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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.


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

FEBRUARY 25, 2022 ANSI/CAN/UL/ULC 199 21

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
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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
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