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1 Foreword

When this guide was first produced back in 2012, it quickly became the default reference
document for many designers, installers and approving authorities throughout the UK and
even beyond.

Due to its popularity and the ever increasing complexity of building design, it very quickly
became necessary to update it and so | am very pleased to be able to introduce this latest
revision from the Smoke Control Association.

The prevention of smoke spread through buildings is of critical importance, but little
guidance is currently available in one publication. This document provides details and
gives recommendations not previously covered in other standards or codes of practice and
should make a significant contribution to improved understanding of smoke control
systems.

Contained within the document are sections on the different types of system and their
function, information on all the relevant legislation, standards and codes of practice. The
SCA particularly recognises the importance of using certified products for smoke control
applications, and is particularly pleased to see these topics addressed here.

Included in this revision are many new recommendations, updated product standards, a
new section on Fire Service Intervention and a limitation on the extension of travel
distances to which all member organisations have agreed.

| would like to thank the working group for their hard work and dedication in producing this
guide, and appreciate the contribution made by the many practitioners, Building Control
Officers, fire engineers and Fire Officers who gave up their valuable time.

The Smoke Control Association in conjunction with other experts from the fire industry
promotes high standards of fire protection. The SCA is sure that this Guide will continue to
be an essential reference work within the industry and shows a commitment from our
members of using best practice in all that they do.

Conor Logan
Chairman of the Smoke Control Association
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2 Introduction

This document covers information and requirements on the design, calculation methods,
installation and testing of systems intended for smoke control within the common escape
routes within apartment buildings.

The provision of such systems is recommended in order to improve the conditions for
escape and fire fighting.

2.1 Primary Objectives

The primary objective of the smoke ventilation system is to protect the staircase and
protect the common circulation areas. The performance criteria and the design of the
system vary depending on the layout of the common corridor or lobby.

Where the travel distances are no more than 7.5m in distance from the door to the
staircase (or sterile lobby) to the most remote apartment entrance door, the primary
objective of smoke control in residential buildings is to protect the staircase enclosure by
ensuring that the stairway(s) remain relatively free from smoke and heat in the event of a

fire within a dwelling.

Note: where a sterile lobby is provided to the staircase, e.g. a lobby not approached by
apartments or other areas of significant fire risk, there is no restriction on the travel
distance in the lobby, whether the lobby is ventilated or not, and the travel distance can be
measured from the apartment door to the door to the sterile lobby.

However, where corridors are extended, the primary objective of the smoke control system
is to protect both the common corridor and the staircase enclosure. There are considered
to be two forms of extended corridors:

|, Extended corridors — These typically have no more than 15m travel distance from

the furthest apartment door to the staircase or sterile lobby. The primary objectives
of the smoke control system are to protect the common corridor for means of
escape and the staircase enclosure for means of escape and fire-fighting.

II. Significantly extended corridors — These typically have more than 15m travel

distance from the furthest apartment door to the staircase door or sterile lobby. The
primary objective of the smoke control system is to protect both the common
corridor and the staircase enclosure for means of escape and Fire Service
operations. The increased length of the corridors can adversely affect fire-fighting
operations and require additional consideration of design factors such as tenability
limits, time lines and fire sizes.

Note: regardless of.ithe corridor design, it is recommended that the maximum travel
distance should be limited to 30m from the furthest apartment door to the staircase
door. See section 5.4.

This guidance document also covers the provision of systems where no communal lobbies
or corridors are provided, such as small single stair buildings as detailed in Approved
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Document B or BS 9991. Here the primary objective is solely to protect the staircase
enclosure, with an emphasis on Fire Service access rather than means of escape.

2.2 Smoke Control Methods

The effect of the air movement forces, including buoyancy experienced by hot gases on
the fire storey, thermal expansion of hot gases in the fire zone and even stack effect, can
cause smoke to spread through leakage paths in vertical barriers between rooms, e.g.
doors, walls, partitions, from the apartment of fire origin and into the corridor.

The ventilation methods most commonly used to limit the degree of smoke spread, or to
control its effects, in the common areas of residential apartment buildings are:

a) Natural smoke control systems.
b) Mechanical smoke ventilation systems.
c) Pressure differential systems.

