INTERNATIONAL ISO
STANDARD 14520-1

Third edition
2015-12-01

Corrected version
2016-04-01

Gaseous fire-extinguishing'systems —
Physical properties and system
design —

Part 1:

General requirements

Systemes d’extinction.dincendie utilisant des agents gazeu
Propriétés physiques,et conception des systéemes —

~

Partie 1: Exigences générales

_ Reference number
—/@\— ISO 14520-1:2015(E)

ISO

I —
—_— ©1S0 2015


https://standardsiso.com/api/?name=111d3ddecf10afb17bf95dd196134210

ISO 14520-1:2015(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2015, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

WwWw.iso.org

ii © ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=111d3ddecf10afb17bf95dd196134210

Contents

ISO 14520-1:2015(E)

Page
FOT@WOTIT ... vi
IIETO@UICEIONN ... viii
1 S0P ... 1
2 Normative references
3 Terms and definitions
4' UDC aud };lu;tat;uua ......
4.1 General.......cooen
4.2 Extinguishants
4.2.1 Environmental properties
4.3 Electrostatic diSCharge...........iicicseiseseseseseses
4.4 Compatibility with other extinguishants
4.5 Temperature HMitations ...
5 SATEEY ..
5.1 Hazard to personnel....
5.2 Safety precautions......
521 General.... e
5.2.2  For normally occupied areas
5.2.3  For normally unoccupied areas..............
5.2.4  For unoccupiable areas
5.3 Occupiable areas. ... S
5.4 Electrical hazards
5.5 Electrical earthing
5.6  Electrostatic discharge.................
6 System design ... \04 ....................................................................................................................................... 12
6.1 General...... e, 12
6.2 Extinguishant supply....’\\ ....................................................................................................................................................... 12
6.2.1  Quantity 12
6.2.2  QUAlity...gu e
6.2.3  Contai rrangement. ...
6.2.4  Stor ontainers
6.3 Distribution, ...,
6.3.1 @eral ..............................................................................................................................................................
6.3.2 TPDITL e
6. ﬁ)% PGS oo
Pipe and valve supports...........coce...
3.5  Valves
6.3.6  Nozzles
,\?‘ 6.3.7  Pressure reducing orifice assembly
%.4 Detection, actuation and coONtrol SYSTEMS..........c..coiirsireses i)
0.4, T GEIIETAL ..o
6.4.2  Automatic detection...
6.4.3  OPEIatiNG AEVICES.....oooioooiiereeeeeeeee ettt
6.4.4  CONETIOL @QUEPITIEIIT ...ooooeir e
6.4.5  Operating alarms and indicators
6.4.6  HOIA SWILCRES. ..o
7 EXtinguishant SYStem d@SIZIN ... 18
7.1 GBIIETAL .. 18
7.2 Specifications, plans and @PPIrOVALS ... 19
7.2.1  Specifications. ...
7.2.2  Working documents....
7.3 System flow calculations...

7.3.1 LTS3 0 T=) ir= Y

© 1S0 2015 - All rights reserved iii


https://standardsiso.com/api/?name=111d3ddecf10afb17bf95dd196134210

ISO 14520-1:2015(E)

7.3.2  Balanced and unbalanced system....

7.3.3  Friction 10SSes.....ccisiirrsns

7.3.4  Pressure drop ...

7.3.5  Valves and fIEHINES ..o
7.3.6  PIPING IEINGEN .o

7.3.7  Drawings
7.3.8  Liquefied gases — Specific requirements

7.4 ENICIOSUIES ..o
7.5 Extinguishant concentration requirements..
7.5.1  Flame extinguishment...........ccccccc.
F+52—hertiierrereee—e—m—m—m "
7.6  Total flooding QUANTILY ... ) .
7.6.1  General.........
7.6.2  Liquefied gases .
7.6.3  NON-HQUETIEA GAS oo e -
7.7 Altitude adjustment..........cns
7.8 Duration of protection..
7.9 System performance.........
7.9.1  Discharge time..........cco.
7.9.2  Extended discharge
8 Commissioning and ACCEPTANICE. ...y St e .26
8.1 7 1 T<) - OO oo SO .26
8.2
8.2.3  Review of mechanical cOMPONENtS .. st e .27
8.2.4  Review Of encloSure INEEGIitY . ... e .
8.2.5 Review of electrical components;
8.2.6  Preliminary functional teStS. ... mhl e .
8.2.7  System functional operational teSt. ... .
8.2.8 Remote monitoring operations (if applicable)
8.2.9  Control panel primapy POWer SOUICE........ccvvrrsrrrsrssrree

8.2.10 Completion of functional tests.......
8.3 Completion certificate an@dOCUMENTATION. ... .
9 Inspection, maintenance, testing and trailing ..., .30
9.1
9.2 ISP ECTION . oy e .
9.2.1 (7<) 1) 2= | SO .
9.2.2 Container ...
9.2.3 HoSe .o
9.2.4\Enclosures
9.3 JAY 233 0 ) s = ) s Lol oS i
9.3.1 General
9.3.2  User’s programme Of iINSPECLION ... .32
9.3.3 YR TZ XIS ST=T6 [ 1 = 32
9.4 TTTAITIIILZ ek 32
Annex A (normative) WOTrKing dOCUIMIEIIES. ... 33
Annex B (normative) Determination of flame-extinguishing concentration of gaseous
extinguishants by the cup burner method ... 35
Annex C (normative) Fire extinguishment/area coverage fire test procedure for engineered
and pre-engineered extinguisShing UNIES ..., 41
Annex D (normative) Method of evaluating inerting concentration of a fire extinguishant........... 70
Annex E (normative) Door fan test for determining of minimum hold time................ 72
Annex F (informative) System performance verification ... 88

iv © ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=111d3ddecf10afb17bf95dd196134210

ISO 14520-1:2015(E)

Annex G (informative) Safe personnel exposure guidelines.................o e 89

Annex H (informative) Flow calculation implementation method and flow calculation
verification and testing for approvals

Bibliography ...

© ISO 2015 - All rights reserved v


https://standardsiso.com/api/?name=111d3ddecf10afb17bf95dd196134210

ISO 14520-1:2015(E)

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.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Foreword:

s drawn to the possibility that some of the elements of this document may-be the subjeq
ts. ISO shall not be held responsible for identifying any or all such patentrights. Detai
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

blanation on the meaning of ISO specific terms and €xpressions related to confory
L, as well as information about ISO’s adherence to.the WTO principles in the Techn
Trade (TBT) see the following URL: Foreword - Supplementary information

ttee responsible for this document is ISO/TC 21, Equipment for fire protection and fire fight
tee SC 8, Gaseous media and firefighting systenis using gas.

edition cancels and replaces the second edition (ISO 14520-1:2006), which has b
revised. It also incorporates ISO 14520-1:2006/Cor 1:2007 and ISO/TS 20885:2003.

'ted version of ISO 14520-1:2015.incorporates the following corrections.
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maximum

merator within brackets in Formula 4 has been corrected (from C to 100).
merator within brackets in Formula C.2 has been corrected (from € to 100).
mportant chainges in the third edition are as follows.

'e given tocalculate the effects of atmospheric pressure on the inert gases.

rge time for inert gas agents has been increased from a maximum of 60 seconds {
pf120 seconds for the protection of Class A hazards.

the details of documents that.ISO 14520-1:2015 cancels and replaces have been amended.
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The height at which agent concentrations are to be held following a discharge, and during the hold time,
has been revised to reflect the height of the protected hazard replacing the previous requirement of
10%, 50% and 90% of the enclosure height.

Annexes B, C and E have been modified to reflect experience gained in the areas covered by these
Annexes, since the last edition.

Annex H has been amended to reflect the content of what was previously ISO/TS 13075.

Certain environmental data has been added in the specific agents parts of ISO 14520 and an explanation
and advice on where additional information can be found has been added as Clause 4.2.1.

ISO 14520 consists of the following parts, under the general title Gaseous fire-extinguishing systems —
Physical properties and system design
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Introduction

Fire fighting systems covered in this part of ISO 14520 are designed to provide a supply of gaseous
extinguishing medium for the extinction of fire.

Several different methods of supplying extinguishant to, and applying it at, the required point of
discharge for fire extinction have been developed in recent years, and there is a need for dissemination
of information on established systems and methods. This part of ISO 14520 has been prepared to meet

this need.
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EMents of this part ot 1ISO 14520 are made 1n the [1ght of The best techmnicat data Row
g group at the time of writing but, since a wide field is covered, it has been impractic
r every possible factor or circumstance that might affect implementatien) of
dations.

sis
ion,
nce
ase

assumed in the preparation of this part of ISO 14520 that the execution of its provisior

fo people appropriately qualified and experienced in the specification, désign, installaf
broval, inspection, operation and maintenance of systems and equipment;for whose guida
prepared, and who can be expected to exercise a duty of care to avoid unnecessary relg
shant.

5 drawn to the Montreal Protocol on substances that deplete’theé ozone layer.

'tant that the fire protection of a building or plant_be considered as a whole. Gasdous
hnt systems form only a part, though an important part, of the available facilities, biit it
be assumed that their adoption necessarily removes the need to consider supplementary
such as the provision of portable fire extinguishers-or other mobile appliances for first aif or
use, or to deal with special hazards.

fion
but

for
bers

rtinguishants have for many years been d recognized effective medium for the extinc
able liquid fires and fires in the presence of electrical and ordinary Class A hazards,
ot be forgotten, in the planning of cémprehensive schemes, that there may be hazardg
e media are not suitable, or that inigertain circumstances or situations there may be dan
requiring special precautions,

these matters can be obtained from the appropriate manufacturer of the extinguishanit or
ishing system. Information may also be sought from the appropriate fire authority,|the
safety authorities and\insurers. In addition, reference should be made as necessary to other
hndards and statutony regulations of the particular country.

ial that fire-fighting equipment be carefully maintained to ensure instant readiness

Inspection

continues to provide ade

quate protection for the risk (protected zones, as well as state of the art

can

change over time).

viii
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Gaseous fire-extinguishing systems — Physical properties
and system design —

Part 1:

General requirements

1 (Scope

Thip part of ISO 14520 specifies requirements and gives recommendations for the design, installation,
testing, maintenance and safety of gaseous fire fighting systems in buildings, plants or other ptructures,
and the characteristics of the various extinguishants and types of fire forpwhich they arg a suitable
extinguishing medium.

It cpvers total flooding systems primarily related to buildings, plantsfand other specific applications,
utiljzing electrically non-conducting gaseous fire extinguishantsithat do not leave a repidue after
disg¢harge and for which there are sufficient data currently availableto enable validation of pgrformance
and| safety characteristics by an appropriate independent_duthority. This part of ISO 14520 is not
appllicable to explosion suppression.

Thip part of ISO 14520 is not intended to indicate approval of the extinguishants listed thefein by the
appropriate authorities, as other extinguishants may-be equally acceptable. CO3 is not inclyded as it is
covered by other International Standards.

Thip part of ISO 14520 is applicable to the extiniguishants listed in Table 1. It is essential thaf it be used

in cpnjunction with the separate parts of [S0)14520 for specific extinguishants, as cited in Tqble 1.
Table 1 — Listed extinguishant
Hxtinguishant Chemical Formula CAS No. Interpational
Standard
CF4l Trifluoreiodomethane CF3l 2314-97-8 1SO 14520-2
FK{5-1-12 Dodecafluoro-2-meth-|CF3CF2C(0)CF(CF3)2 756-13-8 ISO 14520-5
ylpentan-3-one
HCKFC Blend A
HCFC-123 Dichlorotrifluoroethane |CHCI>CF3 306-83-2
HCFC-22 Chlorodifluoromethane |[CHCIF; 75-45-6 ISO 14520-6
HCFC-124 Chlorotetrafluoroethane |CFCIFCF3 2837-89-0
Isopropenyl-1-methylcy-|C10H16 5989-27-5
CIOICXCIIC
HFC 125 Pentafluoroethane CHF,CF3 354-33-6 1SO 14520-8
HFC 227ea Heptafluoropropane CF3CHFCF3 2252-84-8 ISO 14520-9
HFC 23 Trifluoromethane CHF3 75-46-7 ISO 14520-10
HFC 236fa Hexafluoropropane CF3CH,CF3 27070-61-7 ISO 14520-11
1G-01 Argon Ar 74040-37-1 [SO 14520-12
1G-100 Nitrogen \P) 7727-37-9 [SO 14520-13
Nitrogen (50 %) \P) 7727-37-9
IG-55 Argon (50 %) Ar 74040-37-1 [SO 14520-14

© ISO 2015 - All rights reserved
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Table 1 (continued)

Extinguishant Chemical Formula CAS No. International
Standard
Nitrogen (52 %) Ny 7727-37-9
1G-541 Argon (40 %) Ar 74040-37-1 ISO 14520-15
Carbon dioxide (8 %) Cco2 124-38-9

2 Normative references

The follo
indispens
references

[SO 14520
extinguishg

ISO 14520+
1-12 exting

ISO 14520-
Blend A exd

ISO 1452(
Part 8: HF(

ISO 1452
Part 9: HF(

ISO 1452(
Part 10: HR

ISO 1452(
Part 11: HH

ISO 14520+
01 extingui

1SO 14520
100 extingl

ISO 14520
541 extingt

ISO/IEC 17

v;k}ng documents, in whole or in part, are normatively referenced in this document afhd

le for its application. For dated references, only the edition cited applies. ForCundza
the latest edition of the referenced document (including any amendments) applies.

2, Gaseous fire-extinguishing systems — Physical properties and system design = Part 2:
nt

5, Gaseous fire-extinguishing systems — Physical properties and systemrdesign — Part 5: F

shant

13, Gaseous fire-extinguishing systems — Physical properties and system design — Part 13
ishant

15, Gaseous fire“extinguishing systems — Physical properties and system design — Part 15
ishant

025, General requirements for the competence of testing and calibration laboratories

are
ted

[F31

f(-5-

Lishant

6, Gaseous fire-extinguishing systems — Physical properties and System design — Part 6: HCFC
inguishant

-8, Gaseous fire-extinguishing systems — Physical\ properties and system design
125 extinguishant

-9, Gaseous fire-extinguishing systems — PBHysical properties and system design
227ea extinguishant

-10, Gaseous fire-extinguishing systems~— Physical properties and system design
C 23 extinguishant

-11, Gaseous fire-extinguishing-systems — Physical properties and system design
C 236fa extinguishant

12, Gaseous fire-extinguishing'systems — Physical properties and system design — Part 12

1G-

1G-

3 Term

s and definitions

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

NOTE

For the purposes of this document, the term “bar” shall be taken as “gauge”, unless otherwise

indicated. Concentrations or quantities expressed in percentages (%) shall be taken as by volume, unless
otherwise indicated.

31
approved
acceptable

to a relevant authority

Note 1 to entry: See 3.2.

© ISO 2015 - All rights rese
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Note 2 to entry: In determining the acceptability of installations or procedures, equipment, or materials, the
authority can base acceptance on compliance with the appropriate International Standards.

3.2
authority
organization, office, or individual responsible for approving equipment, installations, or procedures

3.3
automatic/manual switch
means of converting the system from automatic to manual actuation

Notetto Ity Thiscamrbertheformrof aTmamuatswitchr o thecomtrot pducl oTotieruTits; oTa personnel
doof interlock. In all cases, this changes the actuation mode of the system from automatic and manu4l to manual
onlyf or vice versa.

3.4
extinguishant
eledtrically non-conducting gaseous fire extinguishing agent that, upon eyaporation, doef not leave
a rgsidue

Note¢ 1 to entry: See Table 1.

Not¢ 2 to entry: The terms “extinguishant” and “agent” are used intefcliangeably throughout in [this part of
ISO [14520.

3.5
clearance
air gap between equipment, including piping and nozzles and unenclosed or uninsulated livg electrical
conjponents at other than ground potential

3.6
concentration

3.6{1
desjign concentration
conpentration of extinguishant, ineluding a safety factor, required for system design purpos¢s

3.6{2
makimum concentration
congentration achieved from the actual extinguishant quantity at the maximum ambient tgmperature
in the protected area

3.6]3

extjnguishing-concentration
mirfimum congentration of extinguishant required to extinguish a fire involving a particulai fuel under
defjned experimental conditions excluding any safety factor

3.7
engineered system

system in which the supply of extinguishant stored centrally is discharged through a system of pipes
and nozzles in which the size of each section of pipe and nozzle orifice has been calculated in accordance
with relevant parts of [SO 14520

3.8
fill density
mass of extinguishant per unit volume of container

3.9

flooding quantity

mass or volume of extinguishant required to achieve the design concentration within the protected
volume

© IS0 2015 - All rights reserved 3
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3.10

nett volume

volume enclosed by the building elements around the protected enclosure, minus the volume of any
permanent impermeable building elements within the enclosure

3.11

hold time

period of time during which a concentration of extinguishant greater than the fire extinguishing
concentration surrounds the hazard

3.12
inspectio ll
visual chedk to give reasonable assurance that the extinguishing system is fully charged and operalle

Note 1 to enftry: This is done by seeing that the system is in place, that it has not been activated or tampered with,
and that thdre is no obvious physical damage or condition to prevent operation.

3.13

liquefied gas
gas or gas mixture (normally a halocarbon), which is liquid at the container pressurization level at rgom
temperatufe (20 °C)

3.14
lock-off device
manual shiit-off valve installed in the discharge piping downstream(of the agent containers or another
type of deyice that mechanically prevents agent container actuation

Note 1 to elltry: The actuation of this device provides an indication’ef system isolation.

Note 2 to e
activated.

try: The intent is to prevent the discharge of agent into the hazard area when the lock-off devige is

3.15
lowest observed adverse effect level
LOAEL
lowest confentration at which an adverse'toxicological or physiological effect has been observed

3.16
maintenance
thorough check, comprising a thorough examination and any necessary repair or replacement of sysgem
component, to give maximum.assurance that the extinguishing system will operate as intended

3.17
maximum| working pressure
equilibriurh pressure/within a container at the maximum working temperature

Note 1 to enftry“For liquefied gases, this is at the maximum fill density and can include superpressurization.

Note 2 to entry: The equillbrium pressure for a contalner In transit can diifer from that In storage within a
building.

3.18

no observed adverse effect level

NOAEL

highest concentration at which no adverse toxicological or physiological effect has been observed

3.19

non-liquefied gas

gas or gas mixture (normally an inert gas), which, under service pressure and permissible service
temperature conditions, is always present in the gaseous form

4 © IS0 2015 - All rights reserved
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3.20
normally occupied area
area intended for occupancy

3.21
normally unoccupied area

area not normally occupied by people but which may be entered occasionally for brief periods

3.22
pre-engineered systems
system consisting of a supply of extinguishant of specified capacity coupled to pipework with

abalanced

nozple arrangement up to a maximum permitted design

Note¢ 1 to entry: No deviation is permitted from the limits specified by the manufacturer or authority.

3.2

regulated system

non-liquefied gas system where the pressure downstream of a pressure regulation device i
sonje maximum pressure under both flow and no flow conditions

3.2

safety factor

multiplier of the agent extinguishing concentration to defermine the agent minim
confentration

3.2p
seallevel equivalent of agent

limited to

hm  design

agent concentration (volume percent) at sea level forswhich the partial pressure of agent mpatches the

ambient partial pressure of agent at a given altitude

3.2p
seallevel equivalent of oxygen

oxygen concentration (volume percent)\at sea level for which the partial pressure of oxygé
thejambient partial pressure of oxygenat a given altitude

3.2¥
sel¢ctor valve

bn matches

valye installed in the discharge piping downstream of the agent containers, to direct the ajgent to the

appjropriate hazard enclgsure

Not¢ 1 to entry: It is@ised where one or more agent containers are arranged in order to selective
agemt to any of sevefal separate hazard enclosures.

3.28
suplerpressurization

addiition ‘of'a gas to the extinguishant container, where necessary, to achieve the required p
propet system operation

vy discharge

ressure for

3.29
total flooding system

system arranged to discharge extinguishant into an enclosed space to achieve the appropriate design

concentration

3.30
unoccupiable area
area that cannot be occupied due to dimensional or other physical constraints

EXAMPLE Shallow voids and cabinets.

© ISO 2015 - All rights reserved
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4 Usea

nd limitations

4.1 General

Throughout this part of ISO 14520, the word “shall” indicates a mandatory requirement; the word

“should” in

dicates a recommendation or that which is advised but not required.

The design, installation, service and maintenance of gaseous fire-extinguishing systems shall be
performed by those competent in fire extinguishing system technology. Maintenance and installation
shall only be done by qualified personnel and companies.

The hazar{is against which these systems offer protection, and any limitations on their use, shall be

contained

Total floodling fire-extinguishing systems are used primarily for protection against hazards that ar

enclosures
are typical

a)

electri

n the system supplier’s design manual.

or equipment that, in itself, includes an enclosure to contain the extinguishant.The follow
of such hazards, but the list is not exhaustive:

cal and electronic hazards;

b) teleco

c)

infla

d) other high-value assets.

