TECHNICAL ISO/TR
REPORT 23932-2

First edition
2020-03

Fire safety engineering —General
principles —

Part 2:
Example of a dry-cleaning store

Ingénierie de la sécurité incendie — Principes généraux —

Partie 2: Exemple d'application a un pressing

Reference number
ISO/TR 23932-2:2020(E)

©1S0 2020



https://standardsiso.com/api/?name=1d73b75cbfa77699848da0cf1387a878

ISO/TR 23932-2:2020(E)

/'\ COPYRIGHT PROTECTED DOCUMENT

© 1S0 2020

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

below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=1d73b75cbfa77699848da0cf1387a878

ISO/TR 23932-2:2020(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 Normative references
3 Terms and definitions
4 Objective
5 Example of FSE process applied to a dry-cleaning store 1
5.1 Scope of the project concerning FSE process (ISO 23932-1:2018, Clauser5)« oo 1
5.2 Identification of fire safety objectives (ISO 23932-1:2018, Clause 6) i
521 Safety Of T e e e 7
5.2.2  Conservation Of ProPerty ...y e 7
5.3 Identification of functional requirements (ISO 23932-1:2018;Clause 7) .8
5.3.1  Occupant ProteCtion ... S .. 8
5.3.2  Protection of neighbours 8
5.3.3  Protection of fire fighters 8
534  Property Protection ... .8
5.4 Selection of risk analysis approach (ISO 23932-1;2018, Clause 8).......cccc e 8
55 Identification of performance criteria (ISO 23932-1:2018, Clause 9)........cccc e 8
5.5.1  Protection of occupants of the Shop ...
5.5.2  Protection of neighbours......... . ...
5.5.3  Protection of fire fighters .......,.%......
5.5.4  Property protection...........t s
5.6 Fire safety design plan (ISO 23932:1:2018, Clause 10).
5.6.1 Development of the pr@posed SOIULION ...
5.6.2  Description of the management of fire safety ...
5.6.3  Design proposal
5.7  Fire and behavioural seenarios (ISO 23932-1:2018, Clause 11) ..o
5.7.1  Hazard idemtiICation. ...
5.7.2  Fire SCeNarios.........
5.7.3  Behavieural scenarios
5.8 Selection of-engineering methods (ISO 23932-1:2018, Clause 12) ...............
5.9 Scenario-based evaluation of trial design (ISO 23932-1:2018, Clause 13)
5.9.1 ~‘Quantification of design fire SCENATIOS ...,
5.9 2\~ Comparison with performance Criteria ... ————
5.10 Gonditions of use of the built environment (ISO 23932-1:2018, 14.3) ..o
510.1 Operating CONAitioNS. ...
5.10.2 Levels and required control frequency.
BIDIIOGIAPIIY ...t | 43

© 1S0 2020 - All rights reserved iii


https://standardsiso.com/api/?name=1d73b75cbfa77699848da0cf1387a878

ISO/TR 23932-2:2020(E)

Foreword

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

electrotechnical standardization.

The prog¢edures used to develop this document and those intended for its further maintenance aj
describefd in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for t}k
different types of ISO documents should be noted. This document was drafted in accordance with tH
editorialrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentioh is drawn to the possibility that some of the elements of this document may’be the subject
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details
any patept rights identified during the development of the document will be in the Tntroduction and/
on the IS0 list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does n
constitufe an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-meaning of ISO specific terms an
expressipns related to conformity assessment, as well as infermation about ISO's adherence to th
World Tifade Organization (WTO) principles in the TechnicalBarriers to Trade (TBT) see www.iso.org
iso/foreword.html.

This docqument was prepared by Technical CommitteeISO/TC 92, Fire safety, Subcommittee SC 4, Fi
safety engineering.

Alist of 3ll parts in the ISO 23932 series can be:feund on the ISO website.

Any feedback or questions on this documentishould be directed to the user’s national standards body.
completg listing of these bodies can be found at www.iso.org/members.html.

e

bf
bf
r

Dt

d

/

e

A

iv © IS0 2020 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=1d73b75cbfa77699848da0cf1387a878

ISO/TR 23932-2:2020(E)

Introduction

This document gives a complete example to illustrate ISO 23932-1.

The following chart is an outline of the fire safety engineering (FSE) process (design, implementation
and maintenance) of a built environment, as described in ISO 23932-1.
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~

Set FSE project scope
(clause 5)

Identify fire safety objectives \‘

o

[ (clause 6)z )
v

(

[

Identify functional requirementsw
(clause 7)2 )

Boundaries of analysis

(clause 8)b

v

Identify performance criteria
(clause 9)a

Select risk analysis approach ]

v

Y

-
Create fire safety design plan
(clause 10)

Does life-cycle analysis
show changes ?

(clause 16.3) Yes

\

- : : No
Determine design scenarios

(clause 11)¢

Execute fire safety management
(clause 16)

Select engineering methods A
(clause 12)4

Implement fire safety design plan
 / (clause 15)

Evaluate design A
(clause 13)e

Document in final report
(clause 14)

No

No Are performance criteria Yes
satisfied ? |
(clause 13.4)

Are other FSOs affected ?
(clause 13.5)

a2 Seealso ISO/TR 16576 (Examples).
b Seealso ISO 16732-1,1S0 16733-1, ISO/TS 29761.
¢ SeealsoISO 16732-1,1S0 16733-1, ISO/TS 29761.

d  See also ISO/TS 13447, 1SO 16730-1, ISO/TR 16730-2 to 5 (Examples), ISO 16734, 1SO 16735, ISO 16736,
ISO 16737,1SO/TR 16738, ISO 24678-6.

¢ SeealsoISO/TR16738,1S0 16733-1.
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NOTE Documents linked to large parts of the FSE process: ISO 16732-1, ISO 16733-1, ISO 24679-1,
ISO/TS 29761, ISO/TR 16732-2 to 3 (Examples), ISO/TR 24679-2 to 4 and 6 (Examples).

Figure 1 — Flow chart illustrating the fire safety engineering process (design, implementation
and maintenance) as per 1SO 23932-1:2018, Figure 1
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TECHNICAL REPORT ISO/TR 23932-2:2020(E)

Fire safety engineering — General principles —

Part 2:
Example of a dry-cleaning store

[y

Scope

—3

his document provides a complete example to illustrate ISO 23932-1.

—

he example is a dry-cleaning store, for which the fire safety objective is life safety, for bot]
dcated inside or outside the shop, in the event of a fire within the shop.

