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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Early Suppression-Fast Response (ESFR) sprinklers are a unique type of sprinkler primarily
provide sprinkler protection for storage facilities. Other types of sprinklers are addressed

7:2020(E)

intended to
in separate

documents in the ISO 6182 series. These sprinklers are specifically designed to discharge water at a
location near the ceiling of a structure in a manner that effectively attacks a fast-growing fire that can

occur in a storage facility.

These sprinklers characteristically discharge water in a mostly downward trajectory with relatively
large water droplets and lncorporate a fast- response type heat responswe element 1ntended to allow

and [effective nature of the sprlnkler dlscharge these sprlnklers can be used to provide

sprinkler protection for taller storage facilities compared to other types of sprinklers. The p
of ESFR sprinklers is sensitive to obstructions to the sprinkler discharge. ESFR sprinkler
guidelines need to account for this obstruction sensitivity by limiting the size ofebstructions as well as
spedifying sprinkler installation locations that minimize the impact of these gbstructions.

k operation
ceiling-only
erformance
installation

© IS0 2020 - All rights reserved
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Fire protection — Automatic sprinkler systems —

Part 7:
Requirements and test methods for early suppression fast
response (ESFR) sprinklers

1 Bcope

This| document specifies performance requirements, test methods and marking ‘requirements for
pendent early suppression fast response (ESFR) sprinklers.

NOTE This document currently provides requirements for K202 and K242 ESER pendent sprinklers.

2 Normative reference

The |following documents are referred to in the text in such@\way that some or all of their content
condtitutes requirements of this document. For dated refetences, only the edition cited ppplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO V-1, Pipe threads where pressure-tight joints are mgdéon the threads — Part 1: Dimension§, tolerances
and {lesignation

3 [Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO @nd IEC maintain terminological databases for use in standardization at the following addresses:

— [SO Online browsing platforin: available at https://www.iso.org/obp

— |EC Electropedia: available at http://www.electropedia.org/

3.1 | General

3.1.1
actual delivered density
ADD
rate[at’which water is deposited from an operating sprinkler onto the top horizontal Jurface of a
simulated burning combustible array

3.1.2
assembly load
force exerted on the sprinkler body excluding hydrostatic pressure

3.1.3
average design strength
glass bulb supplier’s specified and assured lowest average axial design strength of any batch of 50 bulbs

3.1.4
design load
force exerted on the release element at the service load (3.1.10) of the sprinkler

© IS0 2020 - All rights reserved 1
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3.1.5

early suppression fast response automatic sprinkler

ESFR

sprinkler that is intended to provide early suppression of a fire when installed on the appropriate
sprinkler piping

3.1.6

orientation A

orientation with the airflow perpendicular to both the waterway axis and the plane of the frame arms
and with the heat responsive element upstream of the frame arms

Note 1 to enffyr See Figure 1.

3.1.7
orientation B
orientation{with the airflow perpendicular to both the waterway axis and the plane of-the frame grms
and with thtr heat responsive element downstream of the frame arms

Note 1 to enfry: See Figure 1.

e

a) Orientation' A

e

b) Orientation B
Key
1  tunnel tgst section (elevation view)
a  Airflow.

Figure 1 — Orientations A and B

3.1.8

protective covers

protective caps or straps intended to provide temporary protection for sprinklers during shipping,
handling and installation

3.19

response time index

RTI

measure of sprinkler sensitivity

RTI=tJu

2 © IS0 2020 - All rights reserved
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where

t isequal to the time constant, expressed in seconds, of the heat-responsive element;

u isthe gas velocity, expressed in metres per second.

Note

1 to entry: The RTI is expressed in units of (m-s)%5.

3.1.10

service load
combined force exerted on the sprinkler body by the assembly load (3.1.2) of the sprinkler and the
equivatentforce of theTated pressure o the et

3.1.1

|1

sprinkler

ther
stre

Note

3.2

3.2.
fusi
spri

3.2
glas
spri

mosensitive device designed to react at a predetermined temperature by automatically
hm of water and distributing it in a specified pattern and quantity over a designated ar¢

1 to entry: For the purposes of this document, "sprinkler"” is intended to referto ESFR (3.1.5) s

Types of sprinklers according to type of heat responsive‘element

|
ble element sprinkler
nkler that opens under the influence of heat by the melting of a component

D

5 bulb sprinkler
(kler that opens under the influence of heat-by the bursting of the glass bulb throug

resullting from expansion of the fluid enclosed.therein

3.3

3.3.
pen
spri
dist

4

4.1

It sh
prod

Sprinklers classified according:to position

|
lent sprinkler

hkler arranged in such(ay'way that the water stream is directed downwards
fibution plate

Product consistency

Quality control program

hll bethe responsibility of the manufacturer to implement a quality control program to
uction continuously meets the requirements of this document.

releasing a
Pa

brinklers.

rh pressure

hgainst the

ensure that

4.2

Leak resistance testing

Every manufactured sprinkler shall pass a leak resistance test equivalent to a hydrostatic pressure of
at least twice the rated pressure for at least 2 s.

4.3

Glass bulb integrity test

Each glass bulb sprinkler assembly shall be evaluated for glass bulb cracking, breaking, or other damage
as indicated by the loss of fluid. The test shall be conducted after the leakage test.

The bubble in each glass bulb shall be examined at room ambient temperature. The sprinkler shall then
be heated in a circulating air oven or liquid bath to 5 °C below the minimum operating temperature
range of the sprinkler. The bubble shall then be examined to determine the bubble size has been reduced

© IS0 2020 - All rights reserved
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in accordance with the glass bulb manufacturer's specifications. After cooling, the bubble size shall
again be examined to determine the bubble returned to the original size within the tolerance allowed

by the glass bulb manufacturer.

5 Product assembly

5.1 General

All sprinklers shall be designed and manufactured such that they cannot be readily adjusted, dismantled

or reassembled.

5.2 Dyndmic O-ring seals

The closurqg of the waterway shall not be achieved by the use of a dynamic O-ring or similar seal| (An
O-ring or similar seal that moves during operation or is in contact with a component thatmoves dyring

operation.)

5.3 Rated pressure

Sprinklers ghall have a rated pressure of 1,2 MPa (12 bar).

6 Requirements
6.1 Dim¢nsions

6.1.1 Orifice size

All sprinklgrs shall be constructed so that a sphere of diameter 8 mm can pass through the water

passage in the sprinkler.

6.1.2 Nominal thread sizes

6.1.2.1 Sprinklers shall have a notninal thread size of R 34.

6.1.2.2 N¢minal thread sizés-shall be suitable for fittings threaded in accordance with I1SO 7-1|The
dimensions| of all threaded,-connections should conform to International Standards where applied.

National stqndards may<be-tsed if International Standards are not applicable.

6.2 Temperature ratings and color codings

The markegl @gminal temperature rating and color coding of sprinkler shall be in accordance

with

Table 1.

Table 1 — Nominal temperature rating and color coding

Glass bulb sprinklers

Fusible element sprinklers

Marked nominal

temperature rating (°C) Liquid color code

Marked nominal
temperature rating (°C)

Yoke arm color code

68 to 74

red

68 to 74

uncolored

93 to 104

green

93 to 104

white

© IS0 2020 - All rights reserved
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6.3

Operating temperature (see 7.3)

Sprinklers shall be verified to operate within a temperature range of

t=x + (0,035x + 0,62) °C

where

t isthe temperature range, rounded to the nearest 0,1 °C;

X isthe marked nominal temperature r:\fing (cpp Table 1)

ISO 6182-7:2020(E)

6.4
The

whe

Water flow constant (see 7.4)

flow constant, K, for sprinklers is given by the formula:

YO
\J10p
Fe

b is the pressure, expressed in MPa;

g is the flow rate, expressed in litres per minute (1/min).

The flow constant for ESFR sprinklers shall have values‘of 202 + 10 or 242 + 12 when deterniined by the
test method of 7.4
6.5 | Water distribution (see 7.5)
6.5.1 When tested in accordance with .5 the sprinkler shall meet the requirements of Tables 2 or 3, as
applicable.
Table 2 —Sprinkler water distribution measurement K202
Nymber Sprinkler Pipe Ceiling |Pressure®®| Minimum | Minimum | Minimum | Minimum| | Minimum
of spacing spacing | clearance 16-pan flue 20-pan non-flue single
sprfinklers to water- average space average 10-pan non-flue
unfler the collection density*¢ (4 pans) density°¢ average pan
wWater- pans MPa average® densityd density¢
colllection (bar)
s¥stem m m m mm/min mm/min mm/min mm/min mm/min
0,34
1 0 0 3,04 (3.4) 21,2 40,8 NR NR NR
0,34
T 0 0 4,42 (3.4) 19,6 36,3 NR NR NR
0,51
1 0 0 4,42 NR 69,4 371 20,4 10,6
(5.1)
0,34
2 3,04 0 1,27 24,5 NR NR NR NR
(34)
0,34
2 3,04 0 3,04 22,0 NR NR NR NR
(34)
0,34
2 0 3,04 1,27 23,7 NR NR NR NR
(34)
a Al1 0,34 MPa (3,4 bar) tests are performed on a system fed from both directions (double feed).
b All 0,51 MPa (5,1 bar) tests are performed on a system fed from one direction (single feed), except for the two-sprinklers, single-pipe tests which are
performed on a double-feed system.
¢ NR = No requirement (see Figures 5 to 9).
d Average of the ten non-flue pans with the lowest water collection.

