), and

120 °F (49 °C
cracking, flaki
to the Oven H

37.2 An autd
Five automati

). Following the ‘exposure, the coating shall not show evidence of deterior
g, or flowings To-evaluate malfunction following the exposure, sprinklers are tqg
at Test, see'33.2.1 — 33.2.8.

matically-controlled, circulating-type, constant-temperature oven is to be use
C.sprinklers with each type of coating are to be placed in the oven at the

specified test

bterioration or
11 °C) below
not less than
ation such as
be subjected

d for this test.
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 similar device and submersing the sample in a water bath having a temperaturg¢ of 60 +10 °F
(15 16 °C).

40 Elastomegric Parts Test

40.1 An ela hen tested as

specified in th

stomeric part used to provide a seal shall have the following/properties w
e Standard for Gaskets and Seals, UL 157:

a) Forl L), @ minimum
tensile

silicone rubber (having poly-organo-siloxane as its-constituent characteristi
strength of 500 psi (3.4 MPa) and a minimum ultinfate’elongation of 100 %.

b) For|natural rubber and synthetic rubber other than:silicone rubber, a minimum ten
1500 psi (10.3 MPa) and minimum ultimate elongation of 150 %; or a minimum ten
2200 gsi (15.2 MPa) and a minimum ultimate elongation of 100 %.

sile strength of
sile strength of

c) Those properties relating to maximum tensile set; minimum tensile strength and €|
oven 4ging; and hardness after oven aging, all as specified in Standard for Gaskets

ongation after
and Seals, UL
157.

to dets
design

40.2 The St
parts or shee
rings having ¢

Iso, the maximum compressionset shall be 25 %. The maximum service tem
rmine the oven time and temperature for oven aging is 60 °C (140 °F), unless
ated for use at a higher temperature.

bndard for Gaskets;and Seals, UL 157, provides for the testing of either finish
or slab material;~Sheet or slab material is to be tested when the elastomer

perature used
the product is

bd elastomeric
c parts are O-

iameters of less’than 1 in (25.4 mm). The material tested is to be the same as that used in

the product, régardless.of whether finished elastomeric parts or sheet or slab material is tested.
41 Vibration Test
41.1 An automatic sprinkler shall withstand the effects of vibration without deferioration 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,
. . hz h
in (mm) in (mm)
0.04 (1.02) 0.08 (2.03) 18 to 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 the maximum
magnification of the applied vibration.

42 Freezing[Test

42.1 Followi
operate, leak
with the requir|

g exposure to the freezing conditions described in 42.2, an automatic-sprinkler shall either
t low pressure, or not sustain any damage when water pressure is applied and shall comply
ements in Leakage Test, Section 25, and in Sensitivity Tests, Section 33.

42.2 Five sa
1 in or larger 3
minus 20 %10
examined. WH

mple sprinklers are to be individually connected to one end 6fa 4 in (101 mm)
teel pipe. Each pipe is to be completely filled with water @and exposed to an &
°F (minus 29 5 °C) for 24 h. Following the exposure, the samples are
en no damage or evidence of operation is noted,{he samples are then to I
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, Se
Sensitivity Tedts, Section 33. The test is to be repeated when the test apparatus, other tha
fractures due fo the freezing.

long, nominal
tmosphere of
to be visually
e checked to
@ pressure of
ction 25, and
n a sprinkler,

43 Evaporafion Test for Wax Coatings

43.1 When tgsted as specified in 43.3, a.protective coating for a sprinkler containing volatiles such as

wax or similar material shall not shrink, harden, crack, or flake.

43.2 When tested as specified in'%43.3, the loss of volatiles in a wax coating shall not excged 5 % of the

weight of the griginal sample.

43.3 A 50 mL sample of.the protective coating is to be placed in a metal or glass cylindtical container

having a flat hottom, andnside diameter of 55 mL, and an inside height of 35 mL. The con
any lid, is to be placed-in an automatically controlled, circulating-air, constant-ambient-temg
The oven temperature is to be controlled as described in High Temperature — Test for

ainer, without
erature oven.
Wax Coated

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

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 having a corrosion-resistant coating or plating 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 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 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 sampfes:

44 1.3 Within 1 to 5 days following the exposure period, each sample is to be subjected to|the Sensitivity
Test, Section B3, in the most favorable position with respect to operating time.

44.1.4 For gll sprinklers except the ESFR type, three groups, each consisting of five sample sprinklers,
are to be ass¢mbled. One group is to be exposed to 20 % salt spray, the 'second to hydrogén sulfide, and
the third to squur dioxide-carbon dioxide. For ESFR sprinklers, four groups, each consisting|of five sample
sprinklers, ar¢ to be assembled. Two groups are to be exposed to 20 % salt spray, the thifd to hydrogen
sulfide, and the fourth to sulfur dioxide-carbon dioxide.

44.1.5 CAUTION — Hydrogen sulfide and sulfur dioxide arerboth toxic gases. Hydrogen| sulfide gas is
also flammabfle. Because of this, such gases must be stored, transferred, and used only with gastight
systems. Adefuate ventilation must also be provided t6.handle any accidental leakage. Pregence of these
gases is readily noticeable. Due to their unpleasant*odor and irritant effect, they give warning of their
presence.

44.2 Salt spray exposure

4421 The pamples are to be supported vertically and exposed to salt spray (fog) gs specified in
Standard Pragtice for Operating Salt Spray (Fog) Apparatus, ASTM B117, except that the sglt solution is to
consist of 20 Pb by weight of cammon salt (sodium chloride). For all sprinklers except ESFR, one group of
five samples is to be supported with the inlet in the vertical down position. For ESFR sprinklgers, one group
is to be suppgrted with the'inlet in the vertical down position and one group supported with [the inlet in the
vertical up position.

44.3 Moist Tydrogen sulfide air mixture

44.3.1 The samples are to be supported with the inlet in the vertical down position and exposed to a
moist hydrogen sulfide air mixture in a closed glass chamber maintained at an ambient temperature of 75
15 °F (24 13 °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 Clorrosion Test

45.1 The exfernal parts of an automatic sprinkler having a corrosion-resistant coating o
withstand an pxposure to salt spray, hydrogen sulfide, and carbon dioxide-sulfarydioxide
when tested in separate groups of samples in accordance with 44.1.2 — 44.114 for a perig
Following the| exposure, each sprinkler shall be operable and comply . with the follow
requirements ased upon the type of sprinkler:

r plating shall
atmospheres
d of 30 days.
ng sensitivity

en Heat Test,
multiple when
brrosion Test,
mple shall be

nklers other than recessed and concealed types are ta be subjected to the Oy
2.1 — 33.2.8. The mean time of operation shall not ificrease more than a 1.30
'ed to the mean operating time of samples not _subjected to the 30-Day C

45. In addition, the operating time for each¢standard response sprinkler sa
he limits described in 33.2.1.

a) Spri
see 33|
compa
Sectior]
within t

b) Recessed and concealed sprinklers are tobe subjected to the Room Heat Test,
mean §ime of operation shall not increase more than a 1.30 multiple when compare
operating time of samples not subjected t6-the 30-Day Corrosion Test, Section 45.

see 33.3. The
] to the mean

452 Eachs
exposure peri

46 90-Day M
46.1 An auto

46.2 for a peri
not exceeding

mple is to be subjected to the Sensitivity Test, Section 33, within 1 to 5 days
d.

oist Air Test

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

46.2 Five sa

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

following the

cordance with
vice pressure

re 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 | ' 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

47.2.2 Follo
sample shall ¢pperate within 5 s after being exposed to a service pressure not exceeding 7 p9

wing the exposure, the operating parts in contact with the polymeric material of each test
ig (48 kPa).

47.3 Temperature cycling exposure
47.3.1 Five

a low tempera
Table 36.1.

samples are to be exposed to ten temperature cycles,€ach comprised of a 24
ture of minus 40 °F (minus 40 °C) and a 24 h exposure to a high temperature

h exposure to
as specified in

vith water at a
bat responsive
aterial of each

47.3.2 Following the exposures, each sprinkler is to benstalled on piping and supplied
service pressyire of 7 psig (48 kPa). Each sprinkler is then'to be operated by exposing the h
element to a Yniform application of heat. The operating parts in contact with the polymeric m
test sample shall operate as intended within 5 s.

47.4 Hydrog¢arbon exposure followed by moist air exposure

s to have the
to C17, mixed
lwax mixture of

47.4.1 Two [groups, each consisting.of five samples, are to be assembled. One group
sprinkler inletlexposed to a liquid mixture of saturated hydrocarbon chains ranging from C12
in equal parts| by weight. The seeand group is to have the sprinkler inlet exposed to a solid

saturated hydrocarbon chains rahging 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 tha
to completely|cover the water seal area or 0.025 ml (approximately 0.1 g) is to be placed i
inlet in a manher to.expose the polymeric seal assembly to the hydrocarbon. The samples

e wax mixture
h that required
n the sprinkler
using the wax

mixture shall

e warmed to 140 15 °F (60 +3 °C) to liquefy the material for even distribution over the seal

area. Both groups 'of sprinklers are then to be conditioned at 70 £10 °F
After these e ; '

Day Moist Air Test, Section 46, with the sprinkler installed in the pendent position and th
mixtures left in the inlet.

(21 £5.6 °C) for a mifimum of 72 h.
fstai pecified in 90-
e hydrocarbon

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

4751 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) One|group exposed to a 40 % propylene glycol/60 % tap water mixture; and

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

47.6.2 After these exposures, each sample is to be hydrostatically pressurized at 7 psig|(48 kPa) and

examined for |eakage for a period of 1 min, and then operated by exposing the elemen{ to a uniform
application of heat.

48 Dry-Type Sprinkler Deposit Loading Test

48.1 After edposure to a carbon dioxide-sulfur dioxide atmoesphere in accordance with 48.4 — 48.6 for 30

days, the watgr seal assembly and internal components dfia dry-type sprinkler shall function as intended

within 5 s afteq 7 psig (48 kPa) air pressure is applied to'the sprinkler inlet.

20 +5 °F (49
5 than 24 h or

carbon dioxide-sulfur dioxide exposure, the samples are to be dried at 1
12 °C) in an apitomatically-controlled, circulatingstype, constant temperature oven for not les
more than 72 I prior to being operated at 7 psig (48 kPa) with air.

48.3 Two groups, each consisting of*five sample sprinklers in the ordinary temperature 1
minimum length to be produced,‘are to be assembled. If lubricant is required to facil
assembly, the|minimum amount required to assemble the test samples shall be used. One

ating and the
tate sprinkler
group is to be

exposed with the sprinkler in'the vertical position with the inlet up and the second group with the sprinkler
inlet down.

48.4 The samples_are to be exposed to a moist carbon dioxide-sulfur dioxide air mixture in a closed
chamber maintained'at 95 +3 °F (35 +1.7 °C). The samples are to be supported in a mannef to permit the
internal and gxternal sprinkler parts to be exposed to the gases. such as by placing tegt 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

49.1 General
49.1.1  Spri
exposed to s
144 h:

kler parts that are made of a copper alloy containing more than 15 % zinc and normally
stem water shall not exhibit the following after exposure to a copper chlorifle solution for

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

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

49.2 Reage

49.2.1 A tes
(CuCl,-2H,0)

be used for edch test.