[a—

NOTE Generally, an FSE study is not needed for such a small shop. However-this example was
deémonstrate the application of ISO 23932-1 in detail while keeping the documentation provided sufficie

Normative references

2
The following documents are referred to in the text in such*a way that some or all of thei
c
u

hdated references, the latest edition of the referenced document (including any amendments]
1§0 13943, Fire safety — Vocabulary

10 23932-1, Fire safety engineering — Generalprinciples — Part 1: General

3] Terms and definitions

3]

br the purposes of this document; the terms and definitions given in ISO 13943 and ISO 23937

et

§0 and IEC maintain terminological databases for use in standardization at the following add

- 1SO Online browsing(platform: available at https://www.iso.org/obp

- IEC Electropediai-available at http://www.electropedia.org/

Objective

The objective of this case study is to demonstrate, by way of an example, how a fire safety eng
(FSE) process (as illustrated in the chart in Figure 1) can be applied to a simple building.

h people

rhosen to
ntly brief.

content

bnstitutes requirements of this document. For dated réferences, only the edition cited applies. For

applies.

-1 apply.

fesses:

ineering

5 Example of FSE process applied to a dry-cleaning store

5.1 Scope of the project concerning FSE process (ISO 23932-1:2018, Clause 5)
The project is the construction of a small shop for dry-cleaning activity.

This dry-cleaning shop is open 6 days a week, between 8 am and 7 pm. The staff consists of
(the manager, three laundry employees, one surface technician).

Its activity involves the usual activities of dry-cleaners, namely:

5 people

— receiving clothes (to be washed) at a counter (direct connection in business with customers);

© IS0 2020 - All rights reserved
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— sorting clothing in packaging containers;

— brushing and stain removal of clothes;

— use of a washing and drying machine (front-opening window);

— ironing clothes;

— handling and packaging of the clothes under cover;

— stor

ng clothes before and after washing;

— rece
— deliv

With the

— accounting and administration for a small business;

— clea

The buil
windows
common
and apaf
shared a
from the)

The couy

about 2 1 high, which separate it from other courtyards of neighbouring buildings.

On each
a kitchet
a kitcher
the pres;
and per {

ving and storing products used in dry-cleaning;
rery of clothing to the customer.

further complementary activities:

hing and maintenance of the facility.

ling is an old building consisting of 2 stories, with the north and seuth facades equipped with

and overlooking either the street or an interior courtyard. The east and west facades are
with neighbouring buildings. An entry on the west side of the'property leads to the stairwell
tments upstairs. A trash storage room and a bike storage/foom are adjacent to the shop with
Ccess from the courtyard (see Figure 2). The building is equipped with a garbage chute accessgd
upper floor.

tyard serves as a car park for residents of the building and employees. It is bounded by walls

loor there are two apartments. One type T2)composed of abedroom, aliving room, a bathroor,
| and a separate toilet. The other type T4,is composed of three bedrooms, a large living roomm
, a bathroom, a toilet, an entrance and a hallway with storage cupboards (see Figure 3). Note
ence of a balcony at the first-floor level overlooking the street. There are five windows per flogr
acade. At the balcony level, there are French windows. Each apartment has a fireplace.
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Figure 2 — Ground floor (dry-cleaning shop) plan
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Figure 3 — Upper floor (flats) plan

The builgling has the following characteristics:

a) floor:
— full reinforced concrete slab 18 cm thick;

b) concrete load-bearing walls 20 cm thick:
— delimiting the outline of the building;
— separating the local trash room and the staircase of the shop;

— separating the two apartments on each floor;

4 © IS0 2020 - All rights reserved
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internal partitions:
— solid brick walls 6 cm thick;
wood frame windows;

solid wood doors.

The property is located in a large city, on the ground floor of a residential building in a one-way street,
with parking authorized vehicles on both sides. The environment consists of the following elements,

W

®

hich are assumedtaonot r‘hangn inthe future:

he shop is located on the ground floor of the building whose construction predates 1986. Wi
rea of 120 m2, there are three distinct areas (see Figuxe'4):

he ceiling height is 2,50 m, for ground dimensions of 11,40 m x 10,90 m. The shop feature
cade overlooking the street and windows overlooking the internal courtyard to provide light.

door provides access to-the building lobby that serves the non-enclosed stairwell. The electy
hs-meter and water supply-meter of the shop are located in a wall cupboard in the stairwell.

eastside, the presence of an adjacent residential building composed of two apartments.onty
and a tobacco/press shop on the ground floor. Access to the courtyard for cars)sepai
establishment from the tobacco/press shop;

west side, the presence of an adjoining apartment building composed of four apartme

wo floors
ates the

nts over

two floors and a neighbourhood grocery store on the ground floor. The Staircase leadipg to the

houses of the neighbouring building separates the dry-cleaning shop front'the grocery sto

north side, the presence of a clinic on the other side of the street (yis-a-vis). It is separated
about 2,50 m high overlooking a car park and a garden. The mairbirilding is located 20 m ax
the street;

south side, the presence of a courtyard used as car park-and gardens of neighbouring builg

the "commercial” area where the reception areais located for customers and where prody
by the laundry are received;

the "dry" area itself that covers the main activities (sorting, washing, ironing, storage, etc

the "administrative" area made uplof a desk and archive cupboards.

e
by a wall

vay from

lings.

th a total

Icts used

s a glass

ic-meter,
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Key
1 comipercial area
2 dry-dleaning shop
3 offic¢ room

Figure 4 — Three different areas within the shop

It is assumed that the shop is designed to fulfil national regulations and fire safety standards related {o
the city yhere the building is located. These regulations are mainly:

— alaHour code;

— adegree of 25June 1980 and of22 June 1990 approving the general provisions of the safety regulatiqn
agaipst the risks of fire;and panic in establishments open to the public.

These regulations havethe'following main objectives:

— the protection of-the health and life of the occupants of the establishment;

— the protection of surrounding people;

— the huilding owner is forced to ensure that the building design minimizes the risk to workers;

— theuseris obliged to ensure that the workspaces are arranged so that their use ensures worker safety:.

The chemical products used in the activities of dry cleaners contain volatile organic compounds (VOCs),
harmful to health. For example, perchlorethylene has been classified R40 (suspected carcinogen).
Regulations concerning installation classified for the protection of the environment have made some
constructive provisions and mandatory safety measures from a defined threshold of such a hazardous
product.

The organization of this project revolves around:
1) the client who will be the future operator. They are responsible for:

— the choice of voluntary security objectives to complement the "regulatory" objectives;

6 © IS0 2020 - All rights reserved
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— the project financing and choices made thereunder;

2) aproject management team (design office + architect), which coordinates the various stakeholders'

trades. They are responsible for:
— the choice of skills and trades required for the project;
— the budget and integration requirements from the FSE study;

— satisfying the regulatory requirements and the meeting required time-frames;

3) the engineering design office responsible for the FSE study. They are the guarantd
application of the methodology and have a duty to advise on the different phases of the FSE.
ré¢sponsible for:

— the choice of engineering tools to set up and the competence of the users;
— the coherence between the input data and the results given by the FSE study;
—+ the feasibility of the design solution with respect to the regulatory reguirements.