© IS0 2020 - All rights reserved
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Table 2 (continued)

Number Sprinkler Pipe Ceiling |Pressure®®| Minimum | Minimum | Minimum | Minimum | Minimum
of spacing spacing | clearance 16-pan flue 20-pan non-flue single
sprinklers to water- average space average 10-pan non-flue
under the collection density* (4 pans) density* average pan
water- pans MPa average‘ densitycd density°¢
collection (bar) . . . . .
system m m m mm/min mm/min mm/min mm/min mm/min
2 0 3,04 3,04 0,34 23,3 NR NR NR NR
) ) (3,4) )
2 3,66 0 1,27 0,34 18,0 NR NR NR NR
’ ’ (3,4) )
2 0 3,66 1,27 0,34 18,4 NR NR NR N
) ) (3,4) )
0,51
2 3,04 0 1,27 NR NR 31,4 24,5 8,4
(5.1)
0,51
2 0 3,04 1,27 NR NR 31,4 24,5 8,3
(5.1)
0,34
4 3,04 3,04 1,27 27,7 NR NR NR NH
(3:4)
0,34
4 3,04 3,04 3,04 35,1 NR NR NR NH
(3.4)
0,34
4 2,44 3,6 1,27 26,9 NR NR NR NH
(34)
0,51
4 3,04 3,04 1,27 (5.1) NR NR 29,0 24,5 15,1t

a

b

c

d

All 0,34 MPf (3,4 bar) tests are performed on a system fed from both directions (double feed)s

All 0,51 MPf (5,1 bar) tests are performed on a system fed from one direction (single feed), except for the two-sprinklers, single-pipe tests whifh are

NR=Nore

Average of

performed on a double-feed system.

uirement (see Figures 5 to 9).

he ten non-flue pans with the lowest water collection.

Table 3 — Sprinkler water distribution measurement K242

Number Sprinkler Pipe Ceiling |Pressure2b| Minimum | Minimum | Minimum | Minimum | Mininjum
of spacing spacing | clearance 16-pan flue 20-pan non-flue single
sprinklers to water- average space average 10-pan non-fllue
under the collection density* (4 pans) densityc average pan
water- pans average°© density<d densjty°¢
collection MPa
system m m m (bar) mm/min mm/min mm/min mm/min mm/min
0,24
1 0 0 3,04 21,2 40,8 NR NR NH
(2,4)
0,24
1 0 0 4,42 19,6 36,3 NR NR NH
(2,4)
0,36
1 0 0 4,42 NR 69,4 371 20,4 10,p
(3.6)
2 3,04 0 1,27 o 24,5 NR NR NR NR
(2,4)
0,24
2 3,04 0 3,04 22,0 NR NR NR NR
(2,4)
0,24
2 0 3,04 1,27 23,7 NR NR NR NR
(2,4)

a

b

c

d

All 0,24 MPa (2,4 bar) tests are performed on a system fed from both directions (double feed).

All 0,36 MPa (3,6 bar) tests are performed on a system fed from one direction (single feed), except for the two-sprinklers, single-pipe tests which are

performed on a double-feed system.

NR = No requirement (see Figures 5 to 9).

Average of the ten non-flue pans with the lowest water collection.

© IS0 2020 - All rights reserved
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Table 3 (continued)
Number Sprinkler Pipe Ceiling |Pressure®®| Minimum | Minimum | Minimum | Minimum | Minimum
of spacing spacing | clearance 16-pan flue 20-pan non-flue single
sprinklers to water- average space average 10-pan non-flue
under the collection density® (4 pans) density* average pan
water- pans average‘ densitycd density°¢
collection MPa
system m m m (bar) mm/min mm/min mm/min mm/min mm/min
0,24
2 0 3,04 3,04 23,3 NR NR NR NR
(2,4)
0,24
2 3,66 0 1.27 18.0 NR NR NR NR
(2,4)
0,24
2 0 3,66 1,27 18,4 NR NR NR NR
(24)
0,36
2 3,04 0 1,27 NR NR 31,4 24,5 8,2
(3,6
0,36
2 0 3,04 1,27 NR NR 31,4 24,5 8,2
(3,6
0,36
4 3,04 3,04 1,27 27,7 NR NR NR NR
(3,6
0,24
4 3,04 3,04 3,04 35,1 NR NR NR NR
(24)
0,24
4 2,44 3,6 1,27 26,9 NR NR NR NR
(24)
0,36
4 3,04 3,04 1,27 NR NR 29,0 24,5 15,1
(3,6)
a L1 0,24 MPa (2,4 bar) tests are performed on a system fed fromath directions (double feed).
b L1l 0,36 MPa (3,6 bar) tests are performed on a system fed*rem one direction (single feed), except for the two-sprinklers, single-pipp tests which are
perfofmed on a double-feed system.
¢ R =No requirement (see Figures 5 to 9).
d \verage of the ten non-flue pans with the lowest water collection.

6.6

6.6.]

Whsd
shal

6.6.2

The

Function (see 7.6)

|  Lodgement (see-7:6.1)

n tested in acCordance with 7.6.1, the sprinkler shall open and, any lodgement of rel
be cleared Wwithin 10 s of release of the heat-responsive element.

Deflector strength (see 7.6.2)

deflector and its supporting parts shall not sustain significant damage as a result of t}

pased parts

he deflector

stre

gth test specitied in 7.6.2.

If minor damage is noted, testing in accordance with 6.5.1 can be done to demonstrate compliance.

NOTE

with

6.5.1.
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6.7 Service load and strength of sprinkler body (see 7.7)

6.7.1 The sprinkler body shall comply with the requirements of 6.7.1.1 or 6.7.1.2.

6.7.1.1 The sprinkler body shall not show permanent elongation of more than 0,2 % between the
load-bearing points of the sprinkler body after being subjected to twice the service load as measured

according to 7.7.1 or 7.7.2.

6.7.1.2 The sprinkler body shall not show permanent elongation of more than 50 % of the sprinkler
body with the design load being applied after being subjected to twice the assembly load as measured

according t¢ 7.7.3.

6.7.2 The|manufacturer shall specify the average and upper limit of the service or assembly load. These

values shalllnot be exceeded when tested in accordance with 7.7.1, 7.7.2, or 7.7.3 as applicable.

6.8 Strength of heat-responsive element (see 7.8)

6.8.1 When tested in accordance with 7.8.1, glass bulb elements shall have-a design strength lower
tolerance limit (LTL) on the strength distribution curve of at least twice the upper tolerance limit (JTL)
of the servife load distribution curve, based on calculations with a degtée of confidence (y) of 0,99 for
99 % of sarhples (P), based on normal or Gaussian distribution exceptwhere other distribution can be

shown to bg more applicable due to manufacturing or design factors, (See Figure 2).

average [serviee load
service load curve
UTL

1

1

2

3

4 LTL
5 average design strength
6

design strength curve

Figure 2 — Strength curve

6.8.2 A fusible heat-responsive element in the ordinary temperature range shall be designed to

a) sustain a load of 15 times its design load corresponding to the maximum service load measured
according to 7.8 for a period of 100 h when tested in accordance with 7.8.2.1, or
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b) demonstrate the ability to sustain the design load when tested in accordance with 7.8.2.2
(see Annex B).

6.9

Leak resistance and hydrostatic strength (see 7.9)

6.9.1 A sprinkler shall not show any sign of leakage when tested according to 7.9.1.

6.9.2 A sprinkler shall not rupture, operate, or release any parts when tested according to 7.9.2.

6.1(0-Heat-exposure{see 10}

6.10
The

6.10

Spri
or fa

6.11

Glas
shod
0,03

6.12

6.12
Whs

whig
6.12
NOT

Spri
cong

Folld
a)

.1 Glass bulb sprinklers (see 7.10.1)

e shall be no damage to the glass bulb element when the sprinkler is tested,according t

.2 All sprinklers (see 7.10.2)

nklers shall withstand exposure to increased ambient temperature without evidence
ilure when tested according to 7.10.2.

| Thermal shock for glass bulb sprinklers (see 7.11)

5 bulb sprinklers shall not be damaged when tested*according to 7.11. Following {
k exposure, the sprinkler shall comply with 6.6.1 (Function) when tested with an inlet
b MPa (0,35 bar).