The design implications for each of the three system types are considered within this
design guide.

2.3 Responsibilities

Through this document, the Smoke Control Association provides guidance on the design
of smoke control systems in apartment buildings. While there is limited guidance in both
Approved Document B and BS 9991 for either designers or approving authorities, this
document sets out the information and parameters that the designer should incorporate
into the design when using calculations and/or CFD models.

Smoke control systems form one element of the overall fire engineering strategy for
apartment buildings and should not be designed in isolation. It is the responsibility of the
designer of the smoke control systems to ensure that any proposed systems complement
the fire safety strategy and provide a suitable level of fire safety, just as it is also the
responsibility of the architect and fire engineer to ensure that building layout provided to
the smoke control system designer is adequate for the purpose. Early consultation by the
design team with a smoke control system designer is therefore recommended.

For the design and approval process to be successful it is strongly recommended that,
except perhaps in the simplest cases, the system objectives, the scenarios to be
calculated or modelled, the modelling criteria, the expected reporting and the success
criteria are all agreed and documented prior to commencement of design.

Guidance in this document is based around compliance with Building Regulations.
Designers should note that they should also consider the requirements of the Construction
(Design and Management) Regulations, the Workplace (Health, Safety and Welfare)
Regulations, the Regulatory Reform (Fire Safety) Order and any other relevant legislation.
Consultation with the regulatory authorities may assist in achieving an appropriate design.

While this document predominantly references the principles of Approved Document B and
BS 9991 and BS 7346-8, the majority of the principles are relevant where other design
guidance is utilised (such as the Technical Standards in Scotland) although reference
should be made to the authority having jurisdiction.
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3 Scope

The principles detailed within this document are specifically designed for apartment
buildings containing flats or maisonettes. No specific limitations are set within this
document on the age, disability, or familiarity of the occupants to each other or to the
building provided that they are able to evacuate the building without considerable
assistance. On this basis this document can be used for the design of smoke ventilation
systems for the following examples of apartment buildings:

a) Owner occupied housing

b) Social housing, including assisted living and extra care accommodation.

c) Apartments provided for short term rental, including student apartments and apart-
hotels, if designed and constructed to the same principles as apartment buildings.

This document is not considered suitable for use for prisons, hospitals, nursing homes or
other building types where the occupants are not considered able to evacuate without
substantial assistance. Notwithstanding this, system designers and approving authorities
may wish to consider the principles detailed in this document where insufficient other
design guidance exists.

While this design guide is intended for buildings operating a ‘stay put’ evacuation policy, it
may also be appropriate for buildings operating staged, phased or simultaneous
evacuation. Where such evacuation policies are considered the system designer and
authority having jurisdiction (AHJ) should carefully consider the evacuation policy on the
design objectives.

Where such evacuation policies are considered, the system designer and authority having
jurisdiction (AHJ) should carefully consider the impact of the evacuation on the design
objectives, and any supporting justification put forward (including how any computer
modelling used will account for the proposed evacuation regime and the potential need to
maintain tenable conditions within the corridors throughout the whole of the means of
escape phase).

This document specifies smoke control systems designed to control the spread of smoke
from the apartment of fire origin into the common escape routes. It covers methods for
calculating the parameters of the smoke control systems as part of the design procedure.

It gives test procedures for the systems used, as well as describing relevant and critical
features of the installation and commissioning procedures needed to implement the
calculated design in a building. It covers systems intended to protect means of escape
from common escape routes such as stairwells, corridors and lobbies, as well as systems
intended to protect fire service access routes.

The systems incorporate smoke control components in accordance with the relevant
British and European Standards. This document gives requirements and methods for the
evaluation of conformity for smoke control systems as well as testing regimes.

Page 8 of 68

RBKOC D 00002932/8



1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

1.8.

1.9.

1.10.

1.11.

Terms and Definitions

Authority having jurisdiction (AHJ)

Organisation, office or individual responsible for enforcing the requirements of
legislation or standards, or for approving equipment, materials, an installation, or a
procedure.