4) the insurer, who can make his/her point of view to the operator,on the development strate
work safety regarding contractual requirements; and
5

the relevant safety committee, which has to validate the pteliminary study report and thet
study, leading to the operating license.

Tb meet fire safety objectives as prescribed in the, national regulation and standards, pre
r¢quirements are implemented except those in direct relation with the current FSE study which d

— the smoke generation and propagation withinthe shop;

— the tenability of people;

— and, regarding safety of neighbours:

— smoke propagation within the stairwell leading to the upper floor of the building;
— assessing the risk leyél.of fire spread by the facade;

— fire resistance of the upper floor of the shop.

Regarding protection-of environment, there are specific regulatory requirements according
of 2 May 2002 oncthe general requirements applicable to facilities classified for the protecti
e

trteatment of feXtiles or clothing. These prescriptive requirements are fulfilled.

5|2 Identification of fire safety objectives (ISO 23932-1:2018, Clause 6)

r of the
They are

gy of the

h the FSE

scriptive
eal with:

a decree
bn of the

hvironment subject to declaration under heading No. 2345 on the use of solvents for dry-cleaning and

%1

24 Qafnfy oflife

Selected fire safety objectives are the protection of health and life of:
— occupants, namely the employees of the company and the public;
— neighbours;

— fire fighters.

5.2.2 Conservation of property

The property conservation objective regarding the shop is not a selected objective of this document.

However, safety of movable and immovable property of third parties is an objective to fulfil.

© IS0 2020 - All rights reserved
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5.3 Identification of functional requirements (ISO 23932-1:2018, Clause 7)

According to fire safety objectives mentioned within 5.2, the associated functional requirements are

the follo

5.3.1

wing.

Occupant protection

The objective is to avoid endangering people in the establishment, i.e. customers, employees and
potential suppliers.

the occ

In case ioccurrence of a fire, the general provisions should allow an evacuation of the facility withot

ants having to suffer the effects of the fire. Tenability conditions should not vary abfupt

before the evacuation of the facility.

This reqpirement is especially supplemented by the following sub-requirements:

— visiljility for distinguishing evacuation signage;

— fire

5.3.2

levelopment compatible with the fire evacuation of people.

Protection of neighbours

Neighboyrs should not be impacted by the effects of the fire. Those preésent in the apartments locatg

above th

for the whole duration of the fire scenario.

5.3.3

The fire

Protection of fire fighters

Fighters must be able to conduct reconnaissance’in establishing and evacuating bystanders an

resident§ who may be impacted by the fire.

5.3.4
The fire

Property protection

at the facility should not spread terneighbouring structures (buildings located on both sides

nor to thie apartments above. It must not'cause irreversible damage to them, for the duration of all fi1

scenariogp.

5.4 Selection of risk analysis approach (ISO 23932-1:2018, Clause 8)

The curfent performance-based fire safety design uses an absolute approach with determinist

analysis

The deterministic analysis involves the evaluation of worst credible case scenarios, i,

scenariop that represéntza severe but not unlikely challenge for the shop. It is based on the estimation
the seriqusness of the consequences of each design scenario, which is compared with threshold valug
expressdd within's.5.

5.5 Identification of performance criteria (ISO 23932-1:2018, Clause 9)

5.5.1

e shop must be able to stay in corridors and flats, while having(satisfactory tenability conditions

1t
y

d

d

ic

bf

Protection of occupants of the shop

To satisfy the objective of protection of occupants and associated functional requirements, performance

criteria

— The
— The
— Rad

are as follows (before the end of the evacuation).
temperature at 1,80 m above the floor does not exceed 60 °C in the "commercial” area.
distance of visibility at 1,80 m from the ground is not less than 5 m in the "commercial” area.

iative flux incident, to people in the "commercial" area, is not greater than 2,5 kW/m?2.

© IS0 2020 - All rights reserved
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5.5.2 Protection of neighbours
The criteria achieved are:

a) regarding the apartments:

— temperature of the unexposed side of the top floor of the shop is less than 60 °C on average;

— thereis no drop of visibility due to the presence of smoke (which also covers the risk of toxicity);

— no broken glass at the windows of the first floor of the external facade of the building:

— absence of collapse from the top floor of the shop (throughout the duration of the fire)
b) asregards the corridors and stairwell:
— the temperature is less than 60 °C;

— visibility is not less than 10 m.

9]}

5.3 Protection of fire fighters

—3

he performance criteria for the protection of fire fighters during their intervention in the shg

- no falling objects and materials on fire fighters;

- no potential obstacles in the traffic lanes in the shop.

Z

OTE The criteria for the protection of neighbours forthe evacuation of persons present in the ap
so address the protection of fire fighters.

o8]

9]

5.4 Property protection

—

he criteria associated with the protectidn of goods and neighbouring properties are:

- the top floor of the shop should:riot undergo deformation which may lead to the collapse;

- temperature rise is not greater than 140 °C on the unexposed side of the peripheral walls of

- no broken glass at the. windows of the first floor of the external facade of the building.

5/6 Fire safety design plan (ISO 23932-1:2018, Clause 10)

The proposed _design solution is based primarily on prevention measures to reduce the oc
hd intensity“of the feared event (to prevent fire spread to the whole shop). The risk man
strategy is-directed towards reducing the likelihood of a fire starting and development of a f]
the elimination or reduction of fuels and sources of ignition) and the setting up of devices to
spread\of the fire.

o)

p are:

artments

the shop;

currence
agement
ire (with
limit the

5.6.1 Development of the proposed solution

5.6.1.1 Prevention
Preventive measures aimed at reducing the hazard potential:
— limitation of flammable products in daily amounts in the activity area;

— permanent ventilation of premises, monitoring the ambient temperature;

© IS0 2020 - All rights reserved
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restriction of the quantity of goods stored to that necessary for one month of activity (not long-term
storage);

no light fixtures above the storage area. They are installed above the passageways;

electrical system complying to the required standards and inspected every year;

no multi-sockets in offices, the installation of wall outlets to be of sufficient number;

regular maintenance of the machines.