49.3 Test pieces

49.3.1 Thre
way, for exan

unaffected. The area of each test piece to be-exposed shall be approximately 0.155 in? (100

49.3.2 Each
and the test ¢
are to be clea

49.4 Metho

4941 Each
solution so th

ht

t solution is to be prepared by dissolving 0.028 Ib’(12.7 g) of copper (ll) chig
in distilled water and then making up the volume-to 0.26 gallon (1000 ml). Fres

b test pieces are to be taken from-the sprinkler part. These pieces are to be
nple by sawing and grinding with light pressure, that the properties of the

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

¢

testpiece is to be placed in the middle of the beaker containing the copp
ht thestest surface is vertical and at least 0.59 in (15 mm) above the bottom of

ride dihydrate
h solution is to

cut in such a
materials are
mm?).

characteristics
e test surfaces

er (1) chloride
A glass beaker

Rt la Nlootin £A1] £y v o s nal h alactio theaod Ay o

hother method

covered with

H 7N la-nalvatbhvlanae —caoerrad aaid
T oTC PoTaStuC O, TOT CATT TP POTy CUTy 1eTiC—SToOTCU Wit crasucanocad—or o

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 (Il) 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


https://ulnorm.com/api/?name=UL 199 2022.pdf

58 ANSI/CAN/UL/ULC 199 FEBRUARY 25, 2022

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
sprinkler havin

After being subjected for 10 days to a moist ammonia exposure as described in 50.2 and 50.3, a
g brass parts shall:

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

b) Perfprm as intended.

50.2 Five sa
moist ammon
polymeric mat

50.3 A suffic
gravity of 0.94
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The moist am
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50.4 After th
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The deposits ¢
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psig (1.21 MP
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51 Stress-C

mples without any plating or coating are to be degreased and_then exposed fo
a-air mixture maintained in a chamber having a cover~Constructed of glas
erial.

ent amount of aqueous ammonia to cover the bottom of the chamber and ha
is to be maintained during the test. The lowest portion of the samples are to
) in [(38.1 mm) (12.7 mm, -0 mm)] above the liquid surface and supported by
monia-air mixture in the chamber is to be maintained at essentially atmosph
rature constant at 93 £2 °F (34 1 °C):

e exposure period, the test samples are to be examined using a microsc
bf 25X for any cracking, delamination or other degradation as a result of the t
n some samples shall be-permitted to be removed using a cleaning solution t

ribed in 50.2 and 50.3 shall withstand, without leakage, a hydrostatic test pr
R) or one equivaleni\to their maximum design pressure, whichever is greater,
sig (48 kPa) when“exposed to a uniform application of heat. When the samy
mination, or degradation of nonoperating parts as a result of the test expost
ng water@t.their rated pressure for 30 min.

prrosion Cracking Of Stainless Steel Sprinkler Parts Test

r 10 days to a
5Ss or suitable

ing a specific
be positioned
an inert tray.
eric pressure

ppe having a
est exposure.
D assist in the

pr cracks or degradation.) Operating parts exhibiting degradation as a resuilt of the test

pssure of 175
for 1 min, and
bles have any
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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.

51.6 Operating parts exhibiting degradation are to be reassembled into the sprinkler or, if this is not

possible, new
of materials tf
parts. These
exposure spe
hydrostatic te
Operation — L

51.7 Nonop
possible, new
of materials tH
parts. These
exposure spe
175 psig (1.21

52 Polymer
52.1

52.1.1 After
shall show nq
(Section 26),

52.1.2 Thes

General

parts tested as follows. Five new sets of parts are to be assembled in sprinkle
at do not alter the corrosive effects of the magnesium chloride solution on the
test samples are to be degreased and subjected to the magnesium ch
cified in 51.3. Following the exposure, the test samples shall withstand, with
st pressure at their rated pressure for 1 min, and then operate.at 7 psig (4
pdgement Test, Section 34.

brating parts exhibiting degradation are to be reassembled into the sprinkler

parts tested as follows. Five new sets of parts are to,b& assembled in sprinkle
at do not alter the corrosive effects of the magnesidm-chloride solution on the
test samples are to be degreased and subjected to the magnesium ch
cified in 51.3. Following the exposure, the test<samples shall withstand a flowi
MPa) for 30 min without separation of permanently attached parts.

ic Residential Sprinkler Tests

being subjected to the test exposures specified in 52.1.2, polymeric sprink
visible cracks and comply with the Leakage Test (Section 25), Hydrostatic
bnd Flow Endurance. Test (Section 24).

prinkler sample-assemblies are to be subjected to the following exposures:

a) Water immersion specified in 52.1.3 for 180 days;

b) Alir-

bven aging specified in 52.1.4 for 180 days; and

r frames made
stainless steel
oride solution
but leakage, a
18 kPa) — see

r, if this is not
r frames made
stainless steel
oride solution
ng pressure of

er assemblies
Strength Test

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). 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 permitied to be subjdcted to these
exposures andl removed for physical testing after shorter exposure durations to obtainfintefim results for
informational purposes.

52.1.3 Water immersion exposure

52.1.3.1 Thq test samples specified in 52.1.2 are to be immersed in @ bath containing fap water and
maintained at|a temperature of 189 +4 °F (87 +2 °C) for a period of 180 days. After the gxposure, the
samples are tp be conditioned for not less than 24 h at 70 +5 °F (21, +3 °C) prior to the physical testing
described in 5R.1.2.2.

52.1.4 Air oyen aging exposure

52.1.4.1 Theltest samples specified in 52.1.2 are to_be“subjected to 242 +5 °F (117 £3 °C)[for 180 days.
After the expopure, the samples are to be conditioned for not less than 24 h at 70 £5 °F (21 £3 °C) prior to
the physical teisting described in 52.1.2.2.

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

D= (184049)56'93[%]

where:

D = test duration in days;

t = IO\A arfact tamnaratiira far lonaar duration °C: and
1 WeresttemperattretoroRgeradiatoR—oaha

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.
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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: F@
during installg
in the manufa

52.2.3 The
subjected to
conditioned i
temperature d
not less than
the Leakage |

52.3 Temperature cycling test
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52.3.2 Ten sprinkler sample assemblies are to be subjected to this test. For sprinkler inlets with pipe

threads consfructed of a polymeric material, the inlet of five sprinkler samples shall be fi

fitting with m
and the rema
manufacturer
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pecified in the
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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

53.1 When tested in accordance with 53.2 — 53.4, a sprinkler shall have individual “K” fagctor values at
each pressurethat are within £5 % of the calculated mean discharge coefficient\for the rang¢ of pressures
tested and, except for residential sprinklers, shall have a mean discharge coefficient that iq within one of
the ranges sp¢cified in Table 11.1. For residential sprinklers, the mean discharge coefficient ghall be within
15 % of the ngminal K-factor referenced in the manufacturer’s instructions."See 60.2(a).

Exception: A Tesidential sprinkler with an mean “K” factor of less/than 4.0 shall be permitted to have
individual “K” factor values that are not within +5 % of the mean, "K" factor if the single "K" factor value is
within £0.2 units of the mean "K" factor value.

53.2 The spiinkler is to be installed on an outlet from“a reservoir sized so that the velocity head effect
(V%2 g) is reduced to approach a velocity of zero;The outlet is to consist of a pipe cougling of a size
corresponding with the size of the sprinkler thread\(1/2, 3/4 or, 1 in NPT), as described in th¢ Standard on
Pipe Threads,|General Purpose, Inch, ANSI/ASME B1.20.1. For sprinklers having a nominal[‘K” factor of 8
or less, the coppling is to be installed in the.reservoir by positioning the coupling in a hole s¢ that the inlet
to the coupling protrudes into the interjor:of the reservoir 1/8 in (3.2 mm) or more. See Figyre 53.1 as an
example of the apparatus. For sprinklers’having a nominal “K” factor greater than 8, the outlgt shall consist
of a nominal § in blank flange drilled and threaded to the appropriate thread size, and attaghed to a 6 in
pipe. See Figure 53.2 for an example of this apparatus.
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Figure 53.1

Discharge Coefficient Test Equipment
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Figure 53.2
Discharge Coefficient Test Equipment for Sprinklers with “K” Factors Greater Than Eight
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53.3 When dry-type sprinklers are tested, the range of lengths tested is to include the maximum and
minimum lengths to be produced. The minimum length is to be used to determine compliance with the
requirements specified in 11.2. Also see 60.1.

53.4 Two samples with the frame and deflector removed are to be tested. Each sprinkler sample, except
for ESFR sprinklers, is to be flow tested first at a pressure of 7 psig (48 kPa) and then at 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 discharge coefficient "K" is to be calculated by dividing the
flow in gpm ([Fmin) Dy the square root of the pressure in psig (bar). 1The mean discharge coefficient "K" is
then to be calfulated.

54 Water Distribution Tests
54.1 General

54.1.1 An automatic sprinkler shall comply with the requirements as)referenced in Table 54.1 based
upon the sprinkler type.

Table 54.1
Water Distribution Requirements by Sprinkler Type

Sprinkler type Requirements

Conventional (g

Id Style) sprinklers

54.2 Water Distribution Test — Conventional (O
Sprinklers

d Style)

All pendent and
flush, recessed
exceeding 8.0 g

upright standard coverage sprinklers}-including
and concealed that have a nominal\K-factor not
pm/(psi)'"2 [115 L/min/(bar)"?]!

54.3 10 Pan Distribution Test
54.4 16 Pan Distribution Test

Sidewall standg
recessed and ¢
exceeding 8.0
guards.

rd coverage sprinklers, ineluding flush,
ncealed that have a nominal K-factor not
pm/(psi)'"2 [115 L/mini(bar)'?]. Also, sprinkler

54.5 100 Pan Distribution Test — Sidewall Sprin
Coverage)

klers (Standard

Pendent, uprigh
recessed and ¢

t and sidewall, ECLH sprinklers including flush,
ncealed types

54.6 Wall Wetting Test for ECLH Sprinklers

Pendent and up
and concealed

right EEOH sprinklers including flush, recessed
ypes

54.7 Distribution Tests for ECOH Sprinklers

st — Horizontal

Residential penl

dent unright and sidewall includina flush
TP ) T

recessed and concealed types

54 8 Residential Qprinl{lar \Water Distribution-T«

Surface

54.9 Residential Sprinkler Water Distribution Test Vertical

Surface

ESFR having a
L/min/(bar)"?] a

nominal K-factor of 14.0 gpm/(psi)"’? [200
nd 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 N — Water coverage sprinkler Protected-area— | Sprinkler spacing | containers with
gpm/(psi)'2 h lower content
(Limin/(bar)'?) [ gpm/ft® | (mm/min) [ gpm (I/min) ft? (m?) ft (m) of water
4.2 (57) 0.06 (2.5) 13.4 (50.6) 217.8 (20.25) 14.76 4.5 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) 35.7 (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) 49.5 (187.5) 67.2 (6.25) 8.2 (2.5) 3

54.2.2 Four $prinklers of the same type shall be installed in a test chamber having minimum dimensions
of 23 by 23 ft (7 by 7 m). The sprinklers shall be arranged in a square, on piping prepared fof this purpose.
The arrangemgnt of the piping and collection pans is shown in Figure 54.1 — Table 54.4. Thelsprinklers 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 ffame 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
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Figure 54.2
Layout of Water Distribution Collection Room for Conventional Sprinklers
[Measured area 131.8 ft? (12.25 m?)]
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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
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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 reom, 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 ise)be 40 o 60 %. The
sprinklers are|to be installed horizontally in a testing apparatus as shown in Figure'54.5. The deflector is to
be positioned| within the apparatus so that a theoretical dividing line between the two collgcting volumes
intersects a ppint on the axis of the sprinkler where the water spray is traveling substantially parallel to the
plane of the pprtition. The sprinklers are to be tested at the flow conditions specified in Table[54.3.