4.2 Exti]

Any agent
ISO 14520
Protection
approval i1

The exting

The exting
of ISO 145
[SO 14520.

Unless relg
referred to

munications facilities;

able and combustible liquids and gases;

nguishants

that is to be recognized by this part of ISO 14520 or proposed for inclusion in this par
bhall first be evaluated in a manner equivalent to the process used by the U.S. Environme
Agency’s (EPA) SNAP Programme or otheér internationally recognized extinguishing ag
stitutions.

Lishants referred to in this partofISO 14520 are electrically non-conductive media.

uishants and specialized systém parameters are each covered individually in the p
PO for specific extinguisliants. These parts shall be used in conjunction with this par

vant testing has Been carried out to the satisfaction of the authority, the extinguish3
in the specific pants of ISO 14520 shall not be used on fires involving the following:

als containingtheir own supply of oxygen, such as cellulose nitrate;
es containing oxidizing materials, such as sodium chlorate or sodium nitrate;

als capable of undergoing autothermal decomposition, such as some organic peroxides;

e in
fing

t of
ntal
rent

hrts
t of

Aints

reactive metals (such as sodium, potassium, magnesium, titanium and zirconium), reactive

hydrides, or metal amides, some of which may react violently with some gaseous extinguishants;

temperature of the extinguishing agent and are heated by means other than the fire.

a) chemi
b) mixtui
c) chemig
d)
e)
6
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4.2.1 Environmental properties

Global warming potential (GWP) and ozone depletion potential (ODP) values applicable to the gaseous
extinguishing agents are detailed in ISO 14520-2 to ISO 14520-15.

NOTE GWP is a measure of how much a given mass of gas is estimated to contribute to global warming. The
scale is a relative comparison on a mass basis where a clean agent is compared to carbon dioxide, which has a
GWP equal to 1. ODP provides a relative comparison of the ability to react with ozone at altitudes within the
stratosphere. ODP values are reported relative to the same mass of CFC-11, which has an ODP equal to 1. The
intergovernmental panel on climate change (IPCC) and the Parties to the Montreal Protocol provide up to date
env1r0nmental 1nformat10n on clean agent alternatlves Users of thlS part of ISO 14520 are encouraged to review
the jferma A provie e-organizations-to-uhders arfrd 2 v al properties
of the agents in thls part ofISO 14520

The list of of compounds and their global warming potentials can be found at the IPCCsitq at: http://
wwlw.ipcc.ch/publications_and_data/ar4/wgl/en/ch2s2-10-2.html. The list of cotmpoundq and their
ozophe depletion potentials can be found at the Montreal Protocol site at: http://montredl-protocol.
orgy/new_site/en/Treaties/treaties_decisions-hb.php?art_id=59,60,61,62,63.

4.3| Electrostatic discharge

Carg shall be taken when discharging extinguishantinto potentially explosive atmospheres. Electrostatic
chafging of conductors not bonded to earth may occur duringthe discharge of extinguisiant. These
conductors may discharge to other objects with sufficient efiergy to initiate an explosion.[Where the
system is used for inerting, pipework shall be adequately bonided and earthed.

4.4 Compatibility with other extinguishants

Mixing of extinguishants in the same container shall be permitted only if the system is approved for use
with such a mixture.

Systems using the simultaneous dischargeof different extinguishants to protect the sanle enclosed
spafe shall not be permitted.

4.5 Temperature limitations

All devices shall be designed-for the service they will encounter and shall not readily bg rendered
inoperative or susceptible to accidental operation. Devices normally shall be designed o function
properly from -20 °C to-#50 °C, or marked to indicate temperature limitations, or in accorflance with
manufacturers’ specifications which shall be marked on the name-plate, or (where there iy no name-
plate) in the manufacturer’s instruction manual.

5 |Safety

5.1| “Hazard to personnel

Any hazard to personnel created by the discharge of gaseous extinguishants shall be considered
in the design of the system, in particular with reference to the hazards associated with particular
extinguishants in the supplementary parts of ISO 14520. Unnecessary exposure to all gaseous
extinguishants shall be avoided.

Adherence to ISO 14520 does not remove the user’s statutory responsibility to comply with the
appropriate safety regulations.

The decomposition products generated by the clean agent breaking down in the presence of very high
degrees of heat can be hazardous. All of the present halocarbon agents contain fluorine. In the presence
of available hydrogen (from water vapour, or the combustion process itself), the main decomposition
product is hydrogen fluoride (HF).
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These decomposition products have a sharp, acrid odour, even in minute concentrations of only a few
parts per million. This characteristic provides a built-in warning system for the agent, but at the same
time creates a noxious, irritating atmosphere for those who shall enter the hazard following a fire.

The amount of agent that can be expected to decompose in extinguishing a fire depends to a large extent
on the size of the fire, the particular clean agent, the concentration of the agent, and the length of time
the agent is in contact with the flame or heated surface. If there is a very rapid build-up of concentration
to the critical value, then the fire will be extinguished quickly and the decomposition will be limited
to the minimum possible with that agent. Should that agent’s specific composition be such that it
could generate large quantities of decomposition products, and the time to achieve the critical value
is lengthy, then the quantity of decomposition products can be quite great. The actual concentration of
the decomposition products then depends on the volume of the room in which the fire was burningpnd
on the degree of mixing and ventilation.

Clearly, loniger exposure of the agent to high temperatures would produce greater concéentrationfs of
these gases. The type and sensitivity of detection, coupled with the rate of discharge, should be sele¢ted
to minimize the exposure time of the agent to the elevated temperature if the coficentration of|the
breakdown products is to be minimized.

Non-liquef]ed agents do not decompose measurably in extinguishing a fire. As such, toxic or corropive
decomposition products are not found. However, breakdown products of the fire itself can stil| be
substantial and could make the area untenable for human occupancy.

5.2 Safety precautions

5.2.1 General

le alternatives to the requirements of 5.2 and 5.3, either the requirements of Annex ({ for
safe persomnel exposure guidelines or those requireménts specified by appropriate national standdrds

The safety[precautions required by this part ofISO 14520 do not address toxicological or physiological
effects asgociated with the products of cembustion caused by fire. The maximum exposure time
the safety precautions in this part of ISO 14520 is 5 min. Exposure times longer than 5 min
physiological or toxicological effects not addressed by this part of [SO 14520.

normally occupied areas

m safety precautions taken shall be in accordance with Table 2.

Table 2 — Minimum safety precautions

Maxinjum coneentration Time delay device Automatic/manual switch | Lock-off devife
Up to and i]lcluding the NOAEL Required Not required Not required
Above the NDAEL and up to the LOAEL | Required Required Not required
LOAEL and above Required Required Required

NOTE The intent of this table is to avoid unnecessary exposure of occupants to the discharged extinguishant. Factors
such as the time for egress and the risk to the occupants, by the fire, should be considered when determining the system
discharge time delay. Where national standards require other precautions, these should be implemented.

When using inert gas agents, the NOAEL and LOAEL are the agent concentrations that result in low-
limit partial pressures of oxygen of 12,1 kPa (91,0 mm Hg) and 10,2 kPa (76,6 mm Hg), respectively.
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These agent concentrations depend on the barometric pressure at the altitude at which the hazard is
located. The relationship of altitude to average atmospheric pressure is as follows:

)5,255 88

P

v = 101,325(1 0000 022557 7 h

)
where

h isthe altitude, m;

D isthe atmaosnhericnressure Pa
r r Y

Thg maximum inert gas agent concentration, Cmax, that reduces the oxygen partial pressure|to the low-
lim{t value, can be calculated using Formula (2):

Cymax = 476,2x (0’21PATM - POZ,LOW-LIMIT) / Patm (2)
whére

CMAX is the maximum allowable agent concentration, vol<%;

PatMm is the local atmospheric pressure, Pa;

Po2,1.0w-LIM-is the minimum allowed oxygen concentration in the agent-air mixture, Pa.
IT

The effect of applying these formulae on Cvax as a fiiniction of altitude is shown in Table 3.

Table 3 — Maximum inert gas agent concentration at the NOAEL and LOAEL limits as g function

of altitude

NOAEL LOAEL
Poz,Low-LiMmIT, kPa — 12,1 10,2

h P Po2,AT™ CMAX CMAX

Pa kPa vol. % vol. %
0 101,325 21,28 43,1 52,1
250 98,358 20,66 41,4 50,6
500 95,461 20,05 39,6 49,1
750 92,634 19,45 37,8 47,6
1000 89,875 18,87 35,9 46,0
1250 87,182 18,31 33,9 44,3
1500 84,556 17,76 31,9 42,6
1750 84994 1722 2907 40;8
2000 79,495 16,69 27,5 38,9
2250 77,058 16,18 25,2 37,0
2500 74,683 15,68 22,8 35,0
2750 72,366 15,20 20,4 32,9
3000 70,109 14,72 17,8 30,7
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5.2.3 For normally unoccupied areas

The maximum concentration shall not exceed the LOAEL for the extinguishant used unless a lock-off
device is fitted.

It is recommended that systems where the NOAEL is expected to be exceeded be placed in non-
automatic mode whilst the room is occupied.

WARNING — Any change to the enclosure volume, or addition or removal of fixed contents that
was not covered in the original design will affect the concentration of extinguishant. In such
instances, the system shall be recalculated to ensure that the required design concentration is
achieved 2

5.2.4 Fo

The maxinj
lock-off dey

5.3 Occ

In areas t

nd the maximum concentration 1s consistent with l1able Z.

I unoccupiable areas

um concentration may exceed the LOAEL for the extinguishant used, without'the need f
Fice to be fitted.

following s

a)

b)

f)
g)

h)

10

Time d

1) For applications where a discharge delay does not significantly increase the threat to lif|

pr
de

2) Ti
fo1

Autom

NOTE
particu

Exit rd
signs

Outward-swinging self=cloSing doors that can be opened from the inside, including when log

fromt

Conti:]uous visualiand audible alarms at entrances and designated exits inside the protected 3
n

and c
has be

Ipiable areas

at are protected by total flooding systems and that are capable of being occupied,
hall be provided.

elay devices:

pperty, from fire, extinguishing systems shall incotporate a pre-discharge alarm with a
lay sufficient to allow personnel evacuation priotito discharge.

me delay devices shall be used only for personnel evacuation or to prepare the hazard 4
discharge.

atic/manual switch and lock-off devigces where required in accordance with 5.2.

Although lock-off devices are-not always required, they are essential in some situati
larly for some specific maintenance functions.

utes, which shall be kept elear at all times, and emergency lighting and adequate direct

o minimize travel distances.

he outside.

tinuous wisual alarms outside the protected area, which operate until the protected 4§
en made safe.

oI a

the

b or
ime

rea

ons,

—n

on

ked

rea
rea

Appro

riate warning and instructions signs.

Where required, pre-discharge alarms within such areas, which are distinctive from all other
alarm signals, and which, upon detection of the fire, will operate immediately on commencement of
time delay.

Means for prompt natural or forced-draft ventilation of such areas after any discharge of
extinguishant. Forced-draft ventilation will often be necessary. Care shall be taken to completely
dissipate hazardous atmospheres and not just move them to other locations, as most extinguishants
are heavier than air.
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i) Instructions and drills of all personnel within or in the vicinity of protected areas, including
maintenance or construction personnel who may be brought into the area, to ensure their correct

actions when the system operates.
In addition to the above requirements, the following are recommended:
1) Self-contained breathing apparatus should be supplied and personnel trained in its use.

2) Personnel should not enter the enclosure until it has been verified as being safe to do so.

5.4 Electrical hazards

Where exposed electrical conductors are present, clearances no smaller than those given|in Table 4
sha|l be provided, where practicable, between the electrical conductors and all partsofithe dystem that
may be approached during maintenance. Where these clearance distances cannot be achievdd, warning
not]ces shall be provided and a safe system of maintenance work shall be adopted:

The system should be so arranged that all normal operations can be carried out with saffety to the
opefrator.

Tlable 4 — Safety clearances to enable operation, inspection, cleaning, repairs, painting and
normal maintenance work to be carried out

Minimum clearance from.any point on or about the permanent
equipment where a person may be required to standa
Maximum rated voltage To the nearest unscréened | To the nearest part not at earth poten-
live conductor iwair tial of an insulatorb supporting a live
(section clearance) conductor (ground clearjance)

kv m m

15 2,6

33 2,75

44 2,90

66 3,10

88 3,20

2,5

110 3,35

132 3,50

165 3,80

220 4,30

295 4,60
a  |Measured\from position of the feet.
b |The,tepm insulator includes all forms of insulating supports, such as pedestal and suspension insulators, bushings,
cable séaling ends and the insulating supports of certain types of circuit breaker.

5.5 Electrical earthing

Systems within electrical substations or switchrooms shall be efficiently bonded and earthed to
prevent the metalwork becoming electrically charged.

5.6 Electrostatic discharge

The system shall be adequately bonded and earthed to minimize the risk of electrostatic discharge.
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6 System design

6.1 General

This clause sets out the requirements for the design of the extinguishing system.

All ancillary systems and components shall comply with the relevant national or International

Standards.

6.2 Extinguishant supply

6.2.1 Qu

6.2.1.1 T
hazard or g

6.2.1.2 V|
authority ¢

6.2.1.3 V|

permanentlly connected to the distribution piping and arranged for easy,changeover.

6.22 Qu

The exting

6.2.3 Co

6.2.3.1 A
for inspect

6.2.3.2 C
installatior

6.2.3.3 C
outside thq

risk of exposure to fire and explosion.

6.2.34 S
conditions
damaging

antity

he amount of extinguishant in the system shall be at least sufficient for the largest si
roup of hazards that are to be protected against simultaneously.

Uhere required, the reserve quantity shall be as many multiples of the ‘main supply as
pnsiders necessary.

Vhere uninterrupted protection is required, both the main and reserve supply shall

ality
Lishant shall comply with the relevant part of IS@14520.

ntainer arrangement

rrangements shall be made for container'and valve assemblies and accessories to be access
on, testing and other maintenance:when required.

ontainers shall be adequately mounted and suitably supported according to the syst
manual so as to provide for) convenient individual servicing of the container and its contg

ontainers shall bedgedted as near as is practical to the enclosure they protect, prefer
enclosure. Contaihets can be located within the enclosure only if sited so as to minimize

forage coOntainers shall not be located where they will be subjected to severe wea
or to_ potential damage due to mechanical, chemical, or other causes. Where potent
exposure or unauthorized interference are likely, suitable enclosures or guards shal

ngle

the

be

ible

EImMs
nts.

hbly
the

her
ally
be

provided.

NOTE

atmospheric temperature.

6.2.4 Storage containers

6.2.4.1 General

Direct sunlight has the potential to increase the container temperature above that of the surrounding

Containers shall be designed to hold the specific extinguishant. Containers shall not be charged to a fill
density greater than specified in this part of ISO 14520 relating to the specific extinguishant.

The containers used in these systems shall be designed to meet the requirements of relevant national
standards and as a minimum shall be suitable for the maximum pressure developed at 50 °C.
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Where required, the container and valve assembly should be fitted with a pressure relief device
complying with the appropriate national standard.

6.2.4.2 Contents indication

Means shall be provided to indicate that each container is correctly charged.

6.2.4.3 Marking

Each halocarbon container shall have a permanent name-plate or other permanent marking specifying
the cz&tiuguiahaut, talt: Cllld S1TUSS 1I1dSS, aud t}lU SUpPCTI PItsosul iLdtiUll ICVC} (VV}lClC CllJlJ}il,c ble) Of the
confainer. Each inert gas container shall have a permanent marking specifying the extinguishant,
pregsurization level of the container and nominal volume.

6.2}4.4 Manifolded containers

When two or more containers are connected to the same manifold, automatic means (sudh as check
valyes) shall be provided to prevent extinguishant loss from the manjfold if the system is operated
wh¢n any containers are removed for maintenance.

Containers connected to a common manifold in a system shall be
a) |of the same nominal form and capacity,

b) |filled with the same nominal mass of extinguishant, and

c) |pressurized to the same nominal working pressureé:

Diffierent sized storage containers connected to aitcommon manifold may be used for non-liquefied gas
confainers, provided they are all pressurized tothe same nominal working pressure.

6.2}4.5 Operating temperatures

Unless otherwise approved, in-serizice container operating temperatures for total floodifpg systems
shall not exceed 50 °C nor be less.than -20 °C (see also 7.3.1).

Extprnal heating or cooling-should be used to keep the temperature of the storage container within
the[specified range unless the system is designed for proper operation with operating termnperatures
outside this range.

6.3| Distribution

6.3{1 General

6.3J1<1, * Pipework and fittings shall comply with the appropriate national standards, shall be non-

1 dealal | lal 4 ad=l 4= 4] FEPIA | h 4= ad=] FREA |
conrmustireantanre to-witnstana tne CAPTLITU PITSSUTTS dIIU ITIHPTI ATUTITS WILHHU UL UdITIdgT.

6.3.1.2 Before final assembly, pipe and fittings shall be inspected visually to ensure they are clean and
free of burrs and rust, and that no foreign matter is inside and the full bore is clear. After assembly, the
system shall be thoroughly blown through with dry air or other compressed gas.

A dirt trap consisting of a tee with a capped nipple, at least 50 mm long, shall be installed at the end of
each pipe run. Drain traps protected against interference by unauthorized personnel should be fitted at
the lowest points in the pipework system if there is any possibility of a build-up of water.

6.3.1.3 In systems where valve arrangements introduce sections of closed piping, such sections shall
be equipped with the following:

© IS0 2015 - All rights reserved 13


https://standardsiso.com/api/?name=111d3ddecf10afb17bf95dd196134210

ISO 14520-1:2015(E)

a) indication of extinguishant trapped in piping;
b) means for safe manual venting (see 6.3.1.4);
c) automatic relief of over pressures.

Over-pressure relief devices shall be designed to operate at the lesser of a pressure no greater than
63% of the test pressure of the pipework or 95% of the maximum working pressure, or as required by
the appropriate national standard.

6.3.1.4 Pressure relief devices, which can include the selector valve, shall be fitted so that the discharge,
in the evenlt of operation, will not injure or endanger personnel and, if necessary, so that the discharge is
piped to ar] area where it will not become a hazard to personnel.

6.3.1.5 In systems using pressure-operated container valves, automatic means shall be providefl to
vent any cqntainer leakage that could build up pressure in the pilot system and cause unwanted opeiing
of the container valve. The means of pressure venting shall not prevent operation of thécontainer vajve.

6.3.1.6 Al closed-section pipework and pipework upstream of pressure-reducing devices shall be
hydrostatidally tested to a minimum of 1,5 x the maximum working pressure orthe maximum pressLJre
obtained with a regulated system for 2 min during which there shall betho leakage. On completiopn of
the test, th¢ pipework shall be purged to remove moisture.

6.3.1.7 Adequate protection shall be given to pipes, fittings or sipport brackets and steelwork thatfare
likely to belaffected by corrosion. Special corrosion-resistant materials or coatings shall be used in highly
corrosive atmospheres.

6.3.2 Piping

6.3.2.1 Piiping shall be of non-combustible matertal having physical and chemical characteristics, quch
that its intpgrity under stress can be predicted with reliability. The thickness of the pipe wall shall be
calculated |n accordance with the relevant(national standard. The pressure for this calculation shalll be
the developed pressure at a maximum storage temperature of not less than 50 °C. If higher operafing
temperatufes are approved for a givenrsystem, the design pressure shall be adjusted to the developed
pressure af maximum temperature:

ing these calculatipns;all joint factors and threading, grooving or welding allowances shall

Where a stfatic pressuré*réducing device is used in a non-liquefied gas system, the maximum working
i the distribtition pipework downstream of the device shall be used in the calculation of|the
pipe wall thickness.

styiron and non-metallic pipes shall not be used except where approved for the rgted
operating pressure.

6.3.2.3 Flexible tubing or hoses (including connections) shall be of approved materials and shall be
suitable for service at the anticipated extinguishant pressure and maximum and minimum temperatures.

6.3.3 Fittings

6.3.3.1 Fittings shall have a minimum rated working pressure equal to or greater than the maximum
pressure in the container at 50 °C, or the temperature specified in the national standard, when filled
to the maximum permissible fill density for the extinguishant being used. For systems that use a
pressure-reducing device in the distribution piping, the fittings downstream of the device shall have
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a minimum rated working pressure equal to or greater than the maximum anticipated pressure in the
downstream piping.

Castiron fittings shall not be used.

6.3.

6.3.

3.2 Welding and brazing alloys shall have a melting point above 500 °C.

3.3 Welding shall be performed in accordance with relevant national standards.

6.3.3.4 Where copper, stainless steel or other suitable tubing is joined with compression fittings, the

manufacturer’s pressure/temperature ratings of the fitting shall not be exceeded and care sh
to ejnsure the integrity of the assembly.