Preventi

phy
phys
wor]

phyg
mac

phys
phyg
phyd

use

Preventi

flam
phys
inst:

inst:

5.6.1.2

Passive neans of protection:

curri

closing access-to'the stairwell with the replacement of the door by a wall;

curr

NOTE 1
proposedTire scenarios. In particular, the rollowing have been audited:

ve measures aimed at limiting the fire development:

ical separation of the office from the rest of the facility including use of door closers;
ical separation of the reserve from the rest of the facility including use of door clesers;
x organization: separation of activities;

ical separation of the preparation area of the clothes (laundry to be washéd) and the zone of the
hines;

ical separation of the area of the zone of the machines and the clothes storage area;
ical separation of the ironing zone and linen (clothes) storage area;

ical separation of the customer reception area from the €gst of the establishment;

f non-flammable materials for construction products.(e.g. floor, walls and ceiling).
ve measures aimed at reducing the kinetics of the fire:

mable products in permanently closed containers;

ical separation of flammable products.ifia closed cupboard;

llation of closed cupboards for archives in the office;

illation of an emergency exit,opposite the main entrance of the establishment.

Protection

ent perimeterdanasonry walls 20 cm thick;

ent upper floor slab with a thickness of 18 cm.

The relevance of the effectiveness of passive means of protection has been verified through tl]le

the sufficiency of tightness (integrity) to the smoke and flames and the heat insulation of the facade
of the building and inner peripheral partition walls to satisfy the fixed objectives;

the security option of closing the stairwell. This audit was conducted via a smoke propagation study

scen

ario in this staircase, taking the hypothesis that the current door remains open;

the sufficiency of tightness (integrity) to the smoke and flames and the thermal insulation of the top
floor of the facility to meet the objectives set.

Means of active protection:

— installation of two fire extinguishers of 6 litres; with annual service and maintenance;

10
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— installation of two Autonomous Alarms Smoke Detectors (DAAF in French); annual service and

maintenance of detectors;

— emergency lighting over the exit.

NOTE 2  The scenarios studied do not take into account the use of extinguishing means. On the other hand,
water extinguishers are adapted for the control of fire initiated in textile materials and can thus contribute to

reduce the risk of development of a fire.

5.6.1.3 Forecast

Measures for emergency actions:

- Egress plan / shop map.

- Staff training in risk prevention at the workplace and the use of emergency resources.

- Reminder of emergency numbers near the phone.

9]}

6.2 Description of the management of fire safety

—3

he manager is responsible for fire safety of its establishment. As such, they will take care of:

- training of staff and external stakeholders within the shop;

- servicing and maintenance of equipment;

- compliance with preventive and protective measfires considered in this document.

<

brification will be transcribed in a specific spécification to be followed over the life of t
rchived and protected from any disaster in thefacility.

o8]

9]}

6.3 Design proposal

>

t this stage of the design, the number and type of machines used are not yet defined. The p
jto account the possible maximum' capacity based on the size of the machines, namely (dir
ccording to data width, depth and height, in mm):

Qy =

—+ 2 dry-cleaning machines/(unit capacity 19 kg): 1 960 x 1 430 x 2 150;
— 2 washing machijrnes (unit capacity 55 kg): 1 450 x 1 400 x 1 750;

— 3 machine dryeérs (unit capacity 25 kg): 950 x 1 400 x 1 900;

— 2ironingBoards: 1 610 x 520 x 885;

— 2 steai generators: 450 x 410 x 830;

he shop,

an takes
nensions

— ~1'manual wrapper: 1 450 x 700 x 900;

— 1ironing machine: 2 490 x 1 070 x 550.

Figure 5 shows the draft layout of the shop.
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é@v Figure 5 — Design proposal of the shop

—_
N

vsed for the ground floor (tlles) the cellmg and walls (pamt) w1ll be

mineral wool (espec1ally for the evacuatlon of steam)

low or no

The top floor of the local pressing is composed of two continuous slabs, each resting on the external
walls and on a central beam. This continuous beam consists of three sections, supported both on the

external walls and on a central column (see Figure 6).
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Key

1| beam
2| concrete slab, thickness = 18 cm
3

column

Figure 6 — Plan structure elements of the top floor of the shop

Regarding the design of the slab, the:Joading is: G = 6,72 kPa and Q = 1,5 kPa. The thickness
The lower reinforcements parallel.to the y axis are made of steel diameter ®12 mm spaced eve]
(1,53 cm? / m) and the steel reinforcement parallel x ®8 mm diameter spaced every 20 cm (2,5
Aln upper steel lattice of ®8min steel diameter, spaced 20 cm in both directions is set up to 3,5
the upper side.

Ak the beam level, the-npper reinforcement bars @12 mm diameter spaced every 20 cm (5,65
ate putin place. The'concrete cover of rebars is 2 cm and it could be increased up to 3,5 cm if n¢
fire resistance.

Fpr the design of the continuous beam, the loading is G = 40,85 kN/m and Q = 8,7 kN/m. Th{
are 6,43-mvand 4,575 m length. The beam section height is 43 cm and its width 30 cm. Co
the spamrof 6,43 m: lower reinforcing bars are made of 6016 (12,06 cm?), above the supporn
of 4920 (12,57 cm?) and 216 (4,02 cm?) and top reinforcement on support based on

s 18 cm.

ry 15 cm
'm?2 / m).

cm from

rm? / m)
reded for

bir spans
ncerning
t frames
the post

0 (19 L7 N V.. WAl de)

4 ANYal : &1 £ 4 I 1 33kl H 1 | 04 2
LU (14,07 LHTT ). GUILILTT TG LT SPdll Ul 7, o7 0 L TUWCTT TTIHITUT LIS U4dl S AT T HHTautT UL T 10 (O, cm ),

top reinforcement on the support 4®20 (12,57 cm?2) and top reinforcement on 212 riverside support
(2,26 cm?2). The concrete coverage of rebars is 2 cm, which could be increased up to 4 cm if needed for

fire resistance.

For the design of the central column, the loading is G = 938,36 KN and Q = 174,25 k. The cross-section is

0,30 x 0,30 cm?. There are eight reinforcement bars with a diameter ®20 mm (25,13 cm?). The
coverage of rebars is 2 cm, which could be increased up to 3,5 cm if needed for fire resistance.

© IS0 2020 - All rights reserved
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5.7 Fire and behavioural scenarios (ISO 23932-1:2018, Clause 11)

5.7.1 Hazard identification
Internal identified hazards are:

— products and materials, e.g. textiles, chemical products (stain removal, dry cleaners
(tetrachloroethylene);

— tools and equipment, e.g. dry-cleaning machines, washing machines, dryers, irons, press or ironing
boayds, dry steam generator (press machine), or various electrical equipment (computers, eagh
register, radio, lights, etc.), covers packaging machine (packer);

— prodess, e.g. receiving, sorting, handling, machine loading and unloading unit, packagingandplacgd
undér cover, maintenance of machinery.

Accordirlg to a survey conducted by the French BARPI in 2008 (http://barpipdf.geniecube.info/liste

etude_pressing.pdf), seven cases were identified between 1991 and 2000 where-fire occurred In
premise$ having such activities. The vast majority of events are related to leakage of tetrachloroethylenje
or perchlorethylene. These products are indexed as toxic and dangerous when-inhaled.

