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Foreword

Publishing information

This Published Document is published by BSI Standards Limited, under licence from The British
Standards Institution, and came into effect on 30 November 2014. It was prepared by Technical
Committee FSH/24, Fire safety engineering. A list of organizations represented on this committee can
be obtained on request to its secretary.

Supersession

PD 7974-5:2014+A1:2020 supersedes PD 7974-5:2014, which is withdrawn.

Relationship with other publications

This Published Document takes information on building characteristics and the design fire from
the qualitative design review (QDR) together with the time of fire service notification from
sub-system 4 (PD 7974-4) and the time of evacuation from sub-system 6 (PD 7974-6). It provides
information on the effect of fire service activities on the growth of the fire, which is used by
sub-system 1 (PD 7974-1).

PD 7974-5 is part of the PD 7974 series. Other documents in the series are:

e Part 1: Initiation and development of fire within the enclosure of origin (Sub-system 1);

e Part 2: Spread of smoke and toxic gases within and beyond the enclosure of origin (Sub-system 2);
e Part 3: Structural response and fire spread beyond the enclosure of origin (Sub-system 3);

e Part 4: Detection of fire and activation of fire protection systems (Sub-system 4);

e  Part 6: Human factors - Life safety strategies - Occupant evacuation, behaviour and condition
(Sub-system 6);

e Part7: Probabilistic risk assessment.
These Published Documents are intended to be used in support of BS 7974.

Where appropriate, references to relevant standards are provided in order to assist the reader in
understanding the design methodologies presented and to compare different approaches or sources
of data. It is therefore important that PD 7974-5 is not used in isolation and reference is made to

the relevant standards, particularly in relation to additional notes and subclauses describing its
application.

Information about this document

This is an amendment of the Published Document and introduces updated and new guidance on the
relationship between building design and fire and rescue service operating procedures. The guidance
provided within this Published Document may be considered incomplete at this time, particularly
requiring a fundamental review of firefighting access provisions.

There are a number of matters under recent national regulatory consultation and review. These
include (but are not limited to):

a) the maximum permitted building heights denoting a range of firefighting access measures in
both new and refurbished buildings;

b) the physiological limitations placed on firefighters, firefighter safety particularly in extended
corridors and single stair buildings;
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c) the adequate provision of modern firefighting lifts;

d) external wall hazards;

e) wayfinding;

f) mass evacuation of tall residential and other high-rise buildings;

g) evacuation alert systems;

h) sprinkler provisions;

i) basement ventilation for firefighting access;

j) smoke control provisions;

k) specific materials used in construction; and

1) along with a range other matters that may be subject to the outcomes of ongoing national review.

All of these issues directly impact on existing fire and rescue service operating procedures and

will therefore be dealt with in a future revision of this Published Document. Users of the current
edition of this Published Document need to ensure that the local fire and rescue service is consulted
as a stakeholder; as part of the Qualitative Design Review process, where a fire safety engineering
approach to access and facilities for the fire service is proposed.

Text introduced by or altered by Amendment No. 1 is indicated in the text by tags ). Minor
editorial corrections are not tagged.

This publication can be withdrawn, revised, partially superseded or superseded. Information
regarding the status of this publication can be found in the Standards Catalogue on the BSI website at
bsigroup.com/standards, or by contacting the Customer Services team.

Where websites and webpages have been cited, they are provided for ease of reference and are
correct at the time of publication. The location of a webpage or website, or its contents, cannot
be guaranteed.

Use of this document

As a guide, this Published Document takes the form of guidance and recommendations. It should
not be quoted as if it were a specification or a code of practice and claims of compliance cannot
be made to it.

This publication is not regarded as a British Standard.

Presentational conventions

The guidance in this Published Document is presented in roman (i.e. upright) type. Any
recommendations are expressed in sentences in which the principal auxiliary verb is “should”.

Commentary, explanation and general informative material is presented in smaller italic type, and does
not constitute a normative element.

Contractual and legal considerations

This publication does not purport to include all the necessary provisions of a contract. Users are
responsible for its correct application.

