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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bod

ies

(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
non-goverhmental, in liaison with ISO, also take part in the work. ISO collaborates closely with
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main ftask of technical committees is to prepare International Standards. Draft International Standa

adopted the technical committees are circulated to the member bodies for voting. Publication as
International Standard requires approval by at least 75 % of the member bodies casting.a-vote.

rcumstances, particularly when there is an urgent market requiremient for such documents
mmittee may decide to publish other types of normative document:

In other
technical

— an ISO Publicly Available Specification (ISO/PAS) represents an agreement between technical experts
an ISQ working group and is accepted for publication if it is approved by more than 50 % of the memb
of the |parent committee casting a vote;

— an ISO Technical Specification (ISO/TS) represents an agréement between the members of a techn

e years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed,| it is reviewed again after a further three years, at which time it must either be transformed into
International Standard or be withdrawn.

rds
an

, a

5 in
ers

cal

ttee and is accepted for publication if it is approved by 2/3 of the members of the committee casiing

r a
b iS
an

Attention i$ 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 patent rights.

ISO/TS 24p79 was prepared by{echnical Committee ISO/TC 92, Fire safety, Subcommittee SC 4, Fire saf
engineering.

ety
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Introduction

Fire is an extreme loading condition for structures, which can lead to significant effects on people, property
and the environment. Part of the fire safety design of a built environment arises out of the need to provide
design strategies that minimize the occurrence and spread of fire and its impact on life, property and the

environment. Fire safety of structures is one important component of an overall fire safety desi

el
th
co

Tr4

by
as

role of fire safety of structures is to ensure that elements of a structure (separating ang
ments) within a built environment are capable of preventing or delaying fire spread and structurs
t the fire safety objectives, such as safety of life (for occupants and firefighters), conservation g
tinuity of operations, preservation of heritage and protection of the environment, are nétcompro

ditionally, most designs for the fire safety of structures have been based on prescriptive requir

fire resistance. The evaluation of fire resistance of construction elements is“‘mainly determined b

that involve:

A

Std
en
of

rat

—

a single fire represented by a standard time-temperature curve (sugh as that given in ISO 834-1
isolated elements or assemblies with defined boundary conditighs and sizes.

ndard fire tests apply to fires with an inexhaustible fuel\supply, where no distinction is mad
tlosure size and ventilation, and which do not take into"account realistic structural loads, the re
oad or conditions of structural restraint. Such an assessment method is only able to provide a ¢
ng of the construction products but cannot furnish, all'the information required to make a fire safe

of & given built environment (e.g. smoke leakage, other types of fire, treatment of a full structure).

Wi
en

Th

reg

h the recent advances in fire safety enginéering and the opportunity for designers to take advar
jineering approach when evaluating the(performance of structures in fire, it is becoming necessa

refine the philosophy covered by.the fire safety of structures, in the case of real fires, with res
whole structure;

move beyond the solg consideration of individual elements and include the behaviour of
structural system;

consider realistic-load conditions; and
include the.Cooling phase of the fire.

s Technical Specification provides a methodology for applying an engineering approach to the a
fireperformance of structures in real fires. In such an approach, the solutions are based on p

n strategy.
structural
| failure so
f property,
mised.

ements set

building regulations, building codes and associated standards. In prescriptive fegulation, this is also known

y fire tests

); and

e between
distribution
bmparative
ty analysis

tage of an
y to:

pect to the

the entire

ssessment
finciples of

son, judgement, science, engineering and practicability. A rational approach offers man

benefits,

INnC

uding:

the provisions for better and more reliable fire safety in the built environment;

potential cost-effective fire safety measures and more options with regard to the choice of these

measures; and

better communication with other professionals involved in the design, construction process an
process.

d approval

This Technical Specification is intended for use by fire safety practitioners who employ performance-based
design methods. Examples of users include fire safety engineers and structural engineers as well as
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authorities having jurisdiction, such as authority officials, fire service personnel and code developers. It is
expected that users of this Technical Specification are appropriately qualified and competent in the fields of fire
safety and structural engineering. It is particularly important that the users understand the limitations of any
methodology used.

In addition to the standard clauses (Clauses 1, 2, 3 and Bibliography), this Technical Specification includes the
following clauses:

— Clause 4 provides generic ways of describing design strategies for the fire safety of structures;

— Clause-5-presents—the-gquantificationofthe-perfermanece-of structures—r-fire—which-neludes—guidanee, on
the stgps and engineering methods used to predict the thermal and mechanical responses of structyral
and s¢parating elements exposed to fire and thereby evaluate the potential for fire spread and structyral
failurel. Also included is a description of the factors that should be taken into consideration in the
assespment and quantification process, namely fire spread paths and material properties-at elevated
temp¢dratures;

— Clauseg 6 gives guidance on the use of the different quantification methods.

vi © 1SO 2011 — All rights reserved
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Fire safety engineering — Performance of structures in fire

1 —Seepe

This Technical Specification provides a methodology for assessing the performance of structures |in the built
enyironment when exposed to a real fire.

This Technical Specification, which follows the principles outlined in ISO 23932, provides)a performgnce-based
mgthodology for engineers to assess the level of fire safety of new or existing structures.

NQTE The fire safety of structures is evaluated through an engineering approach based on the quantifi¢gation of the
behaviour of a structure for the purpose of meeting fire safety objectives and can cover the entire time history pf a real fire
(inqluding the cooling phase), and its consequences related to fire safety objectives.such as life safety, properfy protection
and/or environmental protection.

Th
refi
do
1S(
1S(

1S(C

Normative references

e following referenced documents are indispensable, for the application of this document.

brences, only the edition cited applies. For undated references, the latest edition of the

cument (including any amendments) applies.

D 834-1:1999, Fire-resistance tests — Elements of building construction — Part 1: General requil

D 13943, Fire safety — Vocabulary

D 23932, Fire safety engineering — General principles

Terms and definitions

Dly.

3.2

Iding element
egral part of a built environment

function
role and actions assigned to, or required or expected of, various parts of a structure to achieve a specified

obj

3.3

ective or task

load-bearing element
structural element

bui

Iding element that is designed to carry loads besides its own weight

© 1SO 2011 — All rights reserved
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mechanical actions

defined force impacts on other elements due to strain or stress redistribution within a structure, or part of a
structure, in fire

3.5
non-load-bearing element
building element that is not designed to carry loads besides its own weight

3.6

reliability
ability of a|structure or structural element to fulfil the specific requirements, including working life, for which it
has been designed

3.7
structure
assembly ¢f materials forming a construction for occupancy or use to serve a specific purpese

NOTE This includes, but is not limited to, buildings, open platforms, bridges, roof assemblies over open storagg or
process arefs, tents, air-supported structures, and grand stands.