6.3

Pip
tem

be nade for the stresses induced in the pipe work by temperature variations. Adequate env

4 Pipe and valve supports

e and valve supports shall be of a non-combustible material, shall be,suitable for th
perature and shall be able to withstand the dynamic and static forces involved. Due alloy

1] be taken

b expected
vance shall
ronmental
e supports

e shall the

e discharge
to account

protection shall be given to supports and associated steelwork. The'distance between pip
shall be as specified in Table 5.
Addquate support shall be provided for nozzles and their reactive forces such that in no ca
distlance from the last support be greater than as follows:
a) [<£25 mm pipe: <100 mm;
b) [>25 mm pipe: <250 mm.
Moyement of pipework, caused by temperaturefluctuations arising from environment or th¢
of elxtinguishant, may be considerable particularly over long lengths and should be taken iy
wheén deciding support fixing methods.
Table)5 — Maximum pipework spans
Nominal.diameter of pipe Maximum pipework span
DN m
6 0,5

10 1,0

15 1,5

20 1,8

25 2,1

32 2,4

40 2,7

50 3,4

65 3,5

80 3,7

100 4,3

125 4,8

150 5,2

200 5,8
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6.3.5 Valves

6.3.5.1 All valves, gaskets, O-rings, sealants and other valve components shall be constructed of
materials that are compatible with the extinguishant and shall be suitable for the envisaged pressures
and temperatures.

6.3.5.2 Valves shall be protected against mechanical, chemical or other damage.

6.3.5.3 Special corrosion-resistant materials or coatings shall be used in severely corrosive

vith

end

ible
fion

[ics,

the

out

ons

atmosphergs

6.3.6 Nozzles

6.3.6.1 Nozzle choice and location

Nozzles, inkcluding nozzles directly attached to containers, shall be approved and shall be located

the geometry of the enclosure taken into consideration.

The type number and placement of nozzles shall be such that

a) the design concentration is achieved in all parts of the enclosure (sée also Annex C),

b) the dicharge does not unduly splash inflammable liquids or create dust clouds that might ext
the firg, create an explosion or otherwise adversely affect the occupants, and

c) the velocity of discharge does not adversely affect the englosure or its contents.

Where clogging by foreign materials is possible, the discharge nozzles shall be provided with frang

discs or blpw-out caps. These devices shall provide_giunobstructed opening upon system opera

and shall be designed and arranged so they will notinjure personnel.

Nozzles shall be suitable for the intended use*and shall be approved for discharge characteris

including area coverage and height limitdtions (see also Annex C), or shall be approved under

procedure [described in national or international nozzle standards.

Nozzles shall be of adequate strength for use with the expected working pressures, they shall be able to

resist nomnal mechanical abuse and shall be constructed to withstand expected temperatures with

deformatign.

Nozzle dis¢harge orifice insérts shall be of corrosion-resistant material.

6.3.6.2 Nozzles in-c€iling tiles

In order td minimize the possibility of lifting or displacement of lightweight ceiling tiles, precaut

shall be taken to 'securely anchor tiles for a minimum distance of 1,5 m from each discharge nozzle.

NOTE The discharge velocities created by the design of nozzles can be a factor in the displacement of

ceiling tiles

6.3.6.3 Marking

Discharge nozzles shall be permanently marked to identify the manufacturer and size of the orifice.

6.3.6.4 Filters

The inlet of any nozzle assembly or pressure-reducing assembly, which contains an orifice of area less
than 7 mm?2, shall be provided with an internal filter capable of preventing obstruction of the orifice.
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7 Pressure reducing orifice assembly

Pressure reducing orifice assemblies shall be permanently marked to identify the size of the orifice.
This marking shall be readily visible after the assembly is installed.

6.4

6.4.

Detection, actuation and control systems

1 General

Detection, actuation and control systems may be either automatic or manual. Where they are automatic,

pro
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VIS10Il SNall 4ISO De made 10I' manudl operatiorn.

pction, actuation, alarm and control systems shall be installed, tested and maintainéd in
n appropriate national standards.

bss otherwise specified in a national standard, 24 h minimum standby sources'ef energy s}
rovide for operation of the detection, signalling, control and actuation requib€ments of th

2 Automatic detection

pmatic detection shall be by any method or device acceptable te:the authority and shall
hrly detection and indication of heat, flame, smoke, combustible vapours or any abnorma
he hazard that is likely to produce fire.

E Detectors installed at the maximum approved spacing for fire alarm use can result in exc

ktinguishant release, especially where more than one_detection device is required to be in a
matic actuation results.

3 Operating devices

3.1 Automatic operation

pmatic systems shall be controlted by automatic fire detection and actuation systems
system and hazard and shall also be provided with a means of manual operation.

trically operated fire détection systems shall comply with the appropriate nationa
electric power supply shall be independent of the supply for the hazard area and shall
rgency secondary pawer supply with automatic changeover in case the primary supply f

bn two or morge. détectors are used, such as those for detecting smoke or flame, it is prg
system to operate only after signals from two detectors have been received.

3.2 Manual operation

Profision'shall be made for manual operation of the fire fighting system by means of a conti
outl e 1 i | : it f |

hccordance

all be used
P system.

be capable
1 condition

essive delay
arm before

uitable for

standard.
include an
ails.

ferable for

ol situated

In addition to any means of automatic operation, the system shall be provided with the following:

a)
b)

One or more means, remote from the containers, of manual operation.

A manual device for providing direct mechanical actuation of the system or an electrical manual

release system in which the control equipment monitors for abnormal conditions in
supply and provides a signal when the power source is inadequate.

the power

Manual operation shall cause simultaneous operation of the appropriate automatically operated valves
for extinguishant release and distribution.

NOTE 1
pre-

discharge alarms and time delay.
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The manual operation device shall incorporate a double action or other safety device to restrict
accidental operation. The device shall be provided with a means of preventing operation during
maintenance of the system.

NOTE 2  The choice of the means of operation will depend upon the nature of the hazard to be protected.
Automatic fire detection and alarm equipment will normally be provided on a manual system to indicate the

presence of

a fire.

6.4.4 Control equipment

6.4.4.1

I
)

1 Jeaal £ 1 3 s
ICCLULIC CUILIULL UL Cllull.llllclll

Electric control equipment shall be used to supervise the detecting circuits, manual and automfatic

releasing ¢
required, d
type of act

6.4.4.2 H

Where pne
damage. W
pneumatic

6.4.5 Op

6.4.5.1

to person
location of]
type of alat

6.4.5.2 Audible and visual pre-discharge alarms shall be provided within the protected area to

positive wz
extinguish3
appropriat

6.4.5.3 Alarms indicating failure.of supervised devices or equipment shall give prompt and posoﬁve
bf any failure and shall'be distinct from alarms indicating operation or hazardous conditiopns.

indication

6.4.6 Hao

Hold switc
means of g
inhibit sys

ircuits, signalling circuits, electrical actuating devices and associated wiring.and,
ause actuation. The control equipment shall be capable of operation with the number
hating devices utilized.

neumatic control equipment

limatic control equipmentis used, the lines shall be protected againsterimping and mechan
here installations could be exposed to conditions that could lead to loss of integrity of]
lines, special precautions shall be taken to ensure that no loss-of integrity occurs.

erating alarms and indicators

larms or indicators, or both, shall be used to indicate the operation of the system, haz:
el or failure of any supervised device. The type*(audible, visual or olfactory), number
the devices shall be such that their purpose;is satisfactorily accomplished. The extent
ms or indicator equipment, or both, shall be‘approved.

rning of impending discharge. The operation of the warning devices shall be continued 4
int discharge, until positive action has been taken to acknowledge the alarm and proceed v
P action.

1d switches

hes, wheke)provided, shall be located within the protected area and shall be located near
gress.fer the area. The hold switch shall be a type that requires constant manual forc
em‘operation. Operation of the hold function shall result in both audible and distinct vi

indication

en
and

ical
the

irds
and
and

bive
fter
vith

the
b to
bual

pfSystem impairment. Operation of the hold switch when the system is in the quiescent s

fate

shall result in a fault indication at the control unit. The hold switch shall be clearly recognizable for the
purpose intended.

7 Extinguishant system design

7.1 General

This clause sets out the requirements for the specifications, system flow calculations and extinguishant
concentrations. It shall be read in conjunction with the appropriate part of ISO 14520 for the specific agent.
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Specifications, plans and approvals

1 Specifications

Specifications for gaseous fire-extinguishing systems shall be prepared under the supervision of a
person fully experienced in the design of gaseous extinguishing systems and, where appropriate,
with the advice of the authority. The specifications shall include all pertinent items necessary for the
proper design of the system, such as the designation of the authority, variances from the standard to be
permitted by the authority, design criteria, system sequence of operations, the type and extent of the
acceptance testing to be performed after installation of the system and owner training requirements.

Ext

7.2

Lay
inst

7.3

7.3

Sys
sha
des
the

NOTI

NOTI
7.3

7.3

b)

7.3
(sed

g uistantspecifications are inctuded i the various parts of 1S6-14520-for thespecifica

2 Working documents

put and system proposal documents shall be submitted for approval tocthe autho
allation or modification begins. The type of documentation required is specified in Annd

System flow calculations

1 General

fem flow calculations shall be carried out at a nominal extinguishant storage temperatu
| have been validated by an accredited approval autherity by appropriate tests, sug

manufacturer’s specified limitations (see also Annex'H).
E1 Variations from the nominal 20 °C storage temperature affect flow conditions used in calg

E2 Pre-engineered systems do not require\a-flow calculation when used within approved lim
2 Balanced and unbalanced systém

2.1 Abalanced system shall be one in which of the following:
actual or equivalent pipe(engths from the container to each nozzle are all within 10 % of

the discharge rate of each nozzle is the same (see Figure 1).

2.2 Any system-that does not meet these criteria shall be considered to be an unbalan,
Figure 2).

pent.

ity before
X A.

e of 20 °C,
h as those

Cribed in this part of ISO 14520, and shall be properly-identified. The system design shalll be within

ulations.

itations.

pach other;

ced system
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Dimensions in metres

2,5

®3)

“)

NOTE Figures in bold in parentheses denote designnodes for calculations.

Figure 1 —Typical balanced system
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Dimensions in metres

NOT

7.3

Alld
con
wit

NO1
of a
pres

7.3

The
phal

2

0,5

E Figures in bold in parentheses denote design nodes for calculations.

Figure 2 — Typical unbalanced system

3 Friction losses

wance shall be made for the friction losses in pipes and in container valves, dip tub
hectors, selector valves, time.delay devices and other equipment (e.g. pressure-reducil
hin the flow line.

E The flow of a liquefied gas has been demonstrated to be a two-phase phenomenon, the flui

mixture of liquid afdyVapour the proportions of which are dependent on pressure and tempg
sure drop is non-lingar, with an increasing rate of pressure loss as the line pressure reduced by f

4  Pressure drop

presstre drop shall be calculated using two-phase flow equations for liquefied gases
se flow equations for non-liquefied gases.

es, flexible
g devices)

d consisting
rature. The
ipe friction.

hnd single-

NO

E These equations USe (Tiction factors and CONStants dependelnt Ol Pressure and denst

y obtained

empirically. As the formulae cannot be solved directly, a computer program is usually used to assist with the
large number of iterative calculations in which pipe and nozzle sizes and, if appropriate, size of pressure reducing
devices are selected within prescribed pressure losses.

7.3.5 Valves and fittings

Valves, fittings and check valves shall be rated for resistance coefficient or equivalent length in terms
of pipe, or tubing sizes with which they will be used. The equivalent length of the container valves shall
be listed and shall include syphon tube (where fitted), valve, discharge head, flexible connector and
check valve.

©IS
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7.3.6 Piping length

The piping length and nozzle and fitting orientation shall be in accordance with the manufacturer’s
approved manual to ensure proper system performance.

7.3.7 Drawings

If the final installation varies from the prepared drawings and calculations, new as-installed drawings
and calculations shall be prepared.

7.3.8 Liquefiedgases—Specificrequirements————

7.3.8.1 Allowance shall be made for changes in elevation as specified in the relevant section ofthis part
of ISO 14520 relating to the specific extinguishant.
7.3.8.2 The minimum discharge rate for liquefied extinguishants shall be sufficiefityto maintain|the

velocity re

NOTE
lead to unpt

7.4 Enclosures

7.4.1 Th
extinguish3
the enclosu

742 To
shall be psg
extinguishs
or work ar

7.4.3 For
continued

in propag

down upo
design con
ventilation
extinguishj

All service

spraying) {
prior to, or

tuired for turbulent flow to prevent separation.
I

turbulent flow is not maintained, separation of the liquid and gaseous phases will occur, which
edictable flow characteristics.

e protected enclosure shall have sufficient structural strength and integrity to contain
int discharge. Venting shall be provided to preventgexcessive over- or underpressurizatio
re.

prevent loss of extinguishant through openings to adjacent hazards or work areas, open]
rmanently sealed or equipped with automatic closures. Where reasonable confinemen
ints is not practicable, protection shall-be extended to include the adjacent connected haz:
Pas.

ced-air ventilating systems\'shall be shut down or closed automatically where t
bperation would adversely affect the performance of the fire-extinguishing system or re
ion of the fire. Ventilation systems necessary to ensure safety are not required to be s
system activation.-An’ extended extinguishant discharge shall be provided to maintain
Centration for the required duration of protection. The volumes of both ventilated air and|

int quantities:

s within\the protected enclosure (e.g. fuel and power supplies, heating appliances, p

siimultaneously with, the discharge of the extinguishant.

can

the

n of

ngs
t of
irds

heir
sult
hut
the
the

system ductwork/shall be considered as part of the total hazard volume when determining

hint

hat axe‘likely to impair the performance of the extinguishing system should be shut d¢wn

7.5 Extinguishant concentration requirements

7.5.1 Flame extinguishment

7.5.1.1 For fire classifications, see ISO 3941.

7.5.1.2 The minimum Class B design concentration for each extinguishant shall be a demonstrated
extinguishing concentration for each Class B fuel plus a safety factor of 1,3. The extinguishing
concentration used shall be that demonstrated by the cup burner test, carried out in accordance with
the method set out in Annex B, that has been verified with the heptane pan tests detailed in C.6.2. For
hazards involving multiple fuels, the value for the fuel requiring the greatest design concentration shall
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be used. The extinguishing concentration shall be taken as the cup burner value or the heptane pan test
value (see Annex C), whichever is greater.

7.5.1.3 The extinguishing concentration for Class A surface fires shall be the greater of the values
determined by the wood crib and polymeric sheet fire tests described in Annex C. The minimum design
concentration for Class A fires shall be the extinguishing concentration increased by a safety factor of 1,3.
For non-cellulosic Class A fuels, higher design concentrations may be required.

CAUTION — It is recognized that the wood crib and polymeric sheet Class A fire tests may not
adequately indicate extinguishing concentrations suitable for the protection of certain plastic
fue £ i i i i ata cables
such as computer and control room under-floor voids, telecommunication facilitieg, etc.). An
extjnguishing concentration not less than that determined in accordance with 7.5,1.3, jor not less
than 95 % of that determined from the heptane fire tests described in B.7 and (©6.2, whichever
is the greater, should be used under certain conditions. These Higher Hazard Class A ¢onditions
may include the following:

a) |cable bundles greater than 100 mm in diameter;
b) [cable trays with a fill density greater than 20 % of the tray cross:Section;
c) |horizontal or vertical stacks of cable trays (closer than 250 mm);

d) |equipment energized during the extinguishment period)where the collective power consumption
exceeds 5 kW.

If dolymeric sheet fire test data are not availablegan extinguishing concentration 95|% of that
det¢rmined from the heptane fire test shall be useds

The safety factor of 1,3 relates to the increasé’of 30 % from the extinguishing concentrafion to the
desjgn concentration, which results in additional quantity of agent. Circumstances which jnay not be
adeguately covered by this factor (although’in some cases they are covered by other requirements in
thig part of ISO 14520) and which may, need allowance for additional extinguishant (i.e.|more than
30 %) are included but not limited to the following.

a) |Where leakage occurs from‘a non-tight enclosure. This is covered in this part of ISO 14520 by the
requirement for a room integrity test and sealing of the enclosure to achieve a defined l—:rld time.

b) [Where leakage occurs-due to doors being opened during or immediately after disc
should be covered‘by operational protocols for individual risks.

arge. This
¢) |Where itis imiportant to minimize the quantities of toxic or corrosive products of combystion from
the fire.

d) |Where-it” is important to minimize the toxic or corrosive breakdown products| from the
extinguishant itself.

e) ‘A"’IDY‘D oavcessliuve ]D’JL’Q(TD faYalad R al< Fvnm 210 DY\P](\CIIP‘D r]llD to evnansiaon anhD nvfinn‘nichart
o r o "

f)  Where hot surfaces, heated by fire or other means, may cause degradation of the extinguishing
agent and hence reduce the efficiency of the agent.

g) Where metal surfaces, heated by the fire, may act as an ignition source if not adequately cooled
during agent discharge and hold time.

In practice, application of this part of ISO 14520 is likely to result in higher safety factors, e.g. by the
application of gross volumes rather than net volumes and design of systems for minimum anticipated
temperatures, rather than those that apply in real conditions.

WARNING — Under certain conditions, it may be dangerous to extinguish a burning gas jet. Asa
first measure, shut off the gas supply.
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7.5.2

Inerting

Inerting concentrations shall be used where conditions for subsequent reflash or explosion could exist.
These conditions exist when both

a) the quantity of fuel permitted in the enclosure is sufficient to develop a concentration equal to or
greater than one-half of the lower inflammable limit throughout the enclosure, and
b) the volatility of the fuel before the fire is sufficient to reach the lower inflammable limit in

air (maximum ambient temperature or fuel temperature exceeds the closed cup flash point
temperature) or the system response is not rapid enough to detect and extinguish the fire before
the volatility of the fuelis increased to a dangerous level as a result of the Iire.

The minimpum design concentrations used to inert atmospheres involving inflammable liduids
gases shalllbe determined by the test specified in Annex D, plus a safety factor of 10 %.

7.6 Total flooding quantity

7.6.1 Gejneral

The amount of extinguishant required to achieve the design concentration*shall be calculated ff

Formulae
ISO 14520+
Table 4.

In addition
be require
the extingt

(see 7.9.1.2).

3) or (4) as appropriate, or from the data in Table 3 of ISO 14520-2, ISO 14520-5, ISO 1452
D, 1SO 14520-10, ISO 14520-11, ISO 14520-12, ISO 14520-13 and ISO 14520-15 and ISO 1452

to these calculated concentration requirements, additional quantities of extinguishant 1
l by national standards to compensate for any spegial conditions that would adversely aff
ishing efficiency (see 7.5.1), or if required by the physical characteristics of the extinguish

7.6.2 Liquefied gases

and

may
fect
ant

c %4
S S R 3
¢ 100 —-C| v (3)
7.6.3 Non-liquefied gas
100
Q="In|——— @)
L 100 - C
where
Q s the'total flooding quantity, in kilograms;
C sthe anign concentrationin pnrr‘nnf hy vn]nmn;
V is the net volume of the hazard, in cubic metres (i.e. enclosed volume minus fixed structures
impervious to extinguishant);
v is the specific volume, in cubic metres per kilogram: v = k; + k, xT
k1, ko are constants specific to the extinguishant being used, supplied by the extinguishant
manufacturer;
T is the minimum anticipated ambient temperature of the protected volume, in degrees
centigrade.
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NOTE For some purposes (e.g. filling of containers), it may be convenient to express the flooding
quantity as volume at given reference (standard) conditions. For those cases, the total flooding quantity
is equivalent to

QR =0QX br (5)
where

Qr  isthe total flooding quantity, in cubic metres, expressed at ambient pressure (1,013 bar
absolute) and Tg;

Q is the total flooding quantity, in kilograms;

ur  isthe specific volume at reference temperature, in cubic metres per kilogram:
vp =k + k, xTy

k1, kz are constants specific to the extinguishant being used, supplied by the extinguish-
ment manufacturer;

Tr is the reference temperature, in degrees centigradé:

7.7] Altitude adjustment

Thegdesign quantity of the extinguishant shall be adjusted to.compensate only for ambient pressures that
vary more than 11 % (equivalent to approximately 1 000.m of elevation change) from standafd sea level
pregsure (1,013 bar absolute). The ambient pressure.is affected by changes in altitude, pregsurization
or depressurization of the protected enclosure, and‘weather-related barometric pressure cHanges. The
extinguishant quantity is determined by multiplying the quantity determined in 7.6 by the fatio of the
avelage ambient enclosure pressure to the standard sea level pressure. Correction factors flor gaseous
agepts are shown in Table 6.

ot

Table 6 — Correction factors

Equivalent altitude Correction factor
m
-1 000 1,130
0 1,000
1000 0,885
1500 0,830
2000 0,785
2500 0,735
3000 0,690
3500 0,650
4000 0,610
4500 0,565

7.8 Duration of protection

7.8.1 It is important that an effective extinguishant concentration is not only achieved, but is also
maintained for a sufficient period of time to allow effective emergency action. This is equally important
in all classes of fires since a persistent ignition source (e.g. an arc, heat source, oxyacetylene torch, or
“deep-seated” fire) can lead to resurgence of the initial event once the extinguishant has dissipated.
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7.8.2

[t is essential to determine the likely period during which the extinguishing concentration will

be maintained within the protected enclosure. This is known as the hold time. The hold time shall be
predicted by the door fan test specified in Annex E or determined by a full discharge test based on the
following criteria.

a)

minimum design concentration.

b)

shall be not less than 85 % of the design concentration.