5.7.2 Fire scenarios

The spirft of ISO 16733-1 and its nine-step systematic procedure foridentifying the design fire scenarigs
was follgwed. However, due to the size of the shop and the limited"number of occupants, some of the
steps wefre merged.

The risk|analysis is based on a relative comparison of the §6enarios to determine those which have gn
impact on the fixed objectives. The purpose of this step’is'to provide a few scenarios that will be usdgd
for the eyaluation of the design solution.

Fire sprgad can occur due to:

— flanl(;contact: the flame licks over fuel and causes its inflammation. The flame contact is limited {o
the immediately accessible area by the flame zone;

— conyection: hot gases heat the fuel relay which comes up to the ignition temperature. Propagatigqn
by cpnvection is limited to the upper part of the volume;

— radiption: flame emittance ‘causes heating of the surrounding combustible materials until the
ignifion temperature. Albfuels visible by flames are affected by the radiation.

The transfer by conduttion and transport of sparks is not studied because it is considered negligibje
compared to other fire transfer modes.

The congideration*of combustible materials is limited to combustible fuels present in relatively large
amounty in_the facility (i.e. textiles, machinery, furniture). Fuels present in small amounts and having
no impag¢t®n the development of fire (e.g. plastic electrical outlets) are excluded.

The identification of a single ignition source (e.g. electrical, thermal) is sufficient to consider the
potential fire hazard. Possible preventive measures are taken into account in assessing the risk of fire
initiation. For example, if all fuels are protected in fire cupboards, and potential ignition sources are
external, the starting fire is not considered. Conversely, the presence of electrical equipment of any
kind is considered sufficient to cause a start of a fire (e.g. lighting).

The factors having an influence on the evolution (worsening or limiting) of the fire are:

— ease of ignition of fuels, regarding their nature, their state of division, their physical characteristics
(e.g. ignition temperatures, dimensions);

— their ability to participate in the fire (calorific value, burn rate, fuel availability).
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For safety objectives of this project, the presence of a secondary fire source close to the main fire source
will be studied. The study considers the generalized ignition is possible if no action is taken on the
initial outbreak of fire.

5.7.2.1

Identification of potential fire scenarios

The proposed design solution requires many of the sources of ignition hazard potential to be separated
by construction or distance. Table 1 lists the event initiators identified according to the location in the

facility.
Table 1 — Potential initial events
Location Ignition source Combustibles Existing Predigtable
measure event
Power Supplies Start a fire on the
(computer, Paper, computer —
counter
phone, etc.)
(ommercial 1
drea Packing machine Polyethylene film — Start. a firg in '_che
packing mpachine
I Lighting within
Lighting o ¢corridor o
Storagg ared Lighting Clothing, various textiles nghFlng within ) _
dlean linen corridor
Stor_age ared Lighting Clothing, various:textiles ngh:clng within —
received linen corridor
) L Linen, fuelelements of the Start flre (na .
Washing Electrical incident X — washing machine
: machine
rhachine and / dryer
dryer zone ichti ithi
Y Lighting Linen ngh.tlng within | __
corridor
Linen, fuel elements of the giar_zlfé;i&?l a
) Electrical incident machine Toxic product: — maychine' toiic
Dry-cleaning perchlorethylene :
machine area release
Lighting Linen ngh_tlng within —
corridor
D N Linen, fuel elements of the Start fire[in the
Electrical incident ; — .
Ikon machine machine machine
drea ichti ithi
Lighting Linen L‘gh.““g within —
corridor
Electrical incident on Fuel elements of the ma- - Start fire jon the
steam generator chine steam generator
Jteam geherator Start fire jon the
jnd iron board |Heating element (iron) |Linen — L
& ironing bard
Lighting Linen nghfclng within | __
corridor
N Products in closed
Storage room Lighting Solvent products cupboards —
Electrical materials Various papers o Start a fire within
Offi (computer, phone, etc.) pap the office
ice
Lichtin Materials of light fittings, |Lighting within |
g g diffusers, cable insulation |corridor
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According to these fire initiation events, the following fire scenarios are identified:

— fire on the counter or on the packaging machine: The assumption in this scenario is starting a fire
located at the customer reception counter. The presence of sensitive and dispersed fuels (such as
sheets of paper or plastic) is favourable to a plume fire spreading step by step;

— fire on a washing machine / dryer: The assumption in this scenario is starting a fire located at
a washing machine or a dryer. It is therefore initially an electrical fire (short circuit) or thermal
(heating of a textile);

— fire
or a
prog
of 17

— fire
so th

— fire
text

— fire
sma

— fire
sou
will

— fire
conf

— fully

to spread of the fire to the whole shop. The fire will then spread to all marketable fuels and cou

imp4{
leve

5.7.2.2

The follg
above an

The scen
— Scen
— Scen

— Scen

DI1 d L‘ll _y‘LICdllills llldL}lillﬁ. T}lib SLCIIdAI iU ib VCl _y billlildl ‘LU d fll [S] b.Ldl .Lills Ull' d Vde}lillg llldbllil
dryer. The main difference comes from the presence of highly toxic products used in\th
ess: perchlorethylene. Although the product is non-combustible, the evaporation températui
1,2 °Cis very low and the product can spread rapidly with the smoke;

bn the ironer: The ironer is a machine for ironing the clothes automatically. Therpriocess is ha
e fire risk is higher than in the previous scenarios;

bn the generator or on the ironing board: This scenario implies again a hot.process directly d
les. The risk of spread is higher due to the presence of linen close to potential fire starts;

n the office: This scenario is relatively common which could be due to, e.g. short circuits
| electrical equipment or the desk lamp, hazardous products leftiin the trash;

n the linen storage area: Taking into account the prevention measures taken (distance fro
ces of ignition), this scenario is not relevant. However, this“area has the largest heat load ar
be taken into account in the fully engulfed fire scenario;

n the storage room: Given prevention regulations/considered (removal of ignition sources arf
inement of fuels produced in closed cupboards), this scenario is not relevant;

engulfed fire within the shop: All fire starting scenarios mentioned above can lead in tin

ict neighbours, either by smoke and flames especially at the upper levels, or remotely at grour
, due to the radiated heat flux.

Selection of design fire scenarios

wing table shows the priority of scenarios that could challenge the safety objectives defing
d states the evaluatipn,criteria.

arios are:
ario 1: Startlef-fire on the counter or on the packaging machine;
ario 2: Start of fire on a washing machine / dryer;

ario.3: Start of fire on a dry-cleaning machine;

n

m
d
d

d

d

— Scenario 4: Start of fire on the ironer,

— Scenario 5: Start of fire on the generator or on the ironing board;

— Scenario 6: Start of fire in the office;

— Scenario 7: Start of fire in the storage area;

— Scenario 8: Start of fire in the storage room;

— Scenario 9: Fully engulfed fire within the shop.

