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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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adiological protection, Subcommittee SG-6, Reactor Technology.
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Introduction

This document is intended to provide a technical specification to verify the adequacy of the
performance of fire partitions in nuclear power plants. The intended audience of this document are fire
safety engineers and project designers. Nuclear authorities are also concerned considering that this
method is to be used in the process of fire hazard nuclear safety demonstration. The method presented
herein includes a combination of standardized testing and ad hoc testing with numerical and empirical
calculations. Users of this document are expected to be appropriately qualified and competent in the
fields of fire safety engineering, risk assessment and fire resistance standardization.

This documen # & teles # g - fety
professionals and nuclear safety authorities. This methodology aims to verify the adequacy-of the
performancg of fire barriers in nuclear power plants in order to avoid fire propagation. Thisimethod is

a potential fool for risk-informed, performance-based assessment.

NOTE Tmis method is based on the EPRESSI method developed by EDF in collaboration-with Efectis Ffrance
fire safety lalporatory in France for EPR reactors[39].
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Method for the justification of fire partitioning in water
cooled nuclear power plants (NPP)

1 Scope

The document provides:

uidelines for determining the thermal effects to consider on fire barriers inside a given room;

uidelines for determining the global performance of the fire barriers based)on standard test

haracterization;

uidelines for assessing the need for additional tests to verify the robustneéss of the sol

Lition.

Reqyirements of applicable standards, numerical tools validation apd-verification (V&V), and the
expefcted qualification of fire resistance laboratories are detailed.

The limitations of the method’s applicability and scope are discussed.

The purpose and justification of this document is to describe'da new methodology for the vgrification of
the efficiency of fire barriers, which is initially based on a. standardized fire resistance test

The gignificance of this work relates to the fact that thé“present methodology will enhancg the level of

safe
com

The
barr

by providing more realism to hazards analysis in combination with standardized
letes the standard ISO-fire rating required forjustifying the performance.

2 Normative references

The
cons
unda

ISO ]
Radi

ISO 1
Nucls

following documents are‘réferred to in the text in such a way that some or all of t
fitutes requirements-of this document. For dated references, only the edition cited
ted references, thedatest edition of the referenced document (including any amendme

| 2749-2, Nuclear,energy, nuclear technologies, and radiological protection — Vocabula
plogical protéction

bar fuelcycle

ISO 1]

test data. It

most relevant benefit of this method cehcerns the determination of the global perfojmance of a
er in a fire of extended duration compared to the classification given by the ISO-fire rdting.

heir content
applies. For
hts) applies.

v — Part 2:

| 2749-3; Nuclear energy, nuclear technologies, and radiological protection — Vocabulafy — Part 3:

2749-4, Nuclear energy, nuclear technologies, and radiological protection — Vocabulary — Part 4:

Dosimetry for radiation processing

[SO 12749-5, Nuclear energy, nuclear technologies, and radiological protection — Vocabulary — Part 5:
Nuclear reactors

[SO 13943, Fire safety — Vocabulary

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

3 Terms, definitions, symbols and abbreviated terms

For the purposes of this document, the terms and definitions given in ISO 13943, ISO 12749-2,
[SO 12749-3, ISO 12749-4, and 1SO 12749-5 and the following apply.

© ISO
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

3.1 Terms and definitions

3.1.1
credited co

mbustible

part of the potential combustible material that will actually participate to the fire development

3.1.2

design basis fire

fire which
(duration, s¢

Note 1 to ent]
characteristi

3.1.3
fire volumd

ay break out in any fire source of the plant and which has the severest consequg
pverity)

ry: For a given room, it is a fire taking into account all available fuel in this room liable to buyj
Cs are calculated taking into account the characteristics of the rooms and fuels.

volume insigle a building, composed or one or several rooms and designed to prevent the extensiol

fire through

Note 1 to enf
either physic
remoteness d
(structural fd

3.14

fire cell
fire volume
occurring in
inside for a

Note 1 to en
floor or spat
combustible
propagation

3.1.5

fire compa;
fire volume |
resistance g
the outside

its boundaries

ry: One of the means of preventing the extension of theifive is to keep it within a limited vo
hlly, by partitions opposing the fire propagation, either¢spatially, by boundaries associated wif
f the components, with active protection systems (sprinklers), or with passive protection sys
atures, cable wraps).

3.1.3) consisting of one or more rooms, bounded by separations guaranteeing that 4
side cannot extend to the outside or that one occurring on the outside cannot spread t
riven period of time

fry: The boundaries of a fire'cell may be either fire-resistant physical barriers, wall, ceilin
al separation (3.1.15) through openings with a certain configuration and distance rules bet
bources guaranteeing geéographical separations with adjacent rooms and other fire areas. Thq
hssumption has to heverified (by fire influence studies).

"tment

3.1.3) consisting of one or more rooms, bounded by material partitions (3.1.10) whos
uarantees’that a fire occurring inside cannot extend to the outside or that one occurri
annot spread to the inside for a given period of time

nces

n. Its

h of a

lume,
h the
tems

n fire
o the

b and
ween
non-

b fire
g on

Note 1 to entl
or floors.

3.1.6

fire resistance rating
time during which the fire partitioning elements (3.1.9) (partitions, walls, floors, doors, dampers,
caulking of penetrations, enclosures of cable racks, etc.) can fulfil their assigned role, despite the effect
of a standard fire

ALt s £ati hall be fi . husicall iors, walls, ceilings,

© ISO 2019 - All rights reserved
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3.1.7

low heat load threshold

LHLT

threshold which is introduced to avoid calculations in case of rooms that have too small quantity of
combustible material and are neither PFL nor PFG

Note 1 to entry: See 5.4.5.3.

3.1.8
“neither PFG nor PFL” criterion
criterion that is met when the quantity of combustible material is not sufficient to generate a significant

f' Aaad-d s ool £, nH s 2| £3
1Ire ghto€es ot PTCSTIITT TSRS TOT SPTCauUTITg to- STTUTIU AT y TIr ¢ SUdrtes

Note |l to entry: By extension, a room is said to be “neither PFG nor PFL” when the concentration of combustible
massps in it is not enough to generate a widespread fire (with no necessity of further verification).

3.1.9
partjtioning elements
featyres (partitions, fire walls, ceilings, floors, ducts, seals of openings such\as'doors, shuttefs, dampers,
hatches as well as seals of cable bushings and piping sleeves) which maKeup a partition (3.1.10)

3.1.10
partjtion
set of partitioning elements (3.1.9) which fully bound the relevant'area by physical separatiop (3.1.13)

3.1.11

possijibility of a fire getting generalized
PFG ¢riterion

critefion for a fire source when its burning is likely:to result in flashover and a generalized [fire

Note|l to entry: By extension, a room is said to be PFG when a fire breaking out in an unfavourablle part of the
room{may result in flashover and generalized fite-in the whole room.

3.1.12
all ppssible fires remaining localized
PFL ¢riterion

critefion for a fire source whefnits burning shall not result in flashover or propagate to other parts of
the rpom (3.1.14)

Note |l to entry: A fire meéting this criterion remains localised and goes out spontaneously. By extepsion, a room
is saifd to be PFL when@-fire breaking out at the most unfavourable part of the room cannot resulf in flashover
nor propagate to other parts of the room; it remains localised and goes out spontaneously.

Note [2 to entry~The hypothesis of a fire source or room being PFL assumes a single fire source r¢presentation
but the non:propagation to other fire sources inside or outside the room need a confirmation uging a spread
tempgratute-threshold (STT).

3.1.13
physical separation

installation of two items of equipment in two distinct rooms (3.1.14) of which at least one is inside a
fire compartment (3.1.5), or protection of one of them by an insulating thermal casing to prevent the
simultaneous loss of both items of equipment due to a single fire

3.1.14

room

<common meaning> single volume identified by the user inside the building with no structural
separation assumed inside

Note 1 to entry: Its boundaries may or may not be completely closed.

© IS0 2019 - All rights reserved 3
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3.1.15

spatial separation

installation of two items of equipment in different rooms (3.1.14) or at an adequate distance free of any
fuel to prevent fire from spreading

3.1.16

spread temperature threshold

STT

threshold that is considered in the method to determine if there is a risk of spreading of a PFL fire
source into a PFG fire source

Note 1 to ent A The-STF app}ico to-thehot gas }a_yc1 (DCC 5454)
3.1.17
standard time temperature curve
temperature-time curve used for the relevant fire resistance standard tests
Note 1 to entfy: In the scope of document, this curve is defined according to ISO 834-1:1999,Figure 7. The furve
follows the Fprmula T = Ty + 345 log (8t +1) with ¢ the time (min) and Ty the initial temperature.
3.2 Symbols
Symbol Meaning Unit
A surface (structures) mf2
Aoj surface of the vertical opening i of the room mf2
AT total surface of the walls of the room (excludingsurface of openings) m2
B B2 pyrolysis rate coefficients kg1
a growth factor (heat release rate) kJ-4-3
D equivalent diameter: n
D=4/
T
Hoj; maximum height of the vertical opening i of the room = distance between the top of n
the opening and the floer of the room
AH¢ heat of combustion of ayfuel Kk]J-kig-1
KpB product of the extinction coefficient of the flame K and a correction factor 8 mfl
L length of therack nm
mass of compustible cables kg
m mass lossrate (= rate of pyrolysis) kg-5-1
. . ko k-1
mmax . N Qmax °
maximum mass loss rate: m,,, =
AH .
Nrack number of racks
Q heat release rate kW
: maximum heat release rate of the fire source kw
Qmax
S surface (liquid pool) m
St stoichiometric ratio of a fuel 802/8fuel
t time S
tq Time where the performance curve starts to decrease sorh
T 0 temperature °CorK
To initial ambient temperature °CorK

4 © IS0 2019 - All rights reserved
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Symbol Meaning Unit
Teor correlated temperature gap estimated in the process of material behaviour °CorK
modelling.
Thum, i calculated temperature at point “i” (i is an occurrence of experiment/calculation °CorK
comparison : instant, location)
Texp,i experimental temperature at point “i”. °Cor K
Tmax Maximum temperature at time tq for a performance curve °CorK
ATiocal gap of temperature from initial temperature at a certain location (defined by the °CorK
applied standard) during a fire resistance test
Taverage sap Uf all aviTl asc tClllPCl Cltul < (dcfiucd Ly t‘uc ayy}lcd otaudou d) fl UIll lllltlal tClll OC Or K
perature during a fire resistance test
O4(8) temperature condition at time ¢, following an increase law for material perfermande °C
€ emissivity:
Ematerial: €missivity of a material surface. —
Efurnace: €missivity of a furnace surface
Xo2 oxygen ratio in the entering air 802/8air
3.3 | Abbreviated terms
CFD computational fluid dynamics
HRR heat release rate
MLR mass loss rate
MQH correlation |MacCaffrey - Quintiere - Harkleroad correlation
NPP) nuclear power plant
UL underwriters laboratories
4 Method for justification of‘nuclear safety fire partitioning: global approach
4.1 | Objective of the method
The present method is-a_tool made available for engineers to check whether the fir¢ resistance
performance of the fice partitioning elements in buildings is adequate to resist the design |basis fire to
which they could be-exposed, independently of manual firefighting considerations.
As a prerequisitey;prevention against the risks of fire in PWRs is based on the principle of separation of
buildings into.fire volumes, which are bounded by fire resistant walls. First, the fire protection design
basiq shall-establish the minimum fire resistance rating of the fire partitioning elements.
NOTH Numerical values, empirical correlations or mathematical laws can be fixed by the document,

recommended with possibility of change (rec.], or given as example (e.g.). If no indication is given, they are
considered as fixed.

4.1.1 The basis of design: standard fire resistance tests

The fire resistance rating of fire partitioning elements is determined by a standard test, in accordance
with the regulation and with the standardization.

For other products not covered by standard tests, such as fire resistant housings or enclosures, the
fire resistance test may be carried out according to specific procedures. Regardless of the test method
employed, the thermal stress applied to the product shall be that of the standard time/temperature curve.

© IS0 2019 - All rights reserved
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The fire resistance rating of a product is based on national, European or International standards or,
when no standard applies, on plant designer specifications respecting the same performance criteria
considered in similar standards.

Thermal effects of the standard fire temperature curve.
Measurement and qualitative systems for the performance criteria check.

Temperatures: on elements, on exposed and unexposed surface or inside elements: ambient or
surface.

Electrical equipment functionality test system.

Pilot flames or a layer of cotton for ignition verification.