Figure 54.5

Water Distribution Above and Below the Deflectors for Conventional Sprink|ers

Partition

| @—— 2Pmm

/l[

ED 0.4m 0.425m

AN
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Table 54.3
Flow Conditions for Conventional Sprinklers
Nominal "K" Factor Water flow rate
gpm/(psi)"2(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 from a sprinkler,

except as not

d
plane 4 ft (1.2}

conducted wit

54.3.2 Wate
accumulations

54.3.3 Anoq
by 1 in with arn
The sprinkler
smooth, flat, h
type sprinklers
to be mounted
row of ten 1 ft
the first pan

arrangement.

in 54.3.2, shall not exceed a 16 ft (4.88 m) diameter circular area located i
m) below the sprinkler deflector. When guards are used with a sprihkler, tg
and without the guard.

shall not accumulate in areas outside the 16 ft (4.88 m). diameter circ
do not exceed 0.03 gpm/ft? (1.2 mm/min).

en sprinkler is to be installed in its intended position/(upright or pendent) in a

inlet the size of the sprinkler, supplied with water‘by™ in piping flowing from
deflector is to be located 7 in (178 mm) below~a minimum 12 by 12 ft (3.6
orizontal ceiling. The frame arms are to be parallel to the piping on which ins
, the minimum length to be produced is to-be tested. A ceiling or recessed ty
in the ceiling in the intended installation\position. The deflector is to be 4 ft (1.1
F (305 mm?) collection pans directly. below the center of the sprinkler sample.
s to be directly below the centerlof the sprinkler. See Figure 54.6 for a
The test is to be repeated on a sécond sprinkler sample.

n a horizontal
sting shall be

e unless the

tee fitting 1 in
one direction.
5 by 3.65 m)
alled. For dry
De sprinkler is
P2 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. 5 ft (1.5 m) __l__
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(1.2m) / LIP ON ONE EDGE, 10 PANS
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_ . ELECTRI
DRIVE
PIVOT /
I V WHEEL
| | FLOOR
/.

54.3.4 With
discharged fr
first and at a
factor sprinklg
collected is to

54.4 16 Pan

5441 Four
54.4.9, shall g

42465¢

" Included only when upright sprinkler is being-tested

2 Included only when pendent sprinkler is.beihg tested

the table and pans or sprinkler rotating at 1 revolution per min (rpm), V
bm the sprinkler for a minimum of 10 min or until a pan is filled with water, wh
rate of 15 gpm (57 L/min)for 1.4 (20), 1.9 (27), 2.8 (40), 4.2 (57), and 5.6 (8
rs and at a rate of 21 gpm (80 L/min) for 8.0 (115) nominal “K” factor sprinkl
be measured and-the density in gpm/ft? (mm/min) calculated.

distributiontest

sprinklers, flowing at the rates indicated in Table 54.4 and tested as specifi
ischarge water at an average density of:

L MOTOR

vater is to be
chever occurs
D) nominal “K”
brs. The water

ed in 54.4.2 —

a) Not

b) Not

less than the average shown In 1able 54.4 Tor the 16 pans (see 54.4.6), and

less than 75 % of the specified average for any individual pan.
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Table 54.4
16 Pan Sprinkler Distribution Tests

Nominal "K" Factor Waterflow per sprinkler Minimum average collection
gpm/(psi)'? . 2 .
(L/min/(bar)"?) gpm (L/min) gpm/ft (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 7934) U.2T00 (8.9)
54.4.2 Dry-type sprinklers are to be tested using the shortest available length.

54.4.3 Sprin

to the sprinklgr tested without guard, but shall also comply with the minimum average

individual pan

54.4.4 Sprin
corresponding
requirements

5445 Two
sprinklers in g
each test shal

5446 Four
pendent) in 90
type sprinklers

inlet. Each sprinkler is to be supplied with water through 1 in piping, with sprinkler deflecto

(178 mm) beld
are to be para

54.4.7 Each
(0.61- by 0.61
the shortest a

lers fitted with guards shall not reduce the average collection by maore than 2(

requirements described in 54.4.1.

lers rated at a pressure greater than 175 psig (12"MPa), shall be tested
to a pressure of 75 psig (517 kPa) less than the rated pressure and co
bf 54.4.1 (a) and (b) for the "K" factor specified,

listribution tests are to be conducted. After completion of the first test, tw
pposite corners are to be transposed,. prior to conducting the second test. ]
be in accordance with 54.4.1.

bpen sprinklers, except the dry type, are to be installed in their intended posit
° elbows having a 1 in (25.4cmm) inlet and an outlet the same size as the spri
are to be installed in a(1 jn (25.4 mm) tee having an outlet the same size a

w a minimum 12- by\12 ft (3.66- by 3.66-m) smooth, flat, horizontal ceiling. Th
lel to the piping,on.which installed.

ceiling ormecessed type sprinkler is to be mounted in the center of a minim
m) square*"ceiling" in the intended installation position. Dry-type sprinklers ar
ailableslength.

!

% compared
tollection and

at a flow rate
mply with the

o of the four
I'he results of

on (upright or
kler inlet. Dry
the sprinkler
located 7 in
e frame arms

um 2- by 2-ft
b tested using

54.4.8 The f

- L.l 5 i) - 5 L (] 4.0\ L 40 L4 (2D O~ L 2 00 AN H
OUTl SPIITIRICTS 4ait® U DT TistdiicU UlT TU= Uy TU=TU (0.UJ= Uy O.UO=TTT) SPAUITTYS.

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, and 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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4t S g
(1.2m) S
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See Note A |

O | O
PLAN VIEW

See Note B
\
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1in by 1/2in -90°
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(Tees are 1o be used
for dry spfinklers)

PSR | 4 '
—— OMIINICT =5 USTU

SIDE VIEW

-~ 7f6in(2.3m)
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I

$2466e

A —16 pans, 12 by 12 by 12 in (0.3 by 0.3 by 0.3 m) deep.

B — Piping above ceiling and connecting piping to sprinkler branch piping all 1-1/2 in.
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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) Sprinklers fitted with guards shall not reduce the average collection by morg than 20 %
compafed to the sprinkler tested without guard, but shall also comply with the~minimum average
and individual pan requirements described 54.5.1 (a) and (b).
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Figure 54.8

Sidewall Sprinkler Distribution Test
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54.5.2 When tested as described in 54.5.3 — 54.5.5, each sidewall sprinkler shall wet an area of a
smooth wall located behind the sprinkler to within 4 ft (1.22 m) below the level of the sprinkler deflector.
Such wetting 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) Hori

c) Dry {

The two sprin
(3.05 m) apart
are to be locat
2 to 12 ft (0.61
below a ceilin
the maximum
above the floo

54.5.4 For1
rate through ¢

vontal type — by means of a 90° elbow; and

ype — by means of a tee.

lers are to be installed with their deflectors 6 in (152 mm) from the wall and
. with frame arms in a uniform direction. One hundred 1-ft {305-mm) square ¢
ed in a 10-by 10-ft (3.05- by 3.05-m) square, centered between the sprinklers

to 3.65 m) outward from the wall. The sprinkler deflectors are to be located
j and the maximum distance below the ceiling as{sp&cified in the installation
distance exceeds 4 in (102 mm) below a ceiling: The ceiling is to be locate

. See Figure 54.8.

4 (20), 1.9 (27), 2.8 (40), 4.2 (57), and 5.6 (80) nominal “K” factor sprinklers,
ach sprinkler is to be 15 gpm (57.Ldmin). For 8.0 (115) nominal “K” factor §

water flow rafe through each sprinkler is to be\21 gpm (80 L/min). In addition, sprink

pressures exc
psig (517 kPa

5455 Wate
sprinkler is to
impinging on t
placed over th
on the floor a
located within
impinging on
determine the

beding 175 psig (1.2 MPa) are to-be tested at a flow rate corresponding to a
less than the rated pressure:

spaced 10 ft
pllection pans
hnd extending
in (102 mm)
instructions if
d 8 ft (2.4 m)

he water flow
prinklers, the
ers rated for
ressure of 75

is to be discharged for’a minimum of 10 min. The water wetting the w
b surface of thewwall. The water is to be directed from the plastic into a row of
Hjacent to.the 'wall. The pans along the back wall are to be provided with

the back” wall. The amount collected in each pan is to be measured an
amount and uniformity of discharge.

Il behind the

be collected, measuted, and the percentage of the total discharge calculated. The water
he back wall is to\flow downward on the surface of a nonporous plastic material that is to be

llection pans
shield/cover

2 in (50-mm) of the wall so that the water collected in the pans is primarily ffom the water

recorded to

54.6 Wall wetting test for ECLH sprinklers

54.6.1 When tested as described in 54.6.2 — 54.6.4, and installed as specified by the manufacturer, each
sprinkler 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 four sprinklers discharging water at
the flows and| distances above the collection pans specified in Table 54.5. The sprinklers $hall be tested
using the covgrage areas specified by the manufacturer.
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Table 54.5

Pan Collection Values

Sprinkler coverage

Number of

Deflector to pan

Water flow per

Minimum collection in

Minimum average
collection in any 16 ft?

Minimum average

area collection distance sprinkter any imdividuatpam— | squdre area collection in all pans
ft (m) pans ft (m) gpm (V/min) gpm/ft? (mm/min) gpmift? (mm/min) gpm/ft? (mm/min)
14x14  (43x4.3) 64 75 (2.29) 30 (113) 0.075 (3.21) 01 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) 0.15 (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)
100 3.0 (0.91) 51 (193) 0:03 (1.28) 0.11 4.71) 0.20 (8.66)
18x18  (55x5.5) 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) 0.11 4.71) 0.15 (6.42)
196 75 (2.29) 80 (302) 0.10 (4.28) 0.15 (6.42) 0.20 (8.66)
196 3.0 (0.91) 50 (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 “.71) 0.20 (8.66)
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54.7.2 Four open sprinklers are to be installed in their intended position (upright or pendent) in the 1.5 by
1.5 by 3/4 in (38.1 by 38.1 by 19.05 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. For dry type sprinklers, the minimum length to be produced
is to be tested. A ceiling mounted sprinkler type is to be installed as specified by the manufacturer.