Corrosion

.1 Stress corrosion for copper-based alloy components (see 7.12.1)

n tested in accordance with 7.124, each sprinkler shall show no cracks, delamination
h can possibly affect its ability to function as intended.

.2 Sulfur-dioxide/carbon-dioxide corrosion (see 7.12.2)

L

) In some countries this test is not mandatory.

hklers shall be resistant to sulfur dioxide/carbon dioxide saturated with water
itioned in accordance with 7.12.2.

wing exposure, glass bulb sprinkler samples shall either be

tested at 0,035 MPa (0,35 bar) in accordance with 6.6.1, or

b) meet the requirements of 6.14 in orientation A.

f weakness

he thermal
pressure of

or failures

apor when

Following exposure, half of the fusible element sprinkler samples shall be functionally tested
at 0,035 MPa (0,35 bar) only in accordance with 6.6.1 and the remaining samples shall meet the
requirements of 6.14 when tested in accordance with 7.14.1.2.

6.12.3 Hydrogen sulfide corrosion (see 7.12.3)

NOTE In some countries this test is not mandatory.

Sprinklers shall be resistant to hydrogen sulfide saturated with water vapor when conditioned in

aCco

rdance with 7.12.3.
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xposure, glass bulb sprinkler samples shall either be

tested at 0,035 MPa (0,35 bar) in accordance with 6.6.1, or

b) meetthe requirements of 6.14 in orientation A.

Following exposure, half of the fusible element sprinkler samples shall be functionally tested
at 0,035 MPa (0,35 bar) only in accordance with 6.6.1 and the remaining samples shall meet the
requirements of 6.14 when tested in accordance with 7.14.1.2.

6.12.4 Salt spray loading (see 7.12.4)

Sprinklers s

Following e

a)

b) meetth

Following
at 0,035 M

requiremen

6.12.5 Mo

Sprinklers
exposure, t

6.13 Wate

Sprinklers §

the test acc

6.6.1 and sh

(0,35 bar) o

6.14 Dyna3

ESFR sprin
7.141.1.

6.15 Resis

Open sprin
exposure, t
orifice it sh
deflector, it

tested 4

hall be resistant to salt spray when conditioned in accordance with 7.12.4.
kposure, glass bulb sprinkler samples shall either be

it 0,035 MPa (0,35 bar) in accordance with 6.6.1, or

e requirements of 6.14 in orientation A.

pxposure, half of the fusible element sprinkler samples shall“be functionally tg
Pa (0,35 bar) only in accordance with 6.6.1 and the remaining samples shall meef
ts of 6.14 when tested in accordance with 7.14.1.2.

st-air exposure (see 7.12.5)

bhall be resistant to moist-air exposure when tested in accordance with 7.12.5. Folloy
ne sprinklers shall be functionally tested at 0,05:MPa (0,5 bar) in accordance with 6.6.1

r hammer (see 7.13)

hall not leak during or after the pressure surges described in 7Z.13. After being subject
brding to 7.13, they shall show no sighs of mechanical damage, shall meet the requireme
all operate when functionally tested to the requirements of 6.6.1 at a pressure of 0,035
inly.

imic heating (see 7.14)

klers shall have anCRT1 of 36 (m-s)%°> when tested in orientations A and B as describé

tance to heat (see 7.15)

klers.shall be resistant to high temperatures when tested in accordance with 7.15. 4
ne sprinkler shall not fracture or break. If visual deformation is observed on the spriy

sted
the

ving

bd to
nt of
MPa

d in

\fter
kler

h[faneet the requirements of 6.4. If visual deformation is observed on the sprinkler franje or

shall meet the requirements of 6.5.1.

6.16 Vibration (see 7.16)

Sprinklers shall be able to withstand the effects of vibration without deterioration when tested in
accordance with 7.16. After the vibration test of 7.16, sprinklers shall show no visible deterioration and
shall meet the requirements of 6.9.1 and 6.14 when tested in accordance with 7.14.1.2.

6.17 Impact (see 7.17)

Sprinklers shall show no fracture or deformation, and shall meet the requirements of 6.9.1 and 6.14 in

orientation

10

A when tested in accordance with 7.14.1.2 after the impact test of 7.17.
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6.18 Rough usage (see 7.18)

A sprinkler shall withstand the effects of rough usage without deterioration of its performance
characteristics. Following 3 min of tumbling as described in 7.18, the sprinkler shall comply with 6.9.1

and 6.14 in orientation A when tested in accordance with 7.14.1.2.

6.19 Lateral discharge (see 7.19)

Sprinklers shall not prevent the operation of adjacent sprinklers when tested in accordance

AN

200
r-Avy)

6-2( Thll I'_'y' da'_y' lca}\asc X Calotﬂllcc (See
When tested in accordance with 7.20, sprinklers shall not leak or sustain any mechani
Follgwing exposure, the sprinklers shall meet the requirement of 6.9.1.

6.21 Vacuum resistance (see 7.21)

Sprinklers shall not exhibit distortion or mechanical damage and shall meet the leakage re
of 6.p.1 after being subjected to the testin 7Z.21.

6.22 Freezing (see 7.22)

Sprinklers shall be resistant to low temperatures when tested in accordance with 7.22. Aftd
the gprinkler shall either be visibly damaged, leak subsequent to thawing at a pressure no
0,05/ MPa (0,5 bar), or be undamaged. Sprinklers not,visibly damaged or leaking at a p
exceeding 0,05 MPa (0,5 bar) shall meet the requireménts of 6.9.1 and 6.14 in orientation A Y
in adcordance with 7.14.1.2.

6.23 Actual delivered density (ADD) (see 7.23)

with 7.19.

ral damage.

quirements

r exposure,
t exceeding
ressure not
when tested

ESFR sprinklers shall meet the minimum average densities shown in Tables 4 or 5, as appljcable when
meapured in accordance with 7.23.
Table 4 — ADD measurements K202
Number of Sprinkler Pipe Ceiling Freeburn Pressure | Directionof | Minimum Minimum
sprinklers spacing spacing clearance convective feed flow 16-pan flue space
ovef the ADD to water heatrelease average (4 pans)
apparatus collection ADD average?
pans
MPa
m m m kw (bar) mm/min mm/min
1 0 0 4,57 1318 0,34 Double 19,1 60,3
(34)
1 0 0 4,57 2636 0,34 Double 9,7 20,4
L2 40
(S
2 3,66 0 1,22 2636 0,34 Single 11,8 NR
(34)
2 0 3,66 1,22 2636 0,34 Double 14,2 NR
(3.4)
4 2,44 3,66 1,22 2636 0,34 Double 26,1 NR
(34)
a NR = No Requirement.
© IS0 2020 - All rights reserved 11
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Table 5 — ADD measurements K242

Number of Sprinkler Pipe Ceiling Freeburn Pressure | Directionof | Minimum Minimum
sprinklers over spacing spacing clearance convective feed flow 16-pan flue space
the ADD to water heatrelease average (4 pans)
apparatus collection ADD average?
pans
MPa
m m m kw (bar) mm/min mm/min
1 0 0 4,57 1318 0,24 Double 19,1 60,3
(2,4)
1 0 0 4,57 2636 0,24 Double 9,7 20,4
€253
2 3,66 0 1,22 2636 0,24 Single 11,8 NR|
(2,4)
2 0 3,66 1,22 2636 0,24 Double 14,2 NR|
(2,4)
4 2,44 3,66 1,22 2636 0,24 Double 26,1 NR|
(2,4)
a NR = No Refjuirement.

6.24 Thrust force measurements (see 7.24)

ESFR sprinklers shall meet the minimum thrust force requirements shown in Table 6 when test¢d in
accordance|with 7.24.

Table 6 — Thrust

Pressure fpr sprinklers | Direction of feed flow | Ceiling clearance to | Minimum required thrjst
k202/k242 thrust plate
MPa kPa
(bar) m (mbar)
0,3§/0,24 Double 1,2 0,071
(3,4/2,4) (0,71)
0,3#/0,24 Dguble 2,1 0,044
(3.4/2,4) (0,44)
0,5[1/0,36 Single 2,1 0,10
(5,1L/3,6) (1,00)

6.25 Dezincification of brass components (see 7.25)

NOTE I1} some'countries, this test is not mandatory.

Sprinkler components that are made of a copper alloy containing more than 15 % zinc and normally
exposed to system water shall not exhibit the following after exposure to a copper chloride solution for
144 hours:

a) An average dezincification depth exceeding 100 um; and

b) Anindividual reading of dezincification depth exceeding 200 pm.