Fixed gquge tubes to check openings through the partitioning elements.

Furthermorg, these tests require the use of standardized equipment and a description of its support
and assemblly. Extensions to the performance checks of different products are miade on the basis of
these references. Each of these criteria and measurements shall be taken into cdnsideration durinjg the

analysis of the product in order to build its performance curve (see Clause 6).

with the regphlation and with the standardization. For instance the ratinggmay be given from the decis
European Commission 2000/367/CE and 2003/629/CE. Depending of the c@untry, alternative standards co
used when n¢eded by the Authority Having Jurisdiction.

NOTE The fire resistance rating of fire partitioning elements is determined by-a standard test, in accorIance

The performance can concern:

on of
1d be

R:load-pearing capacity;
E: integrity;

[: insulgtion

C: self-closing;

S: smokg leakage;

W: radiation;

DH: sm¢ke screen.

The rated time is given jin‘minutes. For example, REI 120 refers to a structure which guaranties Joad-
bearing capacity, integrity and insulation for 120 min. These tests are carried out and apprpvals

delivered by a laboratory approved by the national authorities.

4.1.2 Aim, lithitations, and precautions

4.1.2.1 Aim

The method applies to fire barriers qualified with a fire resistance standard.

The present methodology can be adapted to any other standard fire temperature curves and
testing conditions, such as those specified by ASTM, UL or any national standardized curve used for
qualification.

From European or international standardization (ISO 834 or EN 1363) the fire resistance test is based
on a standard time/temperature fire temperature curve with a fast temperature rise, representative of

© ISO 2019 - All rights reserved
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flashover conditions in organic solid fires. The temperature increase is represented by the logarithmic
curve, following Formula (1):

T -Ty =345 log(8t+1)

where

The

longd
the f]
pres

Unli}
resp

t isthe time in min;

To isinitial ambient temperature (see Figure 1).

@)

current methodology extends the performance assessment of a fire resistant-p
br duration compared to that of the rating assessment. The methodology set up. e

bure distribution.

ke the current method of verification of robustness of fire partition‘telements, it
bnsibility of the operator to demonstrate that fire resistance tests are-representative of

condjitions.

4.1.2

The

4.1.2

Prec

.2 Limitations

him of the method does not cover certain fire scenarios. Eoréxample:

dqg

ot to react (e.g.: intumescing elements) or to be activated (e.g.: thermal fuse). Note th4
ests performed at low temperature (see Euroclass“s” classification) may be performed
issue. Of course very small fires are less challenging from a fire hazard point of view

emonstration may be proposed for those. cases.

| fire combined with severe pressure conditions (shock wave, blast, etc.): different st
necessary to evaluate component performance under these conditions.

q

.3 Precautions
hutions include the following:

| very fast growth capable of generating thermal shocks greater than those given by the ¢
urve (mainly represented by a temperature rise time in °C/min): it can be for examj
hat, based on<the’recorded sampling time during ISO-fire tests, the maximum temp
s limited to“329 °C /min. This should be compared to the maximum temperature ir
1 minuteduring the real scenario. Same approach may be performed for any other d

IS N\

he fire'temperature curve slope considerations (see 4.2).

roduct to a
ains within

ramework of the fire resistance test, namely a flashover or similar in terms éf templerature and

will be the
operational

3 fire with a very small heat release rate, in case whe¥e-the fire barriers includes compgnents likely

ht additional
to solve this
and specific

andards are

onventional
ble assumed
erature rise
crease over
onventional

urves<«ASTM, Hydrocarbon, etc.). Nevertheless, this aspect is controlled by the method through

confined fire excessivelvy ventilated and isolated with o fire load comnosed on materi

al with high

J T
combustion heat is capable to produce very high temperatures (greater than those o

btained with

the conventional curve during the period tested) : fire behaviour of the partition element in such
situation should be assessed using the adapted conventional temperature - time curve. Nevertheless
this aspect is controlled by the method through the fire temperature curve maxima considerations

(see 4.2).

Additional hose stream tests are sometimes required and are performed at the end of the fire tests
for verifying the performance of the products with high-pressure water jet on the exposed phase (for
example ASTM E2226(40]). The current methodology is based only on the fire behaviour of the product
during the fire test period without taking into account the hose stream tests, which is consistent with
the fire resistance ISO standards.
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The performance criteria defined for the standard fire resistance rating are also used for assessing
performance in the current method. Any adaptation shall be justified.

NOTE

relevant or not.

4.1.3 Min

imum requirements concerning the qualification of the method practitioners

The following method shall be applied by qualified and well-informed practitioners.

The methodology described below is not intended to determine whether a qualification criterion is

The first part of the method (see Clause 5) is appropriate for fire safety engineers with an adequate

Sl cadac Tha organication chall ol tbha e ot

abla
THEaDTEe-€O06aES

ffira cafat

es of

knowledge @
ISO 9001.

A fire safet
As the meth
but also in
laboratory

The fire lab

the relevant

4.2 Gene

For one roo
curve. The
superior, in

ra ey nditha Tha Y= chall tha
T e-Sarety Serenee-ata+tne apP He-6F Suu;ouuuu StramrapPprythePpt uu.;y

y laboratory is required for section on determining barrier performance (see|.Claug
od requires knowledge and experience not only in the application of standard fire {

eams has to be confirmed.

bratory meet the requirements of ISO/IEC 17025 or an equivalentnational alternatiy
fire tests.

ral principle of the method

m, different design fire scenarios are defined. Each of:them leads to one temperature
design basis fire temperature curve of the room.i$a temperature/time curve equ|
pach plotted point, to any possible fire conditions€oncerning the room.

Fire resistance tests are carried out to assess the ability ofa given fire barrier to resist the convent

fire (see Fig|

ire 1). They do not necessarily reflect its behaviour in a real fire where thermal stresg

be, for instance, sharper but shorter or weaker butdonger. The present methods consists of creat

set of time/
withstand.

femperature curves that represent the thermal stress a given fire barrier can succesg

This set of curves constitutes theperformance diagram of the given fire barrier.
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more complex instrumentation processes and engineering models, the ‘capability of the
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Figure 1 — ISO 834 versuis'method application

The method process consists of:

— detting up performance curves for each fire barrier (one or several curves constitu
performance diagram of the barrier);

— getting up the design basis fire temperature curve for each room;

— ¢omparing the design basis fire temperature curve of a given room with the performan
the fire barriers in the reom;

A fire barrier will be qudlified for a given room only if all the following criteria are met by

perfgrmance curvebelonging to the fire performance diagram:

— the maximunislope of the fire temperature curve is less than the maximum thermal gr
performange curve;

— the,ar€ea delimited by the fire temperature curve is smaller than the area delimited
feSistance performance curve. Qualitatively, this means the heat of the fire is less than

180 ¢

ling the fire

ce curves of

at least one

hdient of the

by the fire

the heat the

fementcan withstand:

— the maximum temperature of the fire temperature curve is less than the maximum temperature of
the fire resistance performance curve.

Considering that the design basis fire temperature curve starts with the growth stage of the fire, which
presents the maximum slope, at least one fire resistance performance curve of the equipment shall
encompass the fire temperature curve of the room to fulfil these criteria (see Figure 2). If not, the
equipment will not be validated for the room and a different strategy will be necessary: choice of an
element with better fire resistance properties, addition of other means of protection, elimination of
combustible loads in the room, etc.

NOTE 1

When comparing the curves, one can translate the design basis fire temperature curve on the time

axis in order to demonstrate that it is below a fire resistance performance curve (see Figure 2). In those cases,
one shall be careful to fulfil condition 1.

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=8ea00ce65814ee9c86a74b0a868c8926

ISO 18195:2019(E)

NOTE 2  The design basis fire temperature curve starts at the temperature of the room in steady state. When
the design basis fire temperature curve starts at a higher temperature than an available performance curve,
the design basis fire temperature curve will be translated to the right before comparison. As a precaution, the
translation will be at least 3 times the minimum translation necessary to ensure the design fire temperature
curve start is bounded by the performance curve.

NOTE 3  Therole of automatic extinguishing systems in the present method is detailed in 5.4.1 and flowcharts 1
(see Figure 3) and 2 (see Figure 7).
T

1200

1000

00 [ N
(77 \

600 ,,(//r \'\
1/

400 r/ \_\\\-N N |
200 F 3
|
0
0 50 100 150 200 250 300 ¢

Key
t timein min
T temperature in °C
1 fire barrjer performance curve (starting at 20 °C)
2 room fir¢ curve (starting at 40 °C)
3 shifted rpom fire curve

Figure 2 — Performance curve versus fire temperature curve

4.3 Design of the partitioning: justification of the adequate performance of fire baryiers

As previoudly said, thezaim of the present method is to provide data to allow the verification df the
adequate performaneelof the fire barriers, in order to design the fire partitioning of a NPP. Considering
a separation between a room and another, the fire barriers will be correctly designed if a fire inside the
one room dqes’not affect or propagate to the second one. For each concerned fire barrier, this supposes
that at least|ohe performance curve from the performance curve diagram covers the design basik fire
temperature curve of the room. In other cases a better performing fire barrier has to be found, or
modifications adopted in the fire volume to reduce its design basis fire temperature curve profile.

4.4 Fire barriers and structural elements

The scope of the present method concerns the justification of partitions and partitioning elements as
defined (see Clause 3). Nevertheless, structural element like walls, ceilings and floors may have their
fire resistant rating obtained by calculation (e. g. Eurocodes 1 to 6[41][42][43][44][44][45][46][47] through
ISO TS 24679) and not from tests. In those cases, the method described in Clause 6 can be prohibitively
difficult to apply, due to the need for experimental tests. The scope of the method can be considered
to exclude structural elements like concrete, whose performance may be verified by calculation,
regardless of the time/temperature curve. Structural elements are generally over-rated regarding fire,
especially concrete walls, floor, and ceilings in the nuclear island of NPP.
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4.5 Overall flowchart (flowchart 1)

An overall flowchart is given in Figure 3.

; : s no (
The volume contains or is delimited by at } L No element to be justified

least one separation element

yes

ISO 18195:2019(E)

\\

yes | Automatic extinguishing system can be credited for
justification and all the rooms are fitted with a
reliable, automatic extinguishing system

element's performance curves.

no
Calculate® the design basis fire Plot the performance curves<of the
temperature curve for rooms within fire partitioning elements
the area protecting the area (Application of

flow chart 7)
(Application of flow chart 2)
-~
( \

Check® whether the fire not meet the performance criteria
temperature curve of the room is
covered by at least one of the do 1. Take measures to reduce the fire

At least one of the partitioning elements does

temperature curve:

The partitioning elements present
an adequate performance

* Reduce or eliminate the fuel

 Provide additional means of protectioy
2. Take measures to improve the
performance of the element

a  For each room or for each room not fitted with a reliable, automatic extinguishing system when those systems
can be used for the justification of partitioning (see 5.4.1).

b For each partitioning element in each room or for each room not fitted with a reliable, automatic extinguishing
system, when those systems can be credited for the justification of partitioning (see 5.4.1).

Figure 3 — Flowchart 1
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5 Determination of the design basis fire temperature curve (room fire curve)

5.1 General considerations in room fire scenarios

The assessment of a fire scenario, from a design perspective, depends mainly on the characteristics of
the room concerned and on the fire scenarios taken into account. The temperature profile of room fire
can be assumed to follow the idealized curve similar to that shown in Figure 4.

a b c d e
DN A A N A
T, MLR
f g h i t
Key
t time fin min
T, MLR temperature in °C or mass loss rate in kg/s
1 roon| temperature
2 masgloss rate (pyrolysis rate)
a Stagg 1 ignition
b Stagd 2 growth
¢ Stagg 3 fully developed (Fully developed fire'is generally limited by ventilation rate (oxygen inlet))
d Stagd 4 decay
e Smoldering, end.
f Ignitfator.
g Ignitjon.
h FlasHover.
i Fuel pxhausted.
Figure 4 — Typical stages of a room fire
51.1 Typ|ical development stages of a compartment fire

5.1.1.1 Phase 1: ignition

Exposed to a heat source (initiator of the fire) the material will heat up, mainly by conduction from the
exposed surface. Beyond a critical surface temperature, thermal degradation of the material will create
a gas phase by pyrolysis. The mixture of combustible pyrolyzed gases with air leads to the formation
of a flammable gas phase. The ignition may occur under the effect of an additional source (flame,
incandescent particle) or directly by chemical oxidation reactions (spontaneous ignition).
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5.1.1.2 Phase 2: growth

The diffusion flame generated creates a thermal flux which contributes to its surface spread (start of
the fire). The spreading rate of the flame depends on the chemical nature of the material, but is also
greatly affected by physical and geometrical factors.