Common escape route
Designated route from the front door of an apartment to a place of safety or relative
safety

Compartment

Enclosed space, comprising one or more separate spaces, bounded by elements of
construction having a specified fire resistance and intended to prevent the spread of
fire (in either direction) for a given period of time

Computational Fluid Dynamics (CFD)

The use of computers to solve mathematical equations that simulate the flow of
fluids, heat transfer and other associated phenomena. (Note: For the purposes of
this paper, CFD modelling can be used to predict fire, smoke movement, heat,
radiation, ventilation flow etc based on the input parameters provided)

Depressurisation
Smoke control using pressure differentials where the air pressure in the fire zone or
adjacent spaces is reduced below that in the protected zone

Design fire
Hypothetical fire having characteristics that are sufficiently severe for it to serve as
the basis of the design of a smoke control system

Fire engineering strategy
A strategy developed using application of scientific and engineering principles to the
protection of people, property and/or the environment from fire

Fire resisting (resistance)
The ability of a component or construction of a building to satisfy for a stated period
of time, some or all of the appropriate criteria specified in the relevant standard test.

Fire Separation
A compartment wall, compartment floor, cavity barrier or construction enclosing a
protected escape route and/or a place of special fire hazard.

Manual control point
The term “manual control point” encompasses generic phrases such as fire fighter's
switch, call point, break glass etc. (refer to 8.2.5.2)

Mechanical (or powered) ventilation
Ventilation caused by the application of external energy to displace gases through a
ventilator Note: fans are usually used
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1.12.

1.13.

1.14.

1.15.

1.16.

1.17.

1.18.

1.19.

1.20.

1.21.

1.22.

Natural ventilation
Ventilation caused by buoyancy forces resulting from differences in density between
smoky and ambient air gases due to temperature difference

Pressurisation
Smoke control using pressure differentials, where the air pressure in the spaces
being protected is raised above that in the fire zone

Primary power supply
Power supply that is used whenever it is available (Note: usually the normal mains
supply to the building)

Secondary power supply
Power supply that automatically replaces the primary power supply in the event of
its failure (Note: usually provided by batteries, generators or a separate mains

supply)

Steady state design

Design based on the largest fire with which a smoke control system is expected to
cope

Note: there is no expectation that this fire size will be maintained for any significant period in
practice)

Stay put strategy (as per BS 9997)

Strategy normally adopted in blocks of flats and maisonettes whereby, when a fire
occurs in a flat or maisonette, the occupants of that dwelling evacuate, but
occupants of all other dwellings can safely remain in their dwellings unless directed
to leave by the fire and rescue service

Tenable
Measure of the level of exposure to hazards from a fire that can be tolerated without
violating safety goals

Time dependent design
Design based on a fire for which the heat release rate and/or other parameters
change with time

Time line
A sequence of events and times representing actions that is sufficiently severe for it
to serve as the basis of the design of a smoke control system

Vent
An operable ventilation opening, either direct to outside or into a ventilation shaft,
from a stair, lobby or corridor Note: The term has the same meaning in ADB

Zone model

A computer program using simplified calculations treating the space or spaces
modelled as a series of homogenous zones and taking average characteristics for
those zones

NOTE: These definitions are taken from or based on definitions in relevant British or European Standards or
other HEVAC guides wherever possible.
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5 Objectives and Performance Criteria

5.1 General

All residential ventilation systems are intended to help protect means of escape (MOE)
and assist fire-fighting operations (FF) in case of fire in a dwelling.

Generally, for most smoke control systems applied in apartment buildings, the common
spaces requiring smoke ventilation are the stairs and the lobbies and/or corridors opening
onto the stairs. The level of protection will vary with the design of the stair core and
corridors and the type of ventilation system provided.

Where the building design and the ventilation system are in direct conformity to ADB to the
Building Regulations or equivalent (outside England and Wales), there is no requirement
to consider objectives or performance criteria as the ventilation system is deemed to be
suitable by virtue of its prescription to the relevant document. This section then does not

apply.

In other cases it is necessary to consider the objectives and performance criteria for the
system. Depending on the design of the common escape routes, this can either take the

form of an assessment to ensure that the proposed design provides ‘equivalence’ to the
prescriptive systems or a detailed engineering analysis.

Where travel distances are compliant with the relevant code of practice, a smoke control
system can be designed to show equivalence to the code compliant solution, based on the
same building layout and geometry.

