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ENDORSEMENTS

The following organisations have endorsed this document as describing an appropriate
engineering methodology for design and assessment of fire safety in buildings by competent
practitioners

Australian Building Codes Board (ABCB)

Australian Fire Authorities’ Council (AFAC)

Australian Institute of Building Surveyors (AIBS)

The Institution of Engineers, Australia (IEAust)
- through its Society of Fire Safety

APPLICATIONS

The procedures and methodologies outlined are directly relevant in the following activities,
although this is not an exhaustive list:

o to establish design equivalence with the specified fire provisions of the Building Code of
Australia (BCA);

o to formulate design requirements for fire safety systems in buildings for which the
specified BCA fire-safety provisions are inappropriate or cannot be applied;
to develop suitable fire-safety requirements for refurbishment of existing buildings;

o to determine appropriate fire-safety provisions for heritage buildings or other properties of
a similarly unique nature;

e to establish appropriate levels for property protection, continuity of operation and
environmental safety in buildings.

IMPORTANT NOTE

This Fire Engineering Guidelines document is not a design Code and does not detail all the
engineering technology required for building fire-safety design. It outlines procedures and
methodologies for undertaking building fire-safety designs and is intended primarily for use by
suitably qualified and competent fire engineering practitioners, who are fully familiar with
modelling the capricious nature of fire and of the behaviour of materials, structures and
people when exposed to fire hazards. Fire engineering design activities require the
application of professional knowledge, engineering judgments and appropriate understanding
of the assumptions, limitations and uncertainties involved.

In addition to suitably qualified and competent fire engineering practitioners, the information
contained in this document will also be of interest to other parties involved in building design,
construction and refurbishment - and to those regulatory officials, fire service personnel and
building surveyors who are involved in assessment and checking of fire safety designs
submitted for approval.

The contents of this document have been assembled by eminent Australian fire engineers
and scientists and have been derived from various sources which are believed to be correct
and to be the best information available internationally as at March 1996. However, the
information provided is of an advisory nature and is not claimed to be an exhaustive
treatment of the subject matters. Neither the authors, Fire Code Reform Centre Limited, nor
any of the organisations which have endorsed this document warrant or make any
representation whatsoever that the information contained in this document, or the procedures
and methodologies set out in it, or any advise derived therefrom, will be suitable for all fire
engineered, building fire-safety designs.






FOREWORD

For the past decade it has been apparent that skills have existed in Australia capable of
developing engineered and scientifically based fire-safety requirements that will offer
substantial improvement over the currently prescribed fire regulations. As design and
operation of buildings have changed, the prescriptive nature of regulations has imposed limits
on planning and construction which have added unnecessary costs. Despite this, Australia
has achieved a good record in building fire-safety and all parties agree this must be
maintained.

Fire safety involves control of risk to life and often to property. Without appropriate risk-
assessment methodology, it is impossible to quantify risk or compare alternative design
solutions. The procedures involved are complex, require extensive research, data and use of
computers. Risk assessment methodology has been successfully applied in regulations for
catastrophic events such as earthquakes and extreme winds, and fire risk can be similarly
predicted.

The strategy behind the foundation and operation of Fire Code Reform Centre Limited
(FCRC) has been to bring together all the major participants in the fire industry in Australia,
through a cooperative effort, to undertake and manage the research appropriate to fire codes
and regulations. Government, industry and research participants have formulated its
Research Program and are assisting by contributing funds and directing its contracts.

FCRC is a successful, possibly unique, partnership. One of the lasting benefits to Australia
will be the presence of researchers in universities and research establishments who are at
the forefront of fire science and engineering and who will be able to support Australian
consultants and contractors in the design of innovative buildings at home and overseas.

Establishment of FCRC was made possible by the pledge of funding from the Member
Governments comprising the Australian Building Codes Board (ABCB). This and the
continuing support of ABCB, through its Chairman Mr Jim Service AM and Executive
Officers, is much appreciated. To date, matching funding and support for FCRC activities has
been raised from other sources. All these contributions are very gratefully acknowledged.

For their foresight in supporting FCRC through its fragile formative phase, special mention is
deserved by members of the former Australian Uniform Building Regulations Coordinating
Council, particularly Mr Robert Hogg its Executive Director; by FCRC'’s first major sponsor,
the National Association of Forest Industries Limited (Mr Robert Appleton, Fire Research
Director); and by the several research and industry personnel involved in development of
FCRC’s Business and Research Plans. Acknowledgement is also made of the energy and
dedication of Mr Claude Eaton, throughout the periods before and after FCRC’s incorporation.

Dr John Nutt AM
Chairman, Fire Code Reform Centre Limited.
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technological basis for cost-effective and fully engineered building fire-safety requirements by
administering and directing a defined Research Program to facilitate regulatory reform being
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FCRC particularly acknowledges the generous financial support it has received from its
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under contracts at concessional rates. Additionally, individuals participate voluntarily on
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FCRC's Research Program

FCRC's Research Program has two primary aims, viz:-

e to introduce flexibility and modern technology into significant aspects of the “deemed to
satisfy” prescriptions of the Building Code of Australia (BCA), and

e to develop a fully engineered, risk-assessment approach to building fire-safety to facilitate
adoption (when desired) of alternative design arrangements from those prescribed within
the BCA.

As at 1st February 1996, seven projects are included within FCRC's Research Program.
These follow the closely inter-related paths indicated above and are being undertaken
concurrently.

Project 1 - “Re-structure BCA Fire Provisions”; Project 2 - “Fire Performance of Materials”
and Project 3 - “Fire Resistance and Non-combustibility” relate to BCA improvement. Outputs
from these will be provided progressively to the Australian Building Codes Board (ABCB) for
incorporation into future building regulations.

Project 4 - “Fire Safety Design Solutions”; Project 5A - “Fire Engineering Guidelines” and
Project 5B - "Fire Safety Design Code" relate to the alternative design approach. Outputs
from these, following appropriate endorsement from regulatory authorities, will be made
directly available to industry.

The recently added Project 6 - “Fire Safety Systems for Sprinklered, Low-rise Shopping
Centres” will draw from, and contribute to, other projects in both these streams.

This First Edition of “Fire Engineering Guidelines” is the formal output from FCRC’s Project
5A. The future will bring progressive expansion and improvement of the technologies
referred to herein. These will arise from continuing international advancement of fire science
and from the experience of competent practitioners, in Australia and overseas, who are
involved in the application of this relatively new engineering discipline. Accordingly these
Guidelines are expected to be revised from time to time and contributions to assist in this
regard will be welcomed.

Comments are genuinely sought

Comments of any type, on the contents, format or other aspects of this document are
earnestly requested from any person or organisation having interest in building fire-
safety. Such comments should be directed to:

Fire Code Reform Centre Limited,
4th Floor, 50 King Street,
Sydney NSW 2000,
Australia.
Tel: +61 (2) 262-4358 Fax: +61 (2) 262-4255
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PREFACE

This 'Fire Engineering Guidelines' document for design and evaluation of fire safety in buildings
has been prepared by a group of Australian fire research and engineering organisations for Fire
Code Reform Centre Limited (FCRC).

This publication represents a further stage in the development in Australia over recent years
of a performance-based approach to building fire-safety design and of fire engineering as a
discipline in its own right. This commenced in 1989 when The Warren Centre for Advanced
Engineering at the University of Sydney coordinated a study group under its “Fire Safety
and Engineering Project”.

On completion, one of the Project’s principal recommendations was that design for fire
safety should be an engineering responsibility, rather than a matter for prescriptive
regulatory control. Another was that risk assessment models should be developed and
validated for use in identifying cost-effective, fire safety system designs.

The Building Regulations Review Taskforce (established in May 1989 by the Federal
Government to review Australian building regulations and standards) commissioned
principal participants from The Warren Centre Project to codify the concepts of an
alternative approach to building fire safety and by May 1991 a Draft National Building Fire
Safety Systems Code (NBFSSC) had been developed.

Both The Warren Centre study and the NBFFSC project recommended further research,
verification and development be undertaken to enable industry to benefit progressively from
the performance-based approach and user-friendly application of a Fire Safety Design Code
for buildings. This remains the principal mission of Fire Code Reform Centre Limited.

The draft NBFSSC was the world’s first performance-based engineering code for the design
of fire safety systems in buildings. It was based on a risk assessment methodology and
introduced the concepts of fire engineering sub-systems and time-line analysis as the bases
for performance evaluation. Subsequently, both the draft British Standard Code of Practice
for “Application of Fire Safety Engineering Principles to Fire Safety in Buildings” and the
1ISO Working Groups related to building fire safety design have adopted and have further
developed the major concepts and principles of the NBFSSC.

This version of “Fire Engineering Guidelines” builds on these earlier developments, and has
been based on a number of key documents, including:

o Fire Safety and Engineering, Project Report and Technical Papers, The Warren
Centre, The University of Sydney, (December, 1989)

e National Building Fire Safety Systems Code (draft), BRRTF, Australia (1991)

e British Standard Code of Practice for the Application of Fire Safety Engineering
Principles to Fire Safety in Buildings, UK (1994)

¢ Fire Engineering Design Guide, University of Canterbury, New Zealand, (1994)



e Latest documents within 1ISO/TC92/SC4 on performance based fire engineering
design.

In addition, significant new work has been added by the members of FCRC’s Project 5A team
responsible for preparation of this document. The organisations and members principally
involved were:-

e Scientific Services Laboratory - Mr Peter Johnson
(Principal Research Consultant
and Project Leader)

Victoria University of Technology Prof. Vaughan Beck

BHP Research Laboratories,
Melbourne

Dr. lan Thomas and Mr Leong Poon

CSIRO Division of Building,
Construction & Engg, Sydney

Mr Stephen Grubits &
Mr Carlos Quaglia

Assoc. Prof. Hamish MacLennan

e University of Technology, Sydney

The team is indebted to Mr Mahmut Horasan from Victoria University of Technology for his work
in collating, formatting and producing document drafts, as well as for his assistance on human
behaviour and egress.

Progressive expansion and improvements to this document are expected as a result of:-
e continuing developments in the fields of fire science and engineering,
o further work and results from other projects in the FCRC Research Program,
e review and comments, which are invited from all sectors of the Australian and
international fire protection community,
e usage by fire engineering consultants and approving authorities.

The writers are grateful to members of ISO/TC92/SC4 Working Groups; to members of the
Building Codes Committee of the Australian Building Codes Board (ABCB); to members of the
Fire Safety Officers’ Consultative Committee of the Australian Fire Authorities’ Council (AFAC);
to members of the Research Supervisory Committee of Fire Code Reform Centre Limited
(FCRC); and to a number of other selected organisations and individuals for their contributions
and comment on the pre-publication draft of these guidelines.