If the fire breaks out in a room, the temperature of this room rises gradually, even quite slowly in some
cases, such as fire-resistant electric cables. At this step, the oxygen supply is sufficient to burn all the
pyrolyzed gases. The fire is therefore said to be "fuel limited".

5.1.1.3 Phase 3: fully developed fire

The 1
pres
flash
pres

In th
rate

ncrease in ambient temperature induces a temperature rise and the pyrolysis of they
ent within the room, particularly those close to the ceiling. When a critical temperatur
over occurs, which consists of the simultaneous combustion of the majority” of ¢
Pnt.

e event that flashover is not obtained, the fully developed fire would correspond to
bf mass loss of the burning material (typical case for a pool fire, for ifistance)

At thfis stage, the fire may be limited by the oxygen supply to the room,'in which case the f

be "

5.1.1

Whe

pyro
ends

5.1.1

The {
roon|

5.2

entilation limited". This is frequently the case when flashover occurs.

4 Phase 4: decay

h most of the combustible material has been consumed (approximately 70 %I[39]), the p
yzed gases becomes insufficient to maintain combustion, leading to the decay phase|
when all the credited combustibles have beenconsumed.

.5 Phase 5: decay in the absence of combustion

emperature of the room during this;phase is only due to the thermal inertia of the w
| ventilation characteristics.

Defining the design basis fire temperature curve for a room

Inside any fire volume a fire”scenario is calculated for each room. This calculation wil

temy
desig
temyp

erature curve inside-the room but also for the adjacent rooms (through openings).
n basis fire temperature curve assigned to a room is the curve that envelopes all of {
erature curves )obtained in the room, determined for each potential fire scenarid

volume. In this process, the possibility of spreading the fire from one room to another (i.¢

the c

ombustibles of the adjacent room) will be taken into account (see 5.4.5).

Asa
volu

Fllustration,

Figure 5 shows the temperature curves and design basis fire temperatur
eposing four rooms in communication, coming from fire occurring in each room.

arious fuels
b is reached,
pmbustibles

a stabilized

re is said to

roduction of
This phase

alls and the

| give a fire
The overall
he different

in the fire
. ignition of

P curvesina
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Key
t timle in min
T temperature in °C
1 Ropm 1
2 Ropm 2
3 Ropm 3
4 Ropm 4 (no fire load)

— Sceqnario 1 (fire in room 1)
—— Sceqnario 3 (fire in room 2)
— Sceqnario 3 (fire in room 3)
— Tethperature curve of the toom

Figure§ *— Design basis fire temperature curve construction

5.3 Requjiremeénts concerning calculation tools

The softwafpé~used for simulating fire scenarios shall provide an adequate level of quality] and
qualification. Relevant standards for the validation and verification, such as 15O 16730-1, or other
methods approved by the authority having jurisdiction, shall be taken into consideration. The validation
domain of the software is a fundamental issue; comparison to full-scale tests representative of the
various NPP is necessary. Software identified in an international V&V benchmark (e.g. References [48]
or [74], [75] and [76]) is highly recommended.

Apart from the validation of the software, proficiency with its use is required. This means a precise
description of the input parameters and no ambiguity on their correct use in a specific situation,
in accordance with the way they were used during the validation process (see also 5.5.3). As the
present method is part of a nuclear safety demonstration, the nuclear authority will generally have to
approve the choice of software and its correct use by the designer. The use of relevant guidelines like
References [77] and [78] is highly recommended.
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Three main categories of fire models are commonly encountered.

The

nece
post

give

recoi

give
Fire

Empirical correlation models: this category of models is based on pre-calculated curves

or formulas

(e.g. DSN 144[50], Compburn III[51], CDI[52], FDTs[53], FIVE-rev1 ([48]- vol 4), etc.). This category is
characterised by quick and easy use, but poor flexibility and strong conservatism due to the need to

cover a wide variety of situations.

Zone models: These computer programs have been developed since the eighties (MAGIC[54][55]
[36], CFASTISZ], COCOSYSI38], SYLVIAIS8][59], etc.). They are generally based on a simplified one-
dimensional calculation of the fluid behaviour, considering a homogeneous layer of smoke filled

by the fire plumes and floating above a layer of fresher air. Gas circulation between

O Y D

is more integrated than simplified fire models and gives a better estimate of the therms
during the fire. They provide a mix between integrated fluid mechanics laws.and e
¢orrelation which gives them a good global response, close to realistic conditionssThe}
in their ability to assess complex room geometry or thermal gradients.

[omputational Fluid Dynamics (CFD) fire models: This is the last genetation of softw
ire prediction. Many of these computer programs appeared in the(last fifteen years
he state of the art (FDS[6l], JASMINE[62], OPEN FOAMI63], Cade Saturne©[64], IS

ipproaches are employed for each. They are more dependent onthe modelling choices
mall scale for medium scale predictions and for that reasoh; some of them integra
orrelation correction factors (FDS). They provide moredinformation on the local co
heir qualification is more complex and their results are often considered more qua
quantitative. Of course, calculations are more onergus and take more time than zone (
fire models.

q
9
[(
1

bresent method has been developed for zonejimodels, considering the fact that averag
5sary, and the number of simulations to perform may be significant. CFD code may also
processing will be necessary to obtainapplicable average values (see 7.1). In this proces
1 in Reference [61] (16.9.3 Layer Height-and the Average Upper and Lower Layer Tempe

bverly conservative results and hardly deal with multi-room configurations.
modelling is still an area of'active research due to the inherent difficulties of the topic:

I
g

nteraction between/fluid mechanics, combustion including species and soot prod
bxchanges, pressuré-effects, etc.;

[omplex boufidary conditions:

¢xtinction, €tC;;

Multiplicity of influent parameters, complexity of the configurations, complexity of fuel

Large scale and dynamic simulation, multiplicity of possible scenarios.

rooms, heat
of fire model
] conditions
kperimental
y are limited

qre used for
and remain
IS[63], etc.).

There is a large discrepancy in the scope covered by each progfam, due to the fact that different

made at the
e real scale
hditions but
itative than
r simplified

e values are
be used, but
s, principles
ratures) are

mmended. Algebraic model are not-taken into account due to the fact that they would generally

uction, heat

structural components, ventilation, protection systems,

behaviours;

One of the main issues of a fire simulation is the hypothesis made on the mass loss rate of the
combustible. In most cases, models cannot predict this quantity with sufficient accuracy, so fixed
experimental full-scale data shall be used.

5.4

Assumptions and input data for numerical calculations

5.4.1 Fixed automatic fire fighting system (credited or not)

Fixed automatic fire fighting system may or may not be used to justify the partitioning efficiency. This
depends on the authority having jurisdiction, and various standards (e.g. References [66], [67] and
[68]) have different requirements on that issue. For that reason, the present methodology deals with
both possibilities.
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In cases where the activation of a reliable automatic extinguishing system is assumed, the fire
partitioning elements of the room will be considered sufficient (no calculation required). In those cases,
the extinguishment system will be identified as important for nuclear safety (reinforced reliability,
maintenance and quality policy). Consideration will be taken of the maximum delay of starting of the
system to determine the minimal resistance rating of the fire barriers.

5.4.2 Modeling assumptions

Modelling assumptions concern hypotheses or approximations regarding the physical phenomena
inherent to the model. They strongly depend on the nature of the fire model and its validation file.

similar situgtions, and shall guarantee a conservative prediction for the relevant parameters. Ifspé¢cific
values are necessary for specific configurations, they shall have been clearly identified in thesoftvare
documentatfion and the validation process and shall be clearly documented in the engine€ér’s report.

Modelling 3ssumptlons shall be In accordance with those chosen during the validation procegs in

For zone mddels, all of the oxygen in the fire volume can be assumed to contribute taycombustion. [Even
if this value is upper bound since it is accepted that from a concentration of oxygen inthe air of less|than
10 %, the fire source loses its power and tend to go out, this assumption covers\the risk of fire lo¢ated
closed to an|opening or ventilation generally not taken into account by zone madels.

Regardless pf the specific model, it shall correctly represent the oxygen depletion and take it into
account in the heat release rate calculation (see 5.4.5).

In general, fombustion efficiency is assumed to be 100 % for zone models and CFD models with the
exception of specific cases which have been validated for this parameter.

5.4.3 Chajracteristics of a room

5.4.3.1 R¢om shape:

A room is characterised by the following:

— its interjnal dimensions;

— the themal properties of the walls'and their thicknesses;

— the dimgnsions of the openings communicating with adjacent rooms.

For simplified or zone models, the room can be represented by a rectangular volume with three
dimensions;

a) Length[m);
b) Width (fepth){m);
¢) Height (ml

For non-rectangular rooms, the dimensions (length and width) should be as close as possible to
dimensions defined in the civil engineering drawings whilst conserving the floor area of the room.

For fire model less limited in geometry (e.g. CFD), it will be preferable to take into account the real
shape of the room.

When the room concerned communicates with another with no separation wall these two rooms should
be combined to form an equivalent room.
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5.4.3.2 Openings at the boundaries of the room (Non fire resistant elements + shafts)

All openings at the boundaries of the room should be taken into account for the calculation. The term
“opening” refers to all open shafts and elements (doors, penetrations, etc.) not resistant to fire at the
boundaries of the room concerned.

The minimum data needed to specify an opening are:

a) Width  (m);

b) Height (m);

)

Nam

5.4.3
The 1

For t
cons
char

a) |
b) 1
)

Since
valug
was

Whe

5.4.3

MecH
damj
prov
mod
the c

In ot
mod

$TITD ).

Thermal conductivity: 1,40 W-m-1.K-1,

e of the opposite room

.3 Nature and thickness of the walls
hermal characteristics and thickness of the walls and floor have to be known.

he concrete wall and floor (the most common material in a plant)-thermal propertie]
deration are those of the design or, in case of lack of information;those of typical nucl
hcteristics. For example, typical characteristics might look like:

Density: 2 300 kg-m-3;
{eat capacity: 1 100 J-kg-1.K-1;

the coefficients of conductivity and heat capacity of normal concrete vary with temp
s taken into consideration are those taken at 350 °C. No credit of the water present in
faken.

h possible, the thermal characteristics of the concrete as a function of temperature arg

.4 Mechanical ventilation

bers will close during-the early stages of a fire. Activation is generally based on detect]
jded for by the presence of a fuse link placed in the direction of the flow for dampers i
e and a remote fuse for dampers in blowing mode. This principle of installation is usg
losing of darhpers during the growth phase (See 5.1).

her casés)the ventilation system can be assumed to maintain its nominal levels, unles
] of the'ventilation network is provided by the fire model.

s taken into
bar concrete

erature, the
he concrete

used.

anical ventilation systems are not taken into account if it can be reasonably assunped that the

ion and also
n extraction
bd to ensure

b a validated

5.4.3

5 Air teakage

Air leakage rate or law, when known, shall be specified. Introducing leakage (e. g. small equivalent

open

ing) generally facilitate the numerical calculation by limiting the pressure rise.

5.4.4 Nature of fuels

The fuels likely to be present in the rooms of nuclear buildings may be classified according to their nature:

Liquid fuels (hydrocarbon fuels, with fast dynamics):

— Fuel, oil, solvents, etc.

1) Distance between the lower part of the opening and the floor of the room concerned.
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Electromechanical equipment:

Cubicle;

Console

Rectifie

)

Cabinet;

Transformer;

r;

Inverte
Circuit-
Motor;
Battery]
Persong
— etc.
Electrical ¢4
Thermd

Control

Other matei

Paper;

Cotton

etc.

)

breaker cell;

1 computers;

bles:

set or thermoplastic cables;
or power cable.

ials:

textile);

A method for determining the heat release rate associated with these different kinds of combustib

proposed in
5.4.5 Firg

5.4.5.1 Sy

A fire scena
to the other

4 types of in

the next clause.
scenarios

mmary

Fio starts.with the ignition of an initial fire source (primary fire source), which may sy
fuelsiinithe room (secondary fire sources), then possibly to fire sources in adjacent roq

itigl fire sources have to be considered:

quid fuel with fast dynamics;

electromechanical equipment fire;

fire of other materials.

a) fireofli
b)

c) cable fire;
d)

les is

read
ms.

