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Foreword

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

The procg¢dures used to develop this document and those intended for its further maintenance, are
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed\for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patént rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS{ list of patent declarations received (see www.iso.org/patents).

Any tradg name used in this document is information given for the convenience of users and does not
constitutg an endorsement.

For an eyplanation on the voluntary nature of standards, the <méaning of ISO specific terms gnd
expressiohs related to conformity assessment, as well as information about ISO’s adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow]ng
URL: wwv.iso.org/iso/foreword.html.

This docuyment was prepared by Technical Committee-ISO/TC 92, Fire safety, Subcommittee SC 4, Hire
safety engfneering.
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Introduction

The vast majority of fire safety designs rely on prescriptive specifications written into

regional,

national, or local regulations. Currently, various engineering approaches are also allowed by these

regulations, although information needed for an engineering approach is still generally

obtained

from conventional test methods. Fire safety engineering (FSE) is a discipline increasingly being used
throughout the world in support of performance-based design, i.e. the reliance on engineering methods
to determine whether a given design meets stated performance objectives. ISO 23932 provides general
principles for a performance-based methodology for engineers to assess the level of fire safety for new

or extsting butttenvironments—Ttire aafct_y tsevatrated-thr uu511 amrengireet ed apprt oachbag
qupntification of the behaviour of fire and people and based on knowledge of the consequend
behaviour on life safety, property and the environment.

The difference between prescriptive and performance-based approaches to firé’safety
highlighted in ISO 23932 by emphasizing the development of quantifiable fire safety design
anfl related functional requirements as the first step in a performance-based analysis.

to JISO 23932, the fire safety objectives include, for example, safety of lifé/*eonservation of
continuity of operations, protection of the environment and preservation of heritage.

In[ISO 23932, it is also mentioned that explicit performance criteria should be devs
eath functional requirement. Performance criteria are engineering metrics that are
in [deterministic or probabilistic (e.g. measures of fire risk) form to determine if each
requirement has been satisfied by the fire safety design.

As|a preliminary work prior to producing ISO standardized documents for fire safety
functional requirements and safety criteria, ISO/TC 92/SC 4 decides to collect the example
frdm the existing documents that have been developed in different countries in the course
toyards performance-based fire safety design. So\far, three countries have responded to the s
for] such documents, i.e. Japan, France and :-Néw Zealand. The development of these docu
summmarized below, was motivated by the-attempts to rationalize the existing fire safd
practices based on prescriptive building by-making use of fire safety engineering methods.

Japan: First developed by the Buildihg-Research Institute during the Ministry of Constructio
foi] developing a performance-based fire safety design method, 1981 to 1986, and sub
improved by the committee on fire safety design in Architectural Institute of Japan, of which

wds published in 2000.

France: Developed in theycollaborative research project to establish the bases to introduce
engineering into firetsafety design, which was conducted with the sponsorship of French
for] construction and home office from 2005 to 2011, involving research institutes, fire
practitioners, designers and owners.

New Zealand;' Developed by a working group made up of external fire experts and staff]
regulatory-agency. The group was set up to research and develop a suitable fire safety design f1
in fthe<course of amending the New Zealand Building Codes corresponding to the introduct
ilding Act 2004.
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Fire safety engineering — Examples of fire safety
objectives, functional requirements and safety criteria

and safety

2 | Normative references

Thlere are no normative references in this document.

3 | Terms and definitions
For the purposes of this document, the following terms and definitions apply.
IS and IEC maintain terminological databases for use in standdrdization at the following addliresses:

—| IEC Electropedia: available at http://www.electropediatorg/

—1| ISO Online browsing platform: available at http:/fwww.iso.org/obp

3.1
fupctional requirements
stdtement of the means to achieve specifiedfire safety objectives, taking into account the fegtures of a
bujlt environment

Nofe 1 to entry: Mandatory functionakrequirements are required by building codes or national rggulations;
voluntary functional requirements are.expressed by other interested/affected parties.

3.7
mandatory objectives
firg safety objectives, such”as life safety and protection of the environment, which are required by
bujlding codes or national regulations

3.

performance ¢criteria
qupntitative-engineering specifications, which form an agreed basis for assessing the safety of a built
enyironment'design

3.

satety factor
multiplicative adjustment applied to calculated values to compensate for uncertainty in methods,
calculations, input data and assumptions

3.5

verification

process of determining that a fire safety design complies with the fire safety requirements by examining
the design in the light of safety criteria

3.6

voluntary objectives

fire safety objectives, which are requirements expressed by interested/affected parties, beyond
mandatory objectives

© IS0 2017 - All rights reserved 1
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4 Examples from France, New Zealand and Japan

Annexes A to D contain examples of fire safety objectives, functional requirements and safety criteria
from France, New Zealand and Japan.
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Annex A
(informative)

Example of fire safety design objectives and functional

requirements in France

A.Il Introduction

Fi
by
ye
be

In
co

pr
18

e safety design in France for life safety and property protection is mainly prescyiptive and
regulation. Even if there are already partial openings to fire safety engine€ering, since

made in French fire safety regulations.

mid-2005, a collaborative research project was set up, with the spafisorship of French m
nstruction and home office, involving different partners including‘research institutes, firg
ctitioners, designers and owners. The research project, which ended by mid-2011, was di
main items, clustered in three main parts:

Development of general principles for FSE assessment:
— FSE methodology;

— objectives and performance criteria;

— fire risk assessment;

— design fire and behavioural scenakios;

— verification of the methodology by examples;
— validation by reconstructions of fire incidents.
State-of-the-art and research projects regarding:
— statistical analysis of fuel load density;

— characterization of burning items;

— fire development and spread;

— structural behaviour calculations;

~— " fire containment;

managed
bnly some

irs ago it has become increasingly obvious that more involvement in fire saféty engineering need to

nistry for
brigades,
vided into

©lI

— behaviour at elevated temperature of regular glazing;

— fire protection;

— human behaviour.

Communication and dissemination:

— teaching of FSE in universities or high schools for engineers;
— information and awareness of actors involved in FSE;

— publication of outcomes;

SO0 2017 - All rights reserved
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— proposals for regulation improvements.

A translat

ion of the general principles developed within the scope of this collaborative research is given

in this document. The performance-based structure consists of the three following levels:

— fire safety objectives;

— functional requirements;

— performance criteria.

Fire safet
buildings,
requirem
project.

A few ex
requirem
proposed

A.2 General

objectives whithare expticitty or impticitly mremntiomed i Frenchr regutations—for pmhlic
tall buildings, work places, warehouses, industrial plants, etc.) were identified. Funetional
ents were selected mainly by brain storming among the members who joined this-research

amples of vulnerability criteria have been given, involving life safety.objectives gnd
ents, and focusing on what should be “adequate tenability conditions”. Perfermance critefria
were derived from some national or international research works or standards.

A.2.1 P‘Jlrpose

This doc

criteria fq
safety of 3
performa

ment provides examples of fire safety objectives, functional requirements and performance
r interested parties involved in a performance-based approach to assess the level of flire
built environment. The development of quantifiable fire safety objectives is the first step in a
hce-based analysis. This is an alternative to prescribed regulatory requirements, giving mgre

freedom in the design of built environments, a better cost/benefit within sustainability development,

while retd

A.2.2 Sgope

The exani
process fq
when the
solution (
by the a
requirem

These obj
regulator

[t is neces
and perfo
jurisdictid

ining equal or higher level of safety perform@ance compared with the prescribed approach,

ples developed in this document can apply when performing the fire safety engineering
r a whole built environment or part of it, and for new or existing buildings. They can be uged
performance-based approaeh is considered as an alternative to a prescriptive acceptaple
n this case, performanee-criteria are not defined but relative to the performance reacled
fceptable solution when' considering the selected fire safety objectives and functional
bNts).

bctives can bearsed as either mandatory or voluntary fire design objectives, depending on the
Iy requirements Wwhich need to be fulfilled.

sary to flave an agreement on any assumptions taken for objectives, functional requirements
Fmanee criteria (when they are not explicitly given in the regulation) from authorities having
n,-prior to performing the assessment work as such.

A.2.3 Terms and definitions

A.2.3.1

compartment

enclosed space, which may be subdivided, separated from adjoining spaces by fire barriers

A.2.3.2

media impact

qualitative value of exposure through a given medium

© ISO 2017 - All rights reserved
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A.2.3.3

safe refuge

temporary location that is free from immediate danger from effects of fire
A.2.3.4

strategic function

capacity or resource of an entity or an organization that maintains its ability to achieve future
outcomes and determines its long-term performance

A.2.3.5

suflden change

trgnsition within a few seconds
A.2.3.6

untenable condition

condition such that people are unable to take effective action to accomplish their own escape|to a place
of afe refuge

A.2.4 Symbols and abbreviated terms

Shpwn below are the abbreviated terms that are used in this document.

FNR functional requirement
FSE fire safety engineering
OBJ objective

A.B Fire safety objectives

The fire safety objectives whieh\need to be addressed in design of a building can be related to|the safety
of life, property, environment,)continuity of operations, or cultural heritage. The different cafegories of
objectives are summarized-below.

ORJ 1: Health and life’safety

Life safety is often/the most important objective of fire safety design. It first involves occupdnts of the
bujlding and may extend to firefighters who are expected to assist in evacuation or prevent|extensive
unpontrolléd spread of fire, and finally to third parties. Thus, three sub-objectives are definedl.

OB]J 1-4:Health and life safety of occupants

OBJ4-2: Health-andHifesatetyof firefischters——————————————————————————————————————
OBJ 1-3: Health and life safety of third parties

OB]J 2: Environment protection

Avoiding long-term consequences of the environmental impact of fires is becoming a more apparent
goal. The objectives of environmental protection in case of fire may be divided into two main groups as
follows:

OB]J 2-1: Ground and water
OB]J 2-2: Atmosphere

© IS0 2017 - All rights reserved 5
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OB]J 3: Property protection

Protection of property from fire damage aims generally at limiting any damage to the contents of the
building, to the building itself, or to the vicinity of the building.

In the modern world, the cost of business interruption is also of interest because it may be much higher
than the cost of direct damage to the contents and the building itself. In the same way, preservation of
the strategic functions may be essential, especially when involving, for example, transportation, power,
and other infrastructures necessary to the functioning of a community.

Besides, some buildings with architectural, historical or cultural importance may have values which
cannot b¢ measured on a monetary scale. Their protection against the damage caused by fite is
consideref to be one of the basic moral duties of the society.

Finally, infmany fields of industry, a good public image is essential to success in business. A fire loss may
damage ppblic image and lead to detrimental long-term consequences.

As aresulf, the property protection objectives may be divided into the following sub-objectives:
OB]J 3-1: Nloveable properties and real estate within the premises

OB]J 3-2: Noveable properties and real estate of third parties

OB]J 3-3: (ontinuity of operations

OB]J 3-4: §trategic matters

OB]J 3-5: Rreservation of heritage

OB]J 3-6: Media impact

A.4 Functional requirements

Functiondl requirements are necessary to take into account specific conditions related to the built
environmgnt to enable the link between firesafety objectives and performance criteria.

OBJ 1-1: Health and life safety of occupants
FNR 1-1-1f: No sudden change in the tenability conditions before every occupant left the room of origjin

In the room of fire origin, thedifferent factors influencing fire development and spread of fire effluents
shall be spch that suddencchanges in the exposure conditions, which can catch the occupants before
they havel become aware of the hazard and have left the room, should be prevented. The underlying
idea is to|delay the ocCurrence of a flashover in this room, for example, by distancing the differ¢nt
combustilple materials present in the room, or by using safety systems such as automatic detection| or
sprinkler fystem:;

FNR 1-1-2: Adequate tenability conditions in the egress route up to any occupant left

The occupants must be able to totally evacuate the building without being subject to untenable
conditions.

FNR 1-1-3: Adequate tenability conditions in space within the building, outside the room of origin,
where people are waiting for rescue

The occupants must be able to remain in a safe refuge, waiting to get rescued, without being subject to
untenable conditions.

6 © IS0 2017 - All rights reserved
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FNR 1-1-4: Adequate tenability conditions for the whole duration of the fire, in space within the building
where people have found refuge

The occupants must be able to remain in a safe refuge for the whole duration of the fire without being
subjected to untenable conditions. This is the same as the previous functional requirement, except that
the possibility to get rescued is not considered. It could lead, for example, to a fire resistance rating for
the walls of the refuge more important that in the previous case.

OB]J 1-2: Health and life safety of firefighters

FNR 1-2-1: Adequate tenability conditions during the necessary time for the reconnaissance of the

Thjis mainly concerns the access paths for firefighting vehicles and the egress routesdo-searlch for the
gin of the fire or to identify specific risks such as storage of gas cylinders.

FNR 1-2-2: Adequate tenability conditions during the necessary time for evacudting people
Thie firefighters must be able to evacuate people without being subjected toamtenable conditjons.
FNR 1-2-3: No sudden change in the tenability conditions when fighting the fire

Sufficient time must be available for the firefighters to get out from the room, the floor or thle building
before conditions have become untenable. They should not be trapped by an extremely rapid firg progress
or pther flashover-related phenomena that may happen in a réom with combustible partition walls.

ORB]J 1-3: Health and life safety of third parties

FNR 1-3-1: Adequate tenability conditions within a-fieighbouring built environment during [the whole
dufation of the fire

Thie health and life safety of third parties mustbe ensured during the whole duration of the fife without
forcing them to leave the premises.

FNR 1-3-2: Adequate tenability condjtions in the surrounding spaces, during the necessary|time, as a
funpction of the mobility conditions(fthe third parties (including traffic roads)

Thlird parties in surrounding.spaces must be able to move away from the fire zone witHout being
subjected to the effects of the)fire. Surrounding spaces include sidewalks, public or private areas, and
roqds for which visibility conditions may be essential.

ORB]J 2-1: Ground and-water protection
FNR 2-1-1: Reduction of hazardous solid or liquid fire residues

When fighting and extinguishing the fire, there are often serious releases of hazardous solid or liquid
firp residues’to the ground or to the waste water system, which may consequently damage the ground
wdteror hearby lakes or rivers. Necessary measures such as containment basins must be ijn place to
linrit or contain these combustion residues.

FNR 2-1-2: Control of hazardous fire effluent released

Necessary measures must be in place to contain the hazardous, polluting or toxic products released
during the fire. Highly hazardous products could be, for example, placed in specifically designated
areas with a particular protection and sectioned off from other areas.

OB]J 2-2: Atmosphere protection
FNR 2-2-1: Fire effluent containment

Necessary measures must be in place to contain the smoke and combustion products released during
the fire, in order to limit emissions into the atmosphere.

© IS0 2017 - All rights reserved 7
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FNR 2-2-2: Control of hazardous fire effluent released and dispersed into the atmosphere

Necessary measures must be in place to limit the hazardous, polluting or toxic products released during
the fire and dispersed into the atmosphere.

OB]J 3-1: Moveable properties and real estate within the premises

FNR 3-1-1: Preservation of a specific component within the room of origin

A specific content of the building can be considered of great interest, like a safety-deposit box or a work
of art, and specific protection (automatic detection, sprinkler system, etc.) should be used to prevent

adjacent 1
FNR 3-1-4

Itis the s4
of the conf

ation.

: Fire restricted to the room of origin

measures must be in place to avoid the spread of fire outside the room of origin\
: Damages restricted to the room of origin

e fire is restricted to the room of fire origin, the effects of the fire may cause damages
poms. It may be necessary to avoid damages outside the room of origin:

: Damages restricted to the compartment of origin/to the floor ef origin

me approach as the previous requirement, except that damages are accepted to all the roo
partment or floor of origin.

OBJ 3-2: Moveable properties and real estate of third parties

FNR 3-2-1

Necessary
example,
limit the \

FNR 3-2-2

Necessary
imposing

OBJ 3-3: (
FNR 3-3-1

In a comp
to specifig

FNR 3-3-2

Necessary

: No spread of fire to neighbouring constructions

' measures must be taken to avoid the spread of fire to neighbouring constructions. }
o avoid the spread of fire between adjacent multi-storey buildings, a classical approach ig
se of combustible materials in facades:

: No damages to neighbouring constructions

[ measures must be in placeo avoid damages to neighbouring constructions. It could be
distance between buildings.

ontinuity of operations
: Preservation of a.given activity

Any, an orgarization, or an association, an activity of critical importance might be subject
provision§ii case of fire.

: Protéction of the production capability

' measures must be in place to maintain the production capability intact in case of fire.

to

ms

For
to

by

ed

FNR 3-3-3: Preservation of a specific device (and its supplying fittings)

Within a building, a specific device can be deemed to be essential for the good functioning of the building.
Necessary measures must be in place to protect the device and its supplying fittings in case of fire.

OB]J 3-4: Strategic matters

FNR 3-4-1: Preservation of the strategic functions

Necessary measures must be in place to ensure the continuity of the strategic functions in case of fire.

© ISO 2017 - All rights reserved
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FNR 3-4-2: Protection of any devices involved in strategic functions

Necessary measures must be in place to protect from the effects of the fire any devices involved in
strategic functions.

OB] 3-5: Preservation of heritage
FNR 3-5: Protection from attack to any object or construction which could not be replaced

Necessary measures must be in place to protect from the effects of the fire any objects or buildings
with architectural, historical or cultural importance. Any alterations which are unavoidable should
be[reversible, allowing the objects or building affected to be returned to its original fcondition.
Copsequently, in some cases, fire detection would be more appropriate than fire suppression,

OB]J 3-6: Media impact

FNR 3-6: Preservation of the image from any media action

Thr']s is a global rather than an individual protection, and necessary measures must be in place to
minimize the visible consequences that may damage public image and lead to detrimental long-term
consequences.

A.p Performance criteria

A few examples of criteria are proposed in this clause, focusing on what should be “adequate|tenability
conditions”. These criteria, based on both discrete values (which are sometimes associatpd with a
didcrete time period) and dose methods (which consider time-dependent exposures and thresholds),
ar¢ not exhaustive.

ORB]J 1-1 and 1-3: Health and life safety of occupants and third parties
FNR 1-1-2, 1-1-3, 1-1-4, 1-3-1 and 1-3-2
Crjteria 1: Maximum gas temperature of 60 °C[11[2]

Crjteria 2: Maximum incident heatflux of 2 kW/m2 (for an exposure time >10 s) or 2,5 kW/m2 (for an
exposure time <10 s)[2]

Crjteria 3: Maximum radiative dose of 300 kW4/3m-8/3s (for an exposure time <2 min)[3]
Crjteria 4: Maximuni‘fractional effective dose (FED) of 0,3[4]

Crjteria 5: Minimum visibility of 10 m (as calculated in ISO 13571)[4]

ORB]J 1-2: Health and life safety of firefighters

FNR 1-2-1'and 1-2-2

Crjteria 6: Maximum incident heat flux of 5 kW/m2[5]
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Example of fire safety design objectives and functional

requirements in New Zealand

B.Il Introduction

New Zealand, building regulations have traditionally been prescriptive. They did ot cover
hnologies and every combination of circumstances. Thus, prescriptive regulations have
straints to design that are not always appropriate to the specific building being considere

In
ted
co

order to free design from such constraints, increase innovation andfacilitate trade, Ney
eloped a building code to be performance based. New Zealand firstintroduced performa
co@le in 1992 with the introduction of the Building Regulations 1992-After this time, fire e
enferged as a specialized field, requiring university-based education'and training. New Zeal
group of locally-trained fire engineers graduated from the University of Canterbury in 1995
yeqrs, fire engineering has continued to develop as a recogrized, specialist field within Ney
pldying a critical role in building design.

AT
su

Sp

Th
in
of
for
de

In
de

eview of the Building Code in 2007 recommended reform to improve and streamline the Cd
bporting documents. This review highlighted thatpérformance requirements for fire desig
ecific and insufficiently quantified.

e review found that fire engineers were using a wide diversity of guidance and methods
wide variance in fire safety reports. Thene was no defined approval process with inconsisf
each local authority. Assumptions in_the calculation input by fire engineers were often

similar buildings. This was leading to an inefficient consenting process, with costly
Velopers, especially in the construction of large buildings.