The FCRC is committed to the further development of these guidelines, particularly as the ABCB
develops the Performance BCA to which the guidelines will be strongly linked. As part of this
commitment, further review and comment from any party within the fire safety community is
invited.

Please submit comments to:- Claude Eaton
Business Manager
Fire Code Reform Centre Ltd
4th Floor, Rockliffs Chambers
50 King St. Sydney, NSW 2000

Tel: +61 (2) 262-4358 Fax:+61 (2) 262-4255



Chapter 1- Scope

CHAPTER 1

SCOPE

1. SCOPE

This Fire Engineering Guidelines document identifies a methodology for design and
assessment of fire safety in buildings. It identifies an engineering approach to
building fire safety and gives guidance on the application of scientific and
engineering principles to the protection of people and property from unwanted fire.
Additionally it outlines a structured approach to assessment of total building fire
safety system effectiveness and to the achievement of pre-identified design
objectives.

The methodology facilitates performance-based design which meets the fire safety
objectives of Amendment 7 of the Building Code of Australia (BCA) and also the
indicated objectives, functional statements and performance requirements of the
future PBCA (Performance-based BCA). The methodology also facilitates
“equivalence evaluation” for alternatives to the prescriptive, deemed to satisfy
requirements of the BCA or PBCA.

The outlined procedures recognise the designer may have to meet objectives
additional to those of the BCA. Such other objectives could include the protection of
property, business continuity and the corporate image of industrial and commercial
buildings.

The indicated procedures equally recognise that specified design objectives can be
achieved by a range of alternative and complementary fire protection strategies.
Whilst these Guidelines provide selected data and engineering relationships for use
during design activity, the use of alternative information (if available from a reliable
and authentic source) is equally acceptable.

Many factors, including a building’s form of construction, means of escape,
occupancy factors, smoke management, detection, alarm and fire suppression
facilities, contribute to the achievement of fire-safety objectives. These Guidelines
are based on the premise that all these measures form part of an integrated fire
safety system for the building, which must respond to any fire developing within that
building. Consequently, it is required that designers recognise the interactions
between elements of a fire safety system and that they develop complete and
integrated design solutions.

The basic principles outlined herein may be applied to all general types of buildings
and their uses. However, this document does NOT provide guidance in respect to
buildings which are used for bulk storage or processing of flammable liquids,
industrial chemicals or explosive materials. The intrinsic risks associated with such
buildings will necessitate special consideration and may well be beyond the scope of
this document.

These Fire Engineering Guidelines are intended for application during the conceptual
phase of building fire safety system design, prior to the design, specification and
documentation phase of the selected fire-safety sub-systems (or elements). Fire
engineering procedures require early consultation and co-operation between the
project manager, architect and other members of the design team, together with the
related building surveyor and fire authorities. The detailed design and specification of
fire-safety sub-systems (which will follow agreement of the conceptual design) are
not specifically referred to in these Guidelines but it is clearly imperative that when
executed these strictly adhere to the decisions and agreements reached during the
conceptual phase.
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Adherence to these guidelines by a suitably qualified and experienced fire safety
engineer will permit achievement of the requisite level of fire safety for a building,
economically and without imposing unnecessary constraints on other aspects of its
design.

Fundamentally, these Guidelines are intended for use by fire safety engineers, when
acting as part of a building design team. Accordingly, they have been written to
reflect the Australian building design process.

Nonetheless an important additional application is that these Guidelines are
recommended for use by all levels of regulatory official (e.g. council and privately
employed building surveyors, fire brigade officers, etc.) during assessment and
checking of fire safety designs presented for approval.

In such circumstances it is recognised that on occasions building surveyors may
require the assistance of fire engineering specialists during the assessment of
complex performance based building fire safety designs developed under these
guidelines. Such requirement only mirrors the situation which already applies in
respect to the regulatory checking of structural and other complex engineering
designs.

It is believed that where possible the qualification and capability of fire safety
engineers should be accredited by an appropriate professional institution. The
assumption within these Guidelines is that an appropriate fire safety engineer is a
person, who by education, training and experience is:

e familiar with the nature and characteristics of fire and the associated
products of combustion

e someone who has understanding of how fires originate, spread within and
outside buildings/structures, and are detected, controlled and/or extinguished

e able to anticipate the behaviour of materials, structures, equipment and
processes as related to the protection of life and property from fire

e able to use appropriate quantitative fire engineering methodology as well as
understanding all the techniques utilised in respect to assumptions,
limitations and uncertainties.

e aware of matters of fire safety management, including the role of fire
prevention and the risks to building fire-safety associated with construction,
installation, operation and maintenance.

These Guidelines cannot possibly detail all the engineering design technology
required for use on every specific building fire-safety design. Rather, these
Guidelines have been assembled to outline one recommended framework for such
fire safety design activities.

For other detailed quantification methods and data, fire safety engineers are referred
to the technical literature and to specific textbooks such as:

e The SFPE Handbook of Fire Protection Engineering, Di Nenno Ed., 1st Edition,
NFPA/SFPE, Boston, (1988).

e Drysdale, D., “An Introduction to Fire Dynamics”, John Wiley and Sons, London,
(1985).

o Kiote, J.H., & Milke, J.A., “Design of Smoke Management Systems”,
ASHRAE/SFPE, USA, (1992).
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CHAPTER 2

DEFINITIONS

2.1 Definitions

Definitions

For the purpose of these Guidelines the following definitions apply.

Available safe egress time (ASET)
The calculated time available between ignition of a fire and the onset of untenable
conditions in a specified part of a building.

Calorific value
The total amount of heat released when a unit quantity of a fuel (at 25 °C and atmospheric
pressure) is oxidised during its complete combustion in oxygen.

Clear width
The total width of a corridor, stair, passage or doorway opening measured at its narrowest
point.

Critical fire load
The effective fire load required in a compartment to produce a fire of sufficient severity to
cause failure of fire resisting barriers or structural elements.

Detection time
The time between ignition of a fire and its detection by an automatic or manual system.

Deterministic study

A methodology, based on physical relationships derived from scientific theories and
empirical results, that for a given set of initial conditions will always produce the same
outcome.

Effective fire load density

The fire load within a room or compartment less a factor to take account of the incomplete
combustion of protected fire loads and/or a reduction in the net quantity of heat released
resulting from the presence of wet materials.

Effective width
The clear width of a stairway, corridor or opening less the thickness of a notional boundary
layer.

Equivalent fire load density
The fire load density per unit floor area expressed as an equivalent mass of wood rather
than in terms of its calorific value.
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Escape time
The time at which the occupants of a specified part of a building are able to enter a place
of safety.

Evacuation time
The time at which all of the occupants are able to reach a place of safety outside the
building.

Exit
A doorway or other suitable opening giving direct access to a place of safety.

Fire load
The quantity of combustible material within a room or compartment measured in terms of
its calorific value.

Fire load density
The fire load divided by the floor area.

Fire safety manual
A document detailing the fire safety management procedures that should be implemented
on a continuing basis.

Fire scenario

For prescribed conditions associated with the ignition, growth, spread, decay and burnout
of a fire in a building or a part of a building, a fire scenario is defined by specifying the
calculated (or otherwise determined) times of occurrence of critical events relevant to
each of the sub-systems under investigation.

Flashover
The rapid transition from a localised fire to the combustion of all exposed surfaces within a
room or compartment.

Flow time
The time needed for all of the occupants of a specified part of a building to move to an
exit and pass through it and into a place of safety.

Hazard
An event that in a particular set of circumstances has the potential to give rise to
unwanted consequences.

Management or manager
The persons or person in overall control of the premises whilst people are present,
exercising this responsibility in their own right as the owner, or by delegation.

Means of escape
Structural means whereby safe routes are provided for persons to travel from any point in
a building to a place of safety outside of the building.
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Occupant capacity
The maximum number of persons assumed to be present within a room or compartment
for the purposes of design.

Period of passage
The time required for a group of escaping persons to pass a specified point within the
escape route.

Phased Evacuation
A process by which a limited number of floors (usually the fire floor and the level above) is
evacuated initially and the remaining floors are evacuated as and when necessary.

Safe Place

A place of safety within a building or within the vicinity of a building, from which people
may safely disperse after escaping the effects of fire. It may be a place such as a road,
open space (including an appropriate roof space), or public space.

Pre-movement time
The time interval between the warning of fire being given (by an alarm or by direct sight of
smoke or fire) and the first move being made towards an exit.

Protected fire load

The quantity of combustible material that is unlikely to undergo complete combustion
during a fire owing to its being held within containers that have a degree of fire resistance
(eg. steel filing cabinets).

Risk
The potential for realisation of an unwanted event, which is a function of the hazard, its
probability and its consequences.

Smouldering fire

A fire involving the surface oxidation of a material, producing little heat and no flames but
having the potential to produce combustible gases that could fill a room with a flammable
or explosive gas/air mixture.

Travel distance
The actual distance that needs to be travelled by a person from any point within a building
to the nearest exit, having regard to the layout of walls, partitions and fittings.
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CHAPTER 3
GENERAL -
FRAMEWORK OVERVIEW
3.1 Introduction
3.2 General
3.3 Design Process
3.4 Conceptual Design
3.6 Fire Engineering Design Brief
(FEDB)
3.6 Quantified Analysis
3.7 Fire Scenario Analysis
3.8 Evaluation
3.9 Reporting and Presentation
3.10 Design Approval
3.1 Implementation and Operation
3.12 Change of Use

Introduction

This Guidelines document is structured to lead design engineers and checking
authorities through the process of conceptual fire engineering design in a logical
manner.

This Chapter provides an introduction to the framework (or methodology) and
summarises key elements to familiarise users with the design processes of fire safety
engineering for buildings and other facilities.

Chapter 4 describes the part of the design process that sets out the preliminary design
issues and the form of analysis that should be agreed, on the one hand, between the
designers and fire protection engineer and on the other, with the approval/checking
authority(ies). In these guidelines this part of the process has been entitied the “Fire
Engineering Design Brief (FEDB)".

To undertake the FEDB, a trial concept design for fire safety has to be undertaken.
Guidance on design options for components that may be included in a trial concept
design are detailed in Chapter 5.

A key element of the FEDB is to reach agreement between all parties as to the extent
and form of analysis necessary to verify that the final package of fire safety measures
meets their acceptance criteria. There are various options available and the methods
by which such analyses can be undertaken are provided in Chapter 6 of these
Guidelines. Chapter 6 also provides the basis for overall evaluation and acceptance of
the fire safety design and the final reporting of the design.

Any analysis requires performance quantification of the sub-systems and components
of the proposed fire safety system. Chapters 7 to 13 deal with the analysis of various
sub-systems for input into the overall fire safety system evaluation described in
Chapter 6.
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Finally, there are a series of appendices that list relevant references and provide other
information to assist in design.

General

For buildings generally, the prescriptive (“deemed to satisfy”) fire safety design
solutions as presented in the BCA will be found to be adequate, albeit
conservative. A fire engineering approach that takes into account total building
fire-safety can usually provide more fundamental and economic solutions, whilst
for some large, complex building developments it may represent the only viable
means of establishing acceptable levels of fire safety. Fire engineering, as
described in these guidelines, will require more detailed consideration but will
achieve much more appropriate, efficient and cost-effective designs for building
refurbishments and for new and complex properties.

On many occasions fire safety design objectives will be identified that are
additional or complementary to those of the BCA. For example, property
protection has to be a key objective of many building owners and insurers, and
continuity of operations is critical in facilities such as computer centres, telephone
exchanges and control rooms. For older buildings, protection of Australia’s
heritage may be an important objective. The fire engineer must develop a
package of fire protection measures that addresses all these objectives.

Fire is an extremely complex phenomenon and despite significant advancements
over the past 20 years there are still many gaps in available knowledge. It is still
not possible to set down simple step-by-step fire safety design procedures that can
be applied to all buildings. Accordingly these guidelines identify flexible but
formalised procedures which should be pursued during performance-based
building fire safety design activities and which can equally be followed by statutory
authorities during assessment of submitted designs.

In respect to design activity, it is expected that normally these guidelines will be
used by suitably qualified and experienced fire safety design engineers. The
assistance of suitably qualified fire engineers is also recommended in those
instances when regulatory and inspecting authority officers consider they have
insufficient personal fire engineering expertise to adequately assess and approve
performance-based, fire engineered designs. The ultimate decision for building
approval is however clearly recognised as the role of the building surveyor and no
one else.

The best designs will emerge from situations where a high level of trust and
communication is established between all parties, at the earliest stage of a project.
Statutory requirements must always be recognised and the advice of building
surveyors and local fire authorities should be sought in respect to decisions
regarding a building’s fire safety design.

Design Process

These Guidelines recognise the building design process that is outlined in Figure
3.1. The Guidelines are intended for use during the conceptual stage of a project
and are applicable to fire safety designs for both new and existing buildings. They
can be used either to justify minor deviations from traditional regulations or to
evaluate the building design as a whole.
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Feasibility Study

| Conceptual :
. Design ST - P See Figure 3.2

Design
Development

Design
Documentation

Construction /
Installation

Change of Use
Commissioning and/or
Refurbishment

Management in
Use - Operation Demolition
of the Building

Figure 3.1 Generalised Project Delivery Process

When the conceptual design strategy has been developed and analysed to
demonstrate to the satisfaction of all parties its compliance with the jointly
established acceptance criteria, then the detailed design development and
documentation stages of the process can commence. The processes of detailed
design and documentation for construction and installation of fire safety sub-
systems and components are not described in these guidelines but obviously
during this work there must be strict adherence to the agreed conceptual design.

Following commissioning, the operation of the building must recognise and ensure
that ‘management in use’ concepts incorporated in the original design are
maintained for the life of the building. For example, if a design is based on
prescribed levels of maintenance or regular evacuation drills, then administrative
provisions need to be in place to ensure these activities are properly undertaken.
When developing designs that are highly specific to a building and its immediate
use, designers should be alert to the constraints that may be imposed on the
building, if at a later stage there is a change of use. For any highly specific
design, it is to be expected that administrative provisions will have to be imposed
to ensure that occupancy and use remain consistent with the parameters assumed
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at the time of design. If there is a change in use, then the design process should
be repeated as illustrated in Figure 3.1.

3.4 Conceptual Design

For the fire safety design of a particular building, the conceptual design phase is
split into 5 main steps:

(a) fire engineering design brief (FEDB)

(b) FEDB report

(c) quantitative analysis and evaluation

(d) identification of conceptual design package of fire safety measures
(e) final fire safety systems report.

This conceptual stage of the design process is illustrated in Figure 3.2. The first
two steps are qualitative and detailed quantitative analysis may or may not be
required depending on the type and extent of the problem being addressed and
the degree of fire safety design required.

| CONCEPTUAL

DESIGN Undertake Fire
Engineering Design
Brief (FEDB) -
Chapter4

I

, Prepare
FEDB Report
- Chapter 4

No

Evaluation
Required?

Undertake

Quantitative [ - - - - : - P See Figure 3.3
Evaluation - |

Chapter 6

Identify
Conceptual Design
Package for Fire
Safety System

l

Prepare Fire
Safety System
Report

v
Design
Development of
Fire Safety
System

v
Other Project
Stages
(See Figure 3.1)

Figure 3.2 Conceptual Design Procedure for Fire Safety Design
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3.5 Fire Engineering Design Brief (FEDB)

Interaction between fire, buildings and people gives rise to many possible
scenarios. This, in association with the wide range of building designs and uses,
makes it impractical to establish a single set of calculations and procedures that
can be applied directly to all buildings.

Before attempting to carry out a quantification study, the significant fire hazards of
the building being considered should be identified; the problem should be
simplified as far as is appropriate and the required extent of analysis should be
established. Additionally, it is essential the chosen calculation techniques are
appropriate to the problem under consideration, although for some problems little
or no quantification may be required. Furthermore all these decisions should be
acceptable to all parties. For these reasons a formalised design review and hazard
assessment procedure is included. This procedure is termed the Fire Engineering
Design Brief (FEDB).

The objective of the FEDB is to review the architectural proposals, identify
potential fire hazards and define the fire safety problems in qualitative terms,
suitable for detailed analysis and quantification. Another important function is to
establish one or more fire protection arrangements (trial concept designs) that are
considered likely to satisfy the fire safety criteria. On major projects, the Fire
Engineering Design Brief should be undertaken by a group which includes
members of the design team and one or more fire safety engineers. Equally it may
be desirable for the building surveyor who will approve the design and a
representative of the fire service to be involved.

Adoption of the “team approach” ensures that all aspects of the building’s design
are considered in the context of the fire safety objectives and criteria.
Furthermore, as tools for computation and data for quantification will not always
be available, the application of engineering judgement by members of the team
can play an important part during the FEDB.

The key elements of the Fire Engineering Design Brief process are to:
(a) secure agreement from all parties to the design objectives and
acceptance criteria;
(b) establish trial concept design(s) acceptable to all parties; and
(c) specify the requisite fire scenarios for analysis.

The FEDB team should establish whether or not a quantified analysis is
necessary, and, if it is, the scope and level of quantification and analysis required.

The Fire Engineering Design Brief is best developed during the conceptual stage
of a project whilst there is still flexibility in the building design or proposed
refurbishment. The FEDB and its subsequent detailed analysis(es) will generate
and validate an “agreed” conceptual fire safety system design package, which can
be documented to form the basis of the detailed design and specification phases
of the project.

3.6 Quantified Analysis
3.6.1 General

Having established at the FEDB stage that a quantified analysis is required, then
an analysis must be undertaken for each fire scenario specified and for each trial
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concept design until one design package meets the acceptance criteria. This
general process of quantification and evaluation is illustrated in Figure 3.3

Start of
Quantitative
Evaluation

. QUANTITATIV - - - - 9- - - -, ,
' E ' P T  -»  See Figure 3.4

Undertake Fire )
: EVALUATION Scenario Analysis at and Figure 3.5

' |Agreed Level 1,2 or
! 3
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Any more
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Analyse?

Yes

Any more Trial
Concept Designs to
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Does one or more Trial
Concept Designs Satisfy
the Acceptance Criteria?

Return to
FEDB Stage

Identify Conceptual
Design Package for
Fire Safety System

|

Other Project
Stages
(See Figure 3.2)

Figure 3.3 Procedure for Quantitative Analysis
It has been found convenient to split this quantitative scenario analysis procedure
into a number of separate parts and experience has shown this is best done using
the 6 sub-systems described in these guidelines. These are:-

(a) sub-system 1: Fire Initiation and Development (refer to Chapter 8);

(b) sub-system 2: Smoke Development and Management (refer to Chapter
9);

(c) sub-system 3: Fire Spread and Management (refer to Chapter 10);
(d) sub-system 4: Detection and Suppression (refer to Chapter 11);

(e) sub-system 5: Occupant Avoidance (refer to Chapter 12).
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(f) sub-system 6: Fire Brigade Communication and Response (refer to
Chapter 13)

The basic system of analysis is illustrated in Figure 3.4.

Fire Initiation and
Development Sub-system
(Ss1)

Z

Building/Occupancy
Characteristics

Smoke Development and
Management Sub-system
(8s2)

Evaluation -

Comparison with ANALYSIS
Acceptance Level 1,2 0r 3 Fire Spread and
Criteria (Chapter 6) Management Sub-system

(S83)

Fire Brigade
Communication and
Response Sub-system
(SS6)

Detection
and Suppression
Sub-system
(SS4)

Occupant Avoidance
Sub-system
(SS5)

Figure 3.4 System Evaluation

Each of these sub-systems is dependent upon basic characteristics of the building
and its occupants. (The means of determining those characteristics are detailed in
Chapter 7).

The outputs of each sub-system SS1 to SS6 also go into the overall system
analysis and the trial concept design is then evaluated against the acceptance
criteria agreed in the FEDB. The overall analysis, evaluation and identification of
an acceptable conceptual design package is undertaken in Chapter 6 of these
guidelines.

In Chapter 5, in respect to each sub-system, design guidance is given which may
be used to establish specific fire safety components for a trial concept design.
Chapter 5 only identifies some options and suggested performance parameters.
Designers should not feel limited to these, and as fire science and technology
develops, other and more innovative options may be considered if appropriate to
the building being designed or refurbished.

When analysing a particular aspect of a building’s fire safety design, the
appropriate fire safety sub-system may be considered individually. Alternatively if
the analysis relates to an overall fire engineering evaluation of a building, all of
the fire safety sub-systems should be considered in an integrated fashion. Within
these guidelines, the several sub-system sections do not attempt to provide all the
information which may be required for evaluation purposes, but they do present
the general principles and procedures appropriate to the analysis of sub-systems
within the general fire engineering methodology.