6.26 Stainless steel components (see 7.26)

NOTE In some countries, this test is not mandatory.
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Sprinklers having components consisting of stainless steel alloys shall be subjected to 7.26. The
stainless steel components shall not show evidence of fracture, distortion or impending separation
from the frame unless tested as described in 7.26.2.4.

6.27 Protective covers (see 7.27)

NOTE In some countries, it is required to use the protective covers as described in this clause.

6.27.1 Sprinklers may be equipped with protective covers that are designed to remain in place during
installation and be removed before the sprinkler system is placed in service.

6.27
prot|

6.27
covel

6.27
elen
shal

7.1

The
part
Test
Spri

Unle
7.2

7.2.]

The
Clayl

7.2.1

.2 Glass bulb sprinklers equipped with protective covers shall comply with themy
bctive covers and marking requirements, 7.27 and 8.2.

r shall remain in place when tested as described in 7.27.

4 Protective covers shall be designed not to allow damage to thé-sprinkler and the H
ent during assembly of the sprinkler; installation of the sprinklefxahd removal of the coy
be possible without tools unless specified by the manufacturer.

Test methods

General conditions

following tests shall be conducted for each¢type of sprinkler. Before testing, precise
5 and the assembly shall be submitted together with the appropriate specifications (usi
5 shall be conducted at a room temperatutre of (20 £ 5) °C, unless other temperatures ay

ss otherwise stated, the tolerances given in Annex C shall apply.
Examination

| Preliminary examination

construction shall be examined to ensure that it complies with the requirements of C
Se 5.

P Visual examination

Befolre testing, examine the sprinklers visually with respect to the following:

hklers shall be tested with all the components required by their design and installation]

act test for

.3 A glass bulb sprinkler, with the protective cover installed, shall not be damaged or leak and the

eat-sensing
er. Removal

Hrawings of
ng SI units).
e indicated.

lause 4 and

a) marking,

b) conformity of the sprinklers with the manufacturer’s drawings and specifications, and

c) obvious defects.

7.3

Operating temperature test (see 6.3)

7.3.1 Test of static operation

Ten sprinklers shall be heated from a temperature of (20 + 5) °C to a temperature of (2032 ) °C below

their nominal operating temperature. The rate of increase in temperature shall not exceed 20 °C/min

© IS0 2020 - All rights reserved
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and the temperature shall be maintained for 10 min. The temperature shall then be increased at a
of (0,5 + 0,1) °C/min until the sprinkler operates.

rate

The nominal operating temperature shall be ascertained with equipment having an accuracy of £0,25 %

of the nominal temperature rating.

The test shall be conducted in a liquid bath. Sprinklers having nominal operating temperatures of
<80 °C shall be tested in a bath of demineralized water. Sprinklers with higher-rated elements shall be

tested in a bath of glycerin, vegetable oil or synthetic oil.

The sprinklers shall be located in the l1qu1d bath in a vertlcal pos1t10n and totally 1mmersed under a

liquid coverefsa ik 3 ok ; ;
the geometric center of the glass bulb or fusible element The test zone shall not be less than 35
below the liquid surface level. The temperature deviation within the test zone shall be withinx0;2%

NOTE Itlis preferred to have the test zone at (40 + 5) mm below the liquid surface level.

elwvith

mm
E oC

Any rupturg of a glass bulb within the prescribed temperature range constitutes anoperation. Partial

or completp operation of any heat responsive element within the prescribed‘temperature r
shall constitute an operation. Partial fracture of any glass bulb or incompleté.aperation of any
responsive lelement shall necessitate verification of function through an additional 50 samples b
tested in acfordance with 7.3.2.

An examplg of a standardized liquid bath is shown in Figure 3. A laboratory temperature-measu
device, calibrated to a depth of 40 mm immersion, shall be used to determine temperatures of lig

hnge
heat
eing

ring
uids

in bath testjs and the operating temperature. The bulb of the thefimometer shall be held level with the

sprinkler operating parts by a support member. To control ghé temperature in the thermal ba
PT100 IEC $0751 resistance thermometer or equivalent may\be used.

th, a
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Dimensions in millimetres

$250
$180

240

hgitator motor (A50-rpm)

thermometer‘edlibrated for 40 mm immersion and either PT-100 or thermocouple
iquid level

Fing te-support sprinklers

Houble wing agitator (100 mm x 20 mm)

llUb}l SLIECII
standard glass vessel
desiccators, @250, liquid volume, approx. 7 1

O 0 N O U1 » W N -

immersion heater

Figure 3 — Example of a liquid bath test apparatus

7.3.2 Fifty previously untested sprinklers shall be placed on their threaded inlets in a programmable
oven circulating air at ambient temperature. The temperature in the oven shall be steadily raised to
(11,1 £ 1,1) °C below the nominal temperature rating of the sprinklers over a 20 min period. Once this
temperature is reached, the oven shall be maintained at constant temperature for a period of at least

© IS0 2020 - All rights reserved 15
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20 min. The temperature shall then be raised at a constant rate of 0,5 °C + 0,3 °C per minute until all
sprinklers operate. Partial fracture of a glass bulb or partial operation of a fusible element, i.e. strutting,
shall be deemed a failure.

NOTE It is not necessary to meet the operating temperature limits of 6.3 in this test.

7.4 Water flow constant test (see 6.4)

The sprinkler shall be mounted with a pressure gauge on a supply pipe an example of which is shown in
Figure 4. Four sprinklers shall be tested. The frame arms and deflector of sprinklers shall be removed
to facilitate testing. The water flow shall be measured at pressures of 0,10 MPa to 1,0 MPa (1,0 bar to
10 bar) at iptervals of 0,1 MPa (1 bar). In one series of tests, the pressure shall be increased to, pach
interval, anf], in the other series, the pressure shall be decreased from 1,0 MPa (10 bar) to eachiinteyval.
The K-fact(}' shall be calculated for each flowing pressure and the K-factor shall be averaged-for pach

series of readings. Each calculated K-factor and the average K-factor for each series shall’be'within the
limits specified in 6.4. During the test, pressures shall be corrected for differences in height between
the gauge and the outlet orifice of the sprinkler.
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Dimensions in metres

, 915
3 300

2 s

QRN
%._._\._E_._._\ﬁgﬁ_._._ﬂ
1 AN
e i}
4 ~— 7

25 4

b) c)

Key
vater source inlet
bipe

pressure gauge
piezometer ring
coupling (typical)
sprinkler
brooved-end cap
yalve for air relief

O© 0 N O U1 o W N =

nlet of tapped hole with nominal 12 mm radius

-
o

flat surface of end cap

Juny
=

tapped opening to accommodate the size of the inlet thread

Figure 4 — Example of a water flow test apparatus

7.5 Water distribution tests (see 6.5)

Test three samples, or sets of samples, to the requirements given in Table 2 or Table 3 as applicable.
Operate all samples by applying a heat source to remove the heat-sensitive element. The sprinkler test
area shall be designed as shown in Figures 5, 6, 7, 8 and 9. Construct the water-collection apparatus in

© IS0 2020 - All rights reserved 17
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accordance with the specifications given in Figure 9. Locate the test apparatus in a room of sufficient
volume so as to minimize the entrainment of additional water spray. Prevent any drafts or other air
movement from entering, or leaving, the test area.

Cover the water-collection system, Figure 9, until the required pressure has been obtained. At that
time, quickly remove the cover in such a manner as to not cause water collected on top of the cover to be
deposited into the collection pans. Conduct this test for a period of 5 min. At the conclusion of the test,
immediately place the cover over the collection pans to prevent any further water from being collected
in the pans.

Dimensions in metres

0,4

85

0,6 7 0,6

Key
1 suspended ceiling

Figure 5 — Minimum dimensions of the water distribution collection apparatus
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Dimensions in metres

3.4

0,6

11

Key

LN W N

58

1,1

l

| _ Indicates piping located below the ceiling (see Figures.8yand 9).
bipe [#100 nom. (mm)]

bipe [@75 nom. (mm)]

bprinkler pipe (350 mm)

manifold under ceiling (50 mm)

Water flow.

Figure 6 — Overhead piping configuration for water-distribution-collection apparatus

© IS0 2020 - All rights reserved
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Dimensions in metres

\D~
o
/
. |
I 1 I
I C ? I
I I
I I =
| X |
I I
| |
= - —— I
| 2 |
I <~ I
| X |
I I
I I
- -
| 1 |
O S
3.4 0,6
I
1
3 2 A 2 3
3 \ \
> 7 — 3
5 5
6
Key
1 pipe mapifold [ | sprinkler location — single sprinkler test
2 pipe [@#50 nom. (mm)] X sprinkler location — two-sprinkler test
3  pipe plug a 300 mm minimum length.
4 threade]: cross (50 mm x50/mm x 50 mm)
5 threadedl tee (50 mm %50 mm x 50 mm)
6 nominalfeed linedrgm above the ceiling
with reducer (275 mm)
NOTE S¢é-Tables 2 or 3, as applicable for pipe spacing.