Compliance with a Published Document cannot confer immunity from legal obligations.
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Introduction

This Published Document is one of a series of documents intended to support BS 7974. BS 7974
provides a framework for developing a rational methodology for design using a fire safety
engineering (FSE) approach through the application of scientific and engineering principles to the
protection of people, property and the environment from fire. The Published Documents (PDs)
contain guidance and information on how to undertake quantitative and detailed analysis of specific
aspects of the design. They are a summary of current practice and it is intended that they be updated
as new theories, calculation methods and/or data become available. They do not preclude the use of
appropriate methods and data from other sources. BS 7974 can be used to define one or more fire
safety design issues to be addressed using FSE. The appropriate PD(s) can then be used to set specific
acceptance criteria and/or to undertake detailed analysis. A FSE approach that takes into account the
total fire safety package can often provide a more fundamental and economical solution than more
prescriptive approaches to fire safety. It might in some cases be the only viable means of achieving a
satisfactory standard of fire safety in some large or complex buildings. FSE can have many benefits.
The use of BS 7974 can facilitate the practice of FSE and in particular it can:

a) provide the designer with a disciplined approach to fire safety design;
b) allow the safety levels for alternative designs to be compared;

c) provide a basis for selection of appropriate fire protection systems;
d) provide opportunities for innovative design; and

e) provide information on the management of fire safety for a building.

Fire is an extremely complex phenomenon and there are still gaps in the available knowledge. When
used by suitably qualified persons, experienced in FSE, the series of documents can provide a means
of establishing acceptable levels of fire safety economically and without imposing unnecessary
constraints on aspects of building design.

1 Scope

This part of PD 7974 provides guidance on FSE and the necessary interaction with fire service
intervention activities. This Published Document applies irrespective of whether the design objective,
or fire service activities, are intended to support life safety, property, business, mission, or heritage
protection objectives, as defined in the qualitative design review (QDR) process described in

BS 7974 (. The guidance provides an understanding of both the capabilities and limitations

of fire service intervention, and takes into account the physiological demands on fire-fighters, the
fire-fighting procedures that are used and the limitations of fire-fighting equipment.

This part of PD 7974 is intended to be applied to the design of new and, where appropriate, the
appraisal of existing, buildings and plant.

It also contains analytical tools that allow an analysis of fire and rescue service intervention and
offers a range of approaches that could improve the efficiency and effectiveness of fire and rescue
service intervention if analysis indicates that design objectives might not be achieved.

The fire and rescue service can request access and facilities to assist them with emergencies other
than fire. The recommendations contained in this document could be of value when considering such
requests but the primary purpose of this document is concerned with fire.
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

Standards publications
BS 5041 (all parts), Fire hydrant systems equipment

BS 7974:2019, Application of fire safety engineering principles to the design of buildings - Code
of practice

BS 9990, Code of practice for non-automatic fire-fighting systems in buildings
BS 9999:2017, Code of practice for fire safety in the design, management and use of buildings

BS EN 81-72, Safety rules for the construction and installation of lifts — Particular applications for
passenger and goods passenger lifts — Part 72: Firefighters lifts

PD 7974-1, Application of fire safety engineering principles to the design of buildings - Part 1: Initiation
and development of fire within the enclosure of origin (Sub-system 1)

PD 7974-3, Application of fire safety engineering principles to the design of buildings - Part 3:
Structural response and fire spread beyond the enclosure of origin (Sub-system 3)

PD 7974-4, Application of fire safety engineering principles to the design of buildings — Part 4: Detection
of fire and activation of fire protection systems (Sub-system 4)

PD 7974-6, Application of fire safety engineering principles to the design of buildings - Part 6: Human
factors - Life safety strategies - Occupant evacuation, behaviour and condition (Sub-system 6)

3 Terms, definitions and symbols

For the purposes of this Published Document, the following terms, definitions and symbols apply.
3.1 Terms and definitions

3.1.1 attendance
a) fire appliances that are at the incident or are on their way to the incident;
b) act or process of a fire appliance being mobilized and travelling to an incident

NOTE  For the fire and rescue service, the word “attendance” has a slightly different meaning depending on the
context in which it is used. Since this Published Document aims to achieve effective interaction between the fire
engineer and the fire and rescue service, the fire and rescue service terminology is used within the text.