In the interests of simplicity it is inevitably necessary to include conservative
assumptions in the design process and the sub-systems have been developed on
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this basis. Accordingly, not all available research has been incorporated into the
procedures outlined in these guidelines. For instance, no account is taken of the
effects of smoke and toxic gases on the speed of people movement during the
evacuation process. For simplicity a simple “go/no-go” situation is assumed: ie.
that the occupants will either be able to escape relatively unimpeded or will be
trapped due to the onset of untenable conditions. A more detailed analysis could
be carried out, which would take account of the effects of visual and physical
impairment. However, before embarking into such sophistication, particular care
should be taken to ensure the validity of the initial assumptions (such as fire
growth rate) justifies significant refinement of the modelling techniques.

At the FEDB stage, the level of analysis and form of evaluation must be decided.
The means of undertaking such analysis is detailed in Chapter 6 but also
summarised in the following sections.

3.6.2 Level 1 - Component and Sub-system Equivalence Evaluation (SEE)

Where it is only required to establish that a selected component or sub-system
provides at least equivalent performance to that specified by regulation (ie. in the
“deemed to satisfy” requirements of the BCA), a form of comparative analysis
may be used, termed Level 1 analysis in these guidelines. At this level only one
sub-system is involved in isolation.

Such comparative analyses would typically use analytical calculations to
demonstrate at least the “equivalence” (equivalent performance) of the proposed
alternative component or sub-system. It would be typical of such a simplified
analysis that only one fire scenario would be considered, normally the ‘worst
credible’ scenario. This would normally involve applying the same models,
calculations, input data, etc., for the acceptable solution and the alternative
solution.

As an example, a Level 1 analysis and evaluation would be appropriate when
considering an alternative fire detection system to that specified in the BCA. The
alternative proposal may involve a different type of detection device, different
spacing of detectors or other changes. Provided the alternative gave a detector
alarm signal at an equal time or earlier, then the alternative proposal would be
acceptable in performance terms.

Similarly, the BCA may specify a particular fire rated structural element as a
‘deemed to satisfy’ prescriptive solution. A different structural element or approach
would be acceptable under a performance based design if the alternative can be
shown to provide equivalent structural performance through a Level 1 analysis
and evaluation.

3.6.3 Level 2 - System Performance Evaluation (SPE)

When the whole or a substantial part of a fire safety system is being considered,
then a more sophisticated analysis and evaluation is required that involves 2 or
more sub-systems. This level of analysis needs to take account of the interaction
between sub-systems and components. Such analyses may be based on a simple
fire scenario and time line analysis, but may involve consideration in isolation of
more than one “worst credible” fire scenarios. Designers are encouraged to
analyse two or more fire scenarios to ensure a range of likely situations are
covered.
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Evaluation of performance may be on a comparative basis (ie. compared against
an acceptable prescriptive design solution) or be measured in absolute terms.

In comparative analyses, identical scenarios have to be used and identical inputs,
models etc. used in both analyses. Any assumptions regarding rate of fire growth
or choice of fire model for calculation etc. are then unlikely to have a significant
influence on the outcome.

Stemming from initiating assumptions and from errors in calculation procedures
there are inevitable uncertainties in the absolute calculations associated with fire
engineering design of building fire safety. Therefore, it may be appropriate to
include explicit safety factors in such analyses to compensate. However, it is
important to avoid using excessive safety factors as the basic assumptions and
calculation procedures are known to be highly conservative.

Guidance on safety factors is given in Chapter 6 and it may be appropriate to
adjust these according to the accuracy of the modelling techniques used. Higher
safety factors may be appropriate when the consequences of a fire could be
particularly severe. In particular, higher safety factors are recommended in the
evaluation of tenability conditions when large numbers of the public are likely to
be present.

The FEDB team should determine whether it is appropriate to include explicit
safety factors within the evaluation being contemplated or whether the
assumptions and calculation procedures are themselves intrinsically and
sufficiently conservative.

Level 2 analysis and evaluation in comparative terms will be appropriate for most
alternative design proposals that are not radically different from those included in
the BCA or other traditionally accepted regulations. Such proposals only warrant a
limited degree of analysis.

A typical example of a Level 2 evaluation is where a designer is developing a
smoke management system to meet the Amendment 7 requirements of the
current BCA. In this situation, the designer must evaluate aspects that include fire
growth rates, smoke development, times for detection and suppression, smoke
control performance and occupant egress. This design process involves a number
of the sub-systems and therefore requires at least Level 2 analysis and evaluation.

Level 2 designs are inherently more conservative than Level 3 design solutions.

3.6.4 Level 3 - System Risk Evaluation (SRE)

Level 3 analysis and evaluation is appropriate for major complex or highly
innovative buildings in which substantial analysis could lead to significant cost
savings or to solution of very difficult design problems.

Analysis and evaluation at Level 3 is also appropriate where the trial concept
design is radically different from the currently accepted prescriptive solutions in
the BCA.

The form of analysis at Level 3 is Probabilistic Risk Analysis (PRA) which
demands a higher skill level from the fire engineer and is very complex in
quantification. This form of analysis will also require greater assessment skill by
the building surveyor and the technical specialists assisting.
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By assigning probabilities of failure to the fire protection measures and assigning
frequencies of occurrence to unwanted events, PRA can analyse and combine a
number of different fire scenarios as part of a complete fire safety assessment of
a building design. This use of multiple scenarios and their combination through
probabilistic techniques is the key feature of a level 3 approach.

The great benefits of PRA are that it can:

establish the most cost efficient design solution,
provide a measure of the effect of the low probability, high
consequence events,

o facilitate comparison of the effectiveness of dissimilar fire
protection components (eg. sprinklers versus compartmentation),

e evaluate the effect of failure of one or more fire protection sub-
systems.

The PRA technique requires availability of statistical data on fire events and on
reliability/performance of fire protection sub-systems. It also requires
determination of the “time to operate” and “time to failure” of those sub-systems
that are involved in the fire models and other analytical tools used in Level 2
analysis.

An example of where a Level 3 evaluation would be appropriate would be a case
where a major, large, new shopping centre was being designed using a radical
approach. If the design proposed was using timber or unprotected steel structural
elements and little or no compartmentation in combination with automatic
sprinklers and innovative egress solutions, then the Level 3 evaluation would be
the preferred approach. The risk assessment techniques is the only form of
analysis suited to radically different alternatives.

Given the amount of statistical data and analysis required for a full PRA, and
given the present state of the art, a Level 3 analysis should only be undertaken on
a comparative basis, and not in an absolute sense.

Whilst other more developed fields of engineering use PRA on an absolute basis,
for building fire engineering it will be some years before PRA has been developed
to the stage where it can be used to estimate lives lost/building/annum and
compare this against some agreed community standards eg. acceptable rate of
fire deaths, property damage and risk to fire fighters.

3.7 Fire Scenario Analysis

If quantification is agreed as necessary, then the FEDB process will have defined:
the acceptance criteria
trial concept design(s)

the level of analysis and evaluation
fire scenarios to be analysed.

The analysis of scenarios is the core of these guidelines, with each sub-system
analysis being outlined in chapters 8 to 13 and the final evaluation of an
acceptable design package detailed in Chapter 6.

Each scenario should be analysed in a logical and consistent manner. This

process of analysis can be highly complex and iterative. One approach to fire
scenario analysis is illustrated in Figure 3.5.
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FIRE SCENARIO ANALYSIS
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The Figure 3.5 shows the FEDB (Chapter 4) and Characterisation (Chapter 7)
feed into each of the sub-systems. These sub-systems in turn provide outputs, into
a final overall system’s analysis and evaluation (Chapter 6). These outputs are
usually times of key events (and probabilities for a level 3 design) that form the
basis of evaluation of an acceptable fire safety system design package.

Another means of illustrating this process of analysis for fire scenarios is shown in
Figure 3.6. This is typical only, but provides one logical order of calculation steps
for a level 2 evaluation. It shows the outputs of each step going onto a scenario
timeline that forms the basis for all levels of analysis and evaluation. The order of
events will be entirely scenario dependent and Figure 3.6 is illustrative only.

Designers should be aware that the process of fire scenario analysis outlined
above is only one approach. Particular designs may involve only some sub-
systems, or additional or different linkages between sub-systems may be required.
Totally different division of fire safety elements into other sub-system
arrangements are also possible provided it is logical and systematic.

Specific flow charts for six sub-systems are provided within the chapters 8 to 13.
These flow charts highlight the inputs required, the outputs and the means of
analysis. The connections between sub-systems in terms of data flow are detailed
in Appendix 3A.

3.8 Evaluation

The evaluation of each fire scenario and trial concept design is undertaken in
Chapter 6 of the guidelines.

The means of evaluation depends on the level of analysis.

For level 1 and 2 analysis, the times of key events are placed on a timeline to
determine whether an acceptable safety margin is achieved. For each enclosure
of interest, the critical events are time to safety (evacuation, typically) and time to
untenable conditions. This is illustrated in Figure 3.7

Time for complete Time to untenable
evacuation (SS5) conditions (SS2)
| | o
o | | =
Ignition , ~ Time
4
Safety Margin

Figure 3.7 Typical Timeline Evaluation

The design is acceptable if sufficient safety margin is provided for all fire
scenarios considered. There may also be other acceptance criteria to meet, such
as limits on property loss or business interruption.

For a Level 3 design, the evaluation is more complex. Timelines similar to Figure
3.7 are required for each fire scenario. However, probabilities are also required for
an event tree analysis that ultimately determines two critical parameters:

i. expected risk to life (ERL)
ii. fire cost expectation (FCE)
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An acceptable alternative design is one that generates an ERL and FCE that are
less than ERL and FCE figures for an prescriptive design. For example, if a
design of a BCA complying building generates specific ERL and FCE figures, then
an alternative building design that is acceptable should have an equal or lower
risk to life and be no more costly than the BCA building.

3.9 Reporting and presentation

Most buildings designed in accordance with these guidelines will be subject to
review and approval by building surveyors or by statutory bodies. It is therefore
essential the findings of the fire safety study and evaluation, together with any
assumptions made, be presented in a form that can be clearly and readily
understood by others.

These guidelines do not recommend a fixed format for the report but it is
recommended the minimum information to be presented should include:- the
findings of the FEDB study; details of all assumptions; references; engineering
judgements; methodologies employed; analyses undertaken; sensitivity analyses
and comparisons of results against acceptance criteria.

“Management in use” matters including construction / operation / maintenance
issues that are an integral part of the design must be fully detailed in the report.

3.10 Design Approval

In Australia a building surveyor, either as a council officer or as a private certifier,
will most likely be responsible for assessment and approval of the building fire
safety system designs developed in accordance with these guidelines.