The start of the hold time, is when the concentration throughout the enclosure shall be the

At the end of the hold time, the extinguishant concentration at the elevation of the protected hazard

c) Thehd

7.9 Syst
7.9.1 Di

7.9.1.1 1

The liquefi
limit the fa
95 % of the

The discha
extinguish
this can bd

Id time shall be not Iess than 10 min, unless otherwise speciiied by the authority.
Pm performance
scharge time

iquefied extinguishant

ed extinguishant discharge shall be completed as quickly as possible’to suppress the fire
rmation of decomposition products. In no case shall the dischange time required to ach
design concentration exceed 10 s at 20 °C, or as otherwise fequired by the authority.

rge time period is defined as the time required to discharge from the nozzles 95 % of

approximated as the interval between the first appearance of liquid at the nozzle and

and
eve

the

hnt mass required to achieve the design concentratignat 20 °C. For liquefied extinguishants,

the
nce
Fate

o of
g at
ons
hals

red

time when(the discharge becomes predominantly gaseous<¥low calculations performed in accordd
with 7.3 orfwith the approved pre-engineered systems instruction manuals shall be used to demonst
compliancg¢ with this.

7.9.1.2 Non-liquefied extinguishant

For inert gas agents, the discharge time i§ the time required to discharge from the nozzles 95 ¢
the extinghishant required to achieve the minimum design concentration for flame extinguishin
20 °C and ghall not exceed 60 s for Class B fuel hazards, 120 s for Class A hazards. Flow calculat
performed|in accordance with 7.3,or-with the approved pre-engineered systems instruction man
shall be us¢d to demonstrate compliance with this.

7.9.2 Extended discharge

When an fxtended discharge is necessary, the rate shall be sufficient to maintain the des
concentratjon for theyequired hold time.

8 Comrpissioning and acceptance

8.1 General

This clause sets out the minimum requirements for the commissioning and acceptance of the gaseous
extinguishing system.

8.2 Test

8.2.1 Ge

S

neral

The completed system shall be reviewed and tested by a competent person to meet the approval of the
authority. Only equipment and devices designed to national standards shall be used in the systems. To

26
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determine that the system has been properly installed and will function as specified, the tests specified
in 8.2.2 to 8.2.9 shall be performed.

8.2.

2 Enclosure check

Determine that the protected enclosure is in general conformance with the plans.

8.2.

3 Review of mechanical components

8.2.3.1 The piping distribution system shall be inspected to determine that it is in compliance with the

des]gn and installation documents.

8.2]3.2 Nozzles and pipe size and, if appropriate, pressure-reducing devices, shall be in accordance
with system drawings. The means for pipe size reduction and attitudes of tees_shall be dhecked for
conformance to the design.

8.2]3.3 Piping joints, discharge nozzles and piping supports shall be_securely fastened [to prevent
unacceptable vertical or lateral movement during discharge. Discharge-niezzles shall be installed in such
a mpnner that piping cannot become detached during discharge.

8.2
pos
dist

8.2
can

8.2

8.2
the
whyd
or s

8.2
con

8.2

manufacturer’s‘requirements.

8.2

3.4 During assembly, the piping distribution system shallsbe inspected internally to
5ibility of any oil or particulate matter which could soilthe hazard area or affect the ex
ribution due to a reduction in the effective nozzle orificerarea.

be effected.
3.6 If nozzle deflectors are installed, they shall be positioned to obtain the maximum be

3.7 The discharge nozzles, piping:and mounting brackets shall be installed in such a n
; will not potentially cause injury to personnel. Extinguishant shall not directly imping
re personnel may be found_ ih.the normal work area, or on any loose objects or shelves, ¢
imilar surfaces where looséeybjects could be present and become missiles.

Struction” set of system drawings.

3.9 All confainers and mounting brackets shall be securely fastened in accordanc

3.10 ‘A discharge test for extinguishants is generally not recommended. However, if 3

detect the
inguishant

3.5 The discharge nozzles shall be oriented in stich a manner that optimum extinguishant dispersal

nefit.

anner that
e on areas
hbinet tops

3.8 All extinguishant/storage containers shall be properly located in accordance with “approved for

b with the

discharge

test

is_to be conducted, the mass of extinguishant shall be determined by weighing or othe

r approved

methods. Concentration measurements should be made at a minimum of three points, one at the highest
hazard level.

Other assessment methods may normally be used to reduce unnecessary discharge into the
environment, e.g. the door fan pressurization test specified in Annex E. However, a discharge test may
be conducted if acceptable to the authority.

8.2.3.11 An adequate quantity of extinguishant to produce the desired specified concentration shall be
provided. The actual enclosure volumes shall be checked against those indicated on the system drawings
to ensure the proper quantity of extinguishant. Fan rundown and damper closure time shall be taken
into consideration.
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8.2.3.12 Unless the total piping contains not more than one change in direction fitting between
the storage container and the discharge nozzle, and unless all piping has been physically checked for
tightness, the following tests shall be carried out.

a) All open-ended piping shall be pneumatically tested in a closed circuit for a period of 10 min at
3 bar. At the end of 10 min, the pressure drop shall not exceed 20 % of the test pressure.
b) All closed-section pipework and pipework upstream of pressure-reducing devices shall be

hydrostatically tested to a minimum of 1,5 times the maximum working pressure for 2 min during
which there shall be no leakage. On completion of the test, the pipework shall be purged to remove
moisture.

It is recommended that hydrostatic testing be carried out at the manufacturer’s workshwi
practicablg.

jere

WARNING| — Pneumatic pressure testing creates a potential risk of injury to personnel in|the
area, as afesult of airborne projectiles if rupture of the piping system occurs. Priot to conducting
the pneunpatic pressure test, the protected area shall be evacuated and apprapriate safeguards
shall be provided for test personnel.

8.2.3.13 A test using nitrogen, or a suitable alternative, shall be performed*on the piping network to

verify that flow is continuous and that the piping and nozzles are unobstructed.

8.2.4 Reyiew of enclosure integrity

All total f1
any signifi
concentrat
authority,

8.2.5 Re

oding systems shall have the enclosure checked in order to locate and then effectively
fant air leaks that could resultin a failure of the enclosure to hold the specified extinguis}
ion level for the specified holding period (see-also 7.4.1). Unless otherwise required by
he test specified in Annex E shall be used.

view of electrical components

Seal
ant
the

8.2.5.1 All wiring systems shall be propenly installed in compliance with the appropriate natigpnal

standard a
unless proj

hd the system drawings. The.a.c. and d.c. wiring shall not be combined in a common con
perly shielded and earthed:

8.2.5.2

field circu
equipment
to prevent

8.2.5.3 A
to provide

Il field circuitry shall be tested for earthing faults and short circuit condition. When tes

Huit

fing

try, all electronic.'e0mponents (such as smoke and flame detectors or special electr
for other detectors, or their mounting bases) shall be removed and jumpers properly inst
the possibility of damage within these devices. Replace components after testing the circ

dequatéand reliable primary standby sources of energy, which comply with 6.4 shall be u
for operation of the detection, signalling, control and actuation requirements of the systen

bnic
led
its.

sed
.

8.2.5.4 Afrauxihary functions (Such as alarm sounding or dispiaying devices, Temote annunciators, air
handling shutdown, power shutdown, etc.) shall be checked for proper operation in accordance with
system requirements and design specifications.

Alarm devices shall be installed so that they are audible and visible under normal operating and
environmental conditions.

Where possible, all air-handling and power cut-off controls should be of the types that, once interrupted,
require manual restart to restore power.

8.2.5.5 Check that for systems using alarm silencing, this function does not affect other auxiliary
functions, such as air handling or power cut-off where they are required in the design specification.
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8.2.5.6 Check the detection devices to ensure that the types and locations are as specified in the system
drawings and are in accordance with the manufacturer’s requirements.

8.2.5.7 Check that manual release devices are properly installed, and are readily accessible, accurately
identified and properly protected to prevent damage.

8.2.5.8 Check that all manual release devices used to release extinguishants require two separate and
distinct actions for operation. They shall be properly identified. Particular care shall be taken where
manual release devices for more than one system are in close proximity and could be confused or the
wrong system actuated. Manual release devices in this instance shall be clearly identified as to which

haz

8.2
inst

8.2
inst

8.2

8.2

8.2

system test is to be conducted and that an emergency #esponse by the fire department or al:

per
con,

8.2
whyg
cird

For
cird
the
8.2
8.2

8.2

hrd enclosure they protect.

5.9 Check that for systems with a main/reserve capability, the main/reserve switch
alled, readily accessible and clearly identified.

5.10 Check that for systems using hold switches requiring constant manual-force, these a
alled, readily accessible within the hazard area and clearly identified.

5.11 Check that the control panel is properly installed and readily accessible.
6 Preliminary functional tests

6.1 Where a system is connected to a remote centralralarm station, notify the station t

sonnel is not required. Notify all concerned persennel at the end-user’s facility that a t
ducted and instruct them as to the sequence ofioperation.

6.2 Disable or remove each extinguishiant storage container release mechanism and sel
re fitted, so that activation of the release circuit will not release extinguishant. Reconnect
uit with a functional device in lieu'of-each extinguishant storage container release mechar

electrically actuated releasesmechanisms, these devices may include suitable lamps, flag
uit breakers. Pneumatically~actuated release mechanisms may include pressure gauge
manufacturer’s recomniendations in all cases.

6.3 Check each reSettable detector for proper response.

6.4 Check‘hat polarity has been observed on all polarized alarm devices and auxiliary 1

6.5 _Check that all required end-of-line devices have been installed.

8.2

is properly

e properly

hat the fire
irm station
bst is to be

bctor valve,
the release
ism.

h bulbs, or
s. Refer to

elays.

6.6/ Check all supervised circuits for correct fault response.

8.2.

7 System functional operational test

8.2.7.1 Operate the detection initiating circuit(s). All alarm functions shall occur according to the
design specification.

8.2.7.2 Operate the necessary circuit to initiate a second alarm circuit if present. Verify that all second
alarm functions occur according to design specifications.

8.2.7.3 Operate the manual release device. Verify that manual release functions occur according to
design specifications.
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specifications. Confirm that visual and audible supervisory signals are received at the control panel.

Where appropriate, operate the hold switch. Verify that functions occur according to the design

8.2.7.5 Check the function of all resettable valves and activators, unless testing the valve will release
extinguishant.

“One-shot”
8.2.7.6 C
8.2.8 Re

8.2.8.1 D
standby pd
Reconnect

8282 (O
8.29 Co

8.2.9.1 V
properly. T

8.2.9.2 T
system full

8.2.10 Co

When all
activation
design con
that the fin
following t

8.3 Com

The instal
calculation
with all th
from apprg
out, report]

valves, such as those incorporating frangible discs, should not be tested.

heck pneumatic equipment, where fitted, for integrity, to ensure proper operation.

mote monitoring operations (if applicable)

isconnect the primary power supply, then operate one of each type of input devyice whilg

the primary power supply.
perate each type of alarm condition and verify receipt of fault condition at the remote par
ntrol panel primary power source

erify that the control panel is connected to a dedicated-tinswitched circuit and is labe
his panel shall be readily accessible but access shall be restricted to authorized personnel ¢

st a primary power failure in accordance with _the manufacturer’s specification, with
y operated on standby power.

mpletion of functional tests

functional tests are complete (8.2:6.t0 8.2.9), reconnect each storage container so
bf the release circuit will release the-€xtinguishant. Return the system to its fully operati
dition. Notify the central alarm station and all concerned personnel at the end-user’s fac

he procedures specified imthe manufacturers’ specifications.

pletion certificaté and documentation

er shall provide_the user with a completion certificate, a complete set of instructi
s and drawings/showing the system as-installed, and a statement that the system comy
e appropriate requirements of this part of ISO 14520, and giving details of any depart
priate recommendations. The certificate shall give the design concentrations and, if car
s of anyradditional test including the door fan test.

P on

wer. Verify that an alarm signal is received at the remote panel after the device is operated.

el.

lled
nly.

the

that
nal
lity

e system test is complete and.that the system has been returned to full service conditiof by

bns,
lies
ure
ried

9 Inspectlon, maintenance, testing and training

9.1 General

This clause specifies the requirements for inspection, maintenance and testing of a gaseous fire-

extinguish

30

ing system and for the training of inspection and maintenance personnel.
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Inspection

1 General

9.2.1.1 At least annually, or more frequently as required by the authority, all systems shall be
thoroughly inspected and tested for proper operation by competent personnel.

9.2.1.2 The inspection report with recommendations shall be filed with the owner.

9.211.3—The Storage COMtainer COMtents sitatt De Checked at teast every SIX omnths as {o1towy.

a) |Liquefied gases: for halocarbon agents, if a container shows a loss of agent in_duantity of more
than 5 % or a loss of pressure (adjusted for temperature) of more than 10 %, it shall bg refilled or
replaced.

b) |Non-liquefied gases: for inert gas agents, pressure is an indication of agenb quantity. If  container
shows a loss of agent quantity or a loss of pressure (adjusted for tempexrature) of more fhan 5 %, it
shall be refilled or replaced.

9.2]1.4 All extinguishant removed from containers during service* or maintenance procefures shall

be (
exid

Inel
thid

9.2
on g

9.2

Conttainers shall be subjected to periodical tests as required by the relevant national standaf

9.2

All
hos

9.2

9.2
to
this

ollected and recycled, or disposed of in an environmentally‘sound manner, and in accor
ting laws and regulations.

t gas mixtures based on those gases normally found.in the earth’s atmosphere are exer
requirement.

1.5 The date of inspection and the name of the person performing the inspection shall i
tag attached to the container.

2 Container

3 Hose

ystem hoses shall be“examined annually for damage. If visual examination shows any
e shall be replaced.!

4 Enclosures

4.1 Atleastevery 12 months it shall be determined whether boundary penetration or ot}

dance with

hpted from

e recorded

defect, the

er changes

he protected enclosure have occurred that could affect leakage and extinguishant perfgrmance. If

cannot be visually determined, it shall be positively established by repeating the test fo

- enclosure

Int

grity fraccordance withr Ammex £-

9.2.4.2 Where the integrity test reveals increased leakage that would result in an inability to retain the
extinguishant for the required period, remedial action shall be carried out.

9.2.4.3 Where it is established that changes to the volume of the enclosure or to the type of hazard
within the enclosure, or both, have occurred, the system shall be redesigned to provide the original
degree of protection.

It is recommended that the type of hazard within the enclosure, and the volume it occupies, be regularly
checked to ensure that the required concentration of extinguishant can be achieved and maintained.
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9.3 Maintenance

9.3.1 General

The user shall carry out a programme of inspection, arrange a service schedule, and keep records of the

inspection

NOTE

s and servicing.

service procedures with, where possible, periodic testing.

The continued capability for effective performance of a fire fighting system depends on fully adequate

Installers shall provide the user with a record in which inspection and service details can be entered.

9.3.2 Us

The install
programm

The user’s
before the

a) Weekl

the eff

and th|

gaugey

in the

b) Month

er’s programme of inspection

er shall provide the user with an inspection programme for the system and components.
e shall include instructions on the action to be taken in respect of faults.

inspection programme is intended to detect faults at an early stage tovallow rectifica
Kystem may have to operate. A suitable programme is as follows.

V: Visually check the hazard and the integrity of the enclosure for ehanges that might red
iciency of the system. Carry out a visual check that there is no@bvious damage to pipew
pt all operating controls and components are properly set-anid undamaged. Check press
and weighing devices, if fitted, for correct reading and takethe appropriate action speci
isers’ manual.

y: Check that all personnel who may have to operate the equipment or system are prop

trained and authorized to do so and, in particular, that new employees have been instructed in its

9.3.3 Se

A service s

system, ing

The schedy

rvice schedule

luding pressurized containers, as;specified in the appropriate national standards.

le shall be carried out by a competent person who shall provide the user with a signed, d4

report of the inspection, advising any rectification carried out or needed.

During ser

schedule ig

9.4 Trai

All persons

be trained

Personnel

vicing, every care and precaution shall be taken to avoid release of extinguishant. A suit
provided in Annex.F,

ning

who may-be expected to inspect, test, maintain, or operate fire-extinguishing systems s
and keptadequately trained in the functions they are expected to perform.

working in an enclosure protected by a gaseous extinguishant shall receive training in

The

fion

uce
ork
ure
fied

erly
Lise.

Chedule shall include requirements for periodic inspection and test for the complete instafled

ted

hble

hall

the

operation ¢
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Annex A
(normative)

Working documents

General
Fenera:

Thi
ex
aut

—

A.2

Wo

f)
g)
h)

j)

k)

nority.

Working documents
'king documents shall include the following items:
drawings, to an indicated scale of extinguishant distribution system, including containe
spacing;
name of owner and occupant;
location of building in which hazard is located;
location and construction of protected enclgsure walls and partitions;

enclosure cross-section, full height, op schematic diagram, including raised access
suspended ceiling;

type of extinguishant being used;
extinguishing or inerting concentration, design concentration and maximum concentrat
description of occupankiés and hazards to be protected against;

specification of \eontainers used, including capacity, storage pressure and mass
extinguishant;

description 6f nozzle(s) used, including inlet size, orifice port configuration, and orific
and orifice'size of pressure-reducing devices, if applicable;

description of pipes, valves and fittings used, including material specifications,

5 International Standard shall be prepared only by persons fully experienced in, thq
nguishing systems. Deviation from these International Standard shall require permissid

of containers, piping and nozzles, valves and pressure-reducing devices (if fitted) and p

design of
n from the

's, location
ipe hanger

floor and

ion;

including

b size/code

grade and

pressure rating;

D)

equipment schedule or bill of materials for each piece of equipment or device, showing device name,

manufacturer, model or part number, quantity and description;

m) isometric view of extinguishant distribution system, showing the length and diameter of each pipe

n)
0)

segment and node reference numbers relating to the flow calculations;
enclosure pressurization and venting calculations;

description of fire detection, actuation and control systems.
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A.3 Specific details

A.3.1 Pre-engineered systems

For pre-engineered systems, the end-user shall be provided with the manufacturer’s system design and
maintenance information.

A.3.2 Engineered systems

For engineered systems, the end-user shall be provided with the manufacturer’s system design and
maintenaneeinformation-

Details of the system shall include the following:

a) infornjation and calculations on the amount of extinguishant;
b) contaiher storage pressure and extinguishant quantity;

c) capacity of the container;

d) the logation, type and flow rate of each nozzle, including equivalent orifice area and presstyire-
reducihg devices, if applicable;

e) the lodation, size and equivalent lengths or resistance coefficients, of pipe fittings and hoses; pipe
size reduction and orientation of tees shall be clearly indicated;

f) the lodation and size of the storage facility.

Informatiopn shall be submitted pertaining to the location and function of the detection devices,
operating flevices, auxiliary equipment and electrical €ircuitry, if used. Apparatus and devices shall
be identified. Any special features shall be adequately explained. The version of the flow calculafion
program shall be identified on the computer calculation printout.
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Determination of flame-extinguishing concentration of gaseous
extinguishants by the cup burner method

B.]I General

Thif Annex specifies the minimum requirements for determining the flame-exfinguishing
conpentration of a gaseous extinguishant in air for inflammable liquids and gases, employing the cup
burper apparatus.
B.2 Principle
Difffusion flames of fuels burning in a round reservoir (cup), centrally positioned in a coaxidlly flowing

air gtream, are extinguished by addition of a gaseous extinguishantto the air.

