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FOREWORD

Two serious incidents of instability of spectator seating occurred in the UK during 1993 and 1994: 18 people were
injured in April 1993 when seating collapsed at a gospel meeting, and about 1100 spectators were involved in the
collapse of a demountable structure at a pop concert in October 1994.

The urgent requirement to provide guidance was recognised and supported financially by the Department of the
Environment. As a result the Institution of Structural Engineers, in collaboration with the Steel Construction
Institute, published the first edition of this Guide in October 1995. Although this Guide fulfilled its immediate
purpose, subsequent debate revealed the need for a greater contribution by industry covering a wider range of
temporary structures. The constitution of the committee responsible for the development of the second edition was
extended to include trade associations because of their knowledge and experience of demountable structures. An
Implementation Monitoring Group was formed with representatives of government, industry, and the Institutions
of Structural and of Civil Engineers.

Following publication of the second edition in 1999, the Implementation Monitoring Group was re-named as the
Advisory Group On Temporary Structures (AGOTS). Since then, the industry has seen several technological and
regulatory changes. Regrettably there have been a number of structural failures at events in recent years which
has led to calls for updated guidance, especially with respect to the actions of wind on temporary structures.

The third edition of this Guide builds on information provided in the second edition and is intended for clients
and for local authorities, contractors and suppliers of demountable structures for events. It is also an advisory
document for use by competent persons who are responsible for the design of demountable structures.

The spirit of cooperation and dedication displayed by the members of AGOTS is gratefully acknowledged.
I would also like to thank the many other contributors who freely gave of their knowledge and experience to assist
the development of this guidance.

I am indebted to Dr John Littler, Secretary to the Group. The task of efficient administration and maintaining the
effort to achieve the tight programme of assessment, review and publication has made heavy demands on his busy
institutional workload.

I am also grateful to HSE for their endorsement of the third edition below.

Roger Barrett
Chairman, AGOTS
February 2007

The HSE welcomes this third edition of Temporary demountable structures — Guidance on procurement, design
and use and considers it an important document in supporting the effective management of health and safety risk
with regard to these structures. The direct involvement of experienced and professional practitioners ensures that
such guidance will be both relevant and authoritative.
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GLOSSARY

The definition of the following terms as used within
this Guide is set out below. No attempt has been
made to define all the terms in this Guide that might
be unfamiliar to the general reader, but which have
widespread use within the entertainment sector.
Chartered engineer Chartered structural or
civil engineer, being a member of the Institution
of Structural Engineers or the Institution of Civil
Engineers, with appropriate experience in the context
of this Guide.

Client
demountable structure for use at an event; this may
be the owner of the venue, site or building where
an event takes place but is not necessarily the event
organiser.

Person or organisation who procures a

Competent persons
competent where they have sufficient training and
experience to take responsibility for an identified task.
It is important that they have a detailed knowledge
of the type of structure, and particularly of those
matters which are essential for its structural reliability.

People shall be regarded as

Competent persons will have an awareness of the
limitations of their own experience and knowledge.
A competent person is required to confirm that a
structure has been erected in accordance with the
actual design.

Completion certificate A certificate or written
record prepared by a contractor to confirm that the
appropriate independent erection checks have been
carried out and that a temporary structure has been
erected in accordance with the design drawings and
documentation.

Contractor A firm which is contracted, by the
client, to supply and erect a structure.

Design check See ‘Independent design check’.

Design documentation Documents provided by
the designer of a temporary structure that enable the
basis of design to be clearly understood and the design
criteria to be verified. They should include drawings,
calculations, certificates, statements of loading, risk
assessments, method statements, etc.

IStructE Temporary demountable structures Third edition

Design wind speed Maximum wind speed that a
temporary structure is designed to withstand.

Designer  All structures should be properly designed
by a competent person. The designer should be able to
offer evidence of their competence. Evidence of the
design process being carried out should be available.
Where structures are intended for repetitive use, a
standard design is acceptable provided that evidence
of the original design is available.

Engineering documentation These documents
shall include the structural calculations, drawings
and specifications, risk assessments and method
statements.

Enforcing Authority The organisation which
controls the issue of approvals. This may be the

Local Authority.

Event A public or private occasion at which
spectators are present.

Event organiser An individual or organisation that
promotes and manages an event. This may not always
be the client.