Given their origins, scenarios 1 to 5 can be grouped under scenario 3, the latter being considered
the most unfavourable regarding safety objectives due to the presence of toxic products. Moreover,

16
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scenarios 6, 7 and 8 are covered by scenario 9. This results in the following table for the relationship
between criteria and scenarios.

Table 2 — Selection of design fire scenarios

Acceptance criteria to be checked Flr? scenario ch_alle:ngmg Proposal for d(_e51gn
fire safety objectives fire scenario
Ambient temperature <60 °C in the All 3
"commercial” area
Vistbitity =5 i the“commmerciat area tto5 3
Ambient temperature in the upper
o All 3
gpartments <20 °C
No smoke in the apartments All 3
Ambient temperature <40 °C in All 3
the hallways and the stairwell
Visibility >10 m in corridors and
: All 3
the stairwell
Absence of falling objects on . .
flre fighters
Absence of obstacles in the . _
traffic lanes in the store
No collapse of the first floor 9 9
Temperature under thresholds
: All 3
fpr unexposed side walls
No broken windows on the first
All 3
floor of external facade
OTE For the performance criteria dealingwfith the absence of falling objects on people and the gbsence of

pstacles in store traffic lanes, only constructive provisions can be considered. The evaluation will th¢refore be
) the relevance of such provisions to meet the safety objectives.

o o =z

Cpnsequently, risk analysis showedtwo scenarios that could jeopardize the fire safety objedtives for
the shop:

—_

The first one is a startingfire in a dry-cleaning machine (Scenario 3). The heat supply may cqntribute
to the evaporation of toxXic products such as perchlorethylene. Two options will be investigated:

— 3adoor to the,staircase is closed;
— 3b doortethe staircase is open.

2) The seconid one is the spread of a fire involving all the fuels (Scenario 9). The size of the fjre could
be entowgh to cause damage to the immediate environment of the shop.

5|7.3,° Behavioural scenarios

The occupants of the shop are of three types:

— employees (3 persons permanently present). They have access to the entire property during
working hours;

— service providers (for maintenance of such equipment). They have access to the entire property
during short periods and defined in time;

— customers. They only have access to the "commercial” part of the establishment.

Given the activity of the shop and the accessible surface to the public, the shop will accommodate less
than 15 people permanently (public + staff).

© IS0 2020 - All rights reserved 17
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As regards the immediate vicinity, no assumptions are made regarding the characteristics of the
population living in the building. This population may be of any type. Taking into account the provisions
of the apartments, the study considers the presence of 6 people per floor.

5.8 Selection of engineering methods (ISO 23932-1:2018, Clause 12)

Tools to be used are quite different since the study will differ among the design fire scenarios due to
their different objectives:

— the scenario with the fire starting on a dry-cleaning machine (Scenario 3) is designed to evaluate
the gafety of persons on the ground floor of the building, as well as the risk of fire spread fromthe
outsfide and the smoke propagation within the upper floors.

— the pecond concerns a fully developed fire in the commercial area (Scenario 9) to ‘d@ssess the
behgviour of structural elements and the risk to persons in the upstairs living areas,

Regarding the objective of protecting people within the shop, the scenario will be simulated with the
CFD software. It makes it possible to determine the desired quantities (e.g. temperature, heat floy,
viewing (distance) at any point of the modelling domain. Use of this type of software also evaluates the
risk of trpnsmission through the facade and analyses fire behaviour of the figetimber door.

The safefy of neighbours involves an analysis of the fire resistance of the leadbearing structure und¢
a severe|post flashover fire. To assess the stability of columns, beams ahd flooring, we can be satisfig
with an[average temperature of hot layer regarded as evenly distributed. In this second scenari
simpler fwo-zone model software will be used. Thermal analysis“of the structural elements will t
performed with purpose-designed finite element software for obtaining field temperatures in tk
elementg. Finally, a mechanical analysis will be conducted to’check the fire resistance of the structurg.

D DO =

5.9 Scpnario-based evaluation of trial design (ISO 23932-1:2018, Clause 13)
5.9.1 (Quantification of design fire scenarios
5.9.1.1 | Input data

5.9.1.1.1 Input data for the first scenario (scenario 3):

The fuel|can be impacted by a fire which starts on a dry-cleaning machine and which concerns first|]y
fuel elements of the machiné itself (e.g. electrical, electronic components, rubber seals, paint shegt
metal), gnd the other textile’ items put inside (e.g. various characteristics of clothing: wool, cottop,
acrylic).

There are many kinds of textiles that can be involved:

— natural, animal (wool, silk) or vegetable (e.g. cotton, flax, hemp);

— artiflicial based worked cellulose (viscose, cellulose acetate), or non-cellulosic (latex, vinyl);

— synthetic, based on organic polymers (e.g. polyester, polyamide, polyethylene, polypropylene,
polyacrylic, polyurethane).

Natural cellulosic materials ignite easily and burn rapidly. Artificial cellulose such as acetate tend to
burn by melting, leaving a sticky residue which hardens after cooling. Natural materials of animal
origin are more difficult to ignite and tend to crack and char.

As regards the synthetic materials, primarily two kinds of combustion can be considered. The
chlorofibres group and aramid and polyamide imide tend to carbonize while polyamide 6.6 and 6,
polyester and acrylic are easily ignited and burn by melting.
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For most of the substances listed above, the calorific value is between 17 M] / kg (some cotton, for

example), and 30 M] / kg (polyester). Densities range from 200 kg / m3 to 1 200 kg / m3.

To limit the assumptions about fuel and associated data (e.g. quantity, calorific value, pyrolysis rate), it

is considered a single fuel, representing all the materials present in the shop. The choice was
use the acrylic values on the basis of experimental data.

made to

To be realistic while using upper bound, the assumptions of the fire scenario (for the main focus, i.e. the

two dry-cleaning machines) are, for the primary source of fire:

£ 1 it 4-0-1 VRN NI R | . £ . 1 I 1 1 . 1
— uclhqudIiitity. FU Kg (WILICITIS UIC SUIITITIAUUITN O LT HTTd X TTTTUIITN 104U O d Ul y=CICdILITg TTIdCITT

and the fuel load of the machine itself);
— calorific value of 21 M] / kg (experimental data);
— density of 200 kg / m3 (experimental data);

— surface pyrolysis rate of 0,08 kg / m? / s (experimental data increased to-éflect the scale

%]

hfety margins taken concern both the maximum intensity of fire (thtough the pyrolysi
fcreased) and fire duration (through the amount of fuel available in fulldevelopment phase).