B.3 Requirements for apparatus

B.3l1 General

The cup burner apparatus for these measurements shall be arranged and constructed as in|Figure B.1,
with the dimensions shown; the tolerance for-all dimensions shall be +5 % unless otherwise|indicated.
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Dimensions in millimetres

28-31(0D
L , TL(—)

| 5
1 25
70
6
535 -
| |
Z’ i I
33‘0 \ 235 .
= 1 !
36 > o 7 |
! e :I\
\
@75 10
(a) Cup burner and test fuel reservoir (b) Details of heated cup

Key
1 levelling jack
2 rotamefers
3 air
4  extinguishant
5 heating wire between inner and outer walls
6  thermofcouple tube
7  heater ferminal
Figure B.1 + Cup burner apparatus
B.3.2 Cup
The cup shall be round and shall\be constructed of glass, quartz or steel. It shall have an outside diam

in the range of 28 mm to 31 mm, with a wall thickness of 1 mm to 2 mm. It shall have a 45° chan
into the top edge of the cup,“There shall be a means of measuring the temperature of the fuel inside
cup at a lodation 2 mm €@-5 mm below the top of the cup. The cup shall be substantially similar in sh

to the exa

attaining aluniform.gas flow at the top of the cup (e.g. the cup may be packed with refractory materi

B.3.3 Ch

mple showi' in Figure B.1. A cup intended for use with gaseous fuels shall have mean|

pter
hfer
the
ape
s of
h1s).

fmney

The chimney shall be of round glass or quartz construction. It shall have an inside diameter of

85 mm + 2

mm and a wall thickness of 2 mm to 5 mm, with a height of 535 mm * 5 mm.

B.3.4 Diffuser

The diffuser shall have a means of fitting to the bottom end of the chimney. It shall have a means of
admitting a premixed stream of air and extinguishant and have a means of uniformly distributing the
air/extinguishant flow across the cross-section of the chimney. The temperature of the air/extinguishant
mixture within the diffuser shall be 25 °C +10 °C, measured with a calibrated temperature sensor.

36
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B.3.5 Fuel supply

A liquid fuel supply shall be capable of delivering liquid fuel to the cup while maintaining a fixed, but
adjustable, liquid level therein.

A gaseous fuel supply shall be capable of delivering a fuel gas at a controlled and fixed rate to the cup.

B.3.6 Manifold

A manifold shall receive air and extinguishant and deliver them as a single mixed stream to the diffuser.

B.3.7 Air supply

A njeans for delivering air to the manifold shall allow adjustment of the air flow rate: It shall have a
caliprated means of measuring the air flow rate.

B.3{8 Extinguishant supply

A nleans for delivering extinguishant to the manifold shall allow adjustment of the extingujshant flow
ratg. If the method according to B.7.2 is used for the determination of&he extinguishant conjcentration,
there shall be a calibrated means of measuring the extinguishant fléw'rate.

B.3l9 Delivery system

The delivery system shall deliver a representative and measurable sample of the agent to the cup burner
in gpseous form.

B.4 Requirements for materials

B.4{1 Air

Airghall be clean, dry and oil-free. Thé:0xygen concentration shall be a volume fraction of (20[9 * 0,5) %.
The source and the oxygen content ofthe air used shall be recorded.

NOTE “Air” supplied in commercial high-pressure containers may have an oxygen content gignificantly
diff¢rent from 20,9 %.

B.4.2 Fuel

Fuel shall be of a eentified type and quality.

B.4.3 Extinguishant

The extinguishant shall be of certified type and meet the specifications of the supplier. Multi-romponent
extinguishants should be provided premixed. Liquefied extinguishants shall be provid¢d as pure
extinstishant ie—frot-pressurized-with mitroser—Pria e ]
extinguishing gas shall be analysed.

B.5 Procedure for inflammable liquids
B.5.1 Place the inflammable liquid in the fuel supply reservoir.
B.5.2 Admit fuel to the cup, adjusting the liquid level to within 5 mm to 10 mm of the top of the cup.

B.5.3 Operate the heating arrangement for the cup to bring fuel temperature to 25 °C £ 3 °C or to
5°C + 3 °C above the open cup flash point, whichever is the higher. During this period, the liquid level in the
cup shall be adjusted so that the fuel level is above the means for temperature measurement of the fuel.
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NOTE The fuel temperature given in B.5.3 is meant to be the temperature at the start of the test.

B.5.4 Adjust the airflow to achieve a flow rate of 40 1/min.

B.5.5 Ignite the fuel.

B.5.6 Allow the fuel to burn for a period of 60 s (+10 s, -0 s) before beginning the flow of extinguishant.

During this period, the liquid level in the cup should be adjusted so that the fuel level is within 1 mm of
the top of the cup.

B.5.7 Be
manner urj

changes in

should be :

division of
adjustmen
than3 %o
On an initi
extinguish
the criticall
shall notb

B.5.8 De

B.5.9 Pri
soot that nj

B.5.10 Rej

B.5.11 De
establishin

B.6 Pro

B.6.1 Ag
the top of t

B.6.2 (Gaj
measuring

B.6.3 Ad

bin flow of extinguishing agent. Increase the flow rate of extinguishing agent in a step-y
til flame extinguishment occurs. A brief interval (about 10 s) should be allowed(betw
flow rate. As the extinguishing point is approached, the size of increments in agentiflow
is small as practicable. Final flow rate adjustments should be of the size of the smallest s
the measuring apparatus. The means of flow regulation and measurement‘should allow
s in agent flow rate which result in an increase in the extinguishant concentration of no ny
[ the previous value.

hnt flow required for extinguishment, and on subsequent runs to.start at a flow rate clog
and to increase the flow by small amounts until extinguishment is achieved. This initial
e used for determination of extinguishing concentration.

ermine the extinguishing concentration of the extinguishant in accordance with B.7.

pr to subsequent tests, remove the fuel from the-cup and remove any deposits of residu
ay be present on the cup.

peat steps B.5.2 to B.5.9 for four subsequient tests (five tests in total).

ermine the extinguishing concentration of the extinguishant in accordance with B.7
Io the average from five tests.

cedure for inflammable gases

up intended for Wise with gaseous fuels shall have a means of attaining a uniform gas floy

eous fuekshall be from a pressure-regulated supply with a calibrated means of adjusting
the gas'flow rate.

he cup. For example, the cup used for liquid fuels may be packed with refractory materialg.

Vise
een
rate
cale

for
ore

bl run, it is convenient to use relatively large flow increments to«aSéertain the approxinpate

e to
run

E Or

by

v at

and

il 330 L1 ’s 4011 3
uost uaIC dil 11Uvv LU T1TU l/ ITIIIL.

B.6.4 Begin fuel flow to the cup and adjust the flow rate to attain a flame height of approximately
80 mm. The fuel temperature shall be 25 °C + 10 °C.

B.6.5 Ignite the fuel.
B.6.6 Allow the fuel to burn for a period of 60 s before beginning flow of extinguishant.

B.6.7 Begin the flow of extinguishant. Increase the extinguishant flow rate in increments until flame
extinguishment occurs and record the air, extinguishant and fuel flow rates at extinguishment. The
extinguishant flow rate increment should result in an increase in the extinguishant concentration of no
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more than 3 % of the previous value. Adjustments in the extinguishant flow rate are to be followed by a
brief waiting period (10 s) to allow the new proportions of extinguishant and air in the manifold to reach
the cup position.

NOTE On an initial run, it is convenient to use relatively large flow increments to ascertain the approximate

extinguishant flow required for extinguishment and on subsequent runs to start at a flow rate close to the critical
and to increase the flow by small amounts until extinguishment is achieved.

B.6.8 Upon flame extinguishment, shut off the flow of inflammable gas.

Pay Do + 1 — + 1 s £ =1 f— + +1
B.6 7 TTTOT LU SUDSTYUCIIU LESLS, TTIHIUVE UCPDUSILS OI'TTSIUUT UL SOULID PITSTIIU UL ULIC LUp.

B.6{10 Repeat B.6.3 to B.6.9 for four subsequent tests (five tests in total).

B.6{11 Determine the extinguishing concentration of the extinguishant in ageordance with B.7 by
estdblishing the average of the five tests.

B.7 Extinguishant extinguishing concentration

B.7.11 Preferred method

The preferred method for determining the concentration of\extinguishant vapour in the exflinguishant
plus air mixture which just causes flame extinguishment\is to use a gas-analysing device/| calibrated
for the concentration range of the extinguishant-air mixtures being measured. The devic¢ may have
confinuous sampling capability (e.g. on-line gas analy$eér) or may be of a type which analyskes discrete
sanjples (e.g. gas chromatography). Continuous measurement techniques are preferred.

Alternatively, the remaining concentration of'0xygen in the air/extinguishant mixture in the chimney
belgw the cup can be measured with a centinuous oxygen-analysis device. The oxygen corjcentration
Valite is influenced by the extinguishdnt concentration. The extinguishant concentratipn is then
calqulated in Formula (B.1):

o

cg =100|1 - — (B.1)
Cs

whgre

cg s the extinguishant concentration, as a volume fraction in percent;

co 1isthe oxygen concentration of the air/extinguishant mixture in the chimney, as a voJume frac-
tion'in percent;

cs”\is the oxygen concentration in the supply air, as a volume fraction in percent.

B.7.2 Alternative method

The extinguishant concentration in the extinguishant plus air mixture may, alternatively, be calculated
from the measured flow rates of the extinguishant and air. Where mass flow rate devices are used, the
resulting mass flow rates need to be converted to volumetric flow rates; see Formula (B.2):

Vi=my/pq (B.2)

where
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V1 is the volumetric flow rate of gas i, in litres per minute;

m1 is the mass flow rate of gas i, in grams per minute;

p1 isthe density of gas i, in grams per litre.

Care should be taken to use the actual vapour density. The vapour density of many halogenated
hydrocarbons at ambient temperature and pressure may differ by several percent from that calculated
by the ideal gas law.

EXAMPLE
approximat

the differenfce between the actual vapour density and that calculated for an ideal gas is less than 0,2 %.

Published
published

test report.

The concenjtration of extinguishant as a volume fraction in percent, ¢, is calculated\in Formula (B.3)

q

The density of HFC-227ea vapour at a pressure of 101,3 kPa and temperature of 295 K is
bly 2,4 % higher than would be calculated for an ideal gas. At a pressure of 6,7 kPa (6,6 %), howg¢ver,

property data should be used where possible. Estimating techniques may be used when
data are lacking. The source of physical property values used should be recorded in|the

cg—Ht— (B.3)

qair

where
CE IS
Gair 1S

Qext is

B.8 Rep

~ext

the extinguishant concentration, as a volume fraction. it percent;
'he volumetric flow rate of the air, in litres per mintte;

the volumetric flow rate of the extinguishang;;in litres per minute.

jorting of results

The extinguishing tests shall be documented'in a written report according to ISO/IEC 17025 and|the

report sha

a) schem

b) date ofreport;
c) sourceand assay of theextinguishant, fuel and air;

d) testconditions, ingluding the following:

1) b

| contain at least the following information:

htic diagram of apparatus;including dimensions and description of materials used;

ometriepressure;

2) laboratory temperature or temperature of air entering the base of the chimney, if diffefent

f i PN £ i s
rUlll IdUuJUl ClLUly Lclllycl datury,

3) humidity of air supplied to chimney;

e) for each test, the fuel temperature at the start of the test, the fuel temperature at the time of

exting

f) exting
exting

g) metho

h) exting

uishment, and the temperature of the air/extinguishant mixture at extinguishment;

uishant, gaseous fuel and air flow rates at extinguishment; if method B.7.1 is used, the
uishant concentration or the oxygen concentration instead of the extinguishant flow rate;

d used to determine the extinguishing concentration;

uishant concentration at extinguishment for each test;

i) measurement error analysis.

40
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Annex C
(normative)

Fire extinguishment/area coverage fire test procedure for

engineered and pre-engineered extinguishing units

C.1 Requirements

C1

1 An engineered or pre-engineered extinguishing system unit shall mix “ahd dig

extinguishant and shall totally flood the enclosure when tested in accordance with'this test mg

des

C1

C1

gn limits of the operating system and most severe installation conditions.
2 The effectiveness of the nozzle distribution shall be determined-in accordance with C,

3 The extinguishant concentrations for Class A fuels shall be determined in accordancsg
3

and|C.6.3.

C1

4 The extinguishant concentrations for Class B fue]s shall be determined in accordance

0, if not otherwise stated.

C.2 Type of test and report of testresults

C.2

1 Type of test

The tests described herein consider the intended use and limitations of the extinguishing s

wit

f)
g)
h)

h specific reference to the\following:

the maximum area ¢ovérage for each type of nozzle at the minimum enclosure height;
the maximum enclosure height for each type of nozzle;

the operating temperature range of the system;

locatienof nozzle in the protected area;

either maximum length and size of piping and number of fittings to each nozzle, or minin

tribute its
thod at the

o1

with C.6.1

with C.6.2.

5 The tolerances applicable to dimensions spécified in the descriptions of test facilitles shall be

Ustem unit,

hum nozzle

nresslure:
T T

maximum discharge time;
maximum fill density;

extinguishing concentrations for specific fuel types.

The tests to be conducted are listed in Table C.1.
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Table C.1 — Tests to be conducted

Test objective Enclosure size Test fires Reference
Nozzle distribution verification C.5
Nozzle minimum. height/maximum |To suit nozzle heptane test cans C5.1
area coverage
Nozzle maximum. height >100 m3 heptane test cans C.5.2
no side less than 4 m
height: to suit nozzle
Extinguishing concentration >100 m3 (@) wood crib C.6.1
no side less than 4 m
b) hept C.6.2
height: atleast 3,5 m (b) heptane pan
(c) polymeric sheet C.6.3
(i) PMMA
(ii) Polypropylene
(iii) ABS

C.2.2 Reporting of test results

A written 1
an interna
C.5.2.5,C.4

series of tefsts.

a) Description of the extinguishing system unit including:

eport documenting the test results shall be prepared in accordance with ISO/IEC 17025, by
Fionally recognized testing laboratory. In addition to the imformation described in C.5[1.5,
1.5, C.6.2.5, and C.6.3.5, the report shall contain at least the following information for gach

1) Piping system schematic drawing including description of the following:
i) | agent containers (model, volume and supefpressuization level, if employed);
ii)] manifolds, if employed;
iii] piping (material, wall thickness,length, diameters, and fittings);
iv] pressure transducer location attached to pipe;
v)| nozzle (material, distribution type, orifice description including number, size pnd
arrangement);
vi] for liquefied agents, location of the temperature measuring device just outside the nozzle;
2) For engineered’extinguishing system units, identification of the flow calculation software
prpgram employed.
b) Descriptiontefithe test enclosure, preferably in schematic form, including:
1) materials of construction for enclosure;
2) measured length, width, and height;
3) calculated area and net volume;
4) location and measured dimensions of closable openings and pressure relief vents;
5) location of sensors within the enclosure.

c) Description of the instrumentation including:

1) data acquisition software employed, including the sampling rate;
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2) description of instrumentation including
i) Manufacturer and model number;
ii) Accuracy and resolution.
d) Verification of extinguishing agent composition by certificate of conformance or by test.
e) Recording of data including the following:

1) agent container mass

i) before and after filling;
ii) before and after discharge;
2) agent quantity within container;
3) agent pressure after filling at 20 + 2 °C;
4) just prior to ignition of the test fuel
i) agent container conditioning time and temperature;
ii) agent container pressure after conditioning;
iii) atmospheric pressure;
iv) enclosure temperature;
v) enclosure oxygen concentration;
5) graphs for the following as a function '0f time
i) enclosure oxygen concentration;
ii) nozzle pressure;
iii) enclosure temperature;
iv) for liquefied agents, nozzle liquid jet temperature;
v) for liquefieddgents, enclosure agent concentration during cold discharge tests;
6) dischargetime;
7) mass.of agent discharged into the test enclosure;

8) extinguishment time from the end of discharge;

9)D average nozzle pressure determined from nozzle pressure graphs as a function of time;

10) extinguishing concentration.

C.3 Extinguishing system

C.3.1 For the nozzle distribution verification tests described in C.5.1 and C.5.2, prior to conducting
each test, the agent containers shall be conditioned at the minimum operating temperature *2 °C for
a minimum period of 1 h or the agent conditioned to the minimum operating temperature +2 °C as

© IS0 2015 - All rights reserved 43


https://standardsiso.com/api/?name=111d3ddecf10afb17bf95dd196134210

ISO 14520-1:2015(E)

measured by a thermocouple within the container. The minimum operating temperature shall be the
same as specified in the extinguishing system unit manufacturer’s installation instructions.

The extinguishing system shall be assembled as follows:
a) pre-engineered-type extinguishing system unit — using its maximum piping limitations with
respect to number of fittings and length of pipe to the discharge nozzles and nozzle configuration(s)

as specified in the manufacturer’s design and installation instructions;

b) engineered-type extinguishing system unit — using a piping arrangement that results in the
minimum nozzle design pressure at 20 °C + 2 °C.

C.3.2 Fot the extinguishant concentration tests described in C.6.1, C.6.2 and C.6.3, prior to conducting
each test, the agent containers shall be conditioned at 20 °C * 2 °C for a minimum period of T6-h orfthe
agent condjitioned to 20 °C + 2 °C as measured by a thermocouple within the container.

The nozzle((s) shall be of the 360° type and representative of the extinguishing systemimanufactuier’s
commercigdl 360° type nozzles. The jet energy from the nozzle(s) shall not influence\the development of
the fire andl shall not distribute the agent directly towards the test fire. The nozzle(s) shall be locatefl as
follows:

°type nozzle — nozzle located in the center of the ceiling and within 30 cm from the ceiling;

an one 360° type nozzle — nozzles located symmetrically with respect to the center of|the

C.3.3 Foy the nozzle distribution verification tests describedin C.5.1 and C.5.2 and the extinguishant
concentratjon tests described in C.6.1, C.6.2 and C.6.3, the ektinguishing system shall to be arranged jand

b) Non-syperpressurized liquefied extinguishants — the system arrangement shall be such

two-p
the didcharge with appropriate-means positioned close to the nozzle, subject to the agent quantity
dischafged into the test enclesure being between 65 % to 90 % of the agent quantity stored infthe
contaipers.

conditjoned to 20/°C + 2 °C, the discharge time shall be 50 s to 60 s, inclusive. The discharge is
permifted to belimited by cutting off the discharge with appropriate means positioned close to|the
nozzlef subjeet to the agent quantity discharged into the test enclosure being between 65 %
90 % df the-agent quantity stored in the containers.

C.4 Extinguishing concentration

C.4.1 Extinguishing agent concentration

The extinguishing agent concentration for tests C.5.1, C.5.2, C.6.1, C.6.2 and C.6.3 shall be 76,9 %
(i.e. 100/safety factor, where the safety factor is 1,3) of the minimum design concentration specified
in the extinguishing system unit manufacturer’s design and installation instructions at the ambient
temperature of 20 °C + 2 °C within the enclosure. In the tests described in C.5.1 and C.5.2, the same
extinguishing concentration shall be used as in the tests described in C.6.2.
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The quantity of extinguishant to obtain the specified concentration within the enclosure can be
determined by using Formula (C.1) for liquefied gases (see 7.6.2) or Formula (C.2) for non-liquefied

gases (see 7.6.3).

These formulae are reproduced here for convenience:

Liquefied gas agent
C %4
_ z C1
¢ 100-C|v (€1
Norl-liquefied gas
%4 100
=—In|——— C.2
¢ v 100 - C (€2)
whgre

Q isthe total flooding quantity, in kilograms;
is the design concentration, in percent by volume;

V' is the net volume of the hazard, in cubic metres (i.e. enclosed volume minus fixed stfuctures
impervious to extinguishant);

U is the specific volume, in cubic metres per Kilogram: v = k; + k, X T :

ki1, ko are the constants specific to the.extinguishant being used, supplied by the ejxtinguish-
ant manufacturer;

T is the minimum anticipated-ambient temperature of the protected volume, in degrees
centigrade.

It i§ important to note that the agent specific volume, v, calculated using the formulae ahjove, is the
valiie corresponding to sea-levellatmospheric pressure. Where the atmospheric pressure djiffers from
that standard-situation, e.g.(because the test location is above seal level, the agent vapor specific
volyme is greater than the.sea-level value as calculated above and as given in column 2|of Table 3
in the extinguishant-specific parts of this International Standard. Use of a sea-level valye of agent
spefific volume, v, at-elevated test locations (i.e. above sea level) will result in development pf an agent
congentration higher-than the target value, C.

The correct agent quantity is calculated by multiplying the value for the agent vapor specifi¢ volume at
seatlevel (ascalculated above and as given in column 2 of Table 3 in the extinguishant-specific parts of
thid International Standard) with the ratio:

102,3 / patm (C.3)

where

patm is the atmospheric pressure at the test location before the test in kPa.

C.4.2 Cold discharge test

A cold discharge test (i.e. with no fires present) using the same quantity of agent (*2 %) as in the fire
tests shall be conducted in order to verify the actual concentration of extinguishant delivered into the
enclosure.

For liquefied extinguishants, the agent concentration shall be measured.
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For non-liquefied extinguishants, the agent concentration or alternatively the oxygen concentration
shall be measured.