3.8
structural|fire performance
extent to Wwhich a structure or structural element fulfils the specific requitements, including working life, (for
which it hals been designed, when exposed to fire for a given time

3.9
thermal a¢tions
descriptior] of the variation of temperatures or heat fluxes as a‘function of time in an enclosure

NOTE These temperatures or heat fluxes depend on fire 16ad density, fuel arrangement, geometry of and openipgs
within the epclosure.

4 Design strategy for fire safety of structures

4.1 Desjign process for fire safety of structures

Although many countries are still delivering fire safety design of structures based on prescriptive requirements
and standardized tests, there.has recently been a move towards using calculation methods to estimate the
performange of structures, infires. This is due to an enhanced understanding of the behaviour of structureg in
fire and improved knowledge of thermal and mechanical responses of structures at elevated temperatures.
This understanding afid-knowledge enables better simulation of what would happen in a built environment
during regl fires. \However, many of the calculation methods are still at a stage where they replace
conventioral fire.fests in a bid to overcome the drawbacks of testing. Most of the existing calculation meth¢ds
are simple|models applicable to isolated elements and assemblies and cover mainly:

— load-bearing fire performance for common construction materials such as steel, concrete and timber;

— heat transfer, by conduction, through non-load-bearing separating elements, when the thermal properties
of the component materials are known.

These simple calculation methods, just like the standard tests, are only able to provide data for ranking the
various elements based on their ability to resist a conventional fire, although they do make accounting for
some more specific parameters easier. They do not provide the necessary tools for assessing the
performance of a structure in various possible real-fire scenarios, such as localized or fully developed fires,
including the cooling phase that could lead to certain failure mechanisms. For this reason, the current design
approach for fire safety of a structure and its elements is still based on crude assumptions, which could lead to

2 © 1SO 2011 — All rights reserved
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limited flexibility in design as well as very little or no opportunity for accurate optimization of fire safety
measures in a built environment.

However, it is being made increasingly possible to either use advanced calculation or develop simplified
calculation to deal with the behaviour of structure in real-fire situations.

This Technical Specification provides a methodology for applying an engineering approach to the assessment
of fire performance of structures in real fires. An engineering approach for the design of fire safety of
structures includes:

Fig
pra

daefinina-the - bhuilt-anvironmant charactarictice includina adeometn—actions matariale oo -
SeHAHRgRe-Dut-eHoRHeAt-eraaete HSHESHeaigge St GHORS T Ate TS0

identifying clear objectives for the fire safety of structures;

identifying performance criteria for elements of construction in the context of the objeetives for
of structures;

considering design fire scenarios that could develop in the built environmefnt’and challenge th
and the enclosure boundaries;

assessing the fire performance of the built environment (load-bearing and non-load-bearing
and the structure as a whole system;

fire safety

e structure

elements

examining the fire performance of the structure against\the identified objectives and established

performance criteria by taking into account realistic design fire scenarios.

ure 1 is a flow chart showing the overall design process for the fire safety of structures. More
vided in Clause 5 on quantification.

details are

© 1SO 2011 — All rights reserved
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Reconsider the scope
of the project

Scope of the project for
structural fire safety (See 5.2 |«
for details about the scope)

.

Identify structural fire safety Reconsider non-mandatory
objectives, functional objectives, functional
) : - ject
requirements, requirements and
and 'r_\nrfnrmnnr‘n criteria pnrfnrmnnf\a criteria

Specify a trial design plan Reconsi.derthe
for fire safety of structures design

.

Determine design fire
scenarios and design fires

.

Evaluate the thermal
response of the structure

.

Evaluate the mechanical
response of the structure

.

Are objectives-and No
performance criteria satisfied?

.

Yes

.

Document the design

Figure 1 — Fire safety of structures — Design process
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4.2 Objectives and functional requirements for fire safety of structures

Conducting a rational fire safety design of structures requires the establishment of fire safety objectives and
functional requirements.

The fire safety objectives usually address life safety, conservation of property, continuity of operations,
preservation of heritage, and protection of the environment (singly or in combination).

The functional requirements for providing fire safety of structures, usually stated in terms of compartmentation,
integrity and stability of the structure, are outlined as follows:

a)

1)

3)

b

~

1)

Compartmentation for the prevention or limitation of fire spread

Integrity and stability-0f the structure for the prevention or limitation of structural failure

Prevent or limit fire spread within the built environment. As a result of the fire dynamics, b
to pressure, thermomechanical deformation and heat transfer through components of thg
fire (flames and smoke) can spread to other enclosures within the built environment, enda
safety and adversely affecting the value of the built environment and its contents. In this ¢
environment is divided into fire enclosures (concept of compartmentation),with barriers (us
or walls), which contain the fire in the enclosure in which the fire originated.

Prevent or limit fire spread to other built environments and outside the built environment.
boundary walls, floors and roofs may contribute to such fire spread, either as a secondary
for fire located on the outside of the built environment, where adjacent built environmen
natural environment are exposed, or through enclosure. failure, creating a path for an int
vent to the outside, again exposing adjacent built environments and the natural enviror
hazard is greater in presence of materials that can sustain more intense fires or mo
corrosive pyrolytic products, for example in the case of a warehouse containing hazardou
or a chemical processing facility that uses-or produces hazardous materials. Cor
enclosure boundary walls, floors and roofs”should provide sufficient fire performanc
secondary ignition and to contain an. interior fire. Another strategy consists in placin
environment at sufficient distance from\any potential exposure to prevent any significant
spread.

Maintain the integrity of the-separating elements of the built environment. This provisi
increase the time available\for escape, protect escape routes, facilitate firefighter acc
rescue operations, limit the*area of possible loss, reduce the impact of fire on the struct
contents, separate different occupancies, isolate hazards, and contain releases of
materials (during a(fireand even after the fire).