54.7.3 Collection pans, having dimensions of 1 ft? (305 mm?), are to be centered below the sprinklers at
distances below the sprinkler deflectors as specified in Table 54.5.

54.7.4 Water is to be discharged for 10 min. The amount collected in each pan is to be measured, and
the density in gpm/ft? (mm/min) calculated.

54.8 Residéntial sprinkler water distribution test — Horizontal surface

54.8.1 Accgptance criteria

54.8.1.1 Wh
as described
surface such
area the sprin

a) No
mm) fg

b) No
for eaq

Exception: Te
a) The

b) The

en installed in accordance with the installation instructions and\tested at each
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) shall be at least 0.02 gpm/ft2{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 ft? areas (0.09 m?) shall\be allowed to be at least 0.015 gp
h half (split along the sprinkler centerlinie) of the design area for sidewall sprin}

sting at a 15 ft by 15 ft (4.6 m by 4y6 m) rated spacing shall not be required pro
sprinkler is rated for a 16 fthy 16 ft (4.9 m by 4.9 m) spacing,

rated flow at the 15 ft by 15 ft (4.6 m by 4.6 m) spacing is not less than 90

rated spacing
r a horizontal
the maximum

15 gpmV/ft? (0.6

m/ft? (0.6 mm)
lers.

ided:

percent of the

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

c) The|discharge pressure complies with 10.2.

54.8.2 Testmethod

54.8.2.1 Geheral

54.8.2.1.1 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 (617 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.

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


https://ulnorm.com/api/?name=UL 199 2022.pdf

82 ANSI/CAN/UL/ULC 199 FEBRUARY 25, 2022

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 An open pendent, recessed pendent, flush pendent, concealed pendent, or upright residential
sprinkler is to be installed in its intended position as specified in the installation instructions 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. 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 instalfation instructions. A pendent, upright, flush, or concealed sprinkler|is also to be
tested after befing rotated 90° about its vertical axis after being tested as initially installedc

54.8.2.2 Upilight, pendent, flush, and concealed sprinklers

54.8.2.2.1 Cpllector pans measuring 1 ft? (0.09 m?) are to 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 ft, 10 in (2.08 m) below the ceiling. See Figure 54.10.
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Figure 54.10

Horizontal Surface Water Collection for Sidewall Sprinklers
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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 square 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:

D
ww = 20%[;]

where:
WW = Required amount of water collected on a wall;%
D = W4gll length, ft, and

P = Tofal 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 fora 16 ft by 16 ft (4.9 m by 4.9 m) spacing,

b) The|rated flow at the 45 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 lr'nethod

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.
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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 ft, 10 in (2.08 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.
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Figure 54.11

Vertical Water Collection
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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 Table 54.6, when fire suppression is demonstrated during full scale fire tests-rejpresenting the

installation cpnditions, protected storage configurations, and protected commodity. spgcified for the
sprinkler.

Table 54.6
Water Distribution Test Parameters and Requiremeéents

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, af individual
collection spacing Pipe spacing clearance average density least 10 pans pan
system ft ft ft-in gpm/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 42 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 pe tested.

54.10.3 Thejtests are to be performed at a 75 psig (517 kPa) discharge pressure for sprirlklers having a
nominal K-fagtor of 14.0 and 52 psi (359 kPa) for sprinklers having a nominal K-factor pf 16.8. Open
sprinklers are to be installed onto nominal 2-in diameter or larger piping with the pendent gtyle sprinklers
positioned 13[x1 in (330°£25 mm) below the ceiling and upright style sprinklers positioned 6 i1 in (152 £25
mm) below tHe ceiling ‘and at the minimum distance above the pipe specified by the manyfacturer. Each
test is to be conducted three times with different sprinkler samples used for each test.

54.10.4 Twernty water cottectionm parns—are to be positioned—as shownm i 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

Distribution Collection Pans
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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 ThrJae sample sprinklers are to be installed individually onto the test apparatus(iThe center core
thrust force gver a nominal 13.5 in (343 mm) diameter plate is to be measured directly under a single
sprinkler discharging water at a pressure of 75 psi (517 kPa) for sprinklers having‘a,hominal K-factor of
14.0 and 52 psi (359 kPa) for sprinklers having a nominal K-factor of 16.8. The spfinkler is|to be installed
above the tes} apparatus shown in Figure 54.13. The test duration is to be 5 min.and the data collected for
each sample gprinkler is to be averaged over the 5 min period.
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Figure 54.13

Thrust Force Measurement
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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 Upright and pendent sprinklers

541221 A
temperature

sprinkler of t
condition. Thd

54.12.3 Sidewall sprinklers

54.12.3.1
be installed o
to discharge
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
541251 A
71, 6in (2.29

square. Wate
sprinkler. Und

For sidewall sprinklers, an automatic and open sprinkler in the ordinary temperaf

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

Intermediate level sprinklers

ting shall be installed on piping at a distance specified in Table 54.7 from) 3
ne same type and response. Ceiling sprinklers are to be tested in their 1
sprinklers shall be on separate parallel pipelines.

h the same pipe line with the sprinklers located at a distance apart as specifie
vater perpendicular to the pipe line. The test is to becconducted with the sprink
cified in Table 54.7 below a flat ceiling and 6 in (152/mm) away from a back w3

osure to heat and flame
rated pressure. Under this conditionthe automatic sprinkler is to be exposed t
1 ft2 (305 mm?) square pan, 4 in.(102 mm) deep, containing 1 pint (0,47 1)

of water. Observations are to be-made for operation of the automatic sprinkle
at each of the deflector to ceiling distances specified for each type of sprinkler

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

in the ordinary

second open
nhost recessed

ure rating is to
i in Table 54.7
lers located at
Il.

ig (0.517 kPa)
o the heat and
f heptane and
. The test is to
listed in Table

of and located

m) below four open sprinklers which are located on the corners of a 10- by 1
F is to be discharged from the open sprinklers at a service pressure of 7 psi

-ft (3- by 3-m)
(48 kPa) per

er this condition, the automatic sprinkler is to be exposed to the heat and flame from a 1-ft

(305-mm) sqy
water. The to

areypan, 4 in (102 mm) deep, containing 1 pint (0.47 L) of heptane) and 1 pint (0.47 liter) of
i i ' 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 type sprinkler heat responsive
P yp 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 ESFR 559)
Standard Covergge Sidewall 6(1.83) 6 (152) 4 and, 12 (102 and 305)
Extended Coverpge Pendent 8 (2.4) or minimum distance 6 (152) 6, 14.and 22|(152, 356 and
and Upright specified by installation 559)
instructions
Extended Coverpge Sidewall 8 (2.4) or minimum distance 6 (152) 4 and 12 (102 and 305)
specified by installation
instructions
Residential Pendlent and 8 (2.4) or minimum distance 12 (305) 4 (102)2
Upright specified by installation
instructions
Residential Sidevall 8 (2.4) or minimum distance 12 (305) 4 and 12 (102 and 300)
specified by installation
instructions
Specific applicatjon — 6 (1.83) or minimum distance 6 (152) 4 (102)
windows specified by the installation
instructions
Specific applicatjon — 8 (2.4) or minimum distance 6 (152) 4 ([102)
horizontal concepled spaces specified by installation
instructions
Note 1 — See 54]12.2.1 for ceiling sprinklers.
Note 2 — Recessed 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 GenerT

55.1.1 An automatic sprinkler shall comply with the requirements as referenced in Table 55.1 based
upon the sprinkler type.
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Table 55.1
Fire Test by Sprinkler Type
Sprinkler type Requirements
All pendent and upright standard coverage sprinklers, including | 55.2 350 Ib (159 kg) Wood Crib Fire Test
flush, recessed and concealed that have a nominal K-factor not
exceeding 8.0 gpm/(psi)'’? [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.
All ECLH sprinijers, including flush, recessed and concealed 55.3 ECLH Sprinkler Fire Tests
types
All ECOH sprinklers, including flush, recessed and concealed 55.4 ECOH Sprinkler Piled Stock Fire Tests
types
Residential penfdent, upright and sidewall including flush, 55.5 Residential Sprinkler Fire Tests
recessed and cpncealed
Flow control type sprinklers 55.6 Flow Control (FC) Sprinkler Piled Stock Fife Test
CMDA storage gprinklers 55.7 CMDA Storage Sprinkler Large Scale Fire| Tests
CMSA storage $prinklers 55.8 CMSA Sterage Sprinkler Large Scale Fire|Tests
All pendent ESER sprinklers 55.9 ESFR Sgrinkler Large Scale Fire Tests
Pendent ESFR gprinklers having nominal K-factor of 14.0 55.10 Actual Delivered Density (ADD) Tests forf Pendent ESFR

gpm/(psi)"’? [20p L/min/(bar)"?] or 16.8 gpm/(psi)"? [240
L/min/(bar)"?]

Sprinklers Having a Nominal K-factor of 14.0 o

16.8

Specific applicafion — windows

55.11 Fire Tests for Specific Application Sprinkl
Protect Windows

ers Intended to

Specific applicafion — horizontal concealed spaces

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

lers Intended for

55.2 350 Pqund (159 kg) wood crib fire test
55.2.1 Gengral

55.2.1.1
in Table 55.2

a) Lim|t.theoss in weight of the wood crib to not more than 20 %; and

When tested as ‘described in 55.2.2 — 55.2.4 while discharging water at the flow 1
and for sprinklers having a rated pressure exceeding 175 psig (1.2 MPa),
corresponding to a pressure of 75 psig (517 kPa) less than the rated pressure; four open spr

ates as shown
at a flow rate
nklers shall:

b) Result in the ceiling temperature reduced to a value less than 530 °F (295 °C) above ambient
within 5 min after start of water discharge. Additionally, from the time the temperature initially falls
below 530 °F (295 °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 (295 °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 (56.7 and 94.5)
Spray type, Nominal K = 8.0 10x10 (3.05x 3.05) 21 and 35 (79.4 and 132.3)
(115)
Sidewall, Nominal K = 5.6 (80) 10x20 (3.05x6.1) 15 and 25 (56.7 and 94.5)
Sidewall, Nominal K = 8.0 (115) 10x20 (3.05x6.1) 21and 35 (79.4 and 132.3)
12x12 (3.7x3.7) 22 and 29 (83.2 and 109.6)
Extended coverdge sprinklers for 14x14 (4.3x4.3) 30 and 39 (113.4 and 147.4)
ordinary hazard pccupancies, 16 x 16 (4.9x4.9) 39 and 51 (147.4 and 192.8)
upright and pendent 18x18 (5.5 by 5.5) 49 and 65 (186.2 and 245.7)
20 x 20 (6.1by6.1) 60 and 80 (226.8 and 302.4)

55.2.2 Test
coverage for

ethod - spray upright, spray pendent, ceiling, dry, or recessed or extended
prdinary hazard occupancies types

55.2.2.1 Four open standard coverage sprinklers of the upright, pendent, ceiling, or dry fiype are to be
installed on 10 by 10 ft (3.05 by 3.05 m) spacings. Extended\Coverage Sprinklers for Ordinary Hazard
Occupancies fre to be installed at their rated spacings. Sprinkler frame arms are to be parallel to the

piping and the¢ wood crib centered between the four sprinklers. For extended coverage

additional fire Jtest is to be conducted at the maximum rated spacing, using the highest flo
Table 55.2 for|the applicable spacing, with the crib>positioned in a location yielding the le
water collected during the Distribution Tests for\Extended Coverage Sprinklers Intended
Hazard Occupancies, 54.7. The test room is to.be a minimum of 60 by 60 ft (18.3 by 18.3 m
piping grid is tp be connected to a water-supply piping system. See Figure 55.2.