—

—

he surface pyrolysis rate is considered an upper bound in respect of most solid fuels (ot

tiay, etc.) is of the order of 0,015 kg / m2 / s, a ratio greater than 4.

1e, 19 kg,

effect).

5 rate is

her than

textiles) present in the establishment. For comparison, the pyrolysis rate of solid wood (offlice, desk

The rise follows a curve in "alpha t2", the alpha coefficient being 0,011 7 kilowatts / s. The maximum
ppwer reached is limited by the burning fuel surface«This phase constant maximum power dontinues
uptil 70 % of the available energy is burned. Then, the power is reduced through a fast decay $uch that
1P0 % of the remaining energy is discharged during a double duration of a combustion at full gower.
Djifferentiation regarding the secondary saurces of fire is based on two parameters: the amount of
njaterial (linked to the duration of the fire)"and maximum power (assessed on the basis of a nfaximum
blirning surface).
The following table summarizes thé\input parameters of the secondary source of fire.
Table 3 =-\Input parameters of the secondary source of fire
Fire source Iron Ironing Washing Linen Coupter
machines tables machines storage
and dryers
Quantity of 2 5 100 1000 b
substance (kgj
Naximum 420 840 1680 16 800 840
Hower (KW)
Ypredd\velocity Slow Medium Slow Fast Slow

+ h +1 i + +1 PR | >
T IS POWET CUT'VES dI'€ PICSCIILEU T LIIC MEXT TIZUTLCS. T‘IULU LIIdU LIIC SCTIIAT TOS.

— take into account sufficient air renewal to ensure complete combustion;

— are an envelope in terms of the power curve of a real fire and in view of the safety objectives to be

assessed.
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Figure 7 — Power curves of different fire sources
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Figure 8 — Power curve for the linen storage
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5.9.1.1.2 Input data for the second scenario (scenario 9):

This is a generalized fire to the whole laundry area. The power of the fire source of the linen storage
represents the bulk of the contribution to the total power of the fire. To obtain an onerous thermal load,
the power curve used as the initial focus will be that of the stored clothes, with, as in the first scenario,

the possibility of spreading to other fuel elements of the room.

Simulations of the two scenarios are decoupled, based on the security objectives to be assessed.

5.9.1.2 Estimation of consequences

9]}

9.1.2.1 Scenario with fire starting on a dry-cleaning machine

9.1.2.1.1 Calculation parameters regarding fire development

5

The computational domain occupies a volume encompassing the ground floor-and an exteri
bpunding volume to the first level, and a floor area of 141 m? (Figures 9 and 10).
T
B
a

he total number of elements: 475,200, with individual cells 10 cm x 10'cm x 10 cm.

pundary conditions as wall for external walls, floor and ceiling; with inert wall for floor and|
nd free elsewhere.

hd specific fuels (e.g. linen storage, dry-cleaning machines, ironing boards) which follow t}
irves given in Figure 7. The flaming ignition of the burhing equipment is subject to reaching
t¢mperature of 200 °C.

Modelling the fuel load, including internal obstacles of combustible material like wood (intern
a
c

The initiation of the fire is modelled by a hot spot located at the laundry close to a dry-cleaning
(Figure 10).

The room ventilation is provided througtythe front door left open (2,2 m2) and a large gap u
bn-fire door (0,4 m2) fitted to represent the vents and leaks by the frame of doors (Figure 9). A

o=

bghaviours:

- non-fire-resistant integnaltimber doors;

- window glazing whickris assumed to break when the glass temperature exceeds 220 °C;

- door 1 h fireprooftimber (fire resistance 1H solicitation under ISO 834-1).

r facade

ceilings,

al doors)
le power
h surface

machine

nder the
dditional

dads are possible depending on thé\thermal load, the apertures concerned are assigned the following
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Figure 9 — Perspective vie‘@sﬁ\he front door open
¥
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Key

1| DAAF 1, location of the optical sensors ofsmoke
2| DAAF 2, location of the optical sensorslof smoke
3| fire origin/starting location

6| destructible glass partition

Figure 10 — Plan view of the ground floor, door EI60 (P1)

bur separate regimes emerge in the course of the fire. (i) an initial growth phase with radiative heating
[ combustible products near the origin of the fire; (ii) a phase of growth slowed without fugther fire
Fopagation to other combustible products, with a heat energy accumulation stored in the warm layer;
ii) a'fast growth phase of the fire when the hot layer leads to the breakage of windows and rapid ignition
O‘F alb fuel present in the room. In the storage area, this growth is followed by a corresponding plateau
when the fire mobilizes most of the available fuel load; (iv) a phase of decrease of power or decay.

5(9.1.2.1.2 Fire'development
F
0
p
(

Full development during the third phase largely depends on the supply of fresh air following the
breaking of glass. The breakthrough time of the individual windows is shown below. It is assumed that
glass completely falls away from the opening following the breaking time.
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Table 4 — Breakthrough time of the individual windows

Scenario 3 Glass breaking time

Window 6 (separating glass for storage) 24 min 30 s (ty+ 1469 s)
Window 2 (facade close to storage) 25 min (t,+ 1520s)
Window 3 (15t floor close to storage) 28 min (ty+ 1677 s)
Window 1 (facade close to counter) 28 min30s [+ 1712 )
Window 4 (1st floor — centre of balcony) None

Window 5 (1st floor) None

Yt
0 10 20 30 40 50 60 Xl

00— 77T

10*

103 |

10% |

101 N A N 1 N o N N 1 N N N 1 N N
0 1000 2000 3000 XZ

Key
X1 time{min]
X2 time [s]
Y RHR [kW]

calculated RHR

prescribed RHR

Figure 11 — Power of the fire

5.9.1.2.1.3 Safety of people within the shop

The temperature levels are compared to various thresholds of vulnerability. This allows the time until
the tenability conditions are compromised to be determined. Beyond 300 s, the forced convection
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lowers the hot layer to the most distant parts of the fire, near each of the doors of the premises. After
a time of about 360 s, the warm layer drops below the critical threshold at the two doors of the room.
In the middle of the room Figure 12 shows the threshold being reached in the time between 365 s
and 390 s after the start of the fire. The results at the shop emergency exit is more limiting so we can
conclude that after 6 min the temperatures reached would compromise the egress conditions (see also

Figure 13).
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Figure 12 — Témperatures and time to reach threshold of tenability (T =60 ° C, 1,80 m
middle of the shop) betweent=1¢t;,+365sandt=¢;+390s
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le for more than 5 m visibility (see Figure 14). Evacuation conditions will be potential

Regarding visibility within the shop, given the smﬁlze of the room, conditions are here considerg
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hised by smoke opacity about 4 min 3{* the fire.
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Figure 14 — Plan view of the shop — Mapping 111ty conditions (scaled from 0 m to
representing tha\ alue 5 m in black

Alsimple calculation of heat flow allows us\i‘beéomplete the analysis of the evacuation conditi
hlculation is based on the thermal radiation transfer equations. The commonly applied met]}
iy that of form factors. To simplify, ave considered the flame as a cylinder. The flame

o =0

—3

—

om or a building under tl@ sumption of a collapsed roof.

| and confined, height and radiation have no real physical meaning
the effects of walls tend to lengthen its height, and the ventilation cc
1ttance

I our case, the shop is
flame is hidden by s
greatly influence i

Vertheless,é)approach can be considered to be on the safe side because:

flam ight and diameter of the cylinder lead us to a flame surface similar to th:
ation in FDS;

hlculated via the Thomas!['7], formila’and the emittance via the Mudan and Crocel!8] formulag.

30 m),

bns. This
hodology
height is

h

he field of application is the usual fire in free field. The method can be applied to a generalizedl fire in a

since the
nditions

it of the

%mittance is overrated and does not take into account its decrease due to soot in smoke.

The following table gives the results of calculations based on the input data identical to those of models:

Table 5 — Results of calculations

Time Power Flame height i
(from FDS results) Target distance
min oW m to have heat flux of 2,5 kW/m?
1 80 1,4 1mto 2 m (result: 1,75 m)
4 150 1,8 2mto 3 m (result: 2,5 m)
10 580 2,8 4 mto 5 m (result: 4,5 m)
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Overall, this approach can be considered on the safe side.

By coupling with other study data, the balance calculation confirms the possibility of evacuation in the
first 4 min of the studied scenario.

To summarize, previous findings can be considered as an upper bound approach that the time available
for evacuation is 4 min from a visual alarm verification of the people in the reception area. Given the
very small size of the area, the time available for evacuation of the public is acceptable, including for

disabled

Regardi
the time
of the log

5.9.1.2.1

The safe
and fire

onerous).

The mosg
facade. T|
lets the

spreading to the flat (see Figure 15). If the upstairs window is open,.the risk of fire spread starts fro

the mom

people.

o

required to trigger the detection and warning (DAAF), which is about 50 s. Given the small'size
al delay of about 3 min available for evacuation of personnel on the ground floor is acceéptabl

D

.4 Fire behaviour of windows

Ly of neighbours implies a longer-term analysis of fire resistance of provisionsysuch as regular
doors, as well as an analysis of the thermal stress of the structure (seelscenario 9, more

t significant risk vector regarding people located in the upper floo¥'concerns the building's
he previous clause shows that after 25 min the window close to the'storage of linen breaks arnd
lames escape. After 28 min, the window of the upper floor breaks, leading to the risk of fire

m

ent the window on the ground floor breaks at 25 min.

NOTE

Figure 15 — Fire situation in facade after 34 min

After the second break window on the ground floor in the front upstairs windows, protected by the

balcony, stand for the duration of the simulation (60 min), and the peak of intensity being passed, the balcony

doors res

28

ist the entire duration of the fire (Figure 16).
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Figure 16 — Thermal load to windows, surface temperature. Window 2 (ground floor gtorage

gide facade), Window 3 (15t floor side storage), Window 1 (ground floor side facade), Window 5
remaining intact (floor balcony next to reception), Window 4 remaining intact (floor ballcony in
the centre)

5/9.1:2:1.5 Fire behaviour of doors

A door with an "ISO" fire resistance, which could stop the fire spread to sensitive areas (stairwell), is
particularly analysed, as well as a similar regular door close to the fireplace.

Two different thermal effects are observable. At door 1 (near the fire start), the solicitation is primarily
due to radiation flux since the radiated surface probe reports (see D3 in Figure 17) a measurement
temperature much higher than the room sensor located in the same location. At door 2 (fire door), the
opposite phenomenon is observed. The room sensor reports a temperature slightly higher than the
measurement of the surface probe (see D8 in Figure 17), which means that the thermal solicitation is
driven by convective-type because of the temperature of the hot layer. Maximum temperature, after
30 min, reaches 450 °C on the exposed face.

In both cases, extrapolated from standard tests results, the integrity criterion of doors is assumed
during 60 min.
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Figurq 17 — Scenario 1 & Thermal solicitation of doors — Surface temperature and ambient
temperature on the side exposed at 1,70 m height
5.9.1.2.1.6 Scenario 3b, with the door to the staircase open
Scenario| 3bwihiere the fire door to the staircase serving the upstairs apartments has been kept opgn
was alsol ifivestigated. The above assumptions have therefore been retained with additional geometiy
appendet-totheprevious ome;,accorting to the representationrof Figure16:

The temperature levels reached at the staircase are compared to the vulnerability threshold. Table 6
shows that the egress conditions (at 1,80 m height) are compromised between 11 min and 12 min after
the fire. The curves shown in Figure 18 have been established to determine the limiting times. N1
curve corresponding to the temperatures reached in the middle of the first series of steps is very noisy,
reflecting a significant flow of fumes to the place where the criterion is met first. Approximately one
minute later conditions deteriorate in a quasi-simultaneous manner throughout the whole volume.
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Figure 18 — Scenario 3b: smoking out to the stairwell through the fire door left ogen
N
K Table 6
N

Location for i
) . .
temperature at ) Stairway land- | Stairway
1,80 m within O N1 N2 ing 1 landing 2 Ground floor

the staircag‘\

Time tor @.ﬁe between 11 min . . . .
threshold ~=60°C |30sand 12 min ~13min45s ~13min50s ~ 14 min ~ 14 1hin 20°s

>
v
A
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Figure [19 — Temperatur'€s reached in the staircase, injury time tenability threshold T = 60 °C,
1,801 high — Measured temperatures, smoothed values
The visibility levels feached the stairs are compared to the vulnerability threshold. The following table
shows that the egréss conditions are compromised about 6 min after the fire because then the visibility
is below|thecthreshold of 5 m. Figure 19 shows that conditions degraded in terms of stratification are
predictaple-before reaching the thresholds (see also Figure 20).
Table 7
Location for visibility Stairwa Stairwa
at 1,80 m within N1 N2 ‘way ‘way Ground floor
. landing 1 landing 2
the staircase
Time to reach visibility ~4min40s ~4min40s ~5min10s ~ 5min ~5min50s

distance of 10 m

Time to reach visibility
distance of 5 m

~6min20s

~6min20s

~6min40s

~6min40s

~7min10s
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Figure 20 Q@)nditions of visibility in the staircase, measured values, smoothed values
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