Where travel distances are extended and/or corridor sub-divisions are removed in
buildings with a ‘stay-put’ policy, proving ‘equivalency’ to code compliance is not

appropriate. A detailed engineering analysis is required although in every design strategy
the relevant prescriptive benchmarks and functional requirements should be used for
comparison

As with any alternative solution there are a number of methods which allow the
investigation and demonstration of its performance. These range from hand calculations
through to more sophisticated computer models such as zone models and CFD. Each
method offers different benefits with associated limitations, ranging from fast calculations
with limited spatial and temporal resolution to extensive spatial and temporal resolution
with extended calculation time.

It is the responsibility of the assessing engineer to determine which method of
investigation should be used. It is recommended, however, that the technique to be used
be agreed with the relevant approving authorities prior to an assessment being performed.

It is further recommended that, where an authority having jurisdiction (AHJ) is unfamiliar
with the technique used or does not have the necessary technical knowledge to assess
the technique, a peer review should be considered.
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There is often confusion regarding fire fighting stairs in residential buildings. While specific
reference should be made to the relevant design guide to which the building is
constructed, in the case of buildings designed using BS 9991 or ADB, fire fighting stairs
are recommended when the top storey is more than 18m above fire service access level.
However, as long as the building layout conforms to ADB and the normal corridor/lobby
ventilation is provided, there is no requirement for a dedicated fire fighting lobby and the
more onerous ventilation recommendations for a fire fighting lobby do not apply. See
clause 17.14 of ADB: 2006 (as amended).

5.2 Objectives

5.2.1 Commentary

Fire statistics show that the majority of fire deaths in residential buildings are caused by
smoke inhalation and not through direct exposure to the fire. In high rise buildings, the flow
of heat and smoke from a fire creates even greater risks for the occupants and fire-fighters
alike.

Most design guides identify the primary means of controlling the flow of smoke in
residential buildings as the fire rated separation (i.e. the provision of protected escape
routes and protected stairwells), with smoke control designed to supplement these
provisions.

As stairs will be used by the majority of the occupants of the building, potentially for a
longer duration than the common escape routes on the floor of fire origin, as well as being
an access and egress route for the fire service, it is considered of primary importance to
protect the stair(s) irrespective of the design of the smoke ventilation system.

The ability of the system to prevent smoke from entering the staircase is affected by the
proximity of the apartment door to the staircase. Although there is no control on this
proximity in many design guides, including ADB and BS 9991, where possible, apartment
doors should not be located in close proximity to doors to the staircase. Some smoke
leakage into the staircase due to thermal expansion of hot gases in the fire zone
(apartment of fire origin) may occur irrespective of the door location. This is because fire
induced expansion of gases can result in a build-up of pressure, leading to a rapid flow of
hot gases out of the compartment when the apartment door is opened, especially if the
staircase door is already open. However, in most cases, the initial expansion forces
dissipate quickly and the leakage of smoke into the stair due to this action is limited and
may be acceptable to the designer and the approving authorities where it does not
adversely affect the tenability conditions within the stair.

Work by the BRE and others, as confirmed in ADB, has made it clear that it is not possible
to keep common corridors and lobbies completely free of smoke (except possibly by
pressurisation systems with protection extended past the entrance door to each dwelling).
Any system should, however, be designed to promote tenable conditions for travel through
the ventilated corridors/lobbies during the escape period. It should be noted that this may
only be possible during periods when the apartment door is closed and the flow of smoke
from the apartment into the corridor is substantially reduced by the passive fire protection
provided by the door.

Page 12 of 68

RBKC D 00002932/12



5.2.2 Recommendations

The guidance provided describes single corridors with single direction travel but the
recommendations also generally apply to building designs with multiple corridors or
corridors with multiple direction of travel.

The design objective of any system should be to maintain relatively smoke free conditions
within the staircase such that it can be used for evacuation and fire service access/egress
at all times. Where the travel distance from the furthest apartment to the door to the
staircase or the door to a sterile lobby does not exceed 7.5m, this is considered to be the
only design objective. Therefore, where a mechanical ventilation system is provided to the
common escape routes, it is not considered necessary to assess conditions within the
corridor or the sterile lobby against specific performance objectives. The system provided
should have at least equivalent performance to a compliant natural ventilation system and
conditions should not be made worse. Where a compliant natural ventilation or
pressurisation system is provided then generally no further consideration is required.