The following procedure shall be used for verification of the agent concentration:

The mass of agent discharged during the cold discharge test shall be used to calculate the agent
concentration by use of Formulae (C.4) and (C.5), using the density of the extinguishing agent at 20 °C
and 1 013 mbar:

X

C. =100 C.4
E 14 x (€4)
for non-ligpefied gases:
e’ —1 -
€y =10 — (F-5)
e

where

Ck s the concentration of extinguishing gas, in vol. %;

This calcul
The differd

NOTE
values for 1
different inf
influence in|

If thereis 3
accuracy, «
and fire te
behaviour

For this co
to be inves

— 9
p-V
) is the mass of gas, in kg;
b is the density of gas at 20 °C and 1 013 mbar;
/' is the volume of test enclosure, in m3.

nce shall not be more than 1 % rel-0fagent concentration.

pom temperature at start of the'test and atmospheric pressure. Reason: maybe a compensatio
luencing factors takes place,but as long as those factors do not change during the test series, it hd
the test result.

difference of morethan 2 % rel of agent concentration or more than the required measu
r if the conditions (e.g. temperature of test enclosure) are not identical for cold dischg
5t, the formulae’have to be corrected to take into account the difference between the
pf the test foom and the theory.

'rection, the possible reasons for the difference between calculation and measurement i
tigdted and the calculation formula has to be modified accordingly:

ated agent concentration is comparediwith the concentration measured in the cold dischajrge.

Under these conditions, the formula.is taken as verified even without taking into account the measyjired

n of
S no

[ing
rge
real

ave

a) differe

Nt density (dUe to temperature and,/or €.g. atmospheric pressure) => use data (tempera

and atmospheric pressure) measured at start of cold discharge test;

b)

used in the formulas => use general correction factor for the term X [see Formula (C.4)].

The result
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is a modified calculation formula which is then applicable for this specific test series.

ure

the behaviour of gas leaving the specific test enclosure does not comply 100 % with the assumptions
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In case of inert gases, the oxygen concentration can be measured. Then for calculating oxygen
concentration from agent concentration and vice versa, the measured start concentration of oxygen
shall be taken into account, using Formula (C.6):

CO
Cp=100|1 - (C.6)
start

where
Cg is the extinguishant concentration, as a volume fraction in percent;

Co is the oxygen concentration measured in the test enclosure, as a volume fractiob|n percent;
Cstart 1S the oxygen concentration measured in the test enclosure at the start of the tesf, as a
volume fraction in percent.

Theg extinguishing concentration for each fire test is then calculated from the highest mass of agent that

has|been used in the three positive fire tests. For the calculation, the formula verified (and if necessary

modlified) on basis of the cold discharge test shall be used.

That means for evaluation of the fire test data in case of using the modified formula thaf the room

tenmperature and atmospheric pressure at beginning of each fire'test have to be chosen, the general

cortection factor is room specific and stays the same.

C.5 Nozzle distribution verification tests

C.5/1 Nozzle minimum height/maximum area coverage test

C.5]1.1 Test facility

C.5{1.1.1 Construction

The test enclosure shall meet the following requirements.

a) |Thearea, a xb (see FigurésC.1 and C.2), and height, H, of the enclosure shall correspond r¢spectively
to the maximum nozzle-area coverage and minimum nozzle height as specified in the exfinguishing
system unit manufaeturer’s installation instructions.

b) |A means of pressSure relief shall be provided to limit the pressure change with a cold djscharge to
+300 Pa.

c) |Closablé . openings shall be provided directly above the test cans to allow for ventilatipn prior to
system.actuation.

d) |Onge baffle shall be installed between the floor and ceiling with the height of the enclostyire. It shall
be Installed halfway between the nozzle location and one wall of the enclosure. The baffle shall

be perpendicular to the long walls of the enclosure and 20 % of the length of the short
enclosure (see Figure C.1 for 360° nozzle and Figure C.2 for 180° nozzle).
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Key
1 testcar]s
2 nozzle
3 Dbaftle
4 vents
NOTE d x b = maximum nozzle area coverage for a single nozzle.
Figure C.l — Example configuration for nozzle minimum height/maximum area coverage t¢st
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for 360° nozzle
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b
0,2b
([

!

0,5b

v |© O y
< a B
Key
1 |testcans
2 |nozzle
3 |baffle
4 |vents
NOTE a x b = maximum nozzle area coverage for a single nozzle.

Figure C.2 — Example configuration for nozzle minimum height/maximum area covgrage test
for 180° nozzle

C.5{1.1.2 Instrumentation
Sanpling and storage of datafrom the sensors described below shall occur at a rate of at leagt 10 Hz.

NOTE The single data-points to determine agent mass and atmospheric pressure are not redquired to be
samfpled and stored at a rate‘of at least 10 Hz.

C.5]1.1.2.1 Oxygen concentration sensors

The oxygen«oncentration shall be measured and recorded using a calibrated oxygen analyzer having
an accuraey>6f 0,1 vol % oxygen or better. The sensing equipment shall continuously mjonitor and
recprd4he oxygen level within the enclosure throughout the duration of the test. The accuracy of the
measuying devices shall not be influenced by any of the fire products.

At least three sensors shall be located within the enclosure (see Figures C.3 and C.4). All sensors shall
be located horizontally 850 mm to 1 250 mm from the centre of the enclosure and at least three sensors
at the following heights: 0,1 H, 0,5 H and 0,9 H (H = height of the enclosure).

C.5.1.1.2.2 Nozzle pressure sensor

During system discharge, the nozzle pressure shall be measured and recorded by a pressure transducer
attached to the pipe at a distance no greater than 1 m from the nozzle.
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C.5.1.1.2.3

Enclosure temperature sensors

The temperature within the enclosure shall be measured and recorded (See Figures C.3 and C.4). At
least one sensor shall be located horizontally 850 mm to 1 250 mm from the centre of the enclosure and
at the following height: 0,5 H (H = height of the enclosure).

The temperature in the test enclosure shall be 20 °C = 5 °C at the beginning of each test.

C.5.1.1.2.4

During sys
shall be mg

C.5.1.1.2.5

For the col
and recor
accuracy o

For the col
the oxygen
requireme
the require

The senso

specified im C.5.1.1.2.1. The sensing equipment shall continuously monitor and record the concentra

within the

C.5.1.1.2.6

The mass ¢
container

be measur
decimal pl

C.5.1.1.2.7

The atmos|
measured

—Nozzle-temperatiresepsop—MmMm—————————————————

tem discharge of liquefied extinguishants, the liquid jet temperature just outside the no
asured and recorded.

Agent concentration sensors

discharge tests with liquefied extinguishants, the agent concentration shall be measy
d by a calibrated extinguishant analyzer appropriate for the extinguishant in use havin
[ 0,2 vol % or better.

1 discharge tests with non-liquefied extinguishants, the agent concentration or alternati
concentration shall be measured and recorded. For measutement of agent concentration
hts specified for liquefied extinguishants apply. For measurement of oxygen concentrat
ments according to C.5.1.1.2.1 apply.

's for measurement of agent concentration or@%ygen concentration shall be locateq

enclosure at least until the concentration stabilizes.

Agent mass

f agent discharged shall be determined by calculation from the measured mass of the ag
pbefore and after filling the container and before and after the discharge. The mass s
ed and recorded using a calibrated weighing device capable of measuring the mass to
ice (0,1 kg) or better.

Atmospheric pressure

pheric pressure shall be determined before each test. The atmospheric pressure shal
hnd recorded using a calibrated device having an accuracy of 100 Pascal or better.
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Dimensions in millimetres

0,5b

1250

A —T-— 850
I

0,50 —i-4

Key]
1 |measuring point
2 [nozzle

Figure C.3 — Plan view instrumentation placement for nozzle minimum height/maximum area
coverage test
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Dimensions in millimetres

M1

M2

0,9H

0,5H

M3

0,1H

A-A

NOTE The measuring points at heights 0,9 H, 0,5 and 0,1 H (M1 to M3), are permitted to be at diffefent
horizontal distances from the centre of the enclosure provided each are within a horizontal distance of 850fmm
to 1 250 mnp from the centre of the enclosure.

Figure C.4 — Side view instrumentation placement for nozzle minimum height/maximum area
coverage test

C.5.1.2 Fuel specification

C.5.1.2.1 |Test cans

The test cans shall:be cylindrical 80 mm * 5 mm in diameter and at least 100 mm high, made of milfl or
stainless sfeelwith a thickness of 5 mm to 6 mm.

C.5.1.2.2 Heptane specification
The heptane used shall have the following characteristics:
a) distillation
1) initial boiling point: 90 °C minimum;
2) dry point: 100°C maximum;
b) density (at 15,6 °C): 700 + 50 kg/m3.
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1.2.3 Fuel-test can configuration

The test cans may contain either heptane or heptane on water. If they contain heptane and water, the
heptane shall be at least 50 mm deep. The level of heptane in the cans shall be at least 50 mm below the

top of the can.

A thermocouple is permitted to be located 30 mm above the centre of each fire test can as additional
information.

C.5.1.2.4 Test can placement

A teilst can shall be placed in each corner of the enclosure within 50 mm of the corners of th¢ enclosure
walll. In addition, one or two test cans, depending on enclosure height, shall be placed-dire¢tly behind
the|baffle (see Figures C.1 and C.2). The top of the test cans shall be positioned within-300| mm of the
top|or bottom of the enclosure, or both top and bottom, if the enclosure height is able to acjommodate
such placement.

C.5{1.3 Test procedure

C.5{1.3.1 Pretesting

The composition of the extinguishing agent used shall be verifiedby certificate of conformance or by test.

C.5

The
ope

Afte
At 4
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the
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NO']
exti
liqu
is th

C.5
Aftg

a)

1.3.2 Operation
heptane-filled test cans shall be ignited and allewed to burn for at least 30 s with t

nings in the open position.

he time of actuation of the system, the o0xygen concentration within the enclosure shal
h 20,4 vol %. During the test, the oxygéeénconcentration shall not change more than 1,5 v

cold discharge test with the measured oxygen concentration in this test (averaged ove|
50r's).

E End of discharge is_the point when discharge has effectively ceased. For superpressuriz
hguishants, it is the instant when the discharge is predominantly gaseous. For non-super

bfied extinguishants and)non-liquified extinguishants where a cut-off mechanism is used to stop
e instant when the préssure at the nozzle reduces to zero.

1.3.3 Recarding of data
br the required pre-burn period, record the following data for each test.

The eéffective discharge time: i.e. for liquefied extinguishants the time of the pre-liquid

he closable

br at least 30 s all openings shall be closed and the extinguishing system shall be manuallly actuated.

be no less
bl % due to

products. This change shall be determined by comparing the oxygen concentration measured in

r the three

ed liquefied
pressurized
Hischarge, it

gas phase

plus the time of the two-phase flow; for non-liquefied extinguishants, the time from gpening the

container valve(s) to cutting off the discharge; the discharge time for liquefied extinguis
be determined by nozzle pressure, nozzle temperature or combination of both.

hants shall

b) The time from the end of agent discharge required to achieve extinguishment, in seconds; this time

)

C.5.

shall be determined by visual observation or other suitable means.

The total mass of extinguishant discharged into the test enclosure.

1.4 Determination of distribution performance of the nozzle

All test cans shall be extinguished within 30 s of the end of agent discharge.

As an alternative to the use of the test cans, the concentration of the extinguishing agent (or for non-
liquefied gases, the oxygen concentration) is permitted to be measured at the locations specified
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for the steel test cans. The concentration shall be measured at each location and shall be at least the
extinguishing concentration, to be reached 30 s after end of discharge time at latest.

C.5.1.5 Reporting of test results

In addition to the data specified in C.5.1.3.3, documentation of performance in C.5.1.4, and the
information in C.2.2, at least the following shall be reported for each series of tests.

a) Description of the test enclosure, preferably in the form of a schematic, including the following:

1) baffle width, location, and orientation;

2) log¢ation of nozzle(s) within the test enclosure;
3) test can locations within the test enclosure.
b) Description of fuel specifications, including the following:
1) test can material and dimensions;
2) heptane characteristics by certificate of conformance or by test;
3) heptane depth and level below the top of the can.
c) Description of test method including details for operation including the following:
1) pre-burn duration;

2) oxlygen concentration at system discharge.

C.5.2 Nozzle maximum height test
C.5.2.1 Test facility

C.5.2.1.1 |Construction
The test erlclosure shall meet the following requirements.

a) The tept enclosure shall haye asminimum volume of 100 m3. The floor dimensions shall be at I¢ast
4 m wide by 4 m long. The-test enclosure shall have the maximum ceiling height as specified in[the
extingliishing system ynit-manufacturer’s installation instructions.

b) A meaps of pressurg.relief shall be provided to limit the pressure change with a cold discharge to
+300 Ra.

c) Closable openings shall be provided directly next to or above the test cans to allow for ventilafion
prior tp system actuation.

d) One baffle shall be installed between the floor and ceiling with the height of the enclosure. It shall
be installed halfway between the nozzle location and one wall of the enclosure. The baffle shall
be perpendicular to the long walls of the enclosure and 20 % of the length of the short wall of the
enclosure (see Figure C.1 for 360° nozzle and Figure C.2 for 180° nozzle).

C.5.2.1.2 Instrumentation

Instrumentation of the enclosure is as described in C.5.1.1.2.

C.5.2.2 Fuel specification

Test fire can construction, configuration, placement and fuel specifications shall be as given in C.5.1.2.
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C.5.2.3 Test procedure

C.5.2.3.1 Pretesting

The composition of the extinguishing agent used shall be verified by certificate of conformance or by test.

C.5.2.3.2 Operation

The heptane shall be ignited and allowed to burn for at least 30 s with the closeable openings in the

ope

n position.
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a)

b)

br at least 30 s all openings shall be closed and the extinguishing system shall be manual]
he time of actuation of the system, the oxygen concentration within the enclosure shal
h 20,4 vol %. During the test, the oxygen concentration shall not change more thanA,5 v

discharge test with the oxygen concentration measured in this fire test (averaged value

2.3.3 Recording of data

h shall be recorded as specified in C.5.1.3.3.

2.4 Determination of distribution performance of the-nozzle

| be extinguished within 30 s of the end of agent discharge.

-liquefied gases, the oxygen concentration) can be measured at the locations specified fi
cans. The concentration shall be measured<at each location and shall be at least the ext
centration, to be reached no longer than.30's after end of discharge time.

2.5 Reporting of test results

ddition to the data specified.in C.5.2.3.3, documentation of performance in C.5.2,
rmation in C.2.2, at least thie-following shall be reported for each series of tests.

Description of the test enclosure, preferably in the form of a schematic, including the fol
1) baffle width,lgcation, and orientation;

2) location-ofnozzle(s) within the test enclosure;

3) testcan locations within the test enclosure.

Description of fuel specifications, including the following:

Iy actuated.
be no less
bl % due to

products. This change shall be determined by comparing the oxygen concentration measured in the

5).

Il test cans

n alternative to the use of the heptane steel cans;the concentration of the extinguishing ajgent (or for

br the steel
inguishing

1, and the

owing:

1) test can material and dimensions:

)

2) heptane characteristics by certificate of conformance or by test;

3) heptane depth and level below the top of the can.

Description of test method including details for operation including the following:
1) pre-burn duration;

2) oxygen concentration at system discharge.

© ISO 2015 - All rights reserved

55


https://standardsiso.com/api/?name=111d3ddecf10afb17bf95dd196134210

ISO 14520-1:2015(E)

C.6 Exti

nguishing concentration tests

C.6.1 Wood crib test

C.6.1.1 Test facility

c6.1.1.1

Construction

The test enclosure shall meet the following requirements.

a)

b) A mea

+300 R

C.6.1.1.2
Sampling a
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sensor sha

The tept enclosure shall have a minimum volume of 100 m3. The height shall be at least 3,5 m.
floor dimensions shall be at least 4 m wide by 4 m long.

s of pressure relief shall be provided to limit the pressure change with a cold,dis¢harg
a.

Instrumentation

'he single data points to determine agent mass and atmospheric pressure are not required t

Oxygen concentration sensors

1 concentration shall be measured and recorded using a calibrated oxygen analyser hay
y of 0,1 vol. % oxygen or better. The sensingxequipment shall continuously monitor
oxygen level within the enclosure throughout‘the duration of the test. The accuracy of]
devices shall not be influenced by any of thefire products.

ee sensors shall be located within the“enclosure (see Figures C.5 and C.6). One sensor s
horizontally 600 mm to 1 000 mm;away from the test object at the equivalent heigh
he test object. The other sensors shall be located horizontally 600 mm to 1 000 mm a
st object and at least two sensors at the following heights: 0,1 H and 0,9 H (H = height of

Nozzle pressure sensor

the pipe at a distance no greater than 1 m from the nozzle.

Enclosure temperature sensors

Fature within the enclosure shall be measured and recorded (see Figures C.5 and C.6).
1be located centrally 100 mm above the test object. One sensor shall be located horizont

nd storage of data from the sensors described below shall occur ata'rate of at least 10 Hz.

he

e to

b be

ring
and
the

hall
t of
vay
the

tem discharge, the'wiozzle pressure shall be measured and recorded by a pressure transdiicer

Dne
ally

600 mm t

ect.

T-000 T fTom the test object and at the equivatent height of the top of the test 0b

At least one sensor shall be located horizontally 600 mm to 1 000 mm from the test object and at the
following height: 0,9 H (H = height of the enclosure).

The temperature in the test enclosure shall be 20 °C + 5 °C at the beginning of each test.

C.6.1.1.2.4

Nozzle temperature sensor

During system discharge of liquefied extinguishants, the liquid jet temperature just outside the nozzle
shall be measured and recorded.
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1.1.2.5 Agent concentration sensors

For the cold discharge tests with liquefied extinguishants, the agent concentration shall be measured
and recorded by a calibrated extinguishant analyzer appropriate for the extinguishant in use having
an accuracy of 0,2 vol % or better. The sensing equipment shall continuously monitor and record the
concentration within the enclosure at least until the concentration stabilizes.

For the cold discharge tests with non-liquefied extinguishants, the agent concentration or alternatively
the oxygen concentration shall be measured and recorded. For measurement of agent concentration, the
requirements specified for liquefied extinguishants apply. For measurement of oxygen concentration,
the requirements according to C.6.1.1.2.1 apply. The sensing equipment shall continuously monitor and

rec¢rd the concentration within the enclosure at least until the concentration stabilizes.

The

spefified in C.6.1.1.2.1.

C.6
Thd

confainer before and after filling the container and before and aftet-the discharge. The

sensors for measurement of agent concentration or oxygen concentration shall be

1.1.2.6 Agent mass

mass of agent discharged shall be determined by calculation from the measured mass ¢

located as

f the agent
mass shall

be measured and recorded using a calibrated weighing device capable of measuring the njass to one

dec

C.6

The
med

mal place (0,1 kg) or better.

1.1.2.7 Atmospheric pressure

isured and recorded using a calibrated device havifig an accuracy of 100 Pascal or better

atmospheric pressure shall be determined before*each test. The atmospheric pressufe shall be

©IS
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Dimensions in millimetres
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5 — Plan view of instrumentation placement for the extinguishing concentration test
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Dimensions in millimetres
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Figure C.6 — Side view of instrumentation placement for the extinguishing concentration test
C.6]1.2 Fuel specification
C.6J1.2.1 Crib igniter fuel
Ignition of the\¢rib is achieved by burning 1,5 1 of heptane (specified in C.5.1.2.2) on a 12,5 | layer of
watler in a_square steel pan 0,25 m2 in area, 100 mm in height and with a wall thickness of|6 mm (see
Figlre CZ)
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Dimensions in millimetres
500

100

500

Figure C.7 — Pan geometry for wood crib and heptane pan fire test

C.6.1.2.2 |Fire configuration and placement

The wood ¢rib shall consist of four layers of'six; approximately 40 mm x 40 mm x 450 mm * 50 mm l¢ng,
kiln sprucd or fir lumber having a moisture content between 9 % and 13 %. Place the alternate layeys of
wood menibers at right angles to one another. Evenly space the individual wood members in each layer
forming a $§quare determined by the.specified length of the wood members. Staple or nail together|the
wood members forming the outside-edges of the crib.

The crib shall be pre-burned.on a stand supporting the crib. The distance from the bottom of the frib
to the top o¢f the pan holdingthe igniter fuel (specified in C.5.1.2.1) shall be 300 mm. The bottom of{the
crib shall e 600 mm above the floor.

C.6.1.3 Test procedure

C.6.1.3.1 |Pretesting

The composition of the extinguishing agent used shall be verified by certificate of conformance or by
test. Record the weight and the moisture of the crib prior to the test.