The fire spreads by the ignition of secondary fire sources. Some fire models (for instance MAGIC) can
simulate these secondary fire sources, but this requires details on the configuration of the rooms and
a precise distribution of combustible mass. This is not universally possible across the spectrum of fire
models. Therefore, a single and unique fire source per room is considered and two scenarios applied: a
scenario with and without spread of the fire for each regular fire volume.

18
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5.4.5.2 Fire spreading

When a fire ignites at a given location, it can either remain localised to the first fire source or propagate
to other fire sources. If the propagation becomes significant, most of the combustible mass within the
room may become involved. Different strategies are therefore necessary to model a fire which stays
localised (one fire source burning) or a fire which propagates (all fire sources burning). In order to
facilitate the assessment of the fire temperature curve, a selection criterion is provided by this method.
The determination of modelling strategy can be predetermined based on the fire source configuration.
This approach supposes that a certain number of conditions are met and, for localised fires, the no-
spreading hypothesis has to be confirmed by calculation through the temperature obtained. These
aspects are detailed in the following sections.

5.4.3.3 Spreading criteria: PFG/PFL

installation
ssified by its

The fhoice of scenario and, in particular, the risk of spread shall be determined,by the
configuration and concentration of combustible masses in the room. A scenario.may be cla
spreading criteria as either PFG or PFL.

The
conc

PFG criterion "Possibility of Fire getting Generalized" represents’/a large combuystible mass

entrated in the room which may generate flashover (probable spread of the fire).

The
conc

PFL criterion "all Possible Fires remaining Localised" représents a significant combystible mass
bntrated in the room which may generate a localised fire {Spread unlikely to happen).

br PFL”. The
ad fire (and

ns where “neither PFG nor PFL’ criteria are reachgd\are said to be “neither PFG n
entration of combustible masses in such rooms is not enough to generate a widesprg
is no necessity for further verification).

Roor
conc
thersg
Examples for PFG and PFL Criteria are proposed in‘Annex A.

Ina
likely

PFG room, the hypothesis of a spreading)fire will be systematically applied, consider
y to occur.

ng that it is

tion criteria
m.

Inal
arer

FL room, the hypothesis of a localized fire source will be initially applied. If no propagd
eached, the room will be confirmed as a PFL room, otherwise it will become a PFG roo

In a
thres

PFL por PFG and don’t present a significant quantity of combustible material. A value of (96

(whe
partj

NOTH

‘neither PFL nor PFG” room the PFL approach will be applied in the scenarios. A lo
hold (LHLT) is introduced (see Figure 8) to avoid calculations in the case of rooms tha

re Aris the total internal surface area of the walls) is recommended for LHLT when th
tioning compenent with a fire resistance rating less than 1 h[39].

This, yalue correspond to one hour of combustible, following the standard temperatur

w heat load
[ are neither

0- AT)M]

bre is no fire

e/time curve

with fhe MQH.correlation[Z2].

5.4.3.4~ Scenarios taking inta account the spreadingfactors = |

The choice of scenario is therefore based on 2 parameters: the nature of the initial fire source and the
presence of a PFG or PFL criterion in the room. Flowchart 3 uses these parameters to define a scenario
from the following list.

List of different fire scenarios likely to be encountered in a NPP, classified according to type and initial
fire source

Rapidly growing hydrocarbon liquid fire:

Scenario 1: liquid fire (PFG)

Scenario 2: liquid fire (PFL)
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Electromechanical equipment fire:

Cable fire:

Scenari

Fire of othel

Scenari

Scenari

Scenarios 1
fire toward
likely to par

Scenarios 2
the fire with
calculation

the fire may

Scenario 3: electric equipment fire (PFG)
Scenario 4: cabinet fire (PFL)

Scenario 5: cubicle fire (PFL)

Scenario 6: cable fire (PFG)

~7cabtefire{PFL)

materials:
b 8: fire of combustible materials in storage (PFG)
b 9: fire of combustible materials in storage (PFL)

3, 6 and 8 characterise flashovers (PFG). These scenarios include-the spread of the i
the secondary fire sources of the room. All the combustible mass.in the room is ther
ticipate to the fire.

4,5, 7 and 9 characterise localised fires (PFL), only the primary fire source contribut
out spreading towards the secondary fire sources of the foom. However, if the results
result in a temperature of more than spread temperature threshold (STT) in the hot
r spread to all the combustible masses in the room. A recommended value for the S

350 °C (value based onlZ0]). Values of more than 350 °C may.be considered acceptable by the Auth

having jurig
Table 1 belo

diction. In cases where STT is reached, the_scenario shall be reconsidered accordi
.

Table 1 — Fire Scenarios

hitial
cfore

es to
fthe
ayer,
[T is
ority
g to

Initial scen

prio | Scenario to be taken into(consideration if the temperature of the room reaches S

2

O || o>

|| W W[

The spread

of the fire.towards the secondary fire sources of the adjacent rooms shall be taken

account if the tempefature of the adjacent room exceeds STT. This supposes that the plant has j

controls tol

5.4.5.5 Cy

imit the-presence of flammable materials.

edited combustible mass

into
trict

The credited combustible is the combustible material likely to be affected by the generic effects of a fire

(radiation, c

onvection, conduction) and which may come into contact with oxygen.

This includes at least the combustible mass of the primary fire source and may include all the
combustible mass in the room if the initial fire spreads.

The quantity of air available to supply the fire with oxygen is:

compar

fire cell
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tment;

the quantity of air in the volume of the fire compartment if the room concerned belongs to a fire

the quantity of air in the volume of all interconnected fire cells if the room concerned belongs to a
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The credited combustible mass of the primary source in a PFL room is the initial combustible mass of the
PFL fire source plus the credited combustible mass likely to be present in the plume from the fire source.

WARNING — Considerations on localised fire suppose that no other significant fire source is
likely to be ignited by the initial fire source. Secondary sources in the plume, in the ceiling jet
or at a limited distance from the first source should be taken into account (recommended value:
4 m or a benchmark established by the Authority Having Jurisdiction). If those cases, a PFG

criteria shall be adopted.

5.4.5.6 Pyrolysis rate curves

A scénario is mainly characterised by its rate of pyrolysis (mass loss rate) m (kg-s~1). It.§
spreading phase followed by a steady state and finally--for solid fuels--a decay phase/\¥ig

shows the rates of pyrolysis for solid fires (scenarios 3 to 9) and for liquid fires (scenarios 1
Y
B
B C'pC D E'
— ——
— Q = Q max I
— |
. } . te-t
B Q=(l><t2 I Q:Qmax (tET)
| | E D
|
B |
|
— |
|
— |
AA ol o g E |
L Loty tp tg tg X

Key
X time, t ins
Y rhass loss rate, in kg/sor-HRR, in kW

Figure 6 — Pyrolysis rate or Heat release rate curve

Therf are thie€é main stages:

a) gpreading stage [AB];

tarts with a
ure 6 below
and 2).

b) fully developed fire [CD] or [CE'];
c) decay stage [DE].
Spreading phase [AB]:

Combustion is controlled by the fuel. Heat release rate increases gradually following Formula (2): until

itreaches a maximum Q. :

Q=mxAH, =axt?

where
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70 % of

100 % g

The value o
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Pyrolysis ey
pyrolysis dd
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is the Heat Release Rate (kW);
is the rate of pyrolysis (kg:s-1);
is the time (s);

is the growth factor (kJ-s-3);

is the net heat of combustion of the fuel (k]J-kg1);

is the maximum heat release rate of the fire source

ped fire [CD] or [CE"]:

y the ventilation. In the other case, combustion is controlled by the fuael'mass loss
phase, the power of the fire remains constant up to the consumption of either:

the credited combustible mass for solid fuels (segment [CD]), or
f the credited combustible mass for liquid fuels (segment [CE']):

F 70 % is assumed for cellulose type fires. This value is4lso used for cable fires, sincg
'vative than the values measured during large scale testing (approximately 55 % for

[DE] (for solid fuels):

creases linearly until 100 % of the credited combustible mass is consumed. This dec

calculated dn the assumption that the time required to consume the remaining 30 % of mass is

that of the t
Triangle [C’]

me required to burn the equivalentimass at the maximum rate of pyrolysis.

3C]:

Triangle C’BC occurs when the "fully deyeloped fire [CD]" is limited by ventilation. In this case, the

for air is gr

pater than the ventilation flow rate (point C’), and the fire consumes the air in the 1

When the air is consumed (point B), the power of the fire adjusts to what the ventilation flow ratg

allow (point
In the case (
Definition o

When the fi

C).
f a fuel-limited\fire, the points B, C’ and C are combined.

[ time sequéence from ignition to consumption of all credited combustible mass:

e i controlled by ventilation:

ta: ignit

bf the fire may be limited by the supply of air to the openings. In this casé,)combustion is

rate.

it is
rable

Fentually becomes insufficient to maintain”ventilation-limited combustion. The rate of

ay is
wice

need
oom.
e will

ion‘of the fire source;

tp: time

tg: time

tc: time to reach ventilation rate;

tp - tc: time to consume the air in the room (¢ = t¢);

to consume 70 % of the combustible mass (solid fire);

tg: time to consume 100 % of the mass following Qmax ;

to consume 100 % of the fuel with decay phase (solid fire): tg — tp = 2-(tg’ - tp).

When the fire is controlled by the fuel:

— tarignit
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ion of the fire source;
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— tp=tc=tc: time to reach maximum heat release rate;
— tp: time to consume 70 % of the combustible mass (solid fire);
— tp: time to consume 100 % of the mass at maximum power (liquid fire);

— tg: time to consume 100 % of the fuel with decay phase (solid fire): tg - tp = 2:(tg’ - tp).

5.4.6 Recommended value for pyrolysis rates

The building of pyrolysis rate curves is a key point in the building of fire code. The description of

the different parameters of the curve (grnmri’h factor, maximum pyrn]ycic rah:-) may come from user

expefience and best practices. Recommended values are provided in Annex B.

5.5 | Design basis fire temperature curve calculation process

5.5.1 Datainput

The Input data required to plot the design basis fire temperature curyeaccording to 1SO{834-1:1999,
Figufe 7, of the rooms of a fire volume is as follows:

— (limensions of the rooms;

— thickness and thermal characteristics of the walls;

— (limensions and location of the openings;

— nature of the fuels;

— presence of an automatic extinguishing system;
— presence of PFG and/or PFL criteria.

The point of fire origin shall be positioned in the centre of the room.

5.5.2 Modelling of the fire yolume and scenarios

The modelling process is_carried out in three steps as described in flowchart 2 (see Figure 7). An
iterafive process is handled'when there are adjacent rooms in communication inside the volume.

A firp temperature €livve is defined for each room, considering the fire sources inside the concerned
roon. The contribution of the concerned room to the other rooms is also calculated. At the end of the
process, all the €ontributions are taken into account for a given room.

When the.STT is obtained for a fire temperature curve, fire propagation has to be asstimed in the
concerneédroom, which means that a PFG hypothesis is taken.

5.5.3 Modelling options

Modelling options depend on the software used. As an overall requirement, options shall be consistent
with those used in the validation file of the software. Where there is some degree of flexibility with
certain parameters, conservative options shall be used preferentially.

Attention will be paid to typical influent parameters like combustion efficiency, Low Oxygen Indice, or
management of unburned gas for example. Conservative assumption shall be preferably assumed on
these parameters.

Considering that most of the existing numerical fire models will use the fuel mass loss rate as an input,
the production of unburned gas and subsequent burning in adjacent rooms may be proposed as an
option. In that case, it is preferable to limit the production of unburned gas when studying the initial
room, and favour it when studying the adjacent room.
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5.6 Determination of the fire temperature curve

Figure 7 (flowchart 2) describes calculation of the fire temperature curve using zone or CFD fire model.

Simulate all rooms in the volume

The room is fitted with a reliable,
automatic extinguishing system

Forrooms 1ton

yesa

no

Select the fire scenario (apply
flow chart 5)

and fire source

Prepare the scenario: fire room w

for each room in the fire volume

Run the calculation = a temperature curve is plotted

!

The scenario is a PFL (scenario yes

Validation of the temperature curve of the fire room
and adjacent rooms:

2,4,5,7,9) and the hot layer
temperature is > STT

|
J

no

r ™
Change the scenario
PFL to PFG
Scenario2 —  Scenario 1
Scenario 4 - Scenario 3
Scenario5 —  Scenario 3
Scenario7 —  Scenario 6
J/

The scenario is a PFG (scenario.t,
3, 6, 8) and the temperature.in'the
hot layer is > STT in at least'one

yes

The concerned adjacent rooms are fitted
with an automatic extinguishing system

adjacent room.

no

yesa no

’
Thetemperature curve for the fire room

and adjacent room(s) is confirmed

\.