Figure 7 — Single sprinkler piping configuration for the water-distribution-collection
apparatus
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Dimensions in millimetres

3,64
\D~
(=)
/
I |
| 1 |
T |
7
! X | X |
i | i
T
| : |
| X | X |
| | |
| ! |
I C 5 I
| |
| |
S R
3,4 0,6
|
1
3 2 L 2 3
3 \ \
s =T - 3
5 36 5
6
|
|
7\ | Q
_.Ag.___ L _._.é__
7 |
2 B
Key
1 pipe manifold [ | sprinkler location — single sprinkler test
2 pipe [#50 nom. (mm)] X  sprinkler location — two-sprinkler test
3  pipe plug a 300 mm minimum length.
4  threaded cross (50 mm x 50 mm x 50 mm)
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5 threaded tee (50 mm x 50 mm x 50 mm)
6  nominal feed line from above the ceiling with reducer (375 mm)
7  threaded pipe

NOTE See Tables 2 or 3, as applicable for pipe spacing.

Figure 8 — Multiple-sprinkler piping configuration for the water-distribution-collection

apparatus
Dimensions in millimetres
2152
1
N 0
(=4
2
1
500 152
Key
1  fluespage Top surface of collection pans to be 21 000 mm above solid floor surface.

Figure 9 — Collection pan assembly for water distribution collection apparatus

7.6 Function test (see 6.6)
7.6.1 Lodgement test (see 6.6.1)

7.6.1.1 Automatic sprinklers of any temperature rating shall be individually tested. Each sample shall
be installed in its intended installation position on a rigid piping arrangement and supplied with flowing
water. Tests shall be conducted using a single-feed (Figure 10 or 11) and a double-feed (Figure 12) water
supply arrangement. The test pressures and number of samples tested at each pressure using each
water supply configuration are specified in Table 7. Each sample shall be operated by exposing the heat
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responsive element to a uniform application of heat. The service pressure and the action of the operating
parts, when releasing, shall be observed to determine compliance with these requirements.

7.6.1.2 The flowing pressure shall be at least 75 % of the initial operating pressure.

1 2 3. & 5 6

o

i
L[

|
= =]

300 mm 200 mm
L

Key
1 B2 mm nominal elbow (outlet as required)
2 B2 mm nominal steel pipe
3 B2 mm x 50 mm nominal reducer
4 b0 mm nominal steel pipe
5 p0 mm nominal grooved coupling
6  pleed line
NOTE All dimensions are nominal size.

Figure 10 — Typical single feed lodgement test arrangement
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///

610 [24]

=
= 3
250 [10]
6
b !
ol I
! 7' -
620 [24] 520 [20]

threade11 connection to sprinklers

Key

1  oven air|vents

2 gauge pipe

3 window,

4  door

5

6  heatsource

7  water discharge

24

Figure 11 — Typical function test oven
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&) o)
500 mm 2

Key

1  pO0 mm nominal steel pipe (typical)

2 p0 mm nominal elbow

3  pleedline

4 b0 mm nominal grooved coupling (typical)

5 p0 mm nominal steel pipe (typical)

6  p0 mm nominal tee (outlet as required)

a2 ['ypical.

Figure 12 — Typical double feed lodgement test arrangement
Table 7 — Lodgement test pressures and number of test samples
Test pressure? Water supply arrangement Number of test samplesP
MPa bar
0,035 0or 0,05 0,350r 0,6 Single Feed 5
0,035 or 0,05 0,35 or 0;5 Double Feed 5

0,17 1,7 Single Feed 5
0,17 1,7 Double Feed 5
0,35 3,5 Single Feed 5
0,35 3,5 Double Feed 5
0,52 5,2 Single Feed 5
0,52 5,2 Double Feed 5
0569 6,9 Single Feed 5
0,69 6,9 Double Feed 5
0,86 8.6 Single Feed 5
0,86 8,6 Double Feed 5
1,0 10 Single Feed 5
1,0 10 Double Feed 5
1,2 12 Single Feed 5
1,2 12 Double Feed 5

The flowing pressure shall be at least 75 % of the initial operating pressure.

a2 Mandatory test pressures include 0,035 or 0,05 MPa (0,35 or 0,5 bar), 0,35 MPa (3,5 bar), and the rated pressure.

b Testing using each temperature rating may be required in some countries.

7.6.1.3 Lodgement is considered to have occurred when one or more of the released parts lodges in
the deflector frame assembly.
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7.6.2 Deflector strength test (see 6.6.2)

In order to check the strength of the deflector, three sprinklers shall be submitted to the function test
in each normal mounting position at a pressure not less than the rated pressure. The water shall be
allowed to flow at a residual pressure not less than the rated pressure for a period of 30 min.

7.7 Service load and strength of sprinkler body (see 6.7)

7.7.1 Tes

t option 1

7.7.1.1 The service load shall be measured on a minimum of 10 sprinklers by securely installing

sprinkler, at
hydraulic pj

7.7.1.1.1

room temperature, in a tensile/compression test machine and applying the equivalent
essure equal to the rated pressure at the inlet.

Alternatively, the service load may be determined by measuring the assembly load

adding a calculated or measured value of the force equivalent to a hydrostatic pressure.equal to the j

pressure at

the inlet.

7.7.1.2 A indicator capable of reading deflection to an accuracy of 0,001 mm'shall be used to mea

any change
of the sprin
account.

7.7.1.3 Re
by a suitabl
indicator.

7.7.1.3.1
the indicatg
hydrostatic

7.7.1.3.2
average ser

7.7.1.3.3

kler shank thread in the threaded bushing of the test machine shall be avoided or taken

lease hydraulic pressure, if applied, and remove the-heat-responsive element of the sprif
e method. When the sprinkler is at room temperature, make a second measurement usin

Apply an increasing mechanical load to.the sprinkler, at a rate not exceeding 500 N/min,
r reading at the deflector end of the sprinkler returns to the initial value achieved u
load. Record the mechanical load rieeéssary to achieve this as the service load.

ncrease the applied load progressively at a rate not exceeding 500 N/min until twicg
Vice load has been applied. Maintain this load for (15 £ 5) s.

7.7.2 Test option 2

A minimu

of 10 samples shall be individually mounted into a solid fixture and the pipcap/seat, sp

and frame for orientdtion purposes shall be marked to record the original assembled position. A

Remove the load andeempare the permanent elongation with the requirement of 6.7.1.1.

kach
of a

and
ated

sure

in length of the sprinkler between the load bearing points of th€ sprinkler body. Moveinent

into

1kler
b the

until
nder

the

ring,
dial

indicator sHallbedocated on the bottom of the sprinkler, through the waterway and in contact with the
bottom of thé-pipcap/seat. The indicator gauge shall be indexed to zero reading.

The glass bulb element shall be fractured and removed using pliers or another mechanical device. The
compression screw shall then be removed from the sprinkler. The components (spring and pipcap/seat)
shall be reassembled in the waterway. A hydraulic ram (or other device) shall be set with a load cell on
the top of the sprinkler with an extended ram through the setscrew hole and in contact with the pipcap/
seat. A load shall then be applied to the pipcap/seat so as to compress the spring to its original position
and held for 10 min, after which the load that the cell is reporting shall be recorded and is considered
the assembly load. After the reading is taken, apply additional load to the pipcap/seat to verify that the
spring is not in the flat position.

Springs used in this test shall have been preloaded to the nominal assembly load.

If this test methodology is used to calculate the assembly load, then preloaded springs shall be used in
production of the sprinklers.
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7.7.3 Test option 3

7.7.3.1 The assembly load shall be measured on a minimum of 10 sprinklers by securely installing
each sprinkler at room temperature in a tensile/compression test machine.

7.7.3.2 An indicator capable of reading deflection to an accuracy of 0,001 mm shall be used to make
the first measurement of any change in length of the sprinkler between the load bearing points of the
sprinkler body. Movement of the sprinkler shank thread in the threaded bushing of the test machine shall

be avoided or taken into account.

7.7.]
is at

7.7.]
500
initi

7.7.1
asse

7.7.3
requ

NOTE

the
diffe

7.8
7.8.

7.8.
the s
(250

7.8.

may
acco
whig

7.8.]
for b

1

8.3  Remove the heat-responsive element of the sprinkler by a suitable method. When-t
room temperature, make a second measurement using the indicator.

8.4 Mechanical load shall be applied progressively to the sprinkler at a ‘rate no
N/min until the indicator reading at the first measurement point of thecsprinkler ref

8.5 Increase the load progressively at a rate not exceeding 500-Nmin until twice th{
nbly load has been applied. Maintain this load for (15 + 5) s.

irement of 6.7.1.2.

»

An amount of change in the length of sprinkler body while applying its assembly
ifference between the first and second measurements. The amount of permanent elongatio
rence between the second and third measurements,

Strength of heat-responsive element test (see 6.8)
Glass bulbs

|.1 At least 55 glass bulbs.ofieach bulb type shall be positioned individually in a test f]
prinkler seating parts. Each bulb shall then be subjected to a uniformly increasing force
* 25) N/s in the test machine until the glass bulb fails.

.2 Each test shall'be conducted with the bulb mounted in new seating parts. The s
be reinforced{externally or manufactured from hardened steel (Rockwell Hardness

h does notyinterfere with bulb failure. Record the crush force for each bulb.

| .34 Using the lowest 50 measured bulb strength results, calculate the average strength
ulb’strength (see Annex A). Using the values of service load recorded in 7.7.1, calculate

he sprinkler

[ exceeding
urns to the

] value achieved. Record the mechanical load necessary to achieve this as the assembly load.

b average of

8.6 Remove the load and take a third measurement. Conipare the permanent elongation with the

load will be
h will be the

xture using
at a rate of

pating parts
C44 + 6) in

rdance withthe specifications of the sprinkler manufacturer to prevent collapse, but in a manner

and the LTL
the UTL for

the sprinkler release element service load (see Annex A). Verify compliance with 6.8.1.

7.8.2 Fusible elements

7.8.2.1 Determine compliance with the requirements of 6.8.2(a) by subjecting at least 10 samples to
15 times the maximum design load for 100 h. Abnormal failures, those not related to evaluation of the
fusible material, shall not be used; however, valid results from at least 10 samples shall be obtained.

7.8.2.2 Determine compliance with the requirements of 6.8.2(b) by subjecting fusible heat-responsive
elements to loads in excess of the maximum design load, L; which will produce failure within and
after 1 000 h (see Annex B). At least 10 samples shall be subjected to different loads up to 15 times
the maximum design load. Abnormal failures shall be rejected; however, valid results from at least
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10 samples shall be obtained. Plot a full logarithmic regression curve using the method of least squares,

and from th

is, calculate the load at 1 h, L, and the load at 1 000 h, Ly, where

Ly<1,02Ly? / Ly;

where

Ly

is the maximum design load;

Ly istheload at1 000 h;

Ly ist

7.8.2.3 The tests of 7.8.2.1 and 7.8.2.2 shall be conducted at an ambient temperature of (20 ¥ 3) °(.

7.9 Leak

7.9.1 Twg
the rated pr

Increase th
[(1£0,3)b
After the p
than 5s. M
(0,1 +0,03)
of 6.9.1.

7.9.2 Foll
the rated pr
to four timg

rated presstyire for 1 min. The sprinkler shall meet the requirements of 6.9.2.

7.10 Heat

7.10.1 Gla

Four glass b
(preferably
The rate of
rated releas

This tempe
bubble dissg

he load at 1 h.

resistance and hydrostatic strength tests (see 6.9)

nty sprinklers shall be tested. They shall be subjected to a water pressure equal to two t
essure.

e pressure from 0 MPa (0 bar) to the value noted above-at a rate of (0,1 + 0,03) M
ir/s], maintain the pressure for a period of 3 min and then.allow it to fall to 0 MPa (0
Fessure has dropped to 0 MPa (0 bar), increase it to~0,05 MPa (0,5 bar) within not 1
hintain this pressure for 15 s and then increase it t6&3’MPa (10 bar) at a rate of increa

bwing the test of 7.9.1, the 20 sprinklers shall be subject to a water pressure equal to 4 t
essure. Fill the sprinkler inlet with wateriat (20 + 5) °C and vent it of air. Increase the preg
s the rated pressure at a rate not exceeding 0,1 MPa/s (1 bar/s). Maintain at four time

exposure test (see 6.10)

ks bulb sprinklers (see-6.10.1)

ulb sprinklers having nominal release temperatures of <80 °C shall be heated in a water
distilled watet) from (20 + 5) °C to (20 + 2) °C below their nominal operating tempera
ncrease intemperature shall not exceed 20 °C/min. A suitable fluid shall be used for hig
e elements!

rature~shall then be increased at a rate of 1 °C/min to the temperature at which thg
olves, or to a temperature 5 °C lower than the lower limit of the tolerance range o

mes

[Pa/s

bar).
nore
e of

MPa/s [(1 + 0,25) bar/s], and maintain it for 15 s. Edch sprinkler shall meet the requirement

mes
sure
5 the

bath
fure.
her-

gas
F the

operating t

4+ laial P | R +] I I | £ £l 1: 1l 4] | 11
.,llllJCl dlUul'c, WIIILIITVTT 15 TUVVUI. IN\CI1IUVTU L1IT Dl}l ITTNITT TTUIIT UIIT llblulu Udlll daiiu aiiuvv

it to

cool in air until the gas bubble has formed again. During the cooling period, the pointed end of the
glass bulb (seal end) shall be pointing downwards. This test shall be performed four times on each of
4 sprinklers.

7.10.2 All sprinklers (see 6.10.2)

Twelve sprinklers shall be exposed for a period of 90 days to a high ambient temperature that is given
in Table 8. After exposure, 4 of the sprinklers shall be subjected to the requirements of 6.9.1 and 6.14 in
orientation A, 4 sprinklers to the requirements of 6.6.1 [two at 0,035 MPa (0,35 bar) and two at 1 MPa
(10 bar)] and 4 sprinklers to the requirements of 6.3. If a sprinkler fails a test, 8 additional sprinklers
shall be tested as described above and subjected to the test in which the failure was recorded. All 8
sprinklers shall pass the test.
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Table 8 — Test temperatures for sprinklers

Marked nominal Sprinkler test
temperature rating temperature
68°Cto 74 °C 52°C
93 °Cto 104 °C 79 °C

7.11 Thermal shock test for glass bulb sprinklers (see 6.11)

7.11.1 Before starting the test, condition at least five sprinklers at (20 + 5) °C for at least 30 min.

7.11.2 Sprinklers having nominal operating temperatures less than or equal to 80 °C shalkb tested in a
bath| of de-mineralized water. Sprinklers with higher-rated elements shall be tested in|a bath of suitable
fluid. The temperature of the bath shall be (10 = 0,5) °C below the lower limit of the tolerancerange of the
opetfating temperature of the sprinklers. After 5 min, remove the sprinklers framthe bath and immerse
themp immediately in another bath of liquid (de-mineralized water), with the bulb seal downwards, at a
temperature of (10 + 0,5) °C. Then test the sprinklers in accordance with 6:6.1at 0,035 MPa (0,35 bar).

7.12 Corrosion tests

7.12.1 Stress corrosion for copper-based alloy components.test (see 6.12.1)

Five|sprinklers without any plating or coating shall becsuibjected to the following aqueoys ammonia
test|The inlet of each sample shall be sealed with a nonreactive (e.g. plastic) cap.

Degrease the samples to be tested and then exposé them for 10 d to a moist ammonia-air rpixture in a
glas$ container.

An dqueous ammonia solution, having a density of 0,94 g/cm3, shall be maintained in thg¢ bottom of
the ¢ontainer, approximately 40 mm below the bottom of the samples. A volume of aqueoys ammonia
solution corresponding to 0,01 ml/em* of the volume of the container will give approxjimately the
following atmospheric concentrations: 35 % ammonia, 5 % water vapor, and 60 % air.

The [moist ammonia-air mixture shall be maintained as closely as possible at atmospherjc pressure,
with the temperature maintainied at (34 + 2) °C. Provision shall be made for venting the chpmber via a
capillary tube to avoid th€build-up of pressure. Specimens shall be shielded from dripping fondensate.
The|glass container shall be placed in an enclosure which shall be heated uniformlyfto prevent
condensate on the testsample.

Aftef exposure;rinise and dry the sprinklers, and conduct a detailed examination. Ifa crack, delamination
or fdilure of any operating part is observed, the sprinkler(s) shall be subjected to a leak redistance test
at 1,2 MPa12bar) for 1 min and to the function test at 0,035 MPa (0,35 bar) only. See 6.9 and 6.6.1.

SpripKlers showing cracking, delamination or failure of any non-operating part shall not show evidence
of separatiomrof permmarentty attached partswhemsubjectedtoaflowing pressureof 1;2¥Pa (12 bar)
for 30 min.

7.12.2 Sulfur dioxide/carbon dioxide corrosion test (see 6.12.2)

Subject 8 sprinklers to the following moist sulfur-dioxide/carbon-dioxide corrosion test. Fill the inlet of
each sample with deionized water and seal it with a non-reactive cap, e.g. plastic.

Use test equipment consisting of a vessel made of non-reactive material, with a lid of such a shape as to
prevent condensate dripping on the sprinklers. Regulate the heating of the vessel so as to maintain the
temperature inside the vessel at (25 * 3) °C. Shield specimens from dripping condensate.

Suspend the sprinklers to be tested in their normal mounting position under the lid inside the vessel.
Sulfur dioxide and carbon dioxide shall be supplied to the test chamber from commercial cylinders.
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Introduce an amount of sulfur dioxide equivalent to 1 % of the volume of the test chamber, and an equal
volume of carbon dioxide, into the chamber each working day. Maintain a small amount of potable or
de-mineralized water at the bottom of the chamber.

Conduct the test for a period of 10 d. After a total of 10 d, remove the samples from the container and
allow them to dry for 1 d to 5 d at a temperature not exceeding 35 °C with a relative humidity no greater

than 70 %.

After the drying period, the samples shall be tested as described in 6.12.2.

7.12.3 Hydrogen sulfide corrosion test (see 6.12.3)

Subject 8 s
with deioni

rinklers to the following moist hydrogen-sulfide corrosion test. Fill the inlet of each)sai
yed water and seal it with a non-reactive cap, e.g. plastic.

Use test eqyipment consisting of a vessel made of non-reactive material, with a lid of such a shape

prevent con
temperaturi

Suspend th
Hydrogen-s
amount of K
working da

Conduct thg
allow them
than 70 %.

After the dy

7.12.4 Sal

Ten sprinkl
filled with Y

During the
sprinklers

e inside the vessel at (25 + 3) °C. Shield specimens from dripping condensate.

e sprinklers to be tested in their normal mounting position under’the lid inside the v¢
ulfide shall be supplied to the test chamber from a commergial cylinder. Introduc
ydrogen-sulfide equivalent to 1 % of the volume of the test chamber into the chamber
. Maintain a small amount of water at the bottom of the chainber.

test for a period of 10 d. After a total of 10 d, removethe samples from the container
to dry for 1 d to 5 d at a temperature not exceeding 35:°C with a relative humidity no grg

ying period, the samples shall be tested in accerdance with 6.12.3.

[ spray loading test (see 6.12.4)

ers shall be exposed to a salt spraywithin a fog chamber. The inlet of each sample sha
vater and sealed with a nonreactive (e.g. plastic) cap.

nave been filled with deienized water. The salt solution shall be a 20 %-by-mass soq

corrosive exposure, the inlet'thread orifice shall be sealed by a nonreactive cap after

nple

as to

densate dripping on the sprinklers. Regulate the heating of the vessel so 45)t6 maintaim the

ssel.
£ an
each

and
ater

1l be

the
lium

chloride so
1,126 g/ml
chamber sh
exposed to
zone shall |
once per da
be opened),

ution in deionized water. The pH shall be between 6,5 and 7,2 and the density between
hnd 1,157 g/ml when'atomized at 35 °C. Suitable means of controlling the atmosphere in the
all be provided.Ahe specimens shall be supported in their normal operating positionf and
the salt spray{fog) in a chamber having a volume of at least 0,4 m3, in which the exposure
e maintainéd-at a temperature of (35 + 2) °C. The temperature shall be recorded at |east
y, at least~7¢h apart (except weekends and holidays when the chamber normally would not
Salt selution shall be supplied from a recirculating reservoir through air-aspirating nozzles,
at a pressure of between 0,07 MPa (0,7 bar) and 0,17 MPa (1,7 bar). Salt solution runoff from exppsed
samples shall’be collected and shall not return to the reservoir for recirculation. Specimens shall be
shielded fromrdrippimgcondensate:

Fog shall be collected from atleast 2 points in the exposure zone to determine the rate of application and
salt concentration. The fog shall be such that for each 80 cm? of collection area 1 ml to 2 ml of solution
shall be collected per hour over a 16 h period and the salt concentration shall be (20 + 1) % by mass.

The sprinklers shall withstand exposure to the salt spray for a period of 10 d. After this period, the
sprinklers shall be removed from the fog chamber and allowed to dry for 4 d to 7 d at a temperature
not exceeding (20 + 5) °C in an atmosphere having a relative humidity not greater than 70 %. After the
drying period, the samples shall be tested in accordance with 6.12.4.
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7.12.5 Moist air exposure test (see 6.12.5)

Five sprinklers shall be exposed to a high temperature-humidity atmosphere consisting of a relative
humidity of 98 % + 2 % and a temperature of 94 °C + 2 °C. For evaluation of dry type sprinklers, the
shortest length manufactured shall be used.

The sprinklers shall be installed on a pipe manifold containing deionized water. The entire manifold
shall be placed in the high temperature humidity enclosure for 90 d. After this period, the sprinklers
shall be removed from the high temperature-humidity enclosure and allowed to dry for 4 d to 7 d at
a relative humidity not greater than 70 %. Following the drying period, 5 sprinklers shall meet the
functional requirements of 6.6.1 at a pressure of 0,035 MPa (0,35 bar) only.

At the manufacturer’s option, additional samples may be furnished for this test to,'py
evidence of failure. The additional samples may be removed from the test chamber at30'd i
testing.

ovide early
ntervals for

7.13 Water-hammer test (see 6.13)

7.13.1 Five sprinklers shall be connected to the test equipment. After purging the air from the sprinklers

and [the test equipment, 100 000 cycles of pressure varying from (0,4%* 0,05) MPa [(4 *
twicp the rated pressure shall be generated. The pressure shall be raised at a minimum rate
(40 [bar/s) with no more than 60 cycles of pressure per minute. The pressure shall b
electronically with a pressure transducer.

7.13.2 Visually examine each sprinkler for leakage during the test. After the test, each spi
meef the leak resistance requirements of 6.9.1 and thefunctional requirement of 6.6.1 at a
0,03p MPa (0,35 bar) only.

7.14 Dynamic heating test (see 6.14)
7.14.1 Plunge test

7.14.1.1 Test orientations

Subject 10 sprinklers in eachynominal temperature rating to the plunge test in orientatic
in a¢cordance with 7.14.4.3: For sprinklers with symmetrical heat responsive elements
Orieptation A would bethe same as Orientation B. Testing in both positions is not require
the RTI as described iy 7.14.2 for each orientation.

7.14.1.2 Expaosure verification for plunge test

Subject thesprinklers to the plunge test in orientation A when tested in accordance with 7.1

Toct candibBionc
CTICTCUITTUTCIUTLS

7.1443

0,5) bar] to
of 4 MPa/s
b measured

inkler shall
pressure of

ns A and B
ind frames,
d. Calculate

4.1.3.

Conduct the plunge tests using a brass sprinkler mount. Apply 1 wrap to 1,5 wraps of PTFE sealant
tape to the sprinkler threads of the sprinkler under test. Screw the sprinkler into a mount to a torque
of (15 %= 3) N-m. Mount each sprinkler on a tunnel test section cover and maintain the sprinkler and its
cover in a conditioning chamber for a period of no less than 30 min.

Atleast 25 ml of water, conditioned to ambient temperature, shall be introduced into the sprinkler inlet
prior to testing. Test all sprinklers with the inlet end of each sample connected to a source of pressure
at (0,035 + 0,005) MPa [(0,35 + 0,05) bar].

NOTE In some countries, the water at the inlet is not required to perform the test.

A timer accurate to #0,01 s with suitable measuring devices to sense the time between when the
sprinkler is plunged into the tunnel and the time it operates shall be utilized to obtain the response time.
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A tunnel shall be used with air flow and temperature conditions at the test section (sprinkler location)
selected from the appropriate range of the conditions given in Table 9 to minimize radiation exchange
between the sensing element and the boundaries confining the flow, the test section of the apparatus
shall be designed to limit radiation effects to within +3 % of calculated RTI values.

Tunnel conditions shall be selected to limit maximum anticipated equipment error to 3 %.

The range of permissible tunnel operating conditions is given in Table 9. The selected operating
condition shall be maintained for the duration of the test with the tolerances as specified by Footnotes
aand b to Table 9.

NOTE A nnnnnnn +ad mn+l-. A F,w- An+nwm1n-“n radior: o n(—‘(-'nnf-n is bz ot ine-comparative nlhiynga tactc on a
SHE eSSt e Toa oGt cCrtititt Fattatiot 1€

TTto TS u_y COera et T COMrpaTratr e pProargt—TosTty

blackened (High emissivity) metalhc test spec1men and polished (low emissivity) metallic test specimen,

Table 9 — Range of plunge test conditions at test section (sprinkler location)

Nominal operating Air temperature Velocityrange
temperatures
°C °C m/s
57 to 77 129 to 141 2,4t02,6
79 to 107 191 to 203 2,4t02,6

Where resullts are shown to be equivalent, testing laboratories may use/other conditions.