2012, there were changes.fiade to Building Code Clause C (protection from fire) and the s
ruments. The changes were significant in nature with quantification of performance critg
ilding Code, new Verjfication Method and seven Acceptable Solutions.

In
do
B

The new Building Gode provides a clear set of performance criteria together with Verificatig
to provide a systématic approach to fire engineering design within a legislative compliance
Thie Verificatio*Method standardizes fire engineering practice and provides a consistent
pefformance.in fire engineering projects across New Zealand to comply with the Building Co

Thie firerdesign scenarios and associated design parameters are set out in Verification Methg
which ‘applies to complex buildings. Simple buildings are covered by a suite of Acceptable

emerging
provided
d

v Zealand
hce-based
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and’s first
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h are non-
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ocument.
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dC/VM2,
Solutions

C/AS¥ta C/AST

When developing the fire safety design framework, the working group’s approach was as follows.

— When there was obvious analysis available to support the chosen values in the existing Compliance

Documents, it would first consider those existing Compliance Documents.

In other cases, it would investigate the approach of overseas building codes.

There was no deliberate intention to significantly change the level of safety that previously existed and
implicitly contained within the previous compliance documents. This was a factor that influenced some

of the performance criteria adopted.
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B.2 General

B.2.1 Purpose

All building work in New Zealand must comply with the Building Code. It is a performance-based code,

which me
the buildi

ans it states how a building must perform in its intended use rather than describing how
ng must be designed and constructed. This document describes the fire safety objectives,

functional requirements and performance criteria from the New Zealand Building Code.

B.2.2 Scope

The Build
— build
— mainf

It does no

B.2.3 T¢

B.2.3.1
available
ASET
time availl

Note 1 to
at which d
effective &

B.2.3.2
burnout

exposure

(=

ng Code contains compulsory rules for all new building work. The Building Act 2004 applies|to:
ng construction, alteration, demolition or removal;
enance of a building’s specified systems, such as lifts and fire protection installations.

L cover planning and resource management, occupational safety and health.

brms and definitions

safe egress time

able for escape for an individual occupant

entry: This is the calculated time interval betweéen the time of ignition of a fire and the timpg
onditions become such that the occupant is estimated to be incapacitated (i.e. unable to take
ction to escape to a place of safety).

to fire for a time that includes fire growth, full development, and decay in the absence of

interventijon or automatic suppression;tbeyond which the fire is no longer a threat to building elements

intended {

B.2.3.3

evacuatign time

time inter
at which
of safety

B.2.3.4

o perform loadbearing et\fire separation functions, or both

val between’the time of warning of a fire being transmitted to the occupants and the timg
he occupants of a specified part of a building or all of the building are able to enter a placg

fire load

quantity of heat which can be released by the complete combustion of all the combustible materials in

a volume,

including the facings of all bounding surfaces

Note 1 to entry: It is expressed in joules (]).

12
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B.2.3.5

fire load energy density

FLED

fire load (B.2.3.4) per unit floor area

Note 1 to entry: It is expressed in megajoules per square meter (M]/m2).
B.2.3.6

fractional effective dose

FE

frgction of the dose [of carbon monoxide (CO) or thermal effects] that would render a person pf average
sugceptibility incapable of escape

eath of the five levels of importance of buildings, as set out in Clause A3 of the New Zealand Building

in¢apacitated

stdte of physical inability to accomplish a specific task
B.2.3.9.1

place of safety

<ggneral> safe place

the place is constructed with fire separations that have fire resistance sufficient to withstand
the place is,in’ a building that is protected by an automatic fire sprinkler system that domplies

theglace is designed to accommodate the intended number of persons;

the place is provided with sufficient means of escape to enable the intended number df persons
to pscape to a safe place that is outside a building

B.2.3.10

safe place

place, outside of and in the vicinity of a single building unit, from which people may safely disperse
after escaping the effects of a fire

Note 1 to entry: It may be a place such as a street, open space, public space or an adjacent building unit.
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B.2.3.11

separating element

barrier that exhibits fire integrity, structural adequacy, thermal insulation, or a combination of these
for a period of time under specified conditions (in a fire resistance test)

B.2.3.12

structural adequacy

time in minutes for which a prototype specimen has continued to carry its applied load within defined

deflectior
B.2.3.13

visibility
maximunj

recognizg

B.2.4 R¢
The regul
— TheB
— The v

“chanige the use” and “moderate earthquake”, and set out t

— The |
perfo
safety

Figure B.
Building 4

Hmits T the comtextof the standard test for fire resistance

X\
>
distance at which an object of defined size, brightness and contrast can t%g(\en and
d N

poulatory framework O\

6.

htion and performance of buildings sit under the following threégp\art framework.
uilding Act, which contains the provisions for regulating @ding work.
arious Building Regulations, which contain presc@%rms, list specified systems, def

Building Code, contained in Schedule 1 of ®®Building Regulations 1992, which s
Fmance standards all new building work mu?’neet and covers aspects such as stability, f]
, access, moisture, safety of users, servicei@ facilities, and energy efficiency.

| illustrates the legislation that forn@the building control framework governed by f{
\Ct.

Figure B.1 — New Zealand building control framework

ne

te oflevy and fees for determinatiopns.

bts
ire

he

The Building Code sets out performance criteria that building work must meet. It covers aspects such
as structural stability, fire safety, access, moisture control, durability, services and facilities, and energy
efficiency. The Building Code does not prescribe how work should be done, but states how completed
building work and its parts must perform.

14
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An advantage of a performance-based Building Code is flexibility. It contains no prescriptive
requirements stipulating that certain products or designs must be used. This flexibility allows
developments and innovation in building design, technology and systems.

The Building Code consists of two preliminary clauses and 35 technical clauses. Each technical clause
has three levels that describe the requirements for the clause and are listed below.

— Objective: Social objectives the building must achieve.

— Functional requirement: Functions the building must perform to meet the objective.

— [ Performance: The performance criteria the building must achieve. By meeting the pefformance
criteria, the objective and functional requirement can be achieved.

B.2.5 Symbols and abbreviated terms

NZBC  New Zealand Building Code
FSp fire safety design

FNR functional requirement
OBJ objective

PR performance requirement

B.B Fire safety objectives, functional requirements and performance
requirements

Thiis clause describes the fire safety objectives{(OB]), functional requirements (FNR) and pefformance
requirements (PR) that were identified from the fire safety provisions of the NZBC.

B.B.1 Fire safety objectives

B.3.1.1 Clause C1 Objectives of Clause C2 to C6 (Protection from Fire)

Thie objectives of Clause C2 to C6 are to

a) | safeguard peopledfsom an unacceptable risk of injury or illness caused by fire,
b) | protect othet property from damage caused by fire, and

c) | facilitate firefighting and rescue operations.

B.3.2, Functional and performance requirements

B.3.2.T (Clause CZ Prevention of Fire Occurring

C2.1 Fixed appliances using controlled combustion and other fixed equipment must be designed,
constructed, and installed in buildings in a way that reduces the likelihood of illness or injury due to
fire occurring (FNR).

C2.2 The maximum surface temperature of combustible building materials close to fixed appliances
using controlled combustion and other fixed equipment when operating at their design level must not
exceed 90 °C (PR).

C2.3 Fixed appliances using controlled combustion and other fixed equipment must be designed,
constructed and installed so that there is a low probability of explosive or hazardous conditions
occurring within any spaces in or around the building that contains the appliances (PR).

© IS0 2017 - All rights reserved 15
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Subclause C2.2 defines the maximum surface temperature that a combustible surface shall not exceed,
based on long-term exposure to elevated temperatures and surface radiation from a heating appliance.
The intention of declaring a specific value as opposed to a temperature rise is to reduce any dispute
about the appropriate ambient temperature to assume in the application of this clause.

At first, the value 0f 90 °C may appear to be significantly lower than typical piloted ignition temperatures
of around 200 °C. However, a review of the literature shows that wood exposed to constant heating
for long periods of time may change chemically and this can result in significantly lower ignition
temperatures. The recommended limiting surface temperature for long exposure times accordingly

varies from 66 °C to 110 °C.

Subclause

C2.3 is intended to ensure that all fixed appliances using controlled combustion and ot]ller

fixed equijpment are constructed and installed according to an appropriate standard. If a designer is

not referr

used is equivalent to the appropriate New Zealand Standard.

B.3.2.2

Clause C3 Fire Affecting Areas Beyond the Fire Source

ng to a New Zealand Standard, it is his or her responsibility to demonstrate that the standard

C3.1 Buildings must be designed and constructed so that there is a low probability of injury or illnesq to
persons npt in close proximity to a fire source (PR).

C3.2 Buildings with a building height greater than 10 m where upper floors contain sleeping uses

or

other property must be designed and constructed so that there is a loWw probability of external vertical
fire spreafl to upper floors in the building (PR).

Subclause{ C3.2 does not apply to importance level 1 buildings.

C3.3 Buildlings must be designed and constructed so thatcthere is a low probability of fire spread
other property vertically or horizontally across a relevant boundary (PR).

to

C3.4(a) Mpterials used as internal surface linings in+the following areas of buildings must meet the
performafce criteria specified in Table B.1 (PR):

Table B.1

Area of building

Performance determined under conditions
described in ISO 9705

Buildings not protected with an
automatic fire sprinkler system

Buildings protected with an auto-
matic fire sprinkler system

Wall/ceiling materials in sleeping
areas where care or detention’is
provided

Material Group Number 1-S

Material Group Number 1 or 2

Wall/ceiling materials\in exitways

Material Group Number 1-S

Material Group Number 1 or 2

Wall/ceilipg materials in occu-
pied spacg¢s incimportance level 4
buildings

Material Group Number 1-S

Material Group Number 1 or 2

Internal surfaces of ducts for
HVAC systems

Material Group Number 1-5

Material Group Number 1 or 2

Ceiling materials in crowd and
sleeping uses except household
units and where care or detention is
provided

Material Group Number 1-S or 2-S

Material Group Number 1, 2 or 3

Wall materials in crowd and sleep-
ing uses except household units and
where care or detention is provided

Material Group Number 1-S or 2-S

Material Group Number 1, 2 or 3

16
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Table B.1 (continued)

2017(E)

Performance determined under conditions
described in ISO 9705

Area of buildin
& Buildings not protected with an

automatic fire sprinkler system matic fire sprinkler s

Buildings protected with an auto-

ystem

Wall/ceiling materials in occupied
spaces in all other locations in

Material Group Number 1, 2 or 3 Material Group Number 1,

2or3

tig
slé

buildings, including household units

External surfaces of ducts for Material Group Number 1, 2 or 3 Material Group Number 1, 2 or 3
HYAC systems

Adoustic treatment and pipe insula- |Material Group Number 1, 2 or 3 Material Group Number. 1,2 or 3

n within air handling plenums in
eping uses

Su
ou

Su
th(
ha
ea
fir
the
akh
ex

bclause C3.4 does not apply to detached dwellings, within household units inmulti-unit dw
[buildings and ancillary buildings.

bclause C3.4 is intended to reduce the risk of rapid flame spread on‘walls, floors, and ¢
it the fire growth rate does not significantly exceed that given in-Verification Method C
vards of rapid flame spread on building surfaces can result in extrémely rapid fire growt
5ily exceed the design fires typically used in fire engineering(design and, in particular, {
e values given in Verification Method C/VM2. While it is not.\possible for the Building Code
 contents of a building, it is appropriate to place control on the surface finishes in certai
uilding. Controlling the surface spread of flame significantly reduces the likelihood that
feed the growth rate given in Verification Method C/A/M2.

T

in [Europe and Australia, and more recently in New Zealand. The current methodology appl
Bufilding Code of Australia was adopted as amodel for the NZBC. This uses the ISO 9705 mj¢

re
fir
10
rat
Gr
fir

Gr

These include non*cembustible materials or those with limited combustibility. Exan

pld
fla

Gr

Group Number methodology used in Subclause C3.4(a) has been the subject of significan
erence scenario. ISO 5660-1 results hayve been correlated to the larger scale ISO 9705 ro
b test and the correlation can be used for most materials. Surface linings are exposed to 1
ereaches 1 MWina 3,6 m x 2,4 m x 2,4 m room) is then determined. Materials are class

b test.

pup Number 1 materials

sterboard andrsimilar, and low-hazard materials (no flashover in 20 min). These material
shover criteria-of the performance requirement of Subclause C3.4(a) for exitways.

pup Nuinber 2 materials

T

meetthe flashover criteria of the performance requirement of Subclause C3.4(a) for crowd us

Gr

se‘typically include many fire retardant treated timbers (no flashover in 10 min). These

min and then 300 kW for a furthef 10 min, and the time to reach flashover (when the he

bup Number 1 (best) to Group Number 4 (worst) based on their measured time to flashg

ellings, or

pilings, so
VM2. The
h that can
he design
to control
[n areas of
a fire will

[ research
ied in the
bthod as a
m corner
00 kW for
at release
fied from
ver in the

nples are
5 meet the

materials

eS.

oup Number 3 materials

These typically include ordinary timber or similar products (no flashover in 2 min). These materials
meet the flashover criteria of the performance requirement of Subclause C3.4(a) for all other areas.

Gr

oup Number 4 materials

These typically include exposed polyurethane foams or similar products (flashover within 2 min). Note
that these materials are potentially hazardous when installed as room linings and are not acceptable in
occupied spaces.

C3.4(b) Floor surface materials in the following areas of buildings must meet the performance criteria
specified in Table B.2 (PR).
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Table B.2

Minimum critical radiant flux when tested
to 1S0 9239-1

household units

Area of building

Buildings not protected with an |Buildings protected with an auto-
automatic fire sprinkler system matic fire sprinkler system

Sleeping areas and exitways in

buildings where care or detention is 4,5 kW/m?2 2,2 KW/m?2

provided

Exitways jraH-etherbuildings 22 2 22N 2

Firecells ai:commodatmg more than 2,2 KW/m? 1,2 KW/m?2

50 persong

All other dccupied spaces except 1,2 kW/m2 1,2 KW/m?2

Subclause| C3.4(b) applies to the floor surface or the floor covering if present. A minimum criti
radiant flyix (CRF) is specified depending on location in the building and whether sprinklers are press
The CRF is measured in the floor radiant panel test (ISO 9239-1). For general-uise spaces, the level
performahce required is low. This reflects previous requirements in New Zealand where controls
floor coverings in spaces other than exitways were minimal or nonexistent.

C3.4(c) Suspended flexible fabrics or membrane structures used in the construction of buildings m
have properties resulting in a low probability of injury or illness to)persons not in close proximity t
fire sourcg (PR).

C3.5 Buildings must be designed and constructed so that fireidoes not spread more than 3,5 m verticg
from the flire source over the external cladding of multi-level buildings (PR).

Subclause| C3.5 applies to:

a) buildings with upper floors containing sleepifig occupancies or other property;

b) buildings of building height >10 m.

It does nof apply to importance level 1buildings (as specified in Clause A3 of the Building Code).

C3.5 is infended to reduce the risk_of flame spread via the external wall surfaces of buildings. T
intention fis to reduce the likelihoed of fire spreading into upper floor levels or creating a hazardgc
situation for firefighters or oecupants while escaping from the building.

C3.6 Buildings must be designed and constructed so that in the event of fire in the building, the receiy
radiation pt the relevapt’boundary of the property does not exceed 30 kW/m?2 and at a distance of 1
beyond thie relevant houndary of the property, does not exceed 16 kW/m?2 (PR).

C3.7 Extefnal walls of buildings that are located closer than 1 m to the relevant boundary of {
property pnwhich the building stands must either (PR):

cal
nt.

of
on

st
Da

he
us

ed

he

a) be constructed from materials which are not combustible building materials;

b) for buildings in importance levels 3 and 4, be constructed from materials that, when subjected t
radiant flux of 30 kW/m2, do not ignite for 30 min;

¢) for buildings in importance levels 1 and 2, be constructed from materials that, when subjected t
radiant flux of 30 kW/m?2, do not ignite for 15 min.

0a

Oa

Subclauses C3.6 and C3.7 work in tandem to limit the probability of fire spread to adjoining property.

C3.6 is a performance requirement that limits the received radiation at the relevant distances, while
C3.7 limits the combustibility of building surfaces in order to moderate the radiation requirements

from the fire source building.
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In C3.6, the maximum allowable received radiation on the boundary of 30 kW/m?2 recognizes that
the construction of the external walls within 1,0 m of the relevant boundary must meet the separate
criteria for ignitability as required by Subclause C3.7. Therefore, the material can be expected to
be able to withstand an exposure of 30 kW/m? at least until the fire service has arrived, providing
additional resources to prevent fire spread across the boundary. Beyond 1,0 m across the relevant
boundary, Subclause C3.7 does not restrict the ignitability of materials that may be used on the external
wall. Therefore, the maximum allowable received radiation at these locations is set at a lower value
of 16 kW/m2. As this value may not necessarily be small enough to prevent ignition or damage to all
cladding materials, it is anticipated that the fire service will provide a secondary means of preventing
fire spread in these situations, if necessary.

While it is not possible to give 100 % guarantee of timely fire service intervention, the history
of |past fires indicates that the risk of fire spread to adjacent property is small but not indignificant
(approximately 3 % of all structure fires according to NZFS Emergency Incident Statistics 2005-2010).

It ghould be noted that the design values for radiant flux given in this scenarioand other asyumptions
implicit in the limiting distance method do not guarantee that fire spread’will be prevented in all
sithations. Specifically, assumptions made such as ignoring flame projection- from openingg, cladding
properties representing timber with 15 % moisture content, limited duration of exposure, afd fire gas
temnperatures following a standard time-temperature curve may not be' the most conservative cases.
For this reason, it is anticipated that, in some instances, the fire service may also be called upon to
provide a secondary means of helping to prevent fire spread.

Thie intention of Subclause C3.7 is to ensure that materials-xithin 1,0 m of the relevant boundary are
registant to the level of radiation that they may be expeséd to in that position. If a building is to be
constructed closer than 1,0 m to the relevant boundary;'then it is the responsibility of the[ owner to
reﬂiuce the probability of fire spread by reducing the, likelihood of ignition of their property. This is
achieved by having more stringent requirements onthe ignitability of the exterior cladding for] buildings
within 1,0 m of the relevant boundary. The combustibility (or non-combustibility) of matgrials can
belassessed using AS 1530 Part 1 or ISO 1182¢These test methods are severe and it can bg assumed
that if a material is classified as non-combustible, then there will be no ignition at heat flyxes up to
30|kW/m2. Alternatively, the time to ignitien of cladding materials can be determined using I§0 5660-1.
As|ordinary timber claddings will ignite in less than 15 min when exposed to 30 kW/m?2, they do not
mget the performance criteria of Stbclause C3.7.

C3|8 Firecells located within 45'm of a relevant boundary that are not protected by an automatic fire
sprinkler system and that.centain a fire load greater than 20 TJ or that have a floor area gre¢ater than
5,00 m2 must be designed-and constructed so at the time firefighters first apply water to the fire, the
mgximum radiation flux-at 1,5 m above the floor is no greater than 4,5 kW/m?2 and the smoke layer is
nof less than 2 m above'the floor.

C3|8 recognizes)that C3.6 and C3.7 may, in some situations, be insufficient to protect othel property
without fire service intervention. For large, unsprinklered buildings, it is the intention tq limit the
mdximum-five size and maximum allowable total energy level that can occur within a firecell{ However,
although-these limits apply to all buildings, the limits set are only expected to affect large storage
ar¢as. There is no direct analytical method to determine the values used in C3.8 and, althpugh they
are-noticeably larger than the 2 T] of the previous Acceptable Solution C/AS1 (2011) the comventional
explanation for that previous value was not well supported by sound engineering analysis. A number
of international codes, including those of the UK, USA and Australia, were reviewed for comparative
purposes. The values chosen for New Zealand are considered to be broadly comparable with these
codes, even though direct comparison was limited by the differences in fire-resistive construction
requirements, separation distances from boundaries, and controls on the total allowable energy. The
maximum area limit of 5,000 m2 was set based on a fire load energy density (FLED) of 800 MJ/m2 per
metre height of storage and a 5,0 m storage height.