55.2.2.2 Dryjtype sprinklers are to be tested using the shortest available length pro
manufacturer and installed into tees'rather than elbows in the piping system.

sprinklers, an
v indicated in
st amount of
for Ordinary
) square. The

luced by the

e ceiling. The
iling sprinkler
1.2 m) ceiling

55.2.3.1

Four open sidewall sprinklers are to be installed at the corners of a 10 by 20 ft (3.05 by 6.1 m)

piping grid with the deflectors located 7 in (178 mm) for upright sprinklers, 9-1/2 in (241 mm) for horizontal
sprinklers, and 12 in (305 mm) for pendent sprinklers from the ceiling. Sprinklers located at the extremities
of each 20 ft (6.1 m) dimensional line are to face each other and are to be set to discharge in an opposing
pattern with the line forming the axis of the spray.

55.2.4 Test method - all types

55.2.4.1 The test is to be conducted in a vented test room having a 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).
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55.2.4.3 The wood crib is to consist of layers of trade size 2- by 4-in [nominal 1-1/2 by 3-1/2 in (38.1 by
88.9 mm)], trade size 4- by 4-in [nominal 3-1/2 by 3-1/2 in (88.9 by 88.9 mm)] and trade size 4- by 6-in
[nominal 3-1/2 by 5-1/2 in (88.9 by 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 The alternate layers of lumber are to consist of the sizes specified in 55.2.4.3 of the lengths
specified in Figure 55.1, and placed at right angles to the adjacent layers as illustrated in Figure 55.1. The
individual wood members in each layer are to be evenly spaced from each other, and form a square crib,
4- by 4-ft (1.22- by 1.22-m) in area and 21-1/2 in (546 mm) high, supported, in turn, by the two 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.
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Figure 55.1
350 Pound (159 kg) Fire Test Crib
END VIEW
I
20-1/2in o e e e Il o
520.7 mm

W W @ @ @)

e e

4 ft

1.22 m

8 ft

2.44 m

s2316¢C
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

1ft=0.305m

Note: 1in=25.4 mm
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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.



https://ulnorm.com/api/?name=UL 199 2022.pdf

100 ANSI/CAN/UL/ULC 199

FEBRUARY 25, 2022

Figure 55.2

Typical Fire Test Arrangement
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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

7.6 in
229 m

Adjustable Pipe
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\— Fuel Supply Piping \4in (101.6 mm) Water
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55.2.4.8 At a location in the pan and directly under the vertical axis of the wood crib, an atomizing nozzle
is to be placed and arranged to spray heptane vertically upward. The nozzle and its supply piping are to be
arranged as shown by Figure 55.2. To prevent flameout, an igniter is to be located near the nozzle. The
igniter 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.

556.2.410 A

55.2.4.11 TH
an unprotectd
2 in (50.8 mn
illustrated in H

means for supplying and metering the fuel is to be furnished.

e temperatures at the ceiling level are to be continuously recorded-during th
d 20 AWG (0.52 mm?) chromel-alumel thermocouple centrally ldcated abov
n) from the ceiling. The relation of the thermocouple to the ceiling and the G

igure 55.2.

55.2.4.12 The fuel flow is to be started and the torch ignited immeédiately. The 30-min tqg

begin when {
1 min or after
ignition, the fu
water is to be

ne torch is ignited. Water application is to be started after a minimum free-b
a ceiling temperature of 1400 °F (760 °C) is attained, whichever occurs last. T
el flow to the torch is to be stopped, and after any residual fire in the crib is ex
turned off.

552413 T

e crib is then to be dried and weighedsThe drying is to be accomplished eith

oven or by sforing the crib for 7 days after the test in a sheltered area. The values of t
measured before the test (6 to 12 % moisture content) and after drying are to be corrected

0 % moistur

before calculations are performed to determine compliance with the 20

requirement gpecified in 55.2.1.1.

552414 T
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temperatures
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two areas.

e average temperature for the time interval between the time at whi
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with the area.beneath a straight line drawn at the temperature point 530 °F (
. The area)beneath the curve of the recorded ceiling temperatures shall be th

b test, utilizing
e the test crib
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to the value at
o weight loss

h the ceiling

rst falls below a temperature of 530 °F (295 °C) above initial ambient and the fime at the end

corded ceiling
P95 °C) above
e lesser of the

55.3 ECLH Fprinkler fire tests

55.3.1

55.3.1.1

General

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 fro € wall speciiied by the manuiacturer. A sidewall type sprinkler is to be ingtalled using a
10-in (254-mim) long, 1-in (25.4-mm) diameter nipple with reducing coupling installed with axis
perpendicular o the wall. See Figure 55.3.
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Figure 55.3
Piping Arrangements for ECLH Sprinkler Fire Tests

SIDEWALL SPRINKLER

T 1in X 1in 90° EL
! | / | ~— SPRINKLER
\ 1inX % in REDUCING

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

CEILING

SPRINKLERS OTHER THAN SIDEWALL TYPES

1in X 1|in 90° EL \74

—— CEILING

|

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

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

" COUPLING

—~— SPRINKLER

s3158¢c
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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 (517 kPa) less than
the rated pressure for the largest rated spacing. Water collection pans that are 12 in (305 mf) square, and
12 in (305 mm) deep with a lip on one edge, are to be located on the floor of the €énclosed room in the
areas of the 11 crib locations as shown in Figure 55.4. The distribution data are to-bé recordgd and used in
determining thie specific positions of the wood cribs as required for the second and-'third fire ests specified
in 55.3.4.2.

55.3.4.2 A series of three fire tests are to be conducted at each flow(rate using automati¢ 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 gmount of water collected then:

a) A sprinkler other than a sidewall type is to be‘rotated 180° and the crib placed in Cfib Location 1,
3, or 4 |whichever is opposite the crib locatiofr'that had the least amount of water collgcted; and

b) A sidewall type sprinkler is to be installed on the wall near Crib Location 2.
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Figure 55.4
Location of Fire Test Cribs for ECLH Sprinklers
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55.3.4.3 For the 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 collec

ted, 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 The
1-1/2-in (38.14
lumber are to
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adjacent mem
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15 °C) for not
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bd immediately above each fire location.

test room enclosure and.sprinkler sample are to be maintained at a temp
°C) prior to each test.(The room is not to have provisions for ventilation o
e two door openings shown in Figure 55.4.

water flow for(the“sprinkler is to be preset for the flow rate specified in 55.3
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15y°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 the sprinkler discharge. A wet pipe automatic sprinkler system shall be insfalled below a
smooth, flat,| non-combustible horizontal ceiling unless otherwise specified in the tgst conditions.
Sprinklers shall be supplied through a looped or gridded piping system consisting of hominal 2 or 2.5 in (50
or 65 mm) digmeter pipe. See Figure 55.5 for a typical test room.
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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 The

five long by t
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on the floor aj

55.4.7 Temy
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of the stored
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55.4.8 The
to be adjuste
Table 55.3.

55.49 Thef

biled stock is to consist of 45 Standard Class Il commaodity in a three pallet-c
hree high-palletized arrangement. See Figure 55.5. The moisture content of
sured in representative samples shall be within 8 £3 %. A 6-in (152cmm) free
tween all carton stacks.

gnition source for the first fire test is to consist of 1.5 Ib (0.68.kg) of shredded
illustrated in Figure 55.5 and ignited.

eratures are to be recorded by means of thermocouples located near the cei
P in (50.8 mm) below the ceiling and 6 in (152 mm) from the centerline of the fl
commodity in the center of the test array. Seeckigure 55.5. Additional thermo
kt to the heat sensitive element of each sprinkler.

vaterflow during sprinkler discharge is;to be continuously monitored so that th
] as required during the test to pravide the applicable sprinkler discharge flg

re test is to be continuedfar45 min after ignition.

55.5 Residgntial sprinkler fire.test

55.5.1 Gen

556.5.1.1

ral

When fire(tested as described in 55.5.1.2 — 55.5.4.1, a residential sprink

temperatures|as specified in 55.5.1.1 (a) — (d) when tested at each rated spacing refg
installation ingtructions. Additionally, a maximum of two residential sprinklers shall operate.

brtons wide by
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space is to be
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le above each
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w specified in

ler shall limit
renced in the
The sprinklers

ratiirac oo fall s
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CTrattrcsS aS TOMmoOwWS,

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 n

ot 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

¢) 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

556.5.2.1.1

General

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 dimensions for pendent, upright, flush, recessed pendent, and concealed

sprinklers are
(2.4 m) high

eiling. The test room dimensions for sidewall sprinklers are to be ther.

a nominal 8 ft
pted sprinkler

coverage length by 1-1/2 times the rated sprinkler coverage width plus 9 ft (2.7 m) by acnominal 8 ft (2.4 m)

high ceiling. S

e Figure 55.6 — Figure 55.8.

55.56.2.2.2 The test room ceiling is to be covered with acoustical panels or gypsum boand attached to

furring strips.

measure 2 by
+24 kg/m?), an
for Test for S
Surface Burni
new acoustical

55,6223 T
room walls. E
the openings.

565224 D

room walls exfending out from a common ¢orner. One panel is to be placed on each wall. Se

The panels ar|
are to be cond
They are to b
Douglas fir ply|

!