Currently it is likely the building surveyor will have to refer the submitted design to
the State based appeals process, as amendment or modification of legislated BCA
provisions will most probably be involved. This procedure will clearly be hastened
if the design team has consulted closely, throughout the conceptual design period,
with the appropriate council / building surveyor and the fire brigade, particularly if
the design concept and quantification methodology has been validated to them.

In the not too distant future, when the proposed Performance-based BCA is
implemented, it is anticipated that building surveyors who are suitably qualified
and who are assisted by appropriate fire engineering specialists as necessary, will
certify performance-based fire-safety designs without resort to the legal appeals
process.

For some projects there is not a requirement for regulatory approval, if the work
involved is limited in scope, intended to up-grade part of the building only or to
provide additional protection to property, contents or specialised equipment. In
these cases acceptance of the design strategy by the building owner and insurer
should be sought.

3.11 Implementation and Operation
Once the conceptual design package of fire safety measures is approved, then the

subsequent stages of design should ensure that the design documentation,
installation and commissioning reflect the agreed concept design.
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To ensure performance based designs are properly implemented, the original fire
safety engineers should be involved at each stage of the design delivery process
outlined in Figure 3.1.

Once in operation, it is equally important that the building be managed in
accordance with the assumptions incorporated in the conceptual design. If the
design included specific operational, maintenance and people management
features, then there should be a mechanism to ensure these features are properly
‘managed in use’. For example, if a design incorporated a shorter time for
evacuation, based on regular evacuation drills of occupants, then there should be
controls in place to ensure these drills are conducted at the specified intervals and
meet the original design criteria. Mechanisms used to ensure buildings are
managed in accordance with the conceptual designs should be to a recognised
standard such as ISO9000 or similar.

3.12 Change of Use

If the use of a building is altered or other assumptions built into a performance
based design are changed, then the fire safety design of a building should be re-
examined.

This re-evaluation requires recognition by building owners and appropriate
administrative provisions to ensure it occurs. It is critical to the life of a building
and its fire safety system. If changes of use or other factors alter to affect long
term fire safety performance, then issues of liability may arise if this fire safety re-
evaluation does not occur.
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CHAPTER 4
FIRE ENGINEERING DESIGN
BRIEF
4.1 General
4.2 Design Objectives
4.3 Acceptance Criteria
4.4 Hazard Identification
4.5 Fire Scenarios
4.6 Trial Concept Design
4.7 Methods of Evaluation
4.8 Design Documentation and
Reporting
4.9 Detailed Design and
Documentation

41 General

The implementation of a rational fire safety design requires definition of its
operationally specific goals and constraints. Whilst a general requirement for
adequate fire safety is satisfactory as a universal goal, designers need specific
performance criteria to evaluate the acceptability of design solutions.
Standardised fire safety criteria that address actual performance are being
developed in Australia by the FCRC in consultation with the Australian Building
Codes Board (ABCB) but may be some time before being completed for all
occupancy categories. Meantime, a new performance-based BCA is being
circulated in draft form for public comment. As a result, use of quantitative fire
analysis may be somewhat restricted in practice until after the new performance
based BCA is published. Nonetheless even now quantitative fire analysis remains
a valuable tool and provides better insight for design decision-making.

Traditionally fire safety goals have been defined in terms of pass-fail criteria
specified in building and fire regulations. Frequently these criteria are in terms of
fire indices (eg., flame spread ratings), which do not describe or appraise the fire
hazard or fire risk of a product's performance under actual fire conditions. Pass-
fail criteria such as these have difficulty addressing important factors of fire
safety, including:

(a) The transient characteristics of fires;

(b) The transitory placement of combustibles in buildings;

(c) The number of possible ignition and fire scenarios;

(d) Differences in damage susceptibility and vulnerability;

(e) The continuous nature of hazard and damage caused by fire.

In other words, it is difficult for such criteria to address the specific context of
product use, but it is just this context that determines the actual hazard
represented by a product. Quantitative fire engineering provides a means to
evaluate the fire performance of a building within a particular application. Figure
4.1 shows the design process flow chart and details the several stages of the Fire
Engineering Design Brief (FEDB) process.
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This Chapter 4 sets out in detail the FEDB stages that should be followed before
detailed analysis and evaluation is undertaken.

START

Define design
objectives
4.2

Define
acceptance
criteria
4.3

l

Undertake
hazard
identification
4.9

Establish trial
concept
design(s)

(4.6)

!

Establish levels
of evaluation

4.7

v
. Undertake
R of Ffli_jr;jéngs quantified an§l)eis
“8) and evaluation
i (Chapters 6-13)

Figure 4.1 FEDB Process Flow Chart

4.2 Design Objectives

4.21 General

These guidelines may be used either to develop and assess a complete fire safety
strategy for a building or to consider one aspect of its design. Equally, the guidelines
may be applied to the design of a new building or the refurbishment of an existing one.
It is therefore important to establish that the identified objectives and acceptance
criteria are appropriate to the particular aspect(s) of design under consideration and
that they meet the requirements of the building regulations and fire authorities, as well
as any applicable risk management and insurance requirements. For new buildings,
compliance with the fire safety requirements of the BCA is required. For existing
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buildings establishing that the building meets an appropriate and reasonable level of
fire safety is the criterion.

The major fire safety objectives that may need to be considered in any design exercise
are detailed in the following sections. However, the list is not exhaustive, and special
considerations that should be taken into account by the fire engineer may apply for
specific buildings.

422 BCA Objectives

For many buildings, the fire safety system needs to be shown to meet the objectives of
the Building Code of Australia (BCA), which are to protect:-

o life safety of occupants - the occupants must be able to leave the building

(or remain in a safe refuge) without being subject to hazardous or
untenable conditions.

o life safety of fire fighters - fire fighters must be given a reasonable time to
rescue any remaining occupants before hazardous conditions or building
collapse occurs.

e adjacent buildings - structures must not collapse onto adjacent property,
and fire spread by radiation should not occur.

The issue of property protection as an objective of the BCA may need to be clarified by
direct contact with ABCB.

Under current provisions, the building surveyor must be satisfied that a performance
based design provides at least equivalent life safety and protection in terms of these
objectives as would a comparable BCA complying design.
When the new performance based BCA is published, building surveyors may have to
certify that the building and its fire safety systems meet performance requirements that
reflect the objectives and functional statements set out for each section of the
regulatory document.
423 Loss Control Objectives

The effects of a fire on the continuing viability of a business can be substantial and
disastrous. Many building owners have risk management programs and loss control
measures that aim to limit fire damage and disruption. Loss control objectives that may
need to be taken into account in a building fire safety system design include:-

(a) limiting structural and fabric damage to a building

(b) limiting building contents and equipment damage

(c) maintaining business operation and financial viability

(d) protecting corporate and public image.

(e) protecting Australia’s heritage in older or significant buildings

These objectives may also be a requirement of a building's insurers.
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424 Fire Brigade Objectives

Fire brigades are obligated by their Legal Charters to protect life and property. Regard
must be had to this broader objective of the nation’s fire brigades, with its linkage to
risk management and insurance objectives.

42,5 Environmental/Community Protection

A major conflagration involving several buildings and causing release of large
quantities of hazardous materials can have an adverse environmental and community
impact that is out of all proportion to the size of the fire.

Design consideration may have to be given to objectives which include the following:
(a) the effects of fire on the surrounding community
(b) the release of hazardous materials into the environment

(c) disruption to community life and damage to the local economy as a result
of a major fire.

Such objectives may be a requirement of legislation or of Environmental Impact
Statements applicable to major building complexes and industrial plants and may
require analysis by probabilistic risk assessment (PRA) methodology.

4.3 Acceptance Criteria
4.3.1 General

Whatever measures are taken to reduce the consequences of fire the possibility of
death, injury or damage cannot be totally eliminated. It must be recognised that there
is no such thing as zero risk. It is therefore important within the FEDB to establish the
acceptable criteria against which the adequacy of any developed designs will be
judged. It is usual for life safety that the risk to life be equal to or less than that
inherent in the BCA. It is equally important that all parties agree to these criteria and
the means by which an acceptance design is evaluated before any detailed design or
analysis is undertaken.

The three levels of evaluation provided for in these guidelines are as follows:

e Sub-system Equivalence Evaluation (SEE) - Level 1
Comparative Performance of a Component/Sub-system:
Single/Multiple Fire Scenarios

e System Performance Evaluation (SPE) - Level 2
Single/Multiple Fire Scenario(s)

e System Risk Evaluation (SRE) - Level 3
Multiple Fire Scenarios in combination
For each of these 3 Levels, it is theoretically possible to establish design adequacy by
means of two different approaches:
(a) comparison of performance against another agreed design (concept of

equivalence),
or
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(b) absolute measurement of performance against agreed performance criteria
and safety factors.

In these guidelines not all the alternatives of design level and approach are
recommended.

432 Comparison of Performance

The absolute design technique is obviously not applicable to a Level 1 evaluation as
described in these guidelines and which is restricted to comparative performance of a
fire safety component or sub-system. For Level 3 evaluation the absolute type of
analysis is not currently recommended given the present state of knowledge of
probabilistic risk analysis for fire safety design of buildings.

The acceptability of a particular design in Level 2 and 3 analysis may be evaluated by
means of comparison. In such cases, the level of safety provided by alternative fire
safety strategies is usually compared against the level of safety achieved in an
identical building when its fire safety system is designed in compliance with the current
prescriptive requirements of the BCA. Usually an additional design criterion is that the
cost of the alternative fire safety provisions should be less than, or at least equal to, the
cost of provisions required by the BCA.

This comparative approach or establishment of equivalence will generally involve
timeline analysis (Level 2) or probabilistic techniques (Level 3), but will require less
extensive analysis than an absolute study. In a comparative analysis, it should not
normally be necessary to include safety factors within the calculation procedures. Any
inaccuracies in the assumptions made for fire load, growth rate and other parameters
will generally have less effect upon the outcome than in an absolute analysis.

For comparison purposes, life safety of occupants and fire fighters can be compared
by time dependent or probabilistic criteria that are identified in sections 4.3.3 and 4.3.5.
These criteria include:

hot layer height

heat radiation

convected heat

toxicity

visibility / smoke obscuration
expected risk to life (ERL)

For protection of adjoining property, the analysis will need to show that the radiation to
an adjoining building is no greater than for a BCA complying design and that structural
stability (usually expressed in FRL terms) is equivalent between the two designs.
Radiation that can cause fire spread is usually expressed in units of kW/m2. Adjoining
property may also be a fire source feature for the building being designed and radiation
criteria may need to be considered and satisfied for the threat from adjoining buildings.

4.3.3 Level 1 Acceptance Criteria

Sub-system Equivalence Evaluation (Level 1) requires firstly the identification of
the basic performance requirement (eg. time of operation or failure) of the
component or of the sub-system (when acting in isolation). It is not necessary to
consider the effect of the component or sub-system on the safety of the
occupants. The performances of the proposed and regulatory prescribed
components and sub-systems need to be quantified in terms of the time of
operation (eg. for a smoke detector) or the time of failure (eg. for a barrier). The
criterion for acceptance is that the time of operation or failure of the proposed
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component or sub-system must be the same or better than the performance of the
regulatory prescribed component or sub-system.

434 Level 2 Acceptance Criteria
4.3.4.1 General

In a Level 2 evaluation, the overall fire safety system must be assessed against a
range of criteria based on analysis of one or more ‘worst credible fire scenarios’.

The most important criteria is life safety of occupants and in Level 2 it is usual to
evaluate life safety utilising the Available Safe Egress Time (ASET) principle, ie. using
a time line technique to ensure that occupants have completed evacuation or reached
safe refuge before untenable conditions have been reached. It is, therefore, important
in a Level 2 evaluation to define and agree the acceptance criteria for untenable
conditions during the FEDB process. In addition, if absolute rather than comparative
analysis is to be undertaken, it is important to decide on appropriate safety factors and
how to address uncertainties in modelling and calculation.

Having agreed untenable conditions, other criteria for the protection of property,
protection of fire fighters, etc. should also be agreed, and equally the general
engineering aim of achieving the desired fire safety system at optimum cost should be
recognised.

4.3.4.2 Life Safety Criteria

The subject of limits of tenability for occupants in fire is very complex and this
document can provide a guide only in any particular design situation.

Fire safety engineers are referred to the technical literature such as the extensive
Chapter (2/8) by Purser on toxicity assessment in the SFPE Handbook (Purser : 1988).

e Hot Layer Height

For some buildings, particularly those with large, high spaces such as
warehouses and atria, an acceptance criteria may be that the hot layer does
not fall below 2100 mm in height from the floor. This means that occupants
will not have to move through products of combustion (smoke) in making
their escape.

In this approach, the only additional criteria required is that of radiation from
the hot layer.

e Heat Radiation
The limiting condition for radiant heat from a hot layer or other fire condition
should be taken as 2.5 kW/m? for design purposes. This accords with data in

Table 4.1.

Table 4.1 Limiting Conditions for Tenability Caused by Heat Radiation

Radiation Intensity Tolerance Time
< 2.5 kW/m* > 5 min
2.5 kW/m? 30 sec
10 kW/m? 4 sec
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For smaller enclosures of relatively low height, this limit of 2.5 kW/m? occurs
when the hot layer reaches approximately 180 - 200 °C.

For some buildings, the simple approach of layer height and radiation flux /
temperature is not appropriate. An example is a bedroom and corridor situation in a
residential occupancy. In this case, smouldering and flaming may occur, and
occupants may have to make their escape through smoke conditions. Under these
circumstances, other acceptance criteria for life safety should be invoked that address
the following:

e Convected Heat

Breathing of fire gases can cause heat stroke (or hypothermia). Convected
heat can also cause skin burns. In both cases the degree of saturation of the
air by water vapour is important.

Table 4.2 provides some useful data on convected heat.

Table 4.1 Limiting Conditions for Tenability Caused by Heat

Temperature / Humidity Tolerance Time
Conditions
< 60°C saturated > 30 min
60°C, < 1% H,0 12 min
180°C, < 1% H,0 1 min

For most buildings, a temperature limit of 100°C is reasonable for exposure
to convected heat. However, for particularly susceptible occupants, such
as hospital patients, where escape times will be long, consideration
should be given to using 60°C as one life safety criteria.

e Toxicity

The effects of fire products of combustion on humans is complex, with
contributions coming from the asphyxiants (eg CO, CO,) and irritants (eg
HCI, SO,) that are roughly additive.

The accumulated dose of toxic products can cause incapacitation (loss of
consciousness) or death (lethality). The maximum tolerable doses of toxic
gases for survival (lethal limits) are approximately twice those for
incapacitation.

For engineering purposes , it is suggested that limiting conditions for all toxic
products (asphyxiants and irritants) are unlikely to be exceeded for up to 30
minutes if the smoke optical density (OD) does not exceed 0.1 m™ (ie. 1.0
db/m).

For analysis in greater depth, the concept of fractional effective dose (FED)
may be used for both asphyxiants and irritants. Suggested exposure doses
(concentration x time) and peak concentrations are detailed in Appendix 4A
that is referenced from the latest draft British Standard. This suggests, for
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example, an exposure dose for incapacitation by carbon monoxide (CO) of
15,000 ppm.min.

e Visibility / Smoke Obscuration

Higher levels of smoke will obscure visibility and affect way finding and
decision making during escape.

For small rooms, the minimum visibility acceptable for escape is 5.0 meters
(OD=0.2 m'1). At this limit, people behave in irritant smoke as in darkness.

For larger rooms, it is necessary for people to see further in order to orient
themselves and find exits. People are also reluctant to enter heavily logged
escape routes. To provide reasonable way finding and avoid toxicity
problems, the minimum visibility in large spaces should be not less than 10
meters (OD =0.1m™).

These tenability limits for smoke obscuration are detailed in Table 4.3

Table 4.3 Tenability Limit for Smoke Obscuration

Location Minimum Equivalent Equivalent
Visibility Optical Optical
Density Density
(m”) (db/m)
Small rooms 5m 0.2 2.0
Other rooms
and spaces 10m 0.1 1.0

Loss Control Criteria

In an absolute Level 2 analysis, acceptance criteria for damage to structure, fabric or
contents of a building are usually expressed in dollar terms provided from an owner's
or occupier’s risk management and loss control financial assessments..

The owner's insurance company may be prepared to provide advice regarding
“acceptable limits of loss”, which in monetary terms would be expressed as Normal
Loss Expectation (NLE) and may be related to an insurance deductible.

Corporate or public image is an intangible and clearly most difficult to quantify but
many building owners who are 'risk averse' translate this criteria into acceptance of
smaller losses than might otherwise be accepted as design criteria.

Environmental/Community Criteria

In an absolute Level 2 study, acceptance criteria in this area are usually values set by
Planning, Flammable Goods or Environmental legislation. Indicative requirements are:

(a) Radiation from building or plant to other buildings or surrounding community not
to exceed 10 kW/m? (or some other agreed figure)

(b) Explosion over-pressures not to exceed a specified limit.
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(c) Concentrations of hazardous chemicals not to exceed a specified fixed
concentration in the event of an accidental release, due to fire or other causes.

No acceptance criteria for economic loss to a community as a result of fire are known,
but these could be established in consultation with the appropriate community
authorities.

Designers should note that fire spread between buildings is addressed in Chapter 10
and Appendix 10A of these Guidelines. Guidance is provided on radiative ignition
giving a range of ignition values from 10 kW/m? to 40 kW/m?, depending on the target
materials likely to be ignited.

435 Level 3 Evaluation Criteria
4.3.5.1 General

When undertaking a Level 3 system risk evaluation (SRE), the aim is usually to show
that the likelihood of a given event (eg. injury, death or damage) is acceptably small.

However, as Level 3 analysis is currently only recommended to be undertaken on a
comparative basis, an acceptable design is one in which the risk of death, injury and/or
damage is equal to or less than the risk applicable to a BCA or other code complying
design.

4.3.5.2. Life Safety Criteria

For any proposed alternative design in a probabilistic, multi-scenario Level 3 analysis,
the criterion of Expected Risk to Life (ERL) should be equal to or less than the ERL
achieved by a BCA complying design.

At this stage of development of fire science and engineering, the use of Probabilistic
Risk Analysis (PRA) methodology to evaluate absolute values for the risk of death or
injury to individuals or groups within buildings is not encouraged. However in the future
it will be possible to use PRA to establish acceptable levels of risk for building fire
safety, in similar manner as the technique is currently used within other complex fields
of engineering.

4.3.5.3 Loss Control Criteria

In probabilistic terms, the probability of loss (to varying degree) can be combined with
monetary loss under various fire scenarios to assess “expected losses”.

In a comparative study this is expressed as the Fire Cost Expectation (FCE). In the
future, this criterion may need to be assessed by absolute study and be expressed as
an acceptable, financial loss, in dollars, limited to the insurers Normal Loss
Expectancy (NLE) figures.

4354 Environmental/Community Criteria

The risk of a new building complex or industrial plant on the surrounding community is
commonly expressed in absolute terms by means of probabilistic risk assessment
(PRA), as “the probability of death for an individual per year”. In future, such PRA
criteria may be established for building fire safety design, but until such time as this
occurs it is recommended PRA be restricted to comparative ERL / FCE analyses for
persons within a building.
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There are no known probabilistic criteria for community economic loss.

Hazard Identification

As part of the FEDB, systematic review to establish potential fire hazards should
be conducted of the building proposed for analysis,. The review should take
account of factors such as:

(a) general layout;

(b) potential ignition sources;

(c) nature of the activities;

(d) anticipated or existing occupancy;
(e) materials of construction;

(f) combustible contents;

(9) any unusual factors.

This list is not exhaustive and the FEDB team should identify all significant fire
hazards. When assessing the significance of each fire hazard, the FEDB team
should take particular account of its influence on achievement or otherwise of the
agreed fire safety objectives.

During this hazard identification stage, the FEDB team should consider the
possible consequences of failure(s) in the fire protection sub-systems and
management procedures, eg. fire doors left open or the smoke detection system
being inoperative. In a Level 3 System Risk Evaluation, using probabilistic risk
assessment (PRA), the likelihood and consequences of such failures will generally
be quantified. However, in a Level 2 study, the team should make a judgment as
to what represents a credible scenario for the purposes of detailed analysis.

Where the building facilities include a comprehensive fire safety management and
maintenance plan which is subject to third party review, the benefits of this should
be taken into account during assessment of the likely efficiency of the evacuation
process and the reliability of installed fire protection systems.

Fire scenarios

In these Guidelines, a fire scenario is defined (see definitions) as the complete
description of a building fire from ignition to burn out, including the times of
occurrence of all key events. At the FEDB stage, the task is to define and describe
the fire scenarios to be quantified.

The number of possible fire scenarios in a complex building can be very large and
often there are neither the data nor the resources available to attempt to quantify
them all. The detailed analysis and quantification should therefore be limited to
the most significant fire scenarios.

The characterisation of a fire scenario for analysis purposes should involve a
description of such things as the initiation, growth and extinction of fire, together
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with the likely smoke and fire spread routes. The possible consequences of each
fire scenario should also be considered.

Where alternative fire safety design strategies are being compared against a
reference case (ie. in a comparative study), the quantification can often be
simplified considerably. In such instances it may only be necessary to consider a
single fire scenario if this will provide sufficient information to evaluate the relative
levels of safety of the trial design and the reference case.

The FEDB team should identify the important fire scenarios and those that can be
neglected (eg. whether a very rare fire with the potential to cause a large loss is
more or less important than small fires having a higher probability of occurrence
but with potential to produce a similar loss over time). When establishing the
sequences of events to be considered, the FEDB team should also take account
of the possibility of failures of protection systems and management procedures
(see 4.6).

In a level 2 absolute or comparative study it would be usual to identify a number
of worst-case scenarios for analysis and evaluation. However, care and judgment
should be used to avoid analysing events with a very low probability of
occurrence. Furthermore, the FEDB team should not request detailed analysis and
quantification where the outcome is obvious.

Chapter 6 provides guidance on the detailed development of fire scenarios. The
FEDB team should describe the scenario(s) in sufficient detail to facilitate their
quantification. In particular, the characteristic fire profiles expressed in heat
release rate terms are an integral part of scenario specification. However, it may
be that some aspects of particular scenarios cannot be described a priori and
require detailed quantification before they can be considered. For example, the
time of window breakage and the effect of the increased ventilation on fire growth
requires detailed calculation. Similarly, whether sufficient fire-load exists to set off
automatic sprinklers in a high roofed shopping mall requires analysis.

4.6 Trial Concept Design

In many cases it will be necessary to amend the architectural design or provide
additional fire protection measures to achieve an acceptable level of safety. The
FEDB team should establish one or more trial concept designs (fire protection
strategies) for more detailed analysis and quantification to enable all reasonable
options to be considered.

There can be no hard and fast rules for the specification of alternative fire
protection strategies. The members of the study team should use their knowledge
and expertise to make sensible judgments on the suitability of various
alternatives. Whilst under or over specification will be identified in the
quantification process which follows the FEDB, both can waste significant time
and it is clearly desirable the FEDB team be sufficiently experienced to be able to
identify those cost-effective strategies that are likely to satisfy the fire safety
objectives and criteria.

The question of what redundancies should be taken into account during evaluation
should be clearly identified for each trial concept design developed,.

There are factors other than fire safety that determine whether a particular design
is acceptable or not. Consideration of these may well rule out some of the
proposed fire safety designs and thus simplify the subsequent quantification
phase. Several alternative concept designs should be compared with each other
in terms of cost and practicality. The FEDB team should be able to broadly
estimate the costs of different strategies and eliminate expensive options from the
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study. Certain fire protection strategies may present design, constructional or
operational difficulties. If the fire protection requirements of any options
compromise the speed of construction or the day-to-day operation of the building
they are likely not to be cost-effective. Care should be taken to ensure any trial
designs presenting significant practical difficulties are eliminated, if at all possible.

There is always the risk that the FEDB team can lose sight of practicalities and
specify expensive measures to guard against unlikely hazards. To counter this
tendency, questions should be asked as to how often the hazard is likely to occur
and how serious the consequences would be. Sometimes a fully quantified
analysis will be required but often, a problem can be brought into perspective by
logical comparison or a few simple calculations.

Most FEDB teams are likely to be comprised mainly of engineers who might tend
to favour hardware solutions. However, the FEDB team should recognise that in
many buildings the implementation of a well defined and maintained management
system can often provide a much more effective means of reducing the overall
fire risk.

Chapter 7 provides data that should be considered when developing trial concept
designs. This is not exhaustive but provides a guide both to the types of systems
that should be considered and to the basic information required to enable a
quantified study to be carried out. These data are also used when it comes to
detailed building characterisation for the purpose of analysis.

Chapter 5 provides more information on concept design options which may be
utilised for the various sub-systems, when trial concept designs are being
developed.

Methods of evaluation

Having established one or more trial concept designs and the significant fire
scenarios, the FEDB team should provide guidance on the depth and scope of
quantification required. Indeed, the FEDB study may eliminate further detailed
analysis if, for instance, qualitative study has clearly shown a level of safety which
is equal to, or better than, that in prescriptive codes and guidance documents.

To establish the required scope of quantification, the FEDB team should agree the
extent to which each fire scenario requires quantification. Where possible,
agreement should be reached on the type and complexity of analysis required to
provide an adequate solution. For instance, when considering smoke movement,
simple hand calculations may be appropriate in relation to one fire scenario
whereas a more complex, computer based model may be more appropriate to
another.

The type of analysis procedures that the FEDB team may consider include:

(a) simple calculations;

(b) a computer-based time dependent analysis;

(c) afull probabilistic study, ie. comparative PRA; (Level 3)
In some circumstances where a quantitative analysis is not appropriate, detailed
qualitative study or full scale fire testing may provide an effective means of

arriving at a design solution. Such options will be possible under the new
Performance based BCA.
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A time dependent study (Level 2), using comparative criteria will generally require
far fewer data and resources than a probabilistic approach and is likely to be the
simplest method of achieving an acceptable design. A full probabilistic study
(Level 3) is only likely to be justified when a substantially new approach to building
design or fire protection practice is being proposed or where less conservative
design for a large or complex building may result in significant construction
savings.

Design Documentation and Reporting

It is relatively straightforward to establish whether various provisions have been
appropriately implemented when checking that a trial concept design complies
with traditional building regulations and design guidance documents. This “Fire
Engineering Guidelines” document, however, encourages a flexible approach to
design, using performance-related requirements rather than prescriptive solutions.
It is, therefore, not possible for an approvals body simply to compare the proposed
design against a set of well-defined recommendations. Because of this, the
results of a fire engineering study ought to be fully documented in a way that can
be readily assessed by the building surveyor or other third party. The report should
set out clearly the basis of the concept design, the calculation procedures used
and any assumptions made during the study.

The format of the report will depend on the nature and scope of the fire
engineering study and analysis, but it should typically contain the following
information:

(a) objectives of the study;
(b) description of the building and its type of occupancy
(c) results of the FEDB:

(i) membership of the FEDB team;
(i) fire safety objectives;
(iii) results of the hazard identification;
(iv) basis for selecting fire scenarios for analysis;
(v) acceptance criteria;
(vi) trial concept designs;
(vii) redundancies between and within sub-systems.
(viii) influence of fire-safety management;
(d) analysis of results:
(i) assumptions;
(ii) engineering judgements;
(iii) calculation procedures;

(iv) validation of methodologies;
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(v) sensitivity analysis;

(vi) evaluation of results of analysis against acceptance criteria;
(e) identification of final concept design

(i) fire protection measures to be provided

(i) ‘management in use’ issues integral to the design.
(f) references:

(i) drawings;

(i) design documentation;

(iii) technical literature.

It is recommended that reporting be undertaken in 2 stages, to reflect the design
process outlined in these guidelines. When the FEDB stage has been completed,
it is recommended that parts (a), (b) and (c) of the report should be completed.
This first stage report should then be checked and agreed by all parties involved
in the FEDB, to assist the fire engineer in the analysis and evaluation of the trial
concept design(s).

Once the analysis and evaluation is completed, the fire engineer should complete
a comprehensive report including all sections (a) to (f).

It is critical in the Final Report of the fire safety concept design that all fire
protection equipment and materials proposed for the building’s fire safety system
be carefully identified. It is equally critical that all ‘management in use’ issues,
upon which the concept design is based are also well defined. These management
issues may include particular methods of installation and construction, operation
of the building systems (including control of combustibles and evacuation drills),
and specific testing and maintenance regimes, considered necessary to ensure
equipment or material performance. Whilst regulatory administrative provisions
relating to such ‘management in use’ issues of performance based designs are
still being developed in Australia, it is important that any relevant issues be
highlighted in concept design reports and even more important that they be
faithfully implemented during the building construction and operation phases of a
project.

Detailed Design and Documentation

Once the concept design is approved, the detailed design and documentation can
be undertaken. These guidelines do not cover this phase of the design process. It
is however encumbent upon the design team to ensure the detailed design
specifications, construction and final certification reflect the agreed concept
design and that the completed construction fully achieves the design objectives
and acceptance criteria.

References
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CHAPTER 5
DESIGN GUIDANCE

5.1 Introduction

5.2 Planning and Design
Considerations

5.3 Fire Initiation and Development
Design Considerations

5.4 Smoke Management Design
Considerations

5.5 Fire Management

5.6 Detection and Suppression

5.7 Occupant Avoidance

5.8 Fire Brigade

Introduction

In reality, absolute protection of life and property from fire in the built environment
is unattainable and, even if attainable, prohibitively expensive. However, too little
expenditure on fire safety could result in levels of life loss that would be
unacceptable to the community. Between these extremes will exist a set of cost-
effective solutions, in which it is feasible to minimise the total cost associated with
fire, consistent with achieving levels of life safety which are acceptable to the
community.

The severe consequences of fire in buildings have caused communities to control
the design and use of buildings through laws and regulations. The good fire safety
record which has been achieved in Australia may be attributed, in part, to current
building regulations. However, these regulations are both prescriptive and
restrictive in their application. Further, the evolutionary nature of development of
these regulations has resulted in limited application of fire engineering
technology; possibly in excessive conservatism and in indications that such codes
are not optimal in the interests of the society they serve. Concern has been
expressed that possibly excessive costs are incurred in maintaining Australia’s fire
safety record, highlighting the need for identification of cost-effective design
solutions.

It has long been recognised that in order to realistically manage the effects of
various hazards, including the effects of fire in buildings, it is inappropriate to rely
solely on a single component or sub-system to manage such hazard. For
example, it is well recognised that fire safety and protection components and sub-
systems do not work perfectly, and that there is always a finite chance of failure of
such components and sub-systems, particularly when subjected to fire conditions.

To recognise actual fire conditions and to ensure adequate hazard management,
authorities and the community require, by regulation, that a level of redundancy
be incorporated into designs. However, it is the very issue of prescribing
redundancy which gives rise to concern about excessive costs. There are widely
held views In Australia that the current building regulations provide very adequate
levels of fire safety but prescribe excessive levels of redundancy in either the
number or the extent of components or sub-systems required.
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Consider for example, a simple situation of two alternative fire safety design
strategies in which the first design relies solely on a passive fire protection sub-
system and the second relies on both a sprinkler sub-system and a passive fire
protection sub-system. Clearly to maintain a consistent level of life safety, the
level of passive fire protection in the second strategy should be less than that of
the first.