Model the fire area for each
concerned adjacent room (apply
flow chart 6)

Room =room +1

At this stage, as many temperature curves as rooms not fitted with automatic extinguishing systems?® are
defined. Plot the design basis fire temperature curve for each room by taking the curve that envelopes all

the temperature curves obtained for that room.

a

Applies only when active system credit is accepted (see 5.4.1).

Figure 7 — Flowchart 2: calculation of the fire temperature curve using zone or CFD fire model
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Figure 8 (flowchart 3) describes the selection of the initial fire scenario.

yes ( ] yes
( The room is PFG } L E;isiznf?:eofa PFG J { Scenario 1 '

no
no
yes
The room is PFL Preser.)ce of a PFG combustible
material fire
no
no yes Scenario 6

Presence of a single ﬁre] no
source in the room

yes
The source is a 1 yes S 02 Y€1 The main calorific sourfe of
liquid fire J cenarlo the room is a liquid fire

no no
The source is a ] yes Scenalio'7 Y€ | The main heat of comb{istion
cable fire J of the room is a cable fife

no no
The source is a Combus-] yes yes | The main heat of combyistion
tible material fire Scenario 9 of the room is a combugtible

J material fire

no no
The source is ele¢tio= ] yes yes The main heat of combyistion
mechanical equipuént - Scenario 5 of the room is a electromechan-
Cubicle fire J ical equipment - Cubicl¢ fire

no no

~ ' - -
The source is electro- yes yes | The main heat of combyistion
mechanical equipment - Scenario 4 of the room is a electrojnechan-
Cabinet fire ical equipment - Cabindt fire
C w, -
( The total heat of combustion of the room is > LHLT J
Neihter PFG nor PFL room: the heat of combustion is ] no | yes
insufficient to start a fire — No justification is necessary J

Figure 8 — Flowchart 3: selection of an initial fire scenario

Figure 9 (flowchart 4) describes the selection of the secondary fire scenario.
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6 Determination of the performance of fire'barriers (performance curve

diagram)

6.1 Pring

The perfort
resistance (
resistant pr

e N
Choose the fire scenario
(flow chart 5)
. J
( A (
The fire scenario is neither yes Use a PFL scenario
PFG nor PFL corresponding to the
\ y main fire area
o encountered in the room
\
Change the scenario PFL to PFG
] yes
The fire scenario is PFL Scenario2 —  Scenario 1
J Scenario4 —  Scenario 3
Scenario5 —  Scenario 3
no Scenario7 —  Scenario 6,
Scenario9 —  Scenario’8
\ J
( The selected secondary fire area scenario is confirméd J

iples

Figure 9 — Flowchart 4: selection of a secondary source scenario

hance curve of a partitionihg ‘element is a temperature/time curve for which thg
riteria threshold values @nge not reached. The partitioning elements considered are
bducts: doors, dampersjshutters, housings, cable racks, wrapping, etc.

6.2 Characterization of the’'performance diagram: global methodology

The fire red

The process

— Phase1

to esgablish those curves is broken down into two main phases:

istance performance of a fire barrier is characterised by one or several temperaf
time curvey.

Mainly qualitative, consists of a global analysis of the standard tests and the determin

fire
fire

ure/

htion

of the main reasons for reaching the limiting rating criterion;

— Phase 2: Quantitative (by modelling) and/or experimental, provides the performance curves of the
products.

The methodology used according to the type of product adopted is described in Figure 10 (flowchart 5)
given below.

26

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=8ea00ce65814ee9c86a74b0a868c8926

ISO 18195:2019(E)

Step (1) Choice of product or equipment to be studied to plot performances curves
1. Detailed analysis of the standard test(s) (fire resistance rating test based on ISO 834)
2. Identify the main causes of failure ‘
3. Identify the product family (barrier category and technology) |

|
| | ! |
|
|

( Step (2A) h ( Step (2B) h ( Step (2C) A ‘
The main cause of failure of the product is The product belongs to a family not yet subject to The main cause of failure of the product is not |
one of the main causes of failure identified an analysis of reference tests — one of those identified for the product family H
for the product family to which it belongs to which it belongs or the performance ‘

\ Y, _ ) \criterion could not be modelled in branch B

test/calculation comparison |

criterion and digital simulation (thermal of the scope of perfgrmance
| properties of the product)

e \ ' R ] \ h
H Step (3A) Step (3B) Failure cause for the family Step (3C) H
| 1_Determine the criterion chosen tg 1 Make a2 detailled analucic af the rofi tost: Perform a fire resistan rding to ‘
! represent the failure of the product of the different products of the family (similar the reference test procedure but followinjg a !
| (performance criterion) and identify the products) specific temperature/time curve '
experimental curves (generally tempera- 2. Identify the main causes of failure for products \ / ‘
ture/time) that represent this criterion in the same family ,—, .
2. Select the most appropriate type of 3. Assume that a performance criterion may be |
modelling (1D, 2D or 3D) obtained by modelling (else go to step (4D)) (" Step (4C) ‘
3. Select the most appropriate modelling - / The results of the te§t ton- no .
software and cah-brate the modelling | firms the cause ofjfailticé may
software and options Step (4B) be obtained by Thodelling
4. Determine the model parameters Model the product according to step (3A) \ .
(thermal properties) of the product by yes ‘

. (. .. e\ 1. Perform a fire resistance test according to the
Step (4A) Deter dia: ran:he N ation reference test procedure but following a specific ‘
1. Determine (b itgr tion of the model) time/temperature curve Step (.5(:) !
the ereformazceycu:st ?ro;n ths criote:ia 2. Carry out a simulation using the specific curve Model the product according to step (3A :

adopted and the reference curves, 3. Compare the test and the simulation T ‘

2. Determine the maximum admissible | Step (6C) |
steady state curve to respect the failure v the ‘

alidate the model (thermal properties o

criteria of the product product) according to step (5B)

3. Draft the qualification diagram from
the performance curves and steady T | ‘

the product is confirmed

)

Step (5B) the applicability of the méthedito '"0

| Step (4D
i \ Yy Step (5B) Validation of the performance Experimantal deterhination

state curve.
Step (6B) Step (7€) |
Plot the qualification diagrarmaccording to step (4A) Plot the qualification diagram according to step (4A) |

iy (e i o segrn )|

Figure 10 — Flowchart 5: Global methodology

6.3 | Phase 1: analysis of the standard test

Phasg 1, which is broken down.into 2 steps, consists of a detailed analysis of the standard test of the
prodtrlct. The aim is to determine the limiting performance criterion of the product’s fire rating (step 1)
and to classify the productin a branch A, B or C, each of which corresponds to a different study approach

(stepg 2).
Step|l is carried gutWwith reference to the test report paying particular attention to the follpwing:
— the standapd test method used;

— thebservations made during the tests;

— the measurements taken maimnty i terms of EMpPEratures 1 tIme;
— the limiting performance criterion reached during the standard tests;
— the physical phenomena that led to reaching the limiting criterion and the corresponding rating.

This step aims to identify the nature and the value of the main criterion resulting in the failure of the
product providing its time rating (for example: thermal insulation (nature) — ATjgcal > 180 °C on the
surface not exposed to the fire (criterion value)).
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Step 2 consists in checking whether the performance criterion is appropriate for products belonging to
the same “family”. A family means products of same category and similar technology, grouped for their
similar behaviour (see examples in Annex C). There are 3 possibilities (called “branches”):

branch A: The product belongs to a family already studied and the main cause of its loss of
classification is similar to the one adopted for the family.

branch B: The product does not belong to any product family already identified.

branch C: The product belongs to an existing product family but the main cause of its loss of rating
is not similar to the one adopted for the family.

Step 1 has
families:

doors;

damper]

smoke (

ventilat

housing

cabler

penetr

An example

6.4 Phas;

The purpos
diagram for

hlready been carried out on different products or ranges of products for the folo

S,
ontrol ducts;
jon ducts;

S;

:|:k enclosures;

ion seals.

of these analyses is set out in Annex D (cable wirap).

p 2 branch A: determination by caleulation

e of this phase is to determine the;performance curves and work out the performni

the product.

6.4.1 Studly approach

bproach for products,elassified in branch A is broken down into 2 steps (3A and 4A).

is intended to retrieve the results of the standard test numerically. Steps are:

bstablish the“limiting performance criterion and identify the standard curves (geng

perature-time) representative of the performance criterion and required for compa
h the calculations;

ele€t an appropriate type of modelling (1D, 2D or 3D);

wing

ance

rally
rison

The study aj

— Step 3A

1) To

temn

wit

2) To

3) To
4)

28

€lectappropriate modelling sSoftware;

To determine the thermal properties of the material by test/calculation comparison.

Step 4A is used to determine the performance curves and deduce the performance diagram.

1y

2)

3)

To iteratively determine the performance curves through fire modelling using the established
thermal properties.

To determine the maximum steady state curve that will not reach the failure criteria of the
product.

To produce the performance diagram from the performance curves and steady state curve.
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6.4.2 Selection of representative experimental curves

In the previous stage, the failure criterion of the product was identified (step 1). The next step is to
recreate it through numerical simulation. Therefore, one shall identify the experimental curves
(generally time/temperature) that can be used for the purpose of determination of thermal properties
and comparison between the results of the standard test and numerical simulation

The curves to select are those in accordance with the identified failure criteria, but also all
complementary curves obtained in locations other than the criterion measurement (within the
thickness of the product, for instance) that can be used to validate the properties of the materials or the

inter

mediate conditions to analyse the physical behaviour of the materials.

For Ilemperature, these curves mainly consist of the intermediate temperature curvesZa

exarn
diffe

The

ado

usef
crite
simil
shall
platd

6.4.3

The
calcy
char
that

The
whic|

iple, the temperature measured at intermediate thicknesses (at mid-thickness orat the
Fent materials).

average and envelope temperature curves obtained during the experimental tes
ed. Barrier performance data that was not used for fire rating purpeses, but that }
| data should be considered. In general, a curve being very different to those used
ion should not be adopted. On the other hand, if 2 curves are différent from the other
ar appearance one should consider the possibility of a local failuke (seal, leak, equipme
identify the shape of the curves providing information on the properties of the mater]
aus or inflexion points.

Calculation tools and choice of the modelling

nalysis of the tests, specifically the nature of(the failure criterion, leads to a cer

yailable. For
interface of

t(s) will be
may contain
Fo reach the
s but have a
nt, etc.). One
ials, such as

tain type of

lation mode, and tools. The failure criterion is.generally thermal since the fire resistamce criterion

hcterises thermal insulation of the product. Athermal transfer model is used in all casq
femperature is characterizing the productphysical state and behaviour.

choice of the numerical model may\also lead to defining a different performance d
h encompasses the one identified- during step 1. For example, when the performance c

AT)o{
toa

al > 180 °C on the surface not expesed to the fire, the choice of a one-dimensional mode
opting a performance criterion of ATayerage = 140 °C.

The fool is 1D, 2D or 3D, depénding on the nature of thermal exchange—one, two, or three ¢

As far fire (see 5.3), the€emputer programs used for this analysis will be duly validated by
to representative experiment. Hypothesis and modelling options shall be justified.

Models will preferably take the following into account:

Therjmal dependence of material properties — Radiation and convection boundary conditi

On the éxposed face, the boundary conditions are defined by the furnace control system

the

S, assuming

riterion but
riterion is at
1 would lead

limensional.

comparison

ns

used during

sts (thermocouples as previously used in Europe, plate thermocouples currently u

bed, furnace

control heat flux system required by Underwriters Laboratories, etc.).

For example, by convention on the current European furnace control system (plate thermocouples), when
no more advanced modelling is available, it can be considered that on the surface exposed to the fire:

In the absence of more specific information, certain assumptions can be made about the exposed face.
For example, regarding the plate thermocouples used in European furnace control systems:

The plate emissivity is expressed by:

&

= Ematerial X €furnace

where

© ISO

2019 - All rights reserved

29


https://standardsiso.com/api/?name=8ea00ce65814ee9c86a74b0a868c8926

ISO 18195:2019(E)

Efurnace = 1;
€material = 0,7.
The coefficient of convection is 25 W/m2K.
On the unexposed surface of the product the boundary conditions may be:

— anopen environment (e.g. door). In that case exchanges will be defined by the following coefficients
of convection:

— 9 W-m-2-K-1 iflosses by radiation are included:

— 4 W-m-2.K-1if losses by radiation are calculated separately.

— a closed environment (e.g. casing). In that case it can be easier to model the air included ip the
product. Adiabatic conditions maybe also used, when it can be shown that the temperature qf the
ambient environment remains very close to the temperature on the unexposed surface.

Furthermorg, material density can be considered constant.
6.4.4 Thermal properties of materials

6.4.4.1 Principles for the determination of thermal properties

The propertiies of materials are obtained by comparing the calculations with the experimental curjve(s)
plotted in 6 4.2.

Thermal properties obtained are satisfactory when:

— Teor, thp correlated temperature gap between ‘the calculated temperature (Thuym,) and the
experimental temperature(s) (Texp,;) (average o¥ maximum value) is less than 10 % (or as apprjoved
by autherity having jurisdiction) of the valueof the performance criterion adopted (the shape ¢f the
curve i respected)

— the tim¢ to reach of the calculated eriterion adopted is +/- 10 % (or as approved by authority having
jurisdicfion) of the experimental time

The correlation temperature gap(is calculated according to equation (3):

1 2
c = | E i — i
T or n 4 (Texp 1 Tnum 1 ) (3)

where

n isthénumber of experimental points;

i isagiven experimental/calculated point.

This iterative task may be difficult and time consuming. Therefore, certain simplifying assumptions
can be made as follows in 6.4.4.2 and 6.4.4.3.

6.4.4.2 Known materials

Certain material properties are already known and standardised; it would be wise to start the process
from the properties mentioned in the standards.

In particular, for construction materials:

— steel: thermal properties according to temperature given in [44] may be adopted;
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— concrete: thermal properties according to temperature given in [43] may be adopted.

When common materials (for example, copper for the behaviour of electric cables conductor) are
included in the test, their properties may come from literature.

Nevertheless, it is acceptable to modify those properties in the process of determining the adequate
model (see 6.4.4.3) in order to obtain a reliable representation of the global product behaviour.

6.4.4.3 Materials with properties to be determined

For the materials inherent to the product studied and for which the simulation of the standard test
isu ccording to
temp

1 . - =l dn - A - 1.L 1 - dn
U U UCLCI IIIITIC LIIT lJl UlJCl LICS, IU IS5 TITLESSdl _y LU bllllplll_y Llldllscb JUSE lJl UlJCl LITS d
erature.

The properties of materials are represented mainly by the following:

q

pecific heat dependent upon temperature (J-kg-1-K-1);

thermal conductivity dependent upon temperature (W-m -1.K-1).

fic heat:

ffects of vaporization (generally water) can be represented by an increase in material §

Spec

The ¢ pecific heat.

neral, the specific heat of materials is a value betwéen 800 and 1 500 J-kg-1-K-1 at ambient

erature.

In gg
temp

Certain physical phenomena can be represented more-simplistically by a change in specificlheat:

4 temperature plateau (generally associated to'a change of phase): local increase in §
lose to the temperature of the plateau (this increase may occur in high ratios, fror

q
felation to specific heat at 20 °C);

pecific heat
n 2 to 20 in

pbn: increase
t starts at a
the highest

3 change of phase of the material which could slowly take in the effects of vaporisati
:ﬁl specific heat over wide température ranges. In general, this change in specific hea

ecomposition temperature of the material which, in this case, remains constant up tq
1

emperatures.

Condluctivity:

I
1

n so far as conductivity is concerned, it should be noted that in general, conducti
emperatures is-different to that at normal conditions.

[vity at high

The
such
layer]

ronductivity-adopted shall also take into account phenomena independent of the m4
as cracking, decomposition, bending, erosion by convection, bursting, or loss of adhes
s. It is.therefore possible that the thermal analysis yields different thermal properties

terial itself,
on between
for the same

matgrialused in two different products.

The transfer of heat by mass transfer has to be taken into account in the conduction term, because it is
not possible to model the migration of water. Conductivity is therefore often greater at temperatures
below the boiling point.

It is therefore difficult to take thermal properties given in the literature into consideration. This is
why comparison with temperature measurements others than the ones used for the failure criterion
(intermediate temperatures) may enable one to refine thermal properties of the materials.

The temperatures that correspond to the plateau are generally not the criterion temperatures. It is not
necessary to represent this plateau perfectly, but its duration shall be determined correctly. The aim is
to correlate the temperatures close to the criterion adopted.
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If the failure criterion is a temperature, it should be adapted to find a temperature close but slightly
higher than the standard failure temperature, when it approaches the failure criterion adopted
(conservatism).

6.4.5 Plotting performance curves from the reference curves

The first performance curve that may be plotted from the reference test is the conventional curve, even
if it does not including the decay of the fire (see 6.7). Therefore, the standard time/temperature curve
in ISO 834-1 is one of the performance curves until the failure criterion is reached [see Formula (1)].

This performance curve is represented in Figure 11.
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Figure 11 — Petformance curve generated from the standard test

le actual fire‘temperature curves observed on confined fires representatives of
rely follow:the shape of the standard time/temperature curve; their rises are generall
heir descents longer. It was therefore decided to define a set of curve profiles, know
rves profiles (CFR: temperature Curve for Fire - Reference) in order to cover more situat
s, which are deliberately limited to 3 to reduce the number of calculations necessary

NPP
/ less
'n as
ions.
y are
irves

guides for plotting the performance curves (however, other profiles for alternate ct

may be env

European standard[42].

The alternate curve profiles are representative of:

— afastfire (steep rise) and short decay (curve CFR C1A);

— aslow fire (slow rise) and slow decay (curve CFR C3A);

— an intermediate fire between the 2 previous curves (curve CFR C2A).
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saged). They are initially based on parametrical fire models described in Annex B of the
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Analytically, the rise phases are given by the Formula (4):

6,(t)=20+1 325(1—0,324e““ 0,204t —0,472e‘“)

and the decay phases are linear with a slope f for each curve.

ISO 18195:2019(E)

(4)

In this equation, t is the time in h and the coefficients a, b and c for each curve are shown in table 2.

Table 2 — Coefficients used to plot the CFR

CER C1A CER C2A CER C3A
a 0,211 0,082 0,026
b 1,790 0,692 0,218
c 20,009 7,739 2,433
B -521 224 -80
A performance curve is plotted on the basis of an alternate curve. For this; the duration of the spreading
asg is increased or reduced so that the performance criterion adoptédis reached withoyt ever bein
phasg is i d duced so that the perf iteri doptédi hed with being
exce¢ded. This means the duration of the spreading phase of the fire and ensuring that the gerformance
critefion is not exceeded, by successive iterations of the model.
We therefore obtain the 3 performance curves including d/décay phase, when the durption of the
spreading phase is the following for the 3 curves C1A, C2A%and C3A (e.g. on Figure 12: 58 min, 118 min
and 183 min).
T
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600 ™ 2 - 4
500 / /
400 f /
300 |- —9 3
200
|
100
0 | | XF | a
0 60 120 160 240 300 360
Key
t  time)in min
T temperature in °C
1 Tisos34
2 CFRC1A
3 CFRCZA
4 CFRC3A

Figure 12 — Example performance curves (based on ISO 834-1)
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6.4.6 Plotting “steady state” curves

In many situations, there is a set of conditions that, even if held indefinitely, would not cause the failure
criterion to be met. When the unexposed face of the element has adiabatic boundary conditions, this
set of conditions is identical to the failure criterion. The duration of the steady state curve shall be
limited in case of material presenting a consumption effect or a specific risk of structural change at
the considered temperature, by comparison to experimental feedback or by estimation of the resting
material.

6.4.7 Plotting the performance diagram

The perfornfance diagram is formed by the performance curves, which are truncated by the "steady dtate"
temperatureg curve. An example of a performance diagram is given in Figure 13 for a single leaf door.

N1
AN
800 / /(2 ):\

700 /TN~

30 60 90 120 (150 180 210 240 270 300 330 360 ¢t

Key
t  time in nin
T  temperafure in °C
1 CI1B
2 C2ZB
3 (C3B
Figure 13 — Example of a performance diagram (single leaf door)
NOTE 1 T;l(ing the “thermal inertia” of the partitioning element into account introduces a significant

enhancement in relation to regulation performance.

6.5 Phase 2 BRANCH B: working out a new family system

Branch B is devoted to equipment belonging to a product family for which the causes of the fire
resistance classification rating have not already been analysed.
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6.5.1 Study approach for branch B

The successive steps required for branch B are as follows.

— Step 3B: This step consists of analysing several reports of fire resistance tests on products similar to
that studied to identify the main causes leading to the loss of the fire resistance rating, for this product
family. This step is carried out by extending step 1 (see 6.4.1) to all the products in the same family.

— Step 4B: Product modelling step, the approach is similar to step 3A for branch A.

— Step 5B: This step consists of performing an experimental test with a temperature/time curve
lower than the standard fire temperature curve (ISO 834) and using a decrease phase to confirm

— 1

The
resis
meag

The
folloy
follof

— 1
\

— 1

he applicability of the present method to the product.

tep 6B: Plotting the performance diagram for the product, the approach is similarto th
he branch A.

Experimental check (step 5B)

est required for step 5B is carried out on a product for which the@performance criter
1 and the performance curves plotted.

5B is intended to check the following experimentally:

he overall behaviour of the product in a temperature/time curve less severe than the s
emperature curve (ISO 834);

he main cause leading to the loss of the fire resistafice rating and the criterion adopted fqg
he modelling of thermal properties during the'growth and decay phases;

he applicability of the present method.toythe product.

tance test carried out to classify(the product, especially in terms of control of the furna
uring instruments, geometry, etc.

fest curve or thermal pregramme should have both a spreading phase and a decay
ving curve (CFE: Curye-for Fire - Experimental) may be used; it has been plotted
ving criteria:

Duration of the-fire temperature curve between 2 h and 6 h (representative of fires c
rentilation);

Decay ofthe fire after 4 h;

Temperature of hot gases more than 600 °C for more than 4 h;

e step 4A for

a have been

tandard fire

r modelling;

est procedure should be, with the exception of its thermal program, exactly the sampe as the fire

Ce, pressure,

phase. The
to meet the

bntrolled by

Techmicatty Teproducibte imthe furmaces of fire Tesistance taboratories:

It may however, be modified according to the performance duration required. For instance, for a
product reaching the failure criterion in less than one hour, the test curve duration should be reduced

(see Figure 14).
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pure 14 — Temperature curve for supplementagy experimental check (CFE)

5 characterised by Formulae (5) and (6), where'T is the temperature in °C and ¢t the timg

1.
1-0,324xexp(—0,2x0,048 42xt)—0,204xexp

B,3x +30
(-1,7x0,048 42xt)—0,472Xxexp(—19x0,048 42xt)

[1:

B,78-t+1420,5

tions: behaviour similar to the standard test;

lancecriterion: main cause resulting in the product failure corresponds to the one ident
tep;

in h:

6)

(6)

ified

measurements: application of the numerical modelling and check that the results are close to the
experimental ones.

The calculation results may present certain differences with the experimental results, for example, the
difference in the time required to reach the criterion may be approximately ten minutes, with a very
similar temperature (a few °C). The result is acceptable if the same order of magnitude is obtained or if
the analysis by calculation results in an unfavourable time (shorter).

6.6 Phase 2 branch C: specific characterization tests

The performance curves are determined for branch C when the analysis of the standard test does not
easily produce a simple criterion for the failure of the product or if this criterion cannot be modelled.
One or more appropriate tests should therefore be carried out to plot the performance curves.
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The first step (3C) consists of performing specific tests to clearly identify the fire behaviour of the
product and the conditions to reach the failure criterion.

If the criterion is reproducible through numerical modelling, the following steps may be carried out:

Modelling of the product (step 3A);
Check of the model by comparison with the results of the step 3C test (step 6C);

Plotting the performance curves (step 4A);

If not, the performance curves of the product shall be plotted experimentally (step 4D).
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the approach for branch C includes principally experimental aspects, the expertise of
esistance laboratory shall be required to plot the performance curves for equipthent t
anch C.

