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The construction industry recognises the hazardous nature of its activities, which can be seen in the

high toll of accidents its workers suffer compared with other industries - ranging from lost time injuries to
fatalities. There is also a high incidence of ill-health among construction workers, including fatal diseases
such as cancer arising from asbestos exposure. However, the industry may not be sufficiently aware of the
potential for it to be associated with more major or catastrophic events (those involving multiple deaths
and/or significant damage to property and infrastructure).

Larger construction organisations have been applying ‘holistic’ risk management techniques to manage
project risk. Low probability but high-consequence issues have often been included in these considerations.
Most issues addressed have had purely commercial consequences eg sudden loss of a major contract or
customer. However, some issues do have significant health and safety implications.

This project has examined these ‘low probability but high-consequence’ safety hazards by looking at:

m the types of catastrophic event which have occurred or which might occur during construction;

m the reasons for occurrence when there have been (or could have been) catastrophic events during
construction, including an examination of the underlying factors;

m the controls which should contribute to an avoidance of a catastrophic event; and

m  where the UK construction industry could improve.

This report and the work it describes were funded by the Health and Safety Executive (HSE). Its contents,

including any opinions and/or conclusions expressed, are those of the authors alone and do not necessarily
reflect HSE policy.
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PREVENTING CATASTROPHIC EVENTSIN CONSTRUCTION

Executive summary

The construction industry recognises the hazardous nature of its activities, which manifests
itself in the high toll of accidents its workers suffer compared with other industries. These
range from lost time injuries to fatalities. There is also a high incidence of ill-health among
construction workers including fatal diseases such as cancer arising from asbestos exposure.
However, the industry may not be sufficiently aware of the potential for it to be associated
with more major events (those involving multiple deaths and/or significant damage to property
and infrastructure). These major or catastrophic events may have wide implications such as
extensive delay or project failure, significant business impact, loss of money and loss of
reputation for all concerned.

Health and safety risk management in the industry has traditionally focused upon preventing
accidents arising from the most significant hazards such as falls from height (the biggest killer
on site) but more recently there has been a welcome growth in the understanding of latent
health problems, which can emerge years after exposure.

And increasingly, larger construction organisations have been applying ‘holistic’ risk
management technigues to manage project risk and low probability but high-consequence
issues will have been included in these considerations. Many of the issues addressed have had
purely commercial consequences e.g. sudden loss of a major contract or customer. However,
some have health and safety implications - this project has examined these ‘low probability but
high-consequence’ safety hazards.

In even more hazardous industries such as the chemical, oil and gas and the nuclear and rail
industries, major hazard scenarios are required to be examined in depth. These potentially
catastrophic events are sometimes referred to as ‘' Top Events'. It is appreciated that they can
have a disastrous impact on a company’s reputation and well-being and upon society. The
process of examining the risk of a catastrophic event requires that a ‘safety case’ is prepared,
based upon a safety risk assessment.

This project has looked at the risks of ‘ Catastrophic Events’ in the UK construction industry as
follows:
§ Thetypes of catastrophic event which have occurred or which might occur during
construction
§ Thereasonsfor occurrence when there have been (or could have been) catastrophic
events during construction, including an examination of the underlying factors
8 The controls which should contribute to an avoidance of a catastrophic event
8 Wherethe UK construction industry could improve.



To examine these issues the following approach was taken:

§ Review the literature

§ Find out what people thought, by consultation and by means of an on-line survey and
focus group events

§ Examine a number of ‘case study’ events which were, or could have been,
catastrophic

§ Review all the information gathered and suggest where the industry should focus its
attention to make improvements.

It was clear that there have been Catastrophic Events with major consequences. Their
importance was recognised by the industry, although it is considered that in their day-to-day
work few people realised the severity of what might happen if things went seriously wrong.
Examples of Catastrophic Events are given in the report.

Certain issues emerged which were considered to require attention from the industry: these are
discussed in detail in the report and are summarised as follows:

Issue 1: Theindustry should recognisethat catastrophic events need further attention
We found that Catastrophic Events are a significant cause for concern and have not received
the attention they deserve. Accordingly they should be considered in an appropriate manner
and preventative action should be taken as an inherent part of normal construction activity.

Issue 2: Corporaterisk management systems should be improved

We found that many events had occurred which had significantly impacted at board level upon
both construction organisations and upon clients. In order to respond to obligations imposed by
legislation and The Turnbull Report®, companies’ organisational risk management should
include consideration of how well Catastrophic Event risks are being managed. The use of
industry-relevant indicators should be explored to support such activity.

I ssue 3: Knowledge, skills and experience of safety risk management should be raised
The case studies frequently demonstrated a failure among project personnel at all levelsto
adequately identify the full extent of hazards and address the risks arising; other sources
demonstrated a considerable degree of uncertainty and alack of confidence in the industry’s
knowledge, skills and experience of safety risk management. This suggested that more
emphasis needed to be given to:

§ Education of those who will be entering the industry

§ CPD and on-the-job training

8 Development of more effective safety risk management systems.

! The Turnbull Report, Internal Control: Guidance for Directors on the Combined Code (1999) applies to listed companies but is
good practice for all companies.



This issue offers the best promise for long-term incremental improvement and involves all
stakeholders.

Issue 4: Communication and interface management should be improved

The research emphasised the need for effective communication about hazards and particularly
the importance of effective management of risk at interfaces between and within organisations.
The report explores areas where improvements can be made.

This issue underpins the improvement of performance in other issue topics and involves all
stakeholders.

Issue 5: Competenceiskey

As expected, the issue of competence (which underpins CDM 2007") was seen to be important.
In particular the competent fulfilment of the role of Principal Contractor? on site was identified
as central to avoiding Catastrophic Events in construction.

The industry should develop proposals for ensuring that inappropriate Principal Contractors
(or more accurately inappropriate persons) do not become responsible for sites where there are
risks which could lead to Catastrophic Events; all stakeholders need to be consulted on how
this might be achieved.

| ssue 6: Effective management of temporary worksis crucial to success

It was apparent from many case studies that insufficient consideration was being given to the
management of temporary works in its widest sense. This work must be taken seriously and
include all temporary works aspects, including issues relating to cranes and scaffolding.

The potential impact of failures of temporary works needs to be considered carefully to reduce
the likelihood of a Catastrophic Event occurring and the industry needs to seek to improve
performance in this vital area. All stakeholders should be consulted on how to achieve this
improvement.

| ssue 7: Independent reviews should be employed
Evidence was found that the effective use of independent review, from an early stage and
ongoing, would have reduced therisk of a catastrophic event.

Evidence was also found of projects where there was inadequate independent review of what
was happening on site and there was concern in the industry that levels of effective supervision
had been stripped away over recent decades.

1 CDM 2007, the Construction (Desigh and Management) Regulations 2007
2 Noting that on smaller projects where thereis no legal requirement for aPrincipa Contractor, the Main Contractor will assume
overall responghility for site safety.



These issues need to be explored further and encouragement given for clients to seek
independent authoritative advice.

Issue 8: Theindustry should learn from experience
Learning from experiences was not found to be well-rooted in the industry. There was lack of
confidence that:

§ Learning was shared rapidly

§ Lessons were incorporated into the education and training process

§ Information could be easily accessed

There was however activity which needed to be encouraged and supported:
§ Thework of SCOSS! and CROSS? (which needs to be more widely appreciated and
publicised)
§ The work of the various industry bodies and groupings® that provide guidance. Ways
to improve their effective performance should be investigated and their activities
should be inclusive of all industry stakeholders.

K ey definitions
We found terms which are in use but which need to be better defined and understood; they are
explored in the Glossary to this report.

Conclusion

Catastrophic Events in construction are real issues which require proper consideration by all
stakeholders, led by directors and senior staff. There are opportunities for improvement of
performance and all stakeholder groups should be involved in agreeing what should be done
and making the necessary changes.

lSCOSS, the Standing Committee on Structural Safety (see Glossary)
2 CROSS, Confidential Reporting on Structural Safety (see Glossary)
% For examples, see9.1.1
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Preface

Health and safety in construction

Health and safety has always been important in the construction industry, which suffers from a
higher incidence rate of death, injuries and ill-health compared with other sectors.

Over recent decades there has been a concerted and increasingly successful effort to improve
performance, driven by legislation, industry improvements and societal change. Harming people
IS no longer seen as an inevitable by-product of constructing. Companies and individuals have
striven to improve performance and they have had some success. However, much remains to be
done.

Other dangerousindustries

At the same time, the huge risks which exist in particularly dangerous industries such as chemical
and nuclear have received particular attention. Regular disasters which have affected large
numbers of people, such as Bhopal, and major losses such as Piper Alpha have fostered arigorous
assessment of risk, using advanced analytical techniques. Despite these advances, catastrophes do
still occur; BP' s environmental, financial and reputational disaster in the gulf of Mexico being the
latest (although it is rarely mentioned that there were multiple fatalities at the time of the initial
explosion). These types of event are known as events with ‘Mgjor Accident Potentia’ and aso
sometimes as ‘ Top Events' in the chemical industry — avoiding them is an essentia issue for every
Board involved in such projects.

Catastrophic Eventsin construction; the brief

This report examines the risk of Catastrophic Events faced during construction by the construction
industry and asks the questions, what are Catastrophic Eventsin construction? (and) what can be
done to seek to prevent them? The research has sought inputs from people active in the industry
and examined alarge number of actual (case study) events, looking for trends and messages. The
brief for thiswork was in no way prescriptive and the researchers were free to pursue their
enquiries and to draw conclusions, with aview to challenging the industry to address issues which
appeared to offer the best chance for improvement in performance.

Thisreport in context; messagesfor the construction industry

Inevitably, given the size and variety of work undertaken in construction and the very flexible
systems involved, in conjunction with the complexity of human behaviour and interaction, the
findings of the research did not evidence simple conclusions. However, from the vast amount of
information received some important messages did emerge which are worthy of further
consideration by the industry. The report therefore does not offer panaceas, but points out where
thought and effort is most needed to reduce the risk of further catastrophic events on our sites.

It is for the construction industry to respond.



1.5 MessagefromtheHSE

Mike Cross, Head of HSE Construction Engineering Specialists
Itisvitally important for HSE to have a clear understanding of the hazard
and risk profiles of the industries we regulate in order to inform how we
should go about that work most effectively. Construction has always been
regarded as one of GB's most dangerous industries based on its high
incidence rates of deaths and injuries. Comprehensive datafrom RIDDOR
and elsewhere about these deaths and injuries has allowed a detailed
analysis of causes and trends in conventional incidents to inform priorities
and workplans. However, low probability high consequence events are
much less amenabl e to this sort of analysis and this project was initiated to
improve the understanding by HSE and the industry so that effective
action can be taken. It is avery important first step - my hopeisthat it
elicits a positive response from the construction industry to the issues it
has raised.

1.6 Messagesfrom theauthorsof thisreport

Alan Gilbertson, CIRIA

Thiswork has brought me close to many sad events, in which people have
been killed and injured, including both people in our industry and
members of the general public. | have also seen how often there has been
‘aclose shave’ whereonly ‘luck’ decided how severe the consequences
were. | hope that our industry will take the issueswe raise seriously and
respond in a positive manner; there is always room for improvement and
we can al make adifference. Recent eventsin the Gulf of Mexico have
also reinforced the extent to which commercial issues can be deeply
affected by an engineering failure.

Joseph Kappia, Loughborough University

My background is in human factors research and the construction industry
is an example of an industry where human behaviour and interaction is
central to all aspects of performance. My research on this project into
performance as it affects safety, and particularly the more extreme events,
has demonstrated the variability and complexity of the industry and of its
processes. The behaviour of people lies at the heart of nearly all the
events we examined as case studies and it is through addressing their
skills and behaviour and the systems within which they work and interact
that the industry should be able to forge ahead.



L ee Bosher, L oughborough University

To the layperson the construction industry may not appear to present the
types of risks associated with other industries (such as the petrochemica
industry) or indeed the threats associated with large scal e natural hazards
(such as earthquakes and floods). However, this report highlights that
high impact, but low probability, events on construction sites need to be
taken seriously. Rather than reactively dealing with the aftermath of such
events, a proactive and proportionate approach to risk management is
advocated. Amongst other matters, this report places the responsibility for
risk management across many disciplines at organisational, project and
site levels.

Alistair Gibb, L oughborough Univer sty

In my earlier career in construction | have sadly had anumber of personal
experiences of major incidents which have brought home to me the need
for thiswork — ALL risks need to be managed and, whilst there has been a
helpful emphasisin the last few years on the less obvious hazards such as
occupationa health, we must not alow this to detract from the need to
consider ‘What is the worst thing that could happen on our project?

1.7 Messagesfrom the project steering group

In traditional CIRIA fashion, the work has been overseen and guided by a strong industry project
steering group. Representative members of the steering group have provided these messages:

Vaughan Burnand, Chairman of Constructing Excellence and
Chairman of the Health and Safety Panel of the Strategic Forum
Our progress in Construction Health and Safety has been good with
excellent reduction in fatalities and AFRs as we work towards azero
harm industry. However we must learn from ours and other industry’s
experiences because we are al too close to potential catastrophic events.
The words ‘we were lucky’ istoo often applied to near hits, accidents,
reportables and even fatalities. We need to really understand and
communicate the root causes of these events rather than breathe sighs of
relief. This paper makes an excellent start.

Paul Bussey, Associate, Scott Brownrigg; Architect and member of
DIOHAS

As an Architect primarily representing the Designers Initiative on Health
and Safety (DIOHAS), and as a Registered CDM-C, it has been agreat
insight to me, working with the engineering and contracting world
analysing and mitigating Catastrophic Events. The potentia for such
"low likelihood but high consequence events' occurring on most
Architectura Projectsislow, but not insignificant. This research will
hopefully cast more light on the proportionate consideration of whether
or not these are "greater than normal” significant risks under the current
CDM 2007 Regulations or need further legid ative clarification.

10



Paul Ebbutt, Principal Client Engineer, Civils—London
Underground

Catastrophe in construction does happen and the experience is that there
will be significant impact on business; the operations, the customers and
the staff. Clients have akey role in construction projects; they should
take appropriate professiona advice and also take note of comments and
observations from all levels of the project organisation. This includes
listening to the bad news as well as the good news. The level of risk and
responsibility passed onto the small and medium enterprises (SMEs) in
projects is of concern. Clients must accept responsibility for the risks
associated with their project ambitions and for the way risks are
managed in the project. Risk cannot be just passed on down the supply
chain.

John Car penter, Consultant, Secretary to SCOSS, Reviewer of this
report

Any process which is designed to identify major hazards and then plan
for their safe management will not only help to avoid catastrophe, but is
likely to bring overall benefit to the project as a consequence of the
forethought and associated planning activity. This Report is an important
step in thisdirection.

Laura Hague, M ott MacDonald, repr esenting the M ajor
Consultants Health and Safety Forum

Designers have akey role to play in managing risk on construction sites.
By identifying risks early in the design process we can have a significant
impact in eliminating and minimising the maor hazards of construction
and maintenance. As aways, effective communication with other
stakeholders on the project is essential — as the HSE put it - getting the
right information, for the right people at the right time. Thisis our
challenge and one that the whole industry must rise to.

Paul Hoyland, Balfour Beatty Civil Engineering Limited
Thisreport is particularly relevant for an industry such as tunnelling,
where the consequences of collapse can be so catastrophic. Thereisno
doubt that a focus on recognising and addressing all high consequence
risksisessential, including those risks which are considered to have a
low probability.

11



Gordon Masterton, Jacobs, Chairman of SCOSS and of the CIC’s
Health and Safety Committee

Many construction projects carry the risk of a catastrophic event
occurring. Recognising thisrisk isitsfirst step in its prevention. This
report provides essential guidance to all involved in construction and
applying the guidance will go along way towards creating an industry
that is even safer for its workers and the public. We cannot rest until we
achieve an industry that has zero tolerance to injury and can embark on
major projects confidently planning for zero injury to workers and
public.

Alan Powder ham, Mott M acDonald, member of SCOSS

Magor hazards in construction are an ever present threat and, while their
occurrence is relatively rare, we must maintain our awareness and
vigilance to avoid them. Civil engineering projectstypicaly involve the
challenges presented by awide variety of risks. These range across
programme, commercia and technical aspects and are often inter-
related. However, whileit is essentia to adopt a holistic approach to
safety, we must, at the same time, avoid the temptation to adopt too
generic an approach. We must differentiate between safety risks and
risksin generd. If safety is not adequately maintained, any effort in risk
management as awhole may be critically compromised. | commend this
report as arich source of knowledge and distilled experience asabasis
for amore informed approach to addressing major hazardsin
construction.

Peter Robertshaw, Osbor ne, representing the UKCG

The UKCG and | have been delighted to be involved in this project, to
identify potential means to prevent future saddening losses from low-
probability, high-consegquence events. | consider that this report can
help the industry to manage the risks associated with such events, as
only with knowledge can we truly manage and hence reduce the risk to
our fellow workers. The industry should embrace this report and make it
something that is read by both our current and future construction
industry leaders.

Clive Sherwood, Charteris | nsurance, representing the ABI

The Insurance industry plays amajor role in encouraging good risk
management practices within the Construction industry. Insurers do not
just deliver claims services, we also promote important prevention
principles and ensure that Catastrophic events are understood and help to
reduce risk in the future.

12



Philip Willis, CDM Co-ordinator at Jackson Coles, Chairman of
DIOHAS

With thirty years in the construction industry in architectural practice
and asa CDM Co-ordinator, | was delighted to participate as a member
of the steering group in view of the obvious contrast with my day to day
work. Normally working with designers in the identification, elimination
and control of hazards with the potential to affect people over long
periods; from the inception of adesign to the demolition of the resulting
structure, on this project we were concerned with incidents capable of
affecting very much larger numbers of people in asingle instant.

1.8 Thestructure of thisreport

Thisreport is designed to present the results of research in aform which is accessible for busy
peoplein our industry. It isin the following parts:

8 An executive summary

8 Part one of the report (sections 1 to 4) which discusses our findings in terms of the issues
which we identified in Part 2, focused towards identifying key issues which the industry
needsto address

§ Part two of the report (sections 5 to 10) which provides details of the research undertaken
and analysis of what was learnt, underpinning the discussion in Part 1

§ Supporting appendices, including a Glossary discussing commonly-used terms.

References are generally provided as footnotes but in Section 6: Literature Review they are
provided at the end of the section.

13



2. Catastrophic Eventsin construction

21 CONSTRUCTION —-A DANGEROUSINDUSTRY

Around the world, construction has the reputation of being a dangerous industry and in the UK
statistical records place it amongst the most dangerous, albeit it has made great improvementsin
the last decade. In 2009-20010 there were 42 fatal accidents giving a rate of 2.2 per 100 000
workers. Thisisthe third highest rate of fatal injuries, behind only agriculture and extractive
industries. Most incidents affect only one worker but occasionally two or more may be killed or
injured by asingle event. More rarely still, members of the public have been killed during
construction work, although thankfully in recent decades this has (research suggests ‘ by chance’)
been arare occurrence in the UK.

Understanding why the industry is so dangerous has been the focus of research activity in recent
years. The studies undertaken by Latham®, Egan® and Wolstenholme® and the behaviours
researched by Loughborough University and others (in particular for the Donaghy Report*) suggest
an industry which has many unique features, including an ever-present need to manage awide
variety of risks at all levels of operation and throughout the design and construction process.

The industry is unique compared to other sectors in the way which ever-changing teams of people
interact to achieve a succession of essentialy unique structures on different sites. The industry
therefore needs to be (and is) highly flexible and responsive - and it hasto managerisk in
constantly-changing and highly varied environments which present many hazards.

2.2 SAFETY RISK MANAGEMENT IN CONSTRUCTION

In response to the dangers inherent in UK construction, legislation has been passed which
supplements the basic legal requirement for employers and others to ensure the health and safety of
employees and others at risk. The key legidation is CDM 2007 (see Glossary), which sets out clear
responsibilities for duty-holders, complemented by other specific legislation about particular issues
such as the use of work equipment.

In response to the legislation, designers and contractors have to identify hazards, eliminate them if
possible, reduce the level of risk from the remaining hazards and control the residual risks. This can
be described as * safety risk management’ and CDM 2007 explains what actions are required,
including cooperation and coordination between the duty-holders and the provision of information
whereit isrequired.

CDM 2007 also defines the scope of ‘ construction’ and it must be recognised that:
§ Construction activity involves work on awide range of ‘structures’
8 New-build isonly part of the work activity; maintenance, cleaning, refurbishment,
adaptation and finally demolition are all considered to be construction activities.

! Latham, M, Constructing The Team, HMSO, 1994

2 Report of the Construction Task Force, Foreword by Sir John Egan, HM SO, 1998
3 Wolstenholme, A, Never Waste a Good Crisis, Constructing Excellence, 2009

* Donaghy, R, One Death is Too Many, TSO, 2009

14



2.3

24

CONSTRUCTION HAZARDS

In order to manage the risk, the hazards themselves must first be recognised. Some generic hazards
are highlighted by specific regulations (eg working at height, working with asbestos) but many are
not. Both designers and contractors are required to be able to envisage the dangers presented by the
hazards which are or might be present and be able to understand them and handle them during the
safety risk management process.

Some hazards are ubiquitous and they should be easily recognised and dealt with during risk
assessment. Safe ways of working will have been developed and documented by contractors for
dealing with generic hazards. However, many hazards will be affected by site conditions and
project specifics. For example, working on scaffold erection will involve much work which is
generic, but the specific challenges on a particular site must be taken into consideration before
planning and organising the work. The identification and consideration of hazards must therefore
take account of site and project specifics.

CATASTROPHIC EVENTS

Some of the hazards on a project could have very severe consegquences and, for the purposes of this
report, these will be termed ‘ Catastrophic Events’, involving multiple casuaties on and/or off-site
or other gross impacts.

Catastrophic Events are events that are beyond the ordinary or
routine and are characterised by being of

low probability but high conseguence.

Examples of occurrences which may be Catastrophic Events are:
Structura collapse of permanent structure

Collapse of temporary works

Collgpse of plant or equipment, such as cranes

Fire

Tunnel collgpse

Disruption of underground services.

wn W LN LN W W

Typically, these events will involve the uncontrolled release of large amounts of stored energy and
as such will —once they start — be very difficult (or impossible) to control.

Catastrophic events would be those having the following potential consequences:
§ Potentia for multiple deaths and serious injuries in asingle incident and/or
§ Serious disruption of infrastructure (eg road, rail ) and/or services (eg power,
telecoms)

In addition, such events may well have the following features:
8 Ability to adversely affect organisations commercially, either directly or through loss
of reputation
§ Creation of public demand for action, possibly leading to demand for a public
enquiry and/or changes to relevant legislation.

15



2.5

The fact that such events are exceptional in the UK (compared to other countries) is atribute to the
levels of skill and care evidenced in UK construction. However, the fact that such events do occur,
no matter how infrequently, and the fact that the potential for their occurrence is ever-present is
aufficient reason for them to be considered, particularly when it is borne in mind that most of the
case studies discussed later in this report were only potentially catastrophic because of chance (ie
‘luck’) and not because of the success of precautions being taken on those projects.

It might be suggested that attention to catastrophic events might displace attention from more
ordinary or ‘routine’ hazards and risks. On the contrary, in examining catastrophic event risk, it is
hoped that other hazards and risks would necessarily be discussed. Moreover, raising safety risk
management up the commercia agenda should similarly improve the level of attention given to the
subject as awhole and the levels of knowledge and skill evidenced by those in the industry.

It might also be suggested that mentioning the commercial conseguences of a catastrophic event
risks confusing safety risks and risksin general; for example, balancing safety risk against cost or
risk to programme. Thisis not intended — indeed, in the UK it would not be legal as safety risks
must be effectively managed, using the 'so far as is reasonably practicable' test.

THE CONSEQUENCES OF CATASTROPHIC EVENTS

When one of these rare events does occur the consegquences can be far reaching. Apart from the
high human cogt, the direct financial costs can be enormous. The site might be taken over by the
police and HSE for days or weeks as evidence is collected. Time and cost will also arise from the
work necessary to make the site safe again and clear away materials and equipment. However,
these immediate impacts can easily be dwarfed by the impact of the event upon project compl etion
and, in the long-term, damage to reputation leading to loss of future business.

There can aso be wider implications. The public and media are much more exercised by single,
catastrophic events, than by a steady toll of ‘routine’ incidents, which can lead to an outcry for
‘something to be done’ including demand for more legislation.

During consultation it became evident that there is also a post-event human toll, as there is for any
incident. Pressures upon those involved (both directly and because of a role within acompany) are
invariably enormous and (because of the protracted investigative and legal processes) aso lengthy,
running into many years. Quite apart from the diversion from other duties, emotional impact can
affect performance.

The potential consequences of catastrophic events may be
wide-ranging and long-lasting.

For dl of these reasons, directors and senior managers need to understand the immediate and
underlying causes of catastrophic events and have in place effective strategies that can adequately
address the potentia for them to cause major disruption to their businesses.

16



The potential impact of a catastr ophic event upon a company
means that directorsand senior manager s need to consider
therisksthey are exposed to and manage accordingly.

The research undertaken (see Section 7, the on-line survey) suggests that ‘ Catastrophic Events' are
not being consciously considered on all projects.

Requirements for directors to consider risks which could seriously affect acompany’s well-being
are now established following the Turnbull Report* quite apart from risk of prosecution under
Health and Safety Legislation and the Corporate Manslaughter and Corporate Homicide Act 2007.

Exactly how directors and the senior managers who support them should monitor the state of play
in their organization requires serious consideration. Over-emphasis on trends in day-to-day issues
such as lost time injuries and compliance with safety regulations may lead to a misplaced feeling
that all iswell, while potentia catastrophic events are not appreciated or the factors which
influence their likelihood considered. This issue was a factor in the BP' s Texas City disaster in
1995, where reported safety performance was improving but inadequate safety-critical maintenance
was not being monitored or reported directly to directors. Recently, work on the subject of
appropriate performance indicators for the chemical industry has been carried out in the UK? but so
far no similar work which is directly relevant to the construction industry appears to have been
carried out.

We found that many events have occurred which have impacted at
director level upon both construction companies and upon
client or ganisations.

Organisational risk management of companies should respond by
including consideration of how well therisk of catastr ophic eventsis
being managed; the use of industry-relevant indicators should be
explored to support such activity.

In considering the use of relevant indicators for use by top managers, the issue of incident reporting
needs to be addressed. It is human nature to under-report incidents, yet they may provide
organisations (and the wider industry) with warnings which need to be heeded and acted upon.

26 CONS DERATION OF POTENTIAL CATASTROPHIC EVENTSDURING
SAFETY RISK MANAGEMENT

Hazardous situations which could potentially cause a catastrophic event need to be identified and
managed as part of the safety risk management process. The aspect of safety risk management
which relates to a potential catastrophic event is considering what catastrophic event (or events)
might occur and then managing the risks involved in a proportionate manner.

! The Turnbull Report, Internal Control: Guidance for Directors on the Combined Code , 1999
2 HSG 254, Developing process safety indicators, HSE, 2006
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It was notable that the on-line survey showed overwhelming support (93%) for the proposition that
where construction involves amajor risk such asrisk to lots of people, extra precautions should be
taken. Therefore, ensuring that potential catastrophic events are identified and deat with in a
proportionate manner appears to be sensible. Exactly how the construction industry seeks to ensure
that this happens then becomes the issue.

How the issue of catastrophic events is managed in the chemical/oil-and-gas industry (which is
regulated by COMAH, see Glossary) is briefly discussed in section 2.8 for perspective. It is not
suggested that parallel processes are required in the construction industry, but the techniques used
may be helpful and they may be adapted to suit the construction industry.

2.7 LEADERSHIP

The need for directors and senior managers to engage with ‘ Catastrophic Event thinking’ can only
be helpful to the consideration of wider health and safety issues because of the increased level of
attention and commitment being shown by leaders to the safety risk management process.

Leadership is an essentia ingredient for change — and changing the way a company works so as to
avoid a catastrophe is agood investment for |eaders.

‘One of the truetests of leadership isthe ability to recognise
a problem before it becomes an emergency.’
Arnold Glasgow

The HSE website provides advice about |eadership®.

28 MAJOR HAZARD INDUSTRY PERSPECTIVE

Industries which are defined as “major hazard”, e.g. on-shore chemicals, offshore and nuclear are
required by legislation to prepare some form of safety case, in which potentia catastrophic events
areidentified and their risks reduced on a statistical basis, to an acceptable level.

The detailed statistical techniques used in major hazard industries are very unlikely to be directly
relevant to the construction industry because:

8 Therelevant statistics which would be needed are rarely available as the failures do not
normally involve issues such as, for example, mal function of equipment in normal
operation, for which there may be a statistical chance of malfunction, but do normally
involve issues such as out-of-process working or the occurrence of unforeseen ground
conditions

8 Most catastrophic eventsin the construction industry involve human factors to alarge
degree, as evidenced by the research undertaken in this project

It is not therefore appropriate to examine the satistical element of the major hazard risk assessment
process in detail here but the technique used may certainly be relevant, vis:
8 What ‘Catastrophic Events' are of concern?

! See http://vww.hse.gov.uk/leadership/principlesleadership.htm
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§ How might they happen?
8§ How can the hazards involved be eliminated or the risk reduced/controlled

When considering a particular potential catastrophic event, fault tree analysis may be employed to
understand the hazards involved and their risk profile. For example, the event might happen in this
manner (or this manner etc) and for each scenario: what would instigate this? What would allow it
to happen? What would ensure it couldn’t happen? — etc until the subject has been ‘unwrapped’ and
appropriate decisions can be made.

29 THE OBSERVATIONAL METHOD (‘OM’)

The observational method is awell established technique used to manage safety risks, primarily
during construction. It has been traditionaly applied to tunnelling and groundworks but its rigorous
and comprehensive approach could well serve as atemplate for addressing the issue of major
hazards in construction in general. The objectives are to save cost or time while maintaining an
acceptable level of safety. Its focus on safety and the key interface between design and construction
has aso enabled OM to play amgor role in recovering projects that have suffered from acrisis
during construction._The emphasis on prediction, monitoring, feedback, and teamwork also creates a
strong opportunity for learning.

2.10 INTERNATIONAL PERSPECTIVE

Whilst only ahandful of non-UK case study events have been considered in this research, the issue
is significant around the world. Some countries appear to suffer catastrophes more often, although
no statistics have been found to support this’. Whilst the reasons for frequency of occurrence may
be cultural, many of the findings of this research will be of interest and relevance in other
countries, because of the universal nature of construction.

211 HEALTH ISSUES

This research did not set out to consider health risk. However, in asimilar manner to the growing
industry appreciation that health risk has a major impact and is in fact much greater in total impact
than accident risk, there may be catastrophic health risk arising from construction which hasto be
considered. Therefore accidental releases of harmful materials which could have a catastrophic
effect upon people should be taken into account when considering the possibility of catastrophic
events.

212 CRIMINALITY

Our examination of case study events did consider whether there had been direct, wilful criminality
as a causative factor. Arson was identified as the main problem but other causes (including wilful
damage by discontents, hooligans or terrorists) might need to be considered as potentia hazards.

! powderham A. J. 2002 The observational method — learning from projects, Proc. Ingtitution of Civil Engineers, Geotechnical

Engineering 155 Issue 1, January 2002.
2The HSE report Tower craneincidents worldwide RR820, 2010, examined recent tower crane incidents worldwide but drew no
statistical conclusions about variations between countries in overall frequency of occurrence.
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2.13 POST-CONSTRUCTION

Post-construction events were outsde the remit of this research. However, the comment was made
that many causes of collgpse could occur at any time. The need for designs to be robust in use and
not to suffer disproportionate collapse is dealt with during the design process, in accordance with
design codes and various regulations, including the Building Regulations.

Our comments are directed mainly towards incidents which occur because of events during
construction, when a structure will pass through various states which will not recur later, in use.
Nevertheless, it isfair to say that there will be similarities between some events which are *during
construction’ with ‘in-use’ events. A good example would be the collapse of a department store in
Koreawhich according to reports' occurred shortly after construction, killing over 500 people. It
could equally have occurred during construction, and had many of the hallmarks of a catastrophic
construction event, which it would have been had it occurred alittle earlier. It could easily have
done 0 as the failure mechanism was progressive and probably started during construction.
Thisdistinction is not important, as the lessons learnt and the messages identified are largely
common.

2.14 EXAMPLESOF ‘CATASTROPHIC EVENTS IN THE UK SINCE 2000
The following list shows a sample of recent catastrophic or potentially catastrophic events.

Basingstoke fire*, 2010 Dean Farrar St. Victoria building collapse, 2007
Camberwell firex, 2010 Manchester house collapse, 2007

Glasgow fire*, 2010 Warrington mobile crane overtur ned, 2007
Dartford telecomstunnel damage, 2009 Sheffield gas main damage by piling, 2006
Withington hospital gas explosion, 2009 Truro scaffolding hit by van, 2006

Kings Dock Mill Liverpool crane collapse, 2009 | Colindalefire*, 2006

Talbot Road fire* Blackpool, 2009 Wembley stadium r oof near -failur e, 2006
Peckham fire*, 2009 Batter sea tower crane collapse, 2006

Glasgow fire*, 2009 Milton Keynes scaffold collapse, 2006

Belfast tunnelling incident, 2009 Edinburgh scaffold collapse, 2005

High Wycombe fire*, 2009 Telstar House London demolition collapse, 2005
East London line GW9 bridge ‘drop’, 2008 Aberystwyth scaffold collapse, 2005

Manchester fire*, 2008 Durrington tower crane collapse, 2005
Weston-Super-Mare pier fire, 2008 Gerrards Cross cut-and-cover collapse, 2005
Royal Marsden fire, 2008 Albion St Glasgow steel frame collapse, 2005
Belway Homes, Edinburgh fire, 2008 Tower Bridge Road building collapse, 2004
Teeside scaffolding collapse, 2008 CTRL Lavender Street tunnelling incident, 2003
Nottingham MEWP collapse, 2007 CTRL crane collapse, 2002

Commer cial Rd building collapse, London, 2007 | Stockton gas main sever ed, 2002

Turnford tower crane hook failur e, 2007 Dundee earth bund cofferdam failure, 2001
Newcastle fire*, 2007 Canary Wharf tower crane collapse, 2000

Hull piling rig collapse, 2007 Glasgow housewall collapse, 2000

Croydon tower crane collapse, 2007 L ivingstone cinema wall collapse, 2000

Colquitt St Liverpool tower crane collapse, 2007 | Cardiff Fanum House scaffolding collapse, 2000
Date Street Manchester fire, 2007 Edinburgh MEWP collapse, 2000

Cutty Sark fire, 2007 Edinburgh partial wall collapse, 2000

Wirral mobile crane collapse, 2007

* firesin timber-framed construction

! Collapse of Sampoong Department Store, The Korea Times, 14 October 2004
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215 IMAGES

The following selection of images demonstrates the type of event under consideration. They are not
intended to relate to the case study events reported in Part Two of the report.

Kings Dock Mill Liverpool crane collapse, Weston-Super-M ar e pier fire, 2008
2009 (courtesy Vertikal .net)

Teeside scaffolding collapse, 2008 Hull piling rig collapse, 2007
(courtesy HSE) (courtesy CNplus)
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Croydon tower crane collapse, 2007
(courtesy Vertikal .net)

Cutty Sark Fire, 2007
The Cutty Sark on fire

L iverpool crane collapse, 2007

22

Commercial Rd collapse, L ondon, 2007

Cutty Sark Fire, 2007
Theremains after thefire

Batter sea tower crane collapse, 2006




Colindale timber -framed fir e, 2006 Gerrard’'s Cross cut-and-cover collapse,
(courtesy London Fire Brigade) 2005 (View from inside theremaining
tunnel)

'

Dean Farrarh Street building collapse Dean Farrarh Street building collapse
(aerial view) (courtesy HSE) (street view) (courtesy HSE)

Durrington tower crane collapse, 2005
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3.2
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Why do Catastr ophic Events happen?

INTRODUCTION

It was confirmed by the research (see Part Two in this report) that there isno simple answer to
this question. However, the research provided insights into which issues were more important
and the key points are presented here.

Underlying many of the issuesis the complexity of the construction industry (see Glossary) .

For those unfamiliar with the concept, Reason’s plates (see 10.2 for more detail) provide avisuad
basis for discussion of complexity:

Society & Industry
Project (including design and planning)
Site (management & supervision)

The concept revolves around the ease with which the plates as awhole can be pierced — the
fewer ‘holes’ in each plate and the smaller they are — the better, ie the defence against an event
will be better. An aternative representation would be to have plates for organizations involved
or individualsinvolved.

Reason’s Plates’ concept ties in well with anumber of case study events where there were
severd players who failed to act, for a variety of reasons. If one of them had acted, events might
have been different and the catastrophic event avoided.

ATTITUDESTO RISK

Per ceptions

It isatruism that no-one wants an accident. However, individuals and organizations are
conditioned by their experiences and what they see going on around them. This has a significant
effect upon perception of low-likelihood events, as people will not have experienced them first-
hand and may not even have heard about them from others.

The profile of risk tolerance in society often demonstrates a perverse tolerance of risk from
every-day incidents such as car accidents (frequently seen and heard/read about at local level but
involving small numbers of people per event) but intolerance of less commonly manifested
hazards such astrain crashes (rarely experienced or read about but potentially involving
significant numbers of people).
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In society therefore, thereisfear of ‘Catastrophic Events' despite a lack of real knowledge and
understanding of them.

It has been suggested" during consultation that some of those who work on sites are ‘risk
tolerant’; this research suggests that on the contrary, they just do not appreciate the hazards,
possibly because there is frequently an element of ‘making do’ in site work. In asimilar manner,
directors and senior managers may not appreciate the potential impact of catastrophic events.

Thisresearch supports the view that what the industry needs is more awareness,
information and guidance on the hazards which exist, including the risk of
Catastrophic Events.

3.2.2 Elimination of hazards
This research has shown that elimination of hazardsisamissing link in many peoples thinking.

Hazards need to be consciously recognised before they can be eliminated and their risks then
minimised; this should include ‘ Catastrophic Event’ safety risk management.

In balancing risks during ERIC thinking (Eliminate hazards, Reduce risks, | nform others,
Control residual risks), there will be options which do cost more than others but are safer and
judgements have to be consciously made as to which to adopt. See aso Glossary for more about
ERIC.

It had been thought by the researchers that incidents might include a significant proportion which
arose from issues which were in some way new. However, the case studies which have been
examined arose almost without exception from factors which might have been predicted,
particularly if (a) there had been a conscious effort to do so, by competent people, and (b) if
there had been a degree of review during the whole process of safety risk management. Even
where risks were very difficult to predict, because for example of variations in ground
conditions, the difficulty of prediction could itself have been identified as arisk and firmer
measures put into place.

3.2.3 Safety risk management skills

We found alack of confidence, with reports that contractors risk assessments and method
statements were being prepared by ‘experts’, but not ‘owned’ by site managers and not being
reviewed and adapted for each site. Respondents seemed to feel that they have not been trained
adequately (not just in small companies!). Thiswas not measured but there were clear
deficiencies in many of the case studies and the on-line survey a so revealed issues of concern.

1 But we like risk’ — why workers act dangeroudy: Construction Research and Innovation Vol. 1, Issue 1, Chartered Institute of
Building, 2010
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3.2.6

3.3
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Safety risk management culture

Safety risk management can be used formally as a tool to decision-making but it can also
become embedded as a feature of the culture of an organization or of an industry. It is felt from
the responses received that the industry is starting to adopt a safety risk management culture,
particularly in higher-risk sectors such asrail.

Systemic failure and pan-sector issues

A systemic failure event is not related specifically to an event, but isinstead related to the
manner in which an industrial sector, organisation, or project, is managed, organised or
perceived. For more on systemic failure see Glossary.

The research found evidence of many underlying causes of events which could be described as
‘systemic’ and there were few events where there was no aspect of systemic failure.

Serious pan-sector systemic issues are evidenced when anumber of events which are or might
have been catastrophic occur in the space of a few years, such as the series of tower crane
accidentsin the UK during the decade 2000-2010. In these types of events, good practice is
clearly not good enough and extraordinary steps are necessary to make adifference (in this case,
the development of equipment to reduce reliance on human intervention, regulation, training,
inspection).

Particular issues

Key points from the research which are highlighted in the overall conclusions (see Section 10)
are as follows:
- Catastrophic events are different and complex
- Reducing major hazard risks must be addressed at society, project and site levels
- People, process and product al play their part, both in causing and preventing
catastrophic events
- Competent people are the key to success
- Risk identification, assessment and management is essentia
- Projects are complex with many interfaces that must be managed effectively
- Gaining and communicating knowledge throughout the team and across industry is
crucia
And the research suggested that these practical things can be done:
- Eliminate risk wherever possible and as early as possible
- Don't let time and cost pressures deflect effort
- Expect change and deal with it
- “Check, check and check again”

MANAGEMENT OF CATASTROPHIC EVENT RISKS

Overview of performance

Although international statistics are not available to compare the performance of the UK
construction industry in relation to catastrophic events, the research did not suggest aworse than
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3.3.2

average performance. Other countries have suffered similar events and as the UK’ s performance
on safety matters generally isgood, it is therefore likely that performance with respect to
catastrophic eventsis a so good.

Attention then turns to how it can be made even better because, as was demonstrated in Section
2, the consequences of a catastrophic event can be severe. All reasonable possible steps should
be taken to avoid one, although deciding what is reasonable will always be open to debate and
challenge. Thisoverview is provided as context before examining how industry might respond to
the research by identifying key issues. By thinking about these issues consciously, we should
improve what is already world-class performance, bearing in mind that by their very nature there
may always be an unpleasant surprise in store and that preparing and planning to prevent such
eventsissensible.

‘Chance favour sthe prepared mind’.
L ouis Pasteur

Proposed industry ‘key response issues

Many detailed points have emerged which are documented in Part Two of this report, and these
are summarised in section 10 (Summary of key issues from the literature review; on-line survey;
case studies and industry consultation).

Eight proposed ‘industry response issues’ have then been identified which respond to the
individual points as afamily. They are:

§ Issuel: Theindustry should recognise that catastr ophic events need fur ther
attention

The research concluded that the special nature and importance of catastrophic events
needs to be recognised and responded to (see 10.1).

§ Issue2: Corporaterisk management systems should beimproved

The research concluded that industry needs to respond to the risk of catastrophe at the
highest level (see 10.2, 10.3).

§ Issue 3: Knowledge, skills and experience of safety risk management should be
raised

The research concluded that more can be done to raise the overal standards of
performance by people (see 10.2, 10.3, 10.4, 10.5, 10.6, 10.7).

§8 Issue 4: Communication and interface management should be improved

The research recognised the particular complexity of construction and the need to
improve systems and performance in communication and interface management (see
10.1,10.6, 10.7).
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§ Issueb5: Competenceiskey

The research confirmed the importance of competence (see 10.4) and the range of
complex issues identified suggests that gaining competence requires diligent attention to
arange of competences. The importance of temporary works issues (see 10.6 and
featured in issue 6) pointed up the particular importance of the role of the Principal
Contractor”.

8 |Issue6: Effective management of temporary worksis crucial to success
Issues relating to the management of temporary works were identified as of particular
importance in the research (see 10.6).

§ |Issue 7: Independent reviews should be employed

The research identified the importance of independent checking and reviewing (see 10.9).

§ |Issue8: Theindustry should learn from experience

The research identified the benefit to be gained by learning from events as they occur and
not losing the benefit of past experiences (see 10.7).

If industry addresses these issues, they should provide a framework for responding to the
individual issues which are described in more detail in Part Two of this report.

Issues 1, 2 and 8 are directed at ensuring that the salient points are understood and that the need
to deal with them is addressed at the highest level in organisations.

Issues 3 to 7 address particular areas of activity which feed into the family of challenges
identified in Section 10.

The issues are discussed further in section 4.

! Noting that on smaller projects where there is no legal requirement for aPrincipa Contractor, the Main Contractor will assume
overall responghility for site safety.
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4.1

4.2

What aretheissues which the UK construction industry needsto
addr ess?

INTRODUCTION

The key issues proposed for industry action in 3.3.2 are as follows:

Issue 1: The industry should recognise that catastrophic events need further attention
Issue 2: Corporate risk management systems should be improved

Issue 3: Knowledge, skills and experience of safety risk management should be raised
Issue 4: Communication and interface management should be improved

Issue 5: Competence is key

Issue 6: Effective management of temporary worksis crucia to success

Issue 7: Independent reviews should be employed

Issue 8: The industry should learn from experience.

wn N LN LN LN LN LN LN

All of the discussion which follows draws upon the research undertaken and is presented for
further consideration and response by the industry as a whole.

ISSUE 1: THE INDUSTRY SHOULD RECOGNISE THAT
CATASTROPHIC EVENTSNEED FURTHER ATTENTION

As evidenced by the research, potential catastrophic events are agreed to be important by all
concerned.

The response at board level was not researched, but there was considerable interest from senior
representatives of some major contractors.

One important output from the on-line survey was the overwhelming support for the
suggestion that where there was potential for a major hazard event, more precautions should
be taken. Exactly how that might be done would depend on individual circumstances, but it is
considered that, as for designers’ safety risk management, where there is still much
improvement to be made, much more thought is needed and Ieadership shown to inform and
inspire the people who are making the day-to-day decisions.

We found gener al agreement that catastrophic events are a significant cause
for concern and that they should be considered in an appropriate manner in
theindustry, taking additional steps beyond those normally taken. The
industry will have to work out how that should be done; a forthcoming
CIRIA guide on thistopic will provide suggestions and case study examples.
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4.3 |ISSUE 2: CORPORATE RISK MANAGEMENT SYSTEMSSHOULD BE
IMPROVED

No firm statistical basis was identified to quantify the impact of catastrophic events. One
indicator could be the insurance market, which responds when claims threaten to destabilise
the *book’ which has been underwritten. This has happened in recent times due to tunnelling
claims and currently there is concern about major |osses from fires on developments using
timber frame construction.

However, whereas insurance does cover some of the direct costs, it was noted that (quite apart
from issues of conscience and impact upon them personally) there were other commercial
impacts which should concern directors:

Uninsured costs

Risk of legal action against companies and directors
Senior management time devoted to the problem

L oss of focus

Damage to reputation and hence access to new work
Difficulty with insurance going forward

w W W W W w

In some case studies examined, smaller companies had closed down as a consequence of a
magjor event, and in one case the Managing Director had fled abroad.

The impact upon clients’ revenue streams due to delays was a so in some cases significant, due
to delaysin completion. Of course, for the individua s who lost their lives or health, the impact
was always catastrophic.

Catastrophic events can cost lives, money and r eputation.
Directorsand senior manager s need to take this on board and
manage therisksin an appropriate manner.

Directors are expected to manage risks to their company, in accordance with legidation and
(for listed companies) following the Turnbull Report, and for the reasons stated above they
have good reason to do so. The damage done to BP by events at Texas City and the Gulf of
Mexico demonstrate the risks. Within the UK construction industry the demise of Jarvis might
also be cited, following a period of decline which dates from the Potters Bar catastrophe.

An appropriate response is obviously to monitor performance, but with low frequency events
there will normally be nothing to monitor directly. Leading indicators could be identified
which might be considered when seeking to identify useful information which could be
monitored, and in turn used to demonstrate how catastrophic event risks are being handled in
an organization involved in construction. Similar work has already been undertaken in the
chemical industry™.

' HSG 254, Developing process safety indicators, HSE 20086, free download at http:/www.hse.gov.uk/pubns/priced/hsg254.pdf
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4.4

The use of industry-relevant indicators should be explored, relevant to the
risk of catastrophic events, to support the organisational safety risk
management of companies, building on the work in HSG254,
‘Developing process safety indicators'.

ISSUE 3: KNOWLEDGE, SKILLSAND EXPERIENCE OF SAFETY
RISK MANAGEMENT SHOULD BE RAISED

Competence is achieved through the right combination of education, training and experience.
This subject is therefore central to improving performance.

The management of catastrophic event risk has to be set in the context of the wider
performance of the industry (designers and constructors) in managing health and safety risk.

The case studies frequently demonstrated a failure to adequately identify
the full extent of hazards and addresstherisksarisng appropriately;
other sources demonstrated a considerable degree of uncertainty and a
lack of confidence in the industry’s knowledge, skills and experience of
safety risk management.

These views were widely held. Whilst these views might be seen as depressing, they do in fact
provide hope that accidents can be further reduced through addressing the issues.

Two areas of skill identified by the research as needing improvement were:
§ Appreciation of hazards of all types
§ Safety risk management skills

The issues pin-pointed by the research as requiring to be addressed by the industry were:
8 Education in risk management principles as abasis for subsequent devel opment
§ Continuing education, training and experience (CPD) for dl in theindustry (i.e. al
CDM duty-holders)
§ On-thejob training and mentoring by qualified senior colleagues
§8 Improvement of management systems within organizations, to make them more
relevant/useful and less bureaucratic.

Education in our universities and colleges needs to be reviewed to understand why the
research has suggested that the necessary underpinning is not being delivered. The academic
ideas do not require substantial periods to impart and other aspects can be effectively provided
by cross-reference during project work (where risk aspects should be integral or the work will
not be founded in reality). During topic lectures generally risk issues underpin many topics,
including reliable strength, safety factors and code approaches (eg, normal/extreme design
cases). It could be argued that an understanding of hazard and risk isakey learning in all
education.
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The need for more continuous education, training and experience (CPD) in the industry was
evidenced by the acknowledged concerns expressed above.

On-the-job training and mentoring has to be recognised as the main way people learn in the
construction industry. The lack of confidence detected may be acting as a drag on that
learning; if people have not been inspired during their education, have not developed a good
skill-set and do not have confidence in the systems they operate, they will find it difficult to
inspire and develop those entering the industry.

The management systems which are in use in organizations are presumably many and varied. It
must be recognised that the explicit legal requirement to assess risks consciously and then
manage them in an appropriate manner is relatively new (although it has been implicit for far
longer); our collective response is therefore necessarily explorative and whatever systems are
in use in different organizations must be generally susceptible to improvement. Reliance upon
‘health and safety experts’ rather than the integration of safety risk management into general
design and construction activity may be one cul-de-sac which should be avoided and also more
guidance appears to be required on how to reduce beaurocracy.

It has to be recognised that increased education, training and experience working with
competent colleagues using robust, practical systems are al necessary for an individual’s
competence to grow and that only through attention to all aspects will the industry as awhole
improve its performance. The industry is aready on that journey but there are clearly
opportunities for improvement, to build on what has been achieved and accel erate the rate of
improvement. The challenge involves educators, qualifying bodies, trainers and organisations.

Mor e emphasis needs to be given to safety risk management through:
§ Education of those who will be entering the industry
§ CPD and on-the-job training
§ Development of mor e effective safety management systems.

The development of more sophisticated integrated design/construction approaches such as the
safety-driven-innovation approach in which cost reductions are sought hand-in-hand with
enhanced safety control, will require the development of a cadre of designers and constructors
who can understand the rigours of the approaches and the investments which are required (in
terms of commitment and partnering) to realise the benefits'®,

! Powderham, A. J. 2008 Safety asa driver for innovation in design and construction of underground structures, Proc International
Conference on Deep Excavations, Singapore, 2008.

2 Powderham, A. J. 2009 The Observational Method - using safety asa driver for innovation, Vienna Terzeghi Lecture, Proc
Osterreicheche Geotechniktagung, OIAV, ISSMGE, Jan 2009.

3 Powderham A.J. 2010 Managing risk through safety-driven innovation, keynote paper , Proc. DFI/EFFC Conference, London,
May 2010.
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4.5

ISSUE 4: COMMUNICATION AND INTERFACE MANAGEMENT
SHOULD BE IMPROVED

Systems for communication in construction are inevitably many and varied and the skills
available vary too. Time pressures, contractual issues and interpersonal relationships will all
influence the degree of success there isin achieving successful communication.

The underpinning influence which needs to be recognised is the organizational complexity of
most construction projects. Not only is there complexity, it is usually handled by different
teams of people on each project. Although some of the individuals (during the construction
phase) may be co-located at site, many will meet only occasionally, if at all.

Itis essentid to appreciate this complexity and the fragility of the processes involved, arising
from the difficulties. The people managing through al the difficulties appear to accept these
problems (they have no choice) but they are rea difficulties, as evidenced by the case studies
examined (see Section 8).

Construction projectsinvariably involve complex relationships,
making good communication essential.
Managing communication about safety risk isessential.

It is appreciated that interfaces between people and between organizations are important when
considering safety risk and the following key issues were identified during the research:

8 Failureto work as ateam in identifying risk of catastrophic events

§ Failuresin communication about particular problems (‘silo mentality’)

There was also evidence (from consultation) of in-company resistance to facing up to
potentially catastrophic hazards which had been identified: the ‘good news syndromein
which senior managers make it plain that they do not want to hear about problems — just
progress.

Reference was made during consultation to the need for procurement to be undertaken in a
manner which encouraged cooperation and communication, as required by CDM 2007. The
research identified both human failures and organizational failuresin the case study anaysis;
both people and company behaviour will however be affected by the contractual environment
and further examination of this subject may be fruitful.

Taking CDM as the basis for interface management, the research suggests that there is often
scope for better management of interfaces involving the designers and contractors, assisted by
both the CDM Co-ordinator (including where temporary works design is concerned) and the
Principal Contractor (or the Main Contractor for smaller projects), whose role on siteis crucial
in managing safety risk.

‘Risk thrivesat interfaces'.
John Car penter, Secretary of SCOSS
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Organisations and individuals seeking to improve their management of these issues need to
examine their cultural values aswell astheir systems; one question which was suggested for
assisting in making improvements was ‘What to do when you see a potential problem’. This
issue underlies many of the difficulties which adversely affect efforts to improve in-company
and inter-company communication and cooperation; if people feel that raising a concern is not
acceptable, they may well keep quiet.

4.6 ISSUE5: COMPETENCE ISKEY

In many of the case studies it was apparent that hazards had not been appreciated and risks
managed in a competent manner. This must spring partly from the concerns about knowledge,
skills and experience expressed earlier but also from the lower degree of competence available
on some projects, for a variety of reasonsincluding smaller, less structured organisations being
in control and sometimes the need for intermittent working by visiting teams, without a
continuous site management presence.

Examination of the case studies suggested that the issue of competence (which underpins
CDM 2007) was as expected seen to be important — but in particular in the fulfilment of the
role of Principal Contractor. The organization fulfilling the role needed to be active on site.
Thisrole was vital because it often involved managing smaller companies with lessreliable
competence and also managing the interfaces between a number of organisations.

In particular, management of work on smaller projects which carries potential catastrophic
event risk needs to be improved but is obviously problematic, due to cost constraints. Note that
whilst the largest events are likely to occur on large projects, there is scope for catastrophic
events to occur on smaller projects, or small elements of larger projects, and about half the
case studies examined involved work by smaller, less structured organisations. Some of these
projects involved smaller organizations working for larger companies but without adequate
supervision and control by the Principa Contractor™. It has been notable that recent
prosecutions have laid blame on Main/Principal Contractors as well as those immediately
culpable and this will hopefully encourage them to choose and supervise their subcontractors
more carefully.

The issue of competence (which underpins CDM 2007) was as
anticipated seen to be important — but in particular the competent
fulfilment of therole of Principal Contractor on site wasidentified as
central to avoiding many catastrophic eventsin construction.

At present any person can set up a contracting company and any client can appoint such a
company to carry out work next to aroad, railway or adjacent structure etc. Although not
within the definition used in this project to define crimindity (see Glossary), the behaviour of
some (particularly small or occasional) clients and some contractors was criminal in terms of
compliance with CDM; they may be described as *evasive duty-holders’. Under current UK
legislation there is no system of licensing (or ‘ permitting’) of contractors and/or responsible

! Noting that on smaller projects where there is no legal requirement for aPrincipa Contractor, the Main Contractor will assume
overall responghility for site safety.



individuals. Without that, society is reliant on the better training of the workforce as awhole
having atrickle-down effect.

Theindustry should consider how best to ensur e that all those
responsible for siteswherethereareriskswhich could lead to
catastrophic events have the necessary competence.

It must be borne in mind that using permits to work would bring with it additional bureaucracy
and cost, which would have to be weighed against the potential benefits.

Many catastrophic events have occurred on projects where the designers and constructors
would have been able to show competence. In the case studies examined, although there was
more evidence of incompetence than of error by competent people, there will aways be
incompetent people even in nominally competent organisations. For example, in the USA
there have been many tower crane collapses despite apparently strict controls, suggesting that
driving out poor attitudes and lack of competence etc is far from easy, even when there is
strong inducement to do so.

It therefore appears that improving general levels of competence should be the prime
objective. The bodies responsible for education, training and qualification will need to
consider how to ensure that this objective is achieved, as discussed in 4.4 above.

This research has highlighted the heavy responsibilities placed upon site managers within
contracting organisations, who are required to fulfil awide range of roles. However, to
maintain control of safety, any site manager’s skill-set must include good safety risk
management skills and in selecting and training for this role those who lack this skill,
regardless of their other skills, will present risks which should not be taken.

Only managers who ar e clearly competent in safety risk management
should be put in charge of sites.

Principal Contractors need to appreciate this and have in place systems to ensure that site
managers have (a) been trained to a high level of competence and (b) have ahigh level of
commitment to safety.

One aspect of risk which was noted in some case studies was management of change; three
categories of risk were considered (a) design change, (b) change of planned method of work
and (c) unplanned, last-minute change of method of work. Whilst design changes are clearly a
concern, they did not feature highly in the case studies, but changes in work method did. Some
were very late changes and obviously thereby at risk of not being thought through. One aspect
of safety risk management which was evidenced was ‘ dynamic risk assessment’ (see
Glossary). It was apparent that considerable care is needed in the use of this technique where
risk of a catastrophic event has been identified; additional time should be allowed and afresh
view sought before pressing ahead. It islikely to be the Principal Contractor who is best placed
to ensure that the decision-making process and preparation of a thought-through amended and
complete method statement is properly carried out without rushing and preferably with
independent review.
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47 |SSUE 6: EFFECTIVE MANAGEMENT OF TEMPORARY WORKS'IS
CRUCIAL TO SUCCESS

It was found that failure in the selection of temporary works solutions, plant and equipment
and failure to design and manage their use in a competent manner was a significant factor in
about half of the case studies examined.

Some of the actual or potentia ‘ catastrophic events’ identified during the research involved
‘temporary works when the interfaces with plant and equipment used for construction were
included in this term and their management needed to be considered carefully.

It was apparent from many case studies that insufficient consideration
was being given to management of temporary worksin its widest sense.

Temporary works design, planning and execution must be taken
seriously for all temporary wor ks aspects,
and include inter faces with plant and equipment.

The recently revised UK Code of Practice BS5975? now extends the principles espoused in the
Bragg Report® to prevent formwork collapses to all forms of temporary works. It is clear that
there is widespread ignorance in the industry about this important change and steps need to be
taken to raise awareness of the Code of Practice and to ensure it isimplemented
proportionately to ensure improved management of Temporary Works.

Asthisresearch started, anew grouping ‘ The UK Forum for Temporary Works' was being
formed and it would be sensible that it should be developed into a pan-industry body to give
focus to thisimportant aspect of construction.

The potential impact of failures of temporary works needsto be
carefully considered to reduce the likelihood of a ‘ catastr ophic event’
occurring, and theindustry should consider how best to
impr ove per for mance.

4.8 |ISSUE 7: INDEPENDENT REVIEWS SHOULD BE EMPLOYED

Independent review is aterm which may be used to describe any process where people outside
aworking team are involved in looking at what is being done and take an independent view on
it and make comments. There are many types of independent review activity in the
construction industry and some of the more common ones are identified and discussed in the
Glossary.

The purpose of al independent reviews is for *afresh pair of eyes’ to take aview and make
comments as appropriate. All people have blind spots and respond to pressures they are under;

! See Glossary for definition of temporary works.
2 British Standard Code of Practice BS 5975: 2008 ‘ Temporary Works Procedures and the Permissible Stress Design of Falsework’
% Falsework: Final report of the Advisory Committee on Falsework HMSO 1975 (The Bragg report).
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independent review must therefore be undertaken by people who are experienced in the work
being undertaken and able to express their independent review in a constructive manner,
focusing on important issues and not unimportant minutiae.

From examination of the case studies it was found that independent reviews could have
assisted in identifying hazards and improving the management of risks. One of the solutions
identified by the tunnelling community is the use of independent review: although thisisnot
explicitly stated in the British Tunnelling Society/Association of British Insurers Joint Code of
Practice’, it is however suggested in the code of practice that there is independent supervision
of checking and the insurer should appoint an independent auditor.

The use of independent * peer review’ has been recommended?® by SCOSS (see Glossary) and it
iscommonly used in mgor hazard safety case exercises. Independent review should obviously
be commenced at an early stage to achieve maximum benefit and minimum risk of
embarrassment and entrenched positions.

Use of independent review is common practice on maor projects, with clients paying for it in
order to check solutions are adequate and that low-risk cost savings have not been missed.
Internal semi-independent review is aso common in many organizations. The Gateway
Process espoused by the OGC? includes elements of independent review, with ‘ gateways’ at
which certain checks must be made (although not necessarily of atechnica nature).

Theissue of review asit impacts work on site was a so considered; evidence was found in the
case studies of projects where there was inadequate independent review of what was
happening on site. When this concern was tested in aworkshop meeting, opinion was divided.

Notable changes in practice which were mentioned as having taken place on many projectsin
recent decades include:

8 Lossof RE (Resident Engineer) and CoW (Clerk of Works) function on site, replaced
with site QA (Quality Assurance) function which may be weak or non-existent.

8 Lossof regular site visits by designers

8 Reduction in building control activity and reluctance of some building control
professionalsto ‘make waves due to perceived commercid pressure

8 Subcontracting of risk to many small companies who have weak controls, often
associ ated with the loss of a ‘controlling mind’

8 Returnto ‘traditional’ price-led risk-shedding procurement, despite partnering and
other cooperative forms of working demonstrably delivered better coordination and
cooperation as required by the CDM Regulations and producing safer working, as
reported by Constructing Excellence®, which reports accident rates 61% lower than
industry average.

Assessment of the extent and impact of such changes was not however included in this
research.

! Thejoint code of practice for risk management of tunnel works in the UK, 2003, Pub. The British Tunnelling Society

2 SCOSS Guidance Note Independent Review through Peer Assist, SC/09/034, 2009

3 OGC, Office of Government Commerce, see http://wWww.ogc.gov.uk/

* Constructing Excellence, see http://www.constructingexcellence.org.uk/ for the Demonstrating Excellence Report July 2004
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49 |ISSUE 8: THE INDUSTRY SHOULD LEARN FROM EXPERIENCE

The industry and those who work in it should ideally learn from the experience of the industry
asawhole, in the UK and where possible around the world. However, the mechanisms to
achieve that (appreciating what is being learned, capturing it, testing and peer-reviewing it,
making it available in adigestible form, storing the information and making it accessible,
incorporating it into education and training) are currently poorly developed in the construction
industry. In the most part the industry hears of incidents through the trade press or on the
grapevine which inevitably fails to convey fully and accurately the detail or the important
lessonsto be learned.

This situation compares unfavourably with the aviation industry where there are better systems
in operation. The net result for the construction industry is that individuas have little support,
beyond the updating of published codes of practice and industry guidance and these documents
rarely explain the background to the advice they proffer.

Within organizations, corporate memory resides with individuals, and few organisations (it is
believed) have formal post-contract review processes which feed back into future decision-
making, although there are understood to be exceptions.

‘Corporate memories are weak and it isincumbent on every
engineer in each generation to
study failures and gain wisdom from them’.
Dr. Allan Mann

In the UK, official reporting of safety failuresin the construction industry isthough RIDDOR
and via. insurance companies. It is known that the levels of RIDDOR reporting are low (about
ahalf of incidents are reported®). Although deaths are probably nearly always reported, many
events involving injuries or dangerous occurrences go unreported. It is also not arequirement
to report all ‘close call’ events where (by luck) a dangerous situation occurs but an accident or
adangerous occurrence (as narrowly defined) is averted. Reporting is thought to be patchy
with high levels of reporting among the major contractors and low levels among smaller firms.

HSE has recently strengthened its own system for promulgating safety alerts and notices, now
making them available to subscribers via. E-bulletins and other electronic media. However,
HSE faces certain constraints with regard to information release when there are potentia
criminal proceedings in play. This leaves akey role for the industry and itsintermediaries to
fill in order to get information out as quickly as possible.

Also in the UK, there is a system of informal reporting of matters of concern generally, called
CROSS established in 2005 by SCOSS, see Glossary. The on-line survey unfortunately
revealed alow level of familiarity with CROSS (despite the average respondent being more
likely to be *active’ on safety matters).

! When RIDDOR statistics are compared with LFS (Labour Force Survey) data.
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Therewas concern that learning from experience appeared not to be
well-rooted in the industry. There was lack of confidence that:
§ Learning waswell-shared, rapidly and widely
8 Lessonswereincor porated into education and training processes
8 Information could be easily accessed.

When there is change in work processesin the UK, the industry appears to be slow to learn, or
re-learn, and institutionalise - for example through industry codes and guidance - how to do
things safely. Learning from other countries would appear to be useful for everyoneand it is
possible that more could be done to promote the international sharing of experiences and ideas.

If ‘close calls' wereto be reported by RIDDOR or to CROSS, the industry would have a better
view of where potential issues are brewing but (by chance) not yet visible. Reporting to
CROSS should be non-threatening; however knowledge of CROSS was found to be
inadeguate. It is therefore necessary to identify how better reporting under RIDDOR and
CROSS could be achieved, such as the promotion of a culture of reporting as per the airline
industry (starting during education). Leadership (instilling a professional duty to report) is
required.

In the practice areas identified in the study (tower-cranes, tunnelling etc) groups of people
were identified who are working together to fill knowledge gaps and (in some instances) to
seek agreement on how to respond to events which had arisen. It is beyond the remit of this
study to track down and fully understand all the groups which exist. However, certain features
of the groups became apparent which are worthy of consideration:

8 Some groups are formed by Institutions or are closely associated with them

§ Many other groups are either funded by vested interests or are voluntary. They operate
in avariety of ways, being for example based on membership of an industry
organisation or alocal gathering of interested parties.

8 Whilst magjor contractors share experiences through ‘ safety alerts' the wider industry
does not have visibility

8 Insome particular risk sectors, there may be more than one group operating
(sometimes at regiona level) and there may also be independent sources of knowledge
and experience such as in universities and other organizations or in different regions

8 The HSE is often involved with such groups in an advisory capacity and in assisting in
promulgating good practice guidance

8 The speed at which such groups which provide industry guidance are able to respond to
eventsisvariable

§ By thevery nature of the UK construction industry, only a proportion of organizations
who are active in aparticular risk sector will engage with the relevant group; many will
not have the time or inclination

8 Disciplineswho are not directly involved in atopic area such as ‘tower cranes are
unlikely to have sight of the workings of the group (in particular designers, who make
decisions affecting risks during construction).

These points are made here with a view to seeking improvementsin what is aready alively
picture of activity.
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Thereismuch industry activity which needsto be considered, including:

8 Theactivity of Institutions and their sub-groups
8 Thework of thevariousindustry bodiesand groupings
8 Thework of SCOSS and CROSS

Thiswork should be recognised, celebrated, developed and encour aged.

410 CONCLUSION

Based upon the research reported in Part Two, a number of key issues have been identified
which require further consideration. The importance of the risk of catastrophic events has been
supported during consultation and it is expected that the industry will be keen to participate.

All of the issues identified require concerted action and agreeing the actions to be taken should
involve all of the stakeholders; the issues cannot be pigeon-holed; the industry is complex and
this means that potential changes need to be seen and discussed in their overall context.

Itis possible that during discussion within industry the stakeholder groups will identify further
issues which are seen as key to future improvement in safety risk management and
performance.

Risk of catastropheisareal issue which requires proper
consideration by all stakeholders, led by directorsand senior
staff. There are opportunities for improvement of performance
and all stakeholder groups should be involved in agreeing what
should be done and making the necessary changes.



PART TWO — Supporting Research

Section 5 Research Approach

Section 6 Literature Review

Section 7 On-line Survey

Section 8 Case Studies

Section 9 Consultation with Industry

Section 10 Research Conclusions
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5.1

5.2

5.3

5.4

Resear ch Approach

INTRODUCTION

This section describes the research design and provides an overview of the research methods
used, with a particular emphasis upon the adoption of qualitative methods and the use of
triangulation (see Glossary) to help facilitate rigorous data collection and anaysis. The research
approach is highlighted and the specific methods of data collection and data analysis (through the
development of a ‘research instrument’) are explained and justified.

CONTENTSOF SECTION 5

5.3 Aimsand objectivesof the project
54 Research requirements
5.5 Accessibility of the data
5.6 Scheduleand structure of the research
§ Scope
§ Specific areas of inquiry
& Project steering group
5.7 Theresearch methods
Literature review
Online survey
Consultation events
Industry consultation
Case study investigation
Research instrument for case studies
Content anaysis
Triangulation
58 Summary
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AIMS AND OBJECTIVESOF THE RESEARCH

The aim of the research wasto identify and understand the immediate and underlying causes of
catastrophes on construction projects, the effectiveness of current control measures and the need,
if any, for further preventative action. The focus of the work has been to inform future HSE
activities and raise industry awareness of any existing and emergent problems. As a means of
achieving this aim, the research objectives were to:

8  Revisit and update previous related work
§  Strengthen the evidence base and analysis

§ Present the findingsin away that will stimulate industry action

RESEARCH REQUIREMENTS

Key to the research was the notion of developing arich understanding of the causes and
underlying influences of catastrophic events (or potential catastrophes) in construction (see
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5.5

5.6

5.6.1

Glossary). It was therefore clear that the depth of information required to meet the aims and
objectives of the project would necessitate the collection of in-depth data from a range of
SOurces.

In this respect an approach to the data collection process was preferred that followed amore
qualitative approach although whilst aso allowing for the processing of statistical data.
Consequently a robust methodology was required that would enable the team to gather adiverse
type of qualitative datarelated to how catastrophic events unfold on construction sitesin the UK.

ACCESSIBILITY OF THE DATA

As isthe case with much research, particular problems associated with data collection arein
gaining physical access to respondentsin their work environment, maintaining access and
creating sufficient scope over the research period to fully address the aims and objectives.
Requests for access and co-operation may fail due to: lack of perceived value of the research; or
the sensitive nature of the research topic; and/or concerns of privacy and confidentiality. Access
to participants may also be limited which may have implications on sample size, subsequently
affecting validity and reliability of findings. In addition to these factors, organisations (or
individuals) may not be prepared to participate if there are any cost implications or “down time”
while completing lengthy questionnaires or interviews. In order to combat these problems, a
particular strategy was adopted that included:

Adopting a multi methodological approach,

Using existing industry contacts within the research team;

Utilising personal contacts and professional networks,

Providing a clear account to organisations of project aims, objectives and type of
access required,

Establishing credibility with intended participants;

Identifying benefits to the industry and wider construction communities; and
Using appropriate and suitable language.

§
§
§
§

w N W

SCHEDULE AND STRUCTURE OF THE RESEARCH

Scope

To support the strategy, a compact research schedule was facilitated that enabled arange of data
collection strategies to be utilised over the duration of the project (with the most intensive data
collection activity occurring during a 6-month period between November 2009 and April 2010).
The schedule of the research included the following interconnected tasks:

Literature review: An iterative process conducted between October 2009 and June 2010.

1. Online survey: Between January and March 2010 a bespoke on-line survey was accessed
by awide range of industry practitioners.

2. Consultation events: Two Construction Productivity Network (CPN) events were
organised by CIRIA in January 2010 (one in London and one in Manchester) and an
additional consultation event was run in London in April.

3. Industry consultation: This consultation consisted of individua interviews and
discussions that were conducted by the research team between October 2009 and April
2010. Thisincluded discussions at Steering Group meetings.
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4. Case study investigations: Detailed information about 62 incidents on construction
projects in the UK was scrutinised between November 2009 and April 2010.

5. Triangulation: The results of all the above phases (1 — 5) were consolidated and
rationalised to produce meaningful discussion points for the industry.

5.6.2 Specificareasof inquiry

The research that was undertaken consisted of a number of distinct but interlinked sub-tasks that
included:
A. Examination of the literature
B. Population of a database of arange of ‘major hazard’ events (case studies)
C. In-depth interrogation of the case studies using both generic and incident-specific
approaches
D. ldentification of the causes (triggers and causative factors) of the ‘ major
hazard’ /catastrophic events
E. ldentification of the current state of control measuresin the UK
F. Anaysis of the information gathered to ascertain the:
§ Key messages that will assist with follow on actions
§ Theroleof industry in addressing associated risks
G. Assessment of industry awareness of, and attitude to, catastrophic event potentia
H. Verification of the results using experts to ensure credibility

5.6.3 Project Steering Group

CIRIA invariably works through Project Steering Groups (PSG) so the early establishment of a
suitable PSG was an essential component of the project. The PSG was primarily established to
contribute towards:

Input of ideas

Provision of contacts

Establishing industry credibility for the project

Iterative assessment of the quality of the research

Assistance with dissemination

The PSG consisted of 20 members from across the construction industry that met on four

occasions during the project, during the months of December 2009 and February, May and July
of 2010.

5.7 THE RESEARCH METHODS

5.7.1 Introduction

It has already been highlighted that to gather the diverse range and types of datathat was needed
to address the project’ s aims and objectives, it would be necessary to utilise anumber of research
methods. These research methods will now be explained in further depth.



5.7.2

5.7.3

Literature Review

The aim of the literature review was to inform professiona and public understanding of the
immediate and underlying causes of catastrophic events, the effectiveness of current control
measures and the need, if any, for further action to improve the management of risks and their
potentia for causing catastrophic events, including taking additional proportional mitigation
measures. This consisted of an iterative process that was conducted between October 2009 and
June 2010. The review provided the contextual and theoretical underpinnings to the project and
awareness of the ‘ state of the art’” of mgjor hazards and catastrophic eventsin construction. This
review explored awide body of literature, including industry reports, regulatory documents,
media articles and research papers associated with major hazards and catastrophic events in
construction. The literature review was organised into five sections (and is presented in the next
section of this report):

Types of mgjor hazards, accidents and incidents

Risk and causality

People, processes & products

Legidlation

The way forward
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Online Survey

Between January and February 2010 a bespoke on-line survey was accessed by awide range of
representatives from industry. The survey that consisted of structured (largely closed) questions
provided an opportunity for interested parties to air their views, grievances and suggestions
regarding catastrophic events in construction.

The use of online resources as a method of accessing people for survey based research has
increased dramatically as aresult of the access to the internet. Consequently, the internet has
become avaluable resource for accessing large numbers of respondents due to its ability to have
awide reach whilst being extremely cost and time effective. The internet has facilitated the
gathering of robust samples as well as those which are nationally representative. To this extent,
the project chose to use an online system in order to reach widely dispersed target groups; the
findings of which are presented in Section 7 of this report.

A valuable reason for using online is that the anonymity the respondent feels allows for the
generation of more ‘truthful’ responses (Saunders et al., 1997). Respondents are free to answer
the questions without the immediate influence of an interviewer or observer. They are aso not
restricted by time constraints as the respondent can take their time navigating through an online
survey. This positive aspect may be especially useful when surveying topics of a particularly
sensitive nature. Secondly, another advantage of self completion interviewsis that the questions
are aways standardised, i.e. each respondent is presented with exactly the same question asked in
the same format. Online surveys a so reduce any interviewer bias arising through the use of more
than one interviewer on aresearch project.

A full-featured survey software system allowed for the efficient creation of a custom survey
which invited construction professionals to participate, and the administration team to analyze
the results. Participant responses were received and interrogated progressively, giving an instant
insight to further contact details from individuals and an aggregation of the survey results.
Utilising this critical feedback and data allowed for delivery of more targeted, segmented
communications and activity within the study. Advantages of the system utilised in this study
were:



5.7.4

5.7.5

5.7.6

8 Diverse Question Styles— Allowed respondents to choose from a variety of question
types, including multiple choice, short answer, long answer, range, true/fa se, yes/no,
and open-ended responses

8  Flexible Survey Format — Enabled each question to be presented on its own page, or

grouped together for strategic impact

8§ Complete Customisation — Allowed the administrators to tailor the look and feel of the
survey

§ Detailed Reporting — Allowed administrators to view multiple reports on the survey
respondent’s individual or multiple answers.

Consultation events

Two Construction Productivity Network (CPN) events were organised by CIRIA in January 2010
(onein London and one in Manchester) and an additiona consultation event was ran in London
in April. These events were designed to elicit the views of industrial stakeholders and to assist in
the focus of the research. Members of the research team from CIRIA and Loughborough
University were present at each event which involved atotal of 73 participants:

8§ London CPN event - 28 participants plus five speakers
§ Manchester CPN event - 25 participants plus five speakers

8 London voting wor kshop - 20 participants plus representatives from Constructing
Excellence

Industry Consultation

This consisted of meetings with individual industrial contacts to obtain detailed, and confidential,
information about individua and institutiona experiences of mgor hazards and catastrophic
events in construction. A wide range of individua s were consulted throughout the research
including members of the Project Steering Group — see section 9 for further detalils.

This consultation consisted of nearly a hundred individual interviews, discussions and
conversations conducted by the research team between October 2009 and April 2010.

Case Study I nvestigation

Detailed information about 62 incidents on construction projectsin the UK was supplied in
confidence by HSE representatives. This information provided rich context specific information
about the underlying (direct and indirect) causes of incidents that did result (or could have
resulted) in a catastrophic event on a construction project.

A case study method was considered an ideal approach when it became clear that a holistic and
in-depth investigation into catastrophic events wasrequired. Theindividual cases were selected
largely based upon the required levels of details that were required to undertake the necessary
analysis. The case study research took a multi-perspective agpproach which meant that the
research considered not just the perspective of individuals, but aso of the relevant groups and the
interaction between them. This aspect is a salient point in the characteristic that the research
possessed. This gave the research arange of applications for the case study models:



S.7.7

To describe the incident/event itsel f

To describe the context in which the incident/event occurred;
To explain complex causative factors

To explain control failures contributing to incidents/events
To describe individual actions contributing to events; and

To describe interactions between people and groups involved
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Data were collected from severa sources including: HSE Reports, independent accident reviews,
first hand individual accounts of incidents, accounts from HSE investigations; and media
accounts from industry publications. The information was detailed using a case study research
instrument, which used a series of 67 structured questions to examine each case study in detail
(Appendix 8.1). The questioning process assessed the general project details, the hazard event
and underlying causes, technical issues and the effectiveness of regulation and control. A series
of open ended questions were also used to capture any unique features of the incident.

Case studies were selected to represent awide range of construction projects. Of aninitial
outline of 120 incidents, enquiries were made for 87 cases, of which meaningful scrutiny was
given to 62 cases that possessed sufficient levels of detail to be considered as case studies. These
case studies were then grouped into five broad practice areas for further anaysis (Collapse of
permanent structures, Collapse of temporary works, Cranes, Fire and Sub-terrain activities).

Resear ch I nstrument for case studies

A research instrument was developed which formed atemplate for gathering al case study data
(quantitative as well as qualitative). Following the gathering of specific project information
researchers were encouraged to provide specific accounts of the event itself according to five
principal questions:

What happened?

Why was this (actually or nearly) a catastrophic event?

Are the technical reasons for the problems experienced known?

Are the key underlying reasons for the problems experienced known?
What were the sources of information?
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Knowledge of the case study from these principle questions were further developed using 67
interrogation questions (Appendix C) which were assessed by ateam of researchers usng
influence criteriaof “High”, “Medium”, “Low” or “Zero”. In thefirst instance this datawas
assessed quantitatively using numeric ‘ scores'; these were then augmented with the addition of
descriptive (qualitative) observations for each question through a“comments’ and summary
statement.

The research instrument helped the research team to focus the investigations on exploring both
the actual facts from the reports and the perceptions of investigators. The comments section
(which contained the issues and topics) formed the basis for the qualitative coding structure
required for the data anaysis and identification of emergent themes. The template proved
invaluable in gathering arange of in-depth datain an efficient and effective manner.
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5.7.8

5.7.9

5.8

Content analysis

The content analysis of the case studies involved using a set of procedures to make valid
inferences from the multiple sources of information. The procedures involved the grouping of
words or information deemed to have similar connotations (e.g. grouping together of similar
entries implying a concern for CDM regulations). The essence of thiswas to reduce and re-
classify the vast amounts of textual material into more relevant and manageable categories. Two
approaches were used for the grouping of data namely “apriori” and “emergent”; with a priori
the categories were established prior to the analysis based upon suggestions from the steering
group members, literature review and other sources of information during the development of the
research instrument. In comparison emergent categories were established as they emerged from
thedata. This systematic process dealt with the objective description of facts (i.e. from reports)
but also included the subjective interpretations of |atent content of the events described. The
process thus required understanding and co-operation between the researcher and the
consultation participants. As the research dealt with often separately constructed data from both
historical fact to perceptua judgment both coding processes were used.

To make valid inferences it was important that the classification or grouping procedure was
reliable in the sense of being consistent and the extent to which it measured or represented the
issue of concern it was meant to represent. As such the content analysis procedure involved four
basic criteriafor judging the soundness of the information:

Dependability - whether or not causative issues were observed more than once;

Credibility - establishing that the results were believable from the perspective of the researcher
and consultation participants,

Transferability - the degree to which the information could be transferred to other case studies,
contexts or settings; and

Confirmability - the degree to which the results could be confirmed or corroborated by others
(researcher or consultation participants).

Triangulation

The project adopted a‘triangulated’ research strategy, which occurs when research uses multiple
sources of datathat is collected using avariety of methods. Two specific methods used were:
‘Data source triangulation’, when the researcher |ooks for the data using different sources of
information; and ‘ Methodological triangulation’, when one research method is supported by
another, to increase confidence in the validity of the data as well as the rigour of the data
interpretation. Importantly for the scope of this project, triangulation is an approach that allows
for amulti-perspective approach to the investigation of questions and is aso agood foundation
for the multi-disciplinary ‘team’ approach that was adopted on this project.

SUMMARY

This section of the report has highlighted that it was necessary to gather adiverse range, and
types, of datato address the project’s aims and objectives. Consequently, it was necessary to
utilise anumber of research methods and adopt a triangul ated research strategy to ensure that the
datawas valid and reliable and that the ensuing data analysis was rigorous. The specific findings
from these components of the research are presenting in Sections 6-8 of this report and
summarised in the discussion provided in Part 1.
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6. Literature Review

6.1 INTRODUCTION

This review explores awide body of literature, including industry reports, regulatory documents,
mediaarticles and research papers surrounding the broad topic of Major Hazards in Congtruction.
The aim of thisreview isto inform professional and public understanding of the immediate and
underlying causes, the effectiveness of current control measures and the need, if any, for further
action to improve the management of risks and their potential impacts. Achieving asustained
improvement in safety in the industry requires a concerted effort by all stakeholders, directed at
all levelsin the influence hierarchy.

Thisreview isorganised into six sections:
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Types of mgor hazards, accidents and incidents
Framework regulations

Lessons from other hazardous industries

Risk and causality

People, processes and products

Complexity, communication and interfaces
Summary

6.1.1 Key pointsfrom theliterature

§

§
§

Focus has been directed at easily promotable risk and hazard reducing goals (for example
‘zero accidents’), rather than the processes and methods needed to achieve them.

Despite attempts to learn lessons over the years, mgjor accidents continue to be athreat.
Complex chains of events (including organisational policies and decisions, individua
behaviours and mechanica or technological failures) often combine to result in major
hazard events or catastrophes.

The major consequences and impacts of mgjor hazards and catastrophes could be:
multiple deaths and serious injuries to site personnel and the general public; the serious
disruption of infrastructure and key services, damage or even destruction of organisations
commercialy; and politica implications — public enquiries, demands for new legislation.
A framework needs to be developed for consolidating and simultaneously considering
these different types of maor hazard consequences and their impacts.

The literature identified failures based on fundamental systemic failure, ie failures within
systems of organisation, communications and procurement.

Greater emphasis should be placed on the concept of ‘ people, process and products' in
particular when devel oping the competence of the industry’s people in relation to risk and
major hazards.

Thereis aneed for further research and for advancing the use of confidential reporting
mechanisms

6.2 MAJORHAZARDS, ACCIDENTSAND INCIDENTS

On all projects, the management function should conduct arigorous risk analysis for the project.
It will then use this information to develop a comprehensive risk management plan and generate a
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range of cost estimates to communicate the uncertainty in the project to the internal and external
potentias of hazards. A “hazard” isacondition or event with the potential to cause harm.
“Rik” (R) isthe probability (P) that harm from a particular hazard will occur combined with the
likely severity (S) of the harm; or, in simple terms, R = Sx P (ACE 2006).

An accident may be defined as any unplanned event that results in injury or ill health of people,
or damage or loss to property, plant, materias or the environment (HSE 1983). However the
International Association of Oil and Gas Producers (OGP) (OGP 1999) prefers the advanced use
of the term “Incident”, which is defined as “an event or chain of events which has caused injury,
illness and/or damage (10ss) to assets, the environment or third parties’. Catastrophic events are
incidents are the issues, or result of an identified or apparent hazard with large scale implications.
In this review the terms event (major hazard event) and incidents are used intermittently asit is
felt that these reflect in greater detail the nature of occurrences that are under review.

What isamajor hazard?

An important consideration of risks arising from major hazards and catastrophesis the analysis of
the probability of an event occurring. Thisis particularly true when addressing risks from events
which occur infrequently (low probability) but have a severe and significant impact when they do
occur (high conseguence), such asacommercia airline crash, nuclear accidents, toxic chemical
spillage, earthquakes or hurricanes. Such events have afar higher perceived impact (on the
affected working groups, the general public as well as the commercial and physical infrastructure
- built environment and business) than events which occur more frequently, but with less severity
per event, such asaindividual trip, fall or asingle car crash. The main characterisation of Major
Hazards (for the purposes of thisreview) is that the associated risk is of “low probability: high
consequence” which may be measured by way of one or more of the following impact features
(risk profiles):

A. Potentia for multiple deaths and serious injuries affecting workers and members of the
public (MOPs) on and/or offsite in asingle incident

B. Seriousdisruption of infrastructure and services

C. Potential to damage or even destroy organisations commercially; and

D. Political implications — public enquiries, demands for new legislation

The assessment of an event by ‘low probability: high consequence’ plays an important role is
assessing therisk of a catastrophe. However, in mitigating for magjor events and catastrophes the
risk profiles (A — D) can prove problematic as it can be difficult to identify which characteristicis
most prevalent in an individual case.

Where the risk profile is placed in a hierarchy of consequence will depend on the perspective and
discipline of decision makers (i.e. accountant may consider organisational commerciality as most
important). The requirements of health and safety to address the risk to people (A), the built
environmental (B), commercia enterprise (C), and or public or political profiles require uniquely
separate interventions which may not always be in harmony. For example, measures necessary to
safeguard personnel in emergencies may have adverse environmental effects, and vice versa.
However, joint and consolidated consideration of health and safety, built environmental,
commercial and political matters provides a framework within which such issues can be resol ved,
and so an appropriate balance might be struck (Bell and Healey, 2006). Va ue judgments across
types of impacts will often have to be made. From apolicy perspective, severe economic
disruptions such as temporary business closures cannot be seen as ‘equivaent’, for example, to
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severe safety impacts such as deaths. As such frameworks for addressing different types of
consequences and their impacts are required.

Top Events

A concept to congder isthe notion of a“ Top Event”. Top Event isaterm used largely within
nuclear and petro-chemical industries and is acomponent part of a Fault Tree Analysis (FTA)
process which falls under the wider body of theories contributing to systems thinking. The
United States’ Nuclear Regulatory Commission produced a“Fault Tree Handbook” (Vesely et al.
1981) which was developed to serve astext for courses on Systems Safety and Reliability, and to
make available otherwise undocumented material on fault tree construction and evaluation for
nuclear industries. It was recommended that a fault /top event tree methodology should be more
widely used to assess the potential for mgor hazards and catastrophic events during the early
development stages of nuclear systems.

A fault tree analysis can be simply described as an analytical technique where a systems critica
safety failure is specified and the system is then anaysed in the context of its environment and
operation to find all credible waysin which the failure can occur. The fault treeitself isa
graphical model of various parallel and sequential combinations of faults that may (or may not)
contribute to the predefined event. These faults could be innate product failures, human errors,
and faults with systems for implementation or any pertinent events which may lead to the failure.
The graphical model (or tree) thus depicts the logical interrelationships of the immediate
events/incidents and underlying factors/incidents/events that lead to the ultimate failure at the top
of the tree—the “Top Event” (Vesely et al. 1981).

However it is pointed out that afault tree israrely amodel for mapping all possible system
failures or possible cause for system failures (Vesely et al. 1981). Each fault tree is generally
tailored to the particul ar top event which corresponds to a particular aspect of a system failure;
therefore each fault tree may only include the faults that contribute to that event, and are not
exhaustive of all potentia top event scenarios (and the immediate or underlying events that might
be credible to that particular failure).

Complexity surrounds the process modelling required for predicting top events (mgjor hazards
and catastrophes). Thisis further complicated by the often subjective nature of data available to
conduct the analysis for particular disciplines. However, the complexity of the processis not
overwhelming and the benefits of the outcome can be extremely valuable. There are many
methods and tools available for quantitatively combining and assessing risks. However the
selection of amethod may involve atrade-off between top events and risk profiles based on the
sophistication of the analysis method and the ease of use. In the wider anaysis, adherence to
sound risk analysis techniques will lead to more informed decision making and amore
transparent all ocation of project risk. Whether it is relevant to Construction however requires
further consideration.

Types of accidents and incidents

Due to the nature of work conducted on construction projects severa major hazards and risk
potentials exist during the active phases of construction. Typically, larger, more complex
projects are likely to have more major hazards to be managed. However, smaller projects are not
exempt.
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Over the course of history major incidents, including ‘ near misses", occur which result (or could
result) in multiple fatalities, serious disruption of infrastructure, public services and with the
potential to damage or even destroy organisations commercially. Although the immediate
physical risk isto workers in close proximity to the event, there is often ahigh risk to the general
public. Examplesinclude the collapse of buildings, tunnels and scaffolds during construction and
failure of major plant such as cranes and piling rigs. The identified events featured in thisreview
are:
Collapse of Permanent Structures
Collapse of Temporary Works
0 Static—eg Facades, propping, formwork
o Dynamic — eg tower cranes, mobile cranes, large mobile plant
Major Fires
Collapse of Tunnelling
Major Disturbance of Underground Services

As aluded to earlier, some sectors of the industry call such mgjor incidents ‘ Top Events'. While
the key scope of investigation on such incidents is often the ‘most severe impact, thereis always
the existence of relatively minor but cascading incidents (or decisions) that can lead to the major
incident. In this respect, key features of safety and the related concepts of risk and hazard need to
be defined and explored, as follows.

6.2.4 Collapse of permanent structures

A structureis safe if it will not fail under foreseeable demands and if it isunlikely to fail under
extraordinary demands or circumstances (EIms 1999). A number of reports and research provide
commentary on collgpse of permanent structures including: Dam’s (M uhunthan and Pillal 2008);
Bridges (Burgoyne and Scantlebury 2008; Collings 2008); Buildings (Barber 1963; Griffiths
1968; Barber 1971).

Collings (2008) reviewed the histories of large bridges that failed or required repair due to a
weakness in design either during construction or shortly after being brought into service. The
identified failures played a significant role in developing the civil engineering profession’s
knowledge of structural action and materials behaviour. The failures have helped to define the
known limits of the design rules used and have spurred research into particular fields.

However Collings (2008) a so states that there are still issues to be addressed by the profession,
particularly in the dissemination of the vast amounts of information available to an increasingly
speciadised group of designers. Ongoing work hopesto capitalise on historical knowledge applied
in the context of construction catastrophes.

The Standing Committee on Structural Safety (SCOSS) was formed 30 years ago and is primarily
charged with giving warnings to relevant bodies where unacceptable risk is believed to exist.
They identify trends and practicesin the field of structural engineering and have considered 200
topics which have led to authoritative guidance or a change in design requirements. However,
continuing structural failuresindicate that civil and structural engineers need to remain vigilant
and continue to manage risk carefully (Carpenter 2007).

! “Near miss' should in the context of this report perhaps be ‘ near hit’ or ‘near accident’ .
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A more formal system to obtain additiona data on trendsin failures (and potentia failures)
CROSS (Confidentia Reporting on Structural Safety) was launched in 2005. In asimilar vein to
SCOSS, CROSS aims to improve structural safety and reduce failures by using confidential
reports to highlight lessons that have been learnt, to generate feedback and to influence change
(Soane 2007). With asimilar view of training, education and the sharing information Soane
(2007) suggests that the lessons highlighted by CROSS should be widely disseminated
throughout the industry to enhance shared understanding on risk and hazards.

Collapse of Temporary Works: Static

Temporary works include any temporary structure or provision required to facilitate the
construction of the permanent works. Typically items of plant and equipment used in the
construction process are not included as temporary works, but the support of such items would
be. For example whilst apiling rig is not temporary works the temporary working platformis.
Temporary works will include, but are not limited to formwork, fa sework, scaffolding,
temporary platforms and structures.

Any failure of temporary works may lead to the collapse of the permanent structure or item of
plant that is being supported. This could cause injury or death to those working on or near to it, as
well as loss of time and money. Scaffolding and temporary works must be capable of being
constructed without the need for major intervention into the existing building fabric. This must be
borne in mind by designers and erectors of scaffolding and temporary works (HSE, 2003). Much
of the literature has concentrated on fal sework and scaffol ding.

Falsewor k and Scaffolding

Falsework is used to support a permanent structure or item of plant/equipment whileit is not self-
supporting, either in new construction or refurbishment.

Historically there have been many studies of temporary structure failures: Feld (1968) pioneered
the observation of falsework and formwork collapses; Elliott investigated several cases of
falsework bridge failure (1973); predominantly in North America. Allen (1979) and Fraczec
(1979) investigated errors in concrete structures; and Houser (1979) performed an extensive
observation of European failures by collecting 800 cases from insurance files, many of which
dealt with construction-related failures. Inthe genera anaysis, the causes of many of these past
failures of falsework were foreseeable and could have been prevented by proper consideration
when planning, erecting, loading or dismantling the falsework. Investigations into falsework
collapses have identified alack of co-ordination between the various trades and suppliers of
falsework as amajor cause (HSE 2003). Failures often occur on fairly simple structures erected
by smaller falsework contractors, who may not employ design staff. The law requires falsework
to be erected and dismantled only under the supervision of a competent person; and as early as
possible, a person should be appointed for each site as a temporary works co-ordinator, with
responsibility for co-ordinating the various items and stages of use of the temporary works (HSE,
2003 and BS 5975:2008)

As a consequence of growing concern over an area of work not well regulated at the time, the
Bragg Report was commissioned with awide remit to investigate the use of falsework. Bragg
made a number of pointed recommendations:
1 Toprovide a‘full written brief’ to be implemented in conjunction with the design
procedure outlined in the Report
2 For the design to be checked, approved and countersigned by a competent supervisor
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3 That the permanent works designer should have the opportunity to comment on fal sework
proposals

4 Tonominate asingle individua (with appropriate responsibility and authority) to act as
Temporary Works Co-ordinator (TWC)

5 For suppliersto provide relevant test data to justify loads used.

Although some are now incorporated into industria practice, others remain aconcern and
accidents which may be regarded as “foreseeabl€’ are not being prevented by proper
consideration when planning, erecting, loading or dismantling the fal sework.

According to the HSE (2003) the causes of many past failures were foreseeable and could have
been prevented by proper consideration when planning, erecting, loading or dismantling the
falsework. Investigations into falsework collgpses have identified alack of co-ordination between
the various trades and suppliers of falsework as amgor cause. Failures often occur on fairly
simple structures erected by smaller falsework contractors, who may not employ design staff
(HSE 2003).

'Independent tied' scaffolds will normally be provided for painting, pointing or other maintenance
work. They consist of two rows of standards (the vertical supports) connected by ledgers and
transoms (the horizontal elements). 'Independent’ scaffolds are not quite what their name
suggests. They are termed 'independent’ because they derive no vertical support from the building
and 'tied' because they must be tied to the building for horizontal stability. Because of the need to
avoid damage, tying scaffolding to the facade of historic buildings can sometimes present
difficult problems. Sometimes, if the building isfragile, it will not be cgpable of providing the
horizontal restraint that the scaffolding needs and this must be achieved in other ways, such as by
providing externa scaffold buttresses or by tying the external scaffold to an internal ‘birdcage’
framework scaffold (Hume 1997).

Collapse of Temporary Works: Dynamic

Construction projects are highly mechanised and the working environment is dominated by
material handling and lifting equipment (Shapiraet al. 2007); and because of their high
adaptability and productivity, cranes are the most common form of lifting equipment seen on UK
construction sites (Hannaand Lotfallah 1999). However, occupational fatalities and injuries
caused by the operation of cranes pose a serious public problem.

Eight people in the UK have been killed in incidents involving tower cranes since 2000 (HSE
2009). The Lifting Operations and Lifting Equipment Regulations 1998 sets out the legal
requirements. In February 2010, new laws to improve the safety of tower cranes on construction
siteswere laid before the UK Parliament. The regulations include a statutory registration scheme
for tower cranes. Developed by the HSE, the measures are in response to increasing concerns
about crane safety.

Following an investigation on three construction sites Sertyesilisik et al. (2010) conducted case
studies and interviews with generd site staff, managerial staff, and appointed personsinto lifting
operations on construction sites. They explored the different options, their effectiveness, and the
relative effect on safety of processes, factors and levels of worker competence required when
operating equipment. The findings revealed six main points to improve safety in lifting
operations: through planning; training; equipment selection, use and ingpection; feedback /
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communication; use of the appointed person’ s role; and development of safety databases.
Thorough the effective planning of lifting operations the authors identified that positive effects on
safety could be achieved; they concluded that there were needs for tighter accreditation of all
qualificationsin the lifting operations field (Sertyesilisik et al. 2010).

Guidance was subsequently prepared under the aegis of the Strategic Forum and this, together
with other industry guidance accessible through the HSE website, is considered as industry best
practice; thisincludes advice that companies should avoid authoritarian working culture to
facilitate efficient feedback to improve safety; that the appointed person should have a site based
role; and that site inspections and maintenance should be monitored on a national database form.

Major Fire

Although much has been written about in-use fires, little has been found about fires during
construction.

The UK Timber Frame Association has published brief guidance (UKTFA, 2007). The guidance
concentrates on measures to prevent fires, detect fires, control fires and escape from fires.

Collapse of Tunnelling and M ajor Disturbance of Underground Services

The design and construction of underground structures create unique challenges. Ground related
problems and conditions can often adversely affect costs, completion time, profitability, and
health and safety issues on a project of any scale. These risks can affect all those involved in
construction - including the client, designer and the constructor. Guidelines, titled * Managing
Geotechnica Risk’, produced by Clayton in association with the Department of Environment,
Transport and the Regions, provide best practice guidance on the management of geotechnical
risk by all parties concerned, and aso explain why such risks occur (Clayton 2001). These
guidelines suggest that once the design begins to be formulated and investigation is proceeding it
is possible to develop geotechnical risk registers (Clayton 2001).

Powderham and McDonad (2008) present examples of two case histories from major
transportation projects to illustrate this theme. Both examples featured substantial challengesin
underground construction and show how safety was a key driver for innovation. One example
was the Heathrow Express (HEX) which was set to provide anew maor rail link between Central
London and Heathrow. It involved substantial underground construction in the Central Terminal
Area (CTA) of the airport. In October 1994 the project suffered a major setback when the CTA
station tunnels, some 30m below the surface, collapsed (HSE 2000 and Carpenter et ., 2008).
Thiswasa‘NATM’ (New Austrian Tunnelling Method) and although there were no injuries,
many people were put at risk and the consequential cost was significant. The HSE report (HSE
2000) cites the direct cause of the tunnel collgpses as achain of eventsinvolving:

» Substandard construction in theinitial length of the CT A concourse tunnel

» Grout jacking that damaged the same length of the CTA tunnd plus inadequately
executed repairs

» Construction of aparallel tunnel in failing ground

» Major structural failure and progressive failure in the adjacent ground along with further
badly executed repairs
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Although these immediate causes were identified, there were particul ar underlying causes more
related to overall management functions such as decisions and actions surrounding procurement
and site control which impacted on risk management. The event was identified as having all the
halmarks of an ‘organisational accident’ (HSE 2000). In particular hazards were not identified
by all the parties and risks were not controlled (HSE 2000). There were also significant technical
shortfdlsincluding decisions on tunnel construction without correlation with available dataon
the settlement of the ground surface above the tunnel. A number of the lessons arising from this
collgpse can be applied to engineering projects generally.

6.3 FRAMEWORK REGULATIONS

While the issues detailed in 6.2 are cause for concern, there is a broad system of Framework
Regulations which create duties for employers, employees and the self employed to ensure, so far
asisreasonably practicable (see SFARP in Glossary) that workplaces are safe, which should
include consideration of potential catastrophic events. The amisto improve heath and safety
management and to make more explicit what is required from employers. Existing health and
safety regulations are a continuum of alarger legal framework of law. Acts and regulations which
currently remain prominent are:

Health and Safety at Work etc Act 1974 (HSW Act)

Construction (Design and Management) Regulations 2007

Management of Health and Safety at Work Regulations 1999 (MHSWR)

Lifting Operations and Lifting Equipment Regulations 1998 (LOLER)

Provision and Use of Work Equipment Regulations 1998 (PUWER)

The Reporting of Injuries, Diseases and Dangerous Occurrences Regulations 1995
(RIDDOR),

Since the introduction of legislation in the early 1990s, a more systematic and better-organised
approach to safety was encouraged. The Construction (Design and Management) Regul ations
1994 (CDM) came into effect on the 31st March 1995, implementing EC Council Directive
92/57/EEC" which relates to the provision of minimum health and safety requirements at
temporary or mobile construction sites. The regulations have been superseded by the
Construction (Design and Management) Regulations 2007. The fundamental principles on which
the CDM Regulations are based are:

§ Competence

§ Communication

§ Coordination and Cooperation
The CDM Regulations bring health and safety management, on an obligatory basis, into the
planning and design of construction work. In principle the contractor should no longer be left
with the sole responsibility of health and safety.
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! In the European context, the 2004 Bilbao Declaration resulted in the formation of the European Construction Safety Forum that
was facilitated in its work by the European Agency for Safety & Health at Work. The European Federation of Engineering
Consultancy Associations (EFCA) and the Association for Consultancy and Engineering (ACE) published has published the useful
“Designing for Safety in Construction” as an outcome of its work with the European Construction Safety Forum.

56



6.4

LESSONSFROM OTHER HAZARDOUSINDUSTRIES

In terms of Major Hazards, cues may be taken from the oil and gas industries where the
consideration of mgor incidents and catastrophes are paramount to operations. The HSE
commissioned the Health and Safety Laboratory (HSL) to carry out areview of the existing
literature on the causes of mgjor hazard incidents and the relevant control measures and
behaviours that can prevent incidents occurring. The industries covered by this programme
included: nuclear industries, offshore oil and gas industries, and onshore industries including
chemical industries, mines, biological agents, explosives and gas supply/pipelines, The
subsequent research (Bell and Healey 2006) was an important step in indentifying the risks
associated with major hazards as opposed to generd risk and contributed to the mgor hazard
agenda by taking stock of the existing evidence base, identifying gaps in magjor hazard analysis
and suggesting how these gaps might be addressed by further research.

The review by Bell and Healey (2006) detailed fourteen major accident case studies dated from
1966 to 2003, including: Aberfan (1966); Flixborough (1974); Three Mile Island (1979); Bhopal
(1984); Chernobyl (1986); and the Challenger (1986) and Columbia (2003) Space Shuttle
Disasters. The review surmised that in most cases, the combination of management decisions,
specific events and circumstances on the day of the incidents were extremely complex; and
numerous factors contributed to the incidents (Bell and Healey 2006). Some of the main causes of
the major incidents focused on the contribution of human and organisational factors as underlying
causes and that despite attempts to learn lessons over the years, mg or accidents continue to be a
threat. After reviewing arange of previous catastrophic events Kletz (1996) observed that it is
also important to recognise that new problems can arise out of the solutions to old problems.

By mapping the causes of the incidents by the varied industry sectors Bell and Healey (2006)
identified that there were consistencies in the dominant failings, and this was true not only for the
major hazard industries. The information collated from the case studies and research papers
showed that in the majority of major incidents, complex chains of events combined to result in
the incident. These included organisational policies and decisions, individua behaviours and
mechanical or technological failures. While there were wide and varied individual behaviours
that resulted in the immediate cause of an incident they al related to wider underlying
organisationa factors symptomatic of poor safety culture in the respective industries. It was
identified that in all sectors severd individuals, organisations, professions and disciplines were
involved and that poor safety culture (and failings at wider organisational levels) may have been
due to pervasive differences between organisationa groups (operators, engineers and directors)
that hinder effective learning and communication.

By contrast Weame (2008) utilised a case study methodology to report on 18 cases of engineering
failures across severd industries to demonstrate lessons that may be common. Causes of the
failures ranged from faultsin prioritising responsibilities, procedures, use of expertise and lack of
thought about unusual operations, to lack of inspection, checking and attention to warning signs.
Each of these causes of failure was seen in more than one case, but none was considered
dominant.

The investigation highlighted: faults in design decisions and assumptionsin seven cases; faultsin
the operation and maintenance of assetsin afurther seven cases; and fault in manufacturing and
construction in four cases. While the distribution of faults was not statistically significant, it
served to highlight that engineering failures were not necessarily design faults; and occurred at
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any stage during the project life-cycle, from initia project specification, asset operation,
mai ntenance, or rebuilding for achange of use.

The reported causes of the failures identified in Weame (2008) indicated that none of the
incidents were caused by “hitherto unknown physical phenomena’ but were the result of failures
to use available information for:

prioritising

responsibilities

procedures

expertise

attention to unusua operations

lack of inspection

lack of checking

lack of attention to warning signs.
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These failures identified as “institutional risks’ were primarily due to failures within systems of
organisation, communications and procurement.

RISK AND CAUSALITY

Risk is an estimate of the probability of loss from arange of hazardous opportunities.. Itiseasier
to identify hazards than to evauate associated risk and in risk assessment; professional judgement
is by far the most important component. Various methods of assessment can be used to provide
indications as an aid to professional judgement, but these methods cannot be considered asa
substitute for it. Of course, professional judgement can be wrong on occasion.

In recent years, site health and safety management has gained in importance (Boyd 2009;
Rawlinson and Farrell 2010). Following the implementation of the revised Construction Design
and Management (CDM) regulations in 2007, client focus has turned to site health and safety as a
factor when awarding work (Klein 2008). Corporate Social Responsbility (CSR) has to varying
extents encouraged growth in, and raised the profile of, site health and safety management further
within the construction industry as awhole (Boyd 2009). Notwithstanding the basic desire to
protect their workforce, the construction industry has devoted considerable effort to improve
health and safety performance (HSE 2009).

Project risk management (PRM) can provide a decisive competitive advantage to building
sponsors. For those sponsors who address risks consciously, anticipate adverse changes, protect
themselves from unexpected events and gain expertise to price risk, gain aleading edge (Barkley,
2004). However, the redlisation of this commercial advantage on design-intensive multi-
disciplinary capital projects hinges to alarge extent on the approach to the initia identification of
hazards. The very way the identification processis conducted will have adirect influence on the
contribution that risk analysis and management makes to the overall project management of
construction projects. However, safety planning in construction project management is often
separated from other planning functions, such as scheduling. This separation creates difficulties
for the analysis of what, when, why and where safety measures are needed for preventing
accidents (Chantawit et a. 2005).

A list of risk control measures has been developed applicable to all places of employment (The
Commission on Risk Assessment and Risk Management 1997; HSE 2006; ACE 2006), namely:
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a) Theavoidance of risk.

b) The evauation of unavoidable risks.

c) Thecombating of risks at source.

d) The adaptation of work to the individual, especidly as regards the design of places of
work, the choice of work equipment and the choice of systems of work, with aview, in
particular, to aleviating monotonous work and work at a predetermined work rate and to
reducing their effect on health.

e) The adaptation of the place of work to technical progress.

f) The replacement of dangerous articles, substances or systems of work by non-dangerous
or less dangerous articles, substances or systems of work.

g) Thedevelopment of an adequate prevention policy in relation to safety, heath and welfare
at work, which takes account of technology, organisation of work, working conditions,
social factors and the influence of factors related to the working environment.

h) The giving to collective protective measures priority over individual protective measures.

i) Thegiving of appropriate training and instructions to employees.

These general principles of prevention are probably less problematically applied within the
manufacturing industries where there is, generaly, a constant, stable workplace. Within
construction, while there may be similarities between projects, every site is unique, every
building/structure is unique and the set of persons involved is unique; furthermore, a construction
siteis constantly changing from day to day (ACE 2006). In many of the construction cases
considered in this review, aclear lack of planning contributed to the catastrophic event. If thisis
to be regarded as true then the mgjority of accidents are not caused by careless workers but by
failuresin control which ultimately is the responsibility of management. However aside from
major events, arecurring theme within the industry is that people are often injured or killed
during very simple, routine work activities (Baxendale and Jones 2000) and outside of
construction related activities (Gibb et a. 2006), although it must be gppreciated that events are
rarely the result of isolated incidents or faults but a culmination of small, medium of large failures
of people (worker or manager), machinery or systems.

The ERIC acronym (Eliminate, Reduce, Inform, and Control) represents a generic set of
principles applicable in the construction industry (CITB, 2007) — see also Glossary.

To agreater or lesser extent, many contractors have readily adopted health and safety issues as a
high priority. The industry in Great Britain has been instrumental in moving towards the creation
of afully competent health and safety scheme through the Construction Skills Certification
Scheme (CSCS) and the CSCS card as a minimum requirement for entry to work (CSCS 2009).
However this does not necessarily correlate to a competent risk and hazard aware workforce
(Spanswick 2007; Donaghy 2009). Thisindustry direction correlates with current government
approaches, and the creation of bespoke safety management programmes by industry innovators.
However, it has been suggested that this is largely to do with the influence of corporate socid
responsibility placed on organisations, in which case the industry is accused of focusing on the
promotable rather than the practical solutions towards hazard and risk, and bureaucracy has
overtaken practicality in the direction of heath and safety management on construction sites
(Chantanawit 2005).

In order to further investigate current industry innovation and direction in site heath and safety
management, Rawlinson and Farrell (2010) conducted an examination of contractors
promotional material. This provided a measure of the extent to which industry has currently
homogenised with contemporary government and academic approaches, or indeed has appeared
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motivated by health and safety factors. In the analysis Rawlinson and Farrell (2010) suggested
that industry focus may have shifted from how to achieve the goals towards setting the goals
themselves; contemporary direction has arguably become focused on the packaging and
presentation of construction site health and safety management, rather than the fundamental
methods and processes of implementation. It is also suggested that innovation and developments
in construction site health and safety management may become diluted during the implementation
of corporate socia responsibility (Rawlinson and Farrell 2010).

The balance of operational risk against cost

Operational Risk Management (ORM) is defined as a continual cyclic process which includes
risk assessment, risk decision making, and implementation of risk controls, which resultsin
acceptance, mitigation, or avoidance of risk. ORM is abroad approach to operational risk,
including the risk of loss resulting from inadequate or failed internal processes and systems,
human factors, or from externa events. However, the mitigation of risk must often consider
complex and competing operational, legal, political and economic demands impacting on
decision makers. One key consideration is*“cost”.

The development of a cost conscious culture of companies dedicated to efficiency and
profitability should be the principa quantifiable benefit of the CDM regulations. It was estimated
that on small to medium sized construction sites a reduction in accidents of 33 percent could
bring estimated benefits to the industry of £220 million each year (Joyce 2007).

The causes of accidents

Within the industry there is acommonality of events and causa factors that can contribute
indirectly to an accident (Baxendae and Jones 2000). In a special issue of the * Proceedings of
the institution of Civil Engineers’ Civil Engineering’ journal several leading authors investigated
case studies of engineering failures. The authors point out that with ever-increasing
specidisation in civil engineering projects, communication and understanding at every point are
vital to preserving safety (Mann 2008). Others have suggested that more attention could be paid
to the psychologica aspects of learning from failure (Kletz 2008). An interesting message
relayed isthat just as ‘ problems’ have been rebranded as * challenges', perhaps ‘failure’ should be
replaced with something less emotionally charged. But after ailmost al of the incidents reported,
opportunities for the industry to improve safety are missed (Byfield 2008).

Protecting construction workers and others against risks to health and safety arising from work
activities, requires afirm set of procedures, protocols and criteria for assessing successes and
faillures. The HSE's philosophy for securing the health, safety and welfare of persons at work is
set out in “Reducing Risk Protecting Peopl€’. The document commonly referred to as “ R2P2”
(HSE 2001), sets out the basis and criteria by which the HSE, in complying with its functions,
decides upon the degree and form of regulatory control that it believes should be put in place for
addressing occupationa hazards. It considers the way scientific evidence (or the lack of it) and
uncertainties are taken into account and how the balance is struck between the benefits of
adopting a measure to avoid or control the risks, and its disadvantages. The findings of the R2P2
investigation studies revea acombination of factors for each fatal accident of which the most
frequently cited are:
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a) theincidence of training factors, experience;

b) information and advice deficiencies;

C) risk perception;

d) rescheduling of work without planning;

€) minor / one-off jobs;

f) compliance; and

g) equipment operability, space, personal protective equipment (PPE) issues and tools
not designed to fit the user / task.

Government departments have paid considerable attention to these findings (Donaghy 2009).
However given the speed at which the industry is subject to change (technology, process and
procedure), stakeholders must review practice, change and review in the context of future safety
challenges.

In adetailed study of 100 construction accidents, (Haslam et al. 2003a, 2003b; Gibb et al. 2005,
2006) identified where safety on construction projects is compromised and why. Illustrating the
hierarchy of influences in construction accidents through 13 broad causal factors (see Table 1).
Gibb et al. 2005 also point to failings in education, training and the industry’ s lack of a safety
culture typified by only a superficial appreciation of health and safety considerations from
workers both on and off sites. The authors conclude that stakeholders responsible for the
immediate accident circumstances, shaping factors and originating influences must all work hard
to remove flaws in their safety systems to ensure that accidents are reduced (Haslam et al. 20033,
2003b; Gibb et al. 2005, 2006). It should be noted that the accidents studied were not major
accidents although the research team did attempt to evaluate the likely outcomes if the accident
conditions had been dlightly different, with many of the incidents having the potentia for maor
injuries or fatalities, athough generally not multiple fatalities which are the focus of this research.

Table 1: Results and implications for the industry (Gibb et al. 2005; 2006)

Workers

Problems arising from workers or the work team, especially worker actions or behaviour
and worker capabilities, were judged to have contributed to over two thirds (70%) of the
accidents. These problem points to inadequate supervision, education and training.

Communication

Poor communication within work teams contributed to some accidents, due to the
physical distance between work colleagues or high levels of background noise.

Non —construction
activity

Many accidents occurred when those involved were not actually performing a
construction task (e.g. moving around site).

Workplace factors

Workplace factors, notably poor housekeeping and site layout and space availability
problems, were considered to have contributed in half (49%) of the accident studies.
Standards of housekeeping and workplace layout are low in construction compared to
other industrial sectors.

Poor analysis of
causality factors

Despite poor weather often being cited as one of the reasons for construction’s poor
safety record, there was little evidence in support of this.

Shortcomings with equipment, including personal protective equipment (PPE), were
identified in over half (56%) of the incidents. Poor equipment design and inappropriate

Equipment use of equipment for the task were prominent aspects. Designers, suppliers and
purchasers of equipment appeared to give insufficient attention to the safety of users.
Deficiencies with the suitability and condition of materials, including packaging, featured

Material in more than a quarter (27%) of incidents. The operation of the supply/purchase appeared

to act as a barrier to innovation as far as safety is concerned.

Risk management

Originating influences, especially inadequacies with risk management, were considered to
have been present in almost all (94%) of the accidents. Frequently, no risk assessment
had been undertaken covering the circumstances involved in the accident. Where a risk
assessment had been carried out, it was often found to be superficial and unlikely to have
prevented the accident.

Habitual factors

PPE was relied upon habitually as a substitute for risk elimination or reduction at source.
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It was judged that up to half of the accidents could have been mitigated through a design
Design change and it was found that, despite the CDM regulations, many designers were failing
to address the safety implications of their designs and specifications.

Accident investigation by employers or supervising contractors was frequently superficial

Investigation and of little value to improving safety. HSE investigations seemed to focus on safety
protocols failures in the activity being undertaken, without capturing the upstream influences upon
these.

The influence from clients on safety appeared limited in the construction sectors
predominant in this research (civil engineering, major building, residential). This was,
again, despite the responsibilities on clients imposed by CDM.

Many of the incidents were caused by commonplace hazards and activities that will
Generic safety continue to occur on site whatever design changes might be made. The widespread
risks presence of the many generic safety risks accompanying construction needs to be
tackled before the benefits of design improvements will be realised.

Client safety
consciousness

6.5.3 Hazard causation models

According to many sources (Reason 1997, 2007; Haslam et al. 2003a, 2003b, Gibb et al. 2005,
2006; Carpenter et al. 2008) engineering failures are nearly aways caused by the aggregate effect
of a number of influences that come together at one particular time to cause collgpse, distress or
ultimate failure. The nature of the failure may often be ‘systemic’ i.e. it is not related specificaly
to an event, but isinstead related to the manner in which an organisation, or project, is managed
and organised. If thisis not identified and acted upon there is a chance of the same, or similar
failure, occurring again even if the individual associated with the original fault isreplaced. Such
an organisational failure may lie within the project team structure, within the management of one
or more of the partiesinvolved, or in the manner in which they inter-relate through contractual
arrangements (Carpenter et al. 2008).

Evidence taken from industry reports on practice and experience (T oft and Reynolds 1994;
Lancaster, 1996) and empirical evidence (Vaughan 1996) from research suggests that a number
of approaches to hazard causation exist which may be used to frame the way analysis of hazards
can be undertaken:

8 Hazard Barrier Target M odel - sees hazards as the result of a continuous threat (the
hazard) on atarget. Thistarget is shielded from the hazard by abarrier (which may be one
barrier or several). These barriers need to be maintained. The maintenance of the barrier
has to be secured by a— barrier — management system, also called safety management
system or SMS. Barriers may be imperfect or absent as aresult of technical or human

failure.
§ Barrier model - In many systems not one but severa barriers can be identified that shield
the target from the hazard.

§ Domino model — This simple model sees hazards as achain of eventswhich isinitialised
by some event, just as the tipping of the first domino in arow of dominos make the whole
row fall.

8 Tripod — specifies the nature of the various eventsin three kinds, faults, latent failures
and preconditions. Thisway of distinguishing between different types of eventsis meant
to take away the usua way of designating the cause of the incidents as the last fault or
mistake made, which usually aso puts the blame on the operator

8 Functional resonance — this defines incidents as independent simultaneous events that
may occur randomly.

8 Human error — Human performance to alarge extent depends on preconditions shaped
by the organisation or system in which people work. Failuresto any aspect of
management, organisation or system may lead to human error.
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§ Contributory factors— This may be seen as acompendium of negative factors: choice of
developer and contractor; genera shortage in innovation; relationship between main
contractor and sub-contractor (characterised by price competition); price competition and
subsequent impact on quality and safety; inadequate training in construction and design
and the minor role of post-initial education and lifelong learning.

6.5.4 Reason/ConCA Modelt

In his book, ‘Human Error’, James Reason introduces a model to describe the causes of accidents.
His work concentrates on mgor incidents such as Chernobyl, Challenger and Kings Cross
Underground fire and he argues that most safety systems have a number of layers, or plates. Each
of these plates amsto prevent a potential incident passing through them. However, according to
Reason, due to human error, none of the plates are impervious— they al have holes. These holes
allow the potentia incident to pass through the plate, or that layer of the safety system. In most
cases, the next layer in the system will intercept the potential incident and prevent its occurrence.
However, this next layer also has holes. Reason’ s theory explains that when holesin all the
plates’ line up, the potential incident become areality — the accident actually occurs. This theory
neatly illustrates the role of chance in accident causality. Reason’s approach bringsin the
Possibility of multi-causality, as a number of different holes could line up to alow the

trajectory of accident opportunity. Whilst Reason’s model was based on major incidents, Gibb et
al. (2005) applied the approach to the ConCA accident causality research. Thus the plates become
the immediate circumstances, shaping factors and originating influences.

Figure 1: Reason/ConCA Model

! The acronym ConCA refersto Haslam et al, Causality of Construction Accidents report [Haslam, R.A., Hide, S.A., Gibb,
A.G.F., Gyi, D.E., Atkinson, S., Pavitt, T.C., Duff, R. & Suraji, A. Causal factors in construction accidents, Health and Safety
Executive, HSE Report, RR 156, September 2003, 222 pp, ISBN 07176 2749 7, www.hse.gov.uk/research/rrpdf/rr156.pdf ]
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6.6.1

PEOPLE, PROCESSES & PRODUCTS

Although construction is one of the most labour-intens ve industries, people management issues
are given inadequate attention (Dainty et al. 2003). Human Resource Management (HRM)
arguably has akey role to play — as many problems and operational issues arise on projects due to
the management of people (Dainty et al. 2003).

However, while people issues may be key, it isimportant that they are considered in relation to
other issues, such as those related to the processes and products that people design and utilise.
What is often needed for successful projectsis afirm grasp of CDM principles where arobust
design is complemented by the designer’ s appreciation for materia's, structura detail,
construction practice and operation and with responsible people in charge (CROSS 2008). This
illustrates very well the ‘ People, Process and Products’ or ‘3Ps approach (See Glossary) that is
promulgated by SCOSS (SCOSS 2007, 2008) to illustrate the wide causes of failure. Table 2
gives one such model.

Table 2: People, process and products - Three P’s

People Those involved exhibiting a lack of structural engineering competence such that the safety
critical implications of the work were not recognised.
Process Lack of attention given to the procurement of the work and in particular to ensure that one

competent party is responsible for the overall design. A failure to appreciate that these
support systems are just as important as primary structural members. Lack of supervision
and checking of installations.

Product Failure of a correctly specified product to perform.

Source: CROSS (2008) SCOSS (2007, 2009)

Proximal (near) and Distal (far) Causes- Levelsin the Hierarchy

It may be established that the primary components on a construction project are People, Process
and Product. It can then be determined that for dealing with Major Hazards the main focus
should be on these as possible contributors to major incidents or catastrophic events. However, a
major objective of this research isto stimulate industry debate and action to reduce the likelihood
and severity of disastrous outcomes during construction. This requires extensive knowledge, not
only about what influences safety but also about how this influence occurs.

The safety climate of any organisation (and project) consists of employees' (people’s) attitudes
towards, and perceptions of, health and safety behaviour. Construction workers' attitudes towards
safety are influenced by their perceptions of risk, management, safety rules and procedures. The
influences of the three P factors will always operate on different levels in the organizational
hierarchy (such as the ConCA/Reason Model, see 6.5.4) and at different periods of time because
many health and safety initiatives may only exist for finite periods of time (Lingard and
Rowlinson, 2005). For instance the site team will probably be directly involved or responsible
for immediate circumstances; the project management team and detailed designers will have an
influence in the shaping factors surrounding the circumstance; client teams will have an influence
over the industry as awhole; and there may be a whole series of shaping factors which stem from
the wider society.
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As these influences change over time according to the introduction of new practices/processes as
influenced by new products and any relevant legislation (introduced as the result of past events),
we should also consider factors in atemporal context. This could help to recognise the
construction climate at any particular time in history within the context of general safety and the
wider | egislative frameworks.

By elaborating the wider issues of: time; society; industry; project; and site aswell asthe
individual people involved in the case study events, we may begin to understand the wider
climate in relation to safety performance, and thus a more comprehensive understanding of maor
hazards and their outcomes might be achieved.

Link between People, Processes & Products

The People-Process—Product issues act individually on a continuum athough the

interrel ationship can be explained on asimple graph to map a comprehensive picture. Figures 2
through to Figure 5 show agraphical view of the three Ps borrowed from “ Systems Thinking”
(Weinberg 1992), although the model demonstrates the “externa” aspect of production (project
deliverable). Figure 2 shows one relationship among people, process, and product. In an
adaptation of the graph, the regions depict the difficulty of developing a product; with products
near the origin being easier to build. Easy products do not require much capability from people
(vertical axis) or process (horizontal axis). As products move away from the origin, they become
more difficult and demand more from your people, your process, or both.

A Capability of

the people Quality
[Difficulty in
use or
development
of the product

Capability of
the Process

»
»

Figure 2: People, Product and Process
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Figures 3 through 5 show that the added capability needed to build a more difficult product can
come through different combinations of improving people (Figure 3), process (Figure 4), or both
(Figure5).

A

Capability of
the people

Capability of
the Process

»
>

Figure 3: Building a moredifficult product by increasing the capability of people

In each of these figures, the product moves from a difficulty of 1 to 2. Product 2 has the same
difficulty in all three figures. In Figure 3, the needed capability comes from people (vertical
movement only). This extra capability could be achieved by adding experts or training your
people. Figure 4 shows that the same amount of extra capability can come from improving your
process instead of your people. Using an incremental delivery model or stretching the schedule is
away to add capability.

4 Capability of
the people

1 2 3
Capability of
the Process

Figure 4: Building a more difficult product by increasing the capabilities of the process
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Figure 5 shows that the extra capability can come from improving both the capabilities of the
people and process. This could be done by bringing in a consultant engineers, increasing training,
using off-site on one part of the process and using an incremental delivery system on another.
Although this graph (to a greater extent) ignores the extent that quality products contribute
towards the final process, it can be used to illustrate how the P swork in tandem.

A
Capability of
the people
2
1 -
Capability of
the Process

Figure5: Building a better product by increasing the capabilities of both people and
process

The point of the graphsisto illustrate that building amore difficult product requires an increase
in capability, beit in people, process, or both. Difficult products demand process models that
allow for experimenting and learning. Easy products call for process models that are simple,
straightforward, and efficient. Difficult products become easier when you bring in people with
knowledge of the product.

It may be established that the primary components on a construction project are People, Process
and Product. It can then be determined that for dealing with Maor Hazards in construction the
main focus should be on these as possible contributors to project failure (or so called ‘ Top
Events'). Nonetheless, there is aneed to question which factor is more important to the dynamics
of major hazards and catastrophes; is it people, process or products?

Construction accidents result from avariety of basic root causes such as lack of proper training,
deficient enforcement of safety, unsafe equipment, unsafe methods or sequencing, unsafe site
conditions, not using the safety equipment that was provided, and a poor attitude towards safety
(Toole 2002). Often the role of the various contractors is unclear as some contractors may try to
transfer responsibility for safety to others.

Reason (1997) argues that three ingredients are vita for driving a company’s safety engine, al of
them the purview of top managers: commitment, competence and cognisance - the three Cs. But
managers come and go. Thisisafact of life. So how does a company maintain acommitment to
safety in the face of personnel turnover, volatile market forces and economic reality? Reason
suggests that this is where an organisation’ s safety culture comesin to play. Reason states that

“ A good safety culture is something that endures and so provides the necessary driving force.”
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6.7.1

6.7.2

COMPLEXITY, COMMUNICATION AND INTERFACES

Enhancing the potentia for successful risk management may lie in directly addressing the
perceived constraints. However ensuring an acceptable level of safety is essential and presents
gpecia challengesin construction innovation. Innovation is a so fundamentally important but its
benefits often remain untapped due to complex issues that surround the construction process.
Typica constraints include tradition, lack of avareness or expertise, risk aversion, the desire for
certainty, and of the time pressures on delivery.

Complexity

Generally, construction project management understands the project as an ordered and simple —
and thus predictable — phenomenon which can be divided into contracts, phases, activities, work
packages, assignments etc to be executed more or less independently. The project isalso seen asa
mainly sequential, assembly-like, linear process which can be planned in any degree of detail
through an adequate effort and executed in accordance with the plans. As a consequence, project
management acts top down, mainly by management-as-planning as suggested by Koskela and
Howell (2002). Several authors have looked at project management from the complex systems’
point of view (Gidado 1996; Williams 1999; Wild 2002; Kim and Wilemon 2003); however,
often these authors use a specific perspective to relay their messages. Williams (1999)
characterises complexity as structural uncertainty and uncertainty in goas and methods only,
whereas Wild (2002) looks at the social system in projects. These authors usually use complexity
as ageneral characteristic of projects without applying the complex systems theory to their
studies. Gidado (1996) as well as Kim and Wilemon (2003) take an ordered approach to assess
complexity in projects.

I nterfaces

In the analysis of the construction project as a system, there are underlying problems which
circumscribe the course which the construction process must steer. Most of these problems
assume the role of interfaces, which are a combination of product interfaces, system interfaces,
subsystem interfaces, disciplinary interfaces and geographical interfaces to name but a few.
Interfaces may be described as the facts, problems, considerations, practices, and or procedures
shared by two or more construction disciplines; or acommon boundary or interconnection
between systems, equipment, concepts, or human beings (Mann 2008).

There has been a significant amount of commentary addressing interfaces between various
construction disciplines and practices (Mann 2008). Interface areas can for example, include the
linkages between procurement, design management or construction management (in project
management); and operation and maintenance, or other ‘whole-life’ issues (in asset
management); as well as other potential synergies in the management of the projects and their
resulting built environment assets. Interface areas may also be addressed through relevant issues
in Public Private Partnerships (PPP), infrastructure security/resilience or sustainability etc.

Most of the structures that civil engineers create interact with other engineering disciplines. The
profession scarcely ever has the luxury of designing acivil or structural entity on its own and
even when it does; there may be internd interfaces between ‘design’ and ‘ construction’ or
between ‘steel’ and ‘ concrete’ for example. Furthermore, on complex projects, within ‘design’
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thereis an interface with anaysis and its trandation into reality, which is ahuman problem of
comprehension between the ‘analyst’ and the ‘ practical engineer’.

Burland (2006) has discussed problems on the interface between structura and geotechnical
engineering. Since all these disparate skills are specialised, there are plenty of opportunities for
misunderstandings so, whenever there is an interface, the rule is to be on guard. Those involved
need adequate dialogue as, athough civil engineers think of their work as technical, a vast
amount is about comprehending the true system demand and thence communication about intent,
design and construction. Within engineering circles worldwide this is a source of concern
(Burland 2006) and poor communication is arecurrent theme. There can be particular difficulties
across technical and contractua boundaries.

Communication

As people develop their professional competence, they acquire avocabulary and an
understanding of the meaning of different words when used in the contexts of their discipline
(semantics). They also develop alexicon — an understanding of how language and technical
words relate to each other (Tutt et al. 2010). Thislanguage diversity is aprominent feature,
leading to an inability to interpret messages regarding workplace hazards conveyed by
supervisors, managers and peers.

UNDERLYING PROBLEMSWITH REPORTING AND RESEARCH

Because of the low probability of catastrophic events historical datais very sparse. Dueto this
very limited data, the sample sizes of statistical analyses would be very small, leading to high
variances and poor (in the sense of imprecise) risk estimates. Without further knowledge, the
likelihood and severity of low-probability, high-consequence events are thus difficult to estimate
from historical data aone.

However, much has been written on the need to learn and remember the lessons of the past (Kletz
1991, 2008), and with it comes advanced opportunities for prediction, monitoring, feedback and
teamwork opportunities for learning (Powderham 2002). However it isimportant to recognise
the limitations of this type of approach. Some of the most significant limitations include various
concerns about potential bias. Media accounts may suffer from biases of both inclusion and
exclusion. They may report on sensational stories that are unimportant or inflated from the
standpoint of societal impact. On the other hand, they may fail to report on important impacts for
any number of reasons, lack of information, lack of awareness, and lack of attention if another
issue is dominating the news cycle. These limitations suggest the need to validate and supplement
datafrom accounts with information from actually case studies and other sources. However, itis
reasonable to expect that reporting issues may be of lesser concern in the case of truly significant
societa impacts; that is, amaor fire that causes numerous deathsis likely to be reported in any
circumstance.

In the introductory statement to the ‘ Special issue’ of the ICE Proceedings, Byfield (2008:3)
draws our attention to hindsight as “something that engineers must learn to harness’. Certainly
obtaining good information on recent engineering failures or near misses can be difficult dueto
the complex and often protracted legal issues involved. The occurrence of an event can be
brought about by a number of cascading problems such as arithmetic error, lack of essentia
training for key personnel, lack of experience, use of inappropriate software within adesign
office, or afailure to supervise. However there is often atendency to draw conclusions from the
immediate and someti mes apparently ‘obvious’' causes of afailure; but could engineers not learn
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from ‘near misses’ instead? A point Collings (2008) rai ses repeatedly in a paper on bridge
failures suggesting that often precedents are unnoticed and key warnings are ignored. The
industry must be mindful of obvious conclusions as vital evidence and experientially crucial
knowledge may be lost (Burgoyne and Scantlebury 2008).

Reporting and research into types of events that are embraced by this report should look at the
physical causes of the incidents as well as focusing on the systemic management culture and
human error processes that contribute to the event. Mgor Hazard incidents rarely just happen,
but are usudly the result of failures of technology, failures of people or acombination of both.
These causes are seldom simple and singular. In modern technological systems causes
sometimes are complex constellations of directly contributing events and existing preconditions
and system properties. Failuresto report on single incidents or series of subsequent incidents
may build up into a catastrophic event. The collection of data surrounding Major Hazard
incidents involves three main stages:

1. Ensuring that all significant incidents are reported,;

2. Checking for non-reporting of the type of incidents concerned; and

3. Recording details of the incidents reported in order to mitigate for such events in the
future.

Unfortunatedly, the understanding of the underlying causes of many disasters can be stymied by
the lega process, which can mean that the evidence is limited in its circulation. The profession
needs to study and learn from its failures as much asits successes (Byfield 2008).

There are barriers to reporting and one is that the identity of the author, their employer, the client,
the site, or aproduct may be revea ed with negative consequences (Soane 2006). The model for
CROSS was Confidential Human Impact Reporting Programme (CHIRP), the UK aviation
system which in turn has links to the Aviation Safety Reporting System (ASRS) - the incident
reporting service for pilotsin the USA. The process for handling reports has been adopted by the
construction sector and adapted from their procedures; thisis clearly amove in the right
direction.

6.9 SUMMARY

This section of the report has provided an overview of the extant literature related to professional
and public understanding of the immediate and underlying causes of catastrophic eventsin
construction. This literature review has also sought to understand the effectiveness of current
control measures and the need, if any, for further actions to improve the management of risks and
their potential for causing catastrophic events on construction projects. The review has
highlighted that there is a paucity of relevant publications on maor hazards in the context of
construction. Nonetheless, examples from other industries and alegacy of ‘near miss'* events
suggest that approaches are needed to improve industry preparedness for future magjor hazards
and their disruptive effects.

The literature reviewed has highlighted a number of key points, namely:
§ Despite attemptsto learn lessons over the years, maor accidents continue to be athreat.
8§ Complex chains of events (including organisational policies and decisions, individual
behaviours and mechanical or technological failures) often combine to result in major
hazard events or catastrophes.

! Near miss' should in the context of this report perhaps be ‘near hit’ or ‘ near accident’
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8 Themagor consequences and impacts of catastrophes are likely to be: multiple deaths and
serious injuries to site personnel and the general public; the serious disruption of
infrastructure and key services, damage or even destruction of organisations
commercialy; and political implications — public enquiries, demands for new legislation.

8 Theliterature has identified failures based on fundamental systemic failure, for instance
failures within systems of organisation, communications and procurement. To date, focus
has been directed at easily promotable risk and hazard reducing goals (for example ‘ zero
accidents'), rather than the processes and methods needed to achieve them.

§ Greater emphasis should be placed on the concept of * people, process and products’ in
particular when developing the competence of the industry’s peoplein relation to risk and
major hazards.

§ Thereisaneed for further research and for advancing the use of confidential reporting
mechanisms

There are anumber of circumstances which contribute to the explanation of the problems which
may manifest amajor hazard into a catastrophe. However, it has been noted that it isimpossible
to submit broad policy recommendations for the construction industry and the government on the
basis of any one single case without raising methodologica questions. Thisis compounded by
the ever increasing complexity of building and construction systems.

Past incidents within (and outside of) the construction industry suggest that there needsto be
ongoing monitoring of incidents (national and global) and ongoing evaluations of the systemsin
place. The following sections, that present the findings from an on-line survey, 62 case studies
and numerous industry consultations, will provide a more detailed discussion and analysis of
these key issues.
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7. On-line Survey Analysis

7.1 INTRODUCTION

As part of the research, an on-line survey was commissioned in order to identify attitudes towards
and experience of catastrophic events' and associated risk management as perceived by
individuals working within the industry. The method is described in Section 5. The online survey
achieved 350 active responses which helped to generate narrative accounts of incidents/events;
and to provide contacts for any further research. This phase of the research was important as it
produced vauable primary data that was used to challenge the stereotypes that are still widely
held about catastrophic events and risks generally during construction projects (see section 6,
literature review). By bringing individual accounts and perceptions of the industry to the
forefront, conducting open discussion and increasing awareness of issues in context by the UK
construction community a base for further and ongoing research was formed.

7.2 KEY POINTS
The respondents’ view what causes catastrophic events can be grouped as:

Client and procurement issues

Overall management issues

Design issues (permanent and temporary works)
Checking and review issues

Site management and worker issues.

wn W LN W W

Key control factorsto prevent or reduce catastrophic events can be grouped under the following
headings:

Good quality, competent people

Interfaces, teamwork & coordination

Hazard & risk management

Design & pre-construction planning

Checking and review

Project management, procurement and resources
Site management and supervision

Information and communication

L egislation and codes.

wn N W LW LN LN LN LN LN

And in this respect:

§ The failure to recognise hazardous scenarios was the most significant contributor to
catastrophic events. Lack of site control aso had a major impact on events.

§ The most significant control failure was not thinking deeply as an individual and as ateam
about hazards. Having good people and adequate resources could also be controlled better
by the industry.

§ Interface problems between various construction practices and issues of communication
featured highly in several individual accounts of catastrophic events.

! In thison-line survey the term ‘ major Hazards' was generally used rather than * Catastrophic Events — for the purposes of this
section, the two phrases should be seen asinterchangeable
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7.3

Respondents considered that, athough the industry generally did actively strive to eliminate
hazards, they considered that extra precautions should be taken where the potential for
catastrophic events was recognised.

WHAT ARE CATASTROPHIC EVENTSIN CONSTRUCTION?

Respondents were asked “Have you any
experience of working on a project
where things have gone (or have
threatened to go) seriously wrong,
harming alot of people?’. Figure7.1
shows that, of the 298 active responses,
35% replied “Yes’ they did have such
experiences; and 65% suggested that
they had not. The research used a
confidential and anonymised open ended
component to gain insight into the type
of events experienced by respondents.
100 open ended responses were
gathered, identifying more than 80
examples (Table 7.1) which ranged from
minor incidents to larger scale events. For example:

8 Lift engineer killed when testing alife

8 Inadequate trench support system used by the contractor in deep open cut worksin heavy

clay, leading to punching of ‘acrow’ props into baulk timbers. This was resolved by use of
trench boxes.

Figure 7.1. Experience of major hazard events

Respondents were asked if they would be prepared to discuss the particular incident further in
strict confidence. In doing so the study assessed the level and extent that confidential reporting
systems may be developed and utilised in the future. 231 out of the sample indicated aresponse
with 60% replying “Yes’; and 40% not wishing to talk further.

Respondents having been asked about events where there had been (or had threated to be) harm to
‘alot of people’, there was some debate about how many was ‘alot’ in terms of the number of
people harmed. A valid comment was made that even ONE death was one too many.

Whilst the numbers involved are insufficient to draw any statistically significant conclusions,
these free-text responses did suggest the types of incidents that respondents felt were catastrophic.

A break-down of the categories of incidentsisgiven in Table 7.1. There were anumber of
additional non-construction incidents identified but these are not recorded here. Many of the
incidents involved railway work (10) and bridges (3), but there were a so other transportation,
building, civil engineering, nuclear, refurbishment and demolition projects. Excavation works (8)
and works associated with disturbance of underground services such as electricity and gas (8)
were aso featured as were fires (3). 23 examples were provided where there had been a failure of
temporary works, including falsework or formwork. Failure of permanent works was identified in
seven cases and one demolition example. Five examples of tunnel collapses were included, and a
further thirteen projects involved complete or partia collapse of buildings or structures.
Examplesinvolving cranes (5) and plant & equipment (4) mainly covered collapse or overturning.
These incident types map well across the case study examples featured in Section 8.
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Table7:1 Typesof catastrophic events witnessed by respondents (fr ee text responses)

Ref | Catastrophic eventswitnessed by respondents (free text responses)

Rail
Sector
Bridge
Excav-
ationn
Gas
Electric
Temp
Works
Perm
Works
Crane

1 Construction of bridge abutment adjacent to railway where method statements are
general in nature - do not recognise hazardous situations, relying upon people on
site without the requisite information

2 Working on a disused rail track doing maintenance work which caused a road bridge
to collapse only by luck no one was hurt.

3 Damage to a bridge over railway lines

X| X| X

4 Temporary structure failing with potential of collapsing onto a railway.

5 A week after | left the railways as a recently chartered engineer in my mid twenties,
three members of the track gang who had been 'protecting me' in my last week of
employment were hit by a train and killed when working on the same completely
open straight length of track to where I'd been in my last week. It seems clear that
the look-out lost concentration and the men stopped looking out for
themselves as well... A lesson | learnt was to make sure | looked after myself at all
times and also tried to look after others | work with.

XXX X| X

6 A bridge on temporary bearings dropped a few inches, dropping concrete planks onto
a railway below almost causing a derailment and stranding several trains

7 Involved with collapse of railway tunnel

8 Part of newly constructed station platform collapsing on three individuals.

9 My previous experience in rail industry included 4 major rail disasters. | also initiated
the Safety Risk Model to formally analyse such incidents, including Fault and Event
tree modelling of potential rail "major hazards"

10 | DLR blowout on the Isle of Dogs

X[ X|X|X| X

11 | Striking underground services: X X
1. Unmarked and in a different field to the one we were told they were in; i.e. poor

Utility records.

2. Temporary site cables not shown on the 'current’ site services drawing quickly
enough; i.e. speed of recording new services too slow.

3. Digging without permission; i.e. ignorance of dangers because of inadequate site
induction.

! These were events that the respondents considered were major hazard events —they have not been eval uated against specific criteria
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Plant
Tunnel
Demo
Refurb
Public
Fire
Collapse

X |X




Ref | Catastrophic eventswitnessed by respondents (free text responses) "
| o L 2 0 0 T fe] a
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12 Inadequate trench support system used by a contractor in deep open cut works in X
heavy clay, leading to punching of acrow props into baulk timbers. Resolved by use
of trench boxes
13 | Excavation at foot of natural slope failed to take account of overall slope instability - X X
at root of a dam. Continuation by contractor in face of evident partial collapse (and
designer refusal to reconsider the design calculations / assumptions) could have
caused total dam failure. The geotechnical investigation was limited to immediate
area of new build, ignored wider landscape features upslope.
14 | I was involved in a construction project where a large embankment slipped. No one X X
was injured but potentially they could have been.
15 | Fire in refuelling, storage area. Stores person hospitalised due to constricted means X
of escape
16 | Fire dampers and fire stopping very improperly installed by supposedly competent X
contractors, and the problems "missed" by designers, inspectors & Building Control
(has happened on two recent projects)
17 | Large scale fire at power station, investigation unable to determine cause, but likely X
to be smoking in unauthorised areas and poor housekeeping.
18 | Gas main strike on busy site X
19 | A HP gas main running close to a school was ruptured because it was not where X X
shown on record drawings
20 | Hitting of a major gas main by an excavator, which lead to the evacuation of several X X X
adjoining buildings to the site.
21 | Gas explosion and collapse of a building X X
22 | Tipper truck backed into overhead power line X X
23 | Live electrical cable cut (luckily containing very minor current) because of X
communication problem and belief electricity was switched off.
24 | The damage of critical electrical services to a specialist unit in a hospital. X
25 | collapse of a temporary walkway on a bridge project. No one was seriously hurt X X X
but in different circumstance could have caused many injuries.
26 | Flooding of roundabout where client had allowed a culture of allowing the contractor X X X
to work at risk outwith the agreement. Similarly at collapse of a bridge temporary
works which the contractor refuted as a major incident under RIDDOR until into next
reporting year.
27 | Bridge collapse, 1967 X X
28 | Potential bridge collapse due to failure of critical element of the structure caused X X

by poor quality material. Too much focus on "safety" not enough on "quality". The
two are intrinsically linked
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Ref | Catastrophic eventswitnessed by respondents (free text responses) "
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29 | Various structural collapses (permanent and temporary works) resulting in X X
multiple fatalities and injuries.
30 | Temp works during auger bore under a river X
31 | Temporary works designers & Cat 3 checkers did not consider how permanent X
shuttering to precast beams over railway could be installed under temporary cross
bracing. Positive location of stability bracing totally inadequate. Agent took designers
advice re using large shallow hardwood wedges which compensated for poor TW
design.
32 | As a forensic investigator for shoring and scaffold collapses involving injury and X
death.
33 | We have had several failures of temp works or partially completed permanent X
works that could have led to multiple fatalities
34 | On a site where precast concrete units were being used as a permanent formwork for X

a floor there were two incidents in which a precast unit collapsed. Luckily no one was
injured.

The first incident was due to unauthorised removal of some props the night before an
early morning pour was to take place. Some electricians working late needed to get
some fairly heavy equipment into place on the floor that was being used to prop the
precast slabs, and removed and displaced slabs at one location to take a dumper
through; the props were not put back in there original positions afterward. The
propping had been checked by the contractor and then myself the evening before
and all props were correctly positioned. The slab collapsed when everyone was at the
breakfast break.

The second precast unit that collapsed was in a section where | had pointed out
significant deficiencies in the fixing of timber lattice beams supporting the units
above a ramp between floor levels. Wedging of the lattice girders in the u-heads of
the props was totally inadequate in both directions and the wedges had not been
nailed in place. Vibration caused one or two wedges to fall out. A lattice beam
became unrestrained and twisted in the u-heads sufficiently to cause a large section
of slab to fall onto the ramp below. The contractor thought that he had fixed the
lattice beams adequately and proceeded to concrete without asking me to carry out a
re-check. Again the collapse happened at break time and there were no casualties.
The investigation found that three carpenters had been working on the ramp below
as the pour was proceeding. As a result of these incidents the contractor took the
decision never to use this type of permanent formwork on any future work. In
completing the remaining work the contractor introduced another early morning
check for displaced props if checks had been carried out the previous afternoon. He
also had a carpenter stationed on the level below the pour to ensure that no one
passed under the pour area, which had been taped off.

For the second incident the contractor did not have a signed check sheet, and so did
not follow procedures. Too often contractors believe that method statements are only
to comply with the regulations, but do not need to be followed.
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35 | Girder launching gantry for concrete segmental construction collapsed, since X X X
responsible party arrogantly ignored. manufacturer's recommended use manual and
installation procedures In another instance, improper concrete anchors were
approved for use, resulting in death of motorist from fallen object in tunnel
36 | Near miss major birdcage scaffold falsework failure X X
37 | Lack of site understanding temporary works concepts. X
38 | Failure of temporary works on a major and complex roof structure requiring the X
evacuation of over 4000 site workers.
39 | Contractor undertaking major alterations didn't put props in place as required on the X
drawings. Fortunately | was near the site so popped by to have a look. Client sacked
the contractor the following day.
40 | Formwork failure on 12m high wall casting X
41 | Concrete shutter collapsed during concrete pour at weekend because of rushing X X
(time pressures) and inadequate supervision/ checking of shuttering joiner.
42 | 3 people injured 500Kg slab fell on operatives following removal of temporary props. X X
43 | A building collapse. The structural integrity of the building was not sound and could X X
not have been built to specification at the outset. The client, having been in receipt
of expert reports suggesting this to be case, commissioned a separate report
summarising the previous reports. This, unsurprisingly, failed to highlight the
problems. The proposed temporary propping system between the floors - which then
appeared over engineered - was then questioned by our temporary works team and
the clients expert advisers accepted an alternative proposal. The building - in a city
centre location - partially collapsed during demolition as the columns punched
through the floor slabs. There was insufficient tie-in between the column heads and
individual floor slabs. Fortunately no-one was killed - though several people were
either working on the uppermost floor slabs, or within the building at the time.
44 | 1 have had to stop works for scaffolding being incomplete, guardrails missing and X
trestle systems not being erected correctly which were overloaded.
45 | Failure of a major scaffold by display banners being attached without calcs on wind X X
loading. Fell over footpath in major town. No injury to public.
46 | The undermining of a sheet pile cofferdam by over-excavation. Staff were evacuated X X
from the excavation just prior to the sheet piles failing.
47 | Precast framework of buildings collapsed due to improper support or design in the X

erection process
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Catastrophic events witnessed by respondents (free text responses)*

48

I was involved in the structural design of a 4 storey office block. The structural frame
was a reinforced concrete flat slab, with no column heads. We had detailed loose
reinforcement throughout the slabs with the exception of the shear reinforcement to
the columns, where we had specified the shear hoop prefabricated reinforcement, on
a separate drawing (which was fully referenced on the loose bar reinforcement
drawings). This scheme was being constructed by a well respected contractor and
was a D&B contract. By chance myself and a colleague were on site shortly before
the first section fo the first upper floor slab was going to be cast. My colleague
happened to notice that none of the shear hoops had been placed, which we
quickly brought to the attention of the site staff. The shear reinforcement was
essential for the slab design and if the slab had been cast without this reinforcement
it is very likely that catastrophic failure would (at some point) have occurred. |
believe that this error (which had the potential to cause catastrophic collapse) would
not have happened if there had been an RE on site. The main contractor claimed that
they had quality procedures in place, and as such should have been checking for
such fundamental errors as this (they clearly did not).

49

Major structural elements not designed or detailed correctly.

50

Crane collapse and an uncontrolled earth collapse near a busy street.

51

Falling of crane in to tunnel

52

I am a loss adjuster involved in a number of crane related incidents on sites in Uk &
Europe.

53

Crane collapse

54

One operative dead due to falling formwork when tower crane knocked column.

55

A number of piling projects where either rigs have nearly fallen or have fallen but
luck has prevented serious injury or fatality.

56

A high rise mast climber fell to ground with two men on board. The men survived
but were seriously injured. The report by HSE was confidential, but cause is believed
to be lack of servicing to the motor and breaking mechanism.

57

Tunnel collapsed during construction (with no injuries), due to failure of arch
during backfilling.

58

Tunnel collapse where engineering structure was not strong enough and where
effects of trying to recover time where not risk reviewed

59

urban tunnelling work where adequate control of face stability has been lost

60

Flying rock fragments from blasting work due to excessive muck at the toe of the
slope.
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Ref | Catastrophic events witnessed by respondents (free text responses)
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61 | | have worked on a project where some major items would have been unstable (and
would probably have collapsed) during erection. It was an oversight, which was
picked up due to final review of the design within the design team, and was
corrected before the situation arose - but it was a near miss.

X

62 | On a number of projects | have worked on, things have threatened to go seriously
wrong, fortunately each time the hazard was identified at the last minute and
controlled.

Hazards have included: lack of stability during construction, very low concrete
strength in piles, design requirements not communicated to subcontractor's
designers, design concepts not able to be safely constructed when detailed.

63 | During a demolition process we had a substantial unplanned collapse due to X
unforeseen inadequate building techniques used on the structure - re-bar in the

original building was missing and incorrectly positioned leading to an inherent
weakness in the structure

64 | Old retaining walls collapsed allowing cliff section above the works to slide into site X X
taking part of a public road with it. By chance no buses or public on road, no one on
site (out of hours) and no injuries.

65 | Failure to control public access to a site on a University campus

66 | Public access through a city centre development

X | X

67 | In renovation work not everything is found to be constructed as it should be ie rot X
problems or walls tied together

68 | Wet concrete poured into a confined space containing operatives.

69 | The drilling of a third party Hazardous Underground Oil Pipeline

70 | Refurb of building built in 18™ Century. Wall was opened up for a shop front on

ground floor. Whilst opening was open (waiting for correct steel), water board made X
a hole through the basement right under the pier supporting the corner of the
building (ancient rubble masonry). Building was quickly shored.

71' | 8.6 billion transportation project with ???? poor oversight, poor design, and owner
pushing time over safety

72 | Nuclear 1999 HSE report highlighting 133 recommendations

73 | Design change not carried fully through. Lack of checking.

74 | The design of extensions to schools where pressures of time and budget led to
inadequate checking and led to poor designs.

! Events 71-80 provided little or no detail to enable them to be categorised — However, they are retained asthey refer to causal factors which are drawn out in table 7.3.
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75 | Have been involved on projects where fatalities have occurred due to risk taking and
others a detailed method statement not being considered, reviewed and
implemented
76 | Design change not carried fully through. Lack of checking.
77 | Client bullying post award of contract (small structural project); Request for design
changes post contract award - lack of understanding by client and contractor of
design process and time pressures to produce revised information.
78 | As HSE Manager | have had to deal with a number of situations. | would generalise
that poor design and incompetent supervision are the two biggest areas of concern.
79 | Lift engineer killed when testing a lift
80 | client wanting things done to speed things up
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74 WHAT CAUSES CATASTROPHIC EVENTSIN CONSTRUCTION?

7.4.1 Ranking of pre-selected causal factors

Although hazard events may be attributable to a complex interplay of factors, the consultation
exercise and preliminary research had identified arange of 23 causal factors (ato w) influencing
construction catastrophic events and survey respondents were asked to assess the significance of
these pre-chosen factorsin turn. See Appendix C for the list of factors.

Respondents were asked to rate each factor as having a high, medium, low or zero significance to
major hazard events. Table 7.2 presents the 23 identified factors and indicates: the number of
respondents registering a complete response (n) for each factor; the computed total score assigned
to the factor® (s); the mean score value (m = s/ n); and the rank.

It isimportant to consider the ranking carefully, to prevent misunderstanding and over-
simplification. By calculating and then comparing the relative significance of the score values,
five tiers of factors were identified. The research demonstrated that a failure to recognise
hazardous scenarios and influencing factors was the highest ranked factor in magjor hazard events
(tier one).

‘Failur e to recognise hazardous scenarios and influencing factors was the most significant
factor in major hazard events.

The following 15 ranked factors were much closer to each other and therefore can be considered
together as a second tier group, with aslight increased importance the higher they arein the list:
L ack of site control

Interface problems between the various parties

L ack of checking and of competent reviewing

Lack of involvement on site by designers

Designers working in boxes; no-one responsible for providing overview

Design which didn't consider/explain how construction could be done

Ignorance, incompetence

Unreasonable time pressures

Poor team-working

Lack of experience

Drawings not clear

Design process

Lack of proper change control

Conscious risk taking

Inappropriate maintenance or modification

wnN LN LN DN LN LD LY LN LN LON LN LN LN LN LN

! Respondents were asked to rate the factors as High, Medium, Low or Zero Low impact. Scoresof 3, 2, 1 & 0 respectively were
alocated. Thescoreintable 7.4 isthe sum of theseindividual scores
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Table 7.2 Factor s affecting Catastr ophic Eventsin construction

.. Factor Number of Total Score Mean Rank Significance’
i“:’ responses (s)
(n) (M=s/n)

1 Failure to recognise hazardous scenarios

2 771 2.4 1 .
and influencing factors (b) 320 09 0.000

2 Lack of site control (j) 320 702 2194 2 0216
Interface problems between the various 399 692 2149 3 0.045
parties (g)

Lac!( of_ checking and of competent 318 672 2113 2 0.036
reviewing (e)

I(_\;avc;k of involvement on site by designers 319 672 2107 5 0.007
Designe.rs working ir_1 _boxes; no-one 318 664 2088 6 0.019
responsible for providing overview (r)

Design whlch didn't consider/explain how 320 668 2088 7 0.001
construction could be done (v)

Ignorance, incompetence (c) 319 652 2.044 8 0.044
Unreasonable time pressures (p) 320 645 2.016 9 0.028
Poor team-working (i) 324 649 2.003 10 0.013
Lack of experience (h) 319 621 1.947 11 0.056
Drawings not _clea_lr, significant risks not 318 615 1.934 12 0.013
apparent or highlighted (s)

Desng_n process not effective, not 320 618 1931 13 0.003
coordinated (q)

Lack of proper change control (n) 318 611 1.921 14 0.010
Conscious risk-taking (k) 319 605 1.897 15 0.025
Inap_p_ropl_’iate maintenance and/or 317 600 1.893 16 0.004
modification of a structure (m)

3 Underlying lack of "robustness (a) 306 547 1.788 17 0.105
Over—co_m_p_le_x procurement with unclear 318 568 1.786 18 0.001
responsibilities (t)

Error (by people who are competent) (d) 322 574 1.783 19 0.004

4 Underfunding () 315 505 1603 20 0.179
Over-reliance on sof_t\{vare analysis which 319 261 1.445 21 0.158
cannot be easily verified (u)

Over-reliance on codes (f) 316 421 1.332 22 0.113

S Vandalism or malicious act (o) 315 299 0.949 23 0.383

A third tier is then: underlying lack of robustness; over-complex procurement with unclear
responshbilities; and error by people who are competent.

A fourth tier is underfunding followed by over-reliance on software analysis and over-reliance on
codes. Findly, vandalism and malicious acts was considerably lower placed as the least
significant factor in tier five.

The fact that failure to recognise hazardous scenarios (b) emerged as a main contributing factor
requires some comment. Construction professionals should have the skills to recognise hazards,

These data use a statistical method of determining the significance between ranked items — the larger the figure the more
significant the difference between the mean scores.
89



estimate or cal cul ate the consequences of afailure and act to eliminate a hazard or mitigate the risk
and itsfinal impact. Difficulty in recognising hazards and reducing their consequence was
therefore nevertheless. There are both subjective and objective reasons for this situation, a detailed
discussion of which exceeds the scope of the current section but will be assessed in the case study
analysis and subsequent discussions.

Lack of site control as the second contributing factor raises serious concerns about how
construction projects are managed. Success from the project management's viewpoint is achieving
the highest quality, with no major project disruption. This means bringing all disciplinesin a
coordinated manner to limit liabilities of cost, schedule, quality, safety, labour productivity,
materials consumption and waste as well as managing safety, so good site control should improve
management generally as well as managing safety risks.

Interface problems, identified as the third most significant factor, recognises that in any project,
egpecially a construction project, many different and sometimes conflicting interests must be
considered. Having identified the main responsibilities on a project, various disciplines must
communicate effectively to facilitate project success. Interface or communication problems can
severely obstruct the implementation of the construction process. Such communication problems
will cause cost overruns and exceeded time schedules due to conflicts and controversies
concerning project design (e, w, r and v) and implementation, and could a so lead to catastrophic
hazard events.

7.4.2 Respondents freetext opinionson causal factors

Respondents offered their opinions regarding causa factors on around half of the incidents (Table
7.3). These opinions have not been independently tested and therefore must be considered in that
light. The various causal factors' raised were as follows, where frequency of atopic being
mentioned is shown in brackets:

Inappropriate action or inaction by the client or client’s advisor (4)

Pressure from time or money (6)

Inadequate design or (late) design changes of permanent or temporary works’ (12)
Incorrect as-built drawings and information (2)

Inappropriate or generic method statements (3)

Problems with materials or equipment (3)

Poor communication (2) and coordination (2)

Ignoring information, guidance or ‘tell-tale’ signs of an imminent problem (3) and breaking
rules/ failing to follow agreed procedures (4)

L ack of, or inadequate checking or review (9)

Lack of competence (3)

Poor housekeeping (1)

Poor supervision (4)

Poor work quality (10)

Lack of concentration (1)

w W W W W w W wn

wn W LN W W L

11t should be noted that many of these incidents may have involved anumber of these causal factors, but each has only been noted
where it was specificall y raised.
% Note that Temporary Worksdesign is typically the responsibility of the contractor
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Table 7:3 Suggested causal factorsin catastr ophic events witnessed by respondents (wher e indicated) (fr ee text)

Ref

Suggested causal factorsin catastrophic events
witnessed by respondents (whereindicated) (free text)

(NOTE: Judgement asto the significance of these events
was made by the respondents)

Client/advisor

problems

Design &
changes

As-built

drawings

Method

Statements

Poor Materials
or Equipment

Poor

Communication

Poor

Coordination

Ignore signs,

info, guidance

Poor Checking
or Review

Lack of

Competence

Poor

Housekeeping

Supervision

Poor

Poor Work

quality

Poor

Concentration

Breaking rules

71

8.6 billion transportation project with VERY poor oversight, poor
design, and owner pushing time over safety

X

7

Client bullying post award of contract (small structural project);
Request for design changes post contract award - lack of
understanding by client and contractor of design process and time
pressures to produce revised information.

X | X

80

An example of when the client wanting things done to speed things up

>< >< >< Time & money

43

A building collapse. The structural integrity of the building was not
sound and could not have been built to specification at the outset. The
client, having been in receipt of expert reports suggesting this to be
case, commissioned a separate report summarising the previous
reports. This, unsurprisingly, failed to highlight the problems. The
proposed temporary propping system between the floors - which then
appeared over engineered - was then questioned by our temporary
works team and the client’s expert advisers accepted an alternative
proposal. The building - in a city centre location - partially collapsed
during demolition as the columns punched through the floor slabs.
There was insufficient tie-in between the column heads and individual
floor slabs. Fortunately no-one was killed - though several people were
either working on the uppermost floor slabs, or within the building at
the time.

XX XX

X

41

Concrete shutter collapsed during concrete pour at weekend because
of rushing (time pressures) and inadequate supervision/ checking of
shuttering joiner.

58

Tunnel collapse where the engineering structure was not strong
enough and where effects of trying to recover time where not risk
reviewed

X

X

74

The design of extensions to schools where pressures of time and
budget led to inadequate checking and led to poor designs.

X

X

45

Failure of a major scaffold by display banners being attached without
calcs on wind loading. Fell over footpath in major town. No injury to
pubilic.

47

Precast framework of buildings collapsed due to improper support or
design in the erection process

X| X| X| X
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Ref

Suggested causal factorsin catastrophic events
witnessed by respondents (whereindicated) (free text)

(NOTE: Judgement asto the significance of these events
was made by the respondents)

Client/advisor

problems

Time & money

Design &
changes

As-built
drawings

Method

Statements

Poor Materials
or Equipment

Communication

Poor

Poor

Coordination

Ignore signs,

info, guidance

Poor Checking
or Review

Lack of

Competence

Poor

Housekeeping

Poor

Supervision

Poor Work

quality

Poor

Concentration

Breaking rules

49

Major structural elements not designed or detailed correctly.

62

On a number of projects | have worked on, things have threatened to
go seriously wrong, fortunately each time the hazard was identified at
the last minute and controlled.

Hazards have included: lack of stability during construction, very low
concrete strength in piles, design requirements not communicated to
subcontractor's designers, design concepts not able to be safely
constructed when detailed.

X | X

X

X

72

Design change not carried fully through. Lack of checking.

78

As an HSE Manager | have had to deal with a number of situations. |
would generalise that poor design and incompetent supervision are the
two biggest areas of concern.

X | X

31

Temporary works designers & Cat 3 checkers did not consider how
permanent shuttering to precast beams over railway could be installed
under temporary cross bracing. Positive location of stability bracing
totally inadequate. Agent took designers advice re using large shallow
hardwood wedges which compensated for poor TW design.

11

Striking underground services:

1. Unmarked and in a different field to the one we were told they were
in; i.e. poor Utility records.

2. Temporary site cables not shown on the ‘current' site services
drawing quickly enough; i.e. speed of recording new services too slow.
3. Digging without permission; i.e. ignorance of dangers because of
inadequate site induction.

19

A HP gas main running close to a school was ruptured because it was
not where shown on record drawings

X

67

In renovation work not everything is found to be constructed as it
should be ie rot problems or walls tied together

X

34

Precast concrete units were being used as a permanent formwork for a
floor there were two incidents in which a precast unit collapsed.

Luckily no one was injured.

The first incident was due to unauthorised removal of some props the
night before an early morning pour. Some electricians working late
needed to get some fairly heavy equipment into place on the floor that
was being used to prop the precast slabs, and removed and displaced
slabs at one location to take a dumper through; the props were not put
back in there original positions afterward. The propping had been
checked by the contractor and then myself the evening before and all
props were correctly positioned. The slab collapsed when everyone was
at breakfast.
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Ref

Suggested causal factorsin catastrophic events
witnessed by respondents (whereindicated) (free text)

(NOTE: Judgement asto the significance of these events
was made by the respondents)

Client/advisor

problems

Time & money

Design &
changes

As-built

drawings

Method

Statements

Poor Materials
or Equipment

Poor

Communication

Poor

Coordination

Ignore signs,

info, guidance

Poor Checking
or Review

Lack of

Competence

Poor

Housekeeping

Poor

Supervision

Poor Work

quality

Poor

Concentration

Breaking rules

The second precast unit that collapsed was in a section where | had
pointed out significant deficiencies in the fixing of timber lattice beams
supporting the units above a ramp between floor levels. Wedging of
the lattice girders in the u-heads of the props was totally inadequate in
both directions and the wedges had not been nailed in place. Vibration
caused one or two wedges to fall out. A lattice beam became
unrestrained and twisted in the u-heads sufficiently to cause a large
section of slab to fall onto the ramp below. The contractor thought that
he had fixed the lattice beams adequately and proceeded to concrete
without asking me to carry out a re-check. Again the collapse
happened at break time and there were no casualties.

The investigation found that 3 carpenters had been working on the
ramp below as the pour was proceeding. As a result of these incidents
the contractor decided never to use this type of permanent formwork
again. In completing the remaining work the contractor introduced
another early morning check for displaced props if checks had been
carried out the previous afternoon. He also had a carpenter stationed
below the pour to ensure that no one passed under the pour area,
which had been taped off.

For the second incident the contractor did not have a signed check
sheet, and so did not follow procedures. Too often contractors believe
that method statements are only to comply with the regulations, but
do not need to be followed.

Construction of bridge abutment adjacent to railway where method
statements are general in nature - do not recognise hazardous
situations, relying upon people on site without the requisite information

75

Have been involved on projects where fatalities have occurred due to
risk taking and others a detailed method statement not being
considered, reviewed and implemented

12

Inadequate trench support system used by a contractor in deep open
cut works in heavy clay, leading to punching of acrow props into baulk
timbers. Resolved by use of trench boxes

35

Girder launching gantry for concrete segmental construction collapsed,
since responsible party arrogantly ignored manufacturer's
recommended use manual and installation procedures.

In another instance, improper concrete anchors were approved for use,
resulting in death of motorist from fallen object in tunnel

28

Potential bridge collapse due to failure of critical element of the
structure caused by poor quality material. Too much focus on "safety"
not enough on "quality"”. The two are intrinsically linked
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Ref

Suggested causal factorsin catastrophic events
witnessed by respondents (whereindicated) (free text)

(NOTE: Judgement asto the significance of these events
was made by the respondents)

Client/advisor

problems

Time & money

Design &
changes

As-built

drawings

Method

Statements

Poor Materials
or Equipment

Poor

Communication

Coordination

Poor

Ignore signs,

info, guidance

Poor Checking
or Review

Lack of

Competence

Poor

Housekeeping

Poor

Supervision

Poor Work

quality

Poor

Concentration

Breaking rules

70

Refurb of building built in 18" Century. Wall was opened up for a shop
front on ground floor. Whilst opening was open (waiting for correct
steel), water board made a hole through the basement right under the
pier supporting the corner of the building (ancient rubble masonry).
Building was quickly shored.

X

13

Excavation at foot of natural slope failed to take account of overall
slope instability - at root of a dam. Continuation by contractor in face
of evident partial collapse (and designer refusal to reconsider the
design calculations / assumptions) could have caused total dam failure.
The geotechnical investigation was limited to immediate area of new
build, ignored wider landscape features upslope.

39

Contractor undertaking major alterations didn't put props in place as
required on the drawings. Fortunately | was near the site so popped by
to have a look. Client sacked the contractor the following day.

16

Fire dampers and fire stopping very improperly installed by supposedly
competent contractors, and the problems "missed" by designers,
inspectors & Building Control (has happened on two recent projects)

48

I was involved in the structural design of a 4 storey office block . The
structural frame was a reinforced concrete flat slab, with no column
heads. We had detailed loose reinforcement throughout the slabs with
the exception of the shear reinforcement to the columns, where we
had specified the shear hoop prefabricated reinforcement, on a
separate drawing (which was fully referenced on the loose bar
reinforcement drawings). This scheme was being constructed by a well
respected contractor and was a D&B contract. By chance myself and a
colleague were on site shortly before the first section of the first upper
floor slab was going to be cast. My colleague happened to notice that
none of the shear hoops had been placed, which we quickly brought to
the attention of the site staff. The shear reinforcement was essential
for the slab design and if the slab had been cast without this
reinforcement it is very likely that catastrophic failure would (at some
point) have occurred. | believe that this error (which had the potential
to cause catastrophic collapse) would not have happened if there had
been an RE on site. The main contractor claimed that they had quality
procedures in place, and as such should have been checking for such
fundamental errors as this (they clearly did not).

61

| have worked on a project where some major items would have been
unstable (and would probably have collapsed) during erection. It was
an oversight, which was picked up due to final review of the design
within the design team, and was corrected before the situation arose -
but it was a near miss.
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Ref

Suggested causal factorsin catastrophic events
witnessed by respondents (whereindicated) (free text)

(NOTE: Judgement asto the significance of these events
was made by the respondents)

Client/advisor
problems

Time & money

Design &
changes

As-built

drawings

Method

Statements

Poor Materials
or Equipment

Poor

Communication

Poor

Coordination

Ignore signs,

info, guidance

Poor Checking
or Review

Lack of
Competence

Housekeeping

Poor

Poor

Supervision

Poor Work

quality

Poor

Concentration

Breaking rules

37

Lack of site understanding temporary works concepts.

X

17

Large scale fire at power station, investigation unable to determine
cause, but likely to be smoking in unauthorised areas and poor
housekeeping.

X

X

65

Failure to control public access to a site on a University campus

44

I have had to stop works for scaffolding being incomplete, guardrails
missing and trestle systems not being erected correctly which were
overloaded.

56

A high rise mast climber fell to ground with two men on board. The
men survived but were seriously injured. The report by HSE was
confidential, but cause is believed to be lack of servicing to the motor
and breaking mechanism.

63

During a demolition process we had a substantial unplanned collapse
due to unforeseen inadequate building techniques used on the
structure - re-bar in the original building was missing and incorrectly
positioned leading to an inherent weakness in the structure

59

Urban tunnelling work where adequate control of face stability has
been lost

X| X| X| X

A week after | left the railways as a recently chartered engineer in my
mid twenties, three members of the track gang who had been
‘protecting me' in my last week of employment were hit by a train and
killed when working on the same completely open straight length of
track to where I'd been in my last week. It seems clear that the look-
out lost concentration and the men stopped looking out for themselves
as well... A lesson | learnt was to make sure | looked after myself at all
times and also tried to look after others | work with.

26

Flooding of roundabout where client had allowed a culture of allowing
the contractor to work at risk outwith the agreement. Similarly at
collapse of bridge temporary works which the contractor refuted as a
major incident under RIDDOR until into next reporting year.
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7.4.3 Comparison of pre-set and respondents’ experience on incident causality

Drawing together the data regarding the causes of catastrophic events, it isinteresting to note the
significant overlap between responses to these fixed options with the free text responses to
particular events that had been witnessed by the respondents (Table 7.4).

Table7.4 Comparison of pre-selected causal factorsand factors

identified from respondents’ experience

Pre-selected factors based on previous Factors indentified from respondents own
research experience of events

Client & Procurement issues
Over-complex procurement with unclear Pressure from time or money
responsibilities Inappropriate action or inaction by the client or client’s
Unreasonable time pressures advisor

Underfunding

Overall Management issues

Failure to recognise hazardous scenarios and Poor communication and coordination
influencing factors Ignoring information, guidance or ‘tell-tale’ signs of an
Interface problems between the various parties imminent problem

Lack of proper change control

Design issues (Temporary and Permanent Works)

Underlying lack of "robustness” Inadequate design or (late) design changes of permanent or
Lack of involvement on site by designers temporary work_s _ _ _
Designers working in boxes; no-one responsible for Incorrect as-built drawings and information

providing overview
Design which didn't consider/explain how
construction could be done
Drawings not clear, significant risks not apparent or
highlighted
Design process not effective, not coordinated
Over-reliance on software analysis which cannot be
easily verified
Over-reliance on codes
Checking & Review issues

Lack of checking and of competent reviewing Lack of, or inadequate checking or review
Competence, Experience, Training & Education issues

Ignorance, incompetence Lack of competence
Poor team-working

Lack of experience

Error (by people who are competent)

Site Management & Worker issues

Lack of site control Poor supervision

Conscious risk-taking breaking rules / failing to follow agreed procedures
Inappropriate or generic method statements
Problems with materials or equipment
Poor housekeeping
Poor work quality
Lack of concentration

Miscellaneous

Inappropriate maintenance and/or modification of a
structure
Vandalism or malicious act
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7.5

7.5.1

WHAT CAN BE DONE TO PREVENT CATASTROPHIC EVENTS?

Ranking the effectiveness of pre-selected control factors

When asked “How effective do you think the following "controls" are in reducing extreme risks?’
respondents were asked their opinion on the formal construction process and how effectively this
was managed in awider context. The control options offered were based on the preliminary
research.

Table 7.5 presents the 17 identified controls ato q (see Appendix C) and indicates: the number of
respondent registering a complete response (n); the relative total computed score assigned to the
factor (s); the mean score value (average score: m = s/ n); and the rank.

Significantly highest amongst control failures was having good people involved and available which
points to issues such as recruitment, training and risk management abilities of key construction
personnel i.e. competence.

As a second tier, there was a close rel ative ranking of the next four control failures which were:
managed interfaces, communication and cooperation; Thinking deeply individually and as a team
about hazards; having adequate resour ces relative to controls; then checking of detail on site.

Considering risks consciously was in athird tier.

Sensible programmes, well managed was considered significantly less important to the second tier
controls; and a further fourth tier was established of the next four factors that included: Good
management of infor mation; adequate access to knowledge (especialy records); good change
management; and sensible programmes well managed.

Following good practice for normal situations wasin afifth tier.

Once again, it isimportant to consider the ranking carefully, to prevent misunderstanding and over-
simplification. By calculating the relative significance of the score values, the research was able to
demonstrate that having good people involved and available was the highest ranked control in
reducing maor hazard events and was considered to be significantly more important than the other
controls.

‘Having good peopleinvolved and available’ was the most significant control in reducing
major hazard events.

The finding here reinforces some widely held views amongst industry commentators that people
management issues remain a concern to the industry. Managing the human resource component on
projectsisvita to any project but aso keeping people inspired and involved is vita for project
SuCCess.
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Table 7.5 The effectiveness of controlsin reducing catastrophic events

= Controls Number of Total Mean Rank Significance
= responses Score (see note
(n) (s) (m=s/n) below)
1 Having good peopleinvolved 301 789 2621 1 0.000
and available (h)
2  Managed interfaces,
communication and cooperation 301 755 2508 2 0.113
(i)
Thinking deeply individually
and as a team about hazards (¢) 299 749 251 3 0.003
Adeqguate resource (j) 302 744 2464 4 0.041
Checking of detail on site (p) 301 737 2449 5 0.015
3  Considering risks consciously(f) 301 731 2429 6 0.020
4 Sensible programmes, wel- 301 703 233 7 0.093
managed (1)
Good management of 301 685 2276 8 0.060
information (m)
Adequate access to knowl edge 300 675 2250 9 0.026
(especially records) (k)
Good change management (q) 300 662 2.207 10 0.043
Following good practice for
normal situations (d) 300 656 2.187 11 0.020
Checking of concepts (n) 297 609 2051 12 0.136
Checking of calculation (0) 299 612 2.047 13 0.004
Independent review and
7  checking of design within the 299 605 2023 14 0.023
team (b)
g  Applying CDM 2007 principles 208 560 1879 15 0.144
for risk management (g)
9 Independent certification (c) 294 520 1.769 16 0.110
10  Our legidative framework (@) 296 495 1672 17 0.096

NOTE: These data use a statistica method of determining the significance between ranked items —
the larger the figure the more significant the difference between the mean scores.
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It should be noted that there were a number of factors that were linked to checking, review and
certification:

checking of detail on site

checking of concepts

checking of calculation

Independent review and checking of design within the team

independent certification

w W W W W

It may be that, by including these several items, the relevant scores for each of them may have
been adversdly affected with some respondents not being able to distinguish completely between
them. Notwithstanding, the overall significance of the views that checking and review are
currently a problem and improvement would be of significant benefit is evident.

I mprovement of in-house and independent checking and review during both design and
construction would be a significant factor in helping to reduce catastr ophic events.

Once again none of the control failures outlined in the study were seen to have zero impact and
score values suggest al control failures outlined did have a medium level of impact on major
hazard events (in order of least impact). The lowest five control measures were:

Checking of calculation (0)

Independent review and checking of design within the team (b)

Applying CDM 2007 principles for risk management (g)

Independent certification (c)

Our legislative framework (a)

wn W W W N

Of the lowest control failures there were significant differences amongst respondent scores for the
lowest three which were: our legisative framework; independent certification; and applying

CDM 2007, athough independent review and checking of design within the teamand checking of
calculations had little significant difference between them.

7.5.2 Respondents viewson what more could be doneto prevent catastrophic
events

In addition to the closed question discussed previously, 299 respondents answered the question:
“When construction involves amajor risk such asarisk to lots of people, should extra
precautions be taken?’ and 106 offered more details and comments on their answer. The key
comments have been grouped by content and presented in Table 7.6° The groups are not precise
nor mutually exclusive and in some cases a complex comment has been split between different
groups to reduce unnecessary repetition. As the question was asking for ‘problems’ or *solutions
to problemsit is not surprising that almost all of the comments were negative. A number of
reassuring statements that much was being done were a so offered. It should also be noted that a
number of these comments are very pointed and dogmatic — they are, of course, the views of
individuals and should be interpreted in that light. Notwithstanding, they do reflect some of the
views held by people in the industry.

! |talicised text has been added to aid comprehension
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The main thrust of these comments are summarised as follows®:

Accidents have multiple causes and cannot be treated simplistically. We need to be better at
recognising the hazardsin the first place and we need to deal with unusual hazards.
Whenever possible, we should eliminate the hazard, especially during the design and pre-
construction phases. It was acknowledged that, at times this was difficult but that this must still
be the primary aim — there was considerabl e feeling that this was not being done well at the
moment. Several respondents argued that using engineering judgement and compliance with
existing codes and advice isimportant, but it was noted that more advice needed and so some
subjective decisions may still be necessary.

Removing one hazard may create other s and things will change so we still need to manage
theresidual risk and we still need good supervison. Many respondents stressed the need to
check that things ar e actually done by review and monitoring both during design and
construction. The importance of independence in such reviews was emphasised. We & so need
better teamwork, coordination and communication

In assessing and managing the risk we must bewar e of just ‘ticking the boxes' and we should
beware missing the ‘big picture’ by concentrating only on ‘everyday’ risk management. We
should beware complacency and not accept that we can do something just because it is ‘the way
we have always doneit’.

Competence and experience of al involved is essentia and currently lacking in many quarters.
Respondents argued that clients need to fulfil their role effectively. There was considerable
strong feeling that some designersdon’t do as much asis needed.

We need to face the challenges from other project priorities such astime, cost, quality and
aesthetics. It was agreed that small pr ojects and small organisations have some special
challenges. We need to address complications with the supply chain and procurement
methods, particularly dealing with sub & sub-subcontracting and inter faces.

Some respondents claim that we are generally doing ok — but it is patchy. Finaly, all people

involved in the process need to take responsibility.

Table 7.6 Respondents examples of what mor e could be done to prevent catastrophic
events - categorised free text

-Examples of what more could be done to prevent catastrophic events
Accidents have multiple causes

'Very rarely was a failure down to a single factor

They try, sometimes they underestimate the magnitude of them or changes to the planned circumstances
affect the controls and it passes un noticed.

|A risk identified and planned for normally is no longer a risk of any magnitude--accidents occur because of a
particular combination and/or a risk not recognised as a risk.

\We need to be better at recognising the hazards in the first place
They would do something if they recognised the hazards! Many don’t recognise the hazard

People will take action only if they are made aware of the hazards and they can be convinced that even if the
likelihood is low the severity could be catastrophic.

! The style hereisintentionally in the first person to reflect the fact that many people have taken the time to make personal
contributions.
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They will only identify the ones they know, or that have been pointed out to them.

Not many project teams start by seriously analysing and understanding the hazards associated with the job

In my experience people are not aware of what hazards are!

You cannot consciously eliminate a hazard unless you have identified it. Too many people have blinkers on.

Once designers recognise a risk, they then usually try to eliminate or reduce the risk.

We are not good at seeing the hazards especially at change points

We need to deal with unusual hazards

Current focus seems to be on eliminating those hazards unusual and infrequent nature they can difficult to
account that are less obvious, as per CDM 2007, however, due to their nature they are difficult to design out.
we still find that the majority of hazards are posed by users i.e. the unfamiliar, and that such hazards can be
dealt with through good design and residual risk management.

For major works, hazards are considered - the lower the perceived risk the less they look at hazard reduction

People look at hazards, but do not recognise the hazardous situations that can result - especially when there
are unusual initiating factors.

We should eliminate the hazard wherever possible

Hazard notification and reduction seem to occur far more often than hazard elimination

People try and put mitigation measures in place rather than eliminate hazards, often wasting time and money
when it would have been easier to eliminate something

Generally people, particularly designers, are too reliant on a last resort such as ‘access must be by trained
personnel with appropriate PPE with suitably erected scaffold’, rather than trying to eliminate a hazard at
source

The attitude is that hazard elimination is not possible, because we have always done it this way and it would
be too expensive / time consuming.

Yes a lot of people do try to eliminate, but | do think do a lot more could be done at design stage - this is best
time to eliminate and we don't do enough

Identify hazards and eliminate it is prime response of all Engineers in construction

You will never eliminate human error, but having alert, experienced staff reviewing what is happening
minimises the risks.

Elimination at design stage by designer

Hazards are usually identified and mitigation measures considered

Certainly in contracting we spend a lot of time considering and trying to eliminate hazards

We need to reduce the risk of their occurrence, eliminating hazards is not practicable.

Hazards generally need to be eliminated early in the design stage and it is often this element that is missing

Elimination is usually done for reasons other than CDM.

People generally apply precautions to lower the risk but do not remove the source

Traditional approaches still prevail in the industry and consideration of elimination of hazards is rare.

The correct choice of design solution can eliminate hazards

You cannot start a design with hazard elimination being the main driver otherwise all buildings would be a
single storey box. | think hazard elimination only starts properly after stage C by which time some of the key
irreversible hazards are in place.

Particularly at the design stage, hazard removal is infrequently utilised

Eliminating hazards is not yet fully embedded into the design culture. It is often an add-on at a too late stage
in projects.

I think those involved in the management and supervision actively try to eliminate hazards as far as they can.

This is something we are addressing through our Zero Harm programme, which requires elimination of risk of
serious injury/fatality.

Elimination of hazards is the first part of design that any design should consider.

The hierarchy of control is not always followed fully

Using engineering judgement and compliance with existing codes and advice is important

It is down to 'engineering judgment'

There are few projects which contain ‘problems’ that lie outside accepted 'best practice' on these situations
then the input from suitably experienced engineers is essential.

It would be good if we all simply complied with existing guidance / requirements from Standards, Codes etc. |
suggest that most of our construction accidents are a failure to comply with the present clear industry best
practice.

If existing procedures eg BS5975 are applied rigorously & conscientiously, risk of accidents is vastly reduced

More advice is needed

There is very poor advice on what is 'acceptable risk' and 'un-acceptable risk'.

Subjective decisions may still be necessary
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Quantifiable data is hard to come by

Removing one hazard may create others and things will change

..they are replaced by something else

It is often the case that eliminating one hazard will only introduce another. While eliminating hazards is an
admirable goal, efforts should be focussed on reducing and managing the residual risks.

Late changes both design and especially construction sequence/programme, time pressures all reduce the
actual effectiveness of the hazard elimination.

The hazards may change from those foreseen at the design stage but a new review of hazards is not then
carried out because the Team haven't recognised the extent of the differences or because they have 'no time'
to do so.

We still need to manage the residual risk

Elimination is usually done for reasons other than CDM. Managing the hazard and risk is the big challenge and
should be where concentration of effort is focussed.

We still need good supervision

Too much reliance on briefings and not direct supervision. As workforce will take the easiest quickest option if
unsupervised.

Time pressure on workers means close management and supervision is needed at all times to ensure the
detail and big picture are kept in mind by all concerned.

We need to check that things are actually done — Review & Monitoring

Many hazards "dealt with" by use of standard phrases in risk assessments, e.g. use a banksman, but who
checks whether these processes are followed?

We are always looking to reduce risks as team. We go over scenarios repeatedly and then monitor in site that
things are going as planned.

Far too often designers follow ‘codes' for 'their specialism' and are reluctant to allow ‘third party questioning’

Planning always needs to be re-checked throughout the construction process

Paperwork exercises are carried out to make it appear things have been done but these are rarely
communicated and implemented

Formal risk analysis is rarely conducted. Though, even if it were, the majority of failures I've investigated
were caused by the lack of proper execution of routine operations, which would probably go below the radar
of most risk analyses.

Too often a lack of checking takes place, eg has the best method of construction been used, have all the
hazards been covered, is rigorous checking being carried out both at design and construction stages.

You will never eliminate human error, but having alert, experienced staff reviewing what is happening
minimises the risks.

Very rarely was a failure down to a single factor - this led to my paying great attention to specific aspects of
work in which | was involved, particularly the design and site checking of falsework.

The major problem is that engineering has become a "JOB", a 9am to 5pm occupation; the extra work of
checking is avoided and covered with contract disclaimers

Usually down to common sense or at least the designer (of the permanent or temporary works) being given
the opportunity to see that the contractor has interpreted the design properly

The formal risk process needs independent review by an experienced team who have no direct involvement in
the project.

The hazards may change from those foreseen at the design stage but a new review of hazards is not then
carried out because the Team haven't recognised the extent of the differences or because they have 'no time'
to do so.

We need better teamwork, coordination and communication

No-one co-ordinates the process effectively (including the CDM-C who is often not involved in such
deliberations

Paperwork exercises are carried out to make it appear things have been done but these are rarely
communicated and implemented

Hazards identified are evaluated in a team approach, in most instances

Early involvement of contractors is paramount.

We must beware of just ‘ticking the boxes’

It appears to be tick box exercise.

Many hazards "dealt with" by use of standard phrases in risk assessments, e.g. use a banksman,

Too much emphasis on design risk assessments, often numeric, done too little too late.

People often only apply procedural or administrative controls

Paperwork exercises are carried out to make it appear things have been done but these are rarely
communicated and implemented

We try an informal way. Formal ways seem to be tick box situations of paperwork only.
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Procedures (beyond a certain minimum level) just dull the senses.

People tick boxes but we need to instil conscious awareness

Some people do not know why they are doing it, they just go through the motions because they have to.

There is a great deal of emphasis on box-ticking type procedures that distract rather the concentrate attention
on relevant factors.

Risk assessment becomes superficial and serves only as a prerequisite paperwork before construction starts.

We should beware missing the ‘big picture’ by concentrating only on ‘everyday’ risk management

They worry too much about the well known risks and miss the big picture (for major accidents)

Numeric risk assessments do not adequately address low probability, high consequence events (Parallels with
e.g. petrochem where e.g. BP Texas City were too busy with relatively minor consequences and took their eye
off the process safety ball)

We tend focus on the common hazards and miss the less popular ones

All of the risk assessment processes I've been involved with focus on 'manageable’ risks (i.e. on site
processes) rather than issues of structural safety for instance (it is almost a given that the structural engineer
will deal with this independently).

It is important that major hazards are identified in the first place - there can be too much dependence on
identifying and addressing the 'good housekeeping hazards' and not enough real in depth thought on the
project specific hazards.

We should beware complacency — ‘the way we have always done it’

Traditional approaches still prevail in the industry

In my experience it is rare for accidents - especially major accidents - to happen where the personnel
involved have not been aware of the hazards and risks ..They invariably believe they are in control and that
an incident will not happen. (e.g. the team know an underground service is in the immediate vicinity but will
use an excavator to try to clear as much material away from the area - and as close to the service as they
think they can 'get away with' - before proceeding with hand digging.

Some people have their own way of doing things and it's hard to change when you don’t stand over them 24
hours a day

The workers do not think like that (i.e. about risk)

We have done it this way before and we did not have an accident

Competence and experience of all involved is essential and currently lacking

Unfortunately, not everyone has a high degree of competence in this, which creates additional risks in itself.

Designers do not have the competence or drive to take this forward.

People only do things as far as their experience permits

It depends on the character/knowledge of the team involved and their experience.

It’s usually down to common sense

If aware, hazards are reduced, its ignorance that creates hazards

PPE is generally considered first because of cost and a lack of understanding.

Hazards are easily perpetuated in designs without appropriate depth of site experience

The major challenge is to make sure individuals are competent to do the job they are employed to do.

Computers seem to have overtaken the lateral thinking process that used to be put in during the process,
when we used to do hand calculations in respect of structural design. Some of the younger generation are too
much reliant on computers and have very little experience of actual site works or the practicalities of how the
actual construction works will take place of their proposed design. In other words, designing something
without knowing/imagining how it will be actually achieved on site.

CDM 2007 is great in principal, but where is the policing of this. Far too many designers have little or no
knowledge of what is required from them.

We need clients to fulfil their role effectively

Basically people do try to eliminate risk but its clients who hold the final say

Action only occurs when driven by Client or his representative

In my most recent experience, the designers & contractor have not adequately considered the risks and have
had to be guided/forced to do so by the Client.

As a contractor, clients appear to be very weak (in my view) at actively managing the permanent works
design process to eliminate hazards.

Of course, depends on the project-- some clients get it, a lot don't

If there's insufficient time & resources people will take the risk. Project owner should allow realistic timeframe
& budget to do the work in a good practice manner.

Some designers don’t do as much as is needed

Designers tend to still think risk should be Contractor's problem
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Some people try; some don't even think about it; few identify why they have eliminated a hazard and fail to
pass that information to others (e.g. clients, others in the design team and constructors).

Architects do not consider how a building is to be constructed when producing designs. They are more
concerned with the aesthetic than safety. Design risks are passed to the Constructor. CDM has not changed
this fundamental problem.

Workers at the "face" will attempt to reduce them. There is however often lack of appreciation of these by
office based designers despite CDM

Far too often designers follow ‘codes' for ‘their specialism' and are reluctant to allow ‘third party questioning*

Much design will still resort to an entry in the designer's risk assessment as "by competent contractor"
Many Contractor Designed Portion elements within the procurement framework present such a risk interface.

Designers generally do not understand their duties. Architects are very bad.

What a designer considers to be a positive measure is not always seen as such by some contractors.

Many designers do not appear to value hazard analysis.

Sometimes there simply seems to be a lack of imagination amongst engineers, it might be rare but if it can go
wrong eventually it probably will.

We try to deliver good design in everything we do. The idea of separately identifying risk reduction can
sometimes seem contrived.

I have requested that a school building be moved 3m west to avoid conflict with services. The architect
understood that this was a significant risk that could be eliminated and so moved the building (post planning,
pre detailed design).

Some designers more driven by design quality than risk elimination

On the whole, most people endeavour to eliminate hazards

Designers still need educating and training to consider the significant risks (and passing on relevant
information) and stop extolling about small risks and telling competent Contractors what they should do.

We need to face the challenges from other project priorities

Small construction projects are often very cost driven

Unfortunately, there is still the issue of time and money that those at the ‘coal face’ sometimes allow to cloud
their judgement

Cheapest, quickest solution — we have always done it like this

Eliminating hazards is considered but is secondary to producing a cost effective design for the Client.

Risks are taken when time and/or money is severely restricted.

Time constraints seem to be more important

PPE is generally considered first because of cost and a lack of understanding.

Procedures may be in place but commercial/time/resource pressures induce short cuts

We must also recognise that the industry is reliant on individual operatives being paid for production.

In my experience, the greatest number of "potential” major accidents/incidents are due to experienced people
rushing to get started or finished in possession works - and this allows problems to occur as available
important safety critical information is sometimes overlooked due to the pressurised activity in hand. This
means close management and supervision is needed at all times to ensure the detail and big picture are kept
in mind by all concerned.

Example: live overhead cable, details briefed to all on site, but the gang gets carried away with the rush to
start or finish the works that materials or tools are raised above head height without thinking. Equally, when
there is a change to the planned works, the change is not always fully understood and therefore not properly
acted upon by each individual.

For example, we work for 3 nights with isolation of the services, then due to operational difficulties elsewhere,
we cannot have an isolation on the 4th night - so we devise a safe way of working without an isolation. The
briefing is not understood by and individual or in the rush to get things done quickly, an individual raises
tools/materials above head height - as they are still in the mind set of the previous 3 nights’ work and have
not taken cognisance of the potential impact of the briefed change.

Designers are quite often expected to work under tight budgets and thus often forget to consider H&S or
possible hazards during construction.

Late changes both design and especially construction sequence/programme, time pressures all reduce the
actual effectiveness of the hazard elimination.

The hazards may change from those foreseen at the design stage but a new review of hazards is not then
carried out because the Team haven't recognised the extent of the differences or because they have 'no time'
to do so.

Costs tend to conflict with H & S.

Small projects have some special challenges

It is very much dependant on the industry sector we are considering e.g small construction projects are often
very cost driven

Probably this depends on the size and 'reputation’(culture) of the organisation and size of the project
including resources
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We need to address complications with supply chain — sub & sub-subcontracting and interfaces

The majority of incidents / hazards creation occur when the planning / appointment of labour (mainly subbies)
process has been by passed / not adhered to

The modern tendency to package work into boxes reduces hazards to secondary considerations rather than
primary.

There are hazards presented further down the supply chain i.e. a subcontractor to a subcontractor etc.
Some claim that we are generally doing ok — but it is patchy

Method of works and how we achieve them are always considered in a safe way.

If appropriate procedures are employed the risks are identified and addressed prior to any works
commencing on site or even identified at design stage

We apply a rigorous process of risk management and evaluation throughout the life of a project

Risks are continually assessed on our sites. Risk management is an endemic process within our business

It is getting better but still work to be done

Extent of trying can vary

Some people try; some don't even think about it;

Improvement is needed

Most projects have good quality management teams and good liaison with the Principal Contractor

I work in the nuclear industry with has a very strong focus on health and safety.

The Civil Engineering industry is behind the Energy sector — Risk management in Civils is very inconsistent -
polarised even

People need to take responsibility
But most often | see people regard the duty to reduce or manage the hazard as someone else's responsibility
People may see hazards but do not accept the reality of risk. Do do so is not macho.

Most hazards are accepted as part of the risk in doing the job.
This is not dealt with sufficiently. There is an acceptance of hazards as part of work

People try to underplay the hazards if it causes them problems elsewhere
This IS done, but not always and reluctantly if it effects their design considerably

7.5.3 Respondents viewson key prioritiesfor reducing catastrophic events

Respondents were asked: “What do you think that (above all else) should be done to prevent
catastrophes in construction?’ 230 people responded, some mentioning more than one priority
(see Table 7.7). A number of focus areas were identified as follows:

§ Safety risk management 29
8 Think ‘worse case 7
§ Overview essentia 4
§ Leadership 7
§ Accountable 'designated’ persons 11
§ Culture 10
§8 Client issues & procurement 19
8 Resources- Time 20
8 Resources— Money 10
§ Planning 22
§ Design 27
§ Manage change 4
§ Collaboration / coordination 9
§ Communication 7
§ Checking/ detall 4
8 Independent review 3
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Independent site inspections
Training

Education / universities
Feedback / learning
Competence

Regulation / HSE / Campaigns

Supervision / site control
Site management systems

Misc
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Table7.7 What do you think (above all else should be doneto prevent catastrophesin construction?
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Need to consider the biggest "what if* and X X
work back from that.
Robust risk assessment process that X | X

focuses on identifying hazardous situations
and the lines of defence that are being relied
upon.

Promotion of a culture of systematic hazard
recognition and risk management. A lot of
lip service is paid to risk assessment but
very few project teams really use risk
management techniques as a tool to control
work.

X
X

Adequate hazard and risk management at
design and construction stages.

Awareness identification and involvement of
all construction people at all levels.

Design out hazards, communicate out
residual hazards, then supervise, control,
monitor site.

Detailed critical risk management
procedures with the introduction of ‘hold
points'.

Effective assessment and management of
risks on site

Identification and awareness of any residual
hazards

Proper well thought through risk
assessments.

Robust assessment of risks and effective
arrangements to manage/communicate
significant risks to others.

Thorough planning, risk assessment,
information and adequate resources.

Design competence is crucial in every
aspect, and being able to interpret designs is
of equal importance. Value engineering often
is the root cause of failures where designs
are not re-evaluated, simple altered, and
construction needs to pay more attention.

X| X[ X| X| X| X| X| X| X| X
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Assess and manage the risk.

There should always be a systematic and
formalised assessment and management of
risk on construction projects.

Awareness of risks by open and frequent
discussion. Don't ever think processes or
legislation will prevent them.

Consistent application of policies and
procedures adopted to ensure that sensible
safety is being applied to every operation
that is undertaken during all construction
activities.

X X| X| X

Greater degree of risk management and
commitment to same by all parties.

X

Ban codes of practices, allow engineers to
think creatively and identify all risks that
arise from their design and proper mitigation
procedures.

Encourage a balanced approach to hazard
control. Good engineering practice and
controls are paramount to ensuring safety.
By concentrating on "safety" alone another
element causes the accident to happen.

People on the whole recognise risks and
don’t want others to get injured, however
people's threshold of what is an acceptable
risk and response to it varies a great deal.
Risk registers should always be compiled by
the team to cater for the varied views.

Keep assessing risks, keep advertising
safety campaigns, employ good safety
professionals at planning stages.

Stand back - take advice - speak to the
designer.

Coordination and proper risk analysis.

Clients need to appreciate the whole
process from cradle to grave and not just
appoint duty holders because they have to
by regulation. There needs to be a better
understanding of hazard evaluation and risk
reduction. The project team needs to review
designs.

X| X X[ X
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management
Leadership
Procurement
Resources - Money

'designated' persons
Planning

safety risk

Think 'worse case'
Overview essential
/Accountable
Culture

Client issues &

Allow time for competent designers to
consider effectively risks and remove
processes which hinder that ie many that are
generated through the CDM Regs and CDM-
C in particular.

X Resources - Time

X

Provide appropriate experienced staff with X X
sufficient time to work as a team, with all
parties, to identify risks and then be allowed
to fully consider implications.

Early risk assessment and involvement of X
insurance people (who have more
knowledge about losses than anyone else)
at an early stage in the construction process
and then all the way through.

Don't take risks. Fully assess what they are, X X
and plan them out.

A no fault system of reporting near misses X
should be used. Knowledge of what could go
wrong and has gone wrong on other projects
should be widely disseminated so we all
learn from it.

Education. Firstly to students as a safety X
module as an integral subject at University.
Secondly to ICE Graduates/Members as
Case studies of significant failures.
Unfortunately there is only a limited number
of researched case studies available.

Teach people to think what can possibly go X
wrong with my project/design/concept.

Design Teams and site management should X
work closely together on site to highlight
potential hazards.

Greater level of formal communication X
between project team members on a “What
if” basis, endorsed by the client.

Have an experienced person within the X X
organisation who has the responsibility to
take an overview and the authority to
intervene when necessary.

Follow procedures but understand the intent. X
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Regulation / HSE /

Campaigns
Site management

Supervision / site
systems

Manage change
Checking / detail
Independent review
Independent site
inspections
Education /
universities
Feedback / learning
Competence
control

Communication
Misc

Collaboration /
coordination
training

X Design
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In my experience the design of a structure
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has to be turned around as soon as possible
as the fees for the structural engineering
process keep getting lowered. This does not
leave a massive amount of time to take a
step back and consider all aspects with
regards to safety. | do not think the design
and build system lends itself to this either.

Single person designation - not all in it
together with none named. Serious problem
in lack of support or interest from high level
management

X

Empowering those at most risk. Hold senior
staff accountable.

Adequate planning and engaged visible
leadership

A culture set from the top which sees
learning from every near miss as an
opportunity not a problem

Good safety leadership, ensuring every
employee is not only aware of hazards and
risks but looking for them and avoiding them,
a proper chain of responsibility where
managers are watching their staff.

x| X X| X

Management and leadership.

X

Make the client responsible and in line for
prosecution if it is their pressure that has
caused the accident

Design out risk. On large projects, consider
the Temporary Works Co-ordinator role as
stand-alone rather than as a tack-on to other
significant duties.

Place responsibility on a single professional,
with adequate authority and require that that
person assure that adequate care,
experience and education be brought to
bear. (No harm shall be allow to occur for
lack of knowledge, effort and care

Single point of responsibility in each
organisation involved in the design,
procurement and construction process -
"safety coordinator." Ideally similar to the
SER system of design certification, where
the individual is personally responsible.
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Hold people personally responsible-- for
every major injury, owners/managers/supers
should face criminal charges with real jail
time.

X

Greater awareness of potential prosecution
and accountability within the
design/construction team.

X

Individuals should be held accountable for
their actions.

Communication and joint working between
all parties on projects, with a commitment to
individual and collective responsibility for
safety.

Define responsibilities clearly (instead of
trying to make everybody responsible) and
have one level of independent scrutiny.

Develop a caring awareness that we are an
industry that provides a service to people.

| have been on sites worldwide with 7 deaths
generally due to bravado. | was a H&S
consultant for 4 years - CDM was ineffective
with no backup and lots on board for no
intelligence money making. Real lateral
thinking using experience is needed on all
projects.

Reiterate personal responsibility and the
need for common sense. A receptive
environment for people to report concerns.

Good procedures will resolve such issues
ahead of such occurrences. Much though
depends on the attitude of the contractor.
The exercise must look at the tier of building
being undertaken by companies with an
annual turnover below £100m

Always work safely.

X

There is no single thing - in my experience it
is the culture of people always being aware
and thinking about H&S that prevents
catastrophes. This culture exists because of
the sum of all the individual things that
promote health and safety - so it's important

Culture change at workforce level.
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A better understanding from ALL parties on X X

site, of their roles, responsibilities and risks
before carrying out an operation. A change
of mindset that taking a risk to get the job
done isn't worth it.

Shared learning / better publicise the X
incidents which do occur. Encourage a
questioning approach. Chartered Institutions
should discipline practitioners who will not
acknowledge mistakes can be made.

Set realistic time frames for projects that X X X
allow proper planning and re-consider areas
such as L & AD's, pain and gain clauses that
can put unreasonable pressure on
contractors to take unacceptable risks.

Good, thought through design having X
eliminated risk - combined with a detailed
conceptual plan of how the structure will be
constructed. Once this has been produced, a
fair contractor appointment process that
ensures sufficient funding has been built into
the process for a safe time to construct, safe
methods to be employed and training for all
those involved in the construction process
on site - ensuring only competent personnel
are employed to undertake tasks on site.

Impress on Client Organisations that X
irrational programming looks great on paper
but caries serious safety consequences.

Use forms of contract where contractor and X
specialists involved at a very early stage in
order that all parties can identify and
eliminate hazards and risks.

Promote a 2 stage tendering process to X
Clients to allow experienced contractors into
the design team at an early opportunity.

procurement methods that allow X
collaborative working so that all can share
information and address risk.

Procurement routes by clients need to take X
account of the type of project and focus on
many aspects. There tends to be an

emphasis on cost over other differentiators.

Educate people continuously and remove X
safety costs from the assessment of tenders.
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Joint training courses. i.e. architects,
designers, constructors share at least part of
their courses together and more site visits.
Better representation from clients i.e. clients
too powerful forcing prices down and
shortening programmes.

X

X

APPROPRIATE FUNDING, TRAINING AND
REGISTRATION OF SUBCONTRACTORS
(NOT cscs)

X

H&S should be legally established as a
separate % budget set for all tenderers,
divorced of the technical submission ie. say
a minimum of 2-5% of the project value,
calculated on the basis of risk assessment
by the Client. Tender bids would then be
only completing on technical ability and
commercial aspects of this in the
reassurance that H & S is already
adequately budgeted for. Also more
accountability on Clients, Designers CDMC's
and Delivery Partners needs to happen.

Severe consequences that can really be
applied would, | believe, drive improvements
in independent oversight of the entire
process: Budgeting, Tendering, Design,
Planning, Resourcing, Execution.

Clients taking proper responsibility for their
actions. | have not yet seen a client
prosecuted under CDM 2007.

All projects should be collaborative, starting
with meaningful client briefings and
knowledge sharing. Client must take advice
and not assume that he knows best.

Clients should fully understand the
implications of their projects and should
ensure the budget, programme and contract
strategy reflects the demands/significance of
the project.

Client expect work to be completed far too
quickly often with little time for proper
consultation and design consideration.

Competent management, with adequate
resources, including time.

X

X

Adequate time, money and resources
available.

X

X
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Reduce overburdening time and money
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pressures on design staff created by senior
management striving for commercial
success on the slimmest of margins.

Sensible time periods both for design and
construction. Experienced, competent
people carrying out the work. Right price for
the project to avoid cutting corners to save
money.

X

X

A better balance between programmes, cost
and checking.

Take more time to think carefully.

Allow sufficient time at each stage of the
project.

Allow sufficient time to consider the risks and
engage knowledgeable qualified persons to
review.

The right people with adequate knowledge
and time is the key ingredient to ensuring
effective management.

Ensuring people have sufficient time to do
the job, whether the design, or the
construction.

Having competent, well resourced and
managed staff who have the time to under-
take the task they are being asked to do.

jobs should be slowed down as the rush of
programmes and deadlines cause more
problems and accidents than anything else.

More attention given to ensuring a realistic
and therefore safer time window for all
contractors working on a construction site.

Realistic timescales both at design stage
and post contract award.

Safety is of high importance. But time scale
often drives the risk of cutting corners.

Sensible timescales at the design and
construction phases of a project.

X X X| X| X| X| X| X| X|X| X| X
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Construction Managers for all contractors
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should be incentivised for safety above all
other motivators; i.e. profit should be
weighted below safety in the actual rewards
system. In most companies profit is 'king'
and this is reflected in _behaviours.

Adequate resources to manage all aspects
of the site team.

X

In my opinion the underlying cause will
always go back to financial constraints.

Better Planning

Better planning, cooperation and pre-task
inspections.

X

Considering appropriate means of escape.
Better procedures & better designed storage
area.

Detailed planning of works should be
undertaken which involves those directly
undertaking the works. Where this is not
practical (in many cases it won't be) there
should at least be a detailed briefing with
those undertaking the works.

X X X]| X

Better planning and preparation to realistic
timescales.

Good site prelim discussions with clear
duties allocated.

Good well thought out planning.

Plan more

Plan, gather information, evaluate risks and
make sure the information reaches the right
people.

Planning

Planning and resourcing reviews with others
outside the project team prior to high risk
operations.

Proper and timely planning and assessment
by experienced personnel followed by strict
management protocols undertaken during
site process.

X XX X| X| X| X| X
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The seven P's always! Proper preparation
and planning prevents pp performance!

Robust Planning and control of sub
contractors. Behavioural attitude training.
Management adhering to the systems which
are in place.

x| X Planning

Those in the industry planning and
managing construction works.

X

Detailed prior planning.

X

Designers considering the constructability
and installation of equipment and the
structure.

Good design and frequent site inspections
by experienced personnel.

Have robust buildable designs that reduce
risk upfront.

Designers should be more aware of the
temporary supports and arrangements
necessary for construction rather than
focussing purely upon the finished design
and leaving 'temporary works design' to the
contractor. Ad-hoc on site design/method
statement change

Client to pay for evaluation of design
principles through design teams and again
prior to starting construction on site to
ensure designs a robust and risks fully
identified

Site briefing by designers.

Proper design resources, independent
checking of design (other than very minor
structures), proper independent supervision
on site.

More design reviews

All designers should have a fundamental
knowledge of how buildings are constructed
and should fully appreciate the impact of
their designs on the safety of people. This
knowledge should begin at the very start of
the designer’s education.
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Better training of site management team and
most importantly better understanding by
designers of the CDM Regs.

Training, Training and more training for
designers.

X X training

Full implementation of CDM 2007 regs.

More frequent site visits & inspections by
HSE & BCO, and more in-depth scrutiny of
the designers actions in reducing or
removing hazards.

X| X| X ><Design

Overhaul CDM regs, give more power to the
CDM-C, take more enforcement action
against designers, better regulation
processes that are more likely to give risk to
major catastrophes.

X

The CDM 2007 Regulations with regard to
designers responsibilities should be more
fully implemented and more aggressively

checked and actioned by HSE.

Client, CDMC and Designer responsibilities
for design enforced.

X

It should become law that a project does not
commence on site without a fully
coordinated and integrated design which has
been verified by building regs (properly).The
procurement world is driving a culture that
makes our industry start on site with 80% of
the design still to be done by subcontractors.
This is wrong.

X

An experienced person should review and
take responsibility for the design.

X

Principal Contractor & Designers to take
more responsibility for safety during
construction. Frequently lip service is paid to
this by both parties, often this is due to
unrealistic programming.

X

For some types of important temporary
works there should be a register of approved
Temporary Works designers.

Clear communication of design intent to site
team and ensure everyone involved
understands risks and limitations of the
design.
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Behaviours in project teams should change
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so that all proposed changes to a design for
temporary works are properly checked and
approved.

More training. Higher quality personal
development project. More apprentices -
gain experience. Improved and clearly
identified communication links and
responsibilities. STRONG CHANGE
MANAGEMENT PROCEDURES.

X

Clarity and agreement on how we manage
changes to the work, and when the rules do
not fit- ie the gap between work as imagined
and work as performed.

If a hold is enforced when something
unplanned occurs however insignificant it
may appear to be then we may eliminate the
majority of failures.

Mandatory site co-ordination, checking and
tool box talks involving the construction
specialists in conjunction with the designers
to ensure the operatives fully understand the
risks and control measures that must be
implemented.

Better collaboration between parties without
fear of litigation or claims for extra payment.

Assistance. Never one individual to blame.
Sites need more supports, no one is an
expert in everything.

Training and communication are vital

X

Industry wide Lessons Learnt detailing
previous incidents so we can all learn from
them and avoid it happening on our projects.

Close supervision and genuine
communication between
supervisors/workers about the real risks
involved and their consequences.

Good management undertaken by
experienced people, communicating with
whole project team.

Clear lines of communication to ensure risk
are understood and actioned/controlled.
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Above all else, what should be done to
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Communication and planning, working in
proper sequence of work

Communication is vital, now that verbal
communication with workers can be
impaired, due to difficulty with language

Everything we do is about effective
communication between all parties. If
communication breaks down then inevitably
there will be problems.

Improvements in sharing of information on
outcomes and future prevention control

Better communication by ALL parties

Proper handover is required (never happens
in my experience) between the design team
and the contractors (and subbies) so that the
reasoning behind design is understood on
site. That way people wouldn't endanger
themselves by thinking that there is a
cheaper way, when in reality it was
discounted on H&S grounds. Working at
height seems to be the main issue but | have
no idea how we can mitigate that without
reducing the height of buildings..

Appropriate Commitment by all parties within
Construction Industry including signing up to
a Charter which outlines individual authority
to stop work at any time to review decisions
already processed so the risks can be
evaluated.

Independent inspection allowance to be
identified and ring-fenced by all clients,
which must be used to allow interrogation of
design teams /contractors and work
practices.

Supervision and inherent checking (i.e. not
just as a procedure one has to do) at all
stages in the conception, design, tendering
and construction.

Checking criteria and assumptions.

Design compatible with actual conditions
and integrated management.
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Above all else, what should be done to

Formal checking design reports & drawings
in design office and on site.

The only sure means to prevent construction
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catastrophes is to prevent construction --
which is not an option. To reduce
construction risks, | believe that diligent
checks of design and field work by qualified
people both prior to and during operations is
essential.

X

Competent site managers checking work

X

DETAILED Method Statements, fully
reviewed.

X

Promote the need for 'technical competence
and attention to detail throughout the project
process.

X

'Peer' review of designs / method statements
/ similar by trained and experienced
competent personnel who are independent
of the design process - a fresh pair of eyes.

Checking of designs/site works by
competent persons i.e. chartered/
experienced designers, etc should become a
formal legal requirement with
drawings/reports signed off.

For items that are identified as being high
significance have independent review.

Independent body must be included in
design stage.

X

Place emphasis on peer review type
procedures and away from box-ticking and
form-filling which human nature turns into
rubber-stamping.

X

Core supervision on site through
independent bodies.

X

X

Supervision on site by independent bodies
on aregular basis.

X

X

There should be a hierarchy of Chartered
Engineers ON SITE with clearly stated
responsibilities in a chain of command to
ensure the design is safely and appropriately
implemented.
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4} >
b . _ o
prevent catastrophes in construction? ? < & 2 5 £ -~ -
() .8 ) c Q
8| 5 g E| g ] c| B 3|2 £ a2 B
i3 8 o | E] 8 5= | 5| | g2 AN
= o c = -
5 @ 3 o %5:: 85 (/Iz UI) 8|85 § ° % gm ) = 8 v s >
25| 2| 3| 5 (g8 2| & & o SIS8| 5| 2| 2|28 §S| 5| &|85(3 |E,
= [} = Lo = = = O c = = =] =0 © BC |[S— |©
) : Q2 = c o £ c o) £ T | @ ==
28| x| 2| $|132| 5|¢3| 3| 3| €| | |88 | E| 3| 2|20 85| =| 2|22 |58 [EG|
O C = ) S |ow =2 (g 9 7] a c 7 c =5 € o) o |0 a S > ) E |DE |2E€ |0 f
. D o < o = = 0 n
T S = > o |0Q© S |= 2 Q Q £ Joo} S |65 ) f= T |Ta Sc 5} QO |[o0® |55 |22 =
n € = o - |<5 O [Oa o o o o = |00 (@) (@) = |EE us (It O |lxo (o | =

Education for all levels of personnel involved

Inclusion of Modules of Construction Risks in
all training courses. Mandatory training of
CDM all levels in industry.

Increase the awareness of those involved in
construction of the risk of major catastrophe
and provide them with the motivation and
skills to limit the risks.

X x| X training

x| X| X

More emphasis on education throughout the
industry.

X

X

Much better awareness of the risks.

X

X

Better training for individuals including a
required standard (set by industry &/or
legislation) of general HSE training for all
operatives.

X

Adequate training and supervision.
Adherence to site best practices and
providing the necessary safety equipment at
all times.

X

Better investment in training.

Training on site and control of personnel
allowed to work on site.

Better training throughout industry - more
practically minded.

Ensure that there is sufficient adequately
trained staff to successfully carry out the
task/project

More supervisor training.

Need to upskill the industry and better retain
competent people. This needs increased
application of initiatives such as "Respect for
People." The industry must get much better
at sharing lessons learned from incidents.
Some progress in the work the work of the
UK Contractors Group .

X| X[ X| X| X| X

Trained & Experienced managers.

X

X

Trained and competent people following the
processes.

X

X
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Above all else, what should be done to

Get rid of the numerous money making
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schemes such as CSCS passport for safety
and replace with one scheme.

Education in cause and effect. Case studies
etc.

Experienced but, most importantly, well
educated site teams.

Improve the communication link between
parties in this industry and the universities.

Reduce the reliance on People with Degrees
as they are no match for experience Degree
or not.

x| X| X| X

Honest reporting on Near Misses in Blame
Free Culture.

Better corporate knowledge sharing, training
and instruction.

Educating people with construction
responsibilities by examining past failures.

Learn from the past and learn ' there but for
the grace of God! Be aware it really can
happen.

A corporate conscience and memory; learn
the lessons of the past.

Share information so that lessons can be
learned from the experiences of others and
continuously update the lessons.

X| X[ X| X| X| X

Having engineers in charge of design and
construction activities not technicians or
accountants.

Competence remains the main criteria to
ensure people have the option of making the
right choice.

Ensure competent people are employed at
all levels form designers to operatives.
Ensure operatives are well briefed on risk
and method statements prior to commencing
a task.

Have people carrying out jobs which they
are competent to complete.

X

Improve competence in all levels of
supervision and management.

122




Above all else, what should be done to

(%2} > o
prevent catastrophes in construction? 2 < & 2 5 £ =~ -
[4) 8 @ c
" = n 5 = < o c L Q c
c c = e () c T > |2 = %) = o
& D (] 3 = = 2 |= S 5 S ] 5 T @ =
o o » Q o = ; < |c b= g = |5 @ = )
e8| 8| | o|23 N A sles | B 2| 5 |Bs =g | 3 cels |2
% E S] = z |82 @ E @ @ S |B= e = 2 |lEE c0 | x §5 |2 g
Q25 5 S ® & 13) 13) =2 o |5 @® = c c |c8 o= 9 =2 |2 (%)
=g | 2| 2 @ e8| o |22 | S| S| £ c| &|Sc S| o|eg| 2|82 | S S8 |25 |2
> ~ > 0 |35 S |25 c =) g | 8B € S o 2 = o S2|g |Eg
o S o = c o o o c o= © & o e} = = P o
[T = c [T} 7] = 7} 7] 7] c |= € a3} O (O o £ |53 O (o) o O
Q2 = S |0 RS 5] = ® 1}
T C = > 0 |c0@ S =2 Q Q e} o) S |88 /o) 4= T |T o T |BE ) 08 |55 |22 =
o E = O 4 | O 0o 04 04 o o = 0o (®] O = | == 5 |WS [ Xo MWo [0n =

Improve people competence.

Consolidation of the various competence
certification schemes.

Clear accountability and competence of
those accountable people.

Good Management.

Having competent people involved
(Designers & Contractors).

Thinking, challenging, employ competent
people.

Solid experience on project management.

Stricter controls.

Improve funding to HSE, more enforcement
action required to ensure compliance with
current Regulation.

Legislation to be made clearer although not
in a prescriptive way as people won't think.

Enforcement of regulations!!

Strengthening of CDM Regulations.

Clear direct supervision at ground level
upwards.

Ensuring good management.

Reduce paperwork on site to allow more
time for adequate supervision of the works.

Sensible programming and good site
management with relevant experience.

Statutory maintenance plans of site plants .

A Principal Contractor 100% responsible
needs to be appointed.

Do not be complacent.
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7.5.4 Comparison of control factorsto reduce catastrophic events

A comparison of the data gathered from the ranking of the 17 prescribed control factors (T able
7.5) and the free text replies shown in tables 7.6 and 7.7 is shown in Table 7.8.
This leads to ten summary themes, namely:

1. People

Interfaces, teamwork and coordination

Hazard and risk management

Design and preconstruction planning

Checking and review

Change management

Project management, procurement and resources
Site management and supervision

Information and communication

Legislation and codes

©ooNoORrWDN

=
©

People

Having good people (i.e. competent, motivated people) involved and available was the first
ranked control factor to reduce or prevent catastrophic events, rated considerably more important
than the other factors.

‘“Having engineers in charge of design and construction activities not technicians or accountants’

‘Competence remains the main criteria to ensure people have the option of making the right
choice'.

‘Improve competence in dl levels of supervision and management’.
‘Have people carrying out jobs which they are competent to complete’.

The need for leadership was stressed and skills such as making good quality subjective decisions
rather than just blindly applying the rules were identified.

‘Good safety leadership, ensuring every employee is not only aware of hazards and risks but
looking for them and avoiding them, a proper chain of responsibility where managers are
watching their staff’.

The length of time that a person has worked in the industry (see Section 5) did not seem to have a
large impact on how individuals viewed factors influencing catastrophic events, athough an
anaysis was conducted and genera differences assessed. The 11-20 year experience group rated
the risks highest (average answer of 2.039) while the 6-10 year group rated them the lowest
(2.215)
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Table 7.8 Controlsto reduce catastrophic events— comparison of prescribed option ranking and open responses

Effectiveness of controls — prescribed
options - ranked (Table 7.4)

What can be done — open response (Table 7.6)

Above all else, what can be done — open
response  (Table 7.7)

Having good people involved and available
(1* tier)

Managed interfaces, and
cooperation (2" tier)

Thinking deeply individually and as a team
about hazards (2™ tier)
Considering risks consciously (3™ tier)

Applying CDM 2007 principles for risk
management (8™ tier)

Checking of detail on site (2™ tier)
Checking of concepts (6™ tier)
Checking of calculation (6™ tier)
Independent review and checking of
design within the team (7™ tier)
Independent certification (9" tier)

People

Competence and experience of all involved is essential and currently lacking

People need to take responsibility
Subjective decisions may still be necessary

Interfaces, teamwork & coordination

Accidents have multiple causes

We need better teamwork, coordination

We need to address complications with supply chain — sub & sub-
subcontracting and interfaces

Hazard & risk management

We need to be better at recognising the hazards in the first place
We need to deal with unusual hazards

We should eliminate the hazard wherever possible

We should beware complacency — ‘the way we have always done it’
We must beware of just ‘ticking the boxes’

We still need to manage the residual risk

We should beware missing the ‘big picture’ by concentrating only on
‘everyday’ risk management

Design and pre-construction planning
Some designers don’t do as much as is needed

Checking and review

We need to check that things are actually done — Review & Monitoring
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Leadership (7)
Accountable 'designated' persons (11)
Competence (9)

Collaboration / coordination (9)

Think 'worse case' (7)
Overview essential (3)
Safety risk management (29)

Planning (22)
Design (27)

Checking / detail (4)
Independent review (3)
Independent site inspections (1)



Effectiveness of controls — prescribed
options - ranked (Table 7.4)

What can be done — open response (Table 7.6)

Above all else, what can be done — open
response  (Table 7.7)

Good change management (4" tier)

Adequate resource (2™ tier)
Sensible programmes, well-managed
(4" tier)

Sensible programmes, well-managed
(4" tier)

communication
(2™ tier)

Good management of information (4" tier)
Adequate access to knowledge (especially

records) (4" tier)

Our legislative framework (10" tier)

Following good practice for normal
situations (5™ tier)

Miscellaneous (Not in pre-chosen list)
Miscellaneous (Not in pre-chosen list)

Miscellaneous (Not in pre-chosen list)

Miscellaneous (Not in pre-chosen list)

Change management
Removing one hazard may create others and things will change

Project management, procurement, resources

We need to face the challenges from other project priorities

Site management and supervision

We still need good supervision

Information and communication

More advice is needed
We need better

communication

Legislation and codes

Using engineering judgement and compliance with existing codes and advice
is important

Miscellaneous
Not specifically identified
We need clients to fulfil their role effectively
Small projects have some special challenges

Not specifically identified

Not specifically identified

Manage change (4)

Resources — Time (20)
Resources — Money (9)

Supervision / site control (8)
Site management systems (6)

Communication (7)
Feedback / learning (3)

Regulation / HSE / Campaigns (9)

Not specifically identified
Client issues & procurement (19)

Not specifically identified
Culture (10)

Training (8)
Education / universities (5)
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There were subtle differences amongst the lowest represented groups. When the job type factor
was analysed, interestingly, clients (1.997) and operatives (1.957) viewed the risks as most severe
while the insurance sector (2.217) viewed it as |east severe.

While the differences were relatively small, more experience seems to result in more respect for
the controls in place to reduce risk with the 20+ group scoring the controls highest (1.757).

Once again anaysing for the job type factor yielded some interesting results as the insurance
respondents scored the controls as |east effective (1.857). Operatives scored the controls as most
effective (1.510). These two results take on more significance with the knowledge that the other
groups al scored the controls between 1.723 and 1.796.

| nterfaces, teamwork and coordination

Many projects are complex, requiring effective teamwork, careful management and coordination
of the interfaces between organisations and cooperation between al parties. The culture of sub
and sub-subcontracting must be understood and the challenges addressed.

‘Mandatory site co-ordination, checking and tool box talks involving the construction
specialists in conjunction with the designer s to ensure the operatives fully under stand the
risks and control measures that must be implemented’

Hazard and risk management

Many of the respondents’ comments can be summarised as effective safety risk management -
the promotion of a culture of systematic hazard recognition and risk management. The
application of arisk hierarchy of eliminate first was evident. But there was aso a particular
emphasis on the need for an overview and to consider what is the worst thing that could happen.

The online survey asked

respondents several question "Do the risks of major accidents get considered by 2
related to the genera| formal hazard elimination and risk reduction process?"
consideration of risk T

throughout the industry, and

whether they knew of

actively raise awareness of risk =
management i Ssues.
Respondents were first asked:
“Do the risks of mgor
accidents get considered by a
formal hazard elimination and
risk reduction process?’
Response optionswere always,  Figure 7.2. Formal hazard elimination and risk reduction
Sometimes or never. process

Figure 7.2 shows that of the 299 active responses, very few considered that the risk of major
accidents was never considered, with most claiming sometimes (68%) or always (29%)

When further asked whether “people actually try to eliminate hazards?’ around three quarters of
the sample (216) considered that people did; and an overwhelming majority (279 of 299)
suggested that when construction involves a major risk such as arisk to lots of people, that extra
precautions should be taken.
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‘There should always be a systematic and formalised assessment and management of risk
on construction projects’

‘ Awareness of risks by open and frequent discussion. Don't ever think processes or
legislation will prevent them’

Design and preconstruction planning

Surprisingly, applying CDM 2007 principles for risk management was only ranked 15", however,
there were 27 mentions of design and 22 of planning actions identified as priorities for controls to
reduce catastrophic events. Surprisingly, applying CDM 2007 principles for risk management
was only ranked 15", however, there were 27 mentions of design and 22 of planning actions
identified as priorities for controls to reduce catastrophic events. Checking of designs and design
reviews were also identified. Design included temporary as well as permanent works.

‘Design competence is crucial in every aspect, and being able to interpret designsiis of
equal importance. Value engineering often is the root cause of failures where designs are
not re-evaluated, simple altered, and construction needs to pay more attention’

Design out risk. On large projects, consider the Temporary Works Co-ordinator role as
stand-alone rather than as atack-on to other significant duties

Good, thought through design having eliminated risk - combined with a detailed conceptual
plan of how the structure will be constructed. Once this has been produced, afair contractor
appointment process that ensures sufficient funding has been built into’.

Checking and review

Checking and review activities were included in several of the prescribed optional controlsin the
on-line survey. Full reviews aswell as more limited scope checks were deemed essential, both
those by in-house teams as well as those by independent inspectors. The lack of independent
reviewing seemed to be a particular point of concern for many respondents.

Change management

Part of the complexity of construction projects is because things are often changing, sometimes
due to circumstances beyond the control of al the project stakeholders and sometimes caused by
brief changes, design adjustments or incorrect work done on site. Effective management of
change was seen as essential, because, as details and methods change so do the hazards.

‘Behavioursin project teams should change so that all proposed changes to a design for
temporary works are properly checked and approved'.

‘Clarity and agreement on how we manage changes to the work, and when the rules do not
fit- ie the gap between work as imagined and work as performed’.

Project management, procurement and resources
The need for adequate resources, such as time and money were frequently cited as essential
componentsin reducing major hazards. It was felt that project teams need to face the challenges

of conflicting project priorities.

‘Realistic timescales both at design stage and post contract award’.
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‘ Jobs should be slowed down as the rush of programmes and deadlines cause more
problems and accidents than anything else’

‘More attention should be given to ensuring arealistic and therefore safer time window for
all contractors working on a construction site’

‘Having competent, well resourced and managed staff that have the time to undertake the
task they are being asked to do’.

Site management and supervision

Even if al the previous controls are in place, respondents argued that good site management and
supervision was still required. There was aso considerable overlap here with the checking
theme.

‘Close supervision and genuine communication between supervisors/workers about the real
risks involved and their consequences'.

‘Clear direct supervision at ground level upwards'.
I nformation and communication

The on-line survey showed that communication was key to improving the effectiveness of
controls. But it was aso emphasised that the information that was communicated and its
management were also crucial. Respondents argued that more advice was needed; access to the
knowledge should be improved and we should ensure that we learn from our mistakes through
feedback from real incidents and near misses'.

‘Industry wide Lessons Learnt detailing previous incidents so we can al learn from them and
avoid it happening on our projects

This aspect was picked up in additional questions regarding SCOSS” and CROSS®. Respondents
were asked: “ Are you aware of the work of SCOSS (Standing Committee on Structural Safety)?’
and “Are you aware of the work of CROSS (Confidential Reporting on Structural Safety)?”
(Figure 7.3).

It was notable that a high proportion of respondents had no knowledge of either SCOSS (54%) or
CROSS (62%) with only asmall proportion having a detailed knowledge of either organisation.

! *Near miss' should in the context of this report perhaps be ‘near hit’ or ‘near accident’ .

2 SCOSS - the Standing Committee on Structural Safety - is an independent body established in 1976. It is supported by the
Ingtitution of Civil Engineers, the Institution of Structural Engineers and the Health and Safety Executive to maintain a
continuing review of building and civil engineering matters affecting the safety of structures.

8 CROSS (Confidential Reporting on Structural Safety), amore formal system to obtain additional data on trendsin failures
(and potentia failures) was launched in 2005. In asimilar vein to SCOSS, CROSS aimsto improve structural safety and
reduce failures by using confidential reports to highlight lessons that have been learnt, to generate feedback and to influence
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7.6

Incident reporting is a central
strategy for improving safety
in the construction industry.
Incident reporting schemes are

. . 140
socio-technical systems and 130
every such scheme is different 10
in implementation and use. 20
SCOSS and CROSS use 60
reports on the concerns of | 4 I I
engineers and others industry 20
professionals for the benefit of 0 N .

the public and practitionersin 50055 SC05S SCOSE Mo CROSS:  CROSS: CAOSS:Mo

the construction industry. Detailed  Limted  knowladge Detalled  Limited  knowledge
knowleageknow edgs knowledgeknowledpe

20
180
160 -

Figure 7.3. Recognition of the work of SCOSS and CROSS

The lack of incident reporting systems, particularly the lack of definition regarding the scope and
nature, isamajor barrier to extrapolating meaningful data at anational level. Without the
recognition provided by reporting systems such as CROSS (see Glossary), hazard potentials can
be overlooked.

Legislation and codes

The legislative framework was ranked as |east important as a control factor. However, generally,
the need to be aware of and work to the appropriate codes and requirements was raised and there
were a number of mentions of the role of the HSE.

‘Improve funding to HSE, more enforcement action required to ensure compliance with current
Regulation’

‘Legislation to be made clearer although not in a prescriptive way as people won't think’.

SUMMARY

The Industry Survey was successful in attracting approximately 700 respondents. Although 350
completions give an active response rate of 50%, which is reasonable, there are concerns about
the groups with low response (client, insurance sector and operatives). However the sample were
well qualified in experience with amajority (55%) having more than 21 years experience in the
industry.

In considering the results, it should be noted that role and length of experience were not of major
significance; hence, results are mainly presented for the totality of respondents, although some
differences are highlighted.

The most significant factor in major hazard events was the failure to recognize hazardous
scenarios and influencing events. Other important factors included: lack of site control,
interface problems between the various parties, lack of checking and competent reviewing and a
lack of designers’ involvement on site.

Most of the factors considered were seen as having a significant impact, although there was

somewhat less concern about: over-reliance on codes; underfunding; vandalism or malicious act;
over-reliance on software analysis which cannot be easily verified — and legislative framework.
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Client and operative response gave a higher average level of concern and insurance lower than
average, but the size of sample for these groups is too small to rely on this result.

The most effective control in reducing catastrophic events was having good people involved and
available. Other significant controls were: deeply thinking as an individual and as a team about
hazards; managed interfaces, communication and cooperation; adequate resources; and checking
of detail on site. Most of the controls considered were seen as having asignificant part to play,
although ‘legidative framework’ was seen as | ess effective than other controls.

Although few respondents (3%) considered that the risk of major accidents was never considered,
ahigh proportion (68%) said that they are only sometimes considered. However, 72% of
respondents said that people do try to eliminate hazards. There was overwhelming support
(93%) for the proposition that, where construction involves amajor risk such asrisk to lots of
people, extra precautions should be taken.

Whilst learning from incidents and the need for better communication was identified, it was
notable that a high proportion of respondents had no knowledge of either SCOSS or CROSS and
their work in collating and making such lessons available.

The respondents’ view on causal factors for catastrophic events can be grouped as
Client and procurement issues

Overall management issues

Design issues (permanent and temporary works)

Checking and review issues

Site management and worker issues

w W W W W

Key control factors to prevent or reduce catastrophic events can be grouped under the following
headings:

People

Interfaces, teamwork & coordination

Hazard & risk management

Design & pre-construction planning

Checking and review

Project management, procurement and resources
Site management and supervision

Information and communication

Legislation and codes

w W W W W W W W W
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8.1

8.2

Case Study Analysis

INTRODUCTION

This section introduces the analysis of 62 case studies. It explores potential and actual
catastrophic incidents using a case study method and examines the impact, key causative factors
and control failures. The research instrument was based around 67 structured questions (two
open-ended) which were completed in relation to each case study event.

The analysis focused on critical factors, controls (regulated and management process), additional
features (such as whether the work was innovative/complexity/unusual) and how these variables
may have influenced the major hazard events or catastrophes encountered. Typically this
involved the analysis of the actions of individuals, the system of actions and communication
interfaces between groups of people. The individual cases studied were selected based on the
availability of access to the levels of information to conduct a thorough assessment of particular
incidents; particularly focusing on issues that were fundamental to risk and hazard understanding.
This section presents the descriptive statistical findings along with more detailed content analysis
of the 62 case studies. The dataforms a phase of the inquiry and considers the evidence gleaned
from: areview of recent HSE reports; accounts of HSE investigators; firsthand accounts from
project teams; and media archives. It complements the online survey (section 7) which evidenced
individual perceptions of the construction industry, factors, controls and risk management in
relation to major hazard events.

CASE STUDY KEY POINTS
Key pointsfrom the statistical data gathered from case studies were:

The top five causative factors of major hazard events and catastrophes by rank order:
Failure to recognise hazardous scenarios

Lack of site control

Shared ignorance

Competence of Principal Contractors

Communication and interface problems

wn W W W W

The top five control failures which were the most significant were:
Deeply thinking as an individual and as a team about hazards
Having good people involved and available

Managed interfaces, communication and cooperation
Adeguate resources

Checking of detail on site

w W W W W

Key emerging I ssues by way of content analysiswere:

Major Hazard Potentials and Catastrophic events— The potential for major hazards and
catastrophic events warrants conscious consideration as part of the safety risk management
process.

M ultiple Causality— case studies point substantially to a multi-cause model, whereby severa
failuresin the construction process contribute either directly or indirectly to the event. Mgor
accidents potential isincreased within practice areas that are highly process dependent and reliant
on numerous individuals and organisations (eg scaffolding, see below). As such thisincreased the
propensity for error at any point in the process. Conversely, inherently hazardous activities such
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8.3

astunnelling are less disparate; there are fewer interactions between organisations so there are
fewer opportunities for multiple causes.

Failure to recognise hazar dous scenarios— There is a fundamental failure to recognise potential
for a catastrophic event, due to the lack of competence of personnel (education, training and
experience). This may be due to the lack of understanding that conjoint events (fairly minor
triggers) may lead to major hazardous events (multiple causality) coupled with the low
probabilities. There are implications at all levels of the industry (top down) from client, designers,
Principal Contractors, Main Contractors, subcontractors and site personnel. Where thereis
ignorance about risk thisis often shared throughout the project (shared ignorance).

Lack of site control (reviewing and checking) — Risk could have been mitigated for if
competent reviewing and checking procedures had been in place. The absence of specific
regulations (in the construction industry) specifically drawing attention to the need to address the
threat of catastrophic events influences a culture where there is a fundamental lack of checking
and review procedures that could encourage the recognition and acceptance of hazardous
scenarios.

Complexity Communication and I nter face — Where hazards had been identified prior to
catastrophes, they were often not communicated to other disciplines or organisations within the
projects. Construction projects cannot be considered as simple sequentia processes and the case
study projects featured complex processes operating in highly parallel systems. In recognising
complexity, it isvital that effective communication and interfaces between disciplines are
managed well.

People Process Product Factors— The case studies indicate that no single focus on people,
process or product will guarantee the identification and management of major hazards. Where
events were seen as attributable to defective products, an underlying link was found in the
management or processing of checking procedures and the action of people associated with
various tasks. Having good people involved and avail able, having good processes for checking
detail on site and checking the quality and use of products has the potential to eliminate major
hazard risks.

INTERROGATION OF CASE STUDIES

Data were collected from several sources including: HSE reports, independent accident reviews,
first hand individual accounts of incidents, accounts from HSE investigations; and media
accounts from selected industry publications. The information was detailed using a case study
interrogation document, which used a series of 67 structured questions to examine each case
study in detail (Appendix 8.1). The questioning process assessed the general project details, the
hazard event and underlying causes, technical issues and the effectiveness of regulation and
control. A series of open ended questions were aso used to capture any unique features of the
incident.

The broad range of questions included:
8 Project details
o0 Brief description of the project
8§ What happened?
0 Brief description events
8 Istheactual technical reason for the problem known?
0 Brief description technical reasons

8 Arekey underlying reasons known?
0 Brief description underlying reasons leading to the event
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§ What impact did the triggers have to make this a potential or actual ‘major hazard’
scenario?

What wer e the key causative factors?

What controls should have operated but didn’t?

How much did any of the following failuresinfluence the event?

o Client deficiencies; failure of the integrated design process; failure of the
team; hazards and risks; failure to have experienced personnel; failure of
site team; and late design changes

8 What impact did the following have on the event?
o0 People, process and products

wn W W

CASE STUDIESBY PRACTICE AREAS AND GROUPS

Of an initial outline of 120 incidents, enquiries were made for 87 case studies, of which
meaningful scrutiny was given to 62. These case studies were then grouped into five broad
practice areas for further analysis (structural collapse of permanent structures; collapse of
temporary works; cranes, mobile plant & equipment; sub-terrain activities; and fire). Table 8.1
shows the number of cases by practice area and group.

Due to the disproportion of case study categories, no statistical significance could be assumed
across the case study practice areas. However, asimple measure of central tendency
(mean/average) was calculated by assigning numerical vauesto “High”, “Medium”, “Low”, or
“Zero” responses awarded to each question field in order to generate raw score data (High=3;
Medium=2; Low=1; Zero=0 respectively).
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Table 8.1: Featured case studies and group frequencies

(n) (n)
Structural collapse of permanent structures 14
Bridges 3
Buildings 4
Structural collgpse during demolition (including .
refurbishment)
Collapse of temporary works 16
Formwork, falsework, launch gantries, shoring, propping 6
Scaffolding 10
Cranes, mobile plant and equipment 9
Tower cranes 7
Free-standing cranes, piling rigs and other plant inc large .
MEWPs
Associated sub-terrain activities 16
Tunnelling and groundwork’s 10
Disruption of underground services 3
Excavations and earthworks 3
Fire 8

84.1 Major Hazard Eventsby Practice Areaand Group

A calculation was made of all interrogation questions to determine the distribution and
significance of events by practice areaand group. Table 8.2 shows the rank order by category
and gives the raw score values for the number of causal factors'. It wasidentified that scaffolding
(n:10) had the greatest number of causal factorsin relation to catastrophic events (ranking
highest) with tower cranes having the lowest causative contributors. Interestingly, a comparison
of scaffolding (rank 1) and tunnelling and groundwork (rank 10) which were practice areas with
an equal number of case study assessments (10), revealed a significant difference in the amount
of factors contributing to their relative events. The greater number of factors does not equate to

! Questions were scored along a Likert scale (a psychometric scale) which is the most widely used scale in survey research.
When responding to a Likert question item, respondents state their level of agreement to the specified statements (Appendix
E). Inthe calculations responses were awvarded: High=3; Medium=2; Low=1; and Zero=0. The score is the sum of responses
divided by the number of respondents.
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equate to the practice area being more hazardous, but suggests that the underlying causality was
more complex.

Table 8.2: Outline of case study groups, frequency, score and average values

Causal Rank by
Factors| "o
229 toctors
Scaffolding 10 833 83
Disruption of underground services 3 246 82
Excavation 3 237 79
Bridges 3 199 66
Buildings 4 236 59
Demolition 7 409 58
Formwork/Fal sework 6 340 57 7
Fire 8 356 45= 8=
Free standing cranes & equipment 2 90 45= 8=
Tunnelling and groundworks 10 365 37 10
Tower cranes 7 254 36 11

Several cases involving scaffolding attributed problems to new scaffold systems. The cases
showed that, notwithstanding the advancements attained in scaffold fabrication, the control over
scaffold execution using conventional tube-and-fitting techniques is highly process dependent
and reliant on numerous individuals. As such this increased the propensity for error a any point
in the process. Conversely, hazardous activities such as groundwork and tunnelling reflected a
greater emphasis on the task (i.e. the actual construction) as a major hazard. Sub-terrain activity
was more prone to influence from the environment (adjacent buildings and infrastructure) and
hazards arising from the environment (ground and or weather conditions). Evidence from the
case studies points to the activities themselves being hazardous, inducing varying degrees of
ground movement, which caused damage to temporary work structures and/or equipment. An
essential element to minimise possible detrimental effects in these cases was the ability to predict
the ground settlement profile; as opposed to cases of scaffold activity which relied heavily on
abilities to control and manage human processes; and communicate the controls to the different
discipline groups.

Examples outlining the complex array of the underlying causes of some incidents include:
Case study example of Scaffold Collapse - During building work two sections of a scaffold

loading bay tower approximately 20 meters in height collapsed. The loading bay tower collapsed
as apallet of building blocks weighing one tonne was loaded onto it. The scaffold was a3 bay
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20metre high with aloading bay tower. There was no design for the loading bay tower and the
scaffold system was not fit for purpose. The scaffolding was then overloaded. There was
insufficient plan bracing and the outer bay was carrying approximately 10 tons of concrete blocks
immediately prior to the collagpse. The structure had been severely overloaded although a number
of factors contributed to the final collgpse. The primary factors were failure to appreciate that
such astructure would require to be designed; a failure to provide information on the safe loading
for this structure; and, afailure to control the loading of material onto the structure.

Case study exemplifying Tunnelling & Groundwork - An extension was being made to a city
Metro system where the construction was in clay marl which the drawing indicated was “with
sand lenses’. Above thislevel to the road was waterlogged gravel with ahigh level water-table.
The tunnel construction was by the NATM method using spray concrete, with the tunnel diameter
of 7m. An additional permanent lining would be put in place inside the NATM construction. The
contract drawing clearly showed two things — (a) that the clay marl through which the tunnel was
to be constructed did contain “ Sand Lenses’, and (b) the contract drawing required a minimum of
1.5m of this clay above the top of the construction profile.

Miners onsite realised that the face being excavated was becoming increasingly unstable and it
reached a point at which they had to leave the site. A collapse occurred at the ground level and a
bus sank below the groundwater. One worker and three passengers were drowned.

A technical committee found that the primary cause of the instability and subsequent collapse
was the transfer of water above the construction works into the face of the tunnel construction.
This was attributed to:
8  Lack of risk management — no response when sand/water started to rush in - freezing
would have been expensive of course....
8 Designed with low cover; contractor possibly took on the risk without talking about it.
8 No good risk assessment by both designer and contractor. Must have been incompetent
people involved to take the risks they did.

Although case studies involving tower crane incidents had awide range of identified causes,
these incidents (tower cranesn: 7) ranked lowest of the identified groups in terms of the variety
of linked causal factors contributing to the individual hazard event. This suggests that each
individual case studied had alimited number of causal factors.

When considered at the grouped level (as Table 8.1), collapses to temporary works had the most
causative factors along with sub-terrain activities as awhole. The areas of practice which fell
under the structural collapse of permanent works were ranked third; with cranes and fire ranked
lowest out of the groups. Some outline findings are discussed below athough the group and
practice areas are investigated further later in this section in relation to the individual
interrogation questions:

8.4.2 Structural collapse of permanent structures

o] Bridges: Interface problems were a significant factor in bridge failures and added to
problems caused by lack of competent review (see Glossary). Thinking deeply as
individual and as ateam as well as better interface management would make significant
improvements to the construction process.

o] Buildings: Lack of robustness and failure to recognise root causes caused most
problems here while better review of design would contribute towards safety on site.

o] Structural collapse during demolition: Heightened danger led to increased
recognition of the fact that the task itself was hazardous. Ignorance, error and failure to
recognise hazardous scenarios and influencing factors caused most problemsin this

group.
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8.4.3 Collapse of temporary works

o

(0]

Formwork, falsework, bridge launching gantries, shoring, propping etc: Lack of
site control and conscious risk taking seemed to be problems here. While there was
recognition of the dangerous nature of the task by those involved, it was found that
independent review and checking of design within the team, certification of design and
construction by an official organisation and better communication and cooperation
would al have provided a more effective degree of control.

Scaffolding: Failure to recognise hazardous scenarios was the greatest risk here and
played apart in al incidentsinvolving all case study events. Ignorance, error and a
lack of competent reviewing aso played a significant role. Failing to follow good
practice was an important control failure in this category. Considering risks
consciously, applying the CDM 2007 regulations and having the good people involved
were sufficient controls.

8.4.4 Cranes, mobile plant and equipment

o

0]

Tower cranes: Here there was recognition of a higher level of skill needed to properly
execute the task. It was aso important to consider the CDM 2007 regulations in more
detail and ensure that the equipment is thoroughly examined by a competent person.

Free-standing cranes, piling rigsand other plant, including large MEWPs: Here it
was important that good practice and the CDM 2007 regulations were followed as
closely as possible.

8.45 Sub-terrain activities

o

84.6 Fire

Excavations and earthworks: The case studies revealed that the checking of
calculations was of primary importance in reducing the risk of operationsin this area.

Tunnelling and groundwork: Interestingly, there was a certain level of risk that
seemed ‘acceptable’ or, at least, did not seem to be able to be remedied as most causal
factors were given alow rating. The controlsin place were likewise generally seen to
be effective as few were seen as being able to have made a significant difference to the
level of risk. Thisimplies that the industry has a challenging risk profile; this
conclusion requires further debate.

Fire: Failure to recognise hazardous scenarios was the primary risk leading to fire
incidents while underlying lack of robustness also caused problems. Considering risks
consciously would have the biggest impact on risk, while correct application of CDM
2007 could have contributed significantly to safety.
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85 WHAT MADE THE CASE STUDIESACTUAL OR POTENTIAL
‘CATASTROPHIC EVENTS

Theindividual cases were assessed to determine the impact of the events and how these
contributed to making the incident a potential or actua ‘ catastrophic event’ —i.e. Why did
interviewees think that these incidents were ‘ catastrophic’ ? Table 8.3 shows the average score'
for the 62 case studies; and Figure 8.1 shows the percentage of case studies to which each impact
was attributed.

The mgjority of case studies were seen to be catastrophic when the event involved multiple
workers on site or the general public. It was also determined that when an event involved a
potential impact on important infrastructure the incident would be elevated to ‘ major hazard’
status. These two factors scored significantly higher than the incidents that were considered to
involve activities which are recognised as particularly hazardous such as demolition (ranked 3')
and where cases were deemed to require higher levels of skills (ranked 4™). In 15% of casesit
was seen that the impact of the event was due in particular to the job challenges. Particular
construction challenges due to difficult access, soil conditions or weather were considered to be
of least impact when determining whether hazards were major or not; although in case studies
involving tunnelling and groundwork these challenges were seen to be more apparent. Thisis
unsurprising as factors related to geotechnical conditions often cause of significant time and cost
overruns on both large and small scale construction projects.

Table 8.3: Average scores measuring impact of events

L R e
Clearly might affect a public road, railway, crowds of

people etc 49 8 |2 3 |165 |2.66
Put at risk important infrastructure or working

facilities 32 8 |9 (13 121 195
Involved activities which are recognised as

particularly hazardous (such as demolition) 30 3 12 |15 |108 |1.74
Clearly required higher levels of skill than normal 16 14 |11 |21 87 (140
Faced particular challenges such as difficult

access/soils/water/weather 9 |5 |5 43 |42 |0.68

! Questions were scored along a Likert scale (a psychometric scale) which is the most widely used scale in survey research.
When responding to a Likert question item, respondents specify their level of agreement to the specified statements (Appendix
E). In the calculations responses were awvarded: High=3; Medium=2; Low=1; and Zero=0. The score is the sum of responses
divided by the number of respondents.
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8.6 FACTORSAFFECTING CATASTROPHIC EVENTSIN CONSTRUCTION

Case studies were assessed to determine the key causative factors of each event. Table 8.4 and
Figure 8.2 show the key scores' from the case studies and the rel ative percentages attributed to
the range of causal factors identified.

Table 8.4 shows the rank order of factors. Failure to recognise hazar dous scenarios and
influencing factor s stands out as a major influence. In 85% of cases this factor was scored
high as a contributor (Figure 8.2).

! Questions were scored along a Likert scale (a psychometric scale) which is the most widely used scale in survey research.
When responding to a Likert question item, respondents specify their level of agreement to the specified statements (Appendix
E). In the calculations responses were awvarded: High=3; Medium=2; Low=1; and Zero=0. The score is the sum of responses
divided by the number of respondents.
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Table 8.4: Causative factorsin case study events

Failure to recognise hazardous scenarios and influencing factors 156|6 |1 6 |163 |2.63
Ignorance, incompetence 114120/6 |8 140 |2.26
Lack of checking and of competent reviewing 117/6 |0 |20 |123 |1.98
Underlying lack of robustness 99 (12/3 |20 (114 (1.84
Error (by people who are competent) 90 (22|11 |20 (113 |1.82
Lack of site control 84 |18|5 |20 |107 |1.73
Interface problems 69 (22|11 |26 |92 (1.48
Poor team-working 66 (22/14 |25 (92 (1.48
Lack of experience 51 (32|12 |27 |85 |1.37
Design process not effective, not coordinated 63 (8 0 36|71 ([1.15
Drawings not clear, hazards not apparent or highlighted 51 (14|14 34169 |1.11
People working in boxes, no-one clearly responsible for

providing design overview 42 |18(3 |36 |63 |1.02
Conscious risk-taking 30 (101235 |52 (0.84
Ad hoc on-site changes to planned build procedures 45 |0 (3 |44 |48 |0.77
Design didn’t consider/explain how construction could bedone |30 |16|1 |43 |47 |0.76
Poor management of late changes in build procedures 33 |8 12 |44 |43 |0.69
Over-complex procurement with unclear responsibilities 12 |12/3 |49 |27 (044
Inappropriate maintenance and/or modification of astructure |9 |8 (6 |49 |23 |0.37
Poor management of |ate design changes 21 |0 |2 |53 23 |0.37
Unreasonable time pressures 6 (8 4 5218 |0.29
Underfunding 12 14 |1 55|17 |0.27
Criminality 6 (6 0 5712 |0.19
Over-reliance on codes 6 |4 |1 |57|11 |0.18
Over-reliance on software analysis which cannot be easily verified (9 |0 |1 |58 |10 |0.16
Vandalism or malicious act 6 |0 |0 |60|6 |0.10
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8.6.1

8.6.2

Figure 8.2: Responsesto causative factor questions

Failureto recognise hazar dous scenarios

In 90% of case studies, failure to recognise hazardous scenarios was identified as a causative
factor, 84% of which were considered to be of high significance to the event. This featured most
prominently in cases involving: cranes (both mobile and static); excavation; demolition;
formwork and falsework; scaffolding; fire; and disruption of underground services.

Case studies exemplifying failure to recognise a hazardous situation - Thiswas evidenced in
an excavation at street level for access to break down piles and install shutters for pile cap
construction. As part of the process, cables were diverted (offset) in an open excavation by
manually displacing them a specified distance out of the way from the proposed pile structure.
The offset distance should have been based on the location of the pile cap but instead was based
on the pile position. Hence in the excavation for the pile cap there was insufficient work space.
The cables were further forced back to allow working space. An explosion of the cables occurred
which killed one of the workers in the excavation and could have killed more workers or members
of the public.

Moving services, particularly electricity cables, is common practice. However, nobody on site
recognised that the cable was already stretched to near breaking point and would not stretch
further.

Ignorance/ incompetence

In almost 90% of cases ignorance and/or incompetence was identified as a causative factor ranked
as of high significance in 60% of cases. Thiswas most significant amongst cases involving
excavation, although it also featured highly amongst demolition, falsework, formwork and
bridges.
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Example of ‘ignorance and incompetence’
In terms of ignorance and incompetence, a particular case study example details where joiners
were given responsibility for demolition work and had received no proper training.
In addition to this, the case study identified:

§  Poor weather conditions

8  No proper planning or design for the demolition work

8 Lack of full supervision

8  Worker was not issued with full or proper instruction

8  No proper exclusion areawhich would contain material
As an outcome of this, aworker later walked into the cordoned-off demolition zone thinking this
was part of the worksite and further believing that exclusions were for members of the public. As
a consequence aworker was badly injured with possible permanent disabilities.

Specifically, one of the emerging issues that emanates from the case studiesis that of shared
ignorance or ignorance shared among co-workers or between disciplines. This shared ignorance
may result from their misinterpretations of data specific to the project, changing work roles or
inability to integrate different sets of on the job information into the specific task. The ability to
recognise the mistakes made by individuals and rectify them seems to flow through several of the
cases studied.

Case study exemplifying ‘shared ignorance’
This was evidenced in a case where a prohibition notice was served during a gas mains renewal
works when HSE inspectors noted that there was alack of adequate support during excavation
works. It was adjudged that there were clear potential risks to road users and multi injury
potential as plastic trench sheets were used with only two adjustable props to support the
excavation mid span. On investigation there was found to be:

8 Noclient or design level checks

8 No clear design processin place by the contractors

§ Supervisorsfailed to provide suitable guidance to operators

§  Supervisors and site engineers failed to monitor and control the works

8 Lack of experienced engineers
The evidence drawn from several examplesin the case studies suggests that when an individual or
project stakeholder (designer, engineer etc.) is unaware of the ignorance they tend not to
recognise the liabilities associated with the acquisition of knowledge as the failure evolves. On
one particular project the work was relatively routine and was not beyond the capabilities of
competent professional's; however the issues of shared incompetence were raised as there was a
marked failure to recognise obvious signs. Both shared knowledge and shared ignorance (at
individual, site and project levels) are representations of what exists and does not exist from past
experiences (i.e. in shared memory).

Lack of checking and of competent reviewing

The depth of the implementation of comprehensive reviews and checking procedures (process)
was examined in the case studies with aview to making determinations of how these factors may
have contributed to events. In the case studies, checking and reviewing covered a wide scope and
related to: regulations, technical standards and specifications; design documents for construction
drawings; structural safety; and safety in the public interest. 68% of all cases featured lack of
checking and of competent reviewing as contributing to the range of causative factors. These
range of factors were extremely prominent in casesinvolving bridges, excavation, scaffolding and
disruption of underground services, however they were also high in cases involving demolition,
building, formwork and falsework, tower cranes and free standing cranes. In casesinvolving
tunnelling, failures of checking and reviewing rarely featured and rarer still in casesinvolving
fire.
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From this the research could assert that, by group, collapse of temporary works ranked highest of
cases where lack of checking and of competent reviewing contributed to events. Associated sub-
terrain activities was ranked 2™ and structural collapses of permanent structures was ranked 3rd;
cranes and mobile equipment 4™ and fire 5™.

Case study exemplifying lack of checking and of competent reviewing

A case study example described events during the construction of amulti auditorialeisure
complex. The event involved the collapse of a false ceiling which was not adequately secured,
causing 200 sguare metres of ceiling (which held the lights and the fire preventing sprinkler
system) to collapse in one of the auditoria.

The heavy ceiling was suspended by drop rods fixed to a U section channel system attached to the
underside of a composite steel deck and in-situ concrete slab. The design was for each rod to be
connected to anut with awasher over a pre-formed hole in bottom of the channel. In practice the
washers were too small; one (or more) pulled through its hole, initiating a progressive collapse of
the whole celling. The design was considered “unworkable” which resulted in |ate design changes
which were unauthorised.

No one was inside the complex and so there were no injuries although the theatre had the capacity
to hold 500 people; and the incident happened only days before the complex was due to open to
the public. During subsequent investigations there was no evidence of ingpection or supervision
of the installation.

Underlying Lack of Robustness

Robustness used in astructural context has a defined meaning. BS EN 1991-1-7 provides one
definition of robustness as “the ability of a structure to withstand events like fire, explosions,
impact or the consequences of human error without being damaged to an extent disproportionate
to the original cause’. In the case study examples “robustness’ was indeed generally related to
robustness as a property of structural systems (stability of structures) that may lead to physical
failures. In 68% of cases, underlying lack of robustness was featured as a causative factor to the
event, of which 53% where highly significant.

However, it appears that many interviewees typically understood a broader interpretation of the
term, especialy where they were not from an engineering background. Further examinations
uncovered that interviewees used the term robustness to relate to the strength of different
regulatory mechanisms and further still to the robustness of procedures, as a framework for
management or planning process.

A lack of structural robustness was most prominent in the group of tower crane cases athough it
also featured highly in cases relating to formwork and falsework, scaffolding and disruption of
underground services. Taken from case studies, examples of robustness as a measure of stability
were given as:

“ Al practicable steps had not been taken to prevent danger of collapse of the excavation and the
excavation was not sufficiently supported to prevent danger and suitable steps had not been taken
to prevent persons or vehicles falling into the excavation.”

“ Position of diverted cable not questioned or challenged — contractor self assurance.”

“ Several failures and under calculations made, which meant that the scaffold system was not tied
adequately to the adjacent building.”
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Conversely, in the following case study involving aluffing jib tower crane, robustness related to a
system or process was raised:

Example of a robustness issue
Cranes were being used in the construction of the building. The cranes were tied to the building
structure and were being extended, by climbing, as the structure increased in height.

Asthe last tower section was being climbed into the tower of one of the cranes, the climbing
frame collgpsed with the crane top and three members of the erection team were killed as aresult
of the 120m fall. Debris from the crane was spread over awide area although there were few
members of the public in the vicinity.

Although in this case study a definitive cause of the failure was not established, various potential
contributory factors were found including: inadequate planning and not following manufacturer’s
instructions. The lack of robustness in question was given as “lack of effective planning; lack of
adequate assessment at product design stage” . These are issues that could be managed on the
project if effective design and management processes are in place.

Communication and I nterface

Assessed through the interrogation questions, 50% of all case studies featured interface problems
and managed interfaces, communication and cooperation between project stakeholders (client,
designers, principle contractors, CDM-Coordinators, contractors, sub-contractors and workers) as
amain contributor to case study events. However on reviewing the qualitative commentary from
the open-ended section of the interrogation sheets, the majority of cases had an aspect of interface
and communication which could be cited as an influencing factor. The design and construction
process needs to be integrated with several internal processes; it is also dependent on many
external stakeholders and their specific activities and demands. In this environment, with short
lead times and parallel processes, it is obvious that construction is a highly complex process. Itis
equally clear that the process is frequently an uncertain process. Furthermore, the current trend
towards outsourcing and subcontracting makes this process more complex in terms of design
coordination and the construction process itself. Interfaces between the differing organisations
and groups of stakeholders are crucial to this process. The case studies uncovered several
incidents where a communication and/or interface problem was cited amongst factors.

It iswidely accepted that the majority of cost associated with a project is determined during the
early phases of the design process. However, during these early phases, the designer may have
limited knowledge regarding problems that will be encountered during the construction phase.
Thus, the goal isto learn as much as possible about the evolving project as early as possible in the
design process, as changes are | east expensive during this stage.

The basic decisions concerning stakeholders, requirements, functions and product concepts are
made during the early phases of the development process. Thus, a huge amount of information
about the evolving project should be generated and must be shared, structured and communicated.
It isimportant to share information between stakeholders about their requirements. However, it is
only beneficid if the information is used effectively: within the case studies this was not found to
be astraightforward task. The many challenges that were encountered involved getting people
from different backgrounds and disciplines to produce and share acommon view of the project
and the varying risks and hazards. Interpretation of sometimes imprecise information was found
to be achallenge for the design team, as too was the understanding of the clients' true
requirements and the particular in-situ challenges encountered by Principal Contractors. In
addition, the requirements from different stakeholders were sometimesin conflict. These
requirements need to be negotiated and product concepts balanced in order to eliminate or
mitigate any risks.
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Case study example of Communication and I nterface Problems

One particular case involved the partial collapse of arubble retaining wall due to nearby
excavation work. During the excavation there was a plan to create a "toe" (that was to be
installed) however the structural engineers decided the wall was being undermined in places
because the foundations were not as good as first imagined. There was a cracking on the road
side which was of concern to the client and engineer, so they had started discussions by telephone
regarding shoring of this part of the excavation.

No sufficient risk assessment or method statement had been formulated. Information was not
properly communicated to the relevant parties. The interviewee stressed that the above should be
undertaken under the direction of a suitably qualified structural engineer.

The foundations of the wall were explored and they were deemed good enough not to sheet pile
but, on uncovering the wall, it was discovered that the wall was undermined in areas and the plan
to put in the toe was put in place. The client representative and Principal Contractor had been in
discussions about putting in shoring to this section because of concerns over the cracking on the
roadside. However, the site manager and contracts manager for the groundworks’ subcontractors
were unaware of any talk of supports being required..

In this particular case, there was a marked failure by the Principal Contractor to communicate
with the site manager and the contracts manager.

In order to develop awell-balanced strategy, it is necessary to consider not only the client, but
also al the other stakeholders throughout the project life cycle. In all reported cases, aholistic
view was needed in order to manage al criteria, considering as many perspectives and interests as
possible. A common understanding for stakeholders must be developed, together with the
requirements, functions and sub-systems of the project. In this particular case, these were found to
be lacking. This had implications on subsequent decision making processes. The interfaces
between the client, designer and other groups were not clearly managed in order to balance the
varied interests and the related functions.

A Noteon ‘Criminality’

It isinteresting to note that through the case study investigations the issue of criminality and an
associated item concerned with vandalism or malicious acts did not feature highly among
responses, being ranked 22™ and 25" respectively. However, on closer inspection, in half of the
case studies there is mention of prosecution (by HSE), and in several cases where there is no
explicit mention of an actual prosecution, it would be reasonable to assume that there would be
implications for legal recourse (particularly where there had been afatality). The HSE enforces
health and safety legislation for most industry sectorsin Great Britain and prosecutes both
companies and individuals for breaches of health and safety law. Breaches of legislation on
construction sites are legally enforceable and thus by definition can be considered to involve
criminality. In this particular study the assumptions (when devising the interrogation instrument)
was that criminality would be associated with consciousillegal activity such as arson, which
accounts for the low ranking as there were few cases of illegality under this definition.

CONTROL FACTORS CONTRIBUTING TO CASE STUDY EVENTS

The complexity and diversity of construction projects requires control systems to support
management and workers within their roles and to increase the efficiency of decisions made at the
expense of hazards affecting people (workers and the general public) and the environment. The
failure of any construction related controls was examined within the case studies by posing the
interrogation question: “What controls should have operated but didn’t?’ Table 8.5 and Figure
8.3 digplay the descriptive statistical data gathered.
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While score values' did not determine that any of the featured controls failures was significantly
high, thinking deeply individually and as a team about hazards, considering risks consciously,
having good people involved and available (knowledgeable, trained, etc), following good practice
for normal situations, applying CDM 2007 principles for risk management; and managed
interfaces, communication and cooperation, featured prominently amongst this series of
interrogations.

Considering risk consciously had the highest overall percentage of 83% compared to thinking
deeply individually and as a team about hazards which had 81%, the latter had 72% scoring as a
“High” failure compared to the former which had 62%.

L owest amongst these interrogations were: adequate resour ces, management of late changesin
build procedures; management of late design changes; and our legislative framework.

8.7.1 Thinking Deeply asa Team

There are many physical, organisational and interpersonal interfaces on most construction
projects, requiring teams of individuals to combine and integrate their input. Thereforeitis
important that mechanisms for effective communication between disciplines and teams are
established so that risks and hazards can be indentified and addressed in a suitably ‘joined up’
manner.

Thinking deeply and as a team about hazards was a prominent control failure in 71% of all cases,
with 61% being at ahigh level. Amongst this series of interrogations, areas that featured
prominently were: bridges; demolition; excavation; and fire, with all cases within the group given
a“High” in termsof control failures.

Case study exemplifying failure to ‘Think Deeply asa Team’

Reports into the collapse of a bridge attributed the failure to two causes; the structural design by
designers and an unusual method of erection by the contractors. On the day of the collgpse there
was adifference in camber of 11.4cm between two half girders at middle of the span which
needed to be joined. It was proposed that the higher one be weighted down with 10 concrete
blocks, each 8 tonnes, which were located on site. The weight of these blocks caused the flange
to buckle, which was asign of structural failure. The longitudinal joining of the half girders was
partially complete when orders came through to remove the buckle. Asthe bolts were removed
the bridge collapsed.

There was no sudden onslaught of natural forces, no unexpected failure of new or untested
material. The reasons for the collapse were identified in the failures of the teams who designed
and built the bridge which was considered to be of anew and highly sophisticated design. The
various companies who supplied the materials used were not shown to be in any way at fault.
However, among those engaged in the design and construction there were mistakes,

miscal culations, errors of judgement, failuresin communication and genera inefficiency. It was
adjudged that to a greater or lesser extent, the designers and the contractors, engaged in the work
were all at fault.

! Questions were scored along a Likert scale (a psychometric scale) which is the most widely used scale in survey research.
When responding to a Likert question item, respondents specify their level of agreement to the specified statements (Appendix
E). In the calculations responses were awvarded: High=3; Medium=2; Low=1; and Zero=0. The score is the sum of responses
divided by the number of respondents.
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Table8.5: Controlsfailurescontributing to catastrophic events

What controls should have operated but didn’ t?

Thinking deeply individually and as ateam about hazards 1358 |1 112|144 |2.32

Considering risks consciously 114116 |5 110|135 |2.18

Having good people involved and available (knowledgeable, 10812410 114|132 1213

trained, etc)

Following good practice for normal situations 1178 |2 116|127 |2.05
Applying CDM 2007 principles for risk management 1146 |3 117|123 |1.98
Managed interfaces, communication and cooperation 90 (2410 (20|114 |1.84
Checking of concepts 57 2014 (29|81 |1.31
Checking of detail on site 69 8 332|180 |1.29
Adequate access to knowledge (esp. records) 54 1167 (29|77 |1.24
Good management of information 54 11614 (32|74 |1.19
Independent review and checking of design withintheteam |57 (12|3 (34|72 |1.16
Checking of calculation 57 |6 238|656 |1.05
Sensible programmes, well-managed 45 |10/2 |39/57 |0.92
Independent certification of design and construction by an 33 116/5 [37/54  log7

official body

Prevention of ad hoc on-site changes to planned build 33 12 14146139 l063

procedures

Adequate resource 24 |4 |7 45|35 |0.56
Management of |ate changes in build procedures 24 16 447|134 055
Management of |ate design changes 15 4 |5 5024 |0.39
Our legidlative framework (if so, why?) 9 |4 849|121 |0.34
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Figure 8.3: Failure of control systems contributing to catastrophic events

8.7.2 Considering Risk Consciously

The case studies highlighted that success on construction projects was enhanced when all
involved on a projects were aware of the risks which existed and acted accordingly. Where
individuals and organisations had planned for major hazards, the likelihood was that hazards
would be eliminated or the risks mitigated.

The research identifies that major hazard events are often considered to be alow probability even
though the inevitable consequences are high. On many of the case studies, risks were not
mitigated in advance even when there were clear risk indicators. 82% of cases identified
considering risk consciously as an issue. Fire, excavation and disruption of underground services
featured prominently in these interrogations although demolition, scaffold, and

for mwor k/fal sework featured moderately.

Case study exemplifying Considering Risk Consciously — This comprised the construction of
five new blocks of timber framed gpartments and retail units but also refurbishment to existing
buildings. A fire originated on two of the newly constructed buildings but spread to the
refurbishment areas, completely destroying al new blocks and damaging all surrounding
buildings. Despite previous well publicised incidents involving timber framed buildings, the
work programme appears to have ignored the high fire hazard. It is suspected that the fire was
caused by the careless disposal of smoking materiasin an area of highly flammable waste
materials. Although this was considered to be the fault of operatives on site and their failure to
consider the risk of fire, there were several flaws established in the overall consideration of risk
by designers, Principal Contractor and other contractors.

Therisk of fire development (rapid spread) was not considered conscioudly as the designs should
have incorporated a degree of fire containment by compartmentation. Verbatim comments
emphasised the following flaws:
“ Lack of compartmentation between completed stairwells and flammability of construction
materials.”
“ Risk Assessment was in place - however, it proved to be neither suitable nor sufficient”
“ Lack of appreciation of the vulnerability of the building at that stage of construction and
lack of control of ignition sources’

This incident appears to highlight the need for recognition of the major hazards and proactive
management in order to encourage risk reduction.
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In the majority of these cases it was reported that individuals on construction projects only
considered risks consciously when explicitly made aware of hazards. These case studies aso
suggest that hazard identification and reduction occur far more often than hazard elimination;
which involves informal engineering judgement where there are no specific instructions issued at
the design stage. In this respect risk assessment becomes more of aformal “tick box exercise”
although many individuals do not have the explicit competence to make informal risk assessments
or to drive preventative measures forward.

Having good peopleinvolved and available (knowledgeable, trained, etc.)

In 78% of cases it was considered that having good people involved on the project and available
at the time of construction was an important control for avoiding incidents. This concerned the
presence on site of knowledgeable, fully qualified, trained and competent individuals who could
recognise and act upon any hazards (and their attendant risks) involved in the various construction
practices. The range of issues was considered most prominent in cases involving demolition,
scaffolding, excavation, and tower cranes. The most prominent issues amongst this range of cases
were, lack of effective planning, including contingency planning, lack of qualified personnel on-
site, having inexperienced people involved and training of personnel to follow manufacturer’s
instruction.

These issues were found at a moderate level where cases involved formwork and falsework, free
standing cranes, building work and tunnelling and groundwork; although they were indentified
much less frequently in cases involving fire, disruption of underground services and bridges.

Case study exemplifying having good people involved and available (knowledgeable, trained,
etc) - During the construction of a school, two tower cranes had been erected on site. A crew of
three from the tower crane supplier were carrying out work on one of the tower cranesin
preparation for dismantling, which was due to start on the following day. The erection supervisor
had called in sick; however the contractor had no outlined contingency planning for sickness.
Two experienced erectors were working on the front jib of the crane removing the trolley rope
whilst athird untrained man was loosening the tower bolts. Thiswas achieved by slewing the
counterweight of the crane over one side of the tower to compress the joint and make it easier to
loosen the bolts. Unfortunately the third man, instead of just reducing the preload in the bolts,
undid the bolts until just two or three bolt threads were engaged with the nuts. When the
counterweight was slewed through 180° al the movement was taken by the remaining bolts.
These failed through overload and the crane collapsed, striking the jib of the remaining tower
crane. The two men on the front jib were killed, whilst the third man in the tower was injured.
Fortunately the crane collapsed at atime when most of the site personnel were taking their
morning teabreak so there were no more casualties.

There was aso alack of understanding by the third man (due to inexperience) and he had been
ineffectively briefed as to the risks involved. In this particular case the main causes of the incident
were considered to be alack of contingency planning (having good people involved and
available); and inadequate planning, inadequate training and supervision. This case study
suggests causal factors including the erection supervisor being off sick and the remainder of
erection team left to get on with the job

Examplesin the case studies point to annual |eave, sickness or leaving the site early.
Contingency plans should have existed to minimise the damage when problems do occur. A
contingency plan can be formulated by consciously considering the hazards and their attendant
risks which might have a negative impact on a construction project. Scheduled annual leave or
sickness of key personnel on-site primarily has the potential to impact construction operations
either directly or indirectly and, as aresult, influence the levels of risk. To compound this,
resources may be further stretched as the absence may necessitate other personnel being called
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away from their duties in order to provide cover. Theindirect impact isthat the wider project is
affected, resulting in reduced services or withdrawal of services for one or more periods
throughout the project. None of the case study examples appeared to have detailed contingency
plansto maintain levels of qualified, trained and experienced personnel even when hazardous
implications were scheduled to commence.

8.8 ADDITIONAL FEATURESCONTRIBUTING TO CATASTROPHIC
EVENTS

Emerging features from case study events were examined using five closed questions (yes or no)
which included: “Was there an SME ‘issue here?’; “ Does the event involve a chain of small
things happening?’; “ Does the event involve an innovative design or activity?’; “ Does the event
involve complexity?” ; and “ Does the event involve something unusual 7.
While there were no immediate patterns discernable within case groups, the data as awhole
ylelded some interesting results (Figure 8.4):

59% of the time the event involved a chain of small things happening.

38% of eventsinvolved SMEs.

25% involved something unusual.

22% of events involved complexity.

6% of eventsinvolved an innovative design or process. (Thislow score could be due to

the higher level of planning involved in trying cutting edge techniques).

Figure 8.4: Closed question to determine additional case study features

Each practice area was assessed against the outlined additional features. Table 8.6 shows the
frequency count for each feature; and Figure 8.4 shows these data expressed as a column chart.

1 SME: Small or Medium Sized Enterprise
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Table 8.6: Frequency counts for " Additional Feature" items

g";‘z‘fj;“dy by Practice Ar ea SME Unusual
Bridges 0 2 1 2
Structural 'Buildings 3 1| o | 2 |
collapse of Structura Collapse 4 5 0 1
permanent During Demolition
refurbishment)
I ¢ Formwork, false work, 3 5 1 2 2
Collapse O launch gantries, shoring,
Temporary propping
Works .
Scaffolding etc 10 9 1 1 4
Tower cranes 0 3 0 0 0
Cranes Free-standing cranes, 0 1 0 0 0
piling rigs and other
plant inc large MEWPs
Tunnelling and 1 4 1 4 4
Associated Sub groundwork
: eﬁ[;?nat " |Disruption of 1 0 0 0 2
activities underground services
Excavations and 1 2 0 0 1
earthworks
Fire Fire 0 4 0 0 0

8.8.1 Chain of small things causing the catastrophic event

In official investigations, examination of the technical details of what failures occurred may tend
to look for an overriding and singular root cause. The root cause may be equipment failure or the
design and construction decisions that turned out to be inadequate. However the case studies
point substantially to a multi-cause model, whereby several failures in the construction process
contribute either directly or indirectly to the event. Almost 60% of cases considered that the
catastrophic event was caused by a series of smaller events and there was evidence in the
remaining cases of a number of different failures that could be seen as contributory.

Case study example examining chain of small things

The case study event involved the collapse of a 30 metre scaffold system which was adjacent to
an office block development. The development was in aprominent city centre location and
caused considerable disruption to abusy city centre. The major cause of the event was put down
to afailure to construct in accordance with design although this was found only to be a superficial
fault. The access scaffolding collgpsed perpendicular to the building construction, leading to one
fatality and several major injuries. Theinitial failure caused the remainder of the access
scaffolding to collapse causing collapse of the hoist tower and access platform. The initial
collapse was the coincidence of several factors, including: use of non-standard equipment;
overloading; and poor design of temporary structure. Overloading had rendered the structure
unstable.
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The scaffold had not been adequately tied to the building structure and lacked a proper footing
which subsequently compromised strength and stability. Thiswas compounded by the temporary
removal of adjustment ties and deflection of the scaffold columns from the main structure by a
“jacking out” procedure (as the scaffold had collgpsed towards the main building). Overloading
was due to the loading of building blocks onto three separate lifts. There was alack of
compliance with the design drawings. The specialist scaffolding subcontractor had not ensured
that the design of the access scaffold (tie, height and pattern) had adhered to the recommended
calculations (no completion or handover certificate). Under strict compliance, overloading would
not have occurred if the main contractor had ensured that only two scaffold lifts be worked at any
onetime. A further catalogue of failuresincluded:

Safety critical temporary works were not checked

Subcontractor did not ensure compliance with design specification

Management sourced and purchased a new (different) scaffold system

There were no adequate or detailed designs for the coupling of the system

Inadequate software used to design system

Lack of training by personnel on the new system

Suppliers did not inspect the design

Inexperienced site personnel (including graduate design engineer, site engineer; and
inexperienced operatives)

There were inadequate sole plates to scaffold standard split

First line ties were at inadequate heights

Inadequate tie positions

The scaffold structure had bowed towards building and had then become further
compromised by ajacking out procedure

There was an un-braced loading tower

Goods hoists were not properly tied to building

There were too many liftsin consecutive operations (3) and there were excessive loads on
the lifts

8  There were no specific instructions for late design changes

w W W W W W W W

w W W W

wn W W

It could be suggested that the main failure was in the procurement process, and design of the
temporary works, however the incident could have been prevented if there were adequate
checking procedures (design specification, software used in the design, the actual placement of
ties to the scaffold structure, the number of lifts and overload specifications etc). It isimportant
then to distinguish between direct causal failures and additional indirect failures.

All the checking failures affected the safety of workers and the public. The system required a
higher level of competence than was displayed by engineers and the lack of knowledge of codes
of practice relating to this equipment was a characteristic feature. Aswell as design of temporary
works, procurement process and checking procedures, the case highlights the need for effective
training systems where there is anew or innovative design or teams are working with new
equipment. The case aso highlights the need for cooperation between partieson site. In this
example there was little interface between permanent and temporary design operations.
Relatively inexperienced graduate design and site engineers were left to bear responsibility for
much of the work but there was no team or network to provide support, additional knowledge and
experience despite knowledge of their inexperience, demonstrating alack of corporate
competence.

In common with other case studies, opportunities to eliminate hazards and improve safety were
missed at all levels. The causes of failures were human error, including inadequate design checks,
errorsin design drawings, and poor communication. Although there were adequate product
specifications and processes “ Several contributing factors at various hierarchic levels” produced
acausal chain involving lack of personal and corporate competence.
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8.8.2 Small to Medium Sized Enterprises (SMES)

Small and Medium-sized Enterprises (SMEs), see Glossary, form a significant portion of the
construction industry (and thus SMEs are of significant importance to the successful operation of
the construction sector). Asaresult, it isinevitable that SMEs were involved in a significant
portion of the case studies. However, the research reported that SMES were only seen to be
explicitly mentioned as a factor in 38% of catastrophic events. However, it was unclear whether
respondents interpreted SMEs specifically as organisations of a certain size or more generically as
sub- or sub-subcontractors.

The main impact of SMEs were presented further down the supply chain (mainly sub- contractors
and sub, sub-contractors etc.); where recommended processes had been by-passed; procedures had
not been strictly adhered to; or where the smaller company had assumed or been given alarge
amount of project responsibility without having the necessary financial, managerial or technical
resources to manage the associated risk. Thiswas particularly true of case study groups falling
into the category of collapse of temporary works where thirteen such cases were found.
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Figure 8.5: Column Chart displaying frequency counts for additional features

In particular, scaffolding was prominent with ten interrogated case studies, where all cases were
deemed to have been influenced by an SME involvement.

Although with far less magnitude, this was also true in case studies involving structural collapse
of permanent structures where building and demolition was most prominent although there were
no cases amongst the practice area of bridges. Issues were experienced on refurbishment or
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8.8.5

maintenance of buildings, particularly where there were few onsite employees at any one time
despite the possible complexity the work.

Complexity and Innovation

Individually as assessment items, neither complexity nor innovation featured prominently
amongst case studies. In only 20% of cases events were considered to have been affected by
complexity. The very low occurrence of innovation issues (6%) was somewhat surprising, in that
the research team expected this to be higher, but see Glossary for discussion. It may be that there
was very little innovation involved with these projects, but it is more likely that designs and
procedures that are considered to be innovative tend to attract more management effort and closer
scrutiny throughout the project process; hence the risks are better managed (but not always).

However, most of the case studies point to complex interactions between the engineering
disciplines and the complex nature of the construction process itself. The cases included physical
interfaces between materials (i.e. steel, concrete, timber etc.) and socia interfaces between
management, design and construction. The construction processis never associated with
simplicity and, as the majority of construction projects are unique and individual, there will
always be a degree of innovation involved. In practice however, much of the risk associated with
complexity or innovation can be mitigated by the repetitive nature of construction activity and the
incremental way in which innovations in technology or process can be refined and incorporated
within standard practice, abeit at the risk of complacency.

The rate of change in many aspects of design and construction has been very dramatic and may
add issues of complexity into the delivery of designs. However, from the interrogation of case
studies, as ageneral rule, any ‘game-changing’ innovations had been successfully integrated into
the design and construction process.

Complexity of the catastrophe itself could be linked to the views expressed that most of the events
involved achain of smaller events (see previous section). Also, an element of complexity seems
to be linked to unusual or unforeseen events (see following section). However, from the case
studies two aspects of complexity emerged: person-focused complexity (complexity of human
interaction) and complexity of the management process.

Per son-focused complexity (complexity of human interaction)

Based on the size and scope of the case study projects, the large number of individual
organisations involved at various stages caused some complexity. While the roles and
responsibilities of some organisations or individuals were found to overlap, many tasks were
interrelated and interdependent. All featured projects required the involvement of various
individuals, athough on smaller scale projects (e.g. refurbishment or demolition) some
individuