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Foreword

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

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fofj
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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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. Detail
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.

planation of the voluntary nature of standards, the.meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherence
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT),
g /iso/foreword.html.
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fighting, Subcommittee SC 8, Gaseous media and firefighting systems using gas.
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the Scope has been extended te cover an additional agent, halocarbon blend 55;

nent was prepared by Technical CommitteedSO/TC 21, Equipment for fire protection and

h edition cancels and replaces the-third edition (ISO 14520-1:2015), which has b
revised. It also cancels and replaces-1SO/TR 23107:2021.

hanges are as follows:

1se 5.2.1 has been amended to require upper limit threshold concentrations to be establig
impurity that couldresult in acute toxicity at concentrations below the cardiac sensitiza
of the agent.Subclause G.4.4 has also been added to provide further information on t}
bments;

subclause (6.4.4.2) has been added requiring that in the event of an electrical actuator b

the c01|1trol panel;

bd fremia container valve or selector valve, an audible and visual alarm is to be provide
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subclause 7.4.1 has been amended to draw attention to ISO 21805;

caused by the alarm devices or the discharge of the agent;

recommended selection of regular and high hazard design concentrations;

Annex

Annex

Alist of all

Vi

[ has been added to reflect the content of the withdrawn document ISO/TR 12854;
] has been added to reflect the content of ISO/TR 23107 (to be withdrawn).

parts in the ISO 14520 series can be found on the ISO website.

anew subclause (7.5) has been added providing guidance regarding the effects of noise that can be

subclause 7.6.1.3, (previously 7.5.1.3) has been amended to give several scenarios to explain the
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

© 1S0 2023 - All rights reserved vii


https://www.iso.org/members.html
https://standardsiso.com/api/?name=0227b88ca23e08acdfe934453738056e

ISO 14520-1:2023(E)

Introduction

Firefighting systems covered in this document are designed to provide information on a supply of

gaseous ex

tinguishing 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 document has been prepared to meet this

need.

The requi
working gi
consider e
recommen

It has been|
to people

approval, i
been prep:
extinguish

Attention i
contribute

It is impor
systems fo
the need ta
or other m

Gaseous ex
fires and f

the plannipg of comprehensive schemes, it should be remembered that these media are not suitablg

all hazardj
use which

Advice on {
extinguish
and safety
standards

It is essent
required. |
of the syst
crippling f
and mainte

the
b to
the

EMeNnts of this document are made in the 1ght of the best technical data RNown Lo
'oup at the time of writing but, since a wide field is covered, it has been impracticabl
ery possible factor or circumstance that can potentially affect the implementation of
dations.

ted
ing,
has
e of

assumed in the preparation of this document that the execution of its provisions is entrus
hppropriately qualified and experienced in the specification, design, installation, test]
hspection, operation and maintenance of systems and equipment, for whose guidance it
ired, and who can be expected to exercise a duty of care to avojd\uhnecessary releas
Ant.

5 drawn to the Montreal Protocol on substances that depleté thie ozone layer and those that

towards climate change.

fant to consider the fire protection of a building or plant as a whole. Gaseous extinguisijant
'm only a part of the available facilities. It should not bé assumed that their adoption remqves

consider supplementary measures, for example;the provision of portable fire extinguishers
bbile appliances for first aid, emergency use orfor dealing with special hazards.

juid
[, in

for
heir

tinguishants have been a recognized effective medium for the extinction of flammable lid
res in the presence of electrical and ordinary Class A hazards for many years. Howeve

. Additionally, in certain circumstances or situations there can be dangers relating to t
require special precautions.

the
hlth
nal

hese matters can be obtained' from the appropriate manufacturer of the extinguishant or
ng system. Information may also be sought from the appropriate fire authority, the he
authorities and insurers. Also, reference should be made as necessary to other nati
hnd statutory regulations of the particular country.

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

Inspection

continues to provide a

dequate 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
Thi

Scope

5 document specifies requirements and gives recommendations for the design, installati

maintenance and safety of gaseous firefighting systems in buildings, plants-or other
and the characteristics of the various extinguishants and types of fire forywhich they are

ext

It c
util

nguishing medium.

zing electrically non-conducting gaseous fire extinguishants:that do not leave a re

disg¢harge and for which there are sufficient data currently availableto enable validation of pe

and
exp

Thi

losion suppression.

5 document is not intended to indicate approval™of the extinguishants listed ther

appyopriate authorities, as other extinguishants can-bé equally acceptable. CO, is not inclul

cov

Thi
wit

©IS

ered by other International Standards.

5 document applies to the extinguishants listed in Table 1. Itis essential that it be used in ¢
h the separate parts of the ISO 14520 seties for specific extinguishants, as cited in Table

b1, testing,
structures,
a suitable

bvers total flooding systems primarily related to buildings, plantsZand other specific applications,

bidue after
rformance

safety characteristics by an appropriate independent authority. This document does njot apply to

bin by the
ded as it is

onjunction
L.
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Table 1 — Listed extinguishant

Extinguishant Chemical Formula CASNo. |International Standard
FK-5-1-12 Dodecafluoro-2- CF;CF,C(0)CF(CF3), 756-13-8 ISO 14520-5
methylpentan-3-one
HCFC-123 Dichlorotrifluoroethane |CHCI,CF; 306-83-2
HCFC-22 Chlorodifluoromethane |CHCIF, 75-45-6 ISO 14520-6
HCFC-124 Chlorotetrafluoroethana FDFIDFES 29237.99.0
Isopropenyl-1- CioHyg 5989-27-5
methylcyclohexene
HFC 125 Pentafluoroethane CHF,CF4 354-33-6 ISO 14520-8
HFC 227ea Heptafluoropropane CF;CHFCF; 2252-84-8 ISO 14520-9
HFC 23 Trifluoromethane CHF, 75-46-7 ISO 14520-10
1G-01 Argon Ar 74040-37-1 (1SO'14520-12
1G-100 Nitrogen N, 7727-37-9 1SO 14520-13
Nitrogen (50 %) N, 7727-37-9
1G-55 Argon (50 %) Ar 7404@-37-1 |1SO 14520-14
Nitrogen (52 %) N, 7727-37-9
1G-541 Argon (40 %) Ar 74040-37-1  |ISO 14520-15
Carbon dioxide (8 %) co, 124-38-9
Halocarbor Blend |E-1-chloro-3,3,3-trif- CF;CHCHCI 102687-65-0 |ISO 14520-17
55 luoropropene (50 % by
mass)
Dodecafluoro-2- CF;CF,C(O)CF(CF3), 756-13-8
methylpentan-3-one
(50% by mass)
2 Nornjative references
The followling documents are referred to in the text in such a way that some or all of their confent
constituteg requirements of this’document. For dated references, only the edition cited applies.|For
undated references, the latest\edition of the referenced document (including any amendments) applies.
ISO 1452045:2019, Gaseous fire-extinguishing systems — Physical properties and system design — Paft 5:
FK-5-1-12 ektinguishant
ISO 1452048:2019,"Gaseous fire-extinguishing systems — Physical properties and system design — Paftt 8:
HFC 125 extinguishant

ISO 14520-9:2019, Gaseous fire-extinguishing systems — Physical properties and system design — Part 9:
HFC 227ea extinguishant

[SO 14520-10:2019, Gaseous fire-extinguishing systems

Part 10: HFC 23 extinguishant

ISO 14520-12:2015, Gaseous fire-extinguishing systems

Part 12: 1G-01 extinguishant

ISO 14520-13:2015, Gaseous fire-extinguishing systems

Part 13: 1G-100 extinguishant

ISO 14520-14:2015, Gaseous fire-extinguishing systems

Part 14: 1G-55 extinguishant

2

Physical properties and system

— Physical properties and system

— Physical properties and system

Physical properties and system

design

design

design

design
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ISO 14520-15:2015, Gaseous fire-extinguishing systems — Physical properties and system design —
Part 15: 1G-541 extinguishant

ISO 14520-17:2022, Gaseous fire-extinguishing systems — Physical properties and system design —
Part 17: Halocarbon Blend 55

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

3 Terms and definitions

FOI' thc purpuscs Uf t}lib duu.uucut, t}lC fU}}UVVillS tcl JUIN) dlld dCfillitiUllb dpl)}y.
[SO|and IEC maintain terminology databases for use in standardization at the following-addyesses:

— |ISO Online browsing platform: available at https://www.iso.org/obp

— |IEC Electropedia: available at https://www.electropedia.org/

NOTE For the purposes of this document, the term “bar"D is taken as “gauge”, unless otherwide indicated.
Confentrations or quantities expressed in percentages (%) are taken as by velume unless otherwise findicated.

3.1
appgroved
acc¢ptable to a relevant authority (3.2)

Note 1 to entry: In determining the acceptability of installations or procedures, equipment, or mfterials, the
authority can base acceptance on conformance with the appropriate International Standards.

3.2
authority
orgfanization, office, or individual responsible for approving equipment, installations or prodedures

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

Note¢ 1 to entry: This can be in theform of a manual switch on the control panel or other units, or|a personnel
doof interlock. In all cases, this changes the actuation mode of the system from automatic and manugl to manual
onlyf or vice versa.

3.4
extjnguishant
eledtrically non-oconducting gaseous fire extinguishing agent that, upon evaporation, does ot leave a
residue

Note 1 to entry: See Table 1.

Note 240 entry: The terms "extinguishant" and "agent" are used interchangeably throughout this dogument.

3.5

clearance

air gap between equipment, including piping and nozzles and unenclosed or uninsulated live electrical
components at other than the ground potential

3.6 Terms relating to concentration

3.6.1
design concentration
concentration of extinguishant, including a safety factor, required for system design purposes

1) 1bar=0,1 MPa=105Pa; 1 MPa = 1N/mm?

©1S0 2023 - All rights reserved 3
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3.6.2

maximum concentration
concentration achieved from the actual extinguishant quantity at the maximum ambient temperature
in the protected area

3.6.3

extinguishing concentration
minimum concentration of extinguishant required to extinguish a fire involving a particular fuel under
defined experimental conditions excluding any safety factor

3.7

engineere
system in

and nozzle
with a spe

Note 1 to e
provided in

3.8
fill densit)
mass of exf{

39

d system

which the supply of extinguishant stored centrally is discharged through a system.of.p
5 in which the size of each section of pipe and nozzle orifice has been calculated in accerdd
ific method

htry: The specfic method used for calculating the size of each section of pipe andnozzle orifi
Annex H.

I
inguishant per unit volume of the container

flooding quantity

mass or v
volume

3.10

net volum
volume en
permanent

3.11

hold time
period of
concentrat]

3.12

inspection

visual ched

lume of extinguishant required to achieve the design concentration within the prote

P
Closed by the building elements around the protected enclosure, minus the volume of
impermeable building elements within'the enclosure

fime during which a concentration of extinguishant, not less than 85 % of the de
jon, surrounds the hazard

pes
nce

e is

ted

any

bign

k to give reasonable assurance that the extinguishing system is fully charged and operalyle

Noteltoe
and that th

3.13
liquefied
gasor gas

ry: This is doue-by seeing that the system is in place, that it has not been activated or tampered

dre is no opwious physical damage or condition to prevent operation.

gas

Uith,

temperature (20 °C)

3.14

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

Note 1 to entry: The actuation of this device indicates system isolation.

Note 2 to entry: The intent is to prevent the discharge of the agent into the hazard area when the lock-off device
is activated.

© IS0 2023 - All rights reserved
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3.15

lowest observed adverse effect level

LOAEL

lowest concentration 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 system
component, to give maximum assurance that the extinguishing system will operate as intended

3.17
makimum working pressure
equiilibrium pressure within a container at the maximum working temperature

Note 1 to entry: For liquefied gases, this is at the maximum fill density and can include superpressurjzation.

3.1

no pbserved adverse effect level
NOAEL

highest concentration at which no adverse toxicological or physiological.effect has been obsg¢rved

31

non-liquefied gas
gas|or gas mixture (normally an inert gas), which, under mopmal service pressure and germissible
seryice temperature conditions, is always present in the gas€ous form

3.2
normally occupied area
areq intended for occupancy

3.2
normally unoccupied area
areq not normally occupied by people, butwhich can be entered occasionally for brief period

wn

3.2p
prerengineered systems
system consisting of a supply efextinguishant of specified capacity coupled to pipework with|a balanced
nozgle arrangement up to amaXimum permitted design

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

3.28
regulated systém
nontliquefied-gas system where the pressure downstream of a pressure regulation device i limited to
sonje maximwm pressure under both flow and no-flow conditions

3.2
safetyfactor
multiplier of the agent extinguishing concentration to determine the agent minimum design
concentration

3.25

sea-level equivalent of the agent

agent concentration (volume percent) at sea level for which the partial pressure of agent matches the
ambient partial pressure of agent at a given altitude

3.26

sea-level equivalent of oxygen

oxygen concentration (volume percent) at sea level for which the partial pressure of oxygen matches
the ambient partial pressure of oxygen at a given altitude

© IS0 2023 - All rights reserved 5
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3.27

selector valve

valve installed in the discharge piping downstream of the agent containers, to direct the agent to the
appropriate hazard enclosure

Note 1 to entry: This is used where one or more agent containers are arranged to selectively discharge agent to
any of several separate hazard enclosures.

3.28

superpressurization
addition of gas to the extinguishant container, where necessary, to achieve the required pressure for
proper sysfem operation

3.29

total flood
system arf
concentrat

ling system
anged to discharge extinguishant into an enclosed space to achieve the appropriate de
ion

bign

3.30
unoccupia
area thatc

ble area
hnnot be occupied due to dimensional or other physical constraints

EXAMPLE Shallow voids and cabinets.

4 Use and limitations

4.1 General

The design, installation, service and maintenance -of;gaseous fire-extinguishing systems shall] be

performed
shall only

The hazar
contained

Ie performed by qualified personnel and-companies.

by those competent in fire extinguishing-system technology. Maintenance and installa

s against which these systems offer protection, and any limitations on their use, shal
n the system supplier's design mahual.

Fion

Il be

e in
ing

Total floodling fire-extinguishing systenits are used primarily for protection against hazards that ar
enclosures|or equipment that, in itself includes an enclosure to contain the extinguishant. The follow
are typicallof such hazards, butthe list is not exhaustive:

a)
b)
<)
d)

electrical and electronic-hazards;
telecommunications4dcilities;

flammpble and.e@mbustible liquids and gases;

other ]righ-value assets.

4.2 Extinguishants

4.2.1 General

Any agent that is to be recognized by this document or proposed for inclusion in this document
shall first be evaluated in accordance with Annex ]. This is equivalent to the process used by the
U.S. Environmental Protection Agency's (EPA) SNAP Program or other internationally recognized
extinguishing agent approval institutions.

The extinguishants referred to in this document are electrically non-conductive media.

© IS0 2023 - All rights reserved
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The extinguishants and specialized system parameters are each covered individually in the relevant
parts of the ISO 14520 series for specific extinguishants. These parts of the ISO 14520 series (see
Table 1), shall be used in conjunction with this document.

Unless relevant testing has been carried out to the satisfaction of the authority, the extinguishants
referred to in the relevant parts of the ISO 14520 series shall not be used on fires involving the following:

a)
b)

chemicals containing their supply of oxygen, such as cellulose nitrate;

mixtures containing oxidizing materials, such as sodium chlorate or sodium nitrate;

xides;

‘)
d)

e)

4.2

Glol
ext

NOT
scal
GW

stratosphere. ODP values are reported relative to the sanieymass of CFC-11, which has an ODP equ

inte
env
infol
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4.3

Car
cha
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Sys

4.4

Mixling of extingtishants in the same container shall be permitted only if the system is appro

wit

Sys
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reactive metals (such as sodium, potassium, magnesium, titanium and zircenium
hydrides, or metal amides, some of which can react violently with some gaseous extingy

environments where significant surface areas exist at temperatures greatér than the |
temperature of the extinguishing agent and are heated by means other than'the fire.

2 Environmental properties

bal warming potential (GWP) and ozone depletion potential (ODP) values applicable to t
nguishing agents are detailed in ISO 14520-2 to ISO 14520-17,

E GWP is a measure of how much a given mass of gas is €stimated to contribute to global w
e is a relative comparison on a mass basis where a clean agent is compared to carbon dioxide,
P equal to 1. ODP provides a relative comparison of the*ability to react with ozone at altitude
rgovernmental panel on climate change (IPCC) and*the Parties to the Montreal Protocol provid
ronmental information on clean agent alternatives. Users of this document are encouraged tg

Fmation provided by those organizations to uhderstand the significance of the environmental p
hgents in this document.

Electrostatic discharge

Fging of conductors not bonded to earth can occur during the discharge of extinguish
ductors can discharge to‘other objects with sufficient energy to initiate an explosion.
em is used for inerting, pipework shall be adequately bonded and earthed.

Compatibilityywith other extinguishants

h such amixture.

fems Using the simultaneous discharge of different extinguishants to protect the sam

), reactive
ishants;

breakdown

he gaseous

hrming. The
which has a

within the
al to 1. The
e up to date
review the
roperties of

b shall be taken when discharging extinguishantinto potentially explosive atmospheres. Electrostatic

ant. These
Where the

ved for use

e enclosed

spa

e_shall not be permitted.

4.5

Temperature limitations

All devices shall be designed for the service they will encounter and shall not readily be rendered
inoperative or susceptible to accidental operation. Devices shall normally be designed to function
properly from -20 °C to +50 °C, or marked to indicate temperature limitations, or in accordance with
manufacturers' specifications which shall be marked on the name-plate, or (where there is no name-
plate) in the manufacturer's instruction manual.
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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 regarding the hazards associated with particular extinguishants in
the supplementary parts of the ISO 14520 series. Unnecessary exposure to all gaseous extinguishants
shall be avoided.

Adherence to the ISO 14520 series does not remove the user's statutory responsibility to comply with

the appropy tate oafct_y T csu}atiuuo.

The decom
degrees of
of availabl
product is

These decq
parts per 1
time creatg¢

The amoun
on the size
the agent is
to the criti
to the mirn
could gene
lengthy, th

heat can be hazardous. All of the present halocarbon agents contain fluorine. In the presg
e hydrogen (from water vapour, or the combustion process itself), the main decomposi
hydrogen fluoride (HF).

mposition products have a sharp, acrid odour, even in minute concentrations of only a
hillion. This characteristic provides a built-in warning system for the agent, but at the s
s a noxious, irritating atmosphere for those who shall enter the hdzard following a fire.

t of agent that can be expected to decompose in extinguishing a'fire depends to a large ex
of the fire, the particular clean agent, the concentration of-the agent, and the length of
in contact with the flame or heated surface. If there is agery rapid build-up of concentra

cal value, then the fire will be extinguished quickly, and the decomposition will be lim
imum possible with that agent. Should that agent's-specific composition be such thj

Fate large quantities of decomposition products,and the time to achieve the critical valu

bn the number of decomposition products can be'quite great. The actual concentration of

position products generated by the clean agent breaking down in the presence of very high

nce
Fion

few
hme

fent
ime
[ion
ted
it it
eis
the

decomposition products then depends on the volume,of'the room in which the fire was burning and on
the degree|of mixing and ventilation.

Longer exposure of the agent to high temperatures would produce greater concentrations of these
gases. The|type and sensitivity of detection; coupled with the rate of discharge, should be sele¢ted
to minimige the exposure time of the agent to the elevated temperature if the concentration 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 can make the@rea untenable for human occupancy.

5.2 Safety precautions

5.2.1 Geperal

As acceptaple alternatives to the requirements of 5.2 and 5.3, either the requirements of Annex Q for
safe persomnel expa e guidelines or those requiremen pecified by appropriate national standdrds
shall be followed.

The safety precautions required by this document do not address toxicological or physiological effects
associated with the products of combustion caused by fire. The maximum exposure time assumed
by the safety precautions in this document is 5 min. Exposure times longer than 5 min can involve
physiological or toxicological effects not addressed by this document.

Upper limit threshold concentrations shall be established for any impurity that could result in acute
toxicity at concentrations below the cardiac sensitization NOAEL.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=0227b88ca23e08acdfe934453738056e

5.2.2 For normally occupied areas

ISO 14520-1:2023(E)

The minimum safety precautions taken shall be in accordance with Table 2. 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.

Table 2 — Minimum safety precautions

Maximum concentration Time dplay device Antnmafi("/mannal switch | Lock-off device
Up fo and including the NOAEL Required Not required Not1eqpired
Abg¢ve the NOAEL and up to the Required Required Noevreqpired
LOAEL
LOAEL and above Required Required Requirgd

When using inert gas agents, the NOAEL and LOAEL are the agent concentpations that regult in low-
lim{t partial pressures of oxygen of 12,1 kPa (91,0 mm Hg) and 10,2 kRa (76,6 mm Hg), rgspectively.
These agent concentrations depend on the barometric pressure at the.altitude at which the hazard is
locdted. The relationship of altitude to average atmospheric pressure is’as expressed in Forrhula (1):

whére

h is the altitude, m;

Pyrm

is the atmospheric pressure, Pa.

Pppm =101,325(1-0,000 022 557 7h)5'255 88

ey

Thg maximum inert gas agent concentration; Cy ,x, that reduces the oxygen partial pressure|to the low-
limjt value, Py, | | can be calculated using Formula (2):

whegre

CMAX
PATM

POZ,L-L

Thd effedpof applying these formulae on Cy;,x as a function of altitude is shown in Table 3.

is‘the local atmospheric pressure, Pa;

is the fmaximum allowable agent concentration, vol. %;

Cyax =476,2x(0,21Psry —Poz 111, ) / PatMCMax =476,2%(0,21Psry —Poz 1.1 )/ Patm

is the minimum allowed oxygen concentration in the agent-air mixture, Pa.

(2)

Table 3—Maximum Inert gas agent concentration at the NOAEL and TOAEL Hmitsasa function

of altitude
| | NOAEL LOAEL
P11, kPa - 12,1 10,2
h Parm Poz,atm Cmax Cmax
m kPa 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
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Table 3 (continued)

5.2.3 Fo

The maximium concentration shall not exceed the LOAEL for the extinguishant used unless a locK

device is fi

It is recommmended that systems where the NOAEL is expected to be exceeded be placed in 7

automatic

WARNING
were not
instances,
achieved,

5.24 Fo

The maxinj
lock-off de}

5.3 Occ

In areas
following

a)

Time d

]

| NOAEL LOAEL
Py, kPa - 12,1 10,2

h Parm Poz.atm Cmax Cmax
m kPa kPa vol. % vol. %
1000 | 89875 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 81,994 17,22 29,7 40,8
2000 79,495 16,69 27,5 38,9
2 250 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

' normally unoccupied areas

Fted.

mode whilst the room is occupied.

rovered in the original design will affect:the concentration of extinguishant. In s
the system shall be recalculated to ensure that the required design concentratio
hnd the maximum concentration is ednsistent with Table 2.

I unoccupiable areas

ice to be fitted.

piable areas

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

elay devices:

1) F

applications where a discharge delay does not significantly increase the threat to liff

prppérty, from fire, extinguishing systems shall incorporate a pre-discharge alarm with a

— Any change to the enclosure volume, or addition or removal of fixed contents f

jum concentration may exceéd the LOAEL for the extinguishant used, without the need f

-off

on-

hat
uch
h is

oI a

the

P or
ime

lay sufficient to allow personnel evacuation before discharge.

for discharge.

de
2)
b) Autom
NOTE
<)
signst
10

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

Time delay devices shall be used only for personnel evacuation or to prepare the hazard area

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

o minimize travel distances.

© IS0 2023 - All rights rese

Exit routes, which shall be kept clear at all times, and emergency lighting and adequate direction

rved


https://standardsiso.com/api/?name=0227b88ca23e08acdfe934453738056e

ISO 14520-1:2023(E)

d) Outward-swinging self-closing doors that can be opened from the inside, including when locked
from the outside.

e) Continuous visual and audible alarms at entrances and designated exits inside the protected area
and continuous visual alarms outside the protected area, which operate until the protected area
has been made safe.

f) Appropriate warning and instructions signs.

g) 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.

h) |Means for prompt natural or forced-draft ventilation of such areas after afiy“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 extipguishants
are heavier than air.

i) |Instructions and drills of all personnel within or in the vicinity of\protected aread, including
maintenance or construction personnel who can 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) Personnel should not enter the enclosure until it has been verified as being safe to dp so.

2) Self-contained breathing apparatus should be supplied, and personnel trained in its|use.

5.4 Electrical hazards

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

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

Table 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 can be required to stard?
Maximiint rated voltage To the nearest unscreened | To the nearest part not at eafth poten-
live conductor in the air tial of an insulatorP supporting a live
(section clearance) conductor (ground clearance)

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
a2 Measured from the position of the feet.
b The term insulator includes all forms of insulating supports, such as pedestal and suspension insulators, bushings,
cable sealing ends and the insulating supports of certain types of a circuit breaker.
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Table 4 (continued)

Maximum rated voltage

Minimum clearance from any point on or about the permanent
equipment where a person can be required to stand?

To the nearest unscreened
live conductor in the air

(section clearance) conductor (ground clearance)

To the nearest part not at earth poten-
tial of an insulator? supporting a live

kv m m
165 3,80
220 4,30
275 4,60

a  Measur

b The ter
cable sealing

d from the position of the feet.

m insulator includes all forms of insulating supports, such as pedestal and suspension insulatorsybushi
ends and the insulating supports of certain types of a circuit breaker.

hgs,

5.5 Elec

Systems w
prevent th

5.6 Elec

The system shall be adequately bonded and earthed to minimize:the risk of electrostatic discharge,

6 Syste

6.1 Gen
This clausq

All ancillan
Standards.

6.2 Exti]
6.2.1 Qu

6.2.1.1 T
hazard or ¢

6.2.1.2 V|

trical earthing

e metalwork from becoming electrically charged.

krostatic discharge

In design

bral

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

nguishant supply
antity

he amount.of eéxtinguishant in the system shall be at least sufficient for the largest sil
rroup of hazards that are to be protected simultaneously.

/here ‘required, the reserve quantity shall be as many multiples of the main supply as

ithin electrical substations or switch rooms shall be efficiently-bonded and earthed to

y systems and components are required to conform to the relevant national or Internatignal

ngle

the

authority ¢

onsiders necessary.

6.2.1.3 Where uninterrupted protection is required, both the main and reserve supply shall be
permanently connected to the distribution piping and arranged for easy changeover.

6.2.2 Quality

The exting

6.2.3 Co

uishant shall conform to the relevant part of the ISO 14520 series.

ntainer arrangement

6.2.3.1 Arrangements shall be made for container and valve assemblies and accessories to be
accessible for inspection, testing and other maintenance when required.

12
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6.2.3.2 Containers shall be adequately mounted and suitably supported according to the systems
installation manual to provide for convenient individual servicing of the container and its contents.

6.2.3.3 Containers shall be located as near as is practical to the enclosure they protect, preferably
outside the enclosure. Containers can be located within the enclosure only if sited to minimize the risk

of e

xposure to fire and explosion.

6.2.3.4 Storage containers shall not be located where they will be subjected to severe weather
conditions or potential damage due to mechanical, chemical, or other causes. Where potentially
damaging exposure or unauthorized interference is likely, suitable enclosures or guards shall be

pro

NOT
sury

6.2

6.2

vided.

E Direct or indirect sunlight has the potential to increase the container temperature abov
ounding atmospheric temperature.

4  Storage containers

4.1 General

Containers shall be designed to hold the specific extinguishant. Containers shall not be c}

fill
ext

Thd

Wh
con

6.2
Med

6.2

Eac
the
con
pre

6.2

Wh
valy

nguishant.

ere required, the container and valve assembly should be fitted with a pressure r¢
forming to the appropriate national standard:

4.2 Contents indication

ns shall be provided to indicate thateach container is correctly charged.

4.3 Marking

h halocarbon container(shall have a permanent nameplate or other permanent marking|
extinguishant, tare @hd gross mass, and the superpressurization level (where applic3
fainer. Each inert'gas container shall have a permanent marking specifying the ext
bsurization level-of the container and nominal volume.

4.4 Manifolded containers

bn twesor more containers are connected to the same manifold, automatic means (sug
res) 'shall be provided to prevent extinguishant loss from the manifold if the system i

wh

b that of the

arged to a

Hensity greater than specified in the relevant part of the ISO 14520 series relating to the specific

containers used in these systems shall be designed toimeet the requirements of relevant national
stapdards and as a minimum shall be suitable for the maximum pressure developed at 50 °C}

lief device

specifying
ble) of the
nguishant,

h as check
s operated

b any containers are removed for maintenance

Containers connected to a common manifold in a system shall be:

a)
b)

c)

of the same nominal form and capacity,
filled with the same nominal mass of extinguishant, and

pressurized to the same nominal working pressure.

Different sized storage containers connected to a common manifold may be used for non-liquefied gas
containers, provided they are all pressurized to the same nominal working pressure.

©IS
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6.2.4.5 Operating temperatures

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

External 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 temperatures
outside this range.

6.3 Distribution

6.3.1 Gejneral

6.3.1.1 Pjipework and fittings shall conform to the appropriate national standards, shall be non-

combustib

6.3.1.2 Before final assembly, pipe and fittings shall be inspected visually to ensure they are cl

and free off
the system

A dirt-trap
each pipe 1
the lowest

6.3.1.3
be equippe

a)

b) means

c)

Over-press

indicat

autom

1) greate

2) lessth
6.3.1.4 P
discharge,
discharge i

In systems where valve arrangements introduce segtions of closed piping, such sections s

e and able to withstand the expected pressures and temperatures without damage.

burrs and rust, and that no foreign matter is inside, and the full bor€’is clear. After assen]
shall be thoroughly blown through with dry air or other compressed gas.

consisting of a tee with a capped nipple, at least 50 mm long, shall be installed at the en|
un. Drain traps protected against interference by unauthotized personnel should be fitte
points in the pipework system if there is any possibility of a build-up of water.

d with the following:

ion of extinguishant trapped in the piping;

for safe manual venting (see 6.3.1.4);

htic relief of overpressures.

ure relief devices shall be designed to operate pressure:

 than the maximum working pressure of the system, and

ressure relief¢devices, which can include the selector valve, shall be fitted so that
in the event‘f-operation, will not injure or endanger personnel and, if necessary, so that]
s piped te-anh area where it will not become a hazard to personnel.

6.3.1.5 1

b

vent any cphtainer leakage that could build up pressure in the pilot system and cause an unwar

systéms using pressure-operated container valves, automatic means shall be provide

hn the test pressure of the pipework, or as required by the appropriate national standard.

ean
bly,

d of
d at

hall

the
the

d to

ted

opening of the container valve. The means of pressure venting shall not prevent the operation of the
container valve.

6.3.1.6 All closed-section pipework and pipework upstream of pressure-reducing devices shall be
hydrostatically tested to a minimum of 1,5 x the maximum working pressure or the maximum pressure
obtained with a regulated system for 2 min during which there shall be no leakage. On completion of
the test, the pipework shall be purged to remove moisture.

6.3.1.7 Adequate protection shall be given to pipes, fittings or support brackets and steelwork that
are likely to be affected by corrosion. Special corrosion-resistant materials or coatings shall be used in
highly corrosive atmospheres.
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6.3.2 Piping

6.3.2.1 Piping shall be of non-combustible material having physical and chemical characteristics,
such that its integrity under stress can be predicted with reliability. The thickness of the pipe wall shall
be calculated in accordance with the relevant national standard. The pressure for this calculation shall
be the developed pressure at a maximum storage temperature of not less than 50 °C. If higher operating
temperatures are approved for a given system, the design pressure shall be adjusted to the developed
pressure at maximum temperature.

In performing these calculations, all joint factors and threading, grooving or welding allowances shall

b 1 e b=
€ aReIT NIto accouIIt:

Where a static pressure-reducing device is used in a non-liquefied gas system, the maximum working
prefsure in the distribution pipework downstream of the device shall be used in the ¢alculjtion of the
downstream pipe wall thickness.

6.3{2.2 Cast iron and non-metallic pipes shall not be used except when.-approved fo1 the rated
opejrating pressure.

6.3{2.3 Flexible tubing or hoses (including connections) shall be of approved material$ and shall
be [suitable for service at the anticipated extinguishant pressure and maximum and| minimum
temperatures.

6.313 Fittings

6.3]3.1 Fittings shall have a minimum rated working pressure equal to or greater than thd maximum
pregsure in the container at 50 °C, or the temperdture specified in the national standard wHen filled to
themaximum permissible fill density for the extinguishant being used. For systems that use s pressure-
redficing device in the distribution piping, the fittings downstream of the device shall have § minimum
ratgd working pressure equal to or greater'than the maximum anticipated pressure in the dgwnstream

piping.
Castiron fittings, other than ductile or malleable cast iron, shall not be used.

NOTE In some countries it is not permitted to use any type of castiron.
6.3{3.2 Welding and brazing alloys shall have a melting point above 500 °C.
6.3{3.3 Welding'shall be performed in accordance with relevant national standards.

6.3]13.4 Where copper, stainless steel or other suitable tubing is joined with compression ffittings, the
manufacturer's pressure/temperature ratings of the fitting shall not be exceeded, and cajre shall be
taken-fo.ensure the integrity of the assembly.

6.3.4 Pipe and valve supports

Pipe and valve supports shall be of non-combustible material, shall be suitable for the expected
temperature and shall be able to withstand the dynamic and static forces involved. Due allowance shall
be made for the stresses induced in the pipework by temperature variations. Adequate environmental
protection shall be given to supports and associated steelwork. The distance between pipe supports
shall be as specified in Table 5.

Adequate support shall be provided for nozzles and their reactive forces such that in no case shall the
distance from the last support be greater than as follows:

a) <25 mm pipe: <100 mm;
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b) > 25 mm pipe: <250 mm.

Movement of pipework, caused by temperature fluctuations arising from the environment or the
discharge of extinguishant, can be substantial, particularly over long lengths and should be taken into
account when deciding on support fixing methods.

Table 5 — Maximum pipework spans

Nominal diameter of the pipe

Maximum pipework span

6.3.5 Va

6.3.5.1 A
materials t
and tempe

6.3.5.2 V

6.3.53 S
atmospher

6.3.6 No

6.3.6.1 N

ves

Fatures.

cS.

zzles

DN m
3] 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

[0zZle choice and location

11 valves, gaskets, O-rings, sealants’and other valve components shall be constructe
hat are compatible with the extinguishant and shall be suitable for the envisaged pressuyres

alves shall be protected.against mechanical, chemical or other damage.

pecial corrosion-resistant materials or coatings shall be used in severely corro

]l of

Bive

Nozzles, including nozzles directly attached to containers, shall be approved and shall be located with
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 (see also Annex C);

b) the discharge does not unduly splash flammable liquids or create dust clouds that might extend the
fire, create an explosion or otherwise adversely affect the occupants; and

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

16
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Where clogging by foreign materials is possible, the discharge nozzles shall be provided with frangible
discs or blow-out caps. These devices shall provide an unobstructed opening upon system operation
and shall be designed and arranged so they will not injure personnel.

Nozzles shall be suitable for the intended use and shall be approved for discharge characteristics,
including area coverage and height limitations (see also Annex C), or shall be approved under the
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 nominal mechanical abuse and shall be constructed to withstand expected temperatures without
deformation.

Nozzle discharge orifice inserts shall be of corrosion-resistant material.

6.3)6.2 Nozzles in ceiling tiles

To minimize the possibility of lifting or displacement of lightweight ceiling tiles, precautions shall be
taken to securely anchor tiles for a minimum distance of 1,5 m from each dischiarge nozzle.

NOTE The discharge velocities created by the design of nozzles can be afactor in the displacemgnt of ceiling
tileq.

6.3/6.3 Marking

Dis¢harge 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-rediicing assembly, which contains an orifice ¢f area less
thah 7 mm?, shall be provided with an internalNilter capable of preventing obstruction of thg orifice.

6.3]7 Pressure reducing orifice assembly

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

6.4| Detection, actuation' and control systems

6.4{1 General

Detpction, actuatien and control systems can be either automatic or manual. Where they arelautomatic,
the|provisiop-shall also be made for manual operation.

Detpctionjactuation, alarm and control systems shall be installed, tested and maintained in accordance
with appropriate national standards.

Unless otherwise specified in a relevant national standard, 24 h minimum standby sources of
energy shall be used to provide for the operation of the detection, signalling, control and actuation
requirements of the system.

6.4.2 Automatic detection

Automatic detection shall be by any method or device acceptable to the authority and shall be capable of
early detection and an indication of heat, flame, smoke, combustible vapours or any abnormal condition
in the hazard that is likely to produce fire.

NOTE Detectors installed at the maximum approved spacing for fire alarm use can result in an excessive

delay in extinguishant release, especially where more than one detection device is required to be in alarm before
automatic actuation results.
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6.4.3 Operating devices

6.4.3.1 Automatic operation

Automatic systems shall be controlled by automatic fire detection and actuation systems suitable for
the system and hazard and shall also be provided with a means of manual operation.

Electrically operated fire detection systems shall conform to the appropriate national standard. The
electric power supply shall be independent of the supply for the hazard area and shall include an
emergency secondary power supply with an automatic changeover in case the primary supply fails.

When two[or more detectors are used, such as those for detecting smoke or flame, it is preferabldg for
the system|to operate only after signals from two detectors have been received.

6.4.3.2 Nanual operation

Provision ghall be made for manual operation of the firefighting system using a contrehsituated outpide
the protected space or adjacent to the main exit from the space.

In addition| to any means of automatic operation, the system shall be providedwrith the following.
a) One ormore means, remote from the containers, of manual operation(

b) A manal device for providing direct mechanical actuation of the’system or an electrical mafual
releas¢ system in which the control equipment monitors for abnormal conditions in the power
supplyland provides a signal when the power source is inadeguate.

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

NOTE1 National standards can not require a manual release or can require the release to operate via the pre-
discharge alarms and time delay.

The manufl operation device shall incorporate a double-action or other safety device to resfrict
accidental [operation. The device shall be_provided with a means of preventing operation dufing
maintenange of the system.

—

NOTE 2  The choice of the means of eperation will depend upon the nature of the hazard to be protedted.
Automatic fire detection and alarm, equipment will normally be provided on a manual system to indicatg the
presence offa fire.

6.4.4 Coptrol equipment

6.4.4.1 Hlectric ¢ontrol equipment

Electric contr6] equipment shall be used to supervise the detecting circuits, manual and automfatic
releasing ¢ircuits, signalling circuits, electrical actuating devices and associated wiring and, when
required, cause actuation. The control equipment shall be capable of operation with the number and
type of actuating devices utilized.

6.4.4.2 Electrical actuators

Removal of an electrical actuator from the agent storage container valve or selector valve that it controls
shall result in an audible and visual alarm of system impairment at the control panel.

6.4.4.3 Pneumatic control equipment

Where pneumatic control equipment is used, the lines shall be protected against crimping and
mechanical damage. Where installations could be exposed to conditions that could lead to loss of
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integrity of the pneumatic lines, special precautions shall be taken to ensure that no loss of integrity
occurs.

6.4.5 Operating alarms and indicators

6.4.5.1 Alarms or indicators, or both, shall be used to indicate the operation of the system, hazards
to personnel or failure of any supervised device. The type (audible, visual or olfactory), number and
location of the devices shall be such that their purpose is satisfactorily accomplished. The extent and
type of alarms or indicator equipment, or both, shall be approved.

6.4
pos
ext
wit

tive warning of impending discharge. The operation of the warning devices shall becontinued after
nguishant discharge until positive action has been taken to acknowledge the aldrm and proceed
n the appropriate action.

5.2 Audible and visual pre-discharge alarms shall be provided within the protected arfa to give a

6.4
ind

nd positive
conditions.

5.3 Alarms indicating failure of supervised devices or equipment shall|give a prompt a
cation of any failure and shall be distinct from alarms indicating operation or hazardous

6.4/6 Hold switches

bd near the
jal force to
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ins of egress for the area. The hold switch shall be a typevthat requires constant many

inh
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sha
pur]

bit system operation. Operation of the hold function shall result in both audible and dis
cation of system impairment. Operation of the hold $wdtch when the system is in the quig
| result in a fault indication at the control unit. Thé&’hold switch shall be clearly recogniz
pose intended.

inct visual
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7 |Extinguishant system design

7.1 General

Thik clause sets out the requirements for the specifications, system flow calculations and exflinguishant
congentrations. It shall be readiinn conjunction with the appropriate part of the ISO 14520 sefies for the
spefific agent.

7.2| Specifications, plans and approvals

7.2]1 Specifications

Sperifications’ for gaseous fire-extinguishing systems shall be prepared under the superjvision of a
perfon, 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
properdesign-efthe-system,stehasthe designationef theautherityvartanecesfromthestatidard 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.
Extinguishant specifications are included in the relevant parts of the ISO 14520 series for the specific
agent.

7.2.2 Working documents

Layout and system proposal documents shall be submitted for approval to the authority before
installation or modification begins. The type of documentation required is specified in Annex A.
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7.3 System flow calculations

7.3.1 General

System flow calculations shall be carried out at a nominal extinguishant storage temperature of 20 °C,
shall have been validated by an accredited approval authority by appropriate tests, such as those
described in this document, and shall be properly identified. The system design shall be within the
manufacturer's specified limitations. Annex H provides guidance on how to carry out a flow calculation.

NOTE1 Variations from the nominal 20 °C storage temperature affect flow conditions used in calculations.

NOTE2  Rre-engineered systems do not require a flow calculation when used within approved limitationg.
7.3.2 A balanced and unbalanced system

7.3.2.1 Abalanced system shall be one of the following:

a) actualfor equivalent pipe lengths from the container to each nozzle are all ‘within 10 % of dach
other;

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

7.3.2.2 Any system that does not meet these criteria shall be considered to be an unbalanced system
(see Figurd 2).

Dimensions in mdtres

(4)

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

Figure 1 — Typical balanced system
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Dimensions in metres

NOTE Figures in bold in parenthesés denote design nodes for calculations.

Figure 2 — Typical unbalanced system

7.313 Friction losses

An hllowance shall be made for the friction losses in pipes and in container valves, dip tubes, flexible
conpectors,Selector valves, time delay devices and other equipment (e.g. pressure-reducing devices)
within thesflow line.

NOTE The flow of liquefied gas has been demonstrated to be a two-phase phenomenon, the fluif consisting

of abmisture thqnn—l and RNEVENE the propertions—efwhich-are-dependent-on-pressure—and fnmn rature. The

..............

pressure drop is non-linear, with an increasing rate of pressure loss as the line pressure reduced by pipe friction.

7.3.4 Pressure drop

The pressure drop shall be calculated using two-phase flow equations for liquefied gases and single-
phase flow equations for non-liquefied gases.

NOTE These equations use friction factors and constants dependent on pressure and density obtained
empirically. As the formulae cannot be solved directly, a computer program is usually used to assist with a 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.
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7.3.5 Elevation changes

Pressure changes due to changes in pipe elevation shall be calculated.

7.3.6 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.

7.3.7 PiJ)ing length

The piping
approved 1

7.3.8 Dr

If the final
and calculd

7.3.9 Liquefied gases — Specific requirements

The minim
required fg
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|

7.4 Enclosures
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shall be p
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7.4.3 For
operation

propagatign of the fire. Ventilation systems necessary to ensure safety are not required to be

down upor

length and nozzle and fitting orientation shall be in accordance with the manufactur
hanual to ensure proper system performance.

Awings

installation varies from the prepared drawings and calculations, newJas-installed draw
tions shall be prepared.

um discharge rate for liquefied extinguishants shall be ‘sufficient to maintain the velo
r turbulent flow to prevent separation.

the turbulent flow is not maintained, separation of:the liquid and gaseous phases will occur, w|
npredictable flow characteristics.

e protected enclosure shall have sufficient structural strength and integrity to contain
hnt discharge. Venting shall be provided to prevent excessive over or under pressurizatio
re. Guidance on gaseous system venting can be found in ISO 21805.

prevent loss of extinguishant through openings to adjacent hazards or work areas, open

shants is not practicable, protection shall be extended to include the adjacent conne
work areas.

iwouldadversely affect the performance of the fire-extinguishing system or result in

er's

ngs

Ccity

hich

the
n of

ngs

ermanently sealed -or_equipped with automatic closures. Where reasonable confinenpent

ted

ced-air ventilating systems shall be shut down or closed automatically where their continued

the
hut
the

System activation. An extended extinguishant discharge shall be provided to maintain

design con

centration ror the required duration or protection. Ine volumes oI both ventilated air and

the

ventilation system ductwork shall be considered as part of the total hazard volume when determining
extinguishant quantities.

All services within the protected enclosure (e.g. fuel and power supplies, heating appliances, paint
spraying) that are likely to impair the performance of the extinguishing system should be shut down
prior to, or simultaneously with, the discharge of the extinguishant.

7.5 Effects of noise

Extinguishing systems have two major sources of noise: the alarm devices used to warn personnel to
leave the area before the agent is released and the discharge of the agent itself. The noise output from
alarm devices is normally available from manufacturers, but noise from the discharge of the system
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can vary according to the type of system used. It should be determined whether it is necessary to take
measures designed to reduce the noise reaching sensitive equipment, such as certain hard disk drives,
by selection and location of system components and the enclosure design. This could include installing
the sensitive equipment in soundproof enclosures, changing the nozzle spacings, and /or using nozzles

and alarms that have been developed to reduce the sound output.

7.6 Extinguishant concentration requirements

7.6.1 Flame extinguishment

7.6,

7.6{1.2 The minimum Class B design concentration for each extinguishant shall\be“a der
ex
con
the
haz
be y

7.6{1.3 The extinguishing concentration for Class A surfagefires shall be the greater of
det
con,
1,3,

If polymeric sheet fire test data are not available, an extinguishing concentration of 95
det

t

1.1 For fire classifications, see ISO 3941.

nguishing concentration for each Class B fuel plus a safety factor of 1;3¢ The exf
centration used shall be that demonstrated by the cup burner test, carried ptit in accor
method set out in Annex B, that has been verified with the heptane pan|tests detailed i
hrds involving multiple fuels, the value for the fuel requiring the greatestdesign concent

centration for Class A fires shall be the extinguishingconcentration increased by a safe
For non-cellulosic Class A fuels, higher design cenc¢entrations can be required.

ermined from the heptane fire test shall be\used.

honstrated
inguishing
Hance with
n C.6.2. For
ration shall

sed. The extinguishing concentration shall be taken as the cup burnervalue or the heptane pan test
valye (see Annex C), whichever is greater. Where the heptane panctest value is not availalj
Annex I

le, refer to

the values

ermined by the wood crib and polymeric sheet fire testsidescribed in Annex C. The mininjum design

'y factor of

% of that

The safety factor of 1,3 relates to the increase of 30 % from the extinguishing concentraftion to the

des|gn concentration, which results in‘an additional quantity of the agent. Circumstances that are not

adeguately covered by this factor (although in some cases they are covered by other requirements in

thi§ document) and which needwallowance for additional extinguishant (i.e. more than 30 |%) include

butjare not limited to the following.

a) |Where leakage occurs-from a non-tight enclosure. This is covered in this documgnt by the
requirement for a roem integrity test and sealing of the enclosure to achieve a defined hjold time.

b) [Where leakage\eccurs due to doors being opened during or immediately after discharge. This
should be céyered by operational protocols for individual risks.

c) |Whereitis important to minimize the quantities of toxic or corrosive products of combystion from
the fixe.

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

e) Where excessive leakage occurs from an enclosure due to expansion of the extinguishant.

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

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

In practice, the application of this document 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) than those that apply in real conditions.
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WARNING — Under certain conditions, it can be dangerous to extinguish a burning gas jet. As a
first measure, shut off the gas supply.

CAUTION — It is recognized that the wood crib and polymeric sheet Class A fire tests do not
always adequately indicate extinguishing concentrations suitable for the protection of certain
plastic fuel hazards (e.g. electrical and electronic type hazards involving grouped power or
data cables such as computer and control room under-floor voids, telecommunication facilities,
etc.). An extinguishing concentration not less than that determined in accordance with 7.6.1.3,
or not less than 95 % of that determined from the heptane fire tests described in B.7 and C.6.2,
whichever is the greater, should be used under certain conditions. These high hazard Class A

conditions

can include the following:

a) cableh
b)
c)

d)

cable
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undles greater than 100 mm in diameter;
rays with a fill density greater than 20 % of the tray cross-section;
htal or vertical stacks of cable trays (closer than 250 mm);

hent energized during the extinguishment period where the collective power consump
s 5 kW.

narios could exist in certain enclosures, which shall be considered'when selecting either]
ss A hazard or the high hazards Class A concentration.

- Enclosure with both regular and high hazards elements, such as a room with ceil
Foids, but without re-circulating air handling equipment running during the discha
ime.

'es with a room and ceiling void space containing regular Class A hazards and a floor Y
e high hazard criteria, as a minimum, the fleor void shall be classified as a higher haz
ind ceiling voids are considered to containxegular hazards that do not need to be provi
r hazard concentrations if the re-circulating air handling equipment is shut down pri
arge.

- Enclosure with both regular and high hazard elements, such as a room with ceil
voids, and with re-circulating air handling equipment running during the discha
ime.

'es with a room and ceiling void space containing regular Class A hazards and a floor
e high hazard criteria, which are supplied with re-circulating air handlingequipment,
down prior to agent discharge, the complete enclosure should be provided with a hig
centration.

- Enclosures without floor voids/high hazards

es withia room not having a high hazard and not having floor voids or where it is definiti
| that the floor void does not have sufficient fire load to require a higher hazard concentraft

then a regtu

Fion

the

ing
rge
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to
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ion,

lathazard concentration may be used throughout the enclosure.

For any enclosure where it cannot be determined that only a regular hazard exists, the whole enclosure
should be treated as a higher hazard throughout and the higher hazard concentrations applied.

7.6.2

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 flammable limit throughout the enclosure, and

b) the volatility of the fuel before the fire is sufficient to reach the lower flammable limit in the
air (maximum ambient temperature or fuel temperature exceeds the closed cup flash point
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temperature) or the system response is not rapid enough to detect and extinguish the fire before
the volatility of the fuel is increased to a dangerous level as a result of the fire.

The minimum design concentrations used to inert atmospheres involving flammable liquids and gases
are determined by the test in Annex D, plus a safety factor of 10 %.

7.7 Total flooding quantity

7.7.1 General

Thwnmwmm—mwm—anmmmﬁﬂv calculated
from Formulae (3) or (4) as appropriate, or from the data in Tables 3 and 4 of 1SO~14420-5:2019,

ISO[ 14520-8:2019, ISO 14520-9:2019, ISO 14520-10:2019, ISO 14520-12:2015, ISE\14520-13:2015,
[S0O|14520-14:2015 or ISO 14520-15:2015, as appropriate.

In addition to these calculated concentration requirements, additional quantities-of extingyishant can
be 1lequired by national standards to compensate for any special conditions thiat would advefsely affect
thelextinguishing efficiency (see 7.6.1), or if required by the physical characteristics of the exflinguishant
(seq 7.10.1.2).

7.7{2 Liquefied gases

For[liquefied gases, Formula (3) is used to calculate the amountof extinguishant required.

(¢ v
m_(mo-cjv )

7.7)3 Non-liquefied gas

For|non-liquefied gases, Formula (4) is usedto calculate the amount of extinguishant require¢d.

m:Kln( 100 j (4)

100-C

whére

m is the total flooding quantity, in kilograms;
is the design' concentration in percent by volume;

vV 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

11\1, 11\2 areconstants apc\.iﬁu tothe cAtiusuibhaut ‘uciug, used; aupp}icd by the cminguishant
manufacturer;

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

For some purposes (e.g. filling of containers), it is convenient to express the flooding quantity as
the volume at given reference (standard) conditions. For those cases, the total flooding quantity is

calculated using Formula (5):

Qr =mxvg (5)

© IS0 2023 - All rights reserved 25


https://standardsiso.com/api/?name=0227b88ca23e08acdfe934453738056e

ISO 14520-1:2023(E)

where

Qr  isthetotal flooding quantity, in cubic metres, expressed at ambient pressure [1,013 bar abso-
lute (1 bar = 0,1 MPa = 105 Pa; 1 MPa = 1IN/mm?)] and Ty;

m is the total flooding quantity, in kilograms;
vgp  Isthespecificvolume at the reference temperature, in cubic metres per kilogram: vg =k +k, XTy

ky, k, are constants specific to the extinguishant being used, supplied by the extinguishment
manufacturer;

(e is the reference temperature, in degrees centigrade.

7.8 Altifude adjustment

The design|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) front standard sea lgvel
pressure (1,013 bar2) absolute). The ambient pressure is affected by changes incaltitude, pressurizafion
or depressfirization of the protected enclosure, and weather-related barometric pressure changes. [The
extinguishpnt quantity is determined by multiplying the quantity determined in 7.6 by the ratio of{the
average ambient enclosure pressure to the standard sea level pressure:,Correction factors for gasdous
agents are [shown in Table 6.

Table 6 — Correction factons

Equivalent altitude Correction factor
m
-1000 1,130
0 1,000
1000 0,885
1500 0,830
2000 0,785
2 500 0,735
3000 0,690
3500 0,650
4000 0,610
4500 0,565

7.9 Duration efprotection

79.1 It is“important that an effective extinguishant concentration be not only achieved but flso
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 a resurgence of the initial event once the extinguishant has dissipated.

79.2 ltis 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) The startofthe hold time is when the concentration throughout the enclosure shall be the minimum
design concentration.

2) 1bar=0,1 MPa=105Pa; 1 MPa = IN/mm?.
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b) Atthe end of the hold time, the extinguishant concentration at the elevation of the protected hazard

A

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

The hold time shall be not less than 10 min unless otherwise specified by the authority.

7.10 System performance

7.10.1 Discharge time
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0.1.1 Liquefied extinguishant

o of the design concentration exceed 10 s at 20 °C, or as otherwise required by the autho

discharge time period is defined as the time required to discharge from the nozzles G

can be approximated as the interval between the first appearance.of liquid at the noz
e when the discharge becomes predominantly gaseous. Flow calculations performed in
h 7.3 or with the approved pre-engineered systems instruction manuals shall be used to d¢
firmance to this.

).1.2 Non-liquefied extinguishant

extinguishant required to achieve the minimum.'design concentration for flame extin
C and shall not exceed 60 s for Class B fuel hazards, 120 s for both regular and high haz

applications. Flow calculations performed in aceordance with 7.3 or with the approved pre-
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Commissioning and acceptance

General

5 clause sefs~out the minimum requirements for the commissioning and acceptance of t
nguishingsystem.

Tests

liquefied extinguishant discharge shall be completed as quickly as possible to suppréessthe fire and
t the formation of decomposition products. In no case shall the discharge time required to achieve

ity.
5 % of the

nguishant mass required to achieve the design concentration at 20 °C. Foxliquefied extinguishants,

yle and the
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monstrate

inert gas agents, the discharge time is the time required to discharge from the nozzles 95 % of

buishing at
hrd Class A
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8.2.

1 General

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
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.
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8.2.3 Review of mechanical components

8.2.3.1 The piping distribution system shall be inspected to determine that it conforms to the design
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 checked for

conformance to the design.
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such a marj
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uring assembly, the piping distribution system shall be inspected internally.to detect
of any oil or particulate matter which could soil the hazard area or affect.theextinguish
I due to a reduction in the effective nozzle orifice area.

he discharge nozzles shall be oriented in such a manner that-optimum extinguis}k
an be effected.

nozzle deflectors are installed, they shall be positioned tg.obtain the maximum benefit.

he discharge nozzles, piping and mounting brackets.shall be installed in such a manner

they will not potentially cause injury to personnel. Extinguishant shall not directly impinge on af

where per

bonnel can be found in the normal work area. ‘Extinguishant shall not directly impingg

any loose ¢bjects or shelves, cabinet tops or similar surfaces where loose objects can be present

become pr

8.2.3.8 A
"approved

8.2.39 A

bjectiles.

1l extinguishant storage containers-shall be properly located in accordance with
for construction” set of system drawings, as specified in 7.3.8.

1l containers and mounting\brackets shall be securely fastened in accordance with

manufactufrer's requirements.

8.2.3.10 A
is to be co
methods. (
hazard lev

However, 3

8.2.3.11 A

discharge test for extinguishants is generally not recommended. However, if a discharge

1ducted, the mass-of the extinguishant shall be determined by weighing or other apprd
oncentrationmeasurements should be made at a minimum of three points, one at the hig]
],

discharge'test may be conducted if acceptable to the authority.

n“adequate quantity of extinguishant to produce the desired specified concentration s
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be provided. The actual enclosure volumes shall be checked against those indicated on the Sys

em

drawings to ensure the proper quantity of extinguishant. Fan rundown and damper closure time shall
be taken into consideration.

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 10 min at 3 bar3). At the
end of 10 min, the pressure drop shall not exceed 20 % of the test pressure.

3) 1bar=0,1 MPa=105Pa; 1 MPa = 1N/mm?
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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 works where
practicable.

WARNING — Pneumatic pressure testing creates a potential risk of injury to personnel in
the area, as a result of airborne projectiles if a rupture of the piping system occurs. Prior to
conducting the pneumatic pressure test, the protected area shall be evacuated, and appropriate
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pguards shall be provided for test personnel.

3.13 A test using nitrogen, or a suitable alternative, shall be performed on the piping
fy that flow is continuous and that the piping and nozzles are unobstructed.

4 Review of enclosure integrity

total flooding systems shall have the enclosure checked to locaté and then effective
ificant air leaks that could result in a failure of the enclosure to hold the specified ext
centration level for the specified holding period (see also 7.4.1).\Unless otherwise requ
nority (see 3.2), the test specified in Annex E shall be used.

5 Review of electrical components

5.1 All wiring systems shall be properly installed in accordance with the appropria

stamdard and the system drawings (see 7.3.8). The a.c. and d.c. wiring shall not be com
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mon conduit unless properly shielded and.earthed.

5.2 All field circuitry shall be testedfor earthing faults and short circuit condition. W
circuitry, all electronic components (such as smoke and flame detectors or special
pment for other detectors, ortheir mounting bases) shall be removed and jumper
alled to prevent the possibility of damage within these devices. Replace components a
circuits.

5.3 Adequate and reliable primary standby sources of energy, which conform to 6.4 sh
rovide for the opération of the detection, signalling, control and actuation requirem
em.

5.4 All auxiliary functions (such as alarm sounding or displaying devices, remote an
handling'shutdown, power shutdown, etc.) shall be checked for proper operation in accor
em requirements and design specifications.
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Where possible, all air-handling and power cut-off controls should be of the types that, once interrupted,
require a 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.

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.
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8.2.5.7 Checkthat 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 nearby and could be confused or the wrong
system actuated. For manual release devices in this instance, it shall be clearly identified which hazard
enclosure they protect.

8.2.5.9 Check that for systems with a main/reserve capability, the main/reserve switch is properly
installed, readily accessible and clearly identified.

8.2.5.10 Check that for systems using hold switches requiring constant manual force, these |are
properly irlstalled, readily accessible within the hazard area and clearly identified.

8.2.5.11 Check that the control panel is properly installed and readily accessible.
8.2.6 Preliminary functional tests

8.2.6.1 Where a system is connected to a remote central alarm statiof, notify the station that thelfire
system test is to be conducted and that an emergency response by the fire department or alarm station
personnel |s not required. Notify all concerned personnel at the .end-user's facility that a test is t¢ be
conductedjand instruct them as to the sequence of operation.

8.2.6.2 Disable or remove each extinguishant storage *Container release mechanism and selegtor
valve whefe fitted so that activation of the release circuit will not release extinguishant. Reconfpect
the releasg circuit with a functional device in place of each extinguishant storage container relgase
mechanis

For electrically actuated release mechanisms, these devices include suitable lamps, flashbulbsg, or
circuit brepkers. Pneumatically actuated felease mechanisms include pressure gauges. Refer to|the
manufactufrer's recommendations in all.cases.

8.2.6.3 eck each resettable detector for proper response.

8.2.6.4 eck that polarity:has been observed on all polarized alarm devices and auxiliary relays
8.2.6.5 eck that alkrequired end-of-line devices have been installed.

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

design specifications. Confirm that visual and audible supervisory signals are received at the control
panel.

8.2.7.5 Check the function of all resettable valves and actuators, unless testing the valve will release

the

llOn

extinguishant.

e-shot” valves, such as those incorporating frangible discs, should not be tested.

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

8.2

8.2

8 Remote monitoring operations (if applicable)

8.1 Disconnect the primary power supply, then operate one of each type ofinput devi¢

stamdby power. Verify that an alarm signal is received at the remote panel aftef)the device i

Rec

8.2
stat

8.2

8.2
pro
onlj

8.2
Sys

8.2

Wh
acti
des
tha
foll

8.3

Thd
calc

onnect the primary power supply.

8.2 Simulate each type of fault condition and verify receipt of fault conditions at {
ion.

9 Control panel primary power source

9.1 Verify that the control panel is connected to @ dedicated unswitched circuit and
perly. This panel shall be readily accessible, but aceess shall be restricted to authorized
V.

9.2 Test a primary power failure in accordance with the manufacturer's specificatio
em fully operated on standby power.

10 Completion of functional tests

bn all functional tests are complete (8.2.6 to 8.2.9), reconnect each storage contaiy

vation of the release circuitwill release the extinguishant. Return the system to its fully
gn condition. Notify thé€ central alarm station and all concerned personnel at the end-us
the fire system testiSycomplete, and that the system has been returned to full-service ¢
wing the procedufes specified in the manufacturers' specifications.

Completioncertificate and documentation

installer shall provide the user with a completion certificate, a complete set of in

e while on
5 operated.

he remote

is labelled
personnel

h, with the

er so that

pperational

br's facility
bndition by

structions,

ulations and drawings showing the system as-installed, and a statement that the systemn complies

Fture from

n all the appropriate requlrements of this document and glvmg details of any depa

reports of any addltlonal test including the door fan test.

9

9.1

Inspection, maintenance, testing and training

General

arried out,

This clause specifies the requirements for inspection, maintenance and testing of a gaseous fire-
extinguishing system and for the training of inspection and maintenance personnel.
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9.2 Inspection
9.2.1 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.

9.2.1.3 TjheStOTage COMtainer COMtents siatt be Checked at Ieast every SIX OIS as f01Tows:

a) Liquefled gases: for halocarbon agents, if a container shows a loss of agent in quantity of njore
than 5% or a loss of pressure (adjusted for temperature) of more than 10 %, it shall be refillefl or
replacgd.

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

9.2.1.4 All extinguishant removed from containers during service or maintenance procedures shall
be collected and recycled, or disposed of in an environmentally soundimanner, and in accordance With
existing lays and regulations.

Inert gas mixtures based on those gases normally found in the,earth's atmosphere are exempted ffom
this requirgment.

9.2.1.5 The date of inspection and the name of the persan performing the inspection shall be recorfded
on a tag atfached to the container.

9.2.2 Coptainer

Containergshall be subjected to periodical'tests as required by the relevant national standard.

9.2.3 Hagse

All system|hoses shall be examined annually for damage. If a visual examination shows any defect,|the
hose shall be replaced.

9.2.4 Enklosures

9.2.4.1 At least-every 12 months it shall be determined whether boundary penetration or other
changes t¢ the\protected enclosure have occurred that could affect leakage and extinguishant
performanicé€-f this cannot be visually determined, it shall be positively established by repeating|the
test for enctosureimtegrity imaccordance with Anmex £-

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 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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Maintenance

1 General

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

NOTE

adequate service procedures with, where possible, periodic testing.

The continued capability for the effective performance of a firefighting system depends on fully

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

9.3
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befgre the system operates. A suitable programme is as follows.

a)

b)

9.3
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Sys
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Per

2 User's programme of inspection

bramme shall include instructions on the action to be taken in respect of faults

user's inspection programme is intended to detect faults at an early,stage to allow r

Weekly: Visually check the hazard and the integrity of the enclesure for changes that m
the efficiency of the system. Carry out a visual check that ther®1is no obvious damage t
and that all operating controls and components are properly set and undamaged. Chec

in the users' manual.

Monthly: Check that all personnel who operate the, equipment or system are properly t
authorized to do so and, in particular, that new»e€mployees have been instructed in its us

3 Service schedule

rvice schedule shall include requirements for periodic inspection and test for the comple

schedule shall be carried out by a competent person who shall provide the user with a sig
brt of the inspection, advisingany rectification carried out or needed.

ing servicing, every care and precaution shall be taken to avoid the release of exting
able schedule is provided in Annex F.

Training

bersons who inspect, test, maintain or operate fire-extinguishing systems shall be traine
guately-trdined in the functions they are expected to perform.

sonnel working in an enclosure protected by a gaseous extinguishant shall receive trai

em, including pressurized containets, as specified in the appropriate national standards,.

installer shall provide the user with an inspection programme for the system and‘compg¢nents. The

bctification

ght reduce
b pipework
k pressure

gauges and weighing devices, if fitted, for correct readingand take the appropriate action specified

rained and
e.

fe installed

Ined, dated

fuishant. A
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hing in the
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A.1 General

This docu]nlnt shall be prepared only by persons fully experienced in the design of extinguishing
systems. D
3.2).

A.2 Working documents

Working d

a)

f)
g)
h)

j)

k)

D)

34

Annex A
(normative)

Working documents

eviation from these working documents shall require permission from the authority

pcuments shall include the following items:

drawi

locatign of containers, piping and nozzles, valves and pressure-reducing devices (if fitted) and
hanger spacing;

name
locatia
locatia

enclos
susper

type o
exting
descri]

specifi
exting

descri]
code a

descrij
rating

gs, to an indicated scale of the extinguishant distribution system, including contai

f owner and occupant;
n of the building in which hazard is located;
n and construction of protected enclosure.walls and partitions;

ire cross-section, full height, or schematic diagram, including raised access floor
ded ceiling;

f extinguishant being used;
hishing or inerting concentration, design concentration and maximum concentration;
ption of occupancies and liazards to be protected against;

cation of containers used, including capacity, storage pressure and mass incluc
lishant;

btion of the.tfozzle(s) used, including inlet size, orifice port configuration, and orifice s
hd orific€ size of pressure-reducing devices, if applicable;

btion of pipes, valves and fittings used, including material specifications, grade and press

[see

ers,
ipe

and

ling

ze/

ure

equipment schedule or bill of materials for each piece of equipment or device, showing device name,
manufacturer, model or part number, quantity and description;

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

A3

.2 Engineered systems

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

ma

Ntan oo 1 foa ol o

Det
a)
b)
‘)
d)

e)

f)

Infa
dev
Any

identified on the computer calculation printout.

TTCCTIOIICCIIITOT ITTa croTry

hils of the system shall include the following:
information and calculations on the amount of extinguishant;
container storage pressure and extinguishant quantity;

capacity of the container;

reducing devices, if applicable;

the location, size and equivalent lengths or resistance co€fficients of pipe fittings and
size reduction and orientation of tees shall be clearly indicated;

the location and size of the storage facility.

rmation shall be submitted about the locatiofi;and function of the detection devices
ices, auxiliary equipment and electrical circuitry if used. Apparatus and devices shall be
special features shall be adequately explaihed. The version of the flow calculation progr

the location, type and flow rate of each nozzle, including equivalent orifice area and pressure-

hoses; pipe

operating
identified.
hm shall be
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Annex B
(normative)

Determination of flame-extinguishing concentration of gaseous
extinguishants by the cup burner method

B.1 Genleral

This annex|specifies the minimum requirements for determining the flame-extinguishing cenhcéntragion
of a gaseous extinguishant in the air for flammable liquids and gases, employing the cup bugner
apparatus.

B.2 Principle

Diffusion flames of fuels burning in a round reservoir (cup), centrally positioned in a coaxially flowing
air stream/ are extinguished by the addition of a gaseous extinguishant’to the air.

B.3 Requirements for apparatus

B.3.1 Geperal

The cup byrner apparatus for these measurements shall be arranged and constructed as in Figure|B.1,
with the dimensions as shown; the tolerance for-all dimensions shall be +5 % unless otherwyise
indicated.
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a) Cup burner and test fuel reservoir b) Details of heated cup
Key
1 [levelling jack
2 |rotameters
3 |air
4 |extinguishant
5 |heating wire between inner and outer walls
6 [thermocouple tube
7 |heater terminal
a

Outer diameter range.

Figure-B.1 — Cup burner apparatus

.2 Cup

cup shall be round and shall be constructed of glass, quartz or steel. It shall have an outsid
he range of 28 mm’t0-31 mm, with a wall thickness of 1 mm to 2 mm. It shall have a 4
the top edge of the cup. There shall be a means of measuring the temperature of the fue
at a location,2mim to 5 mm below the top of the cup. The cup shall be substantially simil
he example_shown in Figure B.1. A cup intended for use with gaseous fuels shall hav
ining a uniiform gas flow at the top of the cup (e.g. the cup may be packed with refractory

.3 AChimney

e diameter
E° chamfer
| inside the
ar in shape
b means of
materials).

Th

chimmey shatt be of Tound giass or quartz construction. It shatt have an mside

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

iameter of

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.
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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 Ai

A means fI

calibrated

B.3.8 Ex

A means fd
rate. If the
there shall

B.3.9 De

The deliver
in gaseous

supply

r delivering air to the manifold shall allow adjustment of the airflow rate. It shall haj
means of measuring the airflow rate.

linguishant supply

method according to B.7.2 is used for the determination of the extingtishant concentrat
be a calibrated means of measuring the extinguishant flow rates

livery system

y system shall deliver a representative and measurableisample of the agent to the cup bui
form.

B.4 Requirements for materials

B.4.1 Air

Air shall b
The sourcd

«

NOTE
different frq

B.4.2 Fu
Fuel shall i

B.4.3 Ex

The exting

clean, dry and oil-free. The oxygen concentration shall be a volume fraction of (20,9 £ 0,5
and the oxygen content of the air uised shall be recorded.

m 20,9 %.

el

e of a certified type and quality.
tlinguishant

uishant shall be of a certified type and meet the specifications of the supplier. M

ye a

r delivering extinguishant to the manifold shall allow adjustment ofthe extinguishant fllow

ion,

ner

%.

Air” supplied in commercialshigh-pressure containers can have an oxygen content significantly

hti-
] as

component
a pure exti

extlngulshants should be prov1ded premlxed quuefled extlngulshants shall be pr0v1de

the extlngulshlng gas shall beanalysed 7

B.5 Procedure for flammable liquids

B.5.1 Pla

ce the flammable liquid in the fuel supply reservoir.

of

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 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 intended to be the temperature at the start of the test.
B.5.4 Adjust the airflow to achieve a flow rate of 40 I/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 Begin the flow of extinguishing agent. Increase the flow rate of the extinguishingl agent in a
stepwise manner until flame extinguishment occurs. A brief interval (about 10 s) shiould pe allowed
between changes in flow rate. As the extinguishing point is approached, the size of incremlents in the
agept flow rate should be as small as practicable. Final flow rate adjustments should be of{the size of
thejsmallest scale division of the measuring apparatus. The means of flow regulation and mgasurement
shopld allow for adjustments in agent flow rate which result in an increase in the exfinguishant
congentration of no more than 3 % of the previous value.

On pn initial run, it is convenient to use relatively large flow incremernts to ascertain the approximate
extinguishant flow required for extinguishment, and on subsequentruns to start at a flow rate close to
thecritical and to increase the flow by small amounts until extinguishment is achieved. Thiq initial run
shall not be used for the determination of extinguishing concénfration.

B.5|8 Determine the extinguishing concentration of the.extinguishant in accordance with B.7.

B.5|9 Prior to subsequent tests, remove the fuel,from the cup and remove any deposits of residue or
soof that can be present on the cup.

B.5|10 Repeat steps B.5.2 to B.5.9 for four‘subsequent tests (five tests in total).

B.5|11 Determine the extinguishing)concentration of the extinguishant in accordance with B.7 by
estgblishing the average from five tests.

B.4 Procedure for flammable gases

B.6}1 A cup intended for use with gaseous fuels shall have a means of attaining a uniform|gas flow at
thetop of the cup,\For example, the cup used for liquid fuels may be packed with refractory materials.

B.6}2 Gaseous fuel shall be from a pressure-regulated supply with a calibrated means df adjusting
and measuring the gas flow rate.

B6") Al L4l Ha | s 401 L 3
. J nuJuoL LIIC dI1rriuvv Tt T1uU l/ jessse

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 the beginning flow of the 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

©1S0 2023 - All rights reserved 39


https://standardsiso.com/api/?name=0227b88ca23e08acdfe934453738056e

ISO 14520-1:2023(E)

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.

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 flammable gas.

B.6.9 Priprto subsequent tests, remove deposits of residue or Soot 1T present on the cup.
B.6.10 Repeat B.6.3 to B.6.9 for four subsequent tests (five tests in total).
B.6.11 Defermine the extinguishing concentration of the extinguishant in accordance with B.] by
establishing the average of the five tests.
B.7 Extinguishant extinguishing concentration
B.7.1 Preferred method
The preferfed method for determining the concentration of extinguishant vapour in the extinguisijant
plus air mixture which just causes flame extinguishment is tp use a gas-analysing device, calibrgted
for the corfcentration range of the extinguishant-air mixtures being measured. The device may Have
continuouq sampling capability (e.g. on-line gas analyser):0r may be of a type that analyses discrete
samples (elg. gas chromatography). Continuous measurement techniques are preferred.
Alternativg¢ly, the remaining concentration of oxygeniin the air/extinguishant mixture in the chimney
below the fup can be measured with a continuous’oxygen-analysis device. The oxygen concentrafion
value is iffluenced by the extinguishant coneentration. The extinguishant concentration is then
calculatedfin Formula (B.1):
C
Cp=1¢0| 1--2% (B.1)
Cs

where

Cg is fhe extinguishantConcentration, as a volume fraction in percent;

Co is the oxygen goncentration of the air/extinguishant mixture in the chimney, as a volume fracfion

in[percent;
Cs is fhe’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

V, is the volumetric flow rate of gas i, in litres per minute;
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m, is the mass flow rate of gas 7, in grams per minute;
py 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 can differ by several percent from that calculated
by the ideal gas law.

EXAMPLE The density of HFC-227ea vapour at a pressure of 101,3 kPa and temperature of 295 K is
approximately 2,4 % higher than would be calculated for an ideal gas. At a pressure of 6,7 kPa (6,6 %), however,
the difference between the actual vapour density and that calculated for an ideal gas is less than 0,2 %.

Published property data should be used where possible. Estimating techniques may/epnsed when
published data are lacking. The source of physical property values used should be recornded in the test
repprt.

Thd concentration of extinguishant as a volume fraction in percent, Cg, is calculated in Formpla (B.3):

Cp =100—Text (B.3)
Qair —dext

where
Cg s the extinguishant concentration, as a volume fraction’in percent;
{,ir is the volumetric flow rate of the air, in litres per.hiinute;

eyt 1S the volumetric flow rate of the extinguishant, in litres per minute.

B.§ Reporting of results

The extinguishing tests shall be documeénted in a written report according to ISO/IEC 17025 and the
repprt shall contain at least the following information:

a) [schematic diagram of the apparatus, including dimensions and description of materials jised;
b) |date of the report;

c) [source and an assay‘of the extinguishant, fuel and air;
d) |test conditions,.inicluding the following:

1) barometric pressure;

2) laberatory temperature or temperature of the air entering the base of the chimney,[if different
from laboratory temperature;

2 L. 1 it £ o3 Lods L
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e) for each test, the fuel temperature at the start of the test, the fuel temperature at the time of
extinguishment, and the temperature of the air/extinguishant mixture at extinguishment;

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

g) method used to determine the extinguishing concentration;
h) extinguishant concentration at extinguishment for each test;

i) measurement error analysis.
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Annex C
(normative)

Fire extinguishment/area coverage fire test procedure for

C.1 Reqluirements

engineered and pre-engineered extinguishing units

C.1.1 An|engineered or pre-engineered extinguishing system unit shall mix and distribute| its

extinguishpnt and shall totally flood the enclosure when tested in accordance with this\test method at

the design [limits of the operating system and most severe installation conditions.

C.1.2 The effectiveness of the nozzle distribution shall be determined in accordance with C.5.

C.1.3 The extinguishant concentrations for Class A fuels shall be determined in accordance with {.6.1

and C.6.3.

C.1.4 The extinguishant concentrations for Class B fuels shall'be determined in accordance With

C.6.2.

C.1.5 The tolerances applicable to dimensions specified in the descriptions of test facilities shall be

+5 %, if nof otherwise stated.

C.2 Typg of test and report of test results

C.2.1 Type of test

The tests described herein consider'the intended use and limitations of the extinguishing system ynit,

with specific reference to the following:

a) the mgdximum area coverage for each type of nozzle at the minimum enclosure height;

b) the mgdximum enclpsure height for each type of nozzle;

c) the opgerating témperature range of the system;

d) locatign of thie nozzle in the protected area;

e) either maximum ]pngfh andsize nfpiping and numberof fiH’ingc toeachnozzle or minimumnabzle
pressure;

f) maximum discharge time;

g) maximum fill density;

h) 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 C.5.1
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 0.2
height: atleast 3,5 m (b) heptane pan P
(c) polymeric sheet €.6.3
(i) PMMA
(ii) Polypropylene
(iii) ABS

C.2

AW
an
C.5

2 Reporting of test results

ritten report documenting the test results shall be prepared in‘accordance with ISO/IE¢ 17025, by
nternationally recognized testing laboratory. In addition tg,the information described in C.5.1.5,

a)

b)

2.5, C.6.1.5, C.6.2.5, and C.6.3.5, the report shall contain af Ieast the following informatipn for each
serjes of tests.

Description of the extinguishing system unit including;:

1)

2)

Piping system schematic drawing including'a description of the following:

i) agent containers (model, volume aid superpressurization level, if employed);

ii) manifolds, if employed;

iii) piping (material, wall thickness, length, diameters, and fittings);

iv) pressure transducetlocation attached to the pipe;

v) nozzle (mategial;” distribution type, orifice description including number

arrangement);

size and

vi) for liquefied agents, location of the temperature measuring device just outside the nozzle;

For engiheered extinguishing system units, identification of the flow calculatiop software

program employed.

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

190 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.

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 a 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 the container;
3) agpent pressure after filling at 20 °C £ 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) grpphs for the following as a function of time
i) | enclosure oxygen concentration;
ii)| nozzle pressure;
iii] enclosure temperature;
iv] forliquefied agents, nozzle liquid jet temperature;
v)| forliquefied agents,enclosure agent concentration during cold discharge tests;
6) discharge time;
7) mass of agent\discharged into the test enclosure;

8) extinguishment time from the end of discharge;

9) avprdge 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, before conducting
each test, the agent containers shall be conditioned at the minimum operating temperature *2 °C for
a minimum period of 16 h or the agent conditioned to the minimum operating temperature +2 °C as
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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 for the
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
eac
age

Thd

2 For the extinguishant concentration tests described in C.6.1, C.6.2 and C.6.3, before
h test, the agent containers shall be conditioned at 20 °C + 2 °C for a minimum pefiod of
ht conditioned to 20 °C + 2 °C as measured by a thermocouple within the container.

nozzle(s) shall be of the 360° type and representative of the extinguishing system man

ronducting
16 h or the

ufacturer's

conmmercial 360° type nozzles. The jet energy from the nozzle(s) shall not inflience the devdlopment of

theffire and shall not distribute the agent directly towards the test fire. The nozzle(s) shall b¢ located as

follpws:

a) |one 360° type nozzle — nozzle located in the centre of the ceiling'and within 30 cm from fthe ceiling;

b) |more than one 360° type nozzle — nozzles located symmnietrically with respect to the c¢ntre of the
ceiling and within 30 cm from the ceiling.

C.313 For the nozzle distribution verification tests described in C.5.1 and C.5.2 and the exffinguishant

conpentration tests described in C.6.1, C.6.2 and C.6.3, the extinguishing system shall be arfanged and

dimensioned as follows.

a) |Superpressurized liquefied extinguishants — the system arrangement shall be such thaf, when the
agent is conditioned to 20 °C * 2 °C, the discharge time of the pre-liquid gas-phase plys the two-
phase flow shall be 8 s to 10 s, inclisive.

b) |Non-superpressurized liquefied extinguishants — the system arrangement shall be|such that,
when the agent is conditionedto 20 °C * 2 °C, the discharge time of the pre-liquid gas-phdse plus the
two-phase flow shall be-8.s'to 10 s, inclusive. The discharge is permitted to be limited by|cutting off
the discharge with apprepriate means positioned close to the nozzle, subject to the ageht quantity
discharged into the teSt enclosure being between 65 % to 90 % of the agent quantity stpred in the
containers.

c) |Non-liquefi€d-extinguishants — the system arrangement shall be such that, when the agent is

permitted to be limited by cutting off the discharge with appropriate means positioned
nozZzle;'subject to the agent quantity discharged into the test enclosure being betweer
90 % of the agent quantity stored in the containers.

conditionedto 20 °C = 2 °C, the discharge time shall be 50 s to 60 s, inclusive. The dfischarge is

Close to the
65 % and

C.4 Extinguishing concentration

C4

.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 7.7.2) or Formula (C.2) for non-liquefied

gases (see 7.7.3).

These formulae are reproduced here for convenience.

Liquefied gas agent:
C %
= — (€1
100-C v
Non-liquef]ed gas:
%4 100
m=—In (F-2)
) 100-C
where
m is the 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¥olume minus fixed structyres
impervious to extinguishant);
v is fhe specific volume, in cubic metres per kilogram: v&ky +k, XT :
kil k, arethe constants specific to the extinguishdnt being used, supplied by the extinguisijant
manufacturer;
T is the minimum anticipated ambienttemperature of the protected volume, in degrees
centigrade.
It is imporftant to note that the agent-spegific volume, v, calculated using the formulae above, is|the
value corr¢sponding to sea-level atmospheric pressure. Where the atmospheric pressure differs ffom
that standprd-situation (e.g. becausecthe test location is above sea level) the agent-vapour-spegific
volume is greater than the sea-level {alue as calculated above and as given in column 2 of Table 3 in|the
extinguishpnt-specific subclauses ef'this document. Use of a sea-level value of agent-specific volumk, v,
at elevated test locations (i.e. above sea level) will result in the development of an agent concentragion
higher than the target value,'C:
The corredt agent quantity’'is calculated by multiplying the value for the agent-vapour-specific volime
at sea-leve]l (as calculated above and as given in column 2 of Table 3 in the extinguishant-spe¢ific
subclauses|of this decument) with the ratio expressed in Formula (C.3):
101,3 | Py (F.3)

where P, 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 to verify the actual concentration of extinguishant delivered into the enclosure.

For liquefied extinguishants, the agent concentration shall be measured.

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

The following procedure shall be used for verification of the agent concentration:
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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
Cr =100 C4
E 1+x (C4)
for non-liquefied gases:
X —_—
¢y 10081 (C.5)
=
whgre

Cp  isthe concentration of extinguishing gas, in vol. %;
m
X=——
pV
m is the mass of gas, in kg;
p  isthe density of gas at 20 °C and 1 013 mbar;

V  is the volume of the test enclosure, in m3.

Thip calculated agent concentration is compared with the'concentration measured in the cold discharge.
Thed measured agent concentration shall be within 1 %’ef the calculated agent concentration|

NOTE Under these conditions, the formula is .taken as verified even without taking into pccount the
megsured values for room temperature at the statt©f the test and atmospheric pressure. The reasdn for this is
thaf while a compensation of different influencingfactors can potentially take place, as long as thode factors do
not fhange during the test series, it does not irffluence the test result.

If there is a difference of more than-2.9% of agent concentration or more than the required|measuring
accyiracy, or if the conditions (e.g. temperature of test enclosure) are not identical for cold discharge
and| fire test, the formulae have'to'be corrected to take into account the difference betwepn the real
behfaviour of the test room ard)the theory.

For|this correction, the possible reasons for the difference between calculation and measur¢ment have
to be investigated and‘the calculation formula has to be modified accordingly:

a) |different denSity (due to temperature and/or atmospheric pressure, for example) =p use data
(temperature and atmospheric pressure) measured at the start of cold discharge test;

b) |the behaviour of gasleaving the specific test enclosure does not comply 100 % with the agsumptions
used\in the formulas => use general correction factor for the term x [see Formula (C.4)].

Thdresultis a modified calculation formula which is then npp]ir:\hlp for this cpprifir‘ test sedies.

In the 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):

CE:100(1— Co J (C.6)

start

4) 1bar=0,1 MPa=105Pa; 1 MPa=1N/mm?2
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where

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

is the oxygen concentration measured in the test enclosure, as a volume fraction in percent;

is the oxygen concentration measured in the test enclosure at the start of the test, as a volume

fraction in percent.

The 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

modified)
This mean

temperatu
correction

C.5 Noz

C.5.1 No
C.5.1.1 T

C.5.1.1.1
The test en

a) Thear
to the

b) A mea
+300 K

c) Closallzre openings shall be provided directly above the test cans to allow for ventilation be

syste

d) One bg
be ins
be per
enclos

n the basis of the cold discharge test shall be used.

e and atmospheric pressure at the beginning of each fire test have to be chosen; the gen
factor is room-specific and stays the same.

zle distribution verification tests

zzle minimum height/maximum area coverage test
est facility

Construction
closure shall meet the following requirements.

ba, a x b (see Figures C.1 and C.2), and height,#;'of the enclosure shall correspond respecti

hs of pressure relief shall be provided to limit the pressure change with a cold discharg
a.

actuation.

ffle shall be installed-between the floor and ceiling with the height of the enclosure. It §
alled halfway betweéen the nozzle location and one wall of the enclosure. The baffle s
pendicular to thelong walls of the enclosure and 20 % of the length of the short walls of]
ire (see Figure-C.1 for 360° nozzle and Figure C.2 for 180° nozzle).

5 that for evaluation of the fire test data in case of using the modified formula;the r¢om

bral

Pely

maximum nozzle area coverage and minimum nozzle height as specified in the extinguishing
systenp unit manufacturer's installation instructions.

e to

fore

hall
hall
the
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9
< N
/ 4
O O
a

Key]
1 |testcans
2 |nozzle
3 |baffle
4 |vents
NOTE a x b = maximum nozzle area coverage for a,single nozzle.

Figure C.1 — Example configuration for nozzle minimum height/maximum area covgrage test
for 360° nozzle
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0,5a

b
0,2b
(@)

l

1 testcar
2 nozzle
3  baffle
4

NOTE i

Figure C.

C.5.1.1.2
Sampling a

NOTE ’

0,5b

x b = maximum nozzle area coverage for a single nozzle.

2 — Example configuration for nozzle minimum height/maximum area coverage t¢
for 180°nozzle

Instrumentation

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

sampled angl stored at a rate of atleast 10 Hz.

C.5.1.1.2.1

Oxygen concentration sensors

The oxyge

concentration shall be measured and recorded using a calibrated oxygen analyser havin

accuracy of 0,1 yol:-% oxygen or better. The sensing equipment shall continuously monitor and rec
the oxygen| level'within the enclosure throughout the test. The accuracy of the measuring devices s
not be inflyénced by any of the fire products.

nd storage of data from thieysensors described below shall occur at a rate of at least 10 Hz.

pst

b be

b an
ord
hall

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.

50
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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

C.5.

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

1.1.2.4 Nozzle temperature sensor

During system discharge of liquefied extinguishants, the liquid jet temperature just outside the nozzle

sha

C.5

For
and
acc

For
the
req
the

Thd
spe
wit

C.5

The
con

] be measured and recorded.

1.1.2.5 Agent concentration sensors

the cold discharge tests with liquefied extinguishants, the agent concentration shall bg
recorded by a calibrated extinguishant analyser appropriate for the extigguishant in us
iracy of 0,2 vol. % or better.

oxygen concentration shall be measured and recorded. For measurement of agent concen
1lirements specified for liquefied extinguishants apply. For measurement of oxygen con
requirements according to C.5.1.1.2.1 apply.

sensors for measurement of agent concentration oboxygen concentration shall be
Cified in C.5.1.1.2.1. The sensing equipment shall contintiously monitor and record the cor
hin the enclosure at least until the concentration stabilizes.

1.1.2.6 Agent mass

mass of agent discharged shall be detefmined by calculation from the measured mass ¢
fainer before and after filling the container and before and after the discharge. The

measured
e having an

the cold discharge tests with non-liquefied extinguishants, the ageéntconcentration or alternatively

[ration, the
centration,

located as
jcentration

f the agent
mass shall

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

dec

C.5

The
med

mal place (0,1 kg) or better.

1.1.2.7 Atmospheric pressure

atmospheric pressure shall be determined before each test. The atmospheric pressu
isured and recorded’using a calibrated device having an accuracy of 100 Pa or better.

Ire shall be

©IS
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Dimensions in millimetres

)
)
mn
<)
1 2
L / )
./ -
1250
A -—T-— 850 0,5 _TA
I I
1
B a |
= T
Key
1  measuifing point
2 nozzle
Figure C.3 — Plan view instrumentation placement for nozzle minimum height/maximum area
coverage test
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NO1
hori
125

Fig

C.5

C.5
The

stainless steelywith a thickness of 5 mm to 6 mm.

C.5

Dimensions in millimetres
A-A
o
M1
o
= M2 =
o
an)
mn
=)
o
T M3
=)
a

E The measuring points at heights 0,9 H; ;5 H and 0,1 H (M1 to M3), are permitted to be
zontal distances from the centre of the enclosure provided each is within a horizontal distance o
0 mm from the centre of the enclosure.

at different
f 850 mm to

ure C.4 — Side view instrumentation placement for nozzle minimum height/maximum area

coverage test

1.2 Fuel specification

1.2.1 Test cans

test cans shdll'be cylindrical 80 mm #* 5 mm in diameter and at least 100 mm high, mad

1.2'2° Heptane specification

b of mild or

The
a)

b)

©IS

heptane used shall have the following characteristics:
distillation

1) initial boiling point: 90 °C minimum;

2) drypoint: 100 °C maximum;

density (at 15,6 °C): (700 + 50) kg/m3.
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C.5.1.2.3

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 test shall
Also, one o

Figures C.1
the enclosu

C.5.13 T

C.5.1.3.1

The compa
test.

C.5.1.3.2

be placed in each corner of the enclosure within 50 mm of the corners of the enclosure

all.
" two test cans, depending on enclosure height, shall be placed directly behind the baffle‘jEs‘ee
| and C.2). The top of the test cans shall be positioned within 300 mm of the top of bottoin of

re, or both top and bottom if the enclosure height can accommodate such placement.
est procedure

Pretesting

sition of the extinguishing agent used shall be verified by a certificate of conformance o

Operation

The heptal
openings i

ne-filled test cans shall be ignited and allowed t@’burn for at least 30 s with the clos
the open position.

hble

After atledst 30 s all openings shall be closed, and the €xtinguishing system shall be manually actuafed.
At the tim¢ of actuation of the system, the oxygen.concentration within the enclosure shall be no
than 20,4 yol. %. During the test, the oxygen concentration shall not change more than 1,5 vol. %
to fire prodlucts. This change shall be determined by comparing the oxygen concentration measure|

the cold di
Sensors).

NOTE

extinguish
extinguish
instant whej

i

C.5.1.3.3
After ther

a) The ef]

scharge test with the measured oxygen concentration in this test (averaged over the th

nd of discharge is the point when discharge has effectively ceased. For superpressurized liqug
ts, itis the instant when the discharge is predominantly gaseous. For non-superpressurized lique
ts and non-liquified ektinguishants where a cut-off mechanism is used to stop the discharge, it i
n the pressure at thenozzle reduces to zero.

Recording of data
bquiredpre-burn period, record the following data for each test.

fective discharge time: i.e. for liquefied extinguishants the time of the pre-liquid gas-pH

less
due
d in
ree

fied
fied
the

ase
the

plus th

e-fime of the two-phase flow; for non-liquefied extinguishants, the time from opening

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

b)

shall be determined by visual observation or other suitable means.

<)

The total mass of extinguishant discharged into the test enclosure.

C.5.1.4 Determination of distribution performance of the nozzle

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

hall

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

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 the end of discharge time at the 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;

b)

C.5
C.5

C.5
The

2) location of the nozzle(s) within the test enclosure;

3) testcan locations within the test enclosure.

Description of fuel specifications, including the following:

1) testcan material and dimensions;

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

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

Description of test method including details for operationhincluding the following:

1) pre-burn duration;

2) oxygen concentration at system discharge.

2 Nozzle maximum height test
2.1 Test facility

2.1.1 Construction

test enclosure shall meet the\following requirements.

The test enclosure shall-have a minimum volume of 100 m3. The floor dimensions shall
4 m wide by 4 m long. The test enclosure shall have the maximum ceiling height as speg

extinguishing system unit manufacturer's installation instructions.

A means ofpressure relief shall be provided to limit the pressure change with a cold d

+300 Pa,

Closable openings shall be provided directly next to or above the test cans to allow for

befere system actuation.

be at least
ified in the

scharge to

ventilation

d)

C.5.

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).

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 a 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 closable openings in the open

position.

After at lea
At the timg
than 20,4
fire produc
cold dischg

C.5.2.3.3
Data shall

C.5.24 D

Using the ¢
shall be ex

As an alter

ol. %. During the test, the oxygen concentration shall not change more than 1,5vol. % d
ts. This change shall be determined by comparing the oxygen concentration measured in|
rge test with the oxygen concentration measured in this fire test (averagedvalues).

Recording of data

be recorded as specified in C.5.1.3.3.

etermination of distribution performance of the nozzle

xtinguishing concentration for heptane, determined\in accordance with C.6.2, all test d
finguished within 30 s of the end of agent discharge;

hative to the use of the heptane steel cans, the gancentration of the extinguishing agent (o1

non-liquefi
test cans.

concentratjion, to be reached no longer than 30 s after the end of discharge time.

C.5.2.5

In additio
informatio

a) Descri

1) balffle width, location, and orientation;

2) lo
3) te
b) Descri

d gases, the oxygen concentration) can befieasured at the locations specified for the s

st 30 s all openings shall be closed, and the extinguishing system shall be manually agtaated.
of actuation of the system, the oxygen concentration within the enclosure shall be no [less

e to
the

ans

for
teel

he concentration shall be measured at each location and shall be at least the extinguishing

eporting of test results

to the data specified in%€.5.2.3.3, documentation of performance in C.5.2.4, and
in C.2.2, at least the folowing shall be reported for each series of tests:

ption of the test englosure, preferably in the form of a schematic, including the following:

ation of the,nozzle(s) within the test enclosure;
t can locations within the test enclosure.

ption of fuel specifications, including the following:

the

1) testcan material and dimensions;

2) he
3) he

ptane characteristics by a certificate of conformance or by test;

ptane depth and the level below the top of the can.

c) Description of test method including details for operation including the following:

1) pre-burn duration;

2) ox

56

ygen concentration at system discharge.
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Extinguishing concentration tests

1 Wood crib test
1.1 Test facility

1.1.1 Construction

test enclosure shall meet the following requirements.

a)

b)

C.6

Sanppling and storage of data from the sensors described below shall occur at a rate of at lea

NOTI

sampled and stored at a rate of at least 10 Hz.

C.6

The
acc
the
not

Atl

be located horizontally 600 mm to 1 600 mm away from the test object at the equivalen

the|top of the test object. The othersensors shall be located horizontally 600 mm to 1 00(
fromn the test object and at least two sensors at the following heights: 0,1 Hand 09 H (H =h
enclosure).

C.6{1.1.2.2 Nozzle pressure sensor

Dur
attd

C.6

The test enclosure shall have a minimum volume of 100 m?2. The height shall be at least|
floor dimensions shall be at least 4 m wide by 4 m long.

A means of pressure relief shall be provided to limit the pressure change with.a .cold d
+300 Pa.

1.1.2 Instrumentation

E The single data points to determine agent mass and atmospReric pressure are not reg

1.1.2.1 Oxygen concentration sensors

oxygen concentration shall be measured and recorded using a calibrated oxygen analyse
iracy of 0,1 vol. % oxygen or better. The sensing equipment shall continuously monitor
oxygen level within the enclosure throughoutithe test. The accuracy of the measuring d¢
be influenced by any of the fire products.

bast three sensors shall be located within the enclosure (see Figures C.5 and C.6). One s

ing system discharge, the nozzle pressure shall be measured and recorded by a pressure
ched to the pipéjat a distance no greater than 1 m from the nozzle.

1.1.2.3 {Enclosure temperature sensors

3,5 m. The

scharge to

5t 10 Hz.

uired to be

 having an
hnd record
pvices shall

ensor shall
t height of

mm away
bight of the

transducer

temperature within the enclosure shall be measured and recorded (see Figures C.5 and C.6

At least one sensor shall be located horlzontally 600 mm to 1 000 mm from the test ob]ect 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.

©IS
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C.6.1.1.2.5

Agent concentration sensors

For the cold discharge tests with liquefied extinguishants, the agent concentration shall be measured
and recorded by a calibrated extinguishant analyser 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

record the

The senso

concentration within the enclosure at least until the concentration stabilizes.

's for measurement of agent concentration or oxygen concentration shall be docated

specified in C.6.1.1.2.1.

C.6.1.1.2.6

The mass
container

be measur
decimal pl

C.6.1.1.2.7

The atmos
measured

Agent mass

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

Atmospheric pressure

pheric pressure shall be determined before each tést. The atmospheric pressure shal
hnd recorded using a calibrated device having an@aécuracy of 100 Pa or better.

| as

rent
hall
one

be
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Dimensions in millimetres

1000
600

0,5a

b'>4000

a>4000

Key
1 |measuring point
2 |test object

Figure C.5 — Plan view of instrumentation placement for the extinguishing concentr

htion test
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Dimensions in millimetres

A-A
® ®
M1 M4
o
= 3
=) o
N
=
@MS
& [
o
o
i
+ < = o
< © T M3
=)
a>4000
Key
1 testobiject
h  altitiudg
Figure C.6 — Side view of instrumentation placement for the extinguishing concentration t¢st
C.6.1.2 Fuel specification
C.6.1.2.1 |Crib igniter fuel

Ignition of
water in a

the crib is_achieved by burning 1,5 1 of heptane (specified in C.5.1.2.2) on a 12,5 | layqr of
square ste¢l pan 0,25 m? in area, 100 mm in height and with a wall thickness of 6 mm [see

Figure C.7].

60
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Dimensions in millimetres
500

100

500

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

C.6]1.2.2 Fire configuration and placement

Theg wood crib shall consist of four layers of six, approximately 40 mm x 40 mm x (450 * 5() mm long,
kilny spruce or fir lumber having a moisture content between 9 % and 13 %. Place the alterndte layers of
WO(@{-‘d members at right angles to'one another. Evenly space the individual wood members ir] each layer

forming a square determined by the specified length of the wood members. Staple or nail together the
wo¢d 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 crib
to the top of the panrholding the igniter fuel (specified in C.5.1.2.1) shall be 300 mm. The boftom of the
crif shall be 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 a certificate of conformance or by
test. Record the weight and the moisture of the crib before 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 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~ If necessary, adequate means for protection against wind, etc. may
be used. Record the weather conditions including the 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 a 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
combustion and look for signs of re-ignition. The following shall be recorded:

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

If necessally, amend the extinguishant concentration and repeat the experimental programme yntil
three succ¢ssive, successful extinguishments are achieved.

C.6.1.3.3 |Recording of data
After the re¢quired pre-burn period, record the following data for each test.

a) The effective discharge time: i.e. for liquefied extinguishahts the time of the pre-liquid gas-pljase
plus the time of the two-phase flow; for non-liquefied extinguishants, the time from opening|the
contaiper valve(s) to cutting off the discharge; the discharge time for liquefied extinguishantsfhas

to be c]:termined by nozzle pressure, nozzle temperature or combination of both.

b) The time required to achieve extinguishment/in seconds; this time shall be determined by vigual
obseryation or other suitable means.

c) The total mass of extinguishant discharged into the test enclosure.
d) The sopking time (time from the end*of system discharge until the opening of the test enclosurg).
e) The temperature profile of thewood crib.
NOTE End of discharge is the)point when discharge has effectively ceased. For superpressurized liqudfied
extinguishants, itis the instaritwhen the discharge is predominantly gaseous. For non-superpressurized liqudfied

extinguishants and non-lighified extinguishants where a cut-off mechanism is used to stop the discharge, it i§ the
instant when the pressureat the nozzle reduces to zero.