C3.9 Buildings must be designed and constructed with regard to the likelihood and consequence of
failure of any fire safety system intended to control fire spread (PR).

Subclause C3.9 recognizes that certain fire safety features may not respond as intended. Therefore,
the failure of individual fire safety features should be considered in performance-based design. The
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engineer is expected to evaluate their design under a specific scenario to address this concern, as well
as to specify appropriate installation and maintenance standards for fire safety systems.

B.3.2.3 C(Clause C4 Movement to a Place of Safety
C4.1 Buildings must be provided with (FNR):
a) effective means of giving warning of fire;

b) visibility in escape routes complying with Clause F6.

C4.2 Buildlings must be provided with means of escape to ensure that there is a low probability| of
occupantg of those buildings being unreasonably delayed or impeded from moving to a place of saf¢ty
and that those occupants will not suffer injury or illness as a result (FNR).

C4.3 The ¢vacuation time must allow occupants of a building to move to a place of safetyjinithe event of
fire so thgt occupants are not exposed to any of the following (PR):

a) afradtional effective dose of carbon monoxide greater than 0,3;
b) afractional effective dose of thermal effects greater than 0,3;

c) condifions where, due to smoke obscuration, visibility is less than 10mrexcept in rooms of less than
100 np2 where visibility may fall to 5 m.

Subclause] C4.3 is intended to define the minimum life safety criteria for use in performance-based fjire
safety degign. Specifying values for the fractional effective doses (FEDs) and visibility gives a more
consistent level of safety than that given by the previous, qualitative description of performance.
According to ISO 13571, an FED of 1,0 is taken to be the le¥el which would render occupants of avergge
susceptib]lity incapable of effecting their own escape. Since the variability of human response|to
toxicologifal insults is best represented by a distribution, we can interpret an FED of 1,0 to be the pojint
at which ppproximately 50 % of occupants might be expected to be incapacitated. The Code clayse
requires 4 lower FED threshold of 0,3 and we interpret this level to correspond to the point at whjch
approximptely 11 % of the population wouldbe susceptible to less severe exposures. Lower threshold
values wojld reduce that portion of the population. However, there is no threshold criterion so low aq to
be statistically safe for every exposed pccupant.

The abové¢ discussion is mainly in felation to the toxicological effects of gases on people, but we hgve
assumed that broadly similar principles apply to the thermal effects and we have accordingly used the
same thregshold criterion of FED <0,3.

C4.4 Subdlauses C4.3(b)-and (c) do not apply where it is not possible to expose more than 1 (00
occupantyg in a firecell pretected with an automatic fire sprinkler system.

Subclause| C4.4 remoyves the performance criteria for visibility and FED thermal when it is not possiple
to exposel morethan 1 000 occupants in a sprinklered firecell. This is intended to promote the K\Fe

of sprinklers<int buildings and to provide closer alignment with the requirements of the Acceptaple
Solutions| However, it also recognizes the current limitations in accurately modelling sprinkiler
performance in controlling the fire and reducing the threat to life safety. Although there may be a
temporary increase in smoke production when a sprinkler activates, due to the expansion of steam
generated from cooling the fire, this is quickly controlled and the threat to the building’s occupants is
greatly reduced. Therefore, with sprinklers, only the FEDCO needs to be calculated unless there are
very large numbers of occupants at risk. This places a practical limit on the maximum evacuation time
in the rare cases where the fire may be shielded from the sprinkler or the system does not operate as
designed.

C4.5 Means of escape to a place of safety in buildings must be designed and constructed with regard to
the likelihood and consequence of failure of any fire safety systems (PR).

Subclause C4.5 recognizes that certain fire safety features may not respond as intended. Therefore,
the failure of individual fire safety features should be considered in performance-based design. The
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engineer is expected to evaluate their design under a specific scenario to address this concern, as well
as to specify appropriate installation and maintenance standards for fire safety systems.

B.3.2.4 Clause C5 Access and Safety for Firefighting Operations

C5.1 Buildings must be designed and constructed so that there is a low probability of firefighters or
other emergency services personnel being delayed in or impeded from assisting in rescue operations
and performing firefighting operations (FNR).

C5.2 Buildings must be designed and constructed so that there is a low probability of illness or injury

to firefightersorotheremergerncy Services personmnet during rescue and firefightingoperations (FNR).

C5{3 Buildings must be provided with access for fire service vehicles to a hard-standing'friom which
thé¢re is an unobstructed path to the building within 20 m of (PR):

a) | the firefighter access into the building;
b) | the inlets to automatic fire sprinkler systems or fire hydrant systems, where these are installed.

C5|4 Access for fire service vehicles in accordance with Subclause C5.3must be provided to more than
onk side of firecells greater than 5,000 m?2 in floor area that are not,protected by an automatic fire
sprinkler system (PR).

Where Subclause C5.4 applies for vehicle access, it is intended that the points should be djstributed
arpund the building and not located each side of a corner stich’that the same hard-standing {s utilized.
Thie purpose of this clause is to ensure firefighter vehiclesaccess to very large unsprinklered buildings.

C5|5 Buildings must be provided with the means te>deliver water for firefighting to all pqrts of the
bujlding (PR).

C5{6 Buildings must be designed and construéted in a manner that will allow firefighters, taking into
ac¢ount the firefighters’ personal protectiyve equipment and standard training, to (PR):

a) | reach the floor of fire origin;

b) | search the general area of fire origin;
c) | protect their means of egress.

C5|7 Buildings must be provided with means of giving clear information to enable firefighters to (PR):
a) | establish the general location of the fire;

b) | identify thefive safety systems available in the building;

c) | establiShithe presence of hazardous substances or process in the building.

Supclauses C5.3, C5.4, C5.5, C5.6 and C5.7 facilitate firefighter and rescue operations using methods
thatCare conventional and easily anticipated by the fire service. It is not expected that performance-
based design would be carried out in relation to the systems provided here. It would be expected that,
in the unusual event of any solutions being proposed for firefighting and rescue operations that were
considered “out of the ordinary”, these would be discussed in detail with and agreed to by the fire
service in advance.

(5.8 Means to provide access for and safety of firefighters in buildings must be designed and constructed
with regard to the likelihood and consequence of failure of any fire safety systems (PR).

Subclause C5.8 means that, where provided, fire safety systems including automatic detectors,
sprinklers, hydrants, smoke/heat venting systems and use of fire rated construction elements shall
meet acceptable standards for their design, construction, installation and maintenance to ensure that
their level of reliability and effectiveness are appropriate for the particular application.
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B.3.2.5 C(lause C6 Structural Stability

C6.1 Structural systems in buildings must be constructed to maintain structural stability during fire so

that there

a) alow

is (FNR):

probability of injury or illness to occupants;

b) a low probability of injury or illness to fire service personnel during rescue and firefighting

opera

tions;

c) alow probability of direct or consequential damage to adjacent household units or other property.

tural systems in buildings that are necessary for structural stability in fire must be design

aking into account (PR):
'e severity;

itomatic fire sprinkler systems within the buildings;

C6.2 Strug
and const]
property
a) thefi
b) anya
c) any g

stabil

d) the likelihood and consequence of failure of any fire safety systems that affect the fire severity a

itsi

C6.3 Strug

for the pufrpose of conducting firefighting and rescue operations must be designed and constructed

that they remain stable during and after fire (PR).

C6.4 Colldpse of building elements that have a lesser fife resistance must not cause the consequent
collapse of elements that are required to have a higherfire resistance.
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Annex C
(informative)

Example of fire safety design objectives and functional
requirements in Japan

C.1 Foreword

The fire protection measures of buildings in Japan have been controlled for many'years ac¢ording to
the¢ provisions in the Building Standards Law (of Japan) (BSL), the Fire Service I.aw and othler related
regulations. These provisions are mostly so-called prescriptive standards, whick’prescribe spme of the
ac¢eptable solutions of building fire safety measures in terms of kinds of permissible matg¢rials, fire
registance ratings of structural members, designs of equipment, dimensions'of spaces and so|forth.

Thie reform of BSL in 1998 to 2000 partially introduced perfofmance-based standards, i.e. the
verification methods for evacuation safety and for fire resistance performance. Howgever, BSL
sti]l retains prescriptive structure as a whole. This is not the character particular to thq Japanese
buflding codes, but a traditional and persistent custom of worldwide fire safety regulations. Most of
the¢ prescriptive fire safety standards were developed based on empirical judgements by fife experts
without solid scientific and engineering bases. Nevertheless, now that building fire loss|has been
stdbilized at a low level for a considerable period of time} at least in developed countries, the role of such
prescriptive provisions in improving the fire safetydevel of buildings should be duly appreciated.

However, such a traditional building control system by prescriptive regulations does not spem to be
funpctioning well these days. The multiplication of building regulations due to frequent revjsions has
indreasingly complicated fire safety rules)and intensified the restrictions to building defsigns and
bujlding construction methods. The frustrations of the building community had been amplifjed by the
nafure of the prescriptive regulations;which do not explicitly state the objectives of the provjsions and
their targeted level of performance:

Thie project “Development of-the Comprehensive Fire Safety Design Method of Buildings” (tommonly
referred to as “the Fire Safety So-pro” or “the Fire safety design 5 yrs project”) was carried out from
19B2 to 1986 by the Building Research Institute (BRI), the Ministry of Construction (MOC).|It may be
sald that the projectmarked the beginning of an objective-based and performance-based fire safety
defign method. This)project aimed to establish a fire safety design method in which the performance
requirements ase.defined instead of prescribing fire safety solutions. The expectation waf that the
depign method-could be used as an alternative to the fire safety provisions of BSL. Accordingly, the
mgthod had to'take into consideration of the equivalency with BSL, which means that the objeftives, the
contents.of requirements and the level of safety to be achieved are the same between the design method
anfl BSL! Prescriptive codes state neither the objectives nor the performances to be achieved explicitly
solitwas necessary for the first to identify and re-define the objectives and functional requyirements.
The identification involved examining the contents and the historical development of Law of Buildings
in Urban Districts, predecessor of BSL, which was enacted in 1919, as well as the current BSL, which
was enacted in 1950.

The results of the Fire Safety So-pro, published as “The Comprehensive Fire Safety Design Method of
Buildings”, were widely used in the fire safety designs of actual buildings through the approval system
by the Minister of Construction based on Article 38 of BSL. The number of the approved fire safety
designs demonstrated an impressive increase since the end of the project in 1986. However, flaws
of “The Comprehensive Fire Safety Design Method of Buildings” had also been recognized. It was
still deficient in terms of the many technical standards that are necessary for a building fire safety
design method to be self-sufficient. It was still only able to complement the deficits of the prescriptive
provisions of BSL.
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Immediately after the end of the Fire Safety So-pro, an effort was started to complete the design method
as a self-sufficient design system, shifting the workplace to Subcommittee for Fire Safety Design Method
in the Architectural Institute of Japan (AI]). The report was published in the title of “Recommendation
on Performance-based Fire Safety Design of Buildings” in 2000.

Although the report contains extensive considerations on fire safety objectives, functional
requirements, design fires, safety criteria, etc., only the parts of fire safety objectives and functional
requirements are extracted and translated into English in this document.

C.2 Introduction

The cities|in Japan, congested with wooden houses, have suffered frequent conflagrations in the'\pgst.
Particulafly, the tremendous conflagrations in Edo, the former name of Tokyo, are widely known frpm
numeroud references. The mitigation of the urban conflagrations was of prime importance for the Mgiji
government as well as the Tokugawa shogunate. The governments after Meiji Restoratiofrin 1868 mgde
various atitempts to renovate Tokyo and other cities into conflagration-free cities like London and Patis.
The endedvours have hardly been successful because of financial difficulties and fiiisfortunes, suchfas
the Great Kanto Earthquakes.

Nevertheless, the progress of urbanization and emergence of new types of\btildings urged the centjral
and local jgovernments to develop regulations for building safety and urban planning. The fire safety
provisiong in the Law of Buildings in Urban Districts, enacted in 1919, put emphasis in the mitigatjon
of urban fonflagration and introduced two levels of fire zones, fire prevention zone and semi-fire
preventioh zone.

At the bgginning, they thought that there was no fire safety problem for fire-resistive buildings
although fhey had studied the fire regulations in advanced countries, such as the Building Code| of
Fire Underwriters and the Building Exit Code of NFPA,\USA. It was only when Shirakiya Departmént
Store Firq occurred in 1932, claiming 14 deaths and>47 injuries, that the need of the provisions for
evacuatioh safety in fire was recognized. The first provisions for evacuation in a fire were introduged
in the Law in 1936 for a certain limited types of uhusual buildings. However, the development of hostile
internatignal circumstances around Japan hindered the development of the evacuation provisions. The
threat of 4ir raids in the cities in the mainlahd turned the emphasis on fire provisions to mitigate urhjan
conflagrations once again.

The JapanUSA war exposed the cities of Japan to the dreadful incendiary bombings from B29 strategic
bombers, starting with the famous Great Tokyo Air Raid on 10 March, 1945, in which over one hundrfed
thousand |of citizens were killéd)by the conflagrations caused by the bombing. Many other cities w¢re
also devagtated to ashes by air raid fires. When the war ceased, 20 million of citizens, or 30 % of the
populatioh at that time, ltad lost their houses. The urgent and critical need for the government was
to provide houses for the’ citizens. Only low-quality houses could be provided due to the despairing
shortage pf construétion materials and this revived conflagrations in many cities over the counfry.
In the ocdupationperiod, BSL was enacted in 1950 under the direction of General Headquarter of the
occupatiop foree; with significant change in the administration system of the building regulatipn,
but basicglly“following the technical contents in the Law of Buildings in Urban Districts. After having
experienced-tremendous number of devastating urban fires, the main concern of the provisigns
remained to be their mitigation.

Since the high economic growth period in 1960s, when the number of buildings increased, building
fires causing serious damage began to occur frequently, culminating in the Sennichi-mae Department
Store Fire in 1972, claiming 118 deaths, and Taiyo Department Store Fire in 1973. In response to these
serious fire disasters, BSL was repeatedly amended to strengthen the fire safety provisions. This
complicated the fire rules further. As the building communities were increasingly voicing frustrations
about the severity and complexity of the fire safety provisions, the Ministry of Construction (MOC)
launched the 5-year research project called “Development of Fire Safety Design Method”. As a part of
this study, the purpose and meanings of the provisions of BSL were reviewed to identify the objectives
and requirements underlying the fire safety provisions of BSL. After all, the provisions of BSL are a
blend of provisions from various sources, i.e. some are self-made by experts’ discretion and others are
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adaptation from forerunner overseas codes. The objectives and requirements extracted are considered
not particularly unique to BSL, but more or less common with overseas codes.

The purpose of BSL, declared in Article 1, is to stipulate the minimum standards that are necessary to
safeguard the life, health and property of citizens and promote public welfare. The BSL is a compulsory
law that applies to every building in the territory of Japan, like many other overseas’ building
regulations. Accordingly, the objectives and requirements extracted from the provisions of BSL have
the nature of minimum requirements.

Needless to say, BSL was enacted through a legltlmate legislative procedure This reflects the consensus
. : advance, on what
should be done how and to what extent for flre safety of bulldlngs Even if emplrlcal it is nt wise to
digregard the lessons that people have learned from a number of historical tragedies of°builfing fires.
The purpose of identifying the fire safety objectives and functional requirements.is|to dijclose and
explore more effective use of the wisdom for fire safety embedded in building codes:

C.B General

C.3.1 Purpose

Thlis “Recommendation on Performance-based Fire Safety Design. of Buildings” (called al$o as “the
Refommendation on fire safety design”, or more simply “the Recommendation” in the following)
defines the requirements for fire safety of a building and presents the technical standargs for the
verification of compliance of actual designs of buildings with the requirements?). The ultimate purpose
of the Recommendation on fire safety design is to contpibute to the realization of buildings that are
mgre economical while retaining equal or higher level of fire safety performance compared yith those
bujldings designed according to the Building Standards Law (of Japan).

C.3.2 Scope

C.3.2.1 The Recommendation addresses the features of building designs to prevent unreasonable
infringements of life, property and ether rights guaranteed to the people due to fires caused without
ong’s own intention or serious fault:

C.3.2.2 The Recommendation states the requirements that structure, element, material, spage, site and
fadility of a building have ‘to' be satisfied for fire safety and prescribes the technical standards for the
compliance verification'with the requirements.

C.3.2.3 The ReCommendation deals with mandatory requirements and technical standargls for fire
saiety of building; like those set out by the Building Standards Law (of Japan), but does not|{deal with
thgse that nright be voluntarily introduced by building owners for the protection of their own property.

C.3.24 " The requirements and technical standards prescribed in this Recommendation are ifjtended to
engute the minimum level of fire safety performance of a building concerning the safety and rights of the
general public, but not to guarantee a sufficient level of fire safety.

C.3.2.5 Buildings envisaged by the Recommendation are usual buildings whose fire risk or character
of occupants is only ordinary, such as those for residence, accommodation, assembly, retail, business,
medical treatment, education, eating and drinking, exhibition, entertainment, and amusement. Buildings
with special uses or special conditions in use, such as buildings with extraordinary fire hazardous
condition requiring strict fire safety managements, are out of the scope.

C.3.2.6 The Recommendation assumes as a premise that the essential conditions concerning fire safety
that are presented at the stage of the design of a building are to be maintained during its use as well.

1) The technical standards are omitted in this example.
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C.3.3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 13943 and the following apply.

C.3.31
escape route

route planned for occupants at a place in a building to escape safely to a final place of safety in the
event of fire

C.3.3.2

evacuati(ln plan

plan for safely evacuating the occupants in a building in the event of fire
C.3.3.3
firefighting activity

activity by fire brigades associated with the search and rescue of occupants remaining in the building
and extinguishing fires

C.3.34
firefighting base

space for fire department operation from which a fire brigade is dispdtched for search and rescue of
occupantg and suppression of fire

C.3.3.5

fire prevention district

1%
—

fire zone that is designated in an urban area by the Urban Planning Law of Japan, in which a high leve
of fire res|stance performance is required for buildings by the Building Standard Law of Japan to
mitigate fjre spread in the event that a conflagnation occurs

C.3.3.6
fire safety design

design of § building and building elements to ensure fire safety objective
C.3.3.7
fire safetly objective

basic purpose that mustbe accomplished by a fire safety design
C.3.3.8

functiongl requirement

verbal statement of the conditions that building design must meet to accomplish a fire safety objectiye

C.3.3.9

individual building

building that is separate from other buildings or a part of a building that is separated from the other
part of the building with adequate means to prevent the fire hazard to and from the other part

Note 1 to entry: Recent buildings have become increasingly larger in scale, and more mixed in use and
function, thereby complicating the fire safety designs. If a large and complex building can be

divided into such multiple parts that are independent from each other with respect to fire safety,

the fire safety design of the building will be made clearer and simpler. When a building is divided

into multiple parts such that each part does not affect the other part in case of fire, then the fire safety
requirements can be applied to each part independently as if it were an individual building.
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C.3.3.10

prevention of fire spread to other buildings

measures taken at the building of fire origin to prevent fire spread to other buildings
C.3.3.11

prevention of fire spread from other buildings

measures taken at the building of non-fire origin to prevent damage by fire spread from another build-

ing caught in a fire

C.3.3.12
refuge
finfal destination of evacuation, where complete safety from fire is assured for the .occupants

C.3.3.13
ropite to a firefighting base

rofite to reach a firefighting base from the place where fire engines are(stationed

firg zone that is designated in an urban area by the Urban Rlanning Law of Japan, in which a c
leviel of fire resistance performance is required for buildings by the Building Standard Law of
refard fire spread in the event conflagration occurs

C.3.3.15

the third party

nafural or juridical person whose life, livelihood or management is separate from the person ¢
C.3.3.16

trunk road for urban disaster

roqd that is expected to be a main route for the evacuation of city residents and the traffic of
enjergency vehicles for firefighting, first aid, rescue, etc., in the event of an urban conflagratic

C.3.3.17
urpan disaster prevention base

istrict that islexpected to serve as a base for refuge of city residents and activities for firef
firgt aid, rescuie; etc., in the event of an urban conflagration, such as a large governmental or
commerciakhdistrict consisting of fire-resistant buildings, a large park or green area, etc.

ertain
Japan to

oncerned

n

ghting,

C.34) Symbols and abbreviated terms

BSL Building Standards Law (of Japan)
FSD fire safety design of a building
FNR functional requirement

P-B performance-based

OB] objective
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C.4 Outline of performance-based fire safety design

C.4.1 Principle and structure of fire safety design

This Recommendation on fire safety design is basically made based on the following principles and
framework.

a) Maintaining the equivalency to the fire safety provisions of BSL

The Recommendation lntends to ensure that the performances on fire safety are equivalent to the levels

raaiiramante an 4d i-]f\r\ |-nn1“m

tt d k" complana uath i-]f\r\ nravicionc .-\F Hnn DCI Thavafara tha i
attained hy-eomplyrngwith-th provisiens—- Fhereforetherequirementsand

standardq on fire safety presented in this Recommendatlon aim at the same contents and safety leyj
as those of the BSL, despite the difference in the expressions.

b) Hiergrchical structure of requirements

In the Redjommendation, the fire safety objectives and fundamental requirements arg ‘€xplicitly staf
and technical standards are provided for the compliance verification with thejrequirements. T
technical |standards are basically expressed by concrete numerical values or*formulae so that f{
compliange of a specific building design with the corresponding requiremeit’can be judged with
ambiguity.

c¢) Use of performance-based standards

The funddmental requirements are further broken down into mgpe“concrete and detailed functio
requirem¢nts, and technical standards are provided to each of them for the compliance verification. T
technical standards may include prescriptive standards, but*for wider flexibility in building desig
as many performance-based standards as possible are deyéloped and incorporated into the techni
standardy.