7.14.2 RT]value calculation

Determine the RTI value using formula:

~t u

RTI=
In(1-AT,, /ATg )
where
t, i$ the response time, expressed. in seconds, of the sprinkler;
u i$ the actual air velocity,(expressed in metres per second (m/s), in the test section of the
tphinnel taken from Talsle 9;
AT,, i3 the temperaturedifference, expressed in degrees Celsius (°C), between the mean lig-

<

id-bath operafing temperature of the sprinkler and the ambient temperature;

AT, i3 the temperature difference, expressed in degrees Celsius (°C), between the actual air
temperature in the test section, corrected for radiation effects on the temperature sensing
Tvice, and the ambient temperature.

7.15 Resistance to heat test (see 6.15)

One sprinkler body shall be heated in an oven at 770 °C * 10 °C for a period of 15 min, with the sprinkler
in on its inlet thread. The sprinkler body shall then be removed, holding it by the threaded inlet, and
shall be promptly immersed in a water bath at a temperature of 15 °C.

NOTE In some countries, 650 °C is used instead of 770 °C for this test.
7.16 Vibration test (see 6.16)

7.16.1 Five sprinklers shall be fixed vertically to a vibration table and subjected at room temperature to
sinusoidal vibrations. The direction of vibration shall be along the axis of the connecting thread.
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7.16.2 The sprinklers shall be vibrated continuously from 5 Hz to 40 Hz at a maximum rate of
5 min/octave and an amplitude of 1 mm (1/2 peak-to-peak value). If one or more resonant points are
detected, the sprinklers, after coming to 40 Hz, shall be vibrated at each of these resonant frequencies for
120 h per number of resonances. If no resonances are detected, the vibration from 5 Hz to 40 Hz shall be

continued for 120 h.

7.16.3 After vibration, each sprinkler shall be subjected to the leak resistance requirement
the function requirement of 6.6.1 at a pressure of 0,035 MPa (0,35 bar) only.

7.17 Impact test (see 6.17)

of 6.9.1 and

Five
the

forr
plac
The
imp4

sprinklers shall be impact-tested by dropping a mass onto the deflector end of thespr
ixial centerline of the waterway. Sprinklers provided with protective covers, which a
emoval only after completion of the sprinkler installation, shall be impact tested with t

ict test, each sprinkler shall meet the requirements of 6.17.

7.18 Rough usage test (see 6.18)

Five
plac

Five
to pi
opp

e. The mass equivalent to that of a sprinkler shall be dropped from a heightof 1 m (se¢
dropped weight shall be prevented from impacting more than once upon>each sample. After the

sprinklers shall be tested. The sprinklers shall be permittedto be tested with a protect
b if the cover is intended to be removed from the sprinklerafter the sprinkler is installg

samples shall be individually placed in a vinyl-lined, right-hexagonal-prism-shaped dru
ovide a tumbling action. The drum is to have an axis'of rotation of 250 mm. The distan
psite sides shall be 300 mm. For each test, one sample and five 38 mm hardwood cul

nkler along
re intended
he covers in

Figure 13).

ive cover in

d.

m designed
ce between
bes shall be

placed in the drum. The drum shall be rotated at d\rev/s for 3 min. The sample shall be removed from

the dlrum, examined for signs of damage, and then subjected to the leakage test in 6.9.1 an
reqyirements in 6.14. in orientation A.

7.19 Lateral discharge test (see 6:19)

7.19.1 While discharging water at a service pressure of 0,69 MPa (6,9 bar), an open sprink

preveent the operation of a 57(°€\to 77 °C temperature-rated automatic sprinkler of the sar

resppnse located 1,83 m distant on an adjacent pipeline in the same horizontal plane.

7.19.2 A sprinkler having a nominal release temperature of 57 °C to 77 °C shall be installg

1 to the RTI

er shall not
ne type and

d on piping

1,83| m distant (center-to-center) from a second open sprinkler of the same type. The sprinklers shall

be op separate parallel pipelines with the frame arms parallel to the pipe and the sprinkle

located 355 mm below a flat ceiling. Water shall be discharged from the open sprinkler
presgure of 0,69 MPa (6,9 bar). After water flow is established, the automatic sprinkler shall

to the heatand flame from a 305 mm square pan 102 mm deep containing 0,47 | of heptans

the pan-shall be located 152 mm below the heat responsive element.

r deflectors
ht a service
be exposed
. The top of
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Dimension in millimetres

W RN —

X &

0 X
B4 1-0.13

12,7

|
m

0.06 x 45°

28.6

[ | |
I
! @165 !
Key
1 cold dravn seamless steel tubing
2  mass
3 latching|pin
4  adjustaljle brackets (2)
5 rigid support
6 sprinkl% support
a2 Length o be determined (length of required mass).

o

Cold finished steel.

Figure 13 — Impact test apparatus

7.20 Thirty-day leakage test (5ee 6.20)

7.20.1 Five sprinklers shall be installed on a water-filled test line maintained under a constant pressure
of 2 MPa (20 bar) for 30 d at an ambient temperature of (20 £ 5) °C.

7.20.2 The sprinklers shall be inspected visually at least weekly for leakage. Following the 30-day
period, all samples shall meet the leak resistance requirement specified in 6.9.1 and show no evidence of
distortion or other mechanical damage.
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7.21 Vacuum test (see 6.21)

7:2020(E)

Three sprinklers shall be subjected to a gradually increasing vacuum of up to 460 mm Hg?) applied to a
sprinkler inlet for 1 min at an ambient temperature of (20 + 5) °C. Following this test, each sample shall
be examined to verify that no distortion or mechanical damage has occurred and then shall meet the

leak

resistance requirement specified in 6.9.1.

7.22 Freezing test (see 6.22)

Five samples shall be individually attached to one end of a 100-mm length of 25-mm nominal diameter

stee
Each
shal
shal
for 1
acco

7.23

Take

Figulre 14. Calibrate the apparatus prior to use, using a fire-products-collector. The ADD app

cons
a nu|
the

size
a 15
simy
the f
colld
x 10
the ¢
leav

Inst
belo
cent

Prio
cony
the 1
for a

pipe using an appropriate fitting. A pipe coupling shall be attached to the opposite end

f each pipe.

assembly shall then be filled to capacity with water and sealed using a pipe plug. The
be exposed to a temperature of (=30 £ 5) °C for a period of 24 h. After exposure, [the
be allowed to thaw at room temperature and shall be tested for leakage at 0)05 M
5 s. Sprinklers which do not leak shall meet the requirements of 6.9.1 and 6.14 wh¢
rdance with 7.14.1.2.

} Actual delivered density (ADD) test (see 6.23)

measurements of the ADD on three samples or sets of samples,fusing a test apparatus

ist of two major components: a fire source and a simulatedcommodity. Use a fire source
mber of spray nozzles equally spaced on the circumferenc€ of a circle. Use heptane as
ire. Above the fire source, place a simulated commodity which approximates the ge
of a single tier rack-storage commodity of two palletloads deep and two pallet loads
2 cm flue space between the pallets. Install 16~Water-collection pans on the top su
lated commodity to collect water that reaches the top surface. Install four additional
ire source to collect water delivered to the flue space. Channel water collected by the
ctors of the ADD apparatus. Suspend a flat'horizontal ceiling with minimum dimensi
m above the ADD apparatus. Locate thé-test apparatus in a room of sufficient volume {
entrainment of additional water spray: Do not allow any drafts or other air movement
b, the test area.

1l the sprinkler(s) in the same*way as the non-fire measurements, i.e. with the deflq
v the ceiling with the frameé arms parallel to the sprinkler piping. Locate the spriy
reline 23 cm below the ¢eiling. Use sprinkler piping having a minimum nominal diametg

I to each measuremernt, ignite the heptane sprays. Adjust the heptane spray so as td
ective heat release'required. Stabilize the heptane flow at the selected flow rate corre
equired heat.felease. Once the fuel flow rate has been stabilized, discharge the water. |
minimum ef<0 min in accordance with the test programme specified in Tables 4 or 5, a

assemblies
e sprinklers
Pa (0,5 bar)
in tested in

ns shown in
aratus shall
containing
the fuel for
bmetry and
wide, with
rface of the
pans under
pans to the
bns of 11 m
0 minimize
to enter, or

ctor 35 cm
kler piping
r of 50 mm.

obtain the
sponding to
Run the test
5 applicable.

1

Millimetres of mercury. This is a deprecated unit. 1 mm Hg = 133, 322 4 Pa.
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ceiling 1

Dimension in millimetres
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collectign pans (16)

simulatgd commodity

fire source

collectid
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n pans (4) for flue space
el

st force test (see 6.24)

Figure 14 — Actual delivered density (ADD) test apparatus

prinkler in the thrust force apparatus asshown in Figure 15. Measure and record the thrust
ures specified in Table 6. Repeat the test two more times with different sprinklers.
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