Where the building design follows BS9991 or, where the AHJ is willing to accept the
proposal, and travel distances from the furthest apartment entrance door to the staircase
door does not exceed 15m, and the building is provided with residential sprinklers meeting
the design guidance given in BS 9251, then irrespective of building height it is considered
appropriate for the smoke ventilation system to meet the same performance criteria as a
system provided for a building where the travel distance from the apartment of fire origin to
the door to the staircase does not exceed 7.5m.

Where sprinklers are not provided and where the travel distances from the apartment to
staircase or sterile lobby are over 7.5m but do not exceed 15m, the performance
objectives of the system are to maintain the staircase relatively free of smoke and to

ensure the designer’s specified tenable limits for means of escape are met within the

corridor. Additional performance objectives for protection of fire fighters are required where
the building is of significant height and, therefore, under the relevant design guide (e.g.
ADB) additional provisions for fire-fighting access, such as fire-fighting shafts, may be

required. Note: generally natural ventilation is not appropriate for corridors of this length, so the system
provided should be mechanical.

Where the travel distances from the apartment to staircase or sterile lobby exceed 15m,
the performance objectives of the system are to maintain the staircase relatively free of

smoke and to ensure the designer’s specified tenable limits for means of escape and Fire

Service operations are provided within the corridor. This may necessitate discussions with
the Fire Service and authority having jurisdiction (AHJ), prior to design or installation of the
smoke control system, to ensure the system performance allows the operational
requirements for fire fighters to be met, irrespective of building height.

Any ventilation design will form part of an overall fire safety strategy and should not be
designed in isolation. The designer of a smoke ventilation system should define how it fits
into the fire safety strategy.
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5.3 Performance Criteria

5.3.1 Introduction

Before setting any performance criteria it is necessary to set the design conditions under
which these criteria should be met.

In its study of smoke ventilation where travel distances are code compliant, BRE focused
its research on ‘steady-state’ conditions, examining a number of design fires and fixed

door openings. This approach allows a straightforward comparison of different geometries
and ventilation methods. It does not, however, capture the transient nature of an actual fire
scenario, where the fire develops with time and doors open and close at various stages
during the event. Nevertheless, an analysis of steady-state conditions can provide a
convenient way to assess a smoke ventilation system, in particular with regard to the
protection afforded to the stair enclosure and to after the arrival of the fire service, where
fixed door opening conditions may be relevant.

The alternative approach, employing a timeline of events and actions, is more realistic but
generally requires additional analysis and consideration of time dependent performance
criteria, e.g. the time to return a corridor to conditions suitable for means of escape.

Performance criteria are generally based on tenability. The main criteria of interest could
include visibility, gas temperature, thermal radiation and toxicity within the common
corridors, lobbies and stair enclosures. Selection of appropriate performance (acceptance)
criteria for assessing a fire engineered system design should be established at the start of
the design process, typically at the qualitative design review.

Pressure differences between the corridor/lobby and adjacent stairs and accommodation
should not cause door opening forces to exceed 100N. It is important also to consider the
potential impact of the pressure difference between the dwelling and the corridor to ensure
that smoke is not unduly pulled into the corridor when the dwelling door is in a closed
position. The maximum acceptable level of depressurisation in the corridor relative to the
apartment will depend on factors such as the doorset construction, including the
performance of the smoke seals and size of gap under the door.

Air flows from the stair enclosure into the corridor, in the situation where the door is open,
might be adopted as a performance criterion, with a minimum design air speed set to
prevent the flow of smoke into the stair.

It is recommended that performance criteria and accompanying fire scenarios be agreed
with the authority having jurisdiction (AHJ) as part of the approval process, preferably in
advance of detailed calculations or modelling. This will be relevant particularly where the
performance is being assessed against specific tenability criteria rather than against a
code-compliant solution.

Typical performance criteria and accompanying fire scenarios are discussed below for
both code-compliant and extended travel distances, and encompass both steady-state and
time-dependent design analyses. While these are offered as a suitable ‘point of reference’

for use in apartment buildings, they are not exhaustive and should not restrict the use of
alternative criteria and scenarios that are considered more suitable for a specific project. It
is the responsibility of the designer to determine which fire scenarios and performance
criteria should be used.
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5.3.2 Tenability criteria for means of escape

Where system performance is being assessed deterministically (and not compared to an
ADB compliant one) it will generally be necessary to set acceptance limits for one or more
performance criteria based on tenability. It is not appropriate to give definitive values here
as they need to be established on a case by case basis as part of the overall fire strategy.
However, published information is available (see, for example, BS 7974:2001 and
associated PD 7974 series Application of fire safety engineering principles to the design of
buildings, BS 7899-2:1999 Guidance on methods for the quantification of hazards to life
and health and estimation of time to incapacitation and death in fires, the SFPE Handbook
of Fire Protection Engineering and the ASHRAE Handbook of Smoke Control Engineering
and CIBSE Guide E Fire Engineering). Some recommendations that might be considered
are provided below. The appropriate choice for an individual system should take into
account the specific design details such as travel distances, occupancy characteristics etc.

Exposure gas temperature and thermal radiation flux (irradiance) limits of 60°C and
2.5kW/m? represent typical acceptance limits in respect to tenability for means of escape.

Visibility distance and toxicity levels may also be important performance criteria in respect
to means of escape. Both are functions of the smoke concentration, with visibility being
approximately inversely proportional to the density of soot particulate. Care and
engineering judgement is required as the calculated values will be strongly dependent on
the choice of soot and toxic yields (generally an input parameter in a zone or CFD model)
and also the ventilation conditions. Visibility distance is a widely used performance
criterion for smoke control design, and in addition to allowing an estimate of how far a
person could see provides a measure of the toxicity associated with the smoke. It is
generally accepted that if visibility is acceptable then the toxicity condition is likely also to
be acceptable, at least for the exposure times during the escape. It should be noted,
however, that visibility distance is a working engineering parameter rather than a precise
measure of how people will respond in a real emergency.

A commonly adopted conservative visibility distance limit is 10m (approx. 0.1m™ optical
density) as measured to a light reflective surface, representing an approximate value
through which persons unfamiliar with a building would be prepared to travel (see, for

example, ref. T. Jin, ‘Studies on Human Behavior and Tenability in Fire Smoke,”

Proceedings, 5th International Symposium on Fire Safety Science, pp. 3-22, 1997). A

lower value of 5m might be acceptable where the persons escaping are familiar with the
building and the travel distance is relatively short. At a visibility distance of 5m (approx.
0.2m™ optical density) conditions will remain tenable with respect to asphyxiant gases for
at least 30 minutes (see PD 7974-6) for the majority of fires.

An alternative, and potentially more rigorous, approach is to determine whether or not the
stair door is visible from the apartment entrances. This involves calculating the spatially
averaged visibility distance along the line of sight from the apartment to the stair door,
which could be seen on the proviso that the average visibility distance exceeds the travel
distance. This approach is explored further, for example, in the ASHRAE Handbook of
Smoke Control Engineering.

It is often difficult to maintain a minimum visibility distance when the apartment door to the
corridor remains open; this is because the corridor fills with smoke generated by the
apartment fire. BRE Report 213179 found that it was difficult under most fire scenarios to
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keep the corridor clear of smoke when the apartment door remained open (even partially).
This highlights the importance of the reliability and the maintenance of the door closing
device.

While the protection to the stair is of primary importance, where there are extended travel
distances the rate of smoke clearance from the corridor is also likely to be an important
requirement of the smoke control system. A time dependent analysis will be required to
determine how long it takes to return the corridor to a specified visibility or other tenability
criteria once the apartment door has closed or the smoke ventilation system activates
(these will not generally be the same). A time of two to three minutes is typically
acceptable to the approving authorities. The event that marks the start of the smoke
clearance period should be clearly identified in the presented results.

5.3.3 Tenability criteria for fire fighting

While it is acknowledged that it is extremely challenging to design smoke ventilation
systems to maintain tenable conditions for occupant means of escape in common corridor
and lobby areas once the door to the flat of fire origin has been opened for fire service
intervention, consideration should be given to what additional protection these smoke
ventilation systems can offer fire fighters during fire fighting operations. This is of particular
importance when dealing with common escape routes that do not accord with prescriptive
guidance contained in the relevant approved codes of practice (for example, Approved
Document B Volume 2, or BS9991 guidance).

Although fire fighters will be wearing suitable Personal Protective Equipment (PPE) when
conducting search, rescue, and fire fighting activities within a building, this equipment does
have limitations. Fire fighters themselves also have different, individual physiological
capabilities which can further limit their ability to perform tasks, depending upon the fire
scenario and conditions in which they are working.

Therefore, for common escape routes where smoke ventilation systems are being
proposed to justify extended single direction travel distances of more than 7.5m in length
(or more than 15m where appropriate suppression is provided in accordance with BS9991
guidance), specific assessment of the conditions within these spaces should be completed
by the system designer to demonstrate that effective fire service intervention can actually
be achieved. This should also be considered where extended travel distances are
proposed in corridors with two or more directions of escape/ fire fighter access.

Publicly available and recent research relating to fire fighter tenability is somewhat limited
at present, however it is suggested that the criteria in Table 5.1 (as adopted by the
Australasian Fire Authorities Council (AFAC)) could be applied by system designers when
assessing this issue:
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Table 5.1

lllustrative fire fighter tenability conditions

Exposure Maximum Maximum air Maximum Remarks Recommende
Condition temperature radiated d distance
exE%s:re °cy** heat flux from
i) (KW/m?) apartment
door*
Routine 25 100 1 General fire- 15-30m
fighting
Hazardou 10 120 3 Short exposure with 4-15m
S thermal radiation
Extreme 1 160 4-45 For example, 2-4m
snatch rescue
scenario
Critical <1 >235 >10 Considered life 0-2m
threatening

* This column and remarks are not part of the original research document and are the opinion of the SCA
** Measured at a height of 1500mm from FFL

| Direction of inlet air —
Mechanical | of fire = 9 e——
smoke 7 === (from direction p—
extract . {\ of staircase) -e———
shaft
—— L ;-— —
Exposure Critical | Extreme Hazardous Routine
condition 0-2m 2-4m 4-15m 15-30m
Figure 5.1 Fire fighter tenability conditions

5.3.4 Code-compliant travel distance systems

Where the travel distance in the corridor or lobby is code-compliant the primary issue is
the protection afforded to the stair enclosure. As acknowledged in ADB, for example,
performance criteria in the corridor are not explicitly demanded; adequate levels of safety
are provided by the fire separation and limited travel distance.

Adopting a steady-state analysis allows a direct and potentially less time consuming
design process. With the fire size, compartment ventilation provisions and door opening
distances fixed, conditions (e.g. visibility, temperature) in the corridor and stair can be
compared for different smoke ventilation schemes. In particular, conditions can be
compared for the proposed smoke ventilation system against those generated by a code-
compliant system, e.g. an alternative mechanical system against a code-compliant one as
described in ADB.

It is important when adopting this approach to use the same fire scenario boundary
conditions for the proposed and code-compliant designs.
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Table 5.2 shows one set of boundary conditions, based on those used in BRE project
report 213179. These are for an un-sprinklered fire in a simplified representation of a
dwelling, comprising a single room with floor dimensions 5m by 5m and height 2.2m,
vented to the outside by a size of opening sufficiently large that replacement air is
available to enable combustion within the room, but also small enough that most of the
smoke is exhausted into the corridor (and not to the outside via the vent). Three stages of a
fire scenario are indicated. Note that it is the flow of smoke passing through the dwelling
entrance door and its associated temperature that determine the severity of the fire
scenario in respect of the common areas rather than the fire size per se. Note also that
heat losses to the compartment (room) boundaries account for a significant (majority)
proportion of the heat generated by the fire.