C.4.2 Functional requirements for fire safety of buildings

The fire shfety objectives and functional requirements were extracted by examining the provisions
the BSL, the related regulations, the explanatory documents by the Ministry of Construction (MO

al

and the hi

I. REQUIR
[-1 Pr
[-2 Ex
[-3 As

P—

] ]
1

storical backgrounds of the laws. These are summarized below as follows:

EMENTS FOR FIRE SAFETY;OF INDIVIDUAL BUILDINGS
bvention of Fire Occurrence

clusion of Fire Hazardous Materials

surance of Life Safety

B.1 Adequate-evacuation plan

B.2 Limitation of fire hazardous building materials

B.3"Assurance of safe refuge

els

ed
he
he
but

hal
he

cal

of
C),

[-3-4 Assurance of safe evacuation route

[-4 As

surance of the Third Parties’ Property

[-4.1 Prevention of fire spread to the third party’s building

[-4.2 Prevention of hazardous collapse onto the third party’s building

[-4.3 Prevention of fire spread to the third party’s space

[-4.4 Assurance of reusability of building after fire [-5 assurance of fire brigade operation

[-5.1 Ensuring firefighting bases

[-5.2 Ensuring access routes to firefighting bases
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[-5.3 Control of fire size
II. REQUIREMENTS FOR FIRE SAFETY OF URBAN DISTRICTS
[I-1 Building in Fire Prevention Districts
[1-1.1 Breaking fire spread in urban districts
[1-1.2 Protecting trunk roads for urban disaster management
[1-1.3 Protecting urban disaster management bases

[1-2 Building in Semi-Fire Prevention Districts

[1-2.1 Retardation of urban fire spread

C.4.3 Standards for compliance verification

Performance-based (P-B) standard is the most desirable type of standards in‘P-B Fire Safdty Design
(F$D) in view of unmistakable compliance verification and flexibility in building design. l—flowever, it
is practically impossible to construct all the technical standards for compliance verification as P-B
stgndards. In addition, some standards that are converted into P-:B_standards may only| result in
complicated verification procedures without contributing meaningful‘benefit to fire safety dejsign. Such
stgndards should be simplified into prescriptive standards with a-margin of safety.

Thie priority here is to provide at least one standard in any typeto each of corresponding reqpirements
sothat the Recommendation can stand alone without depending on existing regulations. Consequently,
seyeral types of acceptable safety criteria are introduced\as follows:

P: Performance criterion

C: Complementary semi-performance critesion for convenience of verification

S: Specification criterion

D: Deemed to satisfy criterion

E: Expert judgement, which trusts the discretion of fire experts or building official

Of|[these types of criteria, expert judgement (E) should be converted into other type of standard as
sopn as the relevant knowledge matures, because it is not desirable to leave the safety criteria, which
myst be equitable in principle, to personal judgement. However, this problem may be minimjzed if the
capacity of judgementis limited to the authority in charge or the officially approved evaluatipg bodies.
Copsidering the inc€ssant progress of building technology, it will be unavoidable that a certajn portion
of standards will'always remain at the discretion of appropriate experts.

C.4.4 Performance-based criteria

A performance-based criterion is expressed by a combination of a design fire condition and an gcceptable
safety criterion. In most cases, a_complementary criterion is expressed likewise. The design fire
condition here involves not only a design fire source, but also an associated fire scenario, e.g. occupant
load, door opening and closing, success or fail of smoke control actuation. The level of fire safety cannot
be determined by design fire or safety criterion alone. A severe design fire with a loose safety criterion
and a loose design fire with rigorous safety criterion may result in a similar level of safety.

C.4.5 Predictive calculation methods for fire behaviour

To make use of the technical standards for compliance verification, calculation methods for predicting
various aspects of fire behaviour are necessary. The calculation methods are the tools for verification
like fire tests are, so the predictions need not to be very accurate but only have to be conservative. In
this sense, a number of calculation methods now existing may be used with proper cautions of their
limitations and consideration on adequate safety factors. However, such calculation methods should be
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assessed by peer review or by the comparison with some established benchmark calculation methods,
for assuring the conservativeness.

C.5 Fire safety objectives and functional requirements

This clause describes the fire safety objectives (OBJ]) and functional requirements (FNR) that were
identified from the fire safety provisions in BSL and other relevant regulations.

C.5.1 Fire safety of individual buildings

C.5.1.1 PB] I-1 Prevention of Fire Occurrence

FNR I-1.1[Materials or equipment fixed to a building shall not be installed in such a way that-daily usg of
fire or hegting appliances, or slight fault in handling thereof, can easily cause a fire.

NOTE Most of the fire safety measures are equipped in a building for mitigating potential hazards to lifg or
the third party’s rights assuming that a fire occurs in the building. Nevertheless, prevention of fire occurrence
is still impprtant. Small or large, occurrence of fire itself is already a disturbance to the public peace and order.
Therefore,[fire brigades and police are dispatched for early suppression and investigation of fire cause, includjng
relationship to a crime. Also, fire prevention bylaws prohibit such deeds as to excessively increase the risk of f{re.
Therefore,|it is necessary to remove as best as practical the building-related potential fire sources that can eagily
resultin a perious fire.

However, the items that ignite first in fires are mostly stored commodities,'So building materials or componehts
are rarely fesponsible for fire occurrence. Nevertheless, where open flame is used daily, e.g. in a kitchen, it will be
necessary fo impose restrictions on combustibility of the interior miaterials, etc. located close to the fire.

In additior}, if there were not any restriction to interior finishin the general part of building, there will be[no
ground to limit even the usages of extremely flammable materials, which can ignite by a trivial misuse of fire.

Note that what is limited here is not materials itself ‘but only the way they are used, which connotes that
flammable|materials can still be allowed, provided that appropriate measures are taken to prevent its ignition,
such as covering its surface by non-combustible material.

The so-called slight faults here are sorts of\improper handling of fire that can happen rather frequently] in
everyday lffe, such as forgetting to extinguish a stove or overheating cooking oil in a kitchen, or the carelpss
dropping df a lighted cigarette in a living'space.

C.5.1.2 PB]JI-2 Exclusion ofFire Hazardous Area

FNR I-2.1 Parts of a buildihg which store extremely hazardous substances, such as flammable|or
explosive [materials, shdll be provided with adequate measures, according to the level of the potential
hazards, tjo prevent a-fire that occurs therein not to spread to the other parts of the building, and thdt a
fire that ofccurs inanother part of the building does not spread thereto.

quantity of de51gnated hazardous matters has to be f1re re51stant or semi- flre resistant. The requ1rements here
basically follow such provisions. Ideally, it may not always be necessary to employ such a prescriptive measure
like fire walls, but it can be possible to use appropriate measures according to the specific nature of hazardous
substances. However, as there are tremendous kinds of hazardous substances, whose natures of hazards are
different from one to another, it is practically impossible for building designers or engineers to have sufficient
knowledge for taking efficient safety measures. The practical and efficient measures for the storage or places
of handling for almost all the hazardous substances are prescribed in detail in the Fire Service Law, Explosives
Control Law or Act for High Pressure Gas Safety, etc., so it will be most appropriate to follow these regulations.

Once a building complies with this requirement, it is not necessary to care about such particularly dangerous
substances but only sufficient to consider normal combustibles.
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C.5.1.3 OB]J I-3 Assurance of Life Safety

NOTE1  Without doubt, life safety is the most important objective of fire safety design of building. In fire
safety provisions of building codes, the primary means for securing life safety is to require adequate evacuation
routes. In other words, life safety and evacuation safety mean almost the same in building fire. It can certainly be
the most effective and realistic means for safe evacuation in fire of a building to provide the evacuation routes to
the ground outside of a building. This strategy is likely to continue into the future. However, as buildings become
increasingly large and tall, there can be the case that an evacuation plan is neither defensible nor effective
without considering a refuge space within a building.

FNR I-3.1 Adequate evacuation plan

FNR I-3.1.1 A concrete evacuation plan for the event of fire shall be taken into consideratjion in the
degign of a building.

NOTE 2  Fire provisions in BSL prescribe standards on the capacity and layout of evatuation routes and on
various facilities to protect or support evacuation in case of fire, but they hardly indicaté)how the evpcuation is
caffried out in the event of fire. As a result, building users draw up an evacuation plantafter the complétion of the
bujlding, considering the features of evacuation facilities and other safety systemstthat happen to be efuipped by
thq design. However, it will be too difficult to effectively design the facilities arid, systems for evacualtion safety
unless an evacuation plan is presented prior to the design. Hence, it is required to draw up a concrete gvacuation
plan at the stage of designing of a building, taking into account the characteFistics of the use and the o¢cupants of
thq building.

FNR I-3.1.2 The evacuation plan of a building shall ensure the.safety from fire for the entire pccupants
nofmally expected in the building.

NOTE 3  There will be no dispute that an evacuation plan covers all occupants. The “occupantf normally
expected” in each space must not be assumed only from, the nominal use of the space, but from|the actual
mj)nner of its use. For example, a sport facility in nominal use can be frequently used for various convgntions and
enfertainments, in which case, the number and the characteristics of the occupants will vary from ohe event to
angther.

On|the other hand, it may be insignificant te‘consider any occupant for normally unoccupied room§ such as a
madchine room, in which only infrequent entrance occurs for maintenance. For another example, a mepting room
in fin office building can be used occasionally for a small party, but it will not be necessary to require the same
levgl of exits as an assembly room. The standard occupants load factors are prescribed for the space fises whose
avgrage conditions of occupants ean be presumed by common sense. However, the designer of a bujlding, who
directly contacts with the client;is\in the best position to accurately grasp the actual condition of the huilding, so
bedrs responsibility in deciding-adequate design occupant load.

FNR I-3.1.3 The evacuation plan of a building shall function effectively at whatever time of|day a fire
mdy occur.

NOTE4  Conditions of use and management of a building change every day and hour. However, it is tpo difficult
to check if an ‘evacuation plan works effectively in every conceivable condition, so it is practically] inevitable
to pelect a certain number of scenarios that can represent particularly disadvantageous conditions| Then, due
attpntion_must be paid not to miss any important scenario in which the evacuation plan may fail tq work. For
exgmple,‘in case of an office building, a scenario of a fire during working hours may seem most disadyantageous
beg¢duse the occupant load is at the highest during this period, but it can be advantageous in the s¢nse that a
fire can be perceived quUIiCKly. On the other hand, a fire alter normal working nours, when some of the offices
in a building are already vacant, can cause more difficult situation than daytime in view of the delay of fire
perception, even if occupant load may be lower.

FNR I-3.1.4 An evacuation plan of a building in fire shall be practicable when the associated factors,
such as the characteristics of occupants, space geometry, utilization, management, operations, and fire
detections/alarm systems, etc., of the building are fully taken into consideration.

NOTES5  Anevacuation plan for a building must be practicable so that it can be readily and realistically put into
practice in the event of a real fire in the building. For an exaggerated example, an evacuation plan is unrealistic
if it expects that all hospitalized patients evacuate by themselves through stairs at normal walking speed, or
that occurrence of a fire is immediately detected in a building in which neither smoke detector nor watcher is
provided. When an evacuation plan is worked out, the critical conditions to put it into practice in an actual fire
must be confirmed one by one.

© IS0 2017 - All rights reserved 31


https://standardsiso.com/api/?name=c5dc00eb0d5aec6092e340b563efd3e1

ISO/TR 16576:2017(E)

FNR I-3.2 Limitation of fire hazardous building materials

FNR I-3.2.1 Fire hazardous materials, such as those that are extraordinarily flammable or have the
potential to generate extremely toxic gases, shall not be used in spaces that admit people who are
ignorant of the potential danger thereof unless proper prevention measures are taken.

NOTE 6  Itcanbe unavoidable to use some ignitable or flammable materials in spaces for special purposes, such
as some sort of laboratories. However, as the users of such spaces are limited to particular professional members,
it is possible to get them to fully understand the danger and the precaution for it. In usual spaces of building,
however, it cannot be expected that the occupants have any professional knowledge about building materials so
they do not know how easily they ignite, how they burn and what kind of toxic gases they can produce. In spaces
admitting the general public, who are basically ignorant of the fire hazard and not particularly trained for saf¢ty,
it is anticigated that a certain extent of careless deeds can occur. The objective of this requirement is to prevent
that a fire|caused by such a trivial misdeed rapidly develops to result in a grave tragedy in evacuation)befpre
various safety systems equipped in a building, such as evacuation facilities or smoke control facilitiesybegir] to
take effect

A building|is constructed for its own normal time functions. Although life safety from fire is an indispensaple
requiremeht for any building, too heavy economical burden due to excessive demand to fir€ safety provisions ¢an
cause diffifulty in running the building. Actually, fire safety provisions of any country have taken into accopint
economicaf restraint, as well as assurance of an appropriate level of safety, so limit their requirements within
minimum hecessity. Since it is too difficult to guarantee fire safety with such miiimum measures against{an
extraordinfarily severe fire condition, it is necessary to remove the risk of such<a severe condition to occur|by
means of restricting the use of hazardous materials. If the existence of remarkably hazardous materials mus{ be
considered, the level of requirements for evacuation facilities, etc. will be raiséd as much. This would be enormgus
societal wdste since the raised requirements are imposed to all the build{figs'in the society. This requirement has
arole to reduce the heavy demand to various fire safety measures of buildings.

FNR I-3.3|Assurance of safe refuge

FNR I-3.3.1 A building shall be provided with a refuge\as the final place of safety for evacuation| of
occupanty in fire.

NOTE 7 |[Because the danger of a fire is usually limited within a building or its neighbourhood at most, gnd
a building fis normally erected on the ground, it is\sufficient and practical as the life safety measures in firq to
evacuate ofcupants to the outdoors. Therefore,theexisting code has implicitly assumed that the final destinatjon
of escape i fire is the outdoors and has only prescribed the provisions for the escape route inside of a building.
However, fpr high-rise or large-scale buildings, which are now increasingly popular, evacuating occupants to fhe
outdoors npay not be unconditionally practicable considering the time required for evacuation. It is the first sfep
in designinjg the means of escape of abuilding to decide the place of final safety.

FNR I-3.3{2 A refuge shall be-set up, in principle, at a place where evacuees can freely walk away from
the danger of fire whenever\necessary, such as a public road. However, a refuge is allowed on the dite
or inside ¢f a building if€vatuation to outside of the building cannot be completed within a reasonaple
time relatjive to the tirhe-of fire development.

NOTE 8 (It is an implicit premise for a majority of buildings that the final place of safety is a public strget.
A public r¢ad isvthe first priority as the refuge in case of fire, since it can ensure the safety most certaij:ly.

However, ip high*rise or large-scale buildings, there may be the cases in which the evacuation time to a public
road is estimated to be too long relative to the time of fire growth. Also in hospitals, etc., a significant time can be
necessary to get many patients to evacuate by a limited number of assisting staff. In such cases, it may be rather
safer to plan a refuge within the building rather than at the outdoors. Also, a final refuge on the site can be a
possibility when a building site is spacious enough.

However, a refuge prepared in a building will be, more or less, inferior to a public road in terms of the level and
the reliability of safety. After all, a refuge inside a building is regarded as the last resort when the evacuation to a
public road is too difficult.

FNR I-3.3.3 A refuge shall allow evacuees therein to be free from any danger due to fire such as smoke,
flame, radiant heat, damage or collapse of the building.

NOTE9  When a refuge is planned on a site or in a building, safety from all sorts of hazards due to fire such as
smoke or heat, etc. is verified so that its safety level is sufficient for a refuge.
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FNR I-3.3.4 A refuge shall assure physiologically tenable conditions for evacuees.

NOTE 10 A refuge can be psychologically inadequate as a space for some long-term stay even if it is free from
direct danger from a fire. The psychological problem is particularly caused by the deterioration of air quality
in a refuge when a large number of evacuees are confined in a small space. The tenability issue can also involve
psychological aspects, but its quantitative evaluation is difficult, so the requirement here only addresses the
physiological aspect.

FNR I-3.3.5 In the case of an evacuation plan that changes refuges according to fire location, the plan
shall be simple enough not to cause any complication or confusion in conducting the evacuation as
planned.

NQTE 11 An evacuation plan that changes the refuge according to the fire location can be adopted especially
in the case when the refuge is set up in the building. An example of this concept is a horizontal evacduation in a
hogpital ward, i.e. the ward is divided into two or more areas by fire partitions and the patients in the block of
firg origin are evacuated to the other block. Such an alternate evacuation plan is only possible’'when r¢liable staff
is gqvailable and the evacuation system has been fully understood by them through periedical practicefs.

FNR I-3.4 Assurance of safe evacuation route

FNR I-3.4.1 Evacuation routes shall be continuous and straightforwardto a refuge from every place in
a Huilding at which occupants are usually expected.

NOTE 12 An evacuation route is a series of spaces through which evacuees reach a refuge. A route that includes
anfimpassable part for pedestrians cannot be deemed as continuqus A space in which fire risk is notfnegligible,
sugh as a living room, is not included in an evacuation route thabis’commonly used by evacuees froi different
rogms. In addition, the evacuation route is readily recognized.by evacuees. The evacuees in a fire ¢an be in a
kinld of panic when negotiating exits to the safe place. Thekefore, evacuation routes are as simple ahd clear as
prdcticable, such that occupants are naturally led to a refuge through corridors and stairs after exiting a room.
Sug¢h an escape route as a corridor with many branches.or dead ends, or a staircase that ends at an infermediate
flopr so that further search for another path is required to continue the descent is, in principle, avoided. However,
for] types of buildings that admit only specific odeupants who are familiar with the building spacgs, such as
apartment houses or office buildings, this requirement for clarity of evacuation routes can be less rigprous than
buildings admitting the general public.

FNR I-3.4.2 An evacuation plan ofia-building shall be schemed to ensure at least one practicable
evicuation route for all the occupants normally expected in the building no matter where & fire may
bre¢ak out unless the possibilitytef fire occurrence thereat is negligible.