C.6.1.4 etermination of design extinguishant concentration

The extinguishant concentration is that concentration that achieves extinguishment of the [fire
over three successive tests (no re-ignition or existence of burning embers after 10 min after the 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 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 within the test enclosure.

b) description of fuel specifications, including the following:

1) pan material and ﬂimpncinnc;

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

3) water quantity and heptane quantity within the pan;

4) wood crib material, dimensions, construction, weight and moisture cohtent.
c) |Description of test method including details for operation including the\following:
1) location and orientation of wood crib with respect to pan for pre-burn;

2) weather conditions that can influence the pre-burn;

3) pre-burn duration;

4) oxygen concentration at system discharge;

5) duration of soak period;

6) after the soak period, observations for signs of reignition;

7) wood crib weight following the test.
C.6/2 Heptane pan test
C.6:2.1 Test facility

C.6)2.1.1 Construction

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

C.6)2.1.2 Instrumentation

Insfrumentation of the enclosure is as described in C.6.1.1.2.

C.6)2:2) Fuel specification

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 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 I 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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C.6.2.3 Test procedure

C.6.2.3.1

Pretesting

The composition of the extinguishing agent used shall be verified by a 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.

After atleg
At the timg
than 20,4
fire produg
cold dischs

If necessaj
three succq

C.6.2.3.3

Data shall

C6.24 D

The exting
three succ
three succ
to be used
concentratj

ol. %. During the test, the oxygen concentration shall not change more than 1,5 vel.% d
ts. This change shall be determined by comparing the oxygen concentration measured in|
rge test with the oxygen concentration measured in this fire test (averagedvalues).

y, amend the extinguishant concentration and repeat the experimental programme U
ssive, successful extinguishments are achieved.

Recording of data

be recorded as specified in C.6.1.3.3 except for (e).

etermination of design extinguishant concentration

uishant concentration is that concentration that'achieves extinguishment of the fire ¢
bssive tests (no flaming 30 s after the end of the extinguishant discharge). Alternatively
pssive tests, three non-successive tests thdat'comply with the requirements are permi

jon multiplied by an appropriate safetyfactor.

C.6.2.5

In additio
informatio

a) Descri
1) te

b) Descri

eporting of test results

to the data specified in%€:6.2.3.3, documentation of performance in C.6.2.4, and
in C.2.2, at least the folowing shall be reported for each series of tests:

ption of the test englosure, preferably in the form of a schematic, including the following:
t object locationwithin the test enclosure.

ption of fuel,specifications, including the following:

1) p
2) h

}

matertal and dimensions;

st 30 s all openings shall be closed, and the extinguishing system shall be manually actualted.
of actuation of the system, the oxygen concentration within the enclosure shall e, no [ess

e to
the

ntil

ver
, to
ted

provided the highest concentration is used. The design concentration is the extinguishing

the

tane characteristics by a certificate of conformance or by test;

3)

top of the pan.

1) pr
2) ox
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Description of test method including details for operation including the following:

e-burn duration;

ygen 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

Insfrumentation 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 ignition source is a heptane pan (constructed of 2 mm thick mild ‘er stainless stee]), internal
dimensions of 51 mm x 112 mm and 21 mm deep and centred with the top of the pan 12 mnp below the
botfom of the polymeric sheets (see Figure C.8). The 51 mm side of theZpan is orientated patallel to the
shegts of polymeric fuel. The pan is filled with 6 ml of commercial-gtade heptane (specified ih C.5.1.2.2)
on 4 water base of 40 ml.

C.6)3.2.2 Polymeric fuel

Tests are to be conducted with three polymeric fuels:
a) |polymethylmethacrylate (PMMA),

b) [polypropylene (PP), and

c) |acrylonitrile-butadiene-styrene polymeér (ABS).

Polymeric material properties are given in Table C.2.

Table C.2 — Polymeric material properties

25KkW/m? exposure in cone calorimeter (I1SO 5660-1)
. . . 180°C average heat Effectivd heat of
Density Ignition time .
Fuel Colouf release rate combustion
kg/m3 S Tolerance kW/m? Tolerance M]/kg Tolerance
PMMA Black 1,19 77 +30 % 286 *25% 23,3 *25%
PP Natural o o o
(White) 0,905 91 *30 % 225 *25% 39,6 *25%
ABp Natural 104 115 £30 .04 484 £2C 04 291 +25 0
(cream)

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.
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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

[depth) topare metal sheet The two rpmnining sides and bhottom are open

The metal fheet shall have a wall thickness of 2 mm to 3 mm.

The fuel arfray is oriented in the fuel shield such that the 200 mm dimensions of the fuel arvay.is parallel
to the 610 mm side of the fuel shield.

Dimeénsions in millimdtres

380 610
5 -
254 /
e
32
13 254
1
o] (=)
0 0 [ i 2
X (o]
2
o
o
mn r= - -
/ 3
/ - —
m il | — 6

g
4

Key
1  vertical metal angle frame
2 fuel guide bars(angle form)
3 fuel guidé-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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Dimensions in millimetres
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b) Details of fuel guides

Key

1  vertical metal angle frame
2 fuel guide bars (angle form)
3 fuel guide bars (U-form)

NOTE 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.

Dimensions in millimetres

@ \1
-
[] ||/
8 /
c 90
/\
[d =1

O

[
LM

NS

950

]:{:

Key
1 polycarponate ormetal baffles
2 cinder 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 a certificate of conformance or by
test. Record the weight of the plastic sheets before 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).

Thdenclosure shall remain sealed for a total of 10 min atter the end of discharge. After the sj)ak period,
ventilate the enclosure and observe whether sufficient fuel remains to sustain combustion-and look for
signs of re-ignition.

The following shall be recorded:

a) |presence and location of burning fuel;

b) |whether or not the fire re-ignites;

c) |[the weight of the fire structure after the test.

If necessary, amend the extinguishant concentration and repéat the experimental progrgmme until
thre¢e successive, 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 extinguishants the time of the pre-liquid gas-phase
plus the time of the two-phase flow; for, non-liquefied extinguishants, the time from dpening the
container valve(s) to cutting off the. diseharge; the discharge time for liquefied extinguighants shall
be determined by nozzle pressure,©ozzle temperature or a combination of both.

b) [The time to achieve “knock-down” of the flames, that means the time when there are only flames at
the top edges of the two inner polymeric sheets, in seconds; this time shall be determingd by visual
observation or other suitable means.

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

d) |The total mass.of extinguishant discharged into the test enclosure.

e) |The soaking time (time from the end of system discharge until the opening of the test er]closure).

NOTE End of discharge is the point when discharge has effectively ceased. For superpressurized liquefied
extipguishants, itis the instant when the discharge is predominantly gaseous. For non-superpressuriged liquefied
3 3 £ off 15 i 3 a4+ o+l P2 |

t‘ Siclh-an. P Laouafiaod asztiaogis hoxntc snzbara o oo 1A Saadcia 1o oo 3 h t i
extirgtishantsandnon-tHatwetied-extinguishantswhereaentoffmechanismisused-to-stop-the-didcharge, 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 that 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 conform to 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:

D p
2) h
3 p
co
4) su
5) ex
6) fu
c) Descri
1) lo
2) pr
3) pr
4) ox
5) du
6) aff
7) fu

70

material and dimensions;
tane characteristics by a certificate of conformance or by test;

ymeric sheet dimensions, description in accordance with Table€.2, and data demonstra
mpliance with the cone calorimeter properties in accordance with Table C.2;

pport rack material and dimensions;

ternal baffle material and dimensions;

] array weight with and without polymeric sheets:

ption of test method including details for operation including the following:
ation and orientation of polymeric sheets with respect to pan;

e-burn duration of heptane;

-burn duration of fuel array;

ygen concentration at system discharge;

ration of soak period;

er the soak period,observations for signs of reignition;

] array weight-with polymeric sheets following the test.

[ing
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Annex D
(informative)

Method of evaluating inerting concentration of a fire extinguishant

D General
. Fenera:

Thif annex specifies a method for determining the inerting or inhibiting concentration of the
extjnguishant based on flammability diagram data on ternary systems (fuel, extinguishant, pir).

—

D.3 Principle

Fue]/extinguishant/air mixture at a pressure of 1,013 bar>) absolute or-14,7 psiais ignited yising a gap
spafrk and the rise in pressure is measured.

D.3 Apparatus

D.3|1 Testvessel, spherical, with a capacity of 7,9 + 0,25 Iywith inlet and vent ports, thermdcouple and
prepsure transducer, as shown in Figure D.1.

D.3|2 Igniter, for nominal resistance of 1 ohm _eamprising four graphite rods (“H” pencil Jeads) held
together by two wire ties at either end, leaving.&gap between the ties of approximately 3 min.

D.3|3 Capacitors, two 525 mF, 450 V, wired in series with the igniter.

D.3|4 Internal mixing fan, suitable-to withstand the temperature and overpressure of an ekplosion.

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 outside of this range.

D.4|2 Connect the pressure transducer to a suitable recording device to measure the presgure rise in
theltest vessel'to the nearest 70 Pa.

D.4{3-)Evacuate 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 1,013 bar®) absolute 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.

5) 1bar=0,1 MPa=105Pa; 1 MPa=1N/mm?
6) 1bar=0,1 MPa=105Pa; 1 MPa=1N/mm?Z
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D.4.7 Charge the capacitors (D.3.3) to a potential of 720 V to 740 V (d.c.), producing stored energy of
68]Jto70].

D.4.8 C(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 extinguishant yntil
conditions|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 justproduces a presgure
rise of 0,07 fimes the initial pressure or 1 psi when the initial pressure is 1,013 bar?) absolute or 14,7 psia.

D.4.12 Repeat, varying the fuel/air ratio and the extinguishant concentration to establish the highest
extinguishpnt concentration needed to inert the mixture.

D.5 Inerting concentration

The inertirjg concentration is the concentration established i1¥D.4.12.

7) 1bar=0,1 MPa=105Pa; 1 MPa = 1N/mm?Z.
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2
Key
1 |septum port
2 |gasinlet
3 17,9 1testvessel
4 |igniter
5 |vent

vacuunt
pressare gauge
thermocouple

O© 0 N O

test chamber

Figure D,1 — Inerting apparatus
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E.1 General

Annex E
(normative)

Door fan test for determining of minimum hold time

This anne)];ontains information for establishing the integrity of rooms and enclosures for maintaiing

the exting
assumes th

This proce
spaces.

This proce

a) anade

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

enclos

The calcullation procedures used are suitable for both “heavier-than-air extinguishants

extinguish
continuoug
enclosure.
and lower
area and/o

NOTE
calculation
gas mixturg

)

E.2 Tesl

E.2.1 Pr

hishant concentration for the relevant period (hold time). It includes details of testing
at the air-handling plant will not be operating during the hold time.

Hure is only suitable providing:

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

ire, its integrity, and the number and capacities of the faiis. See E.2.2.1 and E.2.7.4.3).

hnts that are lighter than air. The hold time galculation models, for enclosures with

mixing, assume that the enclosure is either “a standard enclosure or a non-stand
A standard enclosure has a uniform horizofital cross-sectional area with horizontal ug
boundaries. A non-standard enclosure is ohe with a non-uniform horizontal cross-secti
r sloping upper and/or lower boundaries:

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

A fan is te

series of pressure and airflow measurements are made from which the leakage characteristics of]
enclosure gre established.

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

porarily located within an access opening to pressurize and depressurize the enclosur

and

Hure cannot be used to predict what extinguishant concentrations might dévelop in adjoifing

the

and
out
ard
per
nal

n of
b for

e. A
the

DNS.

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.

d)

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

either from or into an infinitely large space.

74

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
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e) That the enclosure and surroundings are at a temperature of 20 °C, and atmospheric pressure is

1,013 bar®) absolute.

E.2.2 Apparatus

E.2.2.1 Fan unit, consisting of a frame that 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

E.2

less than 25 Pa across the enclosure boundary.

2.2 Pressure measuring devices, two in number, one to measure enclosure differential pressure

and|

E.2

E.2

E.2

E.2
PRE

NOT

tord
orc

E.2

E.2
The

manufacturer. Records shall be keptand also copies of the appropriate calibration certificate

rate

E.2

The
intd
med
req
me?

If iy
Lev|

one to measure fan flow pressure.

2.3 Flexible tubing, for connecting the pressure measuring devices.

2.4 Chemical smoke pencils and/or smoke generator.

2.5 Thermometers, two in number, for measuring ambient temperatures.

2.6 Signs, reading “DO NOT OPEN — PRESSURE TEST IN PROGRESS” and “DO NOT
SSURE TEST IN PROGRESS”, displayed during the test operation.

E Additional apparatus, such as measuring tapes, a harometer for measuring atmospher]

hes, ladders, tools to remove floor and ceiling tiles, computeror a calculating device, camera, can 1
bnvenient.

3 Calibration and accuracy of the apparatus

3.1 Fan unit

fan unit (E.2.2.1) shall be calibrated at intervals and by the method recommengd

shall be accurate to +5 % of the measured value.

3.2 Pressure measuring’devices

pressure measuring.devices (E.2.2.2) shall be accurate to +1 Pa and shall be calibrated

isuring device to”"measure the fan flow pressure can have a different accuracy as |
lirements for-the accuracy of the flow rate (see E.2.3.1) are fulfilled. The atmospher
isurementshall be accurate to +100 Pa.

clined~-manometers are used, change the fluid at the intervals recommended by the ma
el-and zero inclined manometers before each test.

CLOSE —

ic pressure,
enecessary

ed by the
s. The flow

at regular

rvals. Records shall’be maintained and where appropriate calibration certificates. The pressure

bng as the
C pressure

hufacturer.

E.2.

3.3 Temperature measuring devices

Temperature measuring devices shall be accurate to +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.

8)

©IS

1 bar = 0,1 MPa = 105 Pa; 1 MPa = 1N/mm?

02023 - All rights reserved
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e.g.
| /or

and
[ing
ing
Fess

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.

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
selectedfor 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 3gssistance will be needed from the user's staff.

d) Information on any necessary disturbance to the building or its services during the test;
removpl of floor or ceiling tiles, a shutdown of air handling systems,holding doors open anc
shut.

E.2.5 Evaluation of enclosure

E.2.5.1 (Qeneral

Obtain or grepare a sketch plan showing the enclosure and its surroundings, the location of the door

other openlings through which air will flow during the test, and the location of any ducts penetra

the el’lCIOSlE]e, and any dampers in the ducts. Showthe status (i.e. whether open, closed, on, off du
the hold time) of each door, hatch, damper and-other significant items (e.g. fans), and which ac
opening(s)|is (are) to be used for the fan unit:

Show the l¢cation of floor and sink drains.

E.2.5.2 Mixing during hold time

Enclosures
due to strd
and a unif
time.

Enclosureg
hold time ¢

with continuous 1hixing are enclosures in which there will be continuous good mixing
ng heat sources‘or recirculating air handling equipment so that an interface does not fi

without'continuous mixing are enclosures in which there is partial or no mixing during
o that'an interface forms between the extinguishant/air mixture and the incoming air.

e.g.
Drm

brm extinguishant concentration is maintained throughout the enclosure during the lold

the

Ifitis unce

- 1 1 1 1 - el LI | - - - h | rad 1 1
Ldlll WIICLIICT LT CIIC1IOSUrc 15 OIS WILIT O WILITIOUU COIIUTIUOUS THIX1IE, LIICIT PpCITOIT LIC

time calculations for both cases. Use the lower of the two hold time values.

E.2.6 Measurement of enclosure

E.2.6.1 Standard enclosures without continuous mixing

10ld

Standard enclosures are those with a uniform horizontal cross-sectional area and horizontal upper and
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, H,.

b) The required protected height from the lowest point in the enclosure, H.
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c) The netvolume of the protected enclosure, V.

E.2.6.2 Non-standard enclosures without continuous mixing

Non-standard enclosures are those with the 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, H.

b) The required protected height from the lowest point in the enclosure, H.

c) |The net volume of the protected enclosure, V.

d) |The horizontal cross-sectional area, 4, at various heights, sufficient to determine its varfiation with
height so that V, and dV, can be evaluated using Formulae (E.24) and (E.25) (see E.2.8.93).

E.216.3 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 its lowest te-its highest point, H,.

b) |The net volume of the protected enclosure, V.