Prevent-or Jimit structural failure. For various reasons, including thermal deformation (exp
contraction) and reduction of strength and stiffness resulting from heating exposed com
the structure, collapse may occur in one of two ways: through failure of heated porti
structure or through failure involving non-heated portions of the structure. Collapse du
mechanism creates a dangerous situation with respect to life safety (if anyone remains
building) and property protection. Even in the absence of collapse, deformation may still

it also due

structure,
hgering life
Ase, a built
ually floors

Enclosure
uel source
ts and the
erior fire to
ment. The
re toxic or
5 materials
sequently,
b to resist
j the built
risk of fire

bn aims to
ess during
lre and its
hazardous

ansion and
ponents of
bns of the
e to either
inside the
affect exit

2)

R . . .
paths,endangeringtife-safety,andmay causeconsiderableproperty damage—Therefor

, structural

elements should have sufficient structural fire performance (in terms of both integrity and stability) to
prevent or delay failure. Prevention of collapse and/or limitation of deformation is essential for load-

bearing structural members and for load-bearing barriers, which also provide containment
load-bearing structural elements, and secondary elements, which support or provide
barriers or main members, shall be given structural fire performance.

. The main
stability to

Maintain the integrity and/or limit the deformation of the structural elements of the built environment.

For the above-stated objectives and functional requirements for fire safety of structures, the time needed to
achieve the objectives may be defined by the interested and affected parties as the time to complete burnout,
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the time to complete evacuation or the time for the fire department to respond to and start controlling a fire.

These are some examples and the interested and affected parties may specify other times.

In satisfying the functional requirements, consideration should be given to the existence of active and passive

fire control systems and their effectiveness.

4.3 Performance criteria for fire safety of structures

Performance criteria are used to determine whether the objectives and functional requirements for the fire

safety of structures have been satisfied.

Some canglidate criteria for the fire performance of structures may be inferred from existing criteria employ
in standard fire resistance tests in accordance with ISO 834-1. However, such criteria are generally express
in prescriptive terms for a single element rather than in performance terms of a single element ar the wh
structure. In addition, although these performance criteria may still be useful, it is necessary to 'question th
relevance and the way in which they are measured.

ed
bed
ole
eir

To allow fgr a more realistic assessment when using fire safety engineering design and ‘ahalysis, performance

criteria shquld not be stated as fixed values, in accordance with ISO 834-1, but should be expressed in ter
of the fire pafety and protection of people, property and contents, and the environment, and should take i
account thg interaction between the different elements within the structure.

Existing ard new (relevant or more representative) performance criteria may be separated into categories:

a) to limif the harm or damage due to fire spreading, using compartmentation (through separating eleme
and sfructural elements);

b) to limif the harm or damage due to the collapse of structural'elements (for partial or total collapse).

The criteria relating to these two groups are presented in4/3.1 and 4.3.2.

4.3.1 Performance criteria to limit fire spread (compartmentation)
The existirl]g performance criteria relate to thase found in ISO 834-1 and are as follows:

— Insulation criteria: in the form of a-limited temperature rise of 140 °C on average, reaching a maximun
180 °(
valueg are generally a very conservative means of assessing the risk of fire spread.

— Integrity criteria: assessed by igniting a cotton pad or through gaps formed through separating (lo
bearing and non-load<bearing) elements. Neither the cotton pad test nor the gap test provides suffici
quantitative data.

ms
nto

nts

of

, on the unexposed side/of'separating (load-bearing and non-load-bearing) elements. These limiting

ad-
ent

The new (felevant):performance criteria are concerned with setting limit values so that enclosure boundarjies

meet the objectives and functional requirements for the fire safety of structures.

— A critérion—fe Haa A e—a e = = rHeHr—eetaratie—Hoac=be= e aer=tlead=les Ha ey

s-(or

the surface temperature of the boundaries of adjacent enclosures) and thermal rad|at|on emanatmg from

these elements, in order to avoid any ignition of combustible material on the unexposed side

of

separating (load-bearing and non-load-bearing) elements, taking into account their relative location
(penetrating materials, lining materials or any combustible materials in the adjacent enclosure), the kind

of materials, and injury to occupants. Such a criterion could be measured in terms of heat flux
temperature of the unexposed side.

or

— A criterion for limiting the spread of hot fire gases through separating (load-bearing and
non-load-bearing) elements in order to avoid both ignition of combustible materials on the other side of
separating (load-bearing and non-load-bearing) elements and injury to occupants. Such a criterion could

be measured in terms of leakage rate.

6 © 1SO 2011 — All rights reserved
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4.3.2 Performance criteria to limit structural damage (structural stability)

The existing performance criteria relate to those found in ISO 834-1 and are as follows:

Load-bearing criteria dependent on a limited deflection/elongation and the rate of deformation. As regards
the stability of load-bearing elements, interaction with the boundary elements and other structural

elements needs to be considered realistically, with the appropriate service load conditions.

The new (relevant) performance criteria are concerned with setting limit values so that load-bearing elements
and the overall structure meet the objectives and functional requirements for the fire safety of structures.

Wlﬁnn csattina tha ecritaria_considaration-shauld - bae-aivan-to
S-Sttt gtHe-crmera-GoRSteeraton-SHourteBe-grver—o

a) | the limits for structural collapse of a structure or part of it, and

b) [ the limits for deflection, elongation, contraction, etc. of elements of the structure~and the| impact of
additional mechanical actions on adjacent separating (load-bearing and non-load-bearing) elemgnts, liable
to cause cracks and openings in them.

The levels of structural stability that should be considered are as follows:

—| A criterion for providing sufficient structural stability of the load-beating element for safe evacyation from

As
to

dafnage to the struettre and the environment, and/or the maximum downtime allowed before reocg
It environment.Decisions about these performance criteria should be made by the interested and affected

bu
pa

5

5.1

the built environment.

firefighting rescue and extinguishment activities in the built environment.

A criterion for providing sufficient structural stability>to’ critical elements of the structure (loc3
non-critical structural members is permitted).

A criterion for providing sufficient structural; stability to avoid any progressive or sudden globa
the structure.

The criteria collectively need to address the question of reliability and other sources of uncerf
can be done by using safety margins in the direct calculation of the probability of structural
year, or associated risks when-the relevant limit states are exceeded. The values used for rel
uncertainty are usually based\en historic data collected over a period of time. Results of risk a
can also provide a rational basis for determining target reliability levels.

far as the protection.of people is concerned, the new (relevant) performance should be defined

fhe ASET (Available-Safe Escape Time) / RSET (Required Safe Escape Time) approach, thg

ties as part'of-the initial design report and each time the performance criteria are refined.

Quantification of the performance of structures in fire

A criterion for providing sufficient structural stability of~the load-bearing element for safe internal

| failure of

| failure of

ainty. This
failure per
ability and
ssessment

in relation
b extent of
upying the

Fire performance of structures — Design process

Table 1 identifies the various steps and parameters to be considered when assessing the behaviour of
structures subjected to fire exposure. The details of these steps are explained later in the text.

Figure 2 shows a flow chart detailing the methodology of the three steps “Determine design fire scenarios and
design fires”, “Evaluate the thermal performance of the structure”, and “Evaluate the mechanical response of
the structure” in Figure 1 and Steps 4 to 6 of Table 1. This flow chart helps to provide a detailed understanding
of a rational approach to the fire safety of structures exposed to a real fire. As illustrated in Figure 2, inputs are
determined from Steps 1, 2 and 3 of Table 1 and outputs obtained for the assessment of Step 7 in Table 1.

© 1SO 2011 — All rights reserved
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Table 1 — Design and quantification process

Step

To consider
No.

To determine or identify

Input

Factors of influence

1 Scope of the project
for fire safety of
structures

Context and purpose of the
design and/or the different
parts

Mechanical actions, including
existing structural loads on
the elements of the structure

Built-environment
characteristics

— Geometry

— Lining materials
— Openings

— Interested and

affected parties

— Structural systems

to be analysed

Ul iuau'a illulubbul II.Jy “IU ﬁlb
such as pressures

Fuel loads in compartments

Quantibvoffual
Toy-orror

ottty ©r

— Dead and live
loads

— Active fire
protection
systems

2 Idgntifying objectives,
furlctional
redquirements and

Objectives relating to:

— Safety of life
— Conservation of property

Statements in
codes, standards
and guidance

—_. Type of occupanc

of built environment
to be designed

strjictures

— Design'elements and

functions to be considered for
the-fire safety of structures
include structural stability,
integrity, containment and
compartmentation

requirements and
performance criteria

Type and method of
analysis

pefformance criteria documents
forlfire safety of —  Continuity of operations T g]ftfzz;?eszzjegaar{;gs
stryictures — Preser\{atlon of heritage including code
— ProFectlon of the officials, owners,
environment and fire safety
— Functional requirements professionals
relating to: — Existence of active
— Limiting or preventing and passive fire
fire spread systems and
— Limiting or preventing te::fectlvenfss of
structural failure ese systems
— Performance criteria, 16 fulfil — Escape Eme
the objectives and approac
requirements — Target reliability
3 [Trigl design plan for |— Strategy for fire' safety of Objectives, — Type of occupanc
fird safety of structures functional of built environment

to be designed

Interested and
affected parties

4 Dekign fire scenarios
andl design fices (fire

— Thermal actions on the

elements of the structure

Fuel loads and
distribution in

compartments
deyelopment) — Heat release rates P
Compartment
— Temperatures characteristics (e.g.
— Heat fluxes ventilation)

— Pressure in the fire

enclosures

Reliability and
response time of
suppression
systems

— Effectiveness of

suppression
systems

—  Fire safety

management plan
and procedures

Fire department
response and
intervention time

— Firefighting

effectiveness
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Table 1 (continued)

ISO/TS 24679:2011(E)

Step

design for fire safety
of structures

assumptions and calculations

No To consider To determine or identify Input Factors of influence
—  Criteria for fire — Effectiveness of fire
spread separation
— Ignition by — Paths of fire spread
flames and/or (openings and/or
smoke breaching of
— Integrity boundaries)
Fhermat Fermperatures and
insulation pressureg in
__ Others enclosurgs
— (Method of analysis
chosen (g.9.
deterministic fire
analysis qr fire risk
assessmeént)
5 Thermal response of |[— Temperatures in elements of |— Temperatures\in — Effectiver]ess of fire
the structure the structure every enclostre separatiop
— Heat transfer data — Paths of fjre spread
for thermal response (openingg and/or
ofdhe elements of breaching of
the structure boundarigs)
>~ " Thermal properties |— Effects of]
of the elements of temperatdres and
the structure pressureg in
enclosurgs
6 Mechanical response |—  Structural analysis(stability |— Temperatures in — Effects of
of the structure and deformation of elements of the connections on load
separating elements and structure redistribution and
structural elements including . continuityj
connections) — Mechanical
properties of the — Effects offrestraint
— Faildrerand time to failure of elements of the Struct
the different elements of the structure T dert:(;nlqjir:' oy
fitucture — Characteristics of
— Failure and time to failure of structural elements
the whole structure and connections
— Restraint conditions
7 Assessment against [— Are the objectives defined in |— Results of the — Interested and
the fire safety step 2 satisfied? analysis affected garties
objegtiyes — Yes, goto Step 8
— No, make changes in
Steps 1,20r 3
(depending on
rnr\nncidnrnfinnc) and
repeat the process from
the appropriate step
8 Documentation of the |— A document containing all the |— Results of the — Interested and

analysis

affected parties
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Start of a fire in a compartment L Inputs from
or outside the structure h Steps 1, 2 and 3 in Table 1
New fire compartment
P> size or fire spread to <
another built environment »
. A 1
! | Evolution of thermal fire and pressure conditions === 1:
| (temperature or heat flux history) exposing the Step 4 |I
: separating and structural elements | in Table 1 |I
. (Designfi | ===—==— =~
b 4 |
. A 1
(N |
| Evolution of temperatures within the Step 5 1
| separating and structural elements in Tagle 1 :I Next
: (Thermal response) l_ ———— : time ste(
Fire spregd _——— I
outside theffre |  __ _ _ _ _ _ ___ _____ ____ L - AN
compartment or i_ - A - —i
inside the bliilt Degradation, de_formahon and loss o_f |—===-= 1
environment | strength of materials used for separating | Step6 | |
| and structural elements | inTable 1 | |
| (Structural response) | /.~ = =————— = |
| |
| ¢ |
| v v |
| |
| SEPARATING ELEMENTS STRUCTURAL ELEMENTS |
Cracks in elements or openings . Thermal deformations, interaction |
] Yes || between elements leading to €| Interactions =Btk other elements, including |
I integrity failure connections, loss of strength I
| |
| |
| A 4 A |
| Ea | Loss of stability |—>| No |—|->
| |
— |
A
| Insulation failure v A |
- Temperature rise on unexposed side eil |
HE‘_I - Increase in radiation to_combustibles |
in adjacent compartments and built A
l environments, ¢ ¢ |
| |
| Loss of stability of Localized loss |
| v the whole structure of stability |
;o |
| |
| : : R
| f
| |
| . |
Outputs to Step4 4: Failure of :
in Tablg 1 | the structure |

Figure 2 — Overview of a rational design process for Steps 4 to 6 in the fire safety of structures

The following subclauses provide more details on the steps highlighted in Table 1. This allows the reader to
gain a better understanding of the structures' response to fire and to assess the fire performance of structures.

10 © 1S0O 2011 — Al rights reserved


https://standardsiso.com/api/?name=742192e91f7c33414dec11dfb50b43a1

ISO/TS 24679:2011(E)

5.2 Scope of the project for fire safety of structures

This is the initial step in a fire safety design process for a new or an existing built environment. The main items
included in this step are detailed in 5.2.1 to 5.2.3.

5.2.

1 Built-environment characteristics

The project designer generally has knowledge of the general characteristics of the built environment and of
the enclosure of fire origin. More specific characteristics are then usually developed (see 5.4).

5.2

In
de
en

characterized by the kind of combustible materials (attached to the built environment or its con

am

5.2

WH
oc
sm)
asy
de

An
rat
[oF

In
wit
of
fire

In
Th

a)

b)

c)

.2 Fuel loads

brder to determine the appropriate design fire for the evaluation of the structure, fuel doads o
nsities are needed. These are determined from existing databases or from surveysyof fuel i
ironment. Fuel load densities are generally expressed in megajoules per unit\ area. Fi

ount and their location.

.3 Mechanical actions

en considering the mechanical actions due to applied or weathering‘loads, the probability of the
urrence of a fire in a built environment and an extreme level of mechanical loads is considered
all, since fire action on the structures is an accidental action{ In* this respect, the loads to be
essing the fire behaviour of the entire structure, or part of‘it, are smaller than those used for
bign of structures.

important concept that may be used in fire design.of-structures is that of load ratio. The load
o of expected loads on a structure during a fire to the load-bearing capacity at ambient conditi
d ratios give higher structural fire performance.

h a high seismic risk, it might be necessary, in the overall fire risk assessment, to account for the
structural damage, damage to separating (load-bearing and non-load-bearing) elements, and th
suppression systems and/or water_supplies in the event of an earthquake.

addition, the fire can induce~mechanical actions, directly or indirectly, through the method of ag
pse include:

action due to the pressure of gases from the developing fire;

impact, if there-is a risk of falling elements, on other structural or separating (load-bs
non-load-bearing) elements;

impact.ef hose stream due to the possible action of firefighters, mainly on the unexpos
sepatating (load-bearing and non-load-bearing) elements;

r fuel load
n the built
re load is
tent), their

combined
sufficiently
Ised when
the normal

ratio is the
bns. Lower

peneral, no other accidental actions should be considered in conjunction with fire. However, in countries

possibility
e threat to

sessment.

paring and

bd side of

d)

the forces and moments induced by the restraint of thermal expansion or contraction at the bo

indaries of

e)

5.3

of

elements of a structure; and

the deformation of elements (such as a beam or a floor) leading to the application of load on
non-load-bearing separating elements or deflections that affect the integrity of separating (load-bearing

and non-load-bearing) elements.

structures

Identifying objectives, functional requirements and performance criteria for fire safety

Fire safety objectives are usually addressed in terms of life safety, conservation of property, continuity of
operations, preservation of heritage, and protection of the environment. The functional requirements and

© 1SO 2011 — All rights reserved
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performance criteria ensuring the fire safety of structures are usually stated in terms of compartmentation,
integrity and stability of the structure. This step was detailed in Clause 4 and will not be repeated here.

5.4 Tria

| design plan for fire safety of structures

The trial design plan for fire safety of structures is an elaboration of the strategy for fire safety of structures
and consists of a set of design elements for the fire safety of structures, such as stability and
compartmentation.

This plan should be described and documented in a fire design report and should present detailed information

in order to
met when
environme
interaction

ISO 23932
safety des

determine whether the fire safety objectives and performance criteria for flfe safety of Structures
pssessed against the design fire scenarios. The design plan can define all the functions of the '
nt in accordance with the strategy for fire safety of structures, taking into account, in its analysis,
between all parts of the fire safety design.

provides some useful information on the functions and design elements for consideration in a
gn.

5.5 Deslign fire scenarios and design fires

5.51 Ge

heral

Design fir¢ scenarios and design fires are an important step in the{assessment of the performance

structures
developmsg
a design fi

See ISO 1

in fire. It shall be noted that a design fire scenario is a‘specific qualitative description of
nt of a fire whereas a design fire is a quantitative description of assumed fire characteristics wif
e scenario.

5733 for more information on the selection of design*fire scenarios and design fires.

5.5.2 Design fire scenarios

The speci
scenarios
quantificat

There are
all likely s
should be

Characteri
initiation, ¢
The impag
consequer

ication of appropriate fire scenarios AS:a crucial aspect of fire safety design. The selected
have a major influence on all aspects of the design as they represent the input for most of
on processes.

an infinite number of possible fire scenarios for every built environment. It is impossible to anal
cenarios, even with thelaid of the most sophisticated computing resources. These possibilit
imited to a finite set of design fire scenarios that are amenable to analysis.

vation of a desigrfire scenario for analysis purposes involves a description of such things
rowth and extinetion of fire together with likely fire spread routes under a defined set of conditio
ts of fire on-~people, property, structure and environment are all part of the potentially relev
ces of adesign fire scenario and of the characterization of that scenario when those consequen

are relevant to the-specified fire safety objectives.

For the d

re
uilt
the

fire

of
the
hin

fire
the

se
ies

as
ns.
ant
Ces

bsign of structures in fire, a fire scenario represents a particular combination of events ¢

nd

circumstances associated with factors such as:

— typeo

— distrib

f fire (e.g. location with respect to the load-bearing elements, size of fire);

ution and type of combustible materials;

— ventilation conditions; and

— status

12

of the active systems and passive fire safety measures, and their performance and reliability.
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As an example, a localized compartment fire could be located in a corner near a column. The compartment
has an open door, no sprinkler protection, and there is no manual intervention (by the occupants or fire
service) to extinguish the fire.

See ISO 16733 for more information on the selection of design fire scenarios and design fires.

5.5.3 Design fires (thermal actions)

Actions for consideration when assessing the behaviour of a structure in fire include thermal actions or design
fires from realistic fire scenarios. Thermal actions or design fires are generally given either as time-

ter
on
eff

Te
wh

In
me
for
Th
po

a)

b)

perature Tetationships oras time-heat flux retationships—To estimatethetemperatureor heat
separating (load-bearing and non-load-bearing) and structural elements, both convective and. rad
bcts should be accounted for.

mperature in the volume affected by a fire is a function of time and space. The parameters f
en determining the design fire (fire development) in a built environment include:

built-environment geometry (surface area, height of storeys, enclosures, wall and floor types
positions of openings, types of glazing, etc.); and

fire characteristics (fire load based on statistics or actual evaluation, ventilation conditi
breakage, and heat release rate determined from existing literature)or tests).

addition, the design fire is influenced by other factors sugh“as human behaviour, active fire
asures, such as sprinkler systems, and firefighting operations. These factors should be taken in
a better evaluation of the heat flux-time relationship or temperature-time relationship.