NOTE 13 Giving redundangy tereinforce reliability of safety systems is a common practice not only fpr building
fir¢s, but for various safety,issues. The “two or more escape directions” concept, which has been de¢med to be
important in evacuatiorrplan for building fires, is an example of such redundant safety systems. Fife codes in
mgst countries refleet this concept in the form of the provisions of common path length, dead end length and the
requirement of twg ormore exits, etc. The essential meaning of the “two or more escape directions” cgncept is to
engure at least oné-evacuation route wherever a fire may break out. Generally, it is a good practice to afrange two
or more escapgtoutes in different directions, but only one evacuation route can be acceptable depengling on the
possibility effire occurrence or the level of reliability of the only route.

FNR F¥3.4.3 An evacuation route, including its width, shape, structure, facility, etc., shall be de¢signed to
engble the smooth evacuation of occupants in fire.

NOTE 14 Itis necessary for a quick and smooth evacuation that each part of an evacuation route, such as exit,
corridor and stairs, to have adequate capacity or width for the number or the characteristics of occupants. Also,
structural strength, shape, material, design and equipment of escape routes must not cause any problem in
evacuation movement, such as collapse of the path, falling, darkness, door locking, etc.
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FNR I-3.4.4 Any part of evacuation route shall be free from hazards due to fire, such as smoke, flame,
radiant heat, collapse and breakage, etc. during the period of the evacuation therein.

NOTE 15 Evacuees on an evacuation route must be safe from various dangers caused by fire. It is widely
recognized that smoke is the most serious hazard for evacuees in building fires. This is because smoke spreads
more rapidly and extensively than combustion itself. However, flames, radiant heat, collapse and breakage of
building elements can also cause hazards to evacuations even though they tend to be overlooked in today’s
buildings, which basically comply with prescriptions of building codes. For example, fire resistance requirement
to staircase walls has implicitly taken care of many such dangers. In performance-based design, where many
of the conventional prescriptions are waived, it is necessary to reconsider every potential hazard that might be
caused by fire.

It is sufficlent for each part of an evacuation route to be safe only while evacuation is going on thereins For
example, ifis enough for the room of fire origin to be safe until all the occupants have exited the room,dnd in fhe
corridors gn the floor of fire origin, it is enough to ensure safety until all the people on the floor have’escaped
into the stgirs.

FNR I-3.45 If no alternative escape route will be left for the occupants usually expected in the event
a fire occprs at a particular part in a building, adequate measures shall be progided to protect the
occupantg from the fire within the building or to make the possibility of firé ‘eutbreak at the part
negligible

NOTE 16 (It might be ideal if two or more evacuation routes could be ensured in‘a building in any circumstarjce,
but in pragtice, it is not exceptional that such plans are unaffordable. It is often economically difficult to provjde
two stairs|for small-scale buildings. As a result, the existing building codes allow single stairs for buildings
smaller than a certain prescribed size. However, if the only staircase<is compartmented by fire walls, a flre,
should it ofcur, can be confined within the stairs, not causing fatal thteat to the building occupants who might
have no he]p but stay in rooms.

Generally $peaking, the probability of fire occurrence in staircases or corridors is thought to be significarftly
small. Nevgrtheless, existing building codes require high level of safety measures to such spaces, such as npn-
combustible fire-resistant walls and the strict restrictioncof interior finishing. This is thought to be not oply
because these spaces are used for longer duration than other spaces for evacuation and firefighting etc., but gflso
because the fatal influence is concerned when a firé breaks out in such a space. This requirement intendq to
respect thg spirit of such provisions for stairs and-corridors in the existing codes.

Not only stfairs but also any part of a building prepares for the risk of fire therein if the fire can result in absoljite
loss of evaguation route for occupants.

C.5.1.4 PBJI-4 Assurance of the Third Parties’ Property

NOTE1 [The most important-role of building fire codes, next to ensuring life safety, is to prevent damagd to
the third party’s property, The BSL simply states that its objectives are “to protect life, health and propefty
of people .”, but does noef\clarify whose property it means. On the other hand, this requirement clearly staftes
that the pijjoperty is that{of the third party. This is because it would rather violate people’s right to oblige the
concerned [person taprotect his own property. The citizens in a free society are granted the right to exploit tHeir
own propefrty at theit’ own risk. It is only when the way of using the property causes troubles to the third pafty
that the right is réstricted. One can invest in fire compartments if it is beneficial to protect his own property] or
he can buy|fire insurance instead, or he can just be very careful for the fire prevention by himself, to make miich
use of his dapital-On-the-otherhand thepeople’srightsfor propertyinclude-thattheirproperty benot-deprived
or damaged by others unreasonably, so it is an important duty of people not to endanger others’ property.

Not only property but many other rights and interests cannot be violated as well. Spread of fire to the third
parties’ property will cause unacceptable loss of others’ interests, which includes not only tangible loss, but also
many intangible things, e.g. peacefulness, memorials for family. However, it will be inevitable that the properties
of the concerned parties are, more or less, affected when a fire breaks out in a building, so this requirement is
limited only to the case that the degree of the infringement is significant.
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FNR I-4.1 Prevention of fire spread to the third party’s building

FNR I-4.1.1 A building shall not cause fire spread to buildings on others’ property in the event a fire
breaks out therein.

NOTE 2  According to the Civil Code, one who has damaged others’ property is liable to make compensation for
the damage whether intentionally or inadvertently. In case of an accidental fire, however, “the Law of Liability
on Accidental Fire” waives this liability unless his fault is extremely grave. This can be because it is practically
impossible for an individual to make the reparation to the damage caused to others in most cases, particularly
when the spread of the fire involves a number of others’ houses. Whatever the intention of the provision may be,
it follows that people who suffer damages by fire spread from a neighbour cannot help but endure his misfortune.
Hofvever, since the right Tor property is granted to the people by the constitution, it is evident that the abuse of
thipg provision is not allowed. Though everyone is basically careful about a fire, it is a reality that firesjoccur with
sothe degree of frequency by faults in everyday life. It will be reasonable to require any building'to takie adequate
sures to prevent serious damage to others’ property due to the fire that breaks out in the building.

FNR 1-4.1.2 A building shall not cause fire spread to other buildings in the gvént a fire Hreaks out
the¢rein if it may seriously damage the tenant’s important right or interest.

NQTE 3  Multiple buildings on a site belonging to the same owner can be rented to tenants. In such|a case, if a
fir¢ that occurs in a building readily spread to another, the third parties’ propesty and various importfant rights,
cofpcerning their family lives or businesses, etc., can be seriously disturbed-Therefore, even if not as [strict as to
otlers’ buildings, a certain extent of measures to prevent fire spread to other buildings is required.

FNR I-4.2 Prevention of hazardous collapse onto the third-party’s building

FNR I-4.2.1 A building shall not damage others’ or publieiproperties, rights or interests by the collapse
the¢reof due to fire.

NOTE4  The structures of conventional wooden heuses are not required to be fire resistant tq survive a
vigorous fire. In other words, a building is not always prohibited to collapse by fire. It is only when| necessary
the viewpoint of evacuation, fire service operation or preventing troubles to a neighbour, etc. that a certain
exfent of fire resistance performance is required to a building. For example, no trouble can be caysed to the
neighbourhood if a one-story warehouse built'oh a spacious site in rural area collapses by fire, so thaf there will
be |no reason for requiring fire resistance*performance to such a building as long as preventing impjacts to the
neighbourhood is concerned.

Hopvever, high-rise buildings in urban districts rarely have spacious sites, so an adequate level of fiije-resistive
pefformance is required for preventing hazard and impacts to the surrounding, as well as for evacuation and
fir¢fighting. On the other hand,\itis, more or less, inevitable that collapse of any building causes a certajn extent of
damage or impact to others and the community. Even the collapse of an independent wooden house mjght hinder
thq traffic to a certain extent if it fronts to a street. However, since it is comparatively easy to clean up its debris
angl restore the traffi¢; such can be within the social tolerance limit. The level of requirement of fife-resistive
pefformance fromtheviewpoint of preventing hazard and trouble to a neighbour is determined accorjding to the
degree of such ndisance.

FNR I-4.3 Prevention of fire spread to the third party’s space

FNR I4.3.1 A building that is divisionally owned by multiple natural or juridical persons shall not cause
firg 6pread to parts of the building owned by others, in whichever part in the building a fire nmay occur.

NOTES5  There are many buildings that are owned by multiple parties. A condominium is a typical example.
In such buildings, fire spread to the parts of different ownership causes serious loss of others’ properties, like in
the case of fire spread to others’ buildings. Therefore, the fire spread to the parts of different ownership must be
prevented as well.
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FNR I-4.3.2 A building shall not cause fire spread to the parts where others’ important rights or
interests are involved, in whichever part of the building a fire may break out.

NOTE 6  While arental apartment building or a tenant office building, for example, is usually owned by a single
owner, the properties stored in it belong to the tenants. Since the rights of various activities of tenants such as
family life and business need be duly respected, it will be reasonable to impose a certain measure for preventing
fire spread. However, the degree of the nuisance is somewhat light compared with the case of multiple ownership
buildings. Also, in the case of tenant offices, whose floors are subdivided for rent, it is often difficult to partition
between the different tenants by walls with high fire rating because of the frequent modifications of layouts
according to the change and requests of tenants. Therefore, somewhat eased treatment will be necessary for the
compliance with this requirement.

FNR I-4.4{ Assurance of reusability of a building after fire

FNR I-4.4.1 A building that is divisionally owned by multiple natural or juridical persons shall not
jeopardizg the reuse after fire of any part owned by others, in whichever part of the buiilding a flire
may occuf.

NOTE 7 [A typical example of buildings that are divisionally owned by multiple persdns. is a condominiym.
Considering the case that a fire broke out in one of the dwelling units and the fir€ saused a fatal residjal
deformatidn of main structural members, the troubles for residents in other dwelling units will be very seripus
even though the fire neither spread to other’s dwelling unit nor collapse of the building is caused. The samg is
true in a byilding for different use if owned by multiple persons or companies. Adequate level of fire resistancg is
ensured fof such a building to ensure the structural stability to enable the reuse-of the building after fire.

FNRI-4.4{2 A building in which others’ important rights and inter€sts are involved shall not jeopardjze
the reuse |after fire of any part of the building used by others, int\whichever part of exclusive use a fire
may occuf.

NOTE 8 [Even in the case of a tenant building, damage to the structural stability of the whole building|by
a fire in a |local space would seriously interrupt others’ intérests on life, business, etc., so some measures fire
considered to prevent the instability of the whole structuré’/due to a local fire. However, the degree of the rights
and intere$ts of the third parties in such buildings is considered to be somewhat less serious than the case ¢f a
multiple oynership. This is reflected in the level of the:acceptance for compliance with this requirement.

C.5.1.5 PB]JI-5 Assurance of Fire Brigade'Operation

NOTE1 |Human societies have frequently suffered from fire disasters since ancient times, so people have
cooperated in firefighting. As cities and/buildings became increasingly large in scale, professional firefightfng
corpses, i.g. fire brigades, were gradually organized to assume the role to protect the communities from fires|As
aresult, various fire safety meastres integrated in buildings now are planned on the premise of the existenc¢ of
fire brigadps. Actually, it is notdifficult to find the evidence that the building fire safety codes in many countifies
take for grpnted the existenc@of fire brigades. In other words, the existence of such a firefighting organizatjon
has reducgd the burden-of.the fire safety measures that would otherwise be required to each building, gnd
thereby to the society as.a whole. Today’s buildings generally neither have self-sufficient equipment or systems to
guarantee fhe suppression of fires or the life safety of occupants in fires, nor they have staffs specially trained|for
fires. If it were notfer fire brigades and if each building were required to be equipped with its own measureg to
ensure the|[same'\level of fire safety as now, the cost would be enormous. Therefore, it is necessary for a buildfng
to prepare|fai-the intervention of fire brigade so that its search and rescue of occupants and suppression of flire

1.4 1] 3 occo s ] PSR IS DAY -
can be conducted=as UKy ataerrectivery aspractcanre e eventoratire:

FNR I-5.1 Ensuring firefighting bases

NOTE 2  The “firefighting base” here does not mean a place where fire engines are stationed, but a place in or
around a building from which firefighters undertake search and rescue of occupants and suppression of fire.
Typical examples are lobbies and landings of stairs, lobbies of fire elevators, etc., which are actually used by fire
brigades as bases fronting to fire scenes.
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FNR I-5.1.1 A building shall provide spaces to be used by fire brigades as bases for search and rescue
of left-behind occupants and for suppression of fire on such places as public road, site of the building,
outside or inside of the building.

NOTE 3  On arriving at a building on fire, fire brigades establish bases from which they enter into hazardous
areas for search and rescue of occupants and suppression of fire. The places available as the bases for such
firefighting activities must be considered at the stage of design of a building to facilitate firefighting operations.

In case of a low-rise building like an independent dwelling house, streets around the building or the building
site can be regarded as the bases for firefighting. For moderate high-rise buildings, a fire ladder can be a base
to reach the place of fire in a building. On the other hand, in case of high-rise buildings beyond the reach of
fir¢ ladders, firefighting operation from the outside will be impossible if a fire occurs on upper parft floors, so
indoor firefighting bases, such as lobbies and landings of stairs, lobbies of fire elevator, etc., arexind{spensable.
Indidentally, not a few existing buildings, even if low-rise, have the parts that are inaccessible.by fifre ladders.
Soine of such buildings may need spaces that can be used as indoor firefighting bases.

FNR I-5.1.2 Any space in a building that may admit occupants shall be within thereach of the possible

segrch and rescue operation by fire brigades dispatched from a firefighting base:

NOTE 4  Eventhough an evacuation plan of a building is supposed to evacuate alkoccupants safely under certain
typical fire scenarios, some occupants may fail to evacuate for various reasons under actual fire situatjions, as we
seq often in building fires.

Resgcue of evacuees, who have failed to escape by themselves, is the firstpriority of firefighting oper:
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Above all, aAfirefighting base is required to be safe, because it is the front base from
isades proceed inte areas endangered by fire for fire suppression and search and rescue of evac
ty of a fire brigade‘is not ensured, effective firefighting operations is impossible. However a firefig
4 place more arlless close to a fire, so it is not always easy to ensure safety at a high level. On the ot
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on fire, where fire engines stage to undertake firefighting operations, to the firefighting bases within or around
the building. It can consist of a passage on the site, entrances, halls and staircases in the case of an indoor base. In
the case of an outdoor base on the exterior of a building, it is interpreted as fire ladders, and in the case of a base

on the site, it is the site itself.
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FNR I-5.2.1 Any access route to a firefighting base shall ensure quick access to and retreat from the
base for fire brigades.

NOTE8 A route to a firefighting base must allow for the fire brigade to reach the base promptly and to
retreat from the base quickly when endangered. If a fire brigade has to climb up stairs of a skyscraper carrying
heavy equipment, it will waste the precious time needed for rescue and firefighting. This is the reason why fire
elevators are required to high-rise buildings by BSL. Also, an actual fire can develop in an unexpected manner,
so in the event a firefighting base is jeopardized, it is necessary to allow the fire brigade to abandon the base and
quickly retreat. In most cases, a route that allows prompt access to a base will usually allow quick retreat from
the base as well.

FNR I-5.2[ZAny access route to a Iirefighting base shall ensure sale access to and retreat irom thebase
for fire brjgades.

NOTE9 [Aroute to a firefighting base is also the life line for fire brigade communication from a frentbase gnd
the main bpse on the ground, so it needs to be kept safe at any time during the fire. A route to a firfefighting base
can be shared with an evacuation route for occupants, e.g. a staircase. But the safety of such daroute must{be
ensured dyring a firefighting operation, while the safety of a route for evacuation purpose alomne can be ensured
only during evacuation.

It might sefem that a fire brigade, which approaches to the fire floor from below, is 1€s3‘at risk than evacueeg in
terms of sdfety, but the fire brigade must go further up to the floors above the fife“floor for search and resgue
of occuparnits, so the conditions can be more severe for the fire brigade. Needless.to say, the safety of a route [for
exclusive Use by fire brigades, such as a fire elevator, must be ensured independently.

FNR I-5.3|Control of fire size

FNR I-5.3.1 A building shall be able to restrict a fire within. a" size that can be suppressed by fjire
brigades.

NOTE 10 [Not only BSL but also building codes in many othér countries limit fire compartment by area, whifich
demands RQuilding spaces to be divided by fire walls within prescribed areas. Although the purpose of this
provision is not explicitly stated, it is considered that this implicitly contributes to many aspects of fire saf¢ty,
such as safety of evacuation, prevention of fire spread, prevention of structural collapse, etc. However, varipus
alternativg measures are also available to accomplish these purposes depending on features of a building, hot
necessarily limiting compartment areas. The only“irreplaceable reason for limiting the area of compartment is
considered to be to help prevent fire spread beyond the capability of fire brigade. In case of low-rise buildirlgs,
such as dwelling houses, the firefighting is possible from the ground. In case of intermediate-rise buildings, fire
hoses can be used from fire ladders, althaugh firefighting from fire ladders will be more difficult than from the
ground. Injcase of a fire in a building/space beyond the reach of a fire ladder, since the access to the fire is limifed
to indoor routes, available firefighting'devices and fire brigade will be very limited. This is considered to be the
reason thaf BSL imposes severerestrictions to the size of fire compartment at high-rise parts of a building.

From the apove viewpoint,abuilding does not allow a fire to spread beyond the control capability of fire brigades.

A typical rllfl:asure for this_goal is to limit the size of fire compartment, but other measures, e.g. reinforcing fire
extinguishment facilities,'can be alternatives.

C.5.2 Fire safety of urban districts

NOTE Japan has experienced countless urban conflagrations that caused enormous economical and socigtal
tragedies. To mitigate the hazards of urban conflagration, fire prevention districts or semi-fire prevention
districts are designated in urban area according to the degree of congestion and character of districts, and
certain restrictions are imposed to the buildings erected in these districts by BSL.

There are two types of fire prevention districts: one that is designated in a plane area, consisting of fire-resistant
buildings for government offices or business facilities, etc., and the other that is designated in a strip area along a
main street. The former intends to protect the district against conflagration by means of making entire buildings
in the district to be incombustible, and the latter intends to break a conflagration and to safeguard evacuation
routes by fire-resistant buildings arrayed in line along the street.

On the other hand, a semi-fire prevention district is always designated as a plane area in considerably congested
urban district. It intends to retard the spread of conflagration and thereby to help firefighting and residents’
evacuation, by means of requiring fire resistive performance to the buildings in the area, which is somewhat less
severe than that for fire prevention district.

38 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=c5dc00eb0d5aec6092e340b563efd3e1

ISO/TR 16576:2017(E)

The designation of such a district is put into effect by the municipality concerned according to the procedure
prescribed in the Urban Planning Law. The municipality must make the plan open to the public and hold a public
hearing in the process of the designation of the plan, before the final approval by the governor of the prefecture.
So it can be said that such a district is designated based on the consensus by the residents in the area concerned.
Consequently, itis thought to be defensible to impose requirements not only to prevent fire spread from a building
to other buildings, but also from other buildings to the building. Although it might seem unfair that the side of
receiving fire spread has to pay for the prevention measure, this will result in mutual benefit. Strict measures
will be required to a building to prevent the fire spread to its neighbour building if the neighbour building is very
susceptible to catching fire. On the other hand, the more fire preventive the neighbour buildings are, the less
restrictive measures are allowed for a building not to cause fire spread to the neighbour buildings.

C.3.2.1 Buildings in fire prevention districts

C.5.2.1.1 OB]II-1.1 Breaking Fire Spread in Urban Districts

FNR II-1.1.1 A building in a fire prevention district shall not cause fire spread te‘6ther buildings in the
event of fire, whether the fire may be originated therein or caused by fire spread-from an urbpn fire.

NOTE1 A fire prevention district is intended to mitigate the spread of urbanfires. However, it is fimpossible
evgn for a fire-resistant building in this district to eliminate the possibility ¢f putbreak of fire in its¢lf, or to be
fref from receiving fire spread from a conflagration in the surrounding aréa) Therefore, the mitigatign of urban
firg¢ spread is attained mostly by preventing fire spread to other building$sswhen a building in the distriftis caught
by [fire. Typically, this requirement can be met by means of fire-resistive-exterior walls and restricting openings,
or keeping a certain distance from a site boundary according to the-eonditions of the building concerned.