C.6.1.3.2 Operation

Centre the crib with the bottom of the crib approximately 300 mm above the top of the pan on a test
stand constructed so as to allow for the bottom of the crib to be exposed to the atmosphere. The pre-
burning shall not be influenced by weather conditions such as rain, wind, etc. The maximum wind
speed in the proximity of the fire shall be 3 m s-1. If necessary, adequate means for protection against
wind, etc. may be used. Record the weather conditions including location of pre-burn, air temperature,
humidity and wind speed.
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Ignite the heptane and allow the crib to burn freely. The crib shall be allowed to burn freely for a total
pre-burn time of 6 min (+10 s, -0 s).

At the time of actuation of the system, the oxygen concentration within the enclosure at the level of
the crib shall be no less than 20,4 vol %. During the test, the oxygen concentration shall not change
more than 1,5 vol % due to fire products. This change shall be determined by comparing the oxygen
concentration measured in the cold discharge test with the oxygen concentration measured in this fire
test (averaged values).

From the end of system discharge, the enclosure shall remain sealed for a total of 10 min. After the
soak period, remove the crib from the enclosure and observe whether sufficient fuel remains to sustain
conjbustion and look for signs of re-ignition. The following shall be recorded:

a) |presence and location of burning embers;
b) |whether or not the glowing embers or crib re-ignites;
c) |weight of the crib after the test.

If necessary, amend the extinguishant concentration and repeat the experimental progrgmme until
thre¢e successive, successful extinguishments are achieved.

C.6{1.3.3 Recording of data
After the required pre-burn period, record the following data for each test.

a) |The effective discharge time: i.e. for liquefied extinguishants the time of the pre-liquid gas phase
plus the time of the two phase flow; for non-liquéfied extinguishants, the time from dpening the
container valve(s) to cutting off the discharge; the discharge time for liquefied extinguishants has
to be determined by nozzle pressure, nozzle;temperature or combination of both.

b) |The time required to achieve extinguishment, in seconds; this time shall be determinef by visual
observation or other suitable means;

c) |The total mass of extinguishant discharged into the test enclosure.
d) |The soaking time (time from\the end of system discharge until the opening of the test er]closure).
e) |The temperature profile bf the wood crib.
NOTE End of discharge is the point when discharge has effectively ceased. For superpressurized liquefied
extipguishants, it is(the instant when the discharge is predominantly gaseous. For non-superpressurized

liqufied extinguishants and non-liquified extinguishants where a cut-off mechanism is used to stop flischarge, it
is tHe instant when the pressure at the nozzle reduces to zero.

C.6{1.4 _Determination of design extinguishant concentration

Theg éxtinguishant concentration is that concentration which achieves extinguishment of the fire over
three successive tests (no re-ignition or existence of burning embers after 10 min after end of discharge).
Alternatively to three successive tests, three non-successive tests that comply with the requirements
are permitted to be used provided the highest concentration is used. The design concentration is the
extinguishment concentration multiplied by an appropriate “safety factor”.
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C.6.1.5 Reporting of test results

In addition to the data specified in C.6.1.3.3, documentation of performance in C.6.1.4, and
information in C.2.2, at least the following shall be reported for each series of tests.

a) Description of the test enclosure, preferably in the form of a schematic, including the following:

1) testobjectlocation within the test enclosure.

b) description of fuel specifications, including the following:

]_) pan material and dimensions;

2) heptane characteristics by certificate of conformance or by test;

3) water quantity and heptane quantity within the pan;

4)

W

c¢) Descri

1
2)
3)
4)
5)
6)
7)

lo

pod crib material, dimensions, construction, weight and moisture content.
ption of test method including details for operation including the following:

ation and orientation of wood crib with respect to pan for pre-buri;

weather conditions that may influence the pre-burn;

pr

b-burn duration;

oxlygen concentration at system discharge;

duration of soak period;

affer the soak period, observations for signs ofreignition;

waood crib weight following the test.

C.6.2 Heptane pan test

C.6.2.1 Test facility

C6.2.1.1

Constructi

C.6.2.1.2

Instrumen

C6.2.2 F

Construction

bn of the enclosure\s as described in C.6.1.1.1.

Instrumentation

Lation efithe enclosure is as described in C.6.1.1.2.

uebspecification

C.6.2.2.1 Heptane

The heptane is as specified in C.5.1.2.2.

C.6.2.2.2 Fire configuration and placement

the

The fire shall be in a square steel pan of 0,25 m2, 100 mm high with a wall thickness of 6 mm as specified
in C.6.1.2.1. The test pan shall contain 12,5 | of heptane. The resulting heptane surface is then 50 mm
below the top of the pan.

The steel pan shall be located in the centre of the test enclosure with the bottom 600 mm above the
floor of the test enclosure.
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.2.3 Test procedure

2.3.1 Pretesting

The composition of the extinguishing agent used shall be verified by certificate of conformance or by test.

C.6.

2.3.2 Operation

The heptane shall be ignited and allowed to burn for at least 30 s.

Aft

ratleast 30 ¢ all npnninnc shallho claosed and the nvfunglnchnng sustem shallhe manuall

7 actuated.

At t
tha
fire
cold

If n
thré

C.6

Dat

C.6

The
ove
tot
to N

he time of actuation of the system, the oxygen concentration w1th1n the enclosure shal
n 20,4 vol %. During the test, the oxygen concentration shall not change more than,5 v

discharge test with the oxygen concentration measured in this fire test (averaged value

e successive, successful extinguishments are achieved.

2.3.3 Recording of data

h shall be recorded as specified in C.6.1.3.3 with the exceptien of e).

2.4 Determination of design extinguishant concentration

extinguishant concentration is that concentration' which achieves extinguishment

I three successive tests (no flaming 30 s after:the end of extinguishant discharge). Al
hree successive tests, three non-successive tests that comply with the requirements are
e used provided the highest concentration'is used. The design concentration is the ext

products. This change shall be determined by comparing the oxygen concentrationmeas

ecessary, amend the extinguishant concentration and repeat the experimental progrg

be no less
bl % due to
ured in the

5).

mme until

pof the fire
kernatively
permitted
inguishing

1, and the

owing:

below the

confentration multiplied by an appropriate “safety factor”.
C.6{2.5 Reporting of test results
In addition to the data specified,in C.6.2.3.3, documentation of performance in C.6.2.
infgrmation in C.2.2, at least thie-following shall be reported for each series of tests.
a) |Description of the test enclosure, preferably in the form of a schematic, including the fol
1) testobjectloeation within the test enclosure.
b) |Descriptioneffuel specifications, including the following:
1) pandmaterial and dimensions;
2) » heptane characteristics by certificate of conformance or by test;
3) water quantity and heptane quantity within the pan and heptane surface distance
top of the pan.
c) Description of test method including details for operation including the following:

1) pre-burn duration;

2) oxygen concentration at system discharge.
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C.6.3 Polymeric sheet fire test
C.6.3.1 Test facility

C.6.3.1.1 Construction

Construction of the enclosure is as described in C.6.1.1.1.

C.6.3.1.2 Instrumentation

Instrumentation of the enclosure is as described in C.6.1.1.2.
C.6.3.2 Fuel specification

C.6.3.2.1 |Igniter fuel

The ignitign source is a heptane pan (constructed of 2 mm thick mild or staihless steel), intefnal
dimension$ of 51 mm x 112 mm and 21 mm deep, and centred with the top of the)pan 12 mm below|the
bottom of the polymeric sheets (see Figure C.8). The 51 mm side of the pan isorientated parallel to|the
sheets of pplymeric fuel. The pan is filled with 6 ml of commercial grade heptane (specified in C.5.1.p.2)
on a water|base of 40 ml.

C.6.3.2.2 |Polymeric fuel

Tests are tp be conducted with three polymeric fuels
a) polymethylmethacrylate (PMMA),

b) polypropylene (PP), and

c) acrylonitrile-butadiene-styrene polymer (ABS).

Polymeric material properties are given in(Table C.2.

Table C:2,— Polymeric material properties

25 kW/m2exposure in cone calorimeter (ISO 5660-1)
Densi . . 180° average heat Effective heat of
ensity Ignition time .
Fuel Colour release rate combustion
¢/m3 S Tolerance | kW/m2 | Tolerance M]/kg Tolerarnce
PMMA Black 1,19 77 +30 % 286 *25% 23,3 *25%
PP Natural o 0 o
(Witte) 0,905 91 +30 % 225 *25% 39,6 *25%
ABS Natural 104 115 £3004 484 £25 04 291 £250
(cream) ’ i

C.6.3.2.3 Polymeric fuel array

Each polymeric fuel array article shall consist of four sheets of one type of polymeric fuel specified in
C.6.3.2.2. Each polymeric sheet shall have the following dimensions:

— height: 405 mm = 5 mm;
— width: 200 mm + 5 mm;

— thickness: 10 mm + 1 mm.

64 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=111d3ddecf10afb17bf95dd196134210

ISO 14520-1:2015(E)

Sheets are spaced and located as shown in Figures C.8 and C.9. The bottom of the fuel array is located
203 mm from the floor. The fuel sheets shall be mechanically fixed at the required spacing.

The fuel array shall be located centrally within the enclosure.

C.6.3.2.4 Fuel shield

A fuel shield consisting of a metal frame with sheet metal on the top and two sides shall be provided
around the fuel array as indicated in Figures C.8 and C.9. The fuel shield is 380 mm wide, 850 mm high
and 610 mm deep. The 610 mm (width) x 850 mm (height) sides and the 610 mm (width) x 380 mm

(de fh) top are metal sheet The two rpmnining sides and bhottom are open

Theg metal sheet shall have a wall thickness of 2 mm to 3 mm.
The fuel array is oriented in the fuel shield such that the 200 mm dimensions of the fuel'array is parallel
to the 610 mm side of the fuel shield.
Dimensions inf millimetres
380 610
5 I
254 /
e
32
13 254
/ 1
1
nnon | - . B
[N @
I~
> 2
o™
& el - .
/ 3
/ - —
1 Is 1 o —— 6 |l
S
<
4
Key
1 |vettical metal angle frame
2 Uueleuidebars{angleform)
3 fuel guide bars (U-form)
4  heptane pan
5 channel metal frame covered with metal sheeting on top and two sides
6  drip tray

Figure C.8 — Polymeric sheet fire
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(b) Details of fuel guides

1  vertical metal angle frame

2 fuel guide bars (angle form)

3 fuel guide bars (U-form)

NOTE

66

Material 3 mm thick metal.

Figure C.9 — Support rack for polymeric sheets
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C.6.3.2.5 External baffles

External baffles are constructed as shown in Figure C.10 and are located around the exterior of the fuel
shield. The baffles are placed 90 mm above the floor. The top baffle is rotated 45° with respect to the
bottom baffle.

n
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3 L
on / 2
VX
S
)]
90
] /\
Ed s
(=]
mn
(o))
[ 1 T
| AN \/ L:l .
[}
o)}
950
Key
1 |polycarbenate or metal baffles
2 |cindeY block

Figure C.10 — Polymeric fire baffle arrangement

C.6.3.3 Test procedure

C.6.3.3.1 Pretesting

The composition of the extinguishing agent used shall be verified by certificate of conformance or by
test. Record the weight of the plastic sheets prior to the test.
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C.6.3.3.2 Operation

The heptane shall be ignited and allowed to burn completely. At least 210 s after ignition of the heptane,
all openings shall be closed and the extinguishing system shall be manually actuated.

At the time of actuation of the system, the oxygen concentration within the enclosure at the level of
the fuel shall be no less than 20,4 vol %. During the test, the oxygen concentration shall not change
more than 1,5 vol % due to fire products. This change shall be determined by comparing the oxygen
concentration measured in the cold discharge test with the oxygen concentration measured in this fire
test (averaged values).

The enclosure shall remain sealed for a total of 10 min aiter end of discharge. After the soak period,
ventilate the enclosure and observe whether sufficient fuel remains to sustain combustion and loel for
signs of redignition.

The follow|ng shall be recorded:

a) preserce and location of burning fuel;

b) whethgr or not the fire re-ignites;

c) weight of the fire structure after the test.

If necessaly, amend the extinguishant concentration and repeat thel€xperimental programme yntil
three succ¢ssive, successful extinguishments are achieved.

C.6.3.3.3 |Recording of data
After the required pre-burn period, record the following data for each test:

a) The effective discharge time: i.e. for liquefied extiffguishants the time of the pre-liquid gas phase
plus the time of the two-phase flow; for non-liquefied extinguishants, the time from opening|the
contaiher valve(s) to cutting off the discharge;the discharge time for liquefied extinguishants shall
be detgrmined by nozzle pressure, nozzle femperature or a combination of both.

b) The tine to achieve “knock-down” of the flames, that means the time when there are only flamgs at
the toy) edges of the two inner polymeric sheets, in seconds; this time shall be determined by vi$ual
obseryation or other suitable means.

c) The time required to achjeve extinguishment, in seconds; this time shall be determined by visual
obseryation or other suitable means.

d) The total mass of extinguishant discharged into the test enclosure.
e) The sopking time)(time from the end of system discharge until the opening of the test enclosurg).
NOTE End,of\discharge is the point when discharge has effectively ceased. For superpressurized liqudfied
antsy, it is the instant when the discharge is predominantly gaseous. For non-superpressurjzed

HretshatsaaaHoh teefied-extingtishan rere-a-cut-otmechantsmisasedto-step-aisehdrge,

it is the instant when the pressure at the nozzle reduces to zero.

C.6.3.4 Determination of design extinguishant concentration

The extinguishing concentration for each fuel is that concentration which achieves extinguishment of
the fire over three successive tests. Extinguishment is characterized by the following criteria:

a) at most, 60 s after the end of discharge, flames are present only at the top edges of the two inner
polymeric sheets;

b) atmost, 180 s after the end of discharge, no visible flames are present;

c¢) when the test enclosure is ventilated 10 min after the end of discharge re-ignition does not occur.
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Alternatively to three successive tests for each fuel, three non-successive tests that comply with the
requirements are permitted to be used provided the highest concentration for the test fuel is used.

The minimum design concentration is the highest of the extinguishment concentrations for the three
fuels (see C.6.3.2.2) multiplied by an appropriate “safety factor”.

C.6.3.5 Reporting of test results

In addition to the data specified in C.6.3.3.3, documentation of performance in C.6.3.4, and the
information in C.2.2, at least the following shall be reported for each series of tests.

a) |Description of the test enclosure, preferably in the form of a schematic, including the following:
1) testobjectlocation and orientation within the test enclosure.

b) [Description of fuel specifications, including the following:

1) pan material and dimensions;

2) heptane characteristics by certificate of conformance or by test;

3) polymeric sheet dimensions, description in accordance with Table C.2, and data denjonstrating
compliance with the cone calorimeter properties in accordance with Table C.2;

4) support rack material and dimensions;

5) external baffle material and dimensions;

6) fuel array weight with and without polymericsheets.

c) |Description of test method including detailsfor operation including the following:
1) location and orientation of polymeric sheets with respect to pan;

2) pre-burn duration of heptane;

3) pre-burn duration of fuel array;

4) oxygen concentratiofl at system discharge;

5) duration of soak period;

6) after the soakperiod, observations for signs of reignition;

7) fuel array-weight with polymeric sheets following the test.
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Annex D
(normative)

Method of evaluating inerting concentration of a fire extinguishant

D.1 General

This Anngx specifies a method for determining the inerting or inhibiting concentration, ‘of [the
extinguishpnt based on inflammability diagram data on ternary systems (fuel, extinguishant, air).

D.2 Principle

Fuel/extinguishant/air mixture at a pressure of 1 atm (1 bar or 14,7 psia) is ignited using a gap sgark
and the risp in pressure is measured.

D.3 Apparatus

D.3.1 Tedt vessel, spherical, with a capacity of 7,9 * 0,25 |, with inlet and vent ports, thermocouple fand
pressure trfansducer, as shown in Figure D.1.

D.3.2 Igniiter, for nominal resistance of 1 ohm comprising four graphite rods (“H” pencil leads) held
together by two wire ties at either end, leaving a gap betiveen the ties of approximately 3 mm.

D.3.3 Capacitors, two 525 mF, 450 V, wired in.series with the igniter.

D.3.4 Intprnal mixing fan, suitable to withstand the temperature and overpressure of an explosion.

D.4 Procedure

D.4.1 The sphere (D.3.1) and’components should be at nominal room temperature (22 °C * 3 °C). Note
any temperature difference 0utside of this range.

D.4.2 Comnect the-pressure transducer to a suitable recording device to measure the pressure rise in
the test veqgsel to thenearest 70 Pa.

D.4.3 Evdcuate the test vessel (D.3.1).

D.4.4 Admit the extinguishant up to the concentration required by the partial pressure method and, if a
liquid, allow time for evaporation to occur.

D.4.5 Admit fuel vapour and air [(50 * 5) % relative humidity] up to the concentration required by the
partial pressure method until the pressure in the vessel is 1 atm (1 bar or 14,7 psia).

D.4.6 Turn on the fan (D.3.4) and allow to mix for 1 min. Turn off the fan and wait for 1 min for the
mixture to reach quiescent conditions.

D.4.7 Charge the capacitors (D.3.3) to a potential of 720 V to 740 V (d.c.), producing a stored energy of
68]to 70].
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D.4.8 Close the switch and discharge the capacitors.

NOTE The capacitor discharge current results in ionization of the graphite rod surface causing a corona
spark to jump across the connector gap.

D.4.9 Measure and record the pressure rise, if any.

D.4.10 Clean the inside of the test vessel with distilled water and cloths to avoid any build-up of
decomposition residues.

D.4{11 Retain the fuel/air ratio and repeat the test using varying amounts of extinguifhant until
confditions are found that bracket a pressure rise of 0,07 times the initial pressure.

NOTE The definition of the flammable boundary is taken as that composition that justproducef a pressure
rise|of 0,07 times the initial pressure or 1 psi when the initial pressure is 1 atm (1 bar or 14,7 psia).

D.4}12 Repeat, varying the fuel/air ratio and the extinguishant concentration to establish the highest
extihguishant concentration needed to inert the mixture.
D.3 Inerting concentration

The inerting concentration is the concentration established in'D:4.12.

7 6

Key
septum port vacuum
gas inlet pressure gauge

7,9 1 test vessel thermocouple

O© 0 N O
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Figure D.1 — Inerting apparatus
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f contains information for establishing the integrity of rooms and enclosures with respeq
g the extinguishant concentration for the relevant period (hold time). It includes |detail
assumes that air-handling plant will not be operating during the hold time.

bdure cannot be used to predict what extinguishant concentrations~may develoj
paces.

Hure is only suitable providing

quate return air path exists (see E.2.4.2 and E.2.7.1.3), and

the fap unit(s) can develop an enclosure pressure of 25 Pa (this)is a function of the size of

ire, its integrity, and the number and capacities of the fans) (see E.2.2.1 and E.2.7.4.3).

tion procedures used are suitable for both heavier thanair extinguishants and extinguishj
hter than air. The hold time calculation modelsyfor enclosures without continuous mix
ht the enclosure is either a standard enclosure or a non-standard enclosure. A stand
s one that has a uniform horizontal cross Sectional area with horizontal upper and lo
. A non-standard enclosure is one with a nen-uniform horizontal cross sectional area ang

sloping upper and/or lower boundaries.

NOTE
calculation
gas mixturg

)

E.2 Tesl

E.2.1 Pr

A fan is te
A series of]
enclosure ¢

The predic

or gas/air mixtures heavier than airthe calculation procedures have been verified by comparisd
Fesults from door fan testing with hold times from real flooding tests. This has not yet been don
s lighter than air.

for determination of predicted hold time

nciple

mporarily loeated within an access opening to pressurize and depressurize the enclos
pressure and airflow measurements is made from which the leakage characteristics of
ire established.

ted.hold time is calculated using these leakage characteristics on the following assumpti

tto
s of

in

the

ints
ing,
ard
wer
| /or

n of
b for

ure.
the

DI S:

a)

That leakage occurs under the worst conditions, i.e. when one half of the effective leakage area is at

the maximum enclosure height, and the other half (the lower leakage area) is at the lowest point in
the enclosure.

b)

heavier than air, and upwards for extinguishants lighter than air.

That all leak flow is one-dimensional, i.e. ignoring stream functions.

either from or into an infinitely large space.

1,013 bar absolute.

72

The direction of flow through the enclosure, during the hold time, is downwards for extinguishants

That flow through any particular leak area is either into or out of the enclosure and respectively

That the enclosure and surroundings are at a temperature of 20 °C, and atmospheric pressure is
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E.2.2 Apparatus

E.2.2.1 Fan unit, consisting of a frame which will fit into and seal an access opening in the enclosure,
and one or more variable speed fans, with low flow facilities, capable of giving a differential pressure of
not less than 25 Pa across the enclosure boundary.

E.2.2.2 Pressure measuring devices, two in number, one to measure enclosure differential pressure
and one to measure fan flow pressure.