Esible to distinguish between different types of fifes:

the hydrocarbon fire, the externalcfire, etc. Although these curves are generally used

and they should consequently not'be used to assess the level of safety of structures.

temperature, but which\is’ still only a rough approximation of a real fire, e.g. a parametric fire
exposure for external structural elements (flame coming from an opening or an outside fire s\
land fires), a localized (plume) fire, etc.

A fire resulting/from the calculation of the fire's development in one or more enclosures wi
environmént and taking into account the geometry of the built environment, its ventilation
window\breakage) and the characteristics and distribution of the fuel, as well as from ex
expesing the structure from the outside.

flux effects
iative heat

0 consider

sizes and

bns, glass

protection
to account

b design fire used in calculations should represent'what is happening in a real fire; see Figure 3. When
dealing with real fires, the key factor is the definition of the fire scenario for consideration in the d

esign. It is

A nominal fire, which is expressed by, aswell-defined temperature-time curve, e.g. the standard 1SO fire,

n national

regulations for testing and ratingcbuilding components, how they relate to real fires is not well ¢stablished

An “analytical” fire, which_takes into account the main parameters that have an influence ¢n the gas

a thermal
ch as wild

hin a built
(including
ernal fires

d)

Afire resulting from a test (but the designer should check the applicability of this fire to the real

situation).

For fires reaching a fully developed stage, the rate of combustion is limited either by the fuel or by the
available ventilation. The ventilation-controlled rate of burning in a compartment is determined on the basis of
the air flowing into the compartment. Fuel-bed-controlled fires occur less frequently than ventilation-controlled
fires and are expected only in particular situations such as storage-type occupancies or external fires with a
high level of ventilation.
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Key
X time
Y tempefature
1 ignitior] phase
2 decregse of the fire
3 flash oyer
Figure 3 — Real-fire characterization
To assess|the different types of design fires for use in fire safety of structures, calculation methods or models
may be usgd, including:
a) simplg analytical formulae (e.g. for fire development in a single enclosure), which contain assumptions
and approximate representations;
b) numetfical calculations (e.g. for fire development in one or more enclosures) based on advang¢ed
calculation models including:
1) ope-zone models, which.-are-generally applied in post-flash over conditions;
NPTE  Homogeneous properties of the gas are assumed in the enclosure.
2) two-zone models,”which are based on the assumption that combustion products accumulate in a
Iayer beneaththe ceiling, with a horizontal interface with the lower cold layer;
3) figld models that solve numerically the differential equations governing combustion and dive

CTIcuIated quantities for all points of the enclosure.

See ISO 16733 for more information on the selection of design fire scenarios and design fires.

5.6 Thermal response of the structure

Structural design for fire safety requires the calculation of the temperature profiles in the elements subjected
directly or indirectly to thermal actions. When the thermal conditions (e.g. heat flux, temperatures) on a
load-bearing element or a non-load-bearing separating element are known, the temperature field can be

calculated

as a function of time, taking into account the following:

— heat transfer from flames and smoke to the structural elements through radiation and convection;

14
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heat transfer within the element (mainly by conduction in the case of a solid element, but also by
convection and radiation when there are cavities within the element); and

heat loss to adjacent elements, adjacent spaces or materials.

Temperatures can vary along an element, either because of the local action of the fire or because of heat
transfer toward non-heated zones of the built environment. To calculate temperature profiles of elements,
various assumptions/simplifications may be made:

a)

with fully engulfed elements made from materials of high thermal conductivity (such as steel or aluminium

allawa)t

b)

c)

d)

mifarma-tamuaeeabi-be raab-tbhe-eracce-a fion:
anoy S, armoUTrT T tCTTpCTatarc T oTUygrT 0 IC-CroSS~STUTOTT,

with simple flat elements heated on one side (e.g. a flat concrete slab) or axisymmetric,elements fully
engulfed (e.g. a circular concrete or concrete-filled column): one-dimensional heat transfer;

to obtain the temperature field within a cross-section: two-dimensional (2D) heat transfer; and

to obtain the temperature field within an element with non-uniform temperature distribution algng its axis
or over its surface: three-dimensional (3D) heat transfer analysis.

Th
sh

e reference time-temperature relationship of surrounding gas and boundaries or time-heat flux (see 5.5.2),
uld be known, as well as the thermal properties of the materials)involved. For the relevan{ reference

temperatures, these thermal properties include thermal conductivity,specific heat, density (when it varies with
temperature), melting points and other phase-changing pointsi Particular attention should be paid to the
comditions in which the thermal properties were obtained; thermal properties suitable for a given fire severity

(see ISO 834-1:1999, Figure 7) may not be suitable for another fire severity.

In [addition, to obtain accurate temperature fields, .mass transfer (due to the moisture conterft in many
elgments of the structure) may be considered, or.at least the specific heat should be selected |properly if
acg¢ounting for mass transfer directly proves difficult. Additionally, the temperature field may be altered if

sp
5.1
Th
(e.
an
me
a)

b)

Th
ten

lling, melting or cracking of materials occur.

Mechanical response of the structure

b heating of structural elements may cause expansion (e.g. aluminium, steel, concrete) or gontraction

j. wood), possible thermal gradients, and generally a reduction in mechanical properties such as stiffness

| strength. These effects,.‘along with the mechanical actions, lead to deformations. The purpose of the
chanical analysis of a heated structure is to assess:

the load-bearing-capacity after a given duration of fire exposure; or

the deformation’ of the structure or part of it.

b |load-béaring capacity decreases with temperature while the deformation generally incrgases with
perature. Both of these quantities require knowledge of mechanical properties according to temperature.

Th

b analysis of the fire performance of structures is performed according to two possible representdtions:

A global structural analysis, which should take into account the relevant failure modes in fire exposure,
the temperature-dependent material properties and stiffness, and the effects of thermal expansion or
contraction that may cause interactions between elements within the structure.