FNRII-1.1.2 A building in a fire prevention district shall not'be susceptible to fire spread from adjacent

NOTE 2  This requires a building not to easily cateh.fire from an adjacent building on fire. Logically, the
pr¢vention of fire spread can be satisfied if each building complies with FNR 11-1.1.1, which requires njot to cause
firg¢ spread to other buildings. However, the more iriferior the performance for prevention of receiving fire spread
from adjacent buildings, the more difficult for abuilding to comply with FNR 1I-1.1.1. Even though fechnically
possible, it will be more costly and inconvenient in everyday use. In a building-to-building fire spread scenario,
any building can happen to be an unintentional attacker to other building, as well as a victim by adjacejnt building

FNR II-1.2.1 A building ifi_a fire prevention district designated along a main street shall [not cause

NOTE Large buildings in a fire prevention district are not supposed to collapse by fire becauge they are
required to be fire resistant by BSL. However, it can be hard to find any justifiable reason to prghibit their
reasonable
icture, are

preventing
elts. A trunk
road ina c1ty must functlon asa trafflc artery for evacuation of re51dents and for emergency Vehlcles in the event
of an urban conflagration. A fire prevention district has the role to protect such a road, in addition to the role to
break fire spread. So buildings in fire prevention districts designated along trunk roads must not fall down on a
street. Note here, however, that this requirement implies that a building is allowed to collapse by fire unless onto
streets or unless the hindrance to the traffic is serious.
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C.5.2.1.3

OB]J 1I-1.3 Protecting Urban Disaster Management Bases

FNR II-1.3.1 A building in a fire prevention district that is expected to be an urban disaster prevention
base shall not collapse by fire onto public spaces, such as a public road or a park, to seriously spoil the
function of an urban disaster prevention base.

NOTE

This requirement is to prohibit the collapse of buildings by fire in an urban disaster prevention base,
which is designated at a plane area. Although BS] does not explicitly state what sort of functions this type of fire
prevention district plays in the event of a conflagration, it is suspected that such an area is expected to be a refuge
for urban residents or a base of disaster management, such as firefighting, first aid, rescue, etc. In order for these
functions to work, any building in such a district cannot collapse onto public spaces, such as roads and parks.

Fire prevellltion districts of this type are considered to contain not only main streets, but also many intermedji

streets so
In suchap

that it can be too severe to require a building to prevent hindrance of traffic when a fire oecurs ir
lane area, many streets can form a network of paths so that alternative bypasses will be-available

emergency| response, etc. even if some of the streets are blocked by fire.

C.5.2.2

C.5.2.2.1

FNR II-2.
buildings

NOTE 1
similarly t

Buildings in semi-fire prevention districts

OB]J II-2.1 Retardation of Urban Fire Spread

in the event of fire.

This requires the buildings in a semi-fire prevention district not to cause fire spread to other buildin
FNR II-1.1.1, for buildings in a fire prevention district. However, a semi-fire prevention district is

an area thqtis intended to break a conflagration unlike in the fire prevéntion district, but an area that is inteng
to mitigate the severity of a conflagration by means of imposing a@ertain degree of fire-resistive performancg
every building or house in the area. It is not easy for the congested urban districts in Japan to require a suffici
open spacg between the houses. The idea of semi-fire prevention district is that the slower the fire spread,
safer the r¢sidents’ evacuation and the more chance to putiéut the fire by firefighting.

The word
eased com

‘easily” implies that the level of the requirement for preventing fire spread in this district will
bared with that fire prevention district.\However, it does not mean that perfect prevention of caus

fire spread to others is required to the buildings.in a fire prevention district, although the word “easily” is
attached. There is no essential difference between the requirements for fire prevention district and semi-f

prevention
determine

FNR II-2.

by the technical standardsfex verification of compliance with these requirements.

.2 A building in a semi=fire prevention district shall not be susceptible to fire spread fr

other buildings.

NOTE 2

This requires the,buildings in a semi-fire prevention district to prevent to receive fire spread fr

other buildings, similarl§to’FNR 1I-1.1.2, for buildings in the fire prevention district. The implication of attach

the word “

pasily” here is'similar to FNR 11-2.1.1 above.
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Annex D
(informative)

Examples of performance safety criteria for verification of
compliance with functional requirements for individual buildings
in Japan

D.1 Introduction

D.1.1 Technical standards for compliance verification

The fundgdmental requirement for fire safety is to clarify what a building has to(do to achieve each of
the fire sqfety objectives. However, functional requirements are verbal statements, which are just oo
general and abstract to be directly used in compliance verification practice-of actual buildings. Eqch
of the redquirements has to be supplemented with objective technical standards to enable the actpal
compliange verification. It is these technical standards that determine the level of compliance with the
requirem¢nts, or in other words, the level of fire safety. The level of.compliance with the requirements
should be[so determined that the concerned society can accept both the safety level to be achieved and
the cost demanded to achieve the level, in broad sense includingrestrictions to daily convenience, etf.

In view offwider flexibility of building design, it would be desirable that the technical standards are givyen
in the forin of “performance-based standards”. At present,showever, it is virtually impossible to replace
all the prgscriptive standards in the existing building codes with performance-based ones. In additipn,
some stapdards that are converted into P-B standards may only result in complicated verificatjon
procedurg¢s without contributing meaningful bengfit to fire safety design, e.g. step and rise of stafrs.
Such stanflards should be simplified into presctiptive standards with a certain margin of safety.

The first priority is to provide at least oné _technical standard in any type, performance-based (P-B)[or
prescriptive, to each of corresponding requirements so that P-B fire safety design method can stand
alone without depending on existing ‘regulations. Consequently, several types of acceptable safety
criteria aife introduced as follows:

©

P: Peffformance criterion
C: Complementary semi-performance criterion for convenience of verification
S: Spdcification ériterion

D: Degmed to;satisfy criterion

E: Expertjudgement, which trusts the discretion of fire experts or building official

Of these types of criteria, expert judgement (E) should be converted into another type of standard as
soon as the relevant knowledge matures, because it is not desirable to leave the safety criteria, which
must be equitable in principle, to personal judgement. However, this problem may be minimized if the
capacity of judgement is limited to the authority in charge or the officially approved evaluating bodies.
Considering the incessant progress of building technology, it will be unavoidable that a certain portion
of standards will always remain to be left at the discretion of appropriate experts.

Specification and deemed to satisfy types of criteria are often useful and indispensable even in P-B fire
safety codes. In the following, however, basically performance criteria (P) and complementary semi-
performance criteria (C) are extracted, omitting most of the other types of criteria.
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D.1.2 Performance-based safety standard

A performance-based safety standard is given by a combination of a design fire condition and an
acceptable safety criterion. In most cases, a complementary criterion is expressed likewise. The design
fire condition here involves not only a design fire source, but also an associated fire scenario, e.g.
occupant load, door opening and closing, success or fail of smoke control actuation. The level of fire
safety cannot be determined by either design fire or safety criterion alone. A severe design fire with a
loose safety criterion and a loose design fire with rigorous safety criterion may result in a similar level
of safety.

D.
Alf
fixi
saf

D.

In

1.5 Feriormance sarety criteria

hough it is possible to adjust both design fire conditions and safety criteria, it will be §
safety criteria and adjust design fire conditions alone to achieve the acceptabledevel of s
ety criteria in this document were developed based on this consideration.

1.4 Design fire

2 broad sense, “design fire” involves various conditions of fire. It is-not only the matter

growth rate and the maximum HRR, but the fire scenarios under which the design fire is

ing
Sp
of
no
“de¢

D.

luding the state of fire safety systems, occupants, etc. For example, success or fail of act
[inkler, smoke control system or fire door will yield drastically different results in the a
h fire safety design of a building. Also, the considerations ar&necessary in determining “d

esign fire” is not within the capacity of this document but.it should be made in some appropr

2 Life safety of building occupants

Thie following criteria apply to the verificatioh.6f compliance with:

a)

b)

D.

D.]

FNR I-3.3.3 (A refuge shall allow evacuees therein to be free from any danger due to fi
smoke, flame, radiant heat, damage;or collapse of the building) in I-3.3 Assurance of saf

FNR I-3.4.4 (Any part of evactation route shall be free from hazards due to fire, such
Assurance of safe evacuation route.

.1 Terms and definitions

.1.1

in

oor space

spaice inside-of the envelop of a building
D.2.1:2

impler to
afety. The

bf the fire
assumed,
ivation of
ssessment
psign fire”

[ only from the viewpoint of safety, but of societal acceptarnce of fire cost as well. The discyissions on

iate place.

re such as
e refuge;

Qs smoke,

flame, radiant heat, collapse.and breakage, etc. during the period of the evacuation therein) in I-3.4

pa | B QI
Olll.“uul DPGLC

space outside of the envelop of a building

D.2.1.3

evacuation space

space used as an escape route or a refuge

©lI
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D.2.1.4
evacuation period

period during which evacuees stay in an evacuation space on the way of escape or period during which
evacuees stay in a refuge

D.2.1.5
fire room side space

space located at the side of the fire room relative to an opening or a partition on a passage of smoke
propagatiptr

D.2.1.6

evacuatign side space

evacuatioh space located at the opposite side of the fire room relative to an opening or a‘partition onfa
passage of smoke propagation
D.2.2 Criteria for the safety of evacuees from smoke in buildings

An indooy space of a building that satisfies whichever of the following ctiteria during the prescrifjed
time is depmed to be at acceptable level with regard to the safety of occupants from smoke.

D.2.2.1 Evac.Smoke.Indoor-(P.)

The smokp to which any of evacuees is exposed in the space satisfies Formula (D.1):

Ltz (AT)? de <1,0x10* (0.1)
1

where
AT i the temperature rise of the smoke'to which the evacuee is exposed to (K);
t1 i the time at which the evacuée begins to be exposed to the smoke (s);

tz i4 the time at which the evacuee ceases to be exposed to a smoke (s).

In Formulp (D.1), whether or@ot’an evacuee in the space is exposed to smoke is determined by eithey of
the condiflions as follows.

a) Tempprature of sthoke

AT >D (D.2)

where

AT is the temperature rise of the smoke in the space (K).

b) Height of smoke layer
§<1,6+0,1H (D.3)

where

S is the height of the smoke layer interface from the floor of the evacuee (m);

H is the average ceiling height of the space from the floor of the evacuee (m).
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NOTE It will be clear and sound as the goal of evacuation safety design of a building is that no evacuee is
exposed to smoke. In many design practices, it is technically possible to accomplish this design goal by means of
providing adequately designed exits and/or smoke control systems, etc.

However, it can be too difficult to achieve the above design goal under a certain fire scenarios. For such a space as
a theatre or an atrium, where many occupants are expected at upper positions above the floor, it is often difficult
to verify that none of them are exposed to smoke because smoke layer in a high ceiling space generally descend
very rapidly at early stage. On the other hand, concentration of smoke in such an early stage is very low due to a
large amount of entrained air so that evacuations in smoke will be possible for some short periods. As another
example, considering a short corridor on an escaping route for which it is not cost-effective to provide any smoke
control system, there can be no other evacuation scenario but to break through it even if it is filled with smoke.
ThfsSperformance criterion can acCeEpt SUCh evacuation SCENnarios to SOMe extent.

Th
pre
Ho
wi
tern

h

main reason that this criterion does not use CO concentration but uses temperature tise o
diction of CO concentration is much more difficult than temperature because of ambiguity of sd
wever, temperature rise and smoke concentration are associated with each other becauseé they bpth change
h the dilution by mixing with fresh air as smoke propagates in building space. Also,itisin considgration that
hperature is supposed to be at dangerous level when CO concentration level is a problem for evacudtion.

nly is that
urce term.

Regarding the exposure to toxic gases and temperature, the equation called Harber’s law expressed a

(X-X,)(t—ty)=const. (n1)

is ¢ften used, where X is the exposure intensity and t is the tolerance time. But it seems that the de
valiidity of this formula depends on the kind of hazards. So after sbme trials and consideration, it is d

cree of the
bcided that

thq form of formula as
2
(AX)“t=const. (n2)
is more appropriate as a conservative criterion, gonsidering exposures to elevated temperature and certain

kinjds of toxic gases.

In pmoke control engineering area, smoke, concentration diluted to 1/100 of that in a room of fire or
to pe at acceptable level in a staircase. This may not always be valid but depends on exposure timg
Supposing a high-rise building of 100 tn ¢f height, the time to go down the stairs at free walking speed
estfimated to be 400 s. On the other hand, assuming that the temperature rise in the room of fire orig

igin is said
to smoke.
is roughly
in is about

1,0
ten
by
thd

00 K and that the temperature.decrease outside of the fire room is caused only by dilution, it follo
hperature rise of smoke dilited to 1/100 is roughly 10 K. Smoke temperature in an actual situation
heat loss to walls, etc. in'the course of its propagation in a building. Though a crude assumption

effects of the dilutioh and the heat loss on the temperature decrease are about even, it folloy

s that the
is lowered

assuming
s that the

terpperature rise of smoke diluted to 1/100 is 5 K. Using these values into Formula (n1), Formula (n3) if obtained:

(AT)? tpyad=5" x400=10,000 (n3)

Th
of
all

erion, 25's
only 1sis

e criterion here is the generalization of this formula for transient conditions. According to this crif
bvaguation time is allowed if space temperature rise is 20 K (= 20 + room temperature, in °C), while
wed if the temperature rise is 100 K (= 100 + room temperature, in °C) or so, for example.

As for the judgement of smoke exposure to evacuees, it is taken into consideration that smoke behaviours are
mostly assessed by one-layer or two-layer zone models in fire safety designs practices of actual buildings.

In the case of one-layer zone models, the judgement is made by temperature rise of the room gas because they
only predict uniform temperature but do not predict smoke layer interface height.

In the case of two-layer zone models, the judgement is normally made based on smoke layer interface height
predicted by a two-layer zone model. Though a two-layer zone model assumes a clear discontinuity between an
upper and a lower layer, vertical temperature distribution in a real smoke layer is more or less dull so no clear cut
layer interface exists. Therefore, assuming that contamination of smoke layer extends down to 1/10 of the smoke
layer thickness below the predicted layer interface height and that the average height of the Japanese male is
172 cm, the condition that an evacuee is not exposed to smoke is:
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1
S-—(H-S5)<1,72 (n4)
10
that s,
§<1,56+0,09H (n5)

where H is the ceiling height of the space. The value of this criterion is conservatively rounded up in the criterion.

Generally speaking, from the viewpoint of safety, the higher the smoke layer interface, the more desirable.
However, deilings of building spaces are sometimes high and sometimes low depending on use and design. [f a
fixed smoKe layer height criterion is universally employed indifferent of the height, it can be too rigorous for low
ceiling spafes, while it can be meaningless for very high ceiling spaces for the clear height is almost within erfor
range. In tlis criterion, these contradictions are mitigated by the term of 0,1H.

Key
1 predidted smoke layer
2 actualflayer profile

Figure D.1 —€oncept of smoke layer height criterion

D.2.2.2 Evac.Smoke.Indoor<(C.1)

The smokg to which any‘of evacuees is exposed in the space satisfies Formula (D.4):

(ATphye ) (£248) <1,0x10* (Dl4)

where

ATmax is the maximum temperature rise of the smoke to which the evacuee is exposed (K);
t1 is the time at which the evacuee begins to be exposed to the smoke (s);
t is the time at which the evacuee ceases to be exposed to a smoke (s).

In the above criterion, whether or not an evacuee in the space is exposed to smoke is determined by
either of the conditions as follows.
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Temperature of smoke

AT >0

where

b)

AT is the temperature rise of the smoke in the space (K).

Height of smoke layer

(D.5)

wh

NO
acd
is 4

D.]
Th

wh

NO
ter

$<1,6+0,1H

ere

S isthe height of the smoke layer interface from the floor of the evacuee (m);

H isthe average ceiling height of the space from the floor of the evactiee (m).
TE While the above Evac.Smoke.Indoor-(C.1) is a performance‘based criterion that
ommodate transient change of temperature rise of smoke, AT, to which.an evacuee is exposed, th

complimentary criterion using the maximum temperature rise of the.smoke, ATy ax. This intends
re easily than Evac.Smoke.Indoor-(P.), although naturally a bit mafe conservative.

.2.3 Evac.Smoke.Indoor-(C.2)
e smoke layer in the space concerned satisfies Formuta (D.7):
$>1,6+0,1H

ere

S is the height of the smoke layerinterface from the floor of the evacuee (m);

H isthe average ceiling height of the space from the floor of the evacuee (m).

TE In the above criteria,/Evac.Smoke.Indoor-(P.) and Evac.Smoke.Indoor-(C.1), the criteria a
ms of temperature rise of'‘the smoke to which evacuees are exposed, but of course AT = 0 if evacu

exjpposed to the smoke. This.complimentary criteria give the condition that evacuees are not exposed t

D.]

Wi
pa

a)

p.2.4 Evac.SmoKe.Indoor-(C.3)

nichever of'the following conditions is satisfied at any of the partitions in every smoke prj
ssage from fire room to the evacuation space concerned.

Pressure difference at openings or gaps in the partition concerned

(D.6)

s able to
s criterion
to be used

(D.7)

re given in
Pes are not
b smoke.

opagation

AP(z)>0 (hy<z<hy)

where

©lI

(D.8)

AP(z) isthe pressure difference of evacuation side space relative to fire room side space (Pa);

z is the height (m);
hq is the lower end height of an opening or a gap in the partition concerned (m);
hy is the upper end height of an opening or a gap in the partition concerned (m).
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b) Smoke layer height in a fire room side space
S>hy+0,1(H—hy) (D.9)
where

S isthe height of the smoke layer interface from the floor of the evacuee (m);

H isthe average ceiling height of the space from the floor of the evacuee (m);

hy i9the upper end height of an opening or a gap in the partition concerned (m).

c) Air tightness of a partition or system of partitions along smoke propagation route

A 2
Ap _ 0,8)(103 _ (D.10)
Vo AT (6, -1, ) JAP

where

Ag i4 the maximum equivalent opening area in the partitions on smokepropagation route during
he fire (m2);

=

V'  i4 the volume of the evacuation space concerned (m3);

AT i4 the temperature rise in the fire room side space on smoke propagation route (K);

—-

t1 i4the time when an evacuee begins to escape in the'Space (s);

4 the time when the evacuee finishes to escapein the space (s);

—

i

AP igthe pressure difference of fire room side space relative to evacuation side space (Pa).

NOTE1 [Pressure difference at openings or(gaps in the partition concerned. When there is a partitfon
wall at somewhere on a smoke propagation route from the fire room to an evacuation space, such as a corridor,
a stairwell, etc., the smoke propagation inte the evacuation side space can be prevented if the pressure of the
evacuatior] side space is positive, relative.to.the fire room side space at any height z (h1 < z < hp) from the bott
to the top df the openings or gaps in the partition. The temperature in a fire room side space is usually higher than
thatin an gvacuation side space. Therefore, if the pressure at the opening soffit is positive, namely AP(h2) > 0, the
pressure af any height z (h1 < z <hy) is AP(z) > 0. However, because the possibility of exceptional temperatfire
conditions|cannot be totally néglected, this complimentary criterion is expressed as above. The representatfive
means to build such pressuré-difference is a mechanical smoke control system but may not be limited to it.

O
=i

AP(z) )

Key
1 fireroom
2 evacuation space

Figure D.2 — Safety of evacuation space achieved by pressure difference
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NOTE 2 Smoke layer height in a fire room side space. This criterion indicates another condition to prevent
smoke propagation to an evacuation side space. Simply saying, this criterion means that smoke does not invade
into an evacuation side space if smoke layer in the fire room side space is at higher position than the opening
soffit in the partition. Incidentally, the second term in the right hand side of Formula (D.9) reflects more or less
the blurred nature of smoke layer interface.