Evaluations based on consideration of separate fire scenarios can be used to
quantify the performance of a passive sub-system and the performance of a
sprinkler sub-system when each is operating in isolation, but such separate fire
scenario evaluations cannot be used to identify appropriate, cost-effective
combinations of active and passive protection. The second strategy referred to
above is indicative of redundancy prescription in building codes and is typical of
the issues that fire safety engineering, based on risk assessment techniques, is
ideally suited to resolve.

Pressures have arisen in Australia for the introduction of a performance-based
approach, enabling more flexible and rational engineering methods (incorporating
risk assessment methodologies) to be used to identify cost-effective fire safety
solutions for overall building designs (total building fire safety systems). In
response, systematic methods have been developed for rational design of fire
safety and property protection systems for buildings. Over a number of years,
research has been undertaken into the development of risk-cost assessment
models for estimation of both “risks to life safety” and “the economic
consequences of fire” in buildings. In these activities, emphasis has been given to
techniques that can be used for performance assessment of the fire-safety system
and for identification of cost effective designs.

Assessments based on consideration of the outcomes of separate fire scenarios
provide a satisfactory approach to the design of individual fire safety sub-systems
but such assessments do not provide a satisfactory framework in which to
combine different sub-systems and hence identify cost-effective fire safety system
design solutions.

5.2 Planning and Design Considerations
5.2.1 The Building Project Process

A building may be procured in a number of ways. One way is to physically design
the facility in accordance with a brief, developed from assessment of client and
occupant’s (end users) needs, and subsequently construct it in accordance with
the design. This sequence of activities can be defined in the following stages :

Feasibility

Conceptual design

Design development
Design documentation
Construction

Commission and handover

These guidelines concentrate on the feasibility and concept stage and initial
design activities - to the point where plans are produced that are of sufficient detail
for the preparation of a preliminary estimate by a quantity surveyor.

It is generally accepted that once the concept or sketch plans have been signed
off by the client, 75% of the overall cost has been committed and any further
effort will only affect the remaining 25% of project cost. It is equally well
recognised that decisions made during the early stages of a project will have
maximum impact on cost savings.
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During development of a building’s conceptual design, one sub-process involves
preparation and agreement of a series of sketch plans illustrating how the total
“spaces” within the building will be “massed” or arranged. The outcome is a
building footprint and a series of internally related layouts. This basically involves
the “planning” of the building and involves:

a. Development of the footprint of the building by allocation, massing
and arrangement of space and functions, that once assembled
comprise the entire building envelope.

b. Development of the internal layout in a formal sense.

c. Development of the circulation network and the degree of building
legibility.

d. Development of a detailed building envelope.

The success or otherwise of this planning can be assessed against the client’s
brief. If the layout is functional, the inter-relationships will be satisfactory between
the spaces, people, processes and activities, etc. that the building is required to
accommodate.

This process also has implications for cost effective design of the building’s fire
safety system, the main objectives of which may not change but the ease by
which they can be satisfied will be a direct function of the building’s planning.

5.2.2 Planning of Occupants
The building fire safety sub-systems mostly affected by building planning are:

a. Occupant Avoidance (SS5)

b. Fire Spread (SS3)

c. Smoke Spread (SS2)

d. Detection and Suppression (SS4)

There are two types of generic plan, “closed” and “open”. The degree of planning
may be formal or “free” or somewhere in-between, dependent upon the type of
occupancy. Residential and health care buildings are normally more formally
planned than retail, industrial and office type occupancies. Open planning is
synonymous with large retail and industrial complexes.

Mazes or labyrinths are more common in closed planning and are often the egress
system, especially for spaces accommodating large numbers of people centrally
within the building and in upper storeys. Access to exit systems and location of the
exits in relation to their height and point of discharge of each exit can be
extremely complex and egress can often dictate the plan shape/footprint of a
building.

Travel distance, a measure of “access to exits”, often dictates the location of stairs
and may even dictate the building’s physical orientation on site. This can apply to
buildings with relatively small populations and/or occupant loadings (ie.: persons
per square metre of floor area).

Planning is therefore seen as an activity that can significantly affect the
development of a cost effective design and issues which can influence the
occupant avoidance sub-system include:

i. Occupant loading

ii. Zoning of the building by use/organisation etc. as this will also
influence the evacuation requirements.
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iii. Allocation of exits according to those zones.

iv. Allocation of circulation space to compliment (iii) and still permit the
degree of security, privacy, tenancy, and required subdivision of
building functions.

v. Allocation of other circulation spaces for normal and emergency
requirements.

vi. Barriers that may restrict the movement of occupants during
emergencies.

5.2.3 Planning and Fire Scenario

The degree of open versus closed planning can often define the manner in which
a fire can grow and spread from the enclosure of fire origin. Corridors, open stairs,
spandrels, shafts, etc. can often provide paths along and through which fire is able
to spread. Spaces which are more open than others may act as an initial reservoir
for smoke, providing valuable additional time for occupants to evacuate.

For example, a corridor can link one room to two stairs. These stairs may be the
only two exits from a storey. The two stairs are meant to act as alternative exits. If
a fire were to break out in the room and the door was left open, the corridor would
soon be filled with smoke and access to the two stairs denied. Occupants in the
other rooms linking to that corridor may still be unaware of the fire and their only
escape route, the corridor, would be unavailable.

Planning can therefore provide opportunities. Closed plans provide opportunities
for compartmentation (confinement of smoke and fire spread by passive means).
Open planning generally provides opportunities for systems based on smoke
management via active means (sprinklers and mechanical smoke management).

Smoke and fire spread implications can be assessed qualitatively at this stage.
Subject to other constraints, a building can be planned to provide maximum
opportunity for the development of alternative solutions, allowing the structure and
building fabric to be utilised as part of the sub-systems. The degree to which
specialist fire protection systems can be avoided can be viewed as a measure of
cost effectiveness.

5.24 Planning - Detection and Suppression

The relationship between building planning and this sub-system may not be readily
apparent.

Areas of a building which are subdivided in a formal manner may result in
increasing likelihood of remote fire. Occupants may require additional time to
investigate and establish the state of a fire. Open planning can provide occupants
with greater opportunity to physically locate a fire and initiate avoidance action.

The degree of planning also affects the cost effectiveness of detectors and
sprinklers - as measured in terms of floor area per device eg. m? per detector or
sprinkler. The ratio will generally be lower for closed plans and higher for open
plans. This relationship may be seen by some as an opportunity in terms of the
systems specified. From the fire safety view-point, closed planning in association
with sprinklers can be very effective, although there will be a price to pay in terms
of cost/m? of floor area. However, other trade-offs and savings may be possible to
offset the increased sprinkler costs..
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Fire Initiation and Development Design Considerations

As in any engineering design process, fire-safety design hinges on a balance
between two fundamental concepts, namely loading (expressed as the
characteristic fire profile) and the fire-safety system performance (in coping with
the characteristic fire profile). This provides a measurable expression of the
objective being pursued. Two aspects of the characteristic fire profile need to be
considered in a fire-safety engineering design, namely its effects and its
probability of occurrence.

When dealing with the probability of occurrence of a particular characteristic fire,
the most relevant aspect is the likelihood of ignition, requiring consideration of:

e Survey information on the location of possible causes of ignition;

e Statistical information on sources of ignition, frequency of occurrence
and intensity of fires for the relevant occupancy and building activity,
and

e the intended implementation of maintenance and good housekeeping
measures.

To deal with the effects of the characteristic fire profile, it is important to identify
its constituent components. Control is achieved by controlling these components,
in fact, the actual design process aims at influencing, in an appropriate manner,
each of the components. These are -

a. Rate of fire growth.

The rate of fire growth can be influenced by controlling the selection of materials
for the building and its contents. The arrangement of contents also plays an
essential role on the likely fire growth. Of particular importance is the distance
between adjacent combustibles and the height at which they may be stacked.
Whilst a wider separation distance can decrease growth rate, higher stack levels
increase it.

b. Termination of growth.

Fire growth can be terminated by design-selected agents, such as automatic
suppression. The designer can select a particular type of sprinkler, on the basis of
predicted time of operation and the influence it can have on the predicted fire
growth. In the absence of automatic suppression, fire growth can be influenced by
fire-brigade intervention and, with lesser design predictability, by occupant’s
manual suppression.

c. Time for flashover.

Flashover is an undesirable event, which couples untenability remote from the fire
origin, very rapid increment in smoke and heat hazard and the beginning of an
intense attack on the building structure. For this reason, designers need to predict
the likelihood and timing of flashover and seek means to influence these As
flashover is highly dependent on the concentration of heat within the fire
enclosure, the most effective influencing measures are related to heat
minimisation.  Firstly, minimising heat generation at the source (by material
control as previously described) and secondly, by maximising heat dissipation
through relief or venting.
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d. Ventilation-controlled burning rate.

Burning rate can be controlled by limiting the supply of oxygen. There is always a
chance that a fire will gain access to additional sources of air, by shattering
windows and damaging protective barriers.

e. Fuel-limited burning rate.

The limitation of combustible contents wherever possible, separation by barriers
and the action of making the fuel less likely to burn, eg. by use of fire-retardants or
by allowing sprinklers to discharge water over the fuel provide effective design-
based means of influencing burning rate.

f. Decay.

The period of fire decay may extend for a long time, creating undesirable smoke
and heat hazards. In practice it may be necessary to precipitate the decline by
use of the suppression methods available, or by effective management.

Smoke management - design considerations.

Smoke is the main cause of death in fires and, as such, smoke management is of
utmost importance in the design of buildings housing large populations. Smoke
damage to contents and property may also be a design issue, particularly in large
warehouse stores. Design features aimed at control of smoke address one or
more of the following aspects of smoke generation and movement:

a. Minimising smoke generation at source.

The amount of smoke generated depends primarily on the size of the fire. Control
of fire growth as discussed in Clause 5.3 also assists in reducing smoke quantities.

b. Capturing the smoke near the source.

As hot gases issuing from a fire move upwards to a ceiling and then sideways
under it, increasing amounts of clean ambient air are entrained. As a result, the
total volume of smoke that fills an enclosure consists almost entirely of the air that
was entrained. The temperature and hence buoyancy of the cloud of smoke
depends on how far the process is allowed to continue. An undesirable extreme is
one ending up with a voluminous cloud of cold (and hence non-buoyant) smoke
which is virtually impossible to manage. Design of smoke management systems
should therefore aim at capturing the smoke as early as possible. In an atrium
shopping centre for example, management of smoke produced by a fire in a
speciality shop could require at least five times more volumetric flow of
mechanical exhaust if the smoke is captured at top of the atrium, than if it was
locally extracted from the shop. A similar relationship would apply with respect to
potential damage in that case.

c. Isolating smoke within smoke barriers or compartments.
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