A\coustical panels used in the 4 by 4 ft (1.2 by 1.2 m) area directly over the fire
4 ft (0.6 by 1.2 m), be 1/2 in (12.7 mm) thick, have akdensity of 13.5 +
d have a maximum flame spread index of 25 when tested-in accordance with
irface Burning Characteristics of Building Materials;\UL 723 and the Meth
ng Characteristics of Building Materials and Assemblies, CAN/ULC-S102. H
panels in the 4 by 4 ft (1.2 by 1.2 m) area directly over the fire source are to b

e test room is to have provisions for ventilation through two door openings on
ch opening is to be 7 ft 4 in (2.2 m) high, which provides for an 8 in (200 mn|
The door widths are to be as specified’in Figure 55.6 — Figure 55.8.

buglas fir, 3-ply panels measuring’4 by 8 ft (1.2 by 2.4 m) are to be placed on

b to be 1/4 in (6.4 mm) thick with each ply constructed of Douglas fir. The pl
itioned at 70 +5 °F (21.+278 °C) and 50 +10 % relative humidity for at least 72
b placed on the walls by being attached to 1/2 in (12.7 mm) thick wood furri
wood panels shall have the burning characteristic properties specified in Table

source are to
5 Ib/ft® (216
the Standard
bd of Test for
for each test,
b installed.

opposite test
h) lintel above

wo of the test
e Figure 55.9.
ywood panels
h prior to test.
ng strips. The
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) \ - 4in(101.6mm) i
) o —
TIRITT .
TITITT re— 33in (.84m) ——s~
L L1 e— 32in (81m) —=
1/4in (6.3 mm) Thick — T 2in__ = g
Douglas Fir Plywood (typical) . (1.07mm) = S
£ =
E. N 31in
o~
S ICLnonWick1/4 in dia X 6in Cotiom el diayin (8m)
= T Rrel=HA--ger-6-
£ J83mm X 1524 mm) o (6.3 mm X 152.4 mm) ~
e a i
1/2 in Thick Plywood | I —| 6in X 2in X 1 1/4 in Brick 1 3
(12.7 mm) y - \ (152.4 mm X 50.8 mm X 31.8 mm) 1inJ
4ftX4ftX1/4in (25.4 mm)
(1.2mX1.2m X 6.3 mm) NP
Non Combustible Sheathing 112 in Thick Plywood
(12.7 mm)
LN 1 E—
\- 1/8 in Thick Angle Arm Frame
14 (3.2 mm)
ELEVATION
PLAN (front view of furnfture only)
o e 3inch thick Foam Pad
(76.4 mm)
31in ©
31in
(8m) (08m) | g
i | ]
1|}
(25.4 pm) =—33in (.84 m) e
FOAM ADHESIVE PATTERN SIDE ELEYATION
12in
(205 A\ —1
{305
_{ 4in I 6in
(104 mm) TTITIT (152 mm)
Z :l TTTITT %
12in X 12in _{
(305 mm X 305 mm)
WOOD CRIB
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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?
Thermal Response Use of Cone Calorimeter at radiant heat fluxes of 25, 35, 220 +50 kW-s""2/m?
Parameter 50 kW/m?

55.5.2.3 Fire source

55.5.2.3.1
ignited with a
mm) diamete
pendent, and
the fire source]

The fire source is to consist of a wood crib and simulated furniture. The-wo0q

pan of heptane and the simulated furniture is to be ignited with two 6‘ih.tong

cotton wicks soaked in heptane. See Figure 55.6 (pendent, -upright, fl
concealed sprinklers) or Figure 55.7 and Figure 55.8 (sidewall sprinklers) for
in the test room.

55.5.2.3.2 The wood crib is to weigh 5.5 to 7 Ibm (2.5 to 3.2 kg) and is.fo be dimensioned

12by 12 by 6
size 2by 2 in
long. The altg
individual wog
wood member

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
rnate layers of the lumber are to be placed atiright angles to the adjacer
d members in each layer are to be evenly spaced along the length of the pre
s and stapled.

55.5.2.3.3 After the wood crib is assembled, it is to,be conditioned at a temperature of 22

15 °C) for not
plastic bag an

555234 R
recessed posi
thick (203 mn
against the ce
the insulation.

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

bcessed and concealed sprinklers having vented escutcheons are to be install
ion in a manner that inhibits airflow through the escutcheons (blocked) by p
n), R-25 fiberglass«insulating batt entirely around and over the top of the

ling or wall in such)a manner that the air flow through the escutcheon vents a

55.5.2.3.5 The simulated furniture is to consist of two 3 in (76 mm) thick uncovered pure

oxide polyol,
measuring 32

bolyether foam cushions having a density of 1.70 to 1.90 Ib/ft® (27.2 to 30
by30'in (810 by 760 mm). Each foam cushion is to be glued to a 33 by 31 i

mm), nominal

| crib is to be
by 1/4 in (6.4
sh, recessed
placement of

bpproximately
5 of four trade
P in (305 mm)
t layers. The
vious layer of

D +10 °F (104
e placed in a

bd in the most
acing an 8-in
sprinkler, and
e inhibited by

bolypropylene
4 kg/m®) and
h (840 by 790

1/24n (12 7 mm) thick plywood backing using an aerasol urethane foam adhe

ive. 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

samples)

Peak Heat Release Rate
(HRR) (Average of 5

Test Method for Heat and Visible Smoke Release Rates for
Materials and Products Using an Oxygen Consumption
Calorimeter, ASTM E 1354 at 30 kW/m? heat flux

345 +85 kW/m?

Heat of Combustion
(Average of 5 samples)

Test Method for Heat and Visible Smoke Release Rates for
Materials and Products Using an Oxygen Consumption
Calorimeter, ASTM E 1354 at 30 kW/m? heat flux

22 +3 kJig

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
For each test,

Equivalent noncombustible sheathing material having dimensions of 4 by 4 i{
a new or dried sheathing shall be used. See Figure 55.9.

1.2 by 1.2 m).

55.5.2.4 Sprinkler installation
55.5.2.4.1 Three residential sprinklers are to be installed in the test room for each fire test]{ Two are to be
installed at the rated length and width coverage dimensions, and the third is to be instplled near the
doorway furthest from the fire. For all sprinkler styles, the third sprinklerdnstalled near the doprway shall be
as follows:
a) Thg same heat responsive element and temperature“rating as the other sprinklers within the
room; pnd
b) Instplled such that the center of the heat responsive element is:

The two resid
1in (25 mm) i
(25 mm) pipin
mm). Dry-typ
length, if the
See Figure 54

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

2) 4 in (102 mm) below the ¢eiling and 2 in (50.8 mm) from the wall for sidewa

nlet and an outlet the'same size as the sprinkler inlet and be supplied with wat
g. The minimum hipple length leading to the sprinkler fitting shall not be less t
b sprinklers are_to be tested using the shortest available length and the lon
K-factor for the*longest length deviates by more than 5 % from the shortest ay
.6 — Figure 55.9.

56.524.2 H

endent and upright sprinklers are to be installed with their deflectors located

below the cei

pendent, and

Il sprinklers.

ential sprinklers nearest the fire source are to be installed in reducing pipe fiftings having a

er through 1 in
han 10 in (254
gest available
ailable length.

3in (76 mm)

ing“or as specified in the installation instructions if other than 3 in (76 mm)

s 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°.

55.56.2.4.3 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 i
and Figure 55.8, in a manner as follows:

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

n Figure 55.7

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 The
thermocouple
previous testir

test room is to have an ambient air temperature of 80 5 °F (27 £3 °C)yme
located 3 in (76 mm) below the ceiling. See Figure 55.6 — Figure £8.8. A
g shall be removed such that there is no visible water on the floor, ceiling, or w

55.5.3.3 Thetemperatures at each thermocouple location are to be continuously recorded

using 20 AWG (0.8 mm) chromel-alumel thermocouples or thermoacouples providin
temperature measuring results. When water impingement impacts the-thermocouple mea
thermocouples$ are to be shielded from water impingement using métallic tape attached to

tape is to be fgrmed into an umbrella shape, large enough to protect the thermocouple ends.

55.56.3.4 Sixteen ounces (0.5 L) of water and eight ouncesi(0:24 L) of heptane are to be pl
directly below the wood crib located 2 in (50 mm) from the wall panels.

55.56.3.5 The heptane in the pan located beneath the“crib is to be ignited and the heptane
wicks placed gn bricks are to be ignited immediately following the heptane pan ignition.

55.5.3.6 Th¢fire test is to be conducted for-30 min after the ignition of the wood crib, unles
all the combustibles are extinguished or-enly the wood crib is sustaining combustion at whicHh
is to be termihated. The water flow to/the sprinklers is to be the minimum flow rate sp
installation instructions for the sprifkkler coverage area tested. In addition, for sprinklers havi
rating greater than 175 psig (12*Mpa), tests are to be conducted at the maximum rated sp
flow corresporjding 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 spr

asured at the
Il water from
alls.

juring the test
g equivalent
surement, the
the wire. The

aced in a pan

soaked cotton

5 after 10 min,
point the test
ecified in the
ng a pressure
acing using a

nkler has not

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

e as the next

larger rated coverage area, the tests specified in 55.5.1.1 — 55.5.3.6 are to be repeated in a room size
corresponding to a 12 by 12 ft (3.7 by 3.7 m) coverage area, using a water flow rate corresponding to the

minimum flow rate required for the next larger coverage area.
55.6 Flow control (FC) sprinkler piled stock fire tests

55.6.1
discharge shall:

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 (2
ambient within 5 min after start of water discharge.

95 °C) above
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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

- Thermocouples located 2 in (51mm) below ceiling above
sprinklers on the center branch line.
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Figure 55.11

Carton Arrangement

TOP VIEW é
5
4
6in
(152 mm) 3
2
42in 1
(1.07 m)
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Shredded Paper (Ignition Point)
ELEVATION VIEW (Test No. 1)
42in
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42in
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&
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|<_(1A.1§7|2])_’|6 inf=- ->1|6 inf=

$2884d Typical (152 mm) (152 mm)

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 bei
sprinklers as s

55.6.6 The p|
five long pall
representative
carton stacks.

hg adjusted as required during the test to provide the a sprinkler discharge-ds
pecified in 55.6.1.

led stock is to consist of Standard Class || commodity stored in a threg pallet-q
etized arrangement. The moisture content of the cardboard\ boxes as
samples shall be within 8 £3 %. A 6-in (152-mm) free space is.to be maintaine
See Table 55.6 and Figure 55.11.

Table 55.6
Piled Stock Fire Test Conditions for EC Sprinklers

ensity to open

arton wide by
measured in
d between all

Sprinkler spacing Open sprinkler discharge Number of Nominal stqrage height
Test No. density Class Il
ft (m) gpm/ft? (mm/min) | commodities ft (m)
1 10 x 10 (3.05 x 3.05) 0.15 (6.4) 30 8 24
2 10 x 10 (3.05x 3.05) 0.20 (8.6) 45 12 3.6

55.6.7 The ignition source for the fire test is to consist of 1.5 Ibs (0.68 kg) of shredded pa

the floor in the
and ignited.

55.6.8 Thefi
fire during the

space between the first and second carton in the middle row as illustrated in

re test is to_be continued for 45 min after ignition and visual observations mag
test.

55.7 CMDA storage sprinkler large scale fire tests

per placed on
Figure 55.11

e for travel of

556.7.1

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.


https://ulnorm.com/api/?name=UL 199 2022.pdf

FEBRUARY 25, 2022

ANSI/CAN/UL/ULC 199

123

Table 55.7

CMDA Storage Sprinkler Fire Test Requirements

Criteria description

Standard coverage

Extended coverage

Nominal K-Factor, gpm/(psi)'’2
[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 Not more than the number of sprinklers
to operate covering an area that exceeds 2000 ft?
(13.6 m?) based upon the installed
sprinkler spacing
Maximum 1 min average steel 1000 (538) 1000 (538)

Permitted fire spread

NO SUbldillUu bUllIUubliUll dl e crid Ol
the main test array and none at the outer
edges of the target array

Nosustaimedtombustion at the outer
edge of the end of.the inain test array
and none at the outeredges of the target

array

55.7.2 The fest room for these tests shall have provisions for venting the *heat and gmoke and for

drainage of thie sprinkler discharge.