Key
fire room

evacuation space

Figure D.3 — Safety of evacuation space achieved by:smoke layer height

NOQTE 3  Air tightness of a partition or system of partitions)along smoke propagation route. Let us
imfgine the situation that a partition or a system of partitions,4ith some gaps, separates spaces into the fire
roqm side and the other in the evacuation side. Smoke will flow into the space at evacuation side through the gaps
if gressure at smoke contaminated side is positive, relative to the evacuation space side. Noting that npass inflow
andl outflow rates for a room are generally the same at-steady-state, the mass conservation in the pvacuation
spqce is expressed by:

dx
ME:m(XO—X) (n1)

whlere

Xo isthe mass fraction of smigke in the fire room side space ( - );

X  isthe mass fraction’of'smoke in the evacuation side space ( - );

M  is the mass of airin the evacuation side space (kg);

m is the mags\flow rate of air into (= out of) the evacuation side space (kg/s);
t isthe'time (s).

Intpgrating Formula (n1) with initial condition X = 0 when t = 0 and approximating the result, we obtafin

X X
m~_.u1 ) (n2)
U %o ) X
Furthermore, assuming that the temperature drop is caused only by dilution
X AT
A (n3)
Xy AT,

where ATs is the temperature rise of the smoke contaminated space. Then, using Formula (n3) and the
complimentary criteria Evac.Smoke.Indoor-(C.1),

(AT)?(t, -t,)<1,0x10* (n4)
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Formula (n2) becomes as follows:
2

m 372 1,0x10

—(t, -t < n5

o) <=5 (n5)
Letting p be the air density, M and m are given by

M=pV and m=A;\/2pAP (n6)
Hence, finglly

A 1,0x10% 1

7‘3 < 4/% 7z ®7)

ATy (ty—ty)"" NAP

Using p = 12 and rounding up the coefficient results criterion [Formula (n3)].

Note that
space dey
somewhe
considera

Key
1 evacud

D.2.3 (1

An outdo
prescribe

D.2.3.1
The smok

there may be multiple smoke propagation routes from the room of fire origin to an evacuatjon
ending on space layouts and needless to say, smoke propagation imust be prevented|at
‘e on every route. Any of a) through c) can be employed for each ofthe routes, but suffici¢nt
Fion is necessary on their interactions when they are combined.

M

|

ATs

tion space

Figure D.4 — Safety of.evacuation space achieved by air tight partition

riteria for the safety) of evacuees from smoke in outdoor

pbr space of a building where whichever of the following criteria is satisfied during the
1 time is deemed to be at acceptable level with regard to the safety of occupants from smole.

Evac.Smoke.Outdoor-(P.)

b to'which any of evacuees is exposed in the space satisfies Formula (D.11):

5]

where

jtz(AT)zdt<1,O><104

(D.11)

AT is the temperature rise of the smoke to which the evacuee is exposed (K);

t1 isthe time when the concerned evacuee begins to be exposed to the smoke (s);

ty isthe time when the concerned evacuee ceases to be exposed to the smoke (s).
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NOTE This criterion is similar with Evac.Smoke.Indoor-(P.). However, at the outside of a building, it is
difficult to generate the conditions to decide when evacuees are exposed to smoke. A typical scenario of smoke
exposure of evacuees can be such that a fire occurs on a floor in an apartment building with corridors open to air
and occupants on upper floors escape via the corridors which are partly exposed to smoke from openings of the
fire room. In such a case, t1 is the time at which an evacuee enters into the smoke contaminated part and t; is the
time at which he exits the part, and more clearly, t; - t1 is the time of travel in the smoke.

D.2.3.2 Evac.Smoke.Outdoor-(C.1)

The smoke to which any of the evacuees is exposed in the space satisfies Formula (D.12):

(ATpae ) (£2 —t;)<1,0x10% (D.12)

max
where

ATmax is the maximum temperature rise of the smoke to which the evacuee'is exposed (K);

t1 is the time at which the evacuee begins to be exposed to the sthoke (s);
t2 is the time at which the evacuee ceases to be exposed to the smoke (s).
NOTE This criterion is similar with Evac.Smoke.Indoor-(C.1), although the scenarios of smoke exposure are

somewhat different as mentioned in the note for Evac.Smoke.Indoor-(P.).

D.2.3.3 Evac.Smoke.Outdoor-(C.2)
Thie smoke to which any evacuee is exposed in the spdée satisfies all the following conditions

a) [ As to the location of the evacuation space relative to any opening that may eject smoke in the event
of fire, any of the following conditions is_satisfied.

1) Height from the lower end of the opening
z<0 (D.13)

wlhere

z  is the height frem the lower end of the opening (m).

2) Horizontaldistance perpendicular to the opening surface
b's 73 z
—>0,6] % +0,3| — (D.14)
H H H

wlhere

H s the height of the opening (m);
x  isthe horizontal distance from the opening that is perpendicular to its surface (m);
z  is the height from the lower end of the opening (m).

3) Horizontal distance parallel to the opening surface

Y z
- >0,3(HJ (D.15)
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where

H isthe height of the opening (m);

y  isthe horizontal distance from the opening that is parallel to its surface (m);

z  isthe height from the lower end of the opening (m).

b) There is no particular eave or balcony that disturbs free rise of the opening spill plume.

c¢) Crac

of the|fire compartment during the fully developed fire.

NOTE

s or burned through that may allow flames to penetrate are not caused on the exterior walls

Fire gases contain various harmful substances such as heat, toxic gases and smoke particles;Heweyer,

after havinjg come out to open air, the extent of their danger goes down due to the mixing with fréshair, so[an

evacuatior] space at far enough downstream of the openings of a fire room is safe enough. Since\it is not e
enough forf usual engineers to calculate the temperature of hot gas flows from an opening, @ complement
criterion if introduced here so that hazard evaluation of an opening jet plume from a fire-resistive building
be easily ti

D.15 corre

jet from a flire compartment.

Based on Ypkoi’s study, an approximate formula for the trajectory of an openingjet plume can be derived as

1/3
6(%) 1)

hd z are the horizontal and the vertical distances from the ejecting point of an opening plure,
1

X
Z-0
H

where x a
respective
considerin
conservati

i>0

Here, the vplue of 0,3 is thought to be at sufficiently safer side comparing with the values of extension of the h

width of a
account th
wind can ¢

spond to the domains (i), (ii) and (iii) in Figure D.5, respectively, which are not exposed to the open

y, and H is the height of the opening. In the critérion, 0,3(z/H) is added to the above form

e estimation, that is:

usual fire plume, e.g. 0,13 from\Zukoski and 0,15 from Hasemi, although it is necessary to take i

ause wider diffusion of a plume.

z 3 z

hSy
hry
an

eated unless the location of an evacuation space is at an exceptional position. Fofmulae D.13, D.14 gnd

ing

a,

b the diffusion of the plume, and the height z is taken from the lower end of opening for simplicity gnd

h1f-
hto

ht temperature rise naturally/develops outside of half-width to an extent and that turbulence duq to

Key
1 opening
2 Field (i)
3 Field (ii)
4 Field (iii)
Figure D.5 — Domain exposed to opening jet plume
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D.2.4 Criteria for the safety of evacuees from radiant heat

A space that satisfies either of the following criteria during the prescribed time is deemed to be at
acceptable level with regard to the safety of occupants from radiant heat.

D.2.4.1 Evac.Radiation-(P.)

The radiant heat to which any of evacuees is exposed in the space satisfies Formula (D.16):

t
[ 1%de <2,5x10% (D.16)
2]

with Formula (D.17):

’_0,5 (q°>0,5
124 (a">0.5) (D.17)
0 (9"<0,5)

where

q" 1isthe incident heat flux to the evacuee (kW/m?2);

t1 isthe time at which the evacuee begins to be exposed to the radiant heat (s);
tz isthe time at which the evacuee ceases to be exposedto the radiant heat (s).
NOTE Consider that a wall in an important evacuationispace, such as a staircase or a corridor,|is made of
wired glasses or metal panels. The wall might not be hroKen by fire but is hardly heat insulative anfl the room
belhind the wall can be a potential fire room. In the everitof fire, evacuees in the evacuation space can be exposed
to radiant heat from the heated wall. Whether or nef;such a wall can be allowed is considered to degend on the
sizp of the wall. This criterion is applied typically,to-such cases, for the judgement of evacuation safety, but there

ca;[ be many other cases in which radiant heat to evacuees becomes to be an issue.

WHhen a human body is exposed to radiantheat, temperature rise of the skin causes pain at about 45 °C{ Assuming
ahpiman body as a semi-infinite solid receiving constantly net radiant heat at the rate of I, the surface temperature

risg, AT, is:
1/2
) (n1)

where kpc is the thepmalinertia of human body and ¢ is the time.

AT =21
wkpc

Therefore, if radiantheat becomes unbearable for human bodies when the temperature rise, AT, reach¢s a certain
crifical value, bBeeause of pains or skin burns for example, the following relation is expected.

1%t =const. (n2)

0Thody =5,67x107"" x(273+36)" =~0,5kW/m*” (n3)

where o and Thody are Stefan-Boltzmann constant and temperature of human body, respectively.

The right-hand side term of Formula (n2) is determined based on the existing experimental results with
consideration of some safety margin.

Incidentally, as to the particular example mentioned above, the time for evacuees to pass the front of the heat
radiating wall surface is assessed as follows, letting v be walking speed:

t=B/v (n4)
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The acceptable width B of a heat radiant surface such as wired glass openings can be revealed using this criteria
and predicted radiant heat flux q'".

Key
1 radiant heat

Figure D.6 — Radiant heat exposure to occupant’s evacuation

D.2.4.2 Evac.Radiation-(C.1)

The radiapt heat to which any of evacuees is exposed in the space sdtisfies Formula (D.18):

12 (t|-t1)<2,5%10% (D.18)

with Fornpula (D.19):

qfax —0,5 (97>0,5)
I= , (D.19)
0 (9"<0,5)
where
qrax | s the incident heat flux tdithe evacuee (kW/m2);
t1 is the time at which-the“evacuee begins to be exposed to the radiant heat (s);
t is the time at which the evacuee ceases to be exposed to the radiant heat (s).
NOTE This is a complientary criterion in which the radiant heat flux to evacuees in Evac.Radiation-(P) is

replaced wfith its maxifirum value for safer side verification.

D.2.5 Criteriafor the safety of evacuees from falling debris

A space where whichever of the following criteria is satisfied during the prescribed time is deemed to
be at acceptable level with regard to the safety of occupants from falling objects.

D.2.5.1 Evac.Debris-(C.1)

Any building element and its support member satisfy the following conditions during the prescribed
time if the element can cause danger to evacuees in the concerning space when it falls down.

a) The element satisfies all the following conditions:

T <min. Ty, Tynte T,

ign) (D.20)
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where

b)

T  isthe temperature of the element (K);
Thrk is the breakage temperature of the element (K);
Tmit is the melting temperature of the element (K);

Tign is the ignition temperature of the element (K).

2017(E)

The support members of the element satisfy the criterion “D.3.2 Criteria for structural stability

NOTE A refuge, evacuation route, firefighting base, etc. can be subjected to danger due to falling d

in fire”.

ebris from

bullding space on fire. Several measures are conceivable for ensuring safety of such a space from falling or flying
ris. This complimentary criterion is to determine the conditions required for the/measure to pnsure the

de
sa

Hefe, the criteria are given to a) building element and b) its support member, respectively. Their typig

is 1

ty by means of endurance of building element to fire exposure.

oof materials and roof truss. Many sorts of elements are conceivable as such\building elements, ra

al example
hging from

nop-combustible materials like glass to combustible materials like plastics,erwood, so the mechanis of falling

val
for]

Evén if a roof element is made of fire-resistive materials, whole foof structure would fall down if t

ies. Combustible materials, for example, do not always fall down immediately after their ignitior]

. However,

the convenience of practical use, only critical temperature is used as-the criteria for all kinds of mdterials.

he support

members of the roof cannot endure the fire. So it is natural that the roof support member is reqygired to be

firg¢ resistive too. The stability of roof supporting member can‘be verified by the criteria in “D.3.2
strjuctural stability in fire”.

D.2.5.2 Evac.Debris-(C.2)
Anly position in the concerning space is in the\range that satisfies Formula (D.21):

wh

NO
to
dis

Th

Criteria for

D>+H (D.21)
ere
D is the horizontallyprojected distance between the part that may fall down and the ppsition in
the concerningspace (m);
H s the vertically projected distance between the part that may fall down and the posifion in
the concérning space (m).
TE In-case a refuge is somewhat remote from the building on fire, for example, no danger would reach
he occupants therein even if the fire causes falling debris. Since the knowledge is badly limited fof sufficient

tanceitorensure safety of a space from falling debris, a crude consideration is made as follows.

b tTdjectory of an object that falls down simply with initial horizontal velocity of ug only is:

©lI

1,
=—gt
4 29
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where

uo is the initial horizontal velocity of the falling debris (m/s);
g isthe gravity acceleration (m/s2);

t isthetime (s);

x  isthe horizontal distance (m);

y i the vertical fall down distance (m)
\S J

Thereforg, letting H be the height of potential falling part from the concerning place, the horizontal
distance ¥ is given by:

x=0,4 5u0\/ﬁ (@3)

Though it|is difficult to determine the initial velocity ug, let us imagine the case thatglass panes of the
room of ofigin break, which is a representative of falling debris in fire. Considering the situation that
force F dye to the pressure difference between the outdoor and the room gof-fire origin is acting on a
broken pigce of glass with mass of m, the next formula holds

F=APA=ma (n4)
where a i4 the acceleration, A4 is the area of the pane piece and ARjs the pressure difference. Letting h|be
the height| of the window soffit from neutral pressure zone, APis about the order of:

AP = MNpgh (@5)

From Forjnulae (n4) and (n5)

o= APA  ApghA
m  pgsdd

(16)

where pgls is the glass density (= 2 260.kg/m3) and d is the thickness (= 0,5 cm).

Glass pang can crack at around 150 °C but tends to stay in a window. Here, assuming that a glass pgne
breaks off from a window at temperature 500 °C, a = (1/15) gh is obtained. If the force, F, applies to the
glass piecg during the time.it falls in the window jet, the duration is about the order of:

e~ 7 g 47)

Thereforg, the yélocity ug at which it leaves from the window jet becomes a:

ot . N29 3 s
Uy =o LA #8)

Conservatively assuming the window height as 3 m, so h is approximately 2 m, the initial velocity ug is
calculated to be ug = 0,83 m/s. Therefore, from Formula (n3), the horizontal distance x becomes:

x~0,37VH (n9)

In reality, the initial velocity will not be maintained due to air friction. On the other hand, range of its
scattering can be wider than expected because falling trajectory of a glass piece becomes complicated
by resistance of air or influence of outdoor wind. So, the coefficient value in the criterion is about tripled.
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e above discussion is limited to small falling debris such as glass pieces. On the other hand, as

for heavy objects, though their initial velocities can be small and influence of wind can be trivial,
their rebounding or scattering after colliding to the ground can be significant. Since such effects
are far beyond any estimation method available for us, it is decided to use the same criterion. But,
psychologically, the distance may not be sufficient, considering such examples as the required distance
is about 3 m for a 10 m high building and 10 m for a 100 m high building.

D.!
An

wh

NO

D

Thee following criteria‘apply to the verification of compliance with:

a)

.B Structural stability

g o ora G
/ /
T )
h I/ d
|
v
QL
7 7

Figure D.7 — Safety from falling objects due to.fire

.5.3 Evac.Debris-(C.3)

y eave, balcony or roof on the same or lower floor satisfies/Formula (D.22):

d>~h (D.22)

ere

d isthe horizontally projected distance'between the part that may fall down and the tip of eave,
balcony or roof below the part (m);

h isthe vertically projected distance between the part that may fall down and the tip of any
eave, balcony or roof below the part (m).

TE This criterion is based.on the same consideration as the above Evac.Debris-(C.2).

FNR I-3.4.4. (Any part of evacuation route shall be free from hazards due to fire, such jas smoke,
flame, fadiant heat, collapse and breakage, etc. during the period of the evacuation therein) in I-3.3
Assurance of safe refuge;

b)

ENR 1-3.4.4 (Any part of evacuation route shall be free from hazards due to fire, such as smoke,

d)

ftamme; Tadtant treat; cottapseamd - breakage; etcdurimg the periodof theevacuatiomtirerein) in 1-3.4
Assurance of safe evacuation route;

FNR I-4.2.1 (A building shall not damage others’ or public properties, rights or interests by the
collapse thereof due to fire) in I-4.2 Prevention of hazardous collapse onto the third party’s
building;

FNR I-4.4.1 (A building that is divisionally owned by multiple natural or juridical persons shall not
jeopardize the reuse after fire of any part owned by others, in whichever part of the building a fire
may occur) in I-4.4 Assurance of Reusability of building after fire;

FNRI-5.1.4 (A firefighting base shall ensure the safety of fire brigades therein and the effectiveness
of firefighting operation) in I-5.1 Ensuring firefighting bases;
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f) FNRI-5.2.2 (Any access route to a firefighting base shall ensure safe access to and retreat from the
base for fire brigades) in I-5.2 Ensuring access routes to firefighting bases;

g) FNRII-1.2.1 (A building in a fire prevention district designated along a main street shall not cause
serious hindrance to the traffic by its collapse on the street by fire) in II-1.2 Protecting trunk
roads for urban disaster management;

h) FNR II-1.3.1 (A building in a fire prevention district that is expected to be an urban disaster
prevention base shall not collapse by fire onto public spaces, such as a public road or a park, to
seriously spoil the function of an urban disaster prevention base) in II-1.3 Protecting urban

disa

ermanagement bases
=]

D.3.1 T¢

D.3.1.1
structurg

state of a
of an exte

D.3.1.2
long timeg

external |
live loads

D.3.1.3
hazard td

damage, n

general pyblic in the vicinity of a building

D.3.1.4
allowablé

limit stres
structura

D.3.1.5
yield stre
strength ¢

D.3.2 C
A building

brms and definitions

1 stability

structure at which no excessive movement and/or deformation is caused'by the application
Fnal force thereto

design loading

bads for structural design purpose that act to a structure-at all time such as fixed loads ang

the neighbourhood

uisance, disturbance of normal order of lifeetc. that are caused to neighbour persons and

 stress

s for structural design purp@se-that is determined to assure that stress caused in a
member by external loaddoes not exceed the yield stress thereto

ngth

t which a structural member subjected to loading begins to be apart from Hooke’s law

riteriafor structural stability in fire

thiat complies with whichever of the following criteria during the prescribed time is deen

tobeata

ceptable level with respect to structural stability in fire.

D.3.2.1 Struct.Stability-(P.)

Every load bearing member satisfies both of the following conditions:

a) Axial

P(T)>Pp

58

strength in fire

or

ed

(D.23)
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where

P(T) is the axial strength of the load bearing member when exposed to the fire (N);

Pp  is the axial force under long time design loading (N).

:2017(E)

b) Bending strength in a fire time

M(T)>My (D.24)
where

M(T) is the bending strength of the load bearing member when exposed to fire (Nmm);

Mp  is the bending moment under long time design loading (Nmm).
NOQTE Generally, in building structural members such as columns or beams,* compressive ftress and
a Hending stress are caused due to loading. Naturally, structural members arg s designed as to put up with

thqg loads in normal time. In the event of fire, however, structural members may hot be able to bear

the load so

can collapse because of the deterioration of the effective yield strength or-less of cross-sectional afeas due to

temperature rise by fire heating.

Th

bre are a couple of ways to prevent the collapse of structural members by fire, for example, to prptect them

from the fire heating with fire insulation so to prevent temperatufe rise, or to design them with somd margin so
thqt they can still bear the load even if their strength is deteriorated more or less due to temperaturle rise. Fire

res

istance design for steel structures is based on the former idea and that for large section wooden stjructures is

baged on the latter idea.
Thjs P-B criterion is so expressed as that it can be commionly applied regardless of the type of structures. Note
thdt condition a), relating to the axial strength, is:applied not only to simple compressive failure, put also to
bu¢kling failure in cases of long columns, althoughhot explicitly mentioned.
D.3.2.2 Struct.Stability-(C.1)
In case of a steel structure, every load bearing member satisfies both of the following conditipns:
a) | The axial strength satisfiés-both of the following conditions:

1) Axial compressive'strength

Pc(T)>Pp (D.25)
wlhere

T is the temperature of the load bearing steel member (K);

Po(T) is the axial compressive strength of the load bearing steel member at temperaturg T (N);

Pp is the axial force due to the long time design loading (N).