Independent design check (1) A check of a
standard system, which may be based on design or
have evolved on an empirical basis, by a chartered
engineer having appropriate skill and experience.
(2) A check of the design of any special or non-
standard arrangement of elements supplied for a
project, carried out by a chartered engineer having
appropriate skill and experience of such design.

Independent erection check An inspection of a
temporary structure by a competent person made after
every erection of the structure. The competent person
may be an employee of the supplier of the structure
or a person nominated to carry out such inspection by
the supplier. Where the erection check is carried out
by a member of the erection team, evidence of that
person’s competence should be made available. The
results of this inspection should be recorded on a form
(the completion certificate) designed for this purpose
by the contractor.



Kentledge Dead weight, normally steel or concrete
but could include containers filled with water or
granular material.
interchangeable with kentledge.

The term ballast is sometimes

Local authority The organisation which controls
the issue of Building Regulations approvals, safety
certificates and licences under relevant legislation.
The local authority is also the responsible body for
planning permission (but not in Northern Ireland).

Marshal
events. However, a marshal may have a specific role
at some events, e.g. racecourses, motor sports.

An alternative word for steward at sports

Operational wind speed Maximum wind speed
at which a temporary structure is designed to be
used.

Owner The owner of the venue, site or building
where an event takes place.

Risk assessment
person identifies the hazards associated with the
design, construction or operation of a temporary
demountable structure, determines the level of risk
for people constructing or using the structure, and
assesses the likelihood and consequences of an

The process by which a competent

incident.

Safety coordinator Person responsible for
implementing a safety plan — a representative of
the owner or the event organiser. At sporting events
covered by a safety certificate, the safety coordinator
will be the safety officer.

Safety plan A document which identifies the
hazards and associated risks relating to the design,
procurement, construction and use of the temporary
demountable structure for the proposed event, and
sets out responsibilities for managing the risks. Safety
plans should be subject to continual review and
periodic formal revision.

Stage A structure that comprises a performance
area with roof cover and associated side and rear walls
(where applicable).

Steward A competent person employed for major
events by the client and whose duties are as defined
in Section 3 of the Guide to Safety at Sports Grounds.
At certain sporting events, a steward is referred to as
a marshal.

Structural Safety Structural safety refers to
the strength, stability and integrity of a structure
to withstand the conditions that are likely to be
encountered during its life-time. Structural safety
is achieved through the proper procurement, design,
construction, use and maintenance of the structure and
the application of best practice.

Supplier See ‘Contractor’.

Temporary demountable structures Structures
which are in place for a short time, generally no more
than 28 days, that are designed to be erected and
dismantled manually many times. They are usually
made from lightweight components and are used for a
wide variety of functions at public and private events.
They include grandstands, tents and marquees which
may accommodate large numbers of people, and
stages and supports for performers.
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SECTION 1
INTRODUCTION AND SCOPE

This Section is intended for all readers

“This Guide is concerned with the structural safety and
adequacy of demountable structures used for temporary
purposes and also with the overall planning and management
of events.”

“Demountable structures are widely used for a variety
of functions at public and private events. They may provide
viewing facilities (including temporary seating), shelter
(tents and marquees), platforms and supports for performers
(such as stages), and for media facilities (such as supports
for floodlights, loudspeakers, TV cameras, vision screens
and press boxes).”

“Demountable structures are often required at short
notice. Timescales frequently make it necessary for clients,
contractors and local authority officers to make decisions
relatively quickly.”

“The achievement of safety requires judgment based on
experience and careful evaluation of relevant factors. Each
case should be judged on its individual circumstances. It is
not merely a matter of the rigid application of standards.”

“The approach to risk management should always
be one of flexibility and sound judgment. Unjustifiably
onerous or inappropriate requirements do not contribute
to public safety and in some unfortunate instances may
create risks in themselves. An objective assessment by a
competent person is required.”

IStructE Temporary demountable structures Third edition Section one



1 INTRODUCTION AND SCOPE

1.1 Introduction

Demountable structures are widely used for a variety

of functions at public and private events. They

may provide viewing facilities (including temporary
seating), shelter (tents and marquees), platforms and
supports for performers (such as stages), and for
media facilities (such as supports for floodlights,
loudspeakers, TV cameras, vision screens and press
boxes). They can be found at exhibitions, sporting
events, musical concerts and social occasions. Some
may carry substantial numbers of people during
major events.

Key factors relating to temporary demountable
structures include the following:

* Demountable structures are often required at
short notice.