Alternative performance curves

is stage it has to be noted that the most natural way to obtain performance curves of
er is to test it experimentally to a specific fire temperature curyesAs far as this test i
e same conditions and using the same failure criteria set that the'standard test, any tg
curve can be validated in that way. Of course, this possibility will be rarely exploite
bf such tests.

hstance, the standard test itself constitutes a performance curve for the barriers, as §
if the lack of decrease phase limits its use.

mportant point about the performance curve\concept is that it does not guaranteg
Fion will not be reached after the end of thie)curve duration, even if the fire has stoj
ble thermal inertia effect inside the product. This is particularity true for altern:
g brutally as the standard test does:“For this reason it is recommended to providg
ly state duration at the end of alternative performance curves in order to avoid such ef

Performance curve diagram

Validation of‘the models

e method is'based on experimentation and modelling, the issue of model validation i
oftwareemployed shall be well-known and duly validated. Any possibility of comparij
lling anrd available experimental data on a given product should be regarded by the a
ntetnational Standard.

hn approved
hat depends

a given fire
5 performed
mperature/
d due to the

een in 6.4.5,

the failure
bped, due to
ntive curves
e significant
fects.

performance curve diagram is the collection of confirmed performance curves established for a
given product.

5 important.
on between
bplicators of

7 Uncertainty and sensitivity

This method deals with numerical simulation of fire and is therefore subject to uncertainties. Due to
the complexity of the method, calculation of theoretical uncertainties is not possible and a sensitivity
approach will be more practical. During a numerical simulation, uncertainties may come from
parameters uncertainties, Model uncertainties or model Completeness uncertainties. Recommended
considerations on this topic are those in ISO 9001:2015, Clause 4, that can be applied here.

The following aspects shall be taken into consideration to deal with the possible uncertainties of results
and avoid significant effect in its application.

© ISO

2019 - All rights reserved

37


https://standardsiso.com/api/?name=8ea00ce65814ee9c86a74b0a868c8926

ISO 18195:2019(E)

7.1 Use of average values (zone model vs. CFD model)

The method has been developed principally for zone models, and uses typical average values like
average upper layer temperature.

This is justified because the present method provides an extension of the ratings obtained from the
application of a fire resistance standard test. Those standards are based on the assumption that the
time/temperature curve (ISO 834) developed in the standard furnaces encompasses typical fire
situations. Thus it could be assumed that the standard is representative of generalized fires with similar
duration, with no consideration to potential localized thermal effects. Condition in the furnace are
quite homogeneous in temperature compared to a real fire and the time rating is credited for vertical or
horizontal i g1 i ferd i

On the other hand the thermal effects of the furnace include direct radiation heat transfer (burners and
walls) because the hot gases are optically thin (generally propane burners) and it is not reflected by the
air temperafure only. On the contrary, fires encountered in NPPs generally produce aptically thjicker
smoke. For this reason, the use of smoke layer average values is a better indicator of the global flux and
temperatur¢ impact for comparison to the furnace conditions.

Of course logal temperatures provided by zone models may be used (plumes, eeiling jet temps etq) if a
more consefvative approach is intended for the qualification of fire barriers:

CFD may be|used, adopting the same type of post-processed average zoile values (see 5.3), consid¢ring
that the lodal temperatures are more sensitive to uncertainties coming from the numerical model
(meshing and geometrical representation and fluid dynamic and combustion calculation). Local
temperatur¢ in the vicinity of the target (choosing the more conservative value of the two) cdn be
an alternative if a more conservative approach is intended-€onsiderations including local fluy and
temperatur¢ could be another alternative, but they would require a complete analysis of the thgrmal
behaviour of the fire barriers, which is not included in this*document.

7.2 Uncertainties and sensitivities in fire temperature curve calculation

Numerical models shall be applied in theirirange of validity. As it is quite impossible to obtain
quantitativg accuracy, the conservatism introduced by the other aspects of the method will avoid
the need for uncertainty evaluation: mass loss rates, reduction of volumes heat transfer surfaces,
combustion| efficiency, etc. Neverthéless it is recommended that the studies be completed wijith a
sensitivity gnalysis avoid certain scenarios. For instance:

— Situatiop close to a PFL to.PEG transition.

— Fire bayriers directly,exposed to a fire source. Ad hoc studies shall be necessary to treat situption
where jet fires (typically hydrogen fires) could directly impinge upon fire barriers. The present
method|does not deal with this issue.

— Occasiopalfastsslope fire sources in PFG situations. Generally the fire temperature curve slope|does
not play @-direct role in the global fire duration, because the under-ventilated regime is quiickly
obtainedfor PFG fires. I cases where doubt remains, a Compiementary catcutation based on the
majority fire source may consolidate the study.

7.3 Uncertainties and sensitivities in the performance curve process

No safety factor is required for application of the performance diagram due to the conservative
assumptions used during the design fire temperature curve process. No specific margin is introduced
during the process of the performance curve determination. Nevertheless, two types of margins are
implicitly present, with no quantitative evaluation:

The criteria used for the qualification remain unchanged from the fire resistance standards practice
and maybe very conservative; for instance a criterion of a temperature increase of 140 °C (see Annex C)
in average to evaluate a risk of propagation is very conservative. No current flammable material is
presenting such flammability condition without flame exposure.
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Comparison between fire temperature curve and performance curve generally shows important
differences is the first stages of the fire, which generally gives significant safety margin.
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Annex A
(informative)

Spreading criterion PFG/PFL (examples)

In this annex, examples are provided for the PFG/PFL criteria, based on the EDF experience for EPR
NPP (EPRESSI method[39]).

A.1 PFG Room

The room satisfies PFG criterion if one or more of the following criteria (Table A.1) is reachedin the rjoom.

Table A.1 — PFG Criteria

Electrical dable fire PFG Liquid fire PFG Material fire PFG Elec_tromecl.)amcal
equipment fire PG

1) Presende of more than|5) Presence of at least 7) Presence of a fireload |8) Presence of an opgn
3 superjmposed racks 25 litres of fuel with (other materials,see electrical cabinetwith
of more|than 3 m in rapid kinetics in 5.4.4) of morethan potential peak HRR of
length gontaining rotating machines 4300 M}.ever 2 m2a, more than 1 MW.
more thian 400 kg of driven by electric
cables gver 3 m. motor, heat engine, or

turbine.

2) Presendeof 3
superimposed racks [6) Presence of more than

of more|than 3 m in 100 litres of fuel with
length dontaining high kinetics.

more thian 400 kg of

cables gver 3 m and

the higHest rack is

less thah 50 cm from
the ceiling.

3) Presende of one
vertical|rack of more
than 2 m high and less
than 10jcm from a
wall.

4) Presende of several
verticallracksof'more
than 2 rh high and
less thah 28 cm from
each other.

a  PFGis assume resulting from excessive concentration of combustible.

A.2 PFL Room

The room satisfies PFL criterion if at least one of the following criteria (see Table A.2) is reached in
the room:
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Table A.2 — PFL Criteria
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Electrical cable fire PFL elec_tromecl}anlcal Liquid fire PFL Material fire PFL
equipment fire PFL
1) Presence of more 4) Presence of an 6) Presence of storage |7) Presence of asolid
than 2 cable racks electric cabinet or of more than 25 liters fire load (other
posing more than cubicle with openings of fuel with rapid materials, see 5.4.4)
75 kg of cables over at for natural or forced kinetics. of more than 900 M]
least 1 m. convection cooling. on 2 m2.
2) Presence ofavertical |5) Presence of atleast
rack of more than one cubicle not fitted
2 m in length, located with openings and
parallel to a wall and >1 min length.
[ess than 10 cm from
the wall.
3) [Presence of a route of
several vertical racks
of more than 2 m
in length, less than
20 cm apart.
A.3 | Neither PFG nor PFL room

Rooms where neither PFG nor PFL criteria are reached dre said to be “neither PFG ngr PFL.” The
concentration of combustible mass in such rooms is notiénough to generate a widespread fife. However,
in solfar as protective measures are concerned, when‘the total heat of combustion of the rodm is greater

than

(960- Ar ) with Ar = surface of the walls.ofthe room (excluding surface of its openings) (m2), the

roonj shall take the PFL criterion for the fuel with the highest heat of combustion in the room; if not, the
roon retains its neither PFG nor PFL classification, with no possibility of widespread fire developed

from|any point of origin.
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(informative)

Value examples for fire scenarios

B.1 Growth factors o

The growth|factors depend on the type of combustible. Tables B.1 and B.2 below show recominended
values of a|for each scenario. It refers to the well-known T-square fire table (see Reference|[53]

appendix B)

Table B.1 — Recommended Values of growth factor « for fires, excluding cable fires

Scenarios 1 and 2 Scenarios 3,4, 5 Scenarios 8 and 9
Flammable Electromechanical equip* Fire of other
liquid fire ment fire materials
a (KJ-s—3) 0,187 6 (ultra fast) 0,002 9 (slow) 0,011 7 (medium)

Table B.2 — Example values of growth factor a for-cable fires (source: EDF)

Scenarios 6, 7: REG-or PFL cable fire
Horizontal cable ragks

The last rack is less than 50 cm Thé last rack is more than Vertical cable ragks
under the ceiling 50 cm under the ceiling

L
O =0en E O =0rep

— Coefficient a@yeer = 0,002 134
a (kJ-st3) » a=0,0019
—  Coefficientayef2 = 0,000 198 12
— L:length of the rack in m

—_frack: number of racks

=< M: total mass of combustible in kg

The numbery of racks should be between 3 and 8 for "PFG" cable fires and between 2 and 3 for [PFL"
cable fires. lf the number of racks is not known_the fn]]nmring values should he adnpfpr‘] hy default:

3 racks for PFL and 4 racks for PFG. These values come from EDF experiencel39].

B.2 Maximum pyrolysis rate

The maximum pyrolysis rate is a parameter that the user will have to fix in order to describe the
potential fire. It represents the potential maximum mass loss rate for a given fire source (fully developed
fire in unconfined conditions). In the calculation, this value will not necessarily be reached due to the
ventilation conditions.

B.2.1 Scenarios 1, 3, 6 and 8: PFG type fire

In these scenarios, no maximum pyrolysis rate is given considering that the pyrolysis rate will be fixed
only by the air flow rate passing through the openings. This steady state will be obtained by the fire
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model balance. The steady state obtained by calculation (CD in 5.4.5.6, Figure 6) may be less than the
peak value observed during the growth phase (B in 5.4.5.6, Figure 6)

The steady state may be estimated by the following formula ([Z1] 3.6 ):

Qmax =Mmax XAHc

with

m _ Mairmax X
max — o, 0,

and

Mairmax = 0,9% A ><\/HO

~

Hende
0,5% A4y %x\/Hg
Mmax :T'on (kg-s™1)
wherte

§: is stoichiometric ratio of the fuel (g02/8fuel);

X, is Oxygen ratio in the entering air (g02/8air);
2

ZHOiXAOi

AO =2A0i and H0: !

, 4
AQo; is surface of the vertical @pening i of the room (m2);

Ho; is height maximum(fthe vertical opening i of the room (m) = distance between the top of the
opening and the fleor of the room.

B.2.2 Scenario 2: PFL liquid fire
This|scenario cerresponds to a liquid pool fire.

The maximum'rate of pyrolysis is assessed according to the following formula ([Z1] 3.1):

—m. (1—e‘kﬁD)s

mmax

where

KB is product of the extinction coefficient of the flame K (m-1) and a correction factor f;

m is rate of surface vaporisation for an infinite diameter (kg-m-2-s-1);

oo

D isequivalent diameter of the liquid surface (m);
S is surface of the layer of liquid (m?2).
The surface to be taken into consideration is either the collection surface (or surface of drains) when

the liquid is located above a pedestal, as is the case of rotating machines with oil tanks, or the surface of
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the retention tank for liquids in storage. The characteristics Kf and mw can be obtained from references
like [71].

For non-circular surfaces, the equivalent diameter corresponds to:

D=*$7 m)

Example data for a fire of oil on a surface of 1 m2[Z1];

KB =0,7 m-1

m,, = 0,039 kg-m-2-s-1

with

S=1m2;
Deq=1,28
=.021 3 kg's1.

Hence m,,

B.2.3 Scenarios 4 and 5: electrical cabinet or cubicle fire (PFL)

The maximym power Qmax adopted for closed electrical cabinetor cubicle fires is 211 kW. This value,

which is taken from report [73] (appendix G) is based on Ameérican experience feedback on elecfrical
cubicle fires{fitted with qualified electric cables (IEEE 383[Z2}). For open cabinets, the user should 4dopt
arealistic value if there is supporting evidence for it. If not the maximum power is assumed to exc¢ed 1
MW and therefore scenario 3 is adopted.