E.216.4 Opening for mounting the fan unit

If the door or other closure, replaced by the fan unit-for the test, has significant measurable leakage
opejnings in the hold time condition, then these should be measured and recorded.

E.2|7 Test procedure

E.2{7.1 Preparation

E.2|7.1.1 Advise supervisory.personnel in the area of the test.

E.2|7.1.2 Remove papers and objects likely to be disturbed by the air stream from the fan.

E.217.1.3 Block opéen“sufficient doors outside the enclosure envelope to provide an adeqyate return
path for air between the fan unit and the enclosure boundaries while correcting any brdach of any
reqpirements of<the facility, including requirements for security, fire protection and env|ronmental
boundaries.

E.2]7,14" Usingthe sketch plan (see E.2.5), set the enclosure air-handling equipment and exflinguishant
extlaction 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 does not give a
bias pressure across the enclosure boundary or otherwise preclude accurate testing, and which
would be shut down on extinguishant discharge, may be left operating during the test if this is
needed to avoid temperature build-up in equipment such as computers; and

b) air-handling equipment, with fresh air makeup or exhaust, which would continue to operate on
extinguishant discharge should be shut down as it can create excessive bias pressure during the
integrity test.

E.2.7.1.5 Postthe appropriate signs on doors (see E.2.2.6).
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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
precautions 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.

E.2.7.1.8 [Checkthatliquid 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 testf
E.2.7.2 Setting up the door fan unit

E.2.7.2.1 |Setup the fan unitin an access opening leading from the enclosure into the largest volunie of
building sgace which will complete the airflow path from the fan, via the enclosure, leaks, and building
space backlto the fan.

E.2.7.2.2 |Gently blow into or suck from, the flexible tubing so that the readings of the presdqure
measuring|devices traverse the full scale. Hold the maximum readifg 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 presqure
measuring|device. Ensure that the open ends of the flexible tubing near the fan unit are away fronp its
air stream|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 to the maximum safe presqure
obtainable| Check all dampers with smoke{and ensure that they are closed properly. Check doors pnd
hatches and ensure correct closure. Inspect the wall perimeter (above and below any false floor) pnd
the floor slpb for any major leaks and.fiote 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 returirair paths around the boundary of the enclosure under test. This may be
done visually or by pressuremeasurement.

E.2.7.3 Measurement of bias pressure during fan testing (P,,)

E.2.7.3.1 |Py«ls~used to correct the measured inside-outside enclosure pressure differentia| to
calculate theZenclosure leakage characteristics.

E.2.7.3.2 Seal the fan unit and, without the fan(s) operating, allow the enclosure differential pressure
reading to stabilize if possible (which can take up to 30 s) and record the pressure differential, P,
and its direction. Take P, as positive if the inside pressure is above the outside pressure, and negative
if the inside pressure is below the outside pressure. If the magnitude of P, is greater than 3 Pa (i.e.
|Py¢| > 3 Pa), it should be reduced before proceeding with the integrity test.

E.2.7.3.3 Make every effort to reduce the static pressure, P, by shutting down air handling
equipment even though it can operate during the hold time.

If a subfloor pressurization air-handler cannot be shut down for the test and leaks exist in the subfloor,
these leaks cannot be accurately measured. During the test, as many floor tiles as necessary should
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be lifted to eliminate the effect of subfloor pressurization, or every effort should be made to reduce
subfloor leaks to insignificance.

CAUTION — The removal of raised floor tiles creates a serious safety hazard. Appropriate

pre

E.2.

cautions should be taken.

7.3.4

If P, fluctuates (e.g. due to wind effects), it is unlikely to achieve the necessary correlation

accuracy in the fan test results. The fluctuations 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.

E.2

E.2
out
oth
tem

E.2

E.2

by not more than 60 Pa, as at higher differential pressures the{flow characteristics of the

can
and
mol
or
diff]
ave

/.4 NMeasurement ol leakage rate

7.4.1 Measure the air temperature inside the enclosure, T,, and measure thé)air tg
bide the enclosure, T, at several points. If the location of leaks is not known, use.the ave|
brwise, use the average value weighted according to the known location 0f the leaks.
peratures at the end of the test.

7.4.3 Use the fan unit to depressurize the enclosure to, the maximum extent, but

change. Allow the enclosure differential pressure readingto stabilize (which can take
record the pressure differential i.e. (P; + P,,) which will be negative. Repeat at not les
e fan unit flow rates to give five readings more or léss’evenly spaced over the range doy
[0 |Py,.| whichever is the higher. At each pressur@sdifference, measure the airflow an
brence across the enclosure/fan boundary. Aftécthe fan and instrumentation have sta
Fage over an interval equal to, or greater than, 10 s should be used if fluctuations are @

7.4.2 Unseal the fan inlet or outlet and connect the fan flow pressure measuring devicg.

mperature
rage value;
Verify the

preferably
leak paths
up to 30 s)
5 than four
yn to 10 Pa
d pressure
bilized, the
bserved. If

stalple readings cannot be obtained at the minihtum pressure difference (10 Pa or 10 |P,|) then only go

dow

E.2
rec

E.2
diff]

E.2

E.2

'n to the lowest pressure at which stahlereadings can be obtained.

7.4.4 Use the fan unit to pressuirize the enclosure and repeat the procedure of E.2.7
rd values of (P¢+ Py,), which wiltbe positive.

7.4.5 Repeat the zero-flow pressure difference (bias pressure Py,) measurement. If t
brs from the initial zero flow pressure difference reading by more than 1 Pa, repeat the t

7.5 Field calibration check

7.5.1 Calculate the enclosure’s equivalent leakage area (average of pressuriz

4.3. Again,

he reading
st

ation and

deplressurization), at a reference pressure differential of 10 Pa, using Formula (E.27)(see E.3].2).
E.2|7:5.2 In a sheet of a rigid material, less than 3 mm thick and free of any penetrations, dqut a sharp-
edged-—eiretdarealibration<checkorificeTheareaofthe orifice shall be largeenousghtecaude an easily

measurable 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 of about 50 % of the enclosure's
equivalent leakage area is likely to be suitable. Install the sheet in an unused fan unit port if possible.
Otherwise, install 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 testing
(see E.2.7.3) and record the value of Py,.

Open the calibration check orifice and repeat the measurement of leakage rate (see E.2.7.4).
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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.

E.2.7.6 Measurement of bias pressure under hold time conditions (P,,)

E.2.7.6.1 the

hold time.

Py, is the bias pressure under hold time conditions that are used in the calculation of

—e

E.2.7.6.2 |Set the enclosure, its surroundings, and services, to the conditions that would apply dur
the hold tife using the information from E.2.5.

ng

the
the

E.2.7.6.3 |Seal the fan unit and, without the fan(s) operating, connect a:immanometer to measure
pressure djfferential, Py, and its direction. Measure between a singlefixed reference point inside
enclosure, pnd:

a)
b) a poinf

a point immediately outside the upper leakage, and

immediately outside the lower leakage.

Allow the
and record
inside pres
pressure.

If the enclq
value of P

enclosure differential pressure reading to stabilize if possible (which can take up to 3
the pressure differential, P, and its direction for both positions. Take Py, as positive if
sure is above the outside pressure, andnegative if the inside pressure is below the out

sure is large, repeat the pairs of measurements at several points to determine the ave
L, but note that if Py; varies significantly from place to place then it can cause non-unif

0 s)
the
side

age
Drm

flow throupgh leakage areas, invalidatifig the hold time equation.

The value ¢f Py;, for hold time calculdtions is given by:
— for extlinguishants heavier’than air (p, < p,), Pyj, = Py, (lower) - Py, (upper)
— for extlinguishants lighter than air (p, > p.), Py}, = Py, (upper) - Py, (lower)

uld
| by

The tubing used to«onnect the manometer to the points outside the upper and lower leakages shg
be filled wlith airsat‘ambient temperature, so that the measured value of P,; will not be affecteq
gravity actlingmn the air between the upper and lower leakage.

E.2.7.6.4 If P, fluctuates (e.g. due to wind effects), the predicted hold time will be uncertain. In this
case, use the most negative value of P;, when checking whether flow reversal will occur (see E.2.8.4)
and the most positive value when calculating the predicted hold time (see E.2.8.6, E.2.8.7, E.2.8.8 and
E.2.8.9).

E.2.7.6.5 Ifthe bias pressure P has a numerical value greater than 25 % of the initial extinguishant/
air column pressure [see Formulae (E.6) in E.2.8.4], i.e. |Py,| > 0,25 P,,; then the hold time is likely to
be low and the enclosure will not hold the specified extinguishant concentration. The source of the
excessive bias pressure should be identified (and traced using inert smoke) and if possible, permanently
reduced. If it cannot be permanently reduced it shall be recognized that the hold time can be adversely
affected.
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.8 Calculation

.8.1 Selection of appropriate hold time equation

For enclosures without continuous mixing, the standard enclosure hold time equation is easier to solve
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

stai
ext
air.

For
bot
tim

dard enclosure equatlon w111 underestlmate the hold tlme (1n the upper part of the éng
nguishants heavier than air, and overestimate it (in the lower part) for extinguishants 1

enclosures where the horizontal cross-sectional area increases from the top,'ef the enclg
fom (e.g. enclosures with pitched roofs), the standard enclosure equation,will overestimd
b (in the upper part) for extinguishants heavier than air, and underestimate it (in the low]

rench), the
losure) for
ghter than

sure to the
te the hold
er part) for

extjnguishants lighter than air.
[t i important to use the non-standard enclosure equation when the standard enclosure e(ﬂ:lation will
ovefrestimate the hold time because the standard enclosure equation can predict a pass for an enclosure
that would fail.
It igless important to use the non-standard enclosure equation when the standard enclosure equation
will underestimate the hold time, although the standardenclosure equation can predict a fajlure for an
enclosure that would pass.
Expert advice should be sought in case of doubt,
E.2{8.2 Symbols
The symbols of the quantities, and theif.units, used in the calculation are given in Table E.1.
Table E.1 — Symbols, quantities and units
Symbol Quantity Unif
A horizontal cross-sectional area at height H m?2
A, effective leakage area m?
c extinguishant concentration at height h % vol.
C; inigidl concentration of extinguishant in the air for the enclosure at the % vol.
beginning of the hold time
Cmih minimum concentration of extinguishant in the air at height H in the % vol.
enclosure at the end of the hold time — not less than the extinguishing
concentration
E, equivalent leakage area m?2
Ep leakage opening area m?
F lower leakage fraction, effective leakage area of lower leaks divided by dimensionless
effective leakage area of all leaks
In acceleration due to gravity m/s?
H height from the lowest point in the enclosure m
H, height of the equivalent sharp interface m
H, overall height of the enclosure m
H, required protected height — required height of c,,;, at the end of the m
hold time
a  1bar=0,1 MPa=105Pa; 1 MPa = 1N/mm?2.
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Table E.1 (continued)
Symbol Quantity Unit

I; interface thickness constant [see Formula (E.7) and table for values for m
each agent]

I, Interface position constant [see Formula (E.7) and table for values for dimensionless
each agent]

k leakage characteristic [see Formula (E.1)] m3/(s - Pan)

kq leakage characteristic [see Formula (E.11)] m3/(s - Pan)

k, correlation constant [see Formula (E.14)] [kghm3(M] /(s - Pan

k4 simplifying constant [see Formula (E.15)] m/s?

k, simplifying constant [see Formula (E.16)] Pa - m3/kg

n leakage characteristic [see Formula (E.11)] 1

Py bias pressure during the hold time Pa

Py, bias pressure at the time of the fan test Pa

P, atmospheric pressure during fan calibration bar?

P differential pressure produced by the fan Pa

P initial extinguishant/air column pressure Pa

P final extinguishant/air column pressure Pa

P reference pressure difference for equivalent leakage area Pa

P, atmospheric pressure at the time of fan test bar?

Q volume flow rate in through the upper leaks and out through the lower m3/s
leaks

Q¢ measured airflow rate through the fan m3/s

Q airflow 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 P, m3/s

ror r2 correlation coefficient

t predicted hold time [see Formulae (E.17) to (E.20)] S

T. atmospheric temperature during calibration of the fan unit °C

T, air temperature inside thelenclosure °C

T, air temperature outside the enclosure °C

|74 enclosure net voluine m3

V, volume of extinguishant in the enclosure [see Formula (E.21)] m3

Ve final value\of V, m3

Vy initialvalte of V, m?3

Pa air dénsity (1,205 at 20 °C and 1,013 bar?) kg/m3

Pe extinguishant density at 20 °C and 1,013 bar? atmospheric pressure kg/m3

Prm extinguishant/air mixture density at 20 °C and 1,013 bar? atmospheric kg/m3
pressure

Prnf extinguishant/air mixture density at the concentration c,;, 20 °C and kg/m3
1,013 bar@ atmospheric pressure

Prni extinguishant/air mixture density at initial concentration c;, 20 °C and kg/m3
1,013 bar@ atmospheric pressure

a  1bar=0,1 MPa=105Pa; 1 MPa=1N/mm?.

E.2.8.3 Depressurization and pressurization leakage characteristics

From the measured values of (P; + P;) and Py, calculate the values of P; and, using the fan calibration
data (see E.2.3.1), the corresponding airflow rates Q; through the fan.
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For each set of results (pressurization and depressurization), express the fan test results in the form:

|Q¢|=ko |P¢|"

(E.1)

Determine k, n, and the correlation coefficient ( or r2) using ordinary least squares regression to fit:

In |Q¢| =1In ky + n In |P| to the data. Check that the correlation coefficient of each set is not less than
r=0,99 or r2 = 0,98. The two sets will almost always have different values of kyand n.

If the correlation coefficient is too low,

Cal

For

For

NOTI

on dir density, assuming that:

Thd
hun

repeat the test,
check for fluctuating bias pressure, and

check for damper/vent movement during the test.

ulate the corrected values of k, using Formulae (E.2) and (E.3), as appropriate, and call
depressurization:
=k [Pc (T, +273) Jl/z [To +273 ][ P, (20+273) ]”
P, (T.+273) T, +273 ) 1,013(T, +273)
pressurization:
=k, [PC (T, +273) ]1/2 [Te +273 J( P, (20 +273) ]"
P (T, +273) T, +273 )\ 1,013(F, +273)
E Formulae (E.2) and (E.3) correct the flowrates for the effects of temperature and pressurg

hem k.

(E.2)

(E.3)

differences

the flowmeter is of the usual type that.gives a pressure signal proportional to the air density angl the square

of the volume flow rate, and

for a given inside-outside pressiire difference, the volume flow rate through the enclosure leakagsg
proportional to the air den§ity to the power n.

correction is approximate as the second assumption is an approximation, and the
pidity and viscosityare ignored.

©IS
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E2.84 C

olumn pressures

Calculate the density of the extinguishant/air mixture at 20 °C at the initial concentration using

Formula (E.4):

Pmi = Pe 1010 + P,

¢ 100 —¢;

100

(E.4)

For enclosures with continuous mixing, calculate the density of the extinguishant/air mixture at 20 °C
at the concentration, c,,;,,, using Formula (E.5):

Pmf =P

Calculate t

Pni=4g
For enclos

interface h

c 100-c¢

min min §
100 "% 100
he initial extinguishant/air mixture column pressure, P, ;, using Formula (E.6):
nHo |pmi _pa| (

ires without continuous mixing, if c;, is less than 0,5 c¢; then take'the equivalent sh

min

pight H, as equal to H. Otherwise, calculate H, as follows:

He = Hl+1, | —min 1 (
€i(p)
If Ho 2H, (-1, *I; then the interface has not fully developed arid Formula (E.8) should be used
Iy ¢
He=Hj, - (H, —H) (
Cmin
For extingfiishants heavier than air and c;,, 2 0,5,¢,)the value of H, shall be in the range 0,5 H, < H,

If this is not the case, the Formulae for H, and held time are not valid (as there will be no extinguishd
air mixture at the initial concentration remaining in the enclosure).

For all enc
For all exti

P

mf = &

For all exti

P

mf = &

For all encl]

sures, calculate the final extinguishant/air mixture column pressure, P_.

nguishants in enclosures without continuous mixing, Formula (E.9) applies:

nHe |pmi - pa| (
hguishants inenclosures with continuous mixing, Formula (E.10) applies:
nHe |Prt™5Pal (E

osures, if Py, is negative, check that P is greater than the absolute value of Py ;. If this i

~
»
m

5)

L1]

6)

arp

L1l

7)

o
int/

.9)

10)

not

the case, thi

e hold time equations are not valid (as bias pressure will cause flow reversal)

The values

for the interface thickness, I, and the interface position, I, are shown in Table E.2.

) p)
Table E.2 — Values for the interface thickness, /;, and the interface position, Ip
Agents I, I,
Inert agents 0,63 1,30
Carbon dioxide 0,63 1,30
FK-5-1-12 0,52 0,45
HFC-227ea 0,68 0,80
HFC-125 0,61 1,10
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