* Timescales for planning, installing and erecting
temporary structures before the eventand removing
them afterwards frequently make it necessary for
clients, contractors and local authority officers to
make decisions relatively quickly.

*  Temporary structures may need to withstand
substantial horizontal, vertical and dynamic
loadings from crowds, and from wind.

* The structural components are often required
to be lightweight, rapidly assembled, readily
dismantled and reusable.

Requirements for a demountable structure can be
specified by the owner of the venue where an event is
to take place or, more usually, by the organiser of the
event. Whoever instructs the contractor becomes ‘the
client’ and, as such, should provide a clear written
specification to the contractor.

The fact that a structure is designed for temporary
use does not change the overall requirements for
safety; the failure of any temporary structure in a
crowded, confined space could have devastating
effects. Although the time available from concept
to use for an event may be limited, it is essential
to design structures to suit the specific intended
purpose and to recognise that the key to the safety
of temporary demountable structures lies largely in
the proper planning and control of work practices
coupled with careful inspection of the finished
structure.

Temporary demountable structures are usually
designed to be easily erected and dismantled, and
are capable of adaptation to different situations.
This often means that they are relatively lightweight

Section one

structures made from slender components and need
to be designed, erected and inspected before use by
competent persons.

Both the venue owner and the event organiser
have responsibilities for the safety of people attending
the event, but everybody involved in planning, design,
erection and management of a temporary demountable
structure owes a duty of care in relation to the safety
of the structure and to people working on and using
the structure.

Contact with local authority officers, fire officers
and police may be necessary to obtain approvalsrelating
to the adequacy of the structure, fire precautions,
seating, layout, and entry and exit arrangements.

The achievement of safety requires judgment
based on experience and careful evaluation of relevant
factors. Each case should be judged on its individual
circumstances. It is not merely a matter of the rigid
application of standards.

In recent years the traditional structural
engineering response to public assembly safety has
broadened to include environmental psychology, fire
engineering, information systems and management
systems. The outcome can be simply expressed as the
emergence of the concept of ‘crowd management’ as
opposed to ‘crowd control’. Emphasis is placed on
public safety as opposed to public order, recognising
the need for planned rather than reactive crowd
management.

The approach to risk management should always
be one of flexibility and sound judgment. Unjustifiably
onerous or inappropriate requirements do not
contribute to public safety and in some unfortunate
instances may create risks in themselves. An objective
assessment by a competent person is required.

This Guide is based on practice in the United
Kingdom but the principles described may be
appropriate for application elsewhere.

1.2 Scope and purpose of the Guide

Demountable structures considered in this Guide
include free-standing demountable
grandstands, platforms, stage structures and barriers.
Temporary structures such as towers and masts to
support media facilities, and canopies, tents and

marquees are also included. Where a demountable

temporary

structure is to be used at a sports ground or designated
football stadium, local authorities may attach special
conditions to certificates controlling its use.
Retractable seating and fairground structures are
not considered in this Guide.
The purpose of this Guide is to give the designer
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information to assist in achieving the safe and
economic design of temporary demountable structures
and to encourage their safe and economic erection.
It is hoped that this design process will be generally
recognised and applied uniformly across the country.

To fulfil this aim, this Guide provides information
to assist the designer to evaluate the loads likely to be
imposed on the temporary demountable structures. In
some cases an engineering appraisal will be required
of the recommended levels of loading to adjust these
to the particular circumstances, such as the planned
activity or possible misuse.

The Guide is also intended for clients, event
organisers and venue owners, regulatory and local
authorities, as well as contractors and suppliers of
demountable structures. It applies to demountable
structures erected for events, whether or not the event
is required to be licensed.

It is also intended for competent persons who are
responsible for the design, erection, inspection and
dismantling of demountable structures.

Demountable structures are usually assembled
from readily connected components which, after

IStructE Temporary demountable structures Third edition

dismantling, may be reused many times. A number
of proprietary systems exist which should be used in
accordance with the manufacturer’s instructions and in
accordance with the approval of the local authority.

This Guide is concerned with the structural safety
and adequacy of demountable structures used for
temporary purposes and also with the overall planning
and management of events. ‘Temporary’ is taken
here to mean that the structure will not usually be in
position for more than 28 days. This period of time is
not definitive.

Layout, entry, exit and other requirements for
crowd safety are covered in general terms only
but information on sources of guidance on such
requirements is provided.

1.3 Status of the Guide

The Institution of Structural Engineers has produced
this Guide as guidance and it is only intended as such. It
is not intended to provide the definitive approach in all
situations. However, it is suggested that any departures
should be carefully considered and the reasons for them
should be recorded.