The rate of pyrolysis is determined by the following formula:

m Pmax. I(kg-s1)

max — AHC
where
: is the maximum power of the fire source (kW);
Qmax

AHc  |s the Heatoficombustion (kJ-kg-1).

Here, the rate of pyxolysis (m,,,, ) for closed electrical cabinet is 0,012 9 kg-s-1 for a Heat Release|Rate
of 211 kW when the heat of combustion is taken to 16,4 MJ-kg-1 (PVC cables -[Z3][71] appendix G).

B.2.4 Scenario 7: cable fire (PFL)

The maximum pyrolysis rates of a cableway are calculated from correlations plotted from the results of
cable fire tests carried out during different experimental campaigns. The main parameters involved in
these correlations are as follows:

— Mass of fuel;
— Length of cable racks;
— Number of cable racks.

Position of the upper rack: top or bottom of the room (top if last rack is located less than 50 cm from the
ceiling).
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B.2.4.1 Horizontal cable trays

The following values for cable trays (Tables B.3 and B.4) are based on EDF experience and full-scale
tests[39].

Case 1: the last rack is located less than 50 cm under the ceiling

Table B.3 — Values for coefficient 1

Number of racks B1 (kg's1)
0,0017
0,103 3
0,122 3
0,223 4
0,241 4
0,260 4
0,280 4
0,450 4

0 |IN | |U D W |IN| -

wherte

1 is length of the rack (m);

Mrack is number of racks;

M is mass of combustible €ables (kg);
B1 is pyrolysis rate cgefficient (kg-s-1).
depending on the number of racks)

2: the last rackisdocated more than 50 cm below the ceiling

)
Q)
L
D

Table B.4 — Values for coefficient 5,

Number of racks B2 (kg's1)
1 (no fire)
2 0,043
3 0,06
4 0,069
5 0,075 2
6 0,083 2
7 0,091 2
8 0,103 9
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L is length of the rack (m);

oo e ooty

M i§ mass of combustible cables (kg);

B2 s

B.2.4.2 Ve

max —
where

L i

Nyack 19

M i

B3 i

B.2.5 Sce

The maximy
from refere
tests carrie
liquid, etc.):

max

where

pyrolysis rate coefficient (kg-s—1).

rtical cable racks

length of rack (m);

number of racks;
total mass of combustible (kg);

reference rate of pyrolysis (kg/s){£3'= 0,028 kg-s-1).

hario 9: fire of combustible masses in storage (PFL)

im power adopted for fires-of combustible masses in storage is 317 kW. This value is {
hce document [73].It-corresponds to the average power levels measured during thg
I out by Sandia National Laboratories for storage of heterogeneous fuels (cellulose, pl

Rmax (kg:$71)

AH

aken
e fire
hstic,

: is
Qmax

AHc is

B.3 Othe

maximum heat release of the fire source (kW);

heat of combustion (kJ-kg-1).

r characteristics of the fire source

The other characteristics of the fire source are given in Table B.5 for each scenario.
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Table B.5 — Other characteristics of the fire source

Scenarios 1 and 2 3,4and 5 6and 7 8and 9
. Inflammable Electromechanical . Fire of other
Type of fire source e . . Cable fire .
liquid fire equipment fire materials
Reference fuel oil PVC Cable Wood
AH¢ (KJ/kg) 46 400 16 400 16 000 18 000
Radiated fraction 0,34 0,4 0,4 0,4
Stoichiometric ratio 3,61 1,408 1,408 1418
(802/8fuel)

The ¢haracteristics of others fuels can be found in relevant documentation like [71].

B.4 | Summary of the complete fire scenario

Summary information for the different types of fires is given in Tables B.6 t6-B-10.

Table B.6 — Liquid fire

Liquid fire ([Z1] paragraph 3.1)

No. scenario 1 2
(PFG) (PFL)
a (kJ-s-3) 0.187 6

(fireewith very rapid dynamics)

mmax (kg's1) Fixed by the ventilation conditions o _ mm (1 kB )S

max

m, ., = 0,021 3 kg/s (oil)

Fixed by the ventilation conditions

Qmax (kw) rhmax = QmaX_XAHC namely fdr an oil layer
fire of 1 m2 Q.. =988 kW
AHc (k]-kg™1) 46 400 (oil)
Stloichiometric ratio 3,61 (oil)
(802/8fuel)
Credited combustible Total Combustible mass of the room = Liquid Combustible masses|of the PFL
mass (kg) Total heat of combustion/AH¢ type increased by the creditgd combus-
tible masses likely to be present in the
plume of the fire soufrce
Table B.7 — Electromechanical equipment fire
Electromechanical equipment fire
No. scenario 3 4: cabinet 5: cubicle
(PFG) (PFL) (PFL)
0,0029
a (k]-s=3)
(fire with slow dynamics)
211
. Fixed by the ventilation
Qrax (KW) conditions ([(71]1Z3]appendix G: qualified cables, fire in a bundle
of cables)

AHc (k]-'kg1) 16 400 (PVCIZ1] appendix G)
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Table B.7 (continued)

Electromechanical equipment fire

No. scenario 3 4: cabinet 5: cubicle
(PFG) (PFL) (PFL)

- Qm_ax namely for a PVC electrical equipment

Fixed by the ventilation Mmax AH

mmax (kg-s™1) conditions ] )
fire: m,, =0,0129
Stoichiometrieratio -
1,408 (PVCIZBIIZAT appendix C)

(8o2/8fuel)

. . Total combustible mass of
Credliﬁg;‘aabl)wtlble the room = Total heat of 10 35

Tus combustion/AH¢

Table B.8 — Cable fire for horizontal cable racks

Cable fire for horizontal cable racks

No. scenario 6 7
(PFG) (PFL)
a (kJ-s=3 The last rack is less than 50 cm udder the ceiling
=0 with arefz = 0,000 198 12
Nbrack: nunpber 1to8 2to8
of rackd
M: Mass of fire Combustible mass 6f PFG Combustible mass of PFL cables
source (kig) cablés
L:length offthe |length of the.-PFG cableway(m) length of the PFL cableway (m)
rack (m]

m, . (kg1 The last rack is less than 50 cm under the ceiling:

: Fixed by the ventilation
Qmax (KW) conditions

48 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=8ea00ce65814ee9c86a74b0a868c8926

ISO 18195:2019(E)

Table B.8 (continued)
Cable fire for horizontal cable racks
No. scenario 6 7
(PFG) (PFL)
AHc (k]-kg™1) 16 000 (PVC cables average - source : EDF)
Stoichiometric

i 1,408 (PVC -[71] - dix C
ratio (go02/8fuel) ( appendix C)
Credited combus- | Total combustible mass of the | Combustible mass of PFL cables plus the credited combustible

tible mass (kg) | room = Total heat of combus- | masses likely to be present in the plume of the fire source
tion/AHc
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Table B.9 — Cable fire for vertical cable racks

Cable fire for vertical cable racks

7
(PFL)

a (kJ-s=3)

0.0019

m, . (kg-s™1)

Mmax =ﬁ1 ’

Nbyhck: number of racks

1to2

M: Mask of the fire source (kg)

Combustible mass of PFL cables

L: lgngth of the rack (m)

length of the PFL cableway

Qurax (KW)

Mpax = Qmax ><AHC

AHc (kJ-kg™1)

16 000 (PVC cables/PVC - EDF)

Stoichigmetric ratio (g02/gfuel)

1,408 (PVC -[73] - appendix’C)

Creditedl combustible

mass (kg) Combustible mass of PFL cables plus thécredited combustible njass-
es likely to be present in the-plume of the fire source

Table B.10 — Other materials

Fire of other materials

conditions

No. scehario 8 9
(PFG) (PFL)
a (k]-$-3) 0,0117
(fite with average dynamics)
: Fixed by the ventilation 317
Qmax (KW) y

([Z11(Z3]appendix G: Fuel transient)

AHc (kJtkg™1)

18 000 for of the wood ([Z31[Z1] appendix G)

Qmax (hgs™)

Fixed by the ¢entilation
conditjons

— Qmax
AH -
namely for a wood fire

Moy = 0,017 7 kg-s-1[53]

m max

Stoichiomeftric ratio
(802/gfuel)

1,418 (for wood)

Credited combtstible | Total combustible mass of the
mass (Kg) room = Total heat of combus-

Combustible mass material plus the credited combus-
tible masses likely to be present in the plume of the

tion/AH¢

fire source
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Loss of classification criteria : examples

The following are issued from EPRESSI method[39] resulting from French feedback.

Table C.1 — Loss of classification criteria examples
Family Loss of classification criterion identified and checked by test Type’of modelling
Door AT > 140 °C on the unexposed surface of the leaf 1D
Damper C1: AT > 180 °C 70 mm from the framework (wall mounted) 2D
C2: AT > 180 °C to 20 mm from the anchor flange (flush mounted)
C3: AT > 180 °C on the anchoring 1D
Pengtration seal|C1: AT > 180 °C on the surface of the seal (side not exposed:to the fire) 3D
C2:AT>180 °C on through elements if non-combustible (€.g.: metal tubes)
C3: T > 240 °C on the cable 25 mm above the caulking
Wrapping T (inside the sheath) = 2D
PVC cables: 188 °C
SH cables (control): 320 °C
SH cables (power): 350 °C
Housing T = 180 °C on the unexposed surface of the housing (160 °C inside 1D
the housing)
T =188 °C ambient in the.housing 1 350 mm above the floor 2D
Ventjilation duct |AT > 140 °C on the section of ducting 25 mm from the bead 2P
Smjoke clear- |AT > 180 °Cin section s2 120 mm from the caulking Temperatute of the air
apce duct along the c¢ntre line of
the ducting (balance)
1D condugdtion in the
thickness pf the duct
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Annex D
(informative)

Example of performance diagram of a cable fire-wrap

D.1 Standard fire test: Cable wrap (EDF)

An example
are halogen

ISO 834 test
— Normal

— Dried “g

The aim of
installation,

of a fire-resistant cable wrap is depicted in Figures D.1 through D.3. All the electrﬁ&
free and representative of French EPR (EDF). (1/

.
-

for 2 fire resistant wrap: ng
N
“non-aged” cable wrap (the cable wrap is directly installed and fire test’g% ;

ged” cable wrap (cable wrap is first installed in a drying oven, th@Qer fire tested).

Fié&.l — Electric cable raceway with fire-resistant wrap

th %ng is to represent the state of the stabilized wrap, a significant time afte

hbles

r its

donsidering that some water or aerosol may be present at the beginning.

All temperatures readings were taken on a single measurement section with:

— three thermocouples of ambient air within the wireway;

— atemperature sensor on the surface of each cable;

— four temperature sensors in the wireway between the cables.

This annex is given as an application example. Neither the wireway characteristics nor the thermocouple
location, for instance, should be regarded as part of the requirements of this International Standard.
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AV AV
P @ SN NN
MPF 120 : "aged" cable wrap

D|IE|F|G|/H|T|]J|K|LIM|N|O|P|Q|R|S|EDPU |V WX
s1{1{2(3|4|5[6|7|8|9(10(11|12|13|14|15|16(17|18|19420 (2122|4546

MPF 120 : "non-aged" cable wrap
A|/B|{C|D|E|F|G|H|T|]J|K|LIM|[N|O|P|Q+R|S|T|U|V|W|X
s1([23|24(25|26|27(28(29|30(31|32|33[34|35|36[37|3839[40|41 42|43 44|47 |48

Landmark Loeation
A-B-C-D-E cable surface
F-G-H-I-]-K wireway inner surface
0-p wireway inner angle
L-M wireway inner upper side face
N-W-X inner ambient temperature
Q-R-S-T-U-V between first and second wrap layer protection
Key
C1-C? =10*1 mm?2 I&C Cables
C3 =3*16 mm?
C4 =3*35 mm? Power'cables
C5 =3*2,5 mm?

Figure D.2 — Temperature sensors location
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2 100
| 2 200 P 2
S1
2 500 \
3 1
Key
1 cable

2 cable tray
3 fire protgction

Figure D.3 — Wrap dimensions

D.2 Analysis of the standard test

Figures D.4 pnd D.5 depict evolution of the ambient temperature inside a “non-aged” cable wrap and an
“aged” cabldwrap, respectively.

T

900

800

700
600

500 /
400 £ /
300

200 _ f/

100 |— —
0 u | | | | | | |
0 30 60 90 120 150 180 210 240 ¢t

Key
t time in min
T temperature in °C
_ Tc36
_  Tc47
. Tc48

Figure D.4 — Evolution of the ambient temperature inside a “non-aged” cable wrap
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