3.1.2 attendance time

duration of time that passes between the fire and rescue service control room being notified that a
fire appliance is required and the arrival of the fire appliance at the site

3.1.3 bridgehead

part of a building, usually two floors below the fire floor (floor above in the case of
basements), from which fire-fighting teams can be safely committed to attack a fire

3.1.4 intervention (fire and rescue service)

all the activities of the fire and rescue service from the receipt of an emergency call right through to
the end of their involvement with an incident
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3.1.5 in attendance

being present at the scene of the incident

3.1.6 place of relative safety

place in which there is no immediate danger, but in which there could be future danger, from the
effects of fire

[SOURCE: BS 9999:2017, 3.89]

3.1.7 preparation time
time that the fire and rescue service spend, after arrival at the scene of a fire, gathering information,
preparing an operational plan and ensuring that operational resources are in place

3.1.8 safe areas or refuge floors

rooms or floors or areas set aside to provide places of temporary refuge within buildings; such
locations are provided with a very high degree of fire protection and can be provided with their own
independent air supply

NOTE A safe area or refuge floor is a special case of a place of relative safety in that it is expected that people
remain there for a period of time rather than be in transit to a place of ultimate safety.

3.1.9 stay put strategy
strategy involving evacuation of people immediately at risk

NOTE 1 Other occupants may remain within a fire (flame and smoke) resisting compartment. Evacuation of other
occupants might not normally be necessary. Especially for tall buildings, a dynamic risk assessment is required. If
fire or effluent spreads beyond the compartment of fire origin, then a total evacuation might become necessary
before escape routes become compromised.

NOTE 2 This is also known as a defend in place strategy.
3.1.10 tactical operations

implementation of an operational plan by the fire and rescue service; typically leading to and
including fire-fighting and/or rescue; tactical operations begin following the end of preparation time

3.2 Symbols

Symbol Description

A Area of the fire (m?);

Aboor Total internal floor area of the enclosure (m?);

a Fire growth rate parameter (kW-s™);

AH, Total heat of combustion (k]-kg™);

H, Total heat of combustion (M]-kg?);

F, Adequate firefighting water for private dwelling fires up to 100 m?
(L/min);

F > Adequate firefighting water for private dwelling fires up to 500 m?
(L/min);

arowth Adequate firefighting water for building fires based on an accurate

determination of the total heat release rate (L/min);

Flrpsro™ Adequate firefighting water for industrial/storage fires up to 100 m?
(L/min);

Firpsmo Adequate firefighting water for industrial /storage fires up to 500 m?
(L/min);
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Symbol Description

F 100 Adequate firefighting water for "all other" building fires up to 100 m?

other

not in the dwelling or Industrial /Storage Warehouse groups (L/min);

e Adequate firefighting water for "all other" building fires up to 500 m?
100m? not in the dwelling or Industrial/Storage Warehouse groups
(L/min);

F> Flow-rate planning for firefighting water to cover large building fire
areas (500-10 000m?) (L/min/m?;

Required firefighting water for an interior attack at a building fire
based on fire load density (g,) (L/min);

offensive

K, The combustion efficiency percentage of the enclosed fire (%);
L, Length of fire travel path (m);
M, Total mass of all combustible material in the enclosure (kg);
n Growth power of fire;
n, Total cooling efficiency of the applied firefighting water (kW);
q, Fire load energy density (M]-m3);
Q~ Total heat release rate (kW);
" Maximum heat release rate (kW);
Qmax
Q, The heat absorption of water applied directly onto the fire (MW);
t Time (s);
t Incipient phase of the fire’s development (s);
At Time required for tactical operations (set-up pre-intervention)

(mins).

4 General guidance

4.1 The qualitative design review
This Published Document provides guidance on the capabilities of the fire service to:
a) contribute to life safety by rescue (under exceptional circumstances - see 5.2); and
b) reduce the effect of a fire on the structure, contents and overall operation of the building.

Information on FSE design objectives and the acceptance criteria are provided by the qualitative
design review (QDR). Where achieving design objectives relies upon fire and rescue service
intervention, the nature of that intervention and the provision of necessary access and facilities for
the fire and rescue service should be included in the QDR.

For large and complex projects, the QDR should be carried out by a study team involving one or more
fire safety engineers, other members of the design team and a member of operational management.
For smaller projects however, the QDR may be carried out by a smaller study group but the same
basic review process should be followed.

The make-up of the QDR team should be based on the nature and size of the project and on the extent
of the analysis conducted. When the analysis being conducted relates to fire and rescue service
intervention, the QDR team should comprise the fire safety engineer and a representative from the
fire and rescue service as a minimum.
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4.2 Overview of fire and rescue service intervention
COMMENTARY ON 4.2

Fire-fighters take calculated risks to carry out their job. However, the amount of risk that they are
prepared to take depends on the potential outcome. For example, in order to attempt to save life,
fire-fighters might take more risk than they would in order to attempt to save property.

If property protection, loss control and/or environmental protection are FSE design objectives,

the provisions of this Published Document may be followed to assess the potential fire and rescue
service response to an incident, and to consider whether additional fire protection measures could be
appropriate to fulfil the aforementioned objectives.

If only life safety facilities are provided in a fire engineered building, the fire and rescue service might
see fire-fighting as being high risk and not intervene to save property. If improved facilities for the fire
and rescue service are engineered into the building, the fire and rescue service might see fire-fighting
as being lower risk and be more likely to intervene to save property.

Fire and rescue service intervention can be divided into a number of stages: the receipt of an
emergency call and driving to the scene, gaining access to the site, gathering information, setting

up equipment, gaining access to the building, movement within the building and finally rescue or
fire-fighting. If improved facilities for the fire and rescue service are engineered into the building, the
duration of these activities can be reduced, and the likelihood of achieving design objectives might
be increased.

Figure 1 shows the potential inputs that could impact upon fire and rescue service intervention.

4.3 Analysis

The factors to be taken into account when analyzing the effectiveness of fire and rescue service
intervention derive from both the fire and rescue service and the building design and are
identified as inputs.

Text deleted. During the QDR process, it might be possible to establish simply by logical
deduction that a trial design is at least as safe as the code compliant solution without the need for any
calculations.

When analysis of fire and rescue service intervention has been completed, the outputs should be
compared against the design objectives and the acceptance criteria.

If the comparison is satisfactory, the results may be reported. If the comparison is unsatisfactory,
the process should return to the QDR where alternative fire and rescue service information and/or
building design approaches should be identified or the design objectives should be reviewed.

NOTE  See Figure 2 and Figure 3, which outline the processes.

Design objectives, acceptance criteria, and results (for a FSE solution to B5 provisions subjected
to analysis for fire service intervention) should be agreed with the fire service.

This is particularly important where the fire service is not part of the initial QDR team.
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Figure 1 — Potential inputs into sub-system 5
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Figure 2 — Basic fire safety design process
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A statement should be produced regarding the capacity of the fire and rescue service to rescue
casualties (in exceptional circumstances) and/or their capacity to contribute to loss control or the
control of environmental damage. This can be quantified, for example, in terms of:

a) the amount of property that is expected to be lost/saved by fire and rescue service
intervention; or

b) the amount of pollutants expected to be produced by a fire (airborne and waterborne pollutants
and also fire damaged materials that cannot be recycled).

The first time that fire and rescue service intervention is modelled, the desired outcomes might not
be achieved. If this is the case, the QDR team should identify the fire and rescue service information
(Clause 6) and the design and building information (Clause 7) (and any other measures identified by
the QDR) that could be improved to increase the effectiveness of intervention.

If analysis suggests that fire and rescue service intervention might not achieve the design objectives,
the distribution of fire and rescue service resources and fire-fighting procedures are overriding
constraints that can only be altered at the discretion of the fire and rescue service.

The fire and rescue service’s influence on, or response to, building design factors varies depending
on the fire and rescue service concerned. It is therefore essential that the fire and rescue service
are involved throughout the QDR process, as any element of the QDR can have an impact on fire and
rescue service intervention.
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Figure 3 — Fire and rescue service intervention design process
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5 Design objectives

5.1 Selection of design objectives

At an early stage of the design process, the objectives of the fire safety design should be clearly

defined and the acceptance criteria established. The protection of life is the main objective of fire

safety legislation; however, the effects of fire and its products on the on-going operations of a

business and direct property losses should also be taken into account.
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The functional objectives and criteria for the particular study should be established
during the QDR. The main fire safety objectives that are addressed when carrying out a fire
engineering study are:

a) life safety (see 5.2);

b) loss control (see 5.3); and
c) environmental impact/protection (see 5.3).

Whatever the FSE design objectives, the provisions of this Published Document should be followed in
an FSE design approach to ensure that those objectives can be supported by fire and rescue service
intervention.

5.2 Life safety

The FSE design of a building should enable occupants of the building to be protected from fire, or to
evacuate, without external assistance. However, there might be exceptional circumstances where the
fire and rescue service have to assist with evacuation or even rescue occupants, for example:

a) occupants being injured prior to their escape;
b) unforeseeable fire growth overwhelming protection systems; or
c) the failure of fire protection systems despite planned preventative maintenance and servicing.

In addition, the response of the fire and rescue service should take into account other factors affecting
safety of the building occupants. For example:

1) Ifevacuation is not completed by the time the fire and rescue service attend, fire-fighters might
choose to assist with evacuation before they begin fire-fighting.

2) In buildings with a stay put strategy (1], progressive horizontal evacuation or a phased
evacuation strategy, the fire and rescue service might choose to initiate a wider evacuation if the
circumstances of the fire are unfavourable.

5.3 Loss control and environmental protection

FSE design objectives such as loss control and environmental protection should also be taken into
account (see BS 7974). These include:

a) damage to the structure and fabric of the building;
b) theloss of building contents;

c) riskto the on-going business viability;

d) damage to the corporate image;

e) the effects of fire on adjacent buildings or facilities;

f) therelease of hazardous materials into the environment including stored hazardous materials,
building materials damaged by fire, combustion products and fire-fighting water run-off;

g) the effect of fire and smoke on the viability of the surrounding transport infrastructure; and
h) loss of heritage buildings and valuable/historic artefacts.

NOTE  See BS 7974 forguidance on property protection, business and mission continuity and resilience.

Documents

© THE BRITISH STANDARDS INSTITUTION 2020 - ALL RiGHEYRESERVED Slearing Hub

Full document details: PD 7974-5:2014+A1:2020


https://doi.org/10.3403/02396195U
https://doi.org/10.3403/02396195U
http://www.avadocuments.com/doc/pd-7974-5-2014-a1-2020
http://www.avadocuments.com/doc/pd-7974-5-2014-a1-2020

PD 7974-5:2014+A1:2020 PUBLISHED DOCUMENT

6 Fire and rescue service information

6.1 Fire and rescue service characteristics
Inputs from the fire and rescue service include:
a) the pre-determined attendance;
b) additional fire appliances;
c) attendance time;
d) preparation time;
e) tactical operations;
f) physiology of fire-fighters; and
g) Dbuilding management/FRS interface.
6.2 Fire and rescue service intervention

Figure 4 illustrates a typical process of fire service activity from the time of call to the fire and rescue
service. It assumes that no other intervention by other systems has occurred which might impact
upon the development of the fire.