Section one
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SECTION 2
PRINCIPAL RESPONSIBILITIES

This Section is intended for all readers

“Primary responsibility for the safety of people attending
an event and of the users of temporary demountable
structures lies with the client. The client cannot pass on the
responsibility for safety to any third party.”

“The client should make sure that competent persons
are employed to design, supply and erect the temporary
demountable structures.”

“It is the responsibility of all those concerned with such
structures to exercise care in their work and in all matters
relating to the safety of the people who may be using
them.”

IStructE Temporary demountable structures Third edition Section two



2 PRINCIPAL RESPONSIBILITIES

2.1 General

The general requirements for health and safety
relating to demountable structures are the same as
for permanent structures: a demountable structure
should be part of a safe and healthy environment for
those using it, and should not give rise to risks to the
health or safety of users, nor to those involved with
erection, maintenance or dismantling of the structure.
It is the responsibility of all those concerned with
such structures to exercise care in their work and in all
matters relating to the safety of the people who may
be using them.

2.2 Responsibilities of clients, venue
owners and event organisers

Primary responsibility for the safety of people attending
an event and of the users of temporary demountable
structures lies with the client. The client cannot pass
on the responsibility for safety to any third party. The
owner of the premises where the event is located also
has responsibilities relating to safety.

The client should make sure that competent
people are employed to design, supply and erect the
temporary demountable structures. The client should
make proper enquiries about competence and obtain
written evidence of this. The client is responsible
for the safety of users of temporary demountable
structures in respect of management and control of
users before, during, and after an event.

It is important that responsibilities for the
safe procurement, erection, use and dismantling of
demountable structures are clearly defined in writing
at the outset so there is no misunderstanding of the
roles of the client or any other party (Figure 1) (Also
see Section 5).

The client should:

e Make sure that requirements for safety in use are
met.

¢ Oversee, with appropriate

the procurement, including provision by the

monitoring,

contractor of erection drawings accompanied by
calculations, design loads and any relevant test
results.

If the client does not have appropriate technical
expertise, they should consider appointing a competent
person to advise them who may act as the client’s
agent for the purposes of statutory compliance.

The appropriate authorities should be given
adequate notice of the proposed use of the structure
and be advised when it will be available for inspection
before use. This is the responsibility of the client or
their agent.

It is a requirement of the Management of
Health and Safety at Work Regulations 199921 for
all employers to carry out a risk assessment (see
Section 3.2).

The event organiser is responsible for overall
safety co-ordination before and during the event (see
Section 3.1).

LOCAL AUTHORITY

CLIENT

CONTRACTOR

Figure 1 Principal responsibilities

Section two
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Procedures for dealing with severe weather
conditions during an event — particularly strong winds
or heavy rain — should be in place. New guidance on
wind loading on temporary structures is included in
Section 8 of this edition of the Guide.

The 1995 edition of this Guide laid emphasis
on the responsibilities of the client and the need for
clients to recognise their responsibilities and employ
competent persons who are adequately resourced.
Contractors and suppliers of temporary demountable
structures have, however, experienced little change
of approach by clients and the responsibility for
safety has been tacitly delegated to contractors and
suppliers. This new edition recognises the reality of
the present situation and Figure 1 is now presented
in terms of responsibilities. The fact that clients’
responsibilities cannot be passed on to third parties
is noted here again.

Written method statements for erection and
dismantling, including method of founding evenly
on the ground, should be prepared by the contractor
and given to the client for onward transmission to
all relevant parties, including the local authority, if
required.

23 Responsibilities of designers and
contractors

It is only through assessing all the relevant scenarios
that the designer or contractor can be sure that the
risks of accidents have been considered.

This Guide recommends that when considering
occupancy, means of access and means of escape,
designers and contractors should familiarise themselves
with the environmental and technical infrastructure of
the site or building in which the temporary structure
is to be erected, and its management and information
systems. In particular, they should identify safety
problems by evaluating the hazards and risks and
make sure that temporary structures are properly
designed with full regard to their surroundings. In all
cases, a written risk assessment, including a fire risk
assessment, should be completed.

All structures should be properly designed by
a competent person. The designer should be able to
provide evidence of their competence.

IStructE Temporary demountable structures Third edition

Structural safety and the safety of users should
be considered on an equal basis. The installation of a
temporary structure should not compromise the safety
of the existing environment.

An increasing number of Eurocodes are becoming
available in the period leading up to the publication
of this Guide. It is important to understand that the
material Eurocodes should not be mixed with British
Standards for loading or geotechnical design (or
vice versa). The Eurocodes can only be used with
the appropriate UK National Annex as this defines a
number of Nationally Determined Parameters (NDPs).
Once all the Eurocodes and their National Annexes are
available there will be a period of co-existence during
which time designers could use either the Eurocodes
or British Standards. However, conflicting British
Standards will then be required to be withdrawn and
from this date (scheduled to be March 2010 at the time
of publication) designers should use the Eurocodes.

Independent design checks should be made of
the design of temporary structures. Responsibility for
arranging these checks rests with the contractor (see
Section 5.1.4.).

The independent design check should be carried
out by a chartered engineer having adequate skill and
experience. The check may be made on a standard system
(which may be based on design or have evolved on an
empirical basis), or of the design of any special or non-
standard arrangement of elements supplied for a project.

An independent erection check on the structure
once it has been erected should be carried out by a
competent person, who may be an employee of the
supplier of the structure or a person nominated to
carry out such checking by the contractor. Where
the erection check is carried out by a member of the
erection team, evidence of that person’s competence
should be made available.

24 References

Readers are advised to check for updates given to

references throughout this document.

2.1 Health and Safety: The Management of
Health and Safety at Work Regulations 1999.
London: The Stationery Office. 1999 (SI
1999/3242)
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SECTION 3

HAZARDS AND RISKS RELATING
TO DEMOUNTABLE STRUCTURES

This Section is intended particularly for clients,
designers and contractors

“All employers are required, under the Management of
Health and Safety at Work Regulations 1999, to carry out
an assessment to identify hazards and risks that could cause
injury to employees or the public.”

“A structural means of providing a safe route from any
part of a demountable structure to either a place of safety or
a final exit (means of escape) is essential.”

“Crowds may impose significant vertical and horizontal
loads on temporary structures and crowd behaviour in
emergencies is also important.”

“To create a safety plan, the hazards and associated risks
throughout the design, procurement, use and dismantling of
a demountable structure should be assessed, and a plan
for managing these should be prepared that includes the
responsibilities of the various parties. The most important
aspects of a safety plan are its actions and the management
of these actions, i.e. a clear chain of responsibility or
command.”

“It is particularly important therefore that proper

consideration is given at the design stage to providing good
sightlines.”
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3 HAZARDS AND RISKS RELATING TO
DEMOUNTABLE STRUCTURES

3.1 Hazards

The public expect safety in their normal environment
and discount the risks which may be present. Hazards
are generally defined as circumstances that have a
potential to cause harm. Risks are the likelihood of
the hazards being realised. The process of assessing
hazards and risks may be summarised as:

*  Whatif...?

*  How likely?

*  What consequences?

3.1.1  Design hazards
During the design process, hazards may unknowingly
be incorporated in a structure. These may create a
danger to the people erecting the structure, and to
the users, if they are not detected. They are reduced
by appropriate quality assurance and design checks.
Such hazards may be due to errors on the part of
the designer, e.g. non-compliance with current good
practice, failure to appreciate operational requirements,
or limitations in current knowledge.

The design team should include competent
persons who understand the nature of the use to which
the temporary demountable structure will be put.

3.1.2  Erection and dismantling hazards
During erection, hazards may be caused for a number
of reasons including human error, time pressure,
inadequate lighting, tired operatives and malfunction
of equipment. Such hazards may present a danger to
operatives erecting the structures and to users, if they
are not detected. They are avoided by appropriate
controls built into specifications and erection
documents such as method statements, by training
of operatives, by inspection and checking during
erection, and by the final independent erection check
(see Section 5.2.6). These hazards may also apply
during dismantling.
The principal hazards to safety during erection
and dismantling include:
* Non-compliance with design and erection
documentation.
+  Non-compliance with good practice.
*  Power or equipment failure.
* External event, e.g. fire, explosion, vehicle
impact, wind.
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3.1.3 Operational hazards

When erection is complete and the facility is open to
users, a different set of hazards exists. If the facility has
been properly designed and erected then the hazards
will generally be the result of external influences.
Their effect will be minimised by preplanning at all
stages. Principal operational hazards include:

Structural

*  Overloading, structural failure or collapse.

*  Vehicle impact.

*  Extreme external events e.g. flood, wind, snow,
earthquake, lightning.

e Structural damage from any cause.

Crowd behaviour

*  Overcrowding.

*  Vandalism or violent criminal behaviour.

¢ Excitement, demonstrations or incitement of a crowd.
e Fire or explosion.

*  Power loss leading to systems failures.

*  Spillage of dangerous substances.

*  Medical emergencies.

e Accidents.

Each hazard should be considered on its own and in
association with any secondary hazards. For example,
an explosion may be followed by fire, power failure,
overcrowding at exits and medical emergencies.
Several scenarios are possible although many are
highly improbable. The risks associated with a hazard
or series of consecutive hazards should be assessed.

3.2 Risk assessment

All employers are required, under the Management of

Health and Safety at Work Regulations 199931, to carry

out an assessment to identify hazards and risks that

could cause injury to employees or the public. The

regulations also require self-employed people to carry out

an assessment of their work practices. When significant

changes are made to work procedures the regulations

require these assessments to be reviewed. Where an

employer employs five or more people any significant

findings should be recorded and especially vulnerable

people should be identified. The risks associated with a

hazard depend upon a number of factors:

* The probability of an incident and a series of
secondary events occurring.

e The effectiveness of measures to protect against
the hazard and to control an incident.

e The direct consequences if an incident occurs and
the indirect consequences afterwards.

IStructE Temporary demountable structures Third edition




Adopting a sensible approach to the likelihood of
an incident, and taking precautions to maximise
protection and to minimise the consequences, may
also minimise the costs.

Assessing the consequences of an adverse incident
is both a human and a commercial matter. The fact that
disasters are remembered by the names of their location
signifies that memories are long. It may take many
years for a venue which has been the site of a major
incident to recover its popularity and prosperity.

Direct consequences (e.g. death, injury, property
damage) are followed by indirect consequences (e.g.
financial losses, damage to reputations, increased
insurance premiums). Recognising that very serious
consequences follow any major incident promotes
safe practices.

A number of individuals and organisations may
be responsible for assessing risks at different stages in
the life of a demountable structure, e.g. a competent
person for design, and the event organiser for its use
during an event. Their responsibilities for exercising
skill and care in assessing risks are covered by the
Management of Health and Safety at Work Regulations
199931, and by various contractual and tortious duties
owed to all persons using the structures.

First, significant hazards for the structure
should be identified (e.g. structural collapse, fire,
overcrowding) and possible consequences (e.g.
fatalities, injuries, financial losses). Risks are then
assessed in the light of the identified hazards. To
minimise risk, the likelihood of an incident occurring
and the cost of control measures should be evaluated.
Reasonably foreseeable hazards should be dealt
with by reasonably practicable solutions. After this
assessment has been made:

*  The hazard should be removed where possible.
*  The risk from the hazard should be minimised
where its removal is not reasonably practicable.

Risk assessment should be based on past experience
as far as possible, which means that records of
performance should be kept, both for type of event
and individual contractors. Information from people
with previous experience of demountable structures,
such as local authorities, emergency services, insurers,
engineers, event organisers and facility managers,
may be valuable. Useful guidance on risk assessment
and related matters is given in Chapter 2 of the Guide
to Safety at Sports Grounds32.

It should be appreciated that it is not practicable
to provide a generic checklist to cover all temporary
demountable structures.
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3.3 Steps to minimise risks

3.3.1 Design

The design of temporary structures should generally
follow the recommendations in this Guide. Design
documentation should be prepared which sets out
the design criteria for the structures. The engineering
documentation should include a clear summary of the
design parameters and operating limits of the structure.

At the design stage a positive attitude to safety
should be adopted: many potential hazards can
be envisaged, the risks assessed and plans made
accordingly. In some cases the risk may be so great
that another solution is necessary. For example,
in selecting the site for a temporary demountable
structure, the presence of live overhead electricity
cables, or difficulties of access for users, might
indicate moving the event elsewhere. Hazards that
may affect the safety of a structure should be recorded
in a checklist or operation manual for use by the
people controlling the structure during use.

Vehicle impacts on temporary structures, and
the possibility of structural damage, fire, explosion
or chemical spillage should be considered during
design. Structures, particularly vulnerable parts,
should be protected from vehicle impact or local
damage that might lead to disproportionate collapse,
where possible these hazards must be removed/
eliminated (e.g. by traffic control means, bollards
or earth mounds). Traffic should be separated from
pedestrians as far as possible.

In parts of the world subject to seismic
activity, the hazards associated with this should
be considered. Guidance is available; see for
example, EN 1998 Eurocode 833 and ANSI E 1.21
Entertainment Technology — Temporary Ground-
Supported Overhead Structures Used to Cover
the Stage Areas and Support Equipment in the
Production of Outdoor Entertainment Events New
York ANSI 200634

3.3.2 FErection and dismantling

Erection of demountable structures has its own
hazards. Most of these primarily affect site operatives,
but some may also affect users of the facility.

Safety margins may be eroded if recommendations
in this Guide and other relevant guidance documents
are not followed. Responsibility for erection should be
made very clear, preferably by appropriate wording in
the contract. Specifications need to be unambiguous
and co-ordinated with the erection drawings.

All temporary structures should be of sound
materials and good construction, i.e. properly put
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together, and properly founded and supported.
Partially erected (or dismantled) structures (Figure 2)
may be more vulnerable to the consequences of some
hazards, e.g. overloading, vehicle impact or instability
due to wind loading.

If the contractor proposes alternatives to the
agreed designs these should be approved by the
client and the competent person responsible for the
design. Such changes should be subject to a further
independent design check. For standard designs,
where the changes are within the scope of the
original design, further checks may not be needed
provided that the contractor has the appropriate
quality assurance schemes in place detailing the
methodology of operations, checking inspections and
handover certificates.

Methods of quality control for site operations,
including site inspections, should be established. Before
opening a structure to users, an independent erection
check should be carried out by a competent person
(see Section 5.2.6). This is particularly important if the
structure has been erected at short notice.

3.3.3 Operation

Once erection of a structure is complete and it is opened
to the users, the hazards come from the location,
external events and the way in which the operations,
not just of the structure but also of the whole event, are

managed and controlled. Responsibilities are complex
and those involved at various stages may include clients,
local authorities, local health authorities and hospitals,
police, fire brigade, and civil defence authorities.

A clear chain of responsibility and command
should be specified for each section of the safety
plan (see Section 3.6) and this may include matters
that relate to the operation and use of a temporary
structure. For example, the safety plan should take
account of risks associated with matters such as
power supply, overcrowding, vandalism or malicious
tampering with the structure.

The operating limits defined in the engineering
documentation should form the basis of the Operations
Management Plan. This document defines the actions
to be taken at certain times. For example, it would
define the wind speed at which personnel would be
put on standby to remove the wall scrim or equipment
attached to a temporary stage roof structure. It would
also define the higher wind speed at which these
would actually be removed. Guidance is available3-4.

3.4 Crowd behaviour

3.4.1 Introduction

Crowds may impose significant vertical and horizontal
loads on temporary structures (see Section 9.3.2) and
crowd behaviour in emergencies is also important.
Reference should also be made to The Event Safety

Figure 2 A site in part-built mode
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Guide — Guide to health, safety and welfare at music
and similar events3-5 for advice on crowd behaviour.
At the time of publication of this Guide, the Event
Safety Guide was about to be updated and it is
believed that further information on the deployment
of barriers would be included. Readers are advised to
check the latest edition.

Leisure events attract large numbers of people
(Figure 3). A crowd may, by its density or mobility,
create dangerous conditions in interaction with the
local environment.

Visitors to an event assume that planning for
their safety and welfare has taken place. There is,
correspondingly a legal responsibility on the part of
venue owners, event organisers and contractors to
undertake such planning.

3.42 Crowds

The density of a crowd determines the amount of
free space available to individuals. Where free space
is available around each person, even in a very large
crowd, people will be comfortable. The critical issue
therefore, is usually the local crowd density, rather
than the overall capacity of the facility.

If the crowd density increases and involuntary
body contact occurs, people cannot move easily and
they may become tense. If the tension is further raised,
either deliberately by the event they are watching, or
by a serious incident such as an explosion, then the
collective mood of the crowd changes. It can become
very difficult to pass safety information to the crowd
in these circumstances.

Control is needed when the behaviour of
individuals in the crowd changes. Crowd density
should therefore be considered during the design
stage. During the event, there should be an efficient
means of controlling the occupancy of local areas.

At different stages during an event, crowds may
behave in a variety of ways. They may be:

*  Voluntarily ambulatory at access, egress and
during an event.

*  Voluntarily ambulatory because of migration
to an area with better sightlines, creating local
overcrowding.

* Involuntarily ambulatory because of dynamic
forces within large crowds.

* Non-ambulatory, standing waiting to enter or

leave the event or standing as passive spectators.

Figure 3 A large crowd

IStructE Temporary demountable structures Third edition

Section three



14

Ambulatory crowds occur at events where there
is frequent movement around the site, e.g. racing
meetings, golf tournaments, markets, exhibitions
(Figure 4). At these events, people attend for
relaxation and are amenable to instructions given
through information and management systems in non-
threatening circumstances.

Spectators, particularly at such events, appreciate
good access, egress and viewing facilities with no
local overcrowding. Because they are not in a high
state of stimulation, they respond well to both visual
and verbal information systems. They may make
several journeys to and from various parts of the site
during an event. A temporary grandstand may be
emptied and reoccupied frequently.

In non-ambulatory crowds, spectators take up
fixed viewing positions and generally remain at
the same location, apart from visits to refreshment
facilities, toilets, etc. Examples of events which
attract these types of crowd are concerts and sporting
competitions. Although these crowds may similarly
appreciate safety and comfort provisions, they may
not be so receptive to visual or verbal information
systems. This may be because of increased stimulation
due to a combination of high ambient noise levels,
excitement generated by the performance and the
effects of crowding in itself. In such conditions,
evacuation information needs to be very intrusive
indeed. These crowd conditions can become very
difficult to control if public order disturbance occurs

simultaneously.

Sightlines have a critical effect upon crowd
behaviour. Poor or obstructed sightlines can lead to
seated spectators standing and becoming agitated
because they cannot see and this can lead to adverse
crowd behaviour. Standing up in a seatway is not in
itself dangerous, but it may lead to people standing on
seats, which is particularly hazardous. In stands that
are not fully occupied, audience migration may also
occur over seatways, which can lead to injury.

It is particularly important therefore that proper
consideration is given at the design stage to providing
good sightlines. Guidance is available from the
Football Licensing Authority publications and in
Chapters 11 and 12 of the Guide to Safety at Sports
Grounds32.

3.4.3 Crowd control or crowd
management

Crowd control implies that crowds are intrinsically
dangerous. They are not: they are simply made
dangerous by insufficient or inappropriate provision
for their demands. A physical response by stewards is
then necessary to secure public safety.

By contrast, crowd management is the business
of recognising, analysing and meeting the demands
of crowds by a combination of forward planning, risk
assessment, engineering response, visually intrusive
and clearly audible information and alert general
management. The aim should be to make crowd
control unnecessary by the implementation of good
crowd management.

Figure 4 An ambulatory crowd
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3.5 Fire

In assessing fire safety, designers should consider
the distinction between life safety provision and
provision which protects property. The requirement
for proper safety measures will inevitably impact
upon the work of a designer, in particular in the safe
and cost-effective choice of materials. However,
decisions should always be taken within the context
of life safety provision including safe evacuation
from the demountable structure.

A structural means of providing a safe route from
any part of a demountable structure to either a place
of safety or a final exit (means of escape) is essential.
There should also be an alternative means of escape
of no less a standard. Such means of escape from
a demountable structure should be integrated into
the emergency exit system of the site or building in
which it is situated. There should be enough exits to
evacuate it within a specified time3-2. 3-6, The local fire
authority should be consulted to assist with assessing
occupancy factors of demountable structures.

Research has shown that traditional approaches
to evacuation have incorrectly assumed that people
panic in fire incidents37. Far from panicking, people
tend to wait inquisitively and watch the fire develop.
Furthermore, they dangerously underestimate the
rapid spread of a developing fire. Emphasis has
therefore shifted to the time taken for crowds to
move38. This problem may be best dealt with by
information and management systems, such as public
address systems and effective stewarding, rather than
traditional alarm bells or sirens. These systems do
not replace traditional engineering responses, but
are an important complementary feature of safety
management.

Other factors may affect the ability of people
attempting to evacuate a temporary structure.
Inhalation of carbon monoxide, carbon dioxide and
cyanide gas, which are readily produced in most fires,
can be fatal. Furthermore, smoke irritants from burning
organic and inorganic materials cause difficulty in
seeing and breathing, and delay evacuation. Choice
of materials can therefore be critical to life safety
in a rapidly developing fire even though traditional
detection and alarm systems are in place.

The aim of designers, contractors and those
responsible for safe management of the demountable
structure should be to eliminate:

» Ignition sources, e.g. matches, smoking materials,
flame from cooking fuels