Table 5.2 lllustrative steady-state design boundary conditions (buildings without
sprinkler protection, code compliant travel distances) — taken from BRE report
213179
Fire size |Dwelling |Size of Average Flow of smoke from Fire stage
in and stair |low level |temperature | dwelling
dwelling | door vent to of smoke at
(kW) opening | outside door Mass | Heat |Soot
widths (oC) (kg/s) (kW) (kg/s) b
(m)
0.65m° Early stages of fire,
250 0.1 (1.3mwby | 210 0.2 40 1.25x10° |relevant to period
0.5m H) following initial MOE
. Developed fire,
3 relevant for later
1000 0.5 531'74m|4\|N by |360 0.9 350 5x10 MOE and arrival of
T H fire service
Immediately prior to
1.9m? flashover in fire
2500 0.78 (2.1mW by | 690 1.4 1100 |12.5x10° |compartment,
0.9m H) relevant for fire
service intervention

* This value corresponds to an effective heat of combustion of 20 000 kJ I(g'1 and a soot yield of 10%, and then
represents an upper bound on the premise that all the soot enters the corridor (and is not vented to the outside or
deposited on the internal surfaces). Alternative heats of combustion or soot yields would have a direct impact on the
amount of soot entering the corridor.

If employing the steady-state design conditions in Table 5.2 it is recommended to either
model a fire in a room with similar dimensions and ventilation conditions as used in the
BRE study or alternatively to impose the smoke flow as an explicit boundary condition at
the location of the apartment door. Where the geometry or ventilation conditions are
significantly different to those used in the BRE study, the designer may need to consider
alternative steady-state design boundary conditions. Note that while the data in Table 5.2
describe more closely conditions corresponding to an open plan apartment, they are

considered nonetheless to provide a useful ‘design fire scenario’ to allow a comparative

analysis of more general apartment layouts. The data may not be appropriate where the
size of fire is controlled by the operation of sprinklers or water mist.
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5.3.5 Extended travel distance systems

Where the common area travel distance in the corridor or lobby exceeds that of a code
compliant layout, then a time-dependent analysis is likely to be necessary. This might
include a set of separate steady-state analyses, each representing a stage in the fire
scenario where conditions are quasi-steady, e.g. during fire fighting operations and where
the door opening positions are fixed and the fire is burning at a (potentially full-developed)
steady-state. However, the designer will need to undertake time-dependent calculations or
simulations of part, or all, of the fire scenario timeline, e.g. to determine the time required
to return the corridor to tenable conditions following a period of smoke exposure.

When a time-dependent approach is used, it is recommended that the fire scenario time
line is first established and agreed with the authority having jurisdiction (AHJ). Table 5.3
presents a typical time line, and covers most of the events that might be considered in the
design of the smoke control system. Other events, such as occupants escaping from other
apartments, can be added as required.

The actual timings will depend on various factors such as the internal geometry of the
apartment and the fire service attendance time and will generally need to be agreed on a
project by project basis.

Table 5.3  Typical time line for time-dependent design

Event Note

Start of fire Ignoring any smoldering period

A medium growth, t-squared fire (e.g. see PD 7974-1) is

Fire continues to burn at an increasing rate widely adopted

Fire detected in apartment

Door to apartment opens (for occupant escape)

Generally this will be between 10s and 20s after the door

Door to apartment closes
opens

Door to stair opens (for occupant escape)

Generally this will be between 10s and 20s after the door

Door to stair closes
opens

Smoke detection in the corridor will initiate the ventilation
Ventilation system reaches operational state system. Full operation not likely to occur until after the
first occupants have evacuated the corridor.

Ventilation assists in protecting the stair, and depending
Ventilation system continues operating on the performance criteria, to clear smoke from the
corridor.

Assuming sufficient ventilation is available in the
apartment and there is no fire suppression (e.g.
sprinklers).

Additional ventilation by glazing failure is likely to be
required.

Fire continues to burn at an increasing rate to
reach max heat release rate for design
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Fire service access door(s) opens

Door to stair opens (fire service arrival) and

. The degree of door opening is case dependant
remains open

Door to fire apartment fully opens (fire fighting Ventilation protects the stair and reduces severity of
operations) conditions in the corridor.

Recommendations for suitable design fires can be found, for example, in PD 7974-1:2003
and the BRE Trust publication FB 29 (2011) Design Fires for use in Fire Safety
Engineering. The growth of the fire is likely to take a form similar to that shown in Figure
5.2
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