55.7.3 A wet pipe automatic sprinkler system shall be installed bélow a smooth, flat, ndgn-combustible

horizontal cefling unless otherwise specified in the test conditions. Water flow shall be

controlled to

maintain the nequired water discharge density specified for the sprinkler as referenced in Table 55.8, Table
55.9, Table 5p.10, Table 55.11, or Table 55.12 as applicable."Representative sample sprifklers shall be

installed at the spacing specified for each fire test. Sprinklers shall be installed throughouf the test area

and supplied fthrough a looped or gridded piping systemconsisting of nominal 2 or 2.5 in

diameter pipel.

50 or 65 mm)
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Table 55.8
Fire Test Conditions for Nominal K=11.2 (160) CMDA Sprinklers

Test No. Test 1 Test 2 Test 3
Storage type Palletized Double row rack Double row rack
Commodity type Std. cartoned group A plastic Std. cartoned group A plastic Std. class 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)

ft (m)

Sprinkler temperature rating

High temperature classification or
maximum temperature rating, whichever is
less

Minimum tempg€rature rating

Minimum temperature rating

Nominal deflector to ceiling distance,

12 (30.5) for pendent

1230.5) for pendent

12 (30.5) for pendent

in (cm) 3 (7.6) for upright 3 (7.6) for upright 3 (7.6) for upright
Sprinkler spacing, 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) 0.37 (15.1)
gpm/ft? (mm/min)
Ignition location Between four Under one Between four
Test duration, min 30 30 30

Note — Actual distance is dependent upon

Isprinkler 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 Plallptin:-d Double row rack Double row rack Double row rack Double row rack
Commaodity type Std. caljtoned group A Std. cartoned group A Std. Class Il Std-Clags Il Std. Class Il
plastic plastic
Test array See Higure 55.13 See Figure 55.14 See Figure 55.15 See’Figure 55.15 See Figure 55.15
Nominal storage height, 5(4.6) 15 (4.6) 20 (6.1) 20 (6.1) 20 (6.1)
ft (m)
Nominal ceiling height 25 (7.6) 25(7.6) 30 (9.1) Adjusted to achieve 30 (9.1)
minimum clg¢arance
between sprinkler deflector
and top of commodity
Sprinkler temperature High femperature Minimum temperature Minimum‘temperature Minimum tenperature Minimum temperature
rating classificafion or maximum rating rating rating rating
temperature rating,
whichjever is less
Nominal deflector to ceiling 12 (30.p) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent
cfft(i';f)‘i 3 (7.4) for upright 3 (7.6) for upright 3 (7.6) for upright 3 (7.6) for yipright 3 (7.6) for upright
Sprinkler spacing, 8x 1P (2.4x3.0) 8x10(2.4x3.0) 10x 10 (3.0x 3.0) 10x 10 (3.0 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) 0.37 (1§.1) 0.37 (15.1)
gpm/ft? (mm/min)
Ignition location Between four Under one Between four Between twofon same Under one
branch [ine
Test duration 30 30 30 30 30

@ Actual distance is dependent upon sprin

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

Test No. Test 1 Test 2 Test 3
Storage type Palletized Double row rack Double row rack
Commodity type Std. cartoned group A plastic Std. cartoned group A plastic Std. cartoned group A plastic
Test array See Figure 55.13 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

ft (m)

between sprinkler deflector and top of
commodity

Sprinkler temperature rating

High temperature classification or
maximum temperature rating, whichever is
less

Minimum témperature rating

Minimum temperature rating

Nominal deflector to ceiling distance,
in (cm)?

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

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

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

Sprinkler spacing,

8x 10 (2.4 x 3.0)

8x 10 (2.4 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) 0.60 (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 sprinh

ler construction and branch line-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 57 Test 6
Storage type Double row rack Double row rack Double row rack Double row rack Dayble row rack Double row rack
Commodity type Std. clas$ Il Std. class I Std. class Il Std. class Il Std. class Il Std. cartoned group A
plastic
Test array See Figure $5.12 See Figure 55.12 See Figure 55.15 See Figure 55.15 See|Figure 55.15 See Figure 55.16
Nominal storage height, 15 (4.6 15 (4.6) 20 (6.1) 20 (6.1) 20 (6.1) 20 (6.1)
ft (m)
Nominal ceiling height, 25 (7.6 Adjusted to achieve 30(9.1) 30(9.1) 25(7.6) 25(7.6)
ft (m) minimum clearance
between sprinkler
deflector and top of
commodity
Sprinkler temperature Minimum temperature Minimum temperature Minimum temperature Minimum temperature Minimym temperature High temperature
rating rating rating rating rating rating classification or
maximum temperature
rating, whichever is less
Nominal deflector to 12 (30.5) for gendent 12 (30.5) for pendent 12 (30.5).for pendent 12 (30.5) for pendent 12 (30.5) for pendent 12 (30.5) for pendent
Ce"'?r? (‘éﬁt)abnce' 3 (7.6) for upright 3 (7.6) for upright 3 (7.6 for upright 3 (7.6) for upright 3 (7)) for upright 3 (7.6) for upright
Sprinkler spacing 14 x 14 14 x 14 14 x 14 15x10 14 x 14 10x 10
ft x ft (m x m) (4.3x4.3) (4.3x4.3) (4.3x4.3) (4.6x3.0) #.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) 030 (12.2) 0.60 (24.5)
density,
gpm/ft? (mm/min)
Ignition location Under ofpe Between four Between two on same Between two on Between four Between two on same
branchline separate branchline branchline
Test duration, min 30 30 30 30 30 30
@ Test to be conducted with two barriers hgving a depth so that they extend not less than 3 in (75.6 mm) below the sprinkler deflector and notfless than 22 ft (6.4 m) long installed
perpendicular to the piping and spaced 7 ff (2.1, m) apart.
b Actual distance is dependent upon sprinkieT construction and branch ine pipe diameter:
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Table

55.12

Fire Test Conditions for Nominal K=25.2 (360) CMDA EC Sprinklers

Test No. Test 1 Test 2 Test 3 Test 4 Test 52 Test 6 Test 7
Storage type Double row rack Daoublerowrack | Doublerowrack | Doublerowrack | Double row rack Double row rack Palletized
Commodity type Std. class Il Std. class Il Std. cartoned group | Std. cartoned group | Std. cartoned group~| |Std. cartoned group | Std. cartoned group
A plastic A plastic A plastic A plastic A plastic
Test array See Figure 55.15 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 rating

temperature rating

temperature rating

temperature rating

classification or
maximum
temperature rating,
whichever is less

t

emperature rating

classification or
maximum
temperature rating,
whichever is less

Nominal deflector to
ceiling distance,

12 (30.5) for pende

t | 12 (30.5) for pendent

12 (30.5) for pendent

12 (30.5) for pendent

12 (30.5) for pendent

14

(30.5) for pendent

12 (30.5) for pendent

in (cm)® 3 (7.6) for upright 12 (30.5) for upright | 12 (30.5) forupright 3 (7.6) for upright 12 (30.5) for upright B (7.6) for upright 3 (7.6) for upright
Sprinkler spacing 14 x14 14 x14 14.X 14 14 x 14 14 x14 15x 10 14 x 14
ft x ft (m x m) (4.3x4.3) (4.3x4.3) (43x4.3) (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

2 Test to be conducted with two barriers ha

ing.a depth so that they extend not less than 3 in (75.6 mm) below the sprinkler deflector and not

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.

ess than 22 ft (6.4 m) long installed
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55.7.4 A nominal 4-ft (1.2-m) length of 2 by 2 by 0.25 in (50 by 50 by 6 mm) steel angle beam 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
+0.125 fl 0z (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
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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.

Table 55.13
CMSA Storage Sprinkler Fire Test Requirements

Nominal K-Factor, gpm/(psi)"? (L/min/(bar)'*?)

16.8 (240) and 19.6 (280)

Maximum

number of sprinklers permitted to operate 15

Maximuni

1 min average steel temperature, °F (°C) 1000 (538)

No sustained combustion at the outer@dge o
main test array and none at the outef edges of]

Permitted fire spread

the end of the
the target array

55.8.2 The
drainage of th

55.8.3 A we
horizontal ce
referenced in

fest room for these tests shall have provisions for venting the heat and s
e sprinkler discharge.

t pipe automatic sprinkler system shall be installed bélow a smooth, flat, ng
ling. Water flow shall be controlled to maintain thé_required pressure at th
Table 55.14 or Table 55.15, as applicable. The test.pressure utilized for the fi

be permitted
manufacturer

test. Sprinklefs shall be installed throughout the test area*and supplied through a looped or

system consig

to be less than the values referenced in Table\55.14 or Table 55.15, if req
Representative sample sprinklers shall be-installed at the spacing specifie

ting of nominal 2 or 2-1/2 in (50 or 65 mm) diameter pipe.

moke and for

n-combustible
e sprinkler as
e testing shall
uested by the
d for each fire
gridded piping
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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 Test 2 Test 3 Test 4
Storage type Double row rack Double row rack Double row rack Double row rack
Commodity type Stq. cartoned group A plastic Std. cartoned group A plastic Std. cartoned group A plastic 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) 2076.1) 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 Mihimum temperature rating High temperature classification ot Minimum temperature ratifg 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

Ci":t(i:f)i’ 3 (7.6) for upright 3 (7.6) for upfight 3 (7.6) for upright 3 (7.6) for upright
Sprinkler spacing 10x 10 (3.0x 3.0) 10 x 1030 x 3.0) 10x 10 (3.0x 3.0) 10x 10 (3.0x 3.0)
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 branchline Between four
Test duration, min 30 30 30 30

@ Actual distance is dependent upon sprink

ler construction and branchine 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 Test 3 Test4 Test5 Test 6 Test 7 Test 8
Storage type Double row rack Double row rack Double row rack Double row rack Double row rack Double row frac| Double row rack Double row rack
Commodity type Std. cartoned Std. cartoned Std. cartoned Std. cartoned Std. cartoned Std. cartened Std. cartoned Std. cartoned
group A plastic group A plastic group A plastic group A plastic group A plastic group Aplastig group A plastic group A plastic
Test array See Figure 55.16 | Pee Figure 55.17 | See Figure 55.16 | See Figure 55.19 | See Figure 55.20 | See Figure 55.1B | 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) Adjustedto 40 (12.2) 40 (12.2) 35(10.7)
height, hchieve minimum achieve minimum
ft (m) clearance clearance
etween sprinkler between sprinkler
Heflector and top deflector and top
of commodity of commodity
Sprinkler Minimum Minimum Minimum Minimum Minimum Minimum See Note 1 See Note 1
temperature rating | temperature rating | temperature rating | temperature rating | temperature rating | temperature rating | temperature rating
Nominal deflector 12 (30.5) Maximum Maximum 12(30.5) Maximum Maximum See Note 1 See Note 1
to ceiling distance, specified by specified by specified by specified by
in (cm) manufacturer manufacturer manufacturer manufacturer
Sprinkler spacing | 10 x 10 (3.0x 3.0) | 10x 10 (3.0x 3.0) | 10 x 10 (3.0 x 3:0).] 10x 10 (3.0x3.0) | 10x10(3.0x3.0) | 10x10(3.0x3.0) | 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 of 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 teg

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

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

in 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 npminal 3-in (76-mm) long bundle soaked with 4 +0.125 fl oz (118 +3.7 ml)-of| gasoline and
wrapped in a golyethylene 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
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Figure 55.20
Fire Test for Double Row Rack Storage of Cartoned Group A Plastic Commodity (Nominal 35 Ft
High)
7ft-6in
T @3m " 34-6in
(11m)
= R e . =
Class Il aﬁ-n?)m
8ft-3 in !
I | | T 1 I i | |
@25m) Oin- 6inJ
| (12.cm)
= = 8 ——a =
Group A
I | | T 1 I I |
= H’EE B——a ~ 32ft-4in(10m)
I | | | | A I | \\I | | | |
4 ft / \ 4. ft
(1.2m) (4.2 m)
I | 1/ L (X I I |
B [ T — B——
- . . . 6in J L Ignition location for between two
Ignition location for under one sprinkler test scenario (15 cm) and between four sprinklers test
- Ignition location at base of arra scenarios
é-1o y (Main Array)
Plan View
f
3ft-10in tt tt
(1.2m)
5ft t t

t |||kl g
(1.5m) 2 \%T n \%T

341-8in (10.6m)

10in
(0.3m)

(Main Array)
553080 Elevation View


https://ulnorm.com/api/?name=UL 199 2022.pdf

FEBRUARY 25, 2022 ANSI/CAN/UL/ULC 199 143

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.