E.2 23— Flexdble tubing for connecting the pressure measurinoe devices

E.2J2.4 Chemical smoke pencils and/or smoke generator.
E.2J2.5 Thermometers, two in number, for measuring ambient temperatures.

E.2{2.6 Signs, reading “DO NOT OPEN — PRESSURE TEST IN PROGRESS” and “DO NOT CLOSE —
PRHESSURE TEST IN PROGRESS”, displayed during the test operation.

NOTE Additional apparatus, such as measuring tapes, barometer for' measuring atmospherjc pressure,

tordhes, ladders, tools to remove floor and ceiling tiles, computer orrother calculating device, camlera, may be
nec¢ssary or convenient.

E.2|3 Calibration and accuracy of apparatus

E.2]3.1 Fan unit

The fan unit (E.2.2.1) shall be calibrated at the intervals and by the method recommenfled by the
manufacturer. Records shall be kept and also topies of the appropriate calibration certificatgs. The flow
rat¢ shall be accurate to +5 % of the meastired value.

E.2]3.2 Pressure measuring devices

The pressure measuring devices\(E.2.2.2) shall be accurate to 1 Pa and shall be calibrated at regular
intdrvals. Records shall be.maintained and where appropriate calibration certificates. TE pressure

megsuring device to measure the fan flow pressure may have a different accuracy as lpng as the
reqpirements for the accuracy of the flow rate (see E.2.3.1) is fulfilled. The atmospheric pressure
megsurement shall beéaccurate to £100 Pa.

If inclined manaeineters are used, change the fluid at the intervals recommended by the mapufacturer.
Level and zero\inclined manometers before each test.

E.2]3.3, \Temperature measuring devices

Tempavafnrr_\ mnacnrihg devices shallbe accurateta +1 °C

E.2.4 Preliminary preparation

E.2.4.1 Obtain a description of air-handling equipment and extinguishant extraction systems, serving
the enclosure and its surroundings, from the user.

E.2.4.2 Check for the following:
a) Raised platform floors and false ceiling spaces.
b) Visually obvious leaks in the enclosure.

c) Adequate return paths outside the enclosure between all leaks and the fan unit.
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d) Conflicting activities in and around the enclosure.

e) Leakage areas in the hold time condition by visually checking the door closure, or other opening

selected for mounting the fan unit.

E.2.4.3 Provide the following information to the user:
a) Description of the test.

b) Time required to complete the test.

C) What §ssistance will be needed from the users stail.

d) Information on any necessary disturbance to the building or its services during the (test;
removpl of floor or ceiling tiles, shutdown of air handling systems, holding doors open,and/or s

E.2.5 Evaluation of enclosure

E.2.5.1 (eneral

Obtain or prepare a sketch plan showing the enclosure and its surroundings, the location of door
other openlings through which air will flow during the test, and the location of any ducts penetra
the enclosyre, and any dampers in the ducts. Show the status (i.e. whether open, closed, on, off du
the hold time) of each door, hatch, damper and other significant4tems (e.g. fans), and which ac
opening(s)|is (are) to be used for the fan unit.

Show the lpcation of floor and sink drains.

E.2.5.2 Mixing during hold time

Enclosures with continuous mixing are enclosures-in which there will be continuous good mixing
due to strdng heat sources or recirculating air<handling equipment, so that an interface does not f
and a uniform extinguishant concentration ismaintained throughout the enclosure during the hold t

Enclosureq without continuous mixing are.enclosures in which there is partial or no mixing during
hold time, $o that an interface forms between the extinguishant/air mixture and the incoming air.

e.g.
hut.

and
[ing
ing
fess

e.g.
brm
me.

the

If it is unceftain whether the enclosure is one with or without continuous mixing, then perform the hold

time calculations for both cases.Use the lower of the two hold time values.

E.2.6 Megasurement ef'enclosure

E.2.6.1 Standarddenclosures without continuous mixing

Standard enclasures are those with a uniform horizontal cross sectional area and horizontal upper

and

lower bourjdagies. Measure the protected enclosure as necessary and record the following:

a) The overall height of the protected enclosure, Hg.
b) The required protected height, H.

c¢) The netvolume of the protected enclosure, V.

E.2.6.2 Non-standard enclosures without continuous mixing

Non-standard enclosures are those with non- uniform horizontal cross sectional area, such as
enclosures with non-horizontal upper and/or lower boundaries. Measure the protected enclosure as

necessary and record the following:

a) The overall height of the protected enclosure from its lowest to its highest point, Ho.
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The required protected height from the lowest point in the enclosure, H.
The net volume of the protected enclosure, V.

The horizontal cross-sectional area, 4, at various heights, sufficient to determine its var

iation with

height so that Ve and dV, can be evaluated using Formulae (E.24) and (E.25) (see E.2.8.9.3).

6.3 Enclosures of any shape with continuous mixing

Measure the protected enclosure as necessary and record the following:

a) The overall height of the protected enclosure from 1ts lowest to 1ts highest point, Ho.

b) The net volume of the protected enclosure, V.

E.2}6.4 Opening for mounting the fan unit

If the door or other closure, replaced by the fan unit for the purpose of test, has significant tneasurable

lealtage openings in the hold time condition, then these should be measured‘and recorded.

E.2|7 Testprocedure

E.2{7.1 Preparation

E.2]7.1.1 Advise supervisory personnel in the area of thé\test.

E.2]J7.1.2 Remove papers and objects likely to be disturbed by the air stream from the fan.

E.2]7.1.3 Block open sufficient doors outside*the enclosure envelope to provide an adeqjate return

path for air between the fan unit and the{énclosure boundaries while correcting any brgach of any

reqpirements of the facility, including ‘Yequirements for security, fire protection and envjronmental

boundaries.

E.2]7.1.4 Using the sketch plan{see E.2.5), set the enclosure air-handling equipment and exfinguishant

extiaction systems to the state they would be in during the hold time, except that

a) |recirculating air-handling equipment without fresh air make-up or exhaust which doeg not give a
bias pressure across the enclosure boundary or otherwise preclude accurate testing,{and which
would be shut~dewn on extinguishant discharge, may be left operating during the tept if this is
needed to ayoid temperature build-up in equipment such as computers, and

b) |air-handling equipment, with fresh air make up or exhaust, which would continue to pperate on
extinguishant discharge should be shut down as it may create excessive bias pressure|during the
integrity test.

E.2.7.1.5 Post the appropriate signs on doors (see E.2.2.6).

E.2.7.1.6 Open doors and remove floor or ceiling tiles within the extinguishant-protected portions
of the enclosure envelope so that the extinguishant-protected volume is treated as one space. Do not
remove false ceiling tiles if the volume above the false ceiling is not protected with extinguishant.

CAUTION — The removal of raised floor tiles creates a serious safety hazard. Appropriate

pre

cautions should be taken.

E.2.7.1.7 Set all doors and windows and other openings in the enclosure envelope to the state they
would be during the hold time.
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E.2.7.1.8 Check thatliquid traps in the floor and sink drains are sealed with liquid.
E.2.7.1.9 Record the conditions (enclosure, surroundings and services) during the fan test.
E.2.7.2 Setting up the door fan unit

E.2.7.2.1 Setup the fan unit in an access opening leading from the enclosure into the largest volume of
building space which will complete the air flow path from the fan, via the enclosure, leaks, and building
space back to the fan.

E.2.7.2.2 |Gently blow into, or suck from, the flexible tubing so that the readings of the présgure
measuring|devices traverse the full scale. Hold the maximum reading for not less than 10 s.

Release th¢ pressure and zero the devices.

E.2.7.2.3 |Connect the enclosure differential pressure measuring device and the fan pressure measufing
device. Endqure that the open ends of the flexible tubing near the fan unit are away from its air str¢am
path and any other air flows which might affect the readings.

E.2.7.2.4 |Use the fan(s) to raise or lower the pressure of the enclosure te’the maximum safe presgure
obtainable| Check all dampers with smoke and ensure that they arec«closed properly. Check doors fand
hatches anfl ensure correct closure. Inspect the wall perimeter (abo%e and below any false floor) and|the
floor slab fpr any major leaks and note their size and location.

E.2.7.2.5 |Ensure that there will be no pressure differential between the area of the fan outside|the
enclosure and along the return air paths around the boundary of the enclosure under test. This may be
done visually or by pressure measurement.

E.2.7.3 Measurement of bias pressure during fan testing (Ppt)

E.2.7.3.1 |Pyis used to correct the measured inside-outside enclosure pressure differential in orddr to
calculate the enclosure leakage characteristics.

E.2.7.3.2 |Seal the fan unit and, without the fan(s) operating, allow the enclosure differential presgure
reading to ftabilize if possible{which may take up to 30 s) and record the pressure differential, Ppt, pnd
its directioh. Take Pyt as positive if the inside pressure is above the outside pressure, and negative iff the
inside pressure is below thie,outside pressure. If the magnitude of Py is greater than 3 Pa (i.e. |Pp¢| > 3[Pa),
it should b¢ reduced befereé proceeding with the integrity test.

E.2.7.3.3 |Make every effort to reduce the static pressure, Py, by shutting down air handling equipnjent
even though it<can operate during the hold time.

If a subflod
these leaks cannot be accurately measured. During the test, as many floor tiles as necessary should
be lifted to eliminate the effect of subfloor pressurization, or every effort should be made to reduce
subfloor leaks to insignificance.

WARNING — The removal of raised floor tiles creates a serious safety hazard. Appropriate
precautions should be taken.

E.2.7.3.4 If Py fluctuates (e.g. due to wind effects), it may not be possible to achieve the necessary
correlation accuracy in the fan test results. The fluctuations may need to be reduced, before accurate fan
tests can be carried out, by sealing leakage paths between the enclosure and the source of fluctuating
pressure.
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E.2.7.4 Measurement of leakage rate

E.2.7.4.1 Measure the air temperature inside the enclosure, Te, and measure the air temperature
outside the enclosure, Ty, at several points. If the location of leaks is not known, use the average value;
otherwise, use the average value weighted according to the known location of the leaks. Verify the
temperatures at the end of the test.

E.2.7.4.2 Unseal the fan inlet or outlet and connect the fan flow pressure measuring device.

EZ 4 SINSHREATSE PR e ni O CACPICSS ize the enclas e to the maximum exten D prelela
mofte than 60 Pa, as at higher differential pressures the flow characteristics of the leak path§-gpay change.
Alldw the enclosure differential pressure reading to stabilize (which may take up to 30, s) pnd record
the|pressure differential i.e. (Pf + Ppt) which will be negative. Repeat at not less than four mg¢re fan unit
flow rates to give five readings more or less evenly spaced over the range down to 10 Pafor 10 |Ppt
whilchever is the higher. At each pressure difference, measure the air flow and pressure differ¢nce across
the|enclosure/fan boundary. After the fan and instrumentation have stabilized, the average over an
intdrval equal to, or greater than, 10 s should be used if fluctuations are'ebserved. If stable readings
canpot be obtained at the minimum pressure difference (10 Pa or 10_|Ppt|) then only go dpwn to the
lowst pressure at which stable readings can be obtained.

E.2}7.4.4 Use the fan unit to pressurize the enclosure and repeat the procedure of E.2.7.4.3. Again
record values of (Ps+ Ppt), which will be positive.

E.2]7.4.5 Repeat the zero flow pressure difference (bias pressure Ppt) measurement. If ghe reading
differs from the initial zero flow pressure difference reading by more than 1 Pa, repeat the tegt.

E.2]7.5 Field Calibration Check

E.2J7.5.1 Calculate the enclosure’s .equivalent leakage area (average of pressurifation and
depfressurization), at a reference pressuredifferential of 10 Pa, using Formulae (E.30) and (E.31)|(see E.3.2).

E.2]7.5.2 In a sheet of rigid material, less than 3 mm thick and free of any penetrations, cut a sharp-
edged circular calibration check orifice. The area of the orifice shall be large enough to cauge an easily
megsurable increase in the enclosure’s leakage rate, but not so large that a different range of the fan unit
shall be used to measure(the increased flow. A geometrical area about 50% of the enclosure’s equivalent
lealfage area is likely ta"be suitable. Install the sheet in an unused fan unit port if possible.|Otherwise,
instpll the sheet in.some other convenient enclosure opening but consider that this will modify the
enclosure’s leakage-characteristic and reduce the accuracy of the field calibration check.

E.2}7.5.3 Seal the fan unit and orifice, repeat the measurement of bias pressure during fan festing (see
E.2J7.3) and record the value of Ppt.

Opdntl librati heck arifi l 1 floal (see E274)

E.2.7.5.4 Calculate the equivalent leakage area (average of pressurization and depressurization) of the
enclosure with the orifice at reference pressure differential (10 Pa).

E.2.7.5.5 The measured equivalent leakage area of the calibration orifice is the equivalent leakage area
of the enclosure with the orifice minus the equivalent leakage area of the enclosure alone.

E.2.7.5.6 The field calibration check is acceptable if the measured equivalent leakage area of the orifice
is within £15 % of its geometrical area. If the difference is greater than 15 %, the fan unit should be
recalibrated.
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E.2.7.6 Measurement of bias pressure under hold time conditions (Ppt)

E.2.7.6.1 Py} is the bias pressure under hold time conditions that is used in the calculation of the

hold time.

E.2.7.6.2 Set the enclosure, its surroundings, and services, to the conditions that would apply during
the hold time using the information from E.2.5.

E.2.7.6.3 Seal the fan unit and, without the fan(s) operating, connect a manometer so as to measure

the pressu
the enclost

re Hiffprpnfi:\]l th’ and its direction. Measure between 2a cing]p fixed reference pninf in

side

re, and a) a point immediately outside the upper leakage and b) a point immediately out

the lower leakage. Allow the enclosure differential pressure reading to stabilize if possible (which

take up to
positive if t
the outside

If the encl
average va
uniform flq

The value

For ex

For ex

The tubing
be filled w
gravity act

E.2.7.6.4
case, use tH
the most p

E.2.7.6.5

column pré
and the en,
bias pressu
it cannot b

E.2.8 Ca

E.2.8.1 §

For enclost

B0 s) and record the pressure differential, Py, and its direction for both positions..Take Py
he inside pressure is above the outside pressure, and negative if the inside pressure is be
pressure.

sure is large, repeat the pairs of measurements at several points soras to determine
ue of Ppp, but note that if Ppy, varies significantly from place to placé then it may cause 1
w through leakage areas, invalidating the hold time equation.

f Ppp for hold time calculations is given by:
inguishants heavier than air (pa < pe), Ppn = Pph(lower)&Pyh(upper)
inguishants lighter than air (pa > pe), Pph = Pph(upper) - Pph(lower)

used to connect the manometer to the points outside the upper and lower leakages sh
ith air at ambient temperature, so that the measured value of Py, will not be affected
ing on the air between the upper and lower leakage.

If Ppp fluctuates (e.g. due to wind effects), the predicted hold time will be uncertain. In
e most negative value of Pp;, when checking whether flow reversal will occur (see E.2.8.4)

[f the bias pressure Ppy hasa'numerical value greater than 25 % of the initial extinguishant
ssure [see Formulae (E6)in E.2.8.4], i.e. |Ppn| > 0,25 Ppj then the hold time is likely to be
closure may not hold the specified extinguishant concentration. The source of the exces
re should be identified (and traced using inert smoke) and if possible permanently reduce
e permanently rediiced it shall be recognized that the hold time may be adversely affected

culation

election of appropriate hold time equation

bide
nay
h as
low

the
on-

uld
| by

this
and

sitive value when calculating thé predicted hold time (see E.2.8.6, E.2.8.7, E.2.8.8 and E.2.8.9).

air
low
Kive
d. If

blve

than the non-standard enclosure equation. In certain circumstances, it may be acceptable to use the
standard enclosure equation to calculate the hold time for a non-standard enclosure, although the non-
standard enclosure equation will be more accurate.

For enclosures where the horizontal cross sectional area decreases from the top of the enclosure to the
bottom (e.g. a ship’s hull or a flat topped and vertical walled room with a cable trench), the standard
enclosure equation will underestimate the hold time (in the upper part of the enclosure) for extinguishants
heavier than air, and overestimate it (in the lower part) for extinguishants lighter than air.

For enclosures where the horizontal cross sectional area increases from the top of the enclosure to the
bottom (e.g. enclosures with pitched roofs), the standard enclosure equation will overestimate the hold
time (in the upper part) for extinguishants heavier than air, and underestimate it (in the lower part) for
extinguishants lighter than air.
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It is important to use the non-standard enclosure equation when the standard enclosure equation
will overestimate the hold time because the standard enclosure equation may predict a pass for an
enclosure that would actually fail.

It is less important to use the non-standard enclosure equation when the standard enclosure equation
will underestimate the hold time, although the standard enclosure equation may predict a failure for an

enclosure that would actually pass.

Expert advice should be sought in case of doubt.

E.2.8.2 Symbols

Thg symbols of the quantities, and their units, used in the calculation are given in Table.FxI-
Table E.1 — Symbols, quantities and units
Symbol Quantity Unit

A horizontal cross sectional area at height h m?2

Ae effective leakage area m?2

C extinguishant concentration at height h % vol.
initial concentration of extinguishant in air for the enclosure’at the be- % vol.
ginning of the hold time

Cmih minimum concentration of extinguishant in air at heightH in the enclosure % vol.
atthe end of the hold time — notless than the extinguishing concentration

ELA equivalent leakage area m?2

F lower leakage fraction, effective leakage area of lower leaks divided by dimensiopless
effective leakage area of all leaks

In acceleration due to gravity m/s3

H height from the lowest point in the-enclosure m

He height of equivalent sharp intéxface m

H, overall height of enclosuré m

Hp required protected height — required height of ¢y, at the end of the m
hold time

It Interface Thicknes$ constant [see Formula (E.7) and table for values for m
each agent]

Ip Interface-Pesition constant [see Formula (E.7) and table for values for dimensiopless
each agent)

ko leakage characteristic [see Formula (E.1)] m3/(s - fan)

k1 leakage characteristic [see Formula (E.13)] m3/(s - an)

k2 correlation constant [see Formula (E.14)] [kgnm3(1-n)]f(s - Pan)

k3 simplifying constant [see Formulae (E.15) and (E.16)] m/s}

ky STmpliTying constant [see Formulae (E.17) and (E.18]] Pa-m>/kg

n leakage characteristic [see Formula (E.11)] 1

Pph bias pressure during the hold time Pa

Pyt bias pressure at the time of the fan test Pa

P atmospheric pressure during fan calibration bar

Ps differential pressure produced by the fan Pa

Pmi initial extinguishant/air column pressure Pa

P final extinguishant/air column pressure Pa

Pref reference pressure difference for equivalent leakage area Pa

Py atmospheric pressure at time of fan test bar
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Table E.1 (continued)

Symbol Quantity Unit
Q volume flow rate in through the upper leaks and out through the lower leaks m3/s
Qr measured air flow rate through fan m3/s
Q air flow rate, temperature and pressure corrected to reference conditions m3/s

(20 °C, 1,013 bar atmospheric pressure)
Qref enclosure air leakage rate at pressure difference Pref m3/s
t predicted hold time [see Formulae (E.19) to (E.23)] S
Tc atmrospirerictemperatureduringcatibratiomrof farrumit €
Te air temperature inside enclosure °C
To air temperature outside enclosure °C
% enclosure nett volume m3
Ve volume of extinguishant in the enclosure [see Formula (E.24)] m3
Vet final value of Ve m3
Vei initial value of Ve m3
Pa air density (1,205 at 20 °C and 1,013 bar) kg/m3
De extinguishant density at 20 °C and 1,013 bar atmospheric pressure kg/m3
Pm extinguishant/air mixture density at 20 °C and 1,013 bar atmespheric kg/m3
pressure
Pmf extinguishant/air mixture density at the concentration cpyy 20 °C and kg/m3
1,013 bar atmospheric pressure
Pmi extinguishant/air mixture density at initial concentfation c;j, 20 °C and kg/m3
1,013 bar atmospheric pressure

E.2.8.3 Depressurization and pressurizationleakage characteristics

From the measured values of (P + Ppt) and*Ppt, calculate the values of Prand, using the fan calibration
data (see EL2.3.1), the corresponding air\flow rates Qf through the fan.

For each sqt of results (pressurization and depressurization), express the fan test results in the form:
n
0 ¢ = o |P ] (E-1)

Determine|ko, n, and thecorrelation coefficient (r or r2) using ordinary least squares regression to ffit:

In |Qf| = In| ko +_r<tn | Pt| to the data. Check that the correlation coefficient of each set is not less than
r=0,99 or 2 %0)98. The two sets will almost always have different values of kg and n.

If the corretatronmrcoeffictentistootow;

— repeat the test,

— check for fluctuating bias pressure, and

— check for damper/vent movement during the test.

Calculate the corrected values of ko using Formulae (E.2) and (E.3), as appropriate, and call them kj:
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