Figure 4 — Fire and rescue service intervention

1 | | |
| | Attendance time : Preparation time : Tactical operations :
\ \ | | |
| \ A fittend | A fprep | A | e
; | | m—
| ! | | |
! ‘ I e Gaining access to the site I e Travel within the building |
‘ ‘ : e  Assessment and planning : e  Setting up bridgehead :
‘ ‘ | e Assessing risk | e Searching for fire/casualties |

e Gathering information
‘ ‘ : e  Assembly of resourses : :
‘ ‘ | | |
‘ ‘ | | |
| | |
| | | | |
Time | Appliance Time of Casualty located/
of call ‘ mobilisation attendance Start of firefighting
[
Appliance
crew alerted TIME —

NOTE 1 This figure is illustrative and some aspects might change or not be relevant dependent upon the fire
being considered. For example, fire-fighting could take place entirely from the outside of the building, in which
case, preparation time does not include travel time within the building. The precise nature of fire and rescue
service intervention and the steps that comprise it form part of the QDR.

NOTE 2 The figure shows a simple linear process. At any reasonably large fire, intervention is not a linear
process. Tactical operations take place at the same time as other fire-fighters elsewhere are preparing and
other fire appliances are still travelling to the scene.

NOTE 3 The figure shows a demarcation line between preparation time and tactical operations, but in
practice there is often no such clear demarcation. For example, connecting a fire hydrant to a fire appliance
with a length of hose could equally be described as preparation or tactical operations. The demarcation

is put in place here to break the process of intervention down into stages that can be analyzed to identify
opportunities for imnprovement. The precise placement of fire-fighter activities in the timeline is not critical, as
long as all activities are placed somewhere and are taken into account.
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6.3 The pre-determined attendance
COMMENTARY ON 6.3

On receipt of a report of fire in a building, a fire and rescue service mobilizes fire appliances. The fire
appliances that are mobilized initially are a fixed number that has been found to be adequate to deal
with “typical case” fires dependent upon the type and use of the building and local fire and rescue service
policy. These fire appliances are known collectively as the predetermined attendance (PDA).

A FSE design needs to demonstrate relevant and adequate sensitivity analyses, ensuring that
the design fires and protective measures used reflect the assigned fire service PDA for the risk profile to
be sufficient.

A fire and rescue service might mobilize additional fire appliances to a report of a fire in a building
if reliable detailed information is passed to them at the time of the call indicating that the incident
requires increased resources.

Once fire appliances have attended at the scene, the [M) fire officer in charge could request
additional fire appliances according to the perceived need.

The following aspects of fire and rescue service attendance are required for an analysis of fire and
rescue service intervention:

a) the number and type of appliances (including the equipment carried) sent to an initial report of
a fire in the building (PDA);

NOTE 1 This could vary depending on whether the call is made in person by an occupant of the building or by
an automatic system via a fire alarm monitoring organization.

b) the predicted attendance times of the fire appliances that make up the PDA based on the location
of fire stations and the distance to the building;

NOTE 2 This could vary according to unpredictable parameters such as road and weather conditions, but it
could also vary according to predictable parameters such as differences in day and night crewing systems.

c) the nature and capability of the fire appliances; and
d) the number of fire-fighters who are likely to attend on each fire appliance.

The local fire and rescue service should be involved throughout the QDR in order to establish the
likely fire and rescue service response to a fire. Based on detailed knowledge of an FSE building, a fire
and rescue service might choose to set a PDA specifically for that building, although the FSE design
cannot be based on this assumption.

6.4 Additional fire appliances deleted.
6.5 Attendance time

6.5.1 General
COMMENTARY ON 6.5.1

There are aspects of the attendance time of the fire and rescue service that are overriding constraints
that cannot be altered by FSE.

The “pre-determined attendance” describes the number of fire appliances mobilized to an initial report
of a fire. The “attendance time” describes the time that it takes for fire appliances to attend after the fire
and rescue service has been called.

There is no national standard attendance time in the UK. Each fire and rescue service sets its own
standard as part of their integrated risk management plan. Individual fire and rescue services publish
the maximum attendance time that they aim to achieve on the majority of occasions.
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