Table 55.16
Pendent ESFR Fire Test Requirements

Criteria to be evaluated

Test requirements

Nominal K-Factor, gpm/(psi)"4(L/min/(bar)'?)

14.0, 16.8, 22.4, 25.2 and 28.0

Maximum numbier of sprinklers permitted to operate

One within the test series Remaining
test

ests within the
series

9

8

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

1000 (538)

Regrowth of firg

No signs of regrowth at the end of the test ag
significantly increasing steel or gas temperatu

evidenced by
es at the ceiling

Fire spread

No sustained combustion-at the end of the ma
none at theé outer edges of the targe

n test array and
array

55.9.2 The fest room for these tests shall have provisions for venting the heat and gmoke and for

drainage of thie sprinkler discharge.

55.9.3 A wet pipe automatic sprinkler system shall bg installed below a smooth, flat, ngn-combustible
horizontal cefling unless otherwise specified in thetest conditions. Water flow shall bg controlled to
maintain the fequired sprinkler discharge pressuré’ specified in Table 55.17, Table 55.18, Table 55.19,
Table 55.20, Table 55.21, Table 55.22 or Table 55.23 as applicable. The test pressure utilized for the fire

testing shall e permitted to be less than the'values referenced in Table 55.17, Table 55.18, Table 55.19,
Table 55.20, [Table 55.21, Table 55.22 orTable 55.23, if requested by the manufacturer. Representative

sample sprinklers shall be installed at'the spacing specified for each fire test. Sprinklers shgll be installed
throughout the test area and supplied through a looped piping system consisting of nominal|2.5 or 3 in (65
or 80 mm) diameter pipe. For theitests using a propylene glycol solution, the looped and supply piping
shall initially pe filled with the.maximum volume and concentration of the propylene glyjcol and water

mixture refergnced in the manufacturer's instructions.

Table 55.17

Fire Tens‘{ Conditions for Nominal K=14.0 and 16.8 Pendent ESFR Sprinklers for Use With a

Maxi

um)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

Commodity 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)
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)

Table 55.17 Continued on Next Page
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Table 55.17 Continued

Test 1
75 (518) for K=14.0
52 (358) for K=16.8

Nominal discharge pressure, psig (kPa)

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

Test3 Test4 Test5 Test 6 Test7
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 grodp | Std. cartoned group | 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 A plastic A plastic
Test array See Figure 55.14 See Figure 565.17 See Figure 55.16 See Figure 55.20 See Figure65.21 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 femperature 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, 10x 10 10x10 10x 10 10x 10 10x10 10x 10 10x 10
ft x ft (m x m) (3.0x3.0) (3.0x3.0) (30x%73.0) (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 tegt is to be the most challenging based upon the results of previous tests.
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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 Test2 Test3 Test 4
Storage type Double row rack Double row rack Double row rack Double row rack
Commodity type Std. cartoned group A plastic Std. cartoned group A plastic Std. cartoned group A plastic Std. cartoned group A plastic
Test array See Figure 55.24 See Figure 55.23 See Figure 55.23 See Figure 55.22
Nominal storage height, 43 (13.1) 38 (11.6) 3811.6) 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 Mgximum temperature rating Minimum temperature rating Minimum temperature rating Minimum temperature rating

Nominal deflector to ceiling Maximum specified by Maximum specified by 14 (35.6) Maximum specified by
distance, manufacturer manufacturer manufacturer
in (cm)

Sprinkler spacing,
ft x ft (m x m)

10x 10 (3.0x 3.0)

10 x 10 (3.0 x 3@)

10x 10 (3.0 x 3.0)

10x 10 (3.0x 3.0)

Nominal discharge pressure, 55 (379) 55 (379) 55 (379) 55 (379)
psig (kPa)
Ignition location Between four Between(two on same branchline Under one See Note
Duration of test after first sprinkler 30 30 30 30

operation, min

Note — Test scenario selected for this test

5 to be determined based upontthe 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 Test2 Test 3 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 fac 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 Aplastic] group A plastic group A plastic
Test array See Figure 55.16 | $ee Figure 55.17 | See Figure 55.16 | See Figure 55.20 | See Figure 55.21 | See\Figure 55.1p 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) Adjustedto 45 (13.7) 40 (12.2) 45 (13.7)
height, achieve minimum
ft (m) clearance
between sprinkler
deflector and top
of commodity
Sprinkler Minimum Maximum Minimum Minimum Minimum Minimum See Note 1 See Note 1
temperature temperature rating | t¢mperature rating | temperature rating | temperature rating | temperature rating | temperature ratirjg
rating
Nominal deflector 14 (35.6) Maximum Maximum 14 (35.6) Maximum Maximum See Note 1 See Note 1
to ceiling specified by specified by specified by specified by
distance, manufacturer manufacturer manufacturer manufacturer
in (cm)
Sprinkler spacing, 10x 10 10x 10 10 x 10 10x10 10x 10 10x 10 10x10 10x 10
ftx ft (m x m) (3.0x3.0) (3.0x3.0) (300 x 3.0) (3.0x3.0) (3.0x3.0) (3.0x3.0) (3.0x3.0) (3.0x3.0)
Nominal 15 (103) 15 (103) 15 (103) 40 (276) 40 (276) 40 (276) 25 (172) 40 (276)
discharge
pressure,
psig (kPa)
Ignition location Under one Between four Between two on Under one Between four Between two or] See Note 1 See Note 1
same branchline same branchling
Duration of test 30 30 30 30 30 30 30

after first sprinkler
operation, min

Note 1 — Test scenario selected for this test is to be the most challenging based upon the results of previous tests.
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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)

Test 1 Test 2 Test 3 Test 4
Storage type Double row rack Double row rack Double row rack Double row rack
Commodity type Std. cartoned group A plastic Std. cartoned group A plastic Std. cartoned group A plastic Std. cartoned group A plastic
Test array See Figure 55.24 See Figure 55.23 See Figure 55.23 See Figure 55.22
Nominal storage height, 43 (13.1) 38 (11.6) 3811.6) 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 Mgximum temperature rating Minimum temperature rating Minimum temperature rating Minimum temperature rating

Nominal deflector to ceiling Maximum specified by Maximum specified by 14 (35.6) Maximum specified by
distance, manufacturer manufacturer manufacturer
in (cm)

Sprinkler spacing,
ft x ft (m x m)

10x 10 (3.0x 3.0)

10 x 10 (3.0 x 3@)

10x 10 (3.0 x 3.0)

10x 10 (3.0x 3.0)

Nominal discharge pressure, 45 (310) 45 (370) 45 (310) 45 (310)
psig (kPa)
Ignition location Between four Between(two on same branchline Under one See Note
Duration of test after first sprinkler 30 30 30 30

operation, min

Note — Test scenario selected for this test

5 to be determined based upontthe results of previous tests.
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Table 55.22

Fire Test Conditions for Nominal K=25.2 Pendent ESFR Sprinklers with a Propylene Glycol/Water Solution

Test No. Test 1 Test 2 Test 3 Test 4 Test 5 Test 6
Storage type Double row rack Double row rack Double row rack Double row rack Double row rack Double row rack
Commodity type Std. Class Il Std. Class Il Std. Class Il Std. Class Il Std. Class Il Std. Class Il
Test array See Figure $5.25 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) 10 (12.2) 30 (9.1)
ft (m)
Nominal ceiling height, 40 (12.3) 40 (12.2) 45.25 (13.8) 45.25 (18.8) 4%.25 (13.8) 45.25(13.8)
ft (m)
Sprinkler temperature Maximum temperature | Maximum temperature | Maximum temperature | Maximumtemperature | Maximpm temperature | Maximum temperature
rating rating rating rating rating rating rating
Nominal deflector to 14 (35.9) 14 (35.6) 14 (35.6) 14 (35.6) 14 (35.6) 14 (35.6)
ceiling distance,
in (cm)
Sprinkler spacing, 10 x 1d 10x10 10x 10 10x 10 10x 10 10x 10
ft x ft (m x m) (3.0x3.0) (3.0x3.0) (3.0x 3.9) (3.0x3.0) B.0x3.0) (3.0x3.0)
Nominal discharge 40 (279 40 (276) 60.(414) 60 (414) 60 (414) 120 (818)
pressure,
psig (kPa)
Ignition location Under offe Between two on same Under one Between two on same Bgtween four Between two on same
branchline branchline branchline
Duration of test after 30 30 30 30 30 30

first sprinkler operation,
min
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Table 55.23

Fire Test Conditions for Nominal K=28 Pendent ESFR Sprinklers for a 48 ft (14.6 m) Ceiling Height

Test 1 Test 2 Test 3 Test 4
Storage type _Double row rack Daouble row rack Double row rack Double row rack
Commaodity type Stq. cartoned group A plastic Std. cartoned group A plastic Std. cartoned group A plaslic 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) 38 (11:6) 28 (8.5)
ft (m)
Nominal ceiling height, 48 (14.6) 48 (14.6) 48 (14.6) 48 (14.6)
ft (m)
Nominal clearance to deflector, 5(1.5) 10 (3.0) 10 (3.0) 20 (6.1)
ft (m)
Sprinkler temperature rating Mgximum temperature rating Minimum temperature rating Minimum temperature rating Minimum temperature rating

Nominal deflector to ceiling

Maximum specified by

Maximum specified by

14 (35.6)

Maximum specified by

distance, in (cm) manufacturer manufacturer manufacturer
Sprinkler spacing, 10x 10 (3.0x 3.0) 10 x 10 (3.0 x3:0) 10x 10 (3.0x 3.0) 10x 10 (3.0x 3.0)
ft x ft (m x m)
Nominal discharge pressure, 35 (241) 35+(241) 35 (241) 35 (241)

psig (kPa)

Ignition location

Between four

Between\two on same branchline

Under one offset

Between two on same branchline

Duration of test after first sprinkler
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 0z (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
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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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