An analysis of parts of the structure. In this case the magnitude of loading and restraint, at boundaries
between the part of the structure to be analysed and the remainder of the structure, is assumed to be
time-independent during fire exposure, i.e. the effect of thermal expansion or contraction of heated
elements is only considered within the part of the structure and not at its boundaries. Because some of
the boundary conditions are kept constant during fire in this type of analysis, there are uncertainties in the
calculations which the designer should bear in mind.
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The analysis of elements, applicable mainly when dealing with standard fire-resistance requirements (1SO fire
or other nominal fire), is outside the scope of this Technical Specification and has been addressed in other
ISO documents. In this case, the effects of thermal expansion or contraction, continuity and load redistribution
are usually ignored.

5.8 Assessment against the fire safety objectives

To assess whether or not the structure has, for a given fire scenario, an adequate level of fire safety
(i.e. identified objectives are satisfied), the relevant performance criteria should be compared against the
results of the analysis, test and/or judgement. This is achieved by comparing the maximum deformation of the

componenfsof the structure, or, if appropriate, the time to cottapse:

The level
strategy.

a) thelo

b) the linf
eleme
c) the lin
repair

f structural design for fire safety is evaluated using performance criteria relevant to thé chos
r load-bearing functions, they could be:

d-bearing capability for the entire duration of the fire or part of it (ultimate limit state);

nit of the deflection/contraction/elongation with respect to the integrity of load-bearing separat
nts (deflection limit state); and

hit of structural damage (spalling, corrosion, charring, deformation) ‘at’which a structure can
bd after fire (re-serviceability or re-usability limit state).

For non-logd-bearing separating functions, they could be:

— the limit of the unexposed face temperature;

— the limit of the radiation level from the unexposed face of'the element; and

— theli
the el

it of cracks and boundary deformation in order'to reduce leakage (e.g. flames and smoke) throt
ment.

For floors @and load-bearing walls, both functions Shall be satisfied.

5.9 Dog¢

Document
parties inyv|
methodolo
the assess

umentation of the design for-fire safety of structures

htion concerning the assessment of fire safety of structures is provided to all interested and affec
plved in the design process in order to foster greater understanding of the scope, the calculat
gy, the assumptions-and the outcome of the assessment. The documentation provides details
ment of fire safety of structures, including the following:

sted and affected parties involved: the participants in the assessment and their roles.

of theproject:

ben

ing

be

gh

ted
on
on

pseription of the built environment, including type of occupancy, dimensions of the built environm

ent,

a) Intere
b) Scopg
1) d

c

mpartmentation, and openings;

2) aspects relevant to fire safety performance, including type of structural material, building content
(amounts and type of combustible material), occupant load, design structural loads, fire management
and maintenance schedules;

3) purpose of the assessment;

4) scope of the assessment, which should also include the limitations and boundaries considered in the
assessment.

16
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c) Objectives, functional requirements and performance criteria for the fire safety of structures: the
objectives, functional requirements and criteria used for the assessment, and how these were developed.

d) Trial design plan for fire safety of structures: this section of the documentation should provide details on
the strategy used to evaluate the fire safety of structures.

e) Design fire scenarios and design fires: the documentation should state why the scenarios used are
representative of the universe of scenarios to which the built environment is exposed and the design fires
used in the evaluation process.

f) Assessment methads: the methads that were used for fire Ho\lnlr\pmnnf, thermal analycic and structural

analysis should be outlined, including their appropriateness and limitations of use.

g) | Data sources: the date sources that were used in the assessment, as well as the rationale junderlying
their suitability, should be documented.

h) | Evaluation of the assessment results: the documentation should include the assessment results and the
comparison against the performance criteria established at the beginning of¢he design. This should attest
to the appropriateness of the design for fire safety of the structure under consideration.

i) | Summary and conclusions (if any).
5.10 Factors and influences to be considered in the quantification process
5.10.1 Material properties

5.10.1.1 Thermal properties

Hegt transfer calculations should consider relevant-data for thermal properties as a function of tempgerature for
eath material involved, including:

—| specific heat;

—| thermal conductivity;
—| density;

—| moisture content.

The relevant materials are those used for construction, including any protective material, lining or acoustical
prqducts that may influence the temperature of the structural elements.

=

5.10.1.2 Mechanical properties

In general, materials within a built environment lose strength and stiffness at elevated temperatures| leading to

a decrease in their load-bearing capacity and an increase in deformation. |

Mechanical behaviour calculations should consider relevant data for mechanical properties as a function of
temperature for each material involved, including:

— stress-strain relationships at elevated temperatures;
— reduction factors for strength and stiffness;
— expansion or contraction due to elevated temperatures; and

— when necessary, the degradation of sections (by charring, spalling, etc.) due to the effect of temperature.
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The materials considered are mainly those used for separating and structural elements, as well as any other
materials that may influence deformation and stability.

5.10.1.3 Uncertainty of material properties

The thermal and mechanical responses of separating and structural elements are subject to the variability of
the properties, which can be due to the source of the materials, the manufacturing processes, or the on-site
construction methods.

For mechanical properties, it is normally assumed that the nominal properties featured in the relevant

standard 3
different fr
example, i
guarantee
products,

produced

either soft
consideral]
have a deg

The variat
such as m
specific hg
heat is los
levels to h
accompan
for exampl
thermal en
emissivity
emissivity
thermal co

5.10.2 Effi

When ass
and non-Ig
interaction
should be
elements f

Fire beha
curve (e.g
calculation

Some of t
structure a

re—adopted— i reatity, the—strengthrfevets of stroucturat-materiats i the—as-receivedcomdition

bm the nominal values and this is usually reflected in the behaviour at elevated temperatures:

h the case of steel, the strength (yield and ultimate tensile strength) is typically above. the va
j in the standard, which follows through at elevated temperatures. The same applies t0/pre-G
vhich are delivered to the site, such as masonry and pre-cast concrete planks. Where\materials

bn site (in situ), there is less control over the resulting properties. Timber is usually(¢categorized
vood or hardwood. Using such a broad range in an attempt to cover all woodfspecies introdu
le variability in characteristic properties. For this reason, the nominal properties quoted norm
ree of uncertainty and potential conservatism.

pisture content and phase changes. In concrete, the free-moisture-Content has a major impact
at and on the dwell time at around 100 °C during which free maisture is converted into steam 3
through the latent heat of vaporization. Care should thereforé.be taken to assign minimal moist

ed by changes in heat content (latent heat). These are generally well established and the effects
e, specific heat and thermal conductivity are well known."Heat transfer is strongly dependent on

hissivity of the materials’ surface and this can changesignificantly during a fire. For example,

pf steel is around 0,8 at ambient temperature, buty as the steel surface oxidizes during heating,

ican rise up to 1,0. While thermal models usually take into account changes in specific heat ¢
hductivity, few consider changes in emissivity-and instead adopt a single value.

pct of continuity and restraint (interaction between elements and materials)

bssing the fire behaviour of a structure [i.e. the risk of fire spread through separating (load-bea
ad-bearing) elements and/or.the risk of collapse of the load-bearing structure], the poss
between materials within algiven element or between elements having different degrees of hea
considered. This can affe¢t composite elements, made from a combination of materials, or
brming a system.

iours obtained from a fire test performed on a structural element with a given time-temperat
the ISO 834<1:4999, Figure 7) are not easily translated into other thermal actions if no accurn
method is available.

ne physical phenomena that should be accounted for when assessing the fire performance g
re as follows:

are
For
lue
ast
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on in thermal properties of structural materials is strongly influenced\by characteristic parameters

on
nd
Lire

pat transfer models to avoid underestimating heat transfer. Phase changes in the material are often

on,
the
the
the
nd

ing
ble
ing
the

Ure
ate

f a

a) Interaction of materials within a given element and behaviour of the different elements in the whole
system, e.g. composite concrete-steel element connected with shear connectors.

b) Interaction between elements such as the elongation of a beam/floor at the top of a column/wall. Tests
taking into account the interactions between elements, rather than isolated elements (beams, column,
floors, walls), should be encouraged when determining the fire performance of a load-bearing structure.
Indeed, in reality, the heating of a beam and/or floor and the resulting elongation create additional shear
forces or increased bending moments at the top of the column due to restraint by surrounding elements.
This adverse effect can cause an early collapse of the column. This should be considered in the fire
performance design of the structure.
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c)

5.1

ISO/TS 24679:2011(E)

Full-scale behaviour. Full-scale tests performed in a realistic structure or part of a structure have shown

that the use of computer models validated against “simple” laboratory test results (such
supported beams) may underestimate the actual fire behaviour of an entire structure.

0.3 Use of test results

as simply

Separating and structural elements are mainly assessed by tests in accordance with 1ISO 834-1. The fire
performance, with respect to the insulating and integrity failures obtained in this type of test, may not be
accurate indicators of the performance of these elements in a real fire.

In
or
the

5.1

Th
wit
in

1S(

Th
to

en
roy

All
reg

should be addressed by enhancing the fire andismoke containment capability of the relevan

Ho|
roy
by
se

pjererat; itis Trecessary to performr testswithra retevant time-temperature curve tepresenting the
0 use appropriate (and validated) calculation models to transfer a given result under a given fi
expected result according to another fire curve.

0.4 Fire spread routes

bre are many routes, both direct and indirect, by which fire can spread to adjacent enclosures
h the attendant risk of secondary ignition and fire growth. Many of these routes‘have already bee

ISO/TR 13387-6. Figure4 has been derived from the mechanisms and routes
D/TR 13387-6:1999, Figure 2.

e figures illustrate some of the more common routes for potential fire)spread. In many instances,
indentifying direct routes, designers should consider the peténtial for fire spread betweer
Closures via independent spaces. These fire spread routes often represent a combination of din
tes and should be viewed as a series of separate direct spread mechanisms.

the potential routes for fire spread from the enclosure’should be quantified and the time for firg
ch critical conditions should be determined. Any shortfall between this and the “required” fire s

wever, design effort may be reduced in situations where expert or engineering judgement can idg
tes most susceptible to rapid fire and smoke spread. Whether or not fire spread takes place is

ondary ignition.

design fire
re curve to

or spaces
n identified
given in

in addition
adjoining
ect spread

spread to
pread time
t element.
ntify those
influenced

environment, both within the fire enclostre and within the adjacent spaces, and its suscgptibility to
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WALLS

FLOORS

@)
3]
— K /
° \
o
N N
7 )
i route Trougv ol o
@  Spread route: Through wall, or openings created in  |a  gpread route: Through floor, or openings created|in
wall, or aropnd edges. floor, or around edges.
b Spread mechanism: Conduction [convection], direct|? Spread mechanism: Conduction [corivection], dirgct
pyrolysis (gollapse or ignition). pyrolysis (collapse or ignition).
UNDAMPHRED HORIZONTAL DUCTWORK (1) UNDAMPERED HORIZONTAL DUCTWORK (2)
XXX XXX, NECCSSESN
T~ —F Tt
a a a a
o o o o
W& 7 W N & g
a Sprear route: Along or through horizontal duct. @  Spread route: Along or through horizontal duct.
b Spread mechanism: Conduction, convection. b Spread mechanism: Conduction, convection.
DAMPERHED DUCTWORK PROTECTED OPENINGS
g
'@
{ %
— b b
/i A
a8  Spread route: Through-damper or openings created. |2 Spread route: Through door, glazing, etc. gnd
NOTE §pread mechanism: Convection, conduction. openings created in them or around edges.
b Spread mechanism: Conduction, radiation, dirgct
pyrolysis (collapse or ignition).
Figure 4 (continued)
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SERVICES (PIPES/CABLES AND SUPPORTS)

a1

a
pe

NQTE Spread mechanism: Complex, including radiation,
mdss transfer, conduction.

hetration to accommodate service.

SUSPENDED CEILING VOIDS

N

void above ceiling

Key
1

Spread route:

a Enclosure to ceiling void.

b Ceiling void to adjacent enclestire.

NOTE Spread mechanism:” Complex, includifg pyrolysis,
mass transfer and conductioh:

ROQOFS
1
a
By
Kgy
1 over external roof
Sgread route:

Enclosure to roof.

RAISED FLOOR:VOIDS (1)

y

1

a

Key

1 void

Spread route:

a Enclosure to floor void.

b Roof to adjacent enclosure. b Void to adjacent enclosure.
NQTE Spread mechanism: Pyrolysis, radiation. NOTE Spread mechanism: Complex, including pyrolysis,
mass transfer, conduction and convection.
RAISED FLOOR VOIDS (2) EXTERNAL WALLS/WINDOWS
b
Il
'l

&

—+H—>

Key
1

a

void
Spread route: Void to enclosure via floor.

NOTE Spread mechanism: Conduction and convection.

~1
Key

1 fagade surface

Spread route:

a Enclosure to fagade surface.

b Fagade to adjacent enclosure.
NOTE Spread mechanism: Complex, including pyrolysis of
surface.

Figure 4 (continued)
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