In Formula (D.25), P¢(T) is calculated by Formula (D.26):

Pc(T)=Ac 0y (T) (D.26)
where

Ac is the cross-sectional area of the load bearing steel member (mm?2);

oy(T) is the effective yield strength of the load bearing member at temperature T (N/mm?2).
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2) Axial buckling strength in fire

Pg(T)

where

where

b)

60

T

> Pp

is the temperature of the load bearing steel member (K);

(D.27)

Pg(T)

Pp

is the buckling strength of the load bearing steel member at temperature T (N);

is the effective buckling force due to the long time design loading (N).

In Foitmula (D.27), Pp(T) is calculated by Formula (D.28):

Py (T

Ac

ocr(T

=Ac 0. (T)

is the cross-sectional area of the load bearing steel member (pm?2);

is the buckling stress of the load bearing steel member attemperature T (N/mm?2);

and o}.(T) is calculated by Formula (D.29):

A= [
),60y

A
[1_0’4(K)2 Jay (T) (A<A)
)=10,60, (T)

(A>A)
A2
(X)

is the slender ratio (= buckling length / radius of gyration) ( - );
is the yield stress of the load bearing steel members at temperature T (N/mm?2);
is the limit slenderratio at room temperature (N/mm?2);

is given by Eeriula (D.30):

<E

(D.28)

(D.29)

(D.30)

E i

oy 1

s the Young’s modulus of steel member at room temperature (N/mm?2);

s the yield stress of steel at room temperature (N/mm?2).

The bending strength satisfies the following conditions:

1) Bending strength

M(T)>My,

(D.31)
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where

T is the temperature of the load bearing member (steel member) (K);

M(T) is the bending strength of the load bearing member at temperature T (Nmm);
Mp  is the bending moment due to the long time design loading (Nmm);

and M(T) is calculated by:

M(T)=7PA-n (T)

(D.32)

wh

The yield stress of a load bearing member at temperature T, oy(T{;)in the formulae in a) and

est

wh

Y
ere

Zpx s the plastic section modulus of a load bearing member (mm3);
oy(T) is the yield stress of the load bearing member at temperature T (N/mm?2).

2) If there is any weak part in the beam member, such as a part.of*bolt connection,
bending strength shall be devaluated accordingly.

imated by the following.

The oy(T) of SS400 and SM490, or other structural steels whose mechanical properti
temperature are equal or superior to these, can beestimated by Formula (D.33).

Oy (T<Ty)
p— T —
oy (T)= yTZ_ (T, <T<T,)
2~ T
0 (T, <T)
ere

oy is the standard stress of steel member at room temperature (N/mm?2);

T is the temperature of the steel member in fire (°C);
T1  isthe temperature at which the strength of steel begins to decrease (= 325) (°C);
T,  isthetemperature at which the strength of steel becomes zero (= 700) (°C).

Yieldsstrength of such a structural steel material whose product lot can be identified a
properties at high temperatures are available can be estimated by multiplying 0,9 to the s

the above

b) shall be

bs at high

(D.33)

nd whose
trength at

1% strain in its stress-strain curve.
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oy (T)

NOTE
and Young

complementary criterion is introduced to interpret the above P-B criterion Struct.Stability-(P.) more explic

for steel st

Bending m

a beam confined at both ends, which is usual in building structure, bendingémoment is caused not only aroy

its middle,
criterion fj
temperatu
due to fire

D.3.2.3

In case of
criteria:

a) Axial

P (T

where

Pc(T)

Pp

In Formulp (D.34);»P¢(T) is calculated by Formula (D.35):

|
|
|
|
|
|
|
|
:
Tl T2
Figure D.8 — Strength degradation of steel due to temperature rise

The deterioration of strength of steel structure is mainly caused by the decréase of yield stren
s modulus due to temperature rise, and buckling can occur because of its large.slenderness ratio. T

Fucture case.

oment distribution along a beam varies depending on end confinerent condition of the member
but also around the end of member in opposite direction to that'at the middle. Therefore, the ab
br bending strength must be satisfied both at the middlerand the ends of member. To make su

Fe T in oy(T), E(T), etc. does not mean fire temperature itself, but means the temperature of memb
heating.

Struct.Stability-(C.2)

a reinforced concrete structure, everyload bearing member satisfies both of the follow

compressive strength

> Pp (D]

is the axial compressive strength of the load bearing member in fire (N);

is the axial-férce due to long time design loading (N).

P (T

bth
his
tly

In
nd
ve

ers

ng

4)

5)

where

Act is the cross-sectional area of the load bearing member excluding the depth where the
temperature exceeds 500 °C (mm?2);

C

is the standard stress of the load bearing member at room temperature (N/mm?2);

provided that the depth over 500 °C shall not exceed 2x covering thickness of reinforcing bars.

b) Regarding bending strength in fire, a beam whose compressed part is exposed to fire satisfies
condition 1) [see Formula (D.36)] and a beam whose tensile part is exposed to fire shall satisfy
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condition 2) [see Formula (D.39)], respectively. However, a structural frame whose stresses may be
re-distributed can be verified based on the re-distributed stresses.

1) Abeam whose compressed side is exposed to fire

M, (T)>Mp (D.36)

where

Ma(T) is the bending strength at compressed part of the load bearing member in fire (Nmm);

wh

wh

wh

Mp is the bending moment at compressed part of the member due to long time desigh
loading (Nmm);

M¢(T) is calculated by Formula (D.37):

M (T)=a fi(T) je (D.37)
ere
ag is the cross-sectional area of tensile reinforcing bars (mm?2);

ft(T) is the allowable stress of tensile reinforcing barsdnfire (N/mm2);
Je is the effective depth of the load bearing member (mm);

and je is calculated by Formula (D.38):

Je :%(D_dc) (D.38)

ere

D  isthe depth of the load bearing member (mm);
dc isthe depth of the partof the load bearing member where temperature exceeds 500 {C (mm);

provided that the depth over 500 °C is less than 2x the covering thickness of reinforcing bars.

2) A beam{Whose tensile side is exposed to fire

M (T)>Mp (D.39)

€Fre

M(T) isthe bending strength at the tensile part of the load bearing member in fire (Nmm);
Mp  isthe bending moment due to long time design loading (Nmm).

In Formula (D.39), Mc(T) is calculated by Formula (D.40):

M (T)=ay fi(T) Je (D.40)
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where

at is the cross-sectional area of the tensile reinforcing bars (mm?2);

ft(T) isthe allowable stress of the tensile reinforcing bars in fire (N/mm?2);

Je is the effective depth of the load bearing member (mm);
and je is calculated by Formula (D.41):
Je - D31
8
where

¢

d idthe distance from the upper surface of the load bearing member to the centrefof the tensil
¢inforcing bars (mm), provided that the yield strength of the load bearing member fi(T) in the
pove 1) and 2) shall be estimated by the following.

[

— The ¢y(T) of generally used reinforcing bars, or others whose mechanical properties at hjgh
temp¢rature are equal or superior to these, can be estimated by Formuta{D.42).

f (T<Ty)
— T,-T
fe(Tf={fe i (TL<T<Ty) (P42)
2711
0 (T, <T)

where

fe ip the standard strength of reinforcing bars at room temperature (N/mm?2);

T  ip the temperature of reinforcingars in fire (°C);
T1 ip the temperature at which¢he strength of reinforcing bars begin to decrease (= 325) (°C);
T, ip the temperature at which the strength of reinforcing bars becomes zero (= 700) (°C).

— Yield ptrength of such axeinforcing bar whose product lot can be identified and whose propertieg at
high ffemperatures aré-available can be estimated by multiplying 0,9 to the strength at 1 % strain in
its stiess-strain cuyve.

NOTE Generally, in the design of reinforced concrete structures, reinforcing bars are counted only [for
bearing tefsile stress and ignored for the compressive stress. On the other hand, concrete is counted only [for
bearing compressive stress but ignored for tensile stress.

lee steel mambare tha viald ctrangth of voinforoing hare 1o daotarioratad by tarmanaratiaen wica 1 £ipg ‘he
........... Tt e—yera—StFeR gt FeHtereh S oaFsis—aeteriorate e y—emperatdre—HSe—tHh—iFe-

strength of concrete also decreases due to the deterioration of material quality by exposure to heat. Though its
strength as a function of temperatures is not as clear as that of the steel, it is assumed here for simplicity that the
strength at room temperature is maintained at constant up to 500 °C but becomes zero over 500 °C. Therefore,
load bearing members for compressive load such as columns are required to be capable to bear long time design
loading only by the residual sound part excluding the portion over 500 °C, of which the compressive strength is
disregarded.

On the other hand, beams bear loading by bending stress. In some cases, the lower side, and in other cases, the
upper side, of a beam is in the tensile side at its end or central part. Needless to say, when the lower side is in
tensile, the opposite upper side is in compression, and conversely when the upper side is in tensile side, the lower
partis in compression.
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Considering a reinforced concrete beam heated in tensile side, its load bearing ability through the bending stress
declines due to the temperature rise of reinforcing bars in tensile side. Though the concrete deteriorates in the
heated part too, the load bearing ability of a beam in fire is evaluated only based on the strength of reinforcing
bars, because tensile stress of concrete is disregarded in design of concrete beam. If a beam is heated at
compressive side, the compressive strength of concrete is degraded. So the strength at temperatures over 500
°Cisregarded here as zero. And since the temperature rise can reach the tensile side, the decrease of strength of
reinforcing bars at tensile side is also taken into consideration.

D.3.2.4 Struct.Stability-(C.3)

In

ase of wooden structure_every load hpnring member satisfies hoth of the fn]lnwing condi

Fions:

a)

wh

wh

wh

Axial strength in fire satisfies both of the following conditions.
1) Axial compressive strength

Pe(T)>Pp

ere

Pc(T) is the axial compressive strength of the load bearing wpoden member in fire (N);

Pp is the axial force due to long time design loading (N9«

In Formula (D.43), P¢(T) is calculated by Formula (D.44:

P (T)>Ac -0y

ere

Ac  isthe cross-sectional area of the'load bearing wooden member excluding charred pa

is the allowable compressive-stress of the load bearing wooden member at room
Y temperature (N/mm2),

2) Axial buckling strength in fire
Pg(T)>Pp
ere

Pg(T)> is the buckling strength of the load bearing wooden member in fire (N);

Pp is the effective buckling force due to long time design loading (N).

(D.43)

(D.44)

rt (mm2);

(D.45)

In Formula (D.45), Pg(T) is calculated by Formula (D.46):

Pg(T)=A4Ac -0

where

(D.46)

Ac is the cross-sectional area of the load bearing wooden member excluding charred part (mm?2);

ocr is the buckling stress of the load bearing wooden member in fire (N/mm?2);

and oy is calculated by Formula (D.47):
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[1—0,4(%)2 ]Ey (A<2)

0. (T)= 0,60y (D.47)
A
()
where
A isthe slender ratio (= buckling length /radius of gyration) (- ):
gy id the yield compressive stress of the load bearing member at room temperature (N/mm2);
A

the limit slender ratio (=, hTE/O,6O'_y) (-)

g idthe Young’s modulus of the load bearing wooden member at room température (N/mm?2).
b) Bending strength in fire

M(T)p>Mp, (D4
where

M(T)|is the bending strength of the load bearing wooden member in fire (N/mm);

Mp |is the bending moment due to long time design loading (N/mm).
In Formulp (D.48), M(T) is calculated by Formula (D.49):

M(T)EZy -0y (D
where

Zx is the section modulus ofthe load bearing wooden member excluding charred part (mms3)

- is the allowable bending stress of the load bearing wooden member at room temperature

Oy [(N/mm2).
NOTE This criteriofifis"to ensure that the residual strength of a wooden structural member is yet lar
than the fdrce due to.itstong time loading even though its cross-sectional area is reduced by fire. Though th

are many @nknown.aspects on behaviour of wooden structure, it is considered here that the wooden struct
hted basically in the same way as steel structure. In addition, in view of fire resistance of wooden

can be tre
structures

joiht parts tend to be most vulnerable, so it needs a particular protection measure in its design.

18)

19)

ber
bre
ire

D.3.3 Criteria for prevention of hazard to neighbourhood due to collapse

A building that complies with whichever of the following criteria is deemed to be at acceptable level
with respect to prevention of hazard to the neighbourhood due to collapse thereof.

D.3.3.1 Hazard.Collapse-(D.1)

Every par
H<D

66

t of the building satisfies the following condition:

(D.50)

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=c5dc00eb0d5aec6092e340b563efd3e1

ISO/TR 16576:2017(E)

where

H is the height of the part of the building from the site level (m);
D isthe minimum horizontal distance from the concerning part to the site boundary (m).

NOTE This is a criterion to verify the compliance with this requirement in a simple manner. It is not easy
to predict collapsing behaviour of a building. However, if a building would fall on within its lot if ever it would
overturn, the trouble to the neighbour would be minimal. Actually, it must be very rare that a building overturns,
so this criterion is significantly conservative.

D.3.3.2 Hazard.Collapse-(D.2)
Dimensions of the building satisfy both of the following conditions:
a) [ Geometric condition not to overturn even if bearing members collapse
h D
> (D.51)
[ p2_p2 H-h

where

H is the height of the building (m);

D is the length of the sorter side of the building (m);

h is the maximum of the floor heights of the buildihg (m).
b) | Protrude out length of whatever part of the building when bearing members collapse

s<d (D.52)
where

s isthe horizontal displacement of the part of building due to leaning (m);

d isthe minimum horizontal distance from the part to the site boundary (m).
NOTE This is also_d criterion for convenience in verifying the compliance. If floor area of [a building
is large relative to height, it can lean but never overturns even if its columns or bearing walls colllapse. Most
disadvantageous scenario regarding the collapse of a building is that all the columns at one side on the ground
level collapse all together to slant the building. The above criterion a) give the condition that gravity|centre of a
slapt building stays within the range of the floor area. It is derived only based on static configuration, $§o dynamic
behaviour at'the time of leaning is ignored. However, columns on the other side may work to hold back the slant,
so |t is thouglit to be a reasonable criterion for the rough judging.
In pddition, if a building leans, a part of a building can shift toward the neighbouring site. The conditlion b) is to
pr hikit any part ofthe hni](‘]ihg taostick outinto the third part’y'c property

D.3.3.3 Hazard.Collapse-(E)

From the particular conditions of the building concerned, it is deemed that the building would not fall
down onto the neighbouring site by fire.

NOTE Even if a building does not meet the above-mentioned two criteria, it is not a very difficult situation
for the building since it only has to be fire resistive. However, there must be many cases that a building can be
judged not to overturn to neighbouring sites by fire if its conditions of shape or structure are closely examined.
It is not easy to establish a common standard considering such a variety of particular conditions, so it will be
appropriate to resort to expert discretion.
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D.4 Prevention of fire spread

The following criteria apply to the verification of compliance with:

a) FNRI-4.1.1 (A building shall not cause fire spread to buildings on others’ property in the event a
fire breaks out therein) in I-4.1 Prevention of fire spread to the third party’s building;

b) FNRI-4.3.1 (A building that is divisionally owned by multiple natural or juridical persons shall not
cause fire spread to parts of the building owned by others, in whichever part in the building a fire
may occur) in I-4.3 Prevention of fire spread to the third party’s space;

c) FNRII-1.1.1 (A building in a fire prevention district shall not cause fire spread to other buildingq i

the ey
fire) i

d) FNR
adjac

e) FNR
build
be su

D.4.1 T¢

D.4.1.1
adjacent
building i
D.4.1.2
adjacent

space thaf

D.4.2 C
Abuilding

to be acce
buildings

D.4.2.1

The radia

a) Radidnt heatflux to any point at 3 m in recess into adjacent sites from the property line satisfies

ent of fire, whether the fire may be originated therein or caused by fire spread from an"urh
h I1-1.1 Breaking fire spread in urban districts;

I-1.1.2 (A building in a fire prevention district shall not be susceptible to fire spread fr
ent buildings on fire) in 11-1.2 Protecting trunk roads for emergency management;

ngs in the event of fire) and FNR II-2.1.2 (A building in a semi-fire prevention district shall 1
ceptible to fire spread from other buildings) in II-2.1 Retardation®©furban fire spread.

tfrms and definitions

building

h neighbour owned by others or used by tenants

Epace

is separated from the room of fire onigin by walls, floor slabs, or free spaces

riteria for prevention of causing fire spread to neighbour buildings by radiatio

that complies with either{of the following criteria during the prescribed time of fire is deen
ptable with respect to saféty performance for preventing to cause fire spread to neighbour
due to fire radiation.

Firespread.todBldg.by.Radiation-(P.)

[ion from-the building satisfies both of the following conditions:

-2.1.1 (Any building in a semi-fire prevention district shall not cause fire spread easily to other

not

n

ed
ng

2 103

N

where

CI3r

Lk 2.0 ray
O <=Z,0XTU

7 is the radiant heat flux to any point on the vertical surface envisaged on lines that is 3 m in

ecess into adjacent sites from the property line (kW/m?2);

tp isthe prescribed duration of fire (min).

£p-53)

b) Radiant heat flux to any point at 0,5 m in recess into adjacent sites from the property line satisfies
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t
jODqg?sdts3,2><1o4 (D.54)

where

»is the radiant heat flux to any point on the vertical surface envisaged on lines that is 0,5 m in

905 recess into adjacent sites from the property line (kW/m2);

tp is the prescribed duration of fire (min).

Nonetheless, none of the above conditions a) and b) has to be satisfied for property [ind between
roqds, parks, riverbeds, agricultural fields, forests or others where no buildings are expe¢ted to be
constructed.

NOTE An exterior wall of a house in a congested urban area is required to be semi-fir€ resistive cdnstruction
if the wall is within 3 m from the property boundary by the Building Standards Lawj;and only a fire-resistant
walll is allowed within 0,5 m from the property boundary. The semi-fire resistive construction had begn assessed
forfa long time until recently by fire tests subjected to the second-class standard temperature-time cyrve, which
wals developed based on the fire tests of conventional wooden houses. The témperature of this cugve quickly
redches 840 °C at peak but its duration over 800 °C is only about 5 min.

Thg critical radiant heat flux for ignition of wood is 10 kW/m2 or more, aiid those of usual window glags breaking
angl ignition of curtains inside of window are considered to be aboutthe-same order. Generally, fire temperature
angl duration depend on conditions of fire room and fire load, which differ intensity and duration fof incident
hegt flux to neighbouring buildings from one to another. Though it is not easy to establish the equjvalency of
thq effects to building elements exposed to such different heat\fluxes, it is regarded that the followipg relation
approximately holds:

q”*t = const. (n1)

where q” is the incident heat flux and t is the duration of heating.

U

2]

ng experimental data from ISO cone heater ignitability tests of wood, Formula (n1) is approximateg as

q”*t=2,000 (n2)
where the time ¢ is in minuteThis is adopted as the criterion of the radiant heat flux to a surface at 3 jn in recess
from the site boundary.
For the criterion of the radiant heat flux to the surface at 0,5 m in recess from the site boundary, resultq of fire test

for{rating second class’fire resistive construction are applied. Since temperature of 800 °C is roughlylequivalent
to heat flux of 8@’ kW/m?2:

g%t =80% x5=32,000 (n3)

A direot effect of this standard is that window size is limited according to the distance from property boundary.
In addition, it also implies that exterior walls must endure the fire for the prescribed duration. If an exterior wall
is damaged by fire to enlarge openings, it will be more difficult to satisfy this criterion.

D.4.2.2 Firespread.to.Bldg.by.Radiation-(C.)
The radiation from the building satisfies both of the following conditions:

a) Radiant heat flux to any point at 3 m in recess into adjacent sites from the property line satisfies:

q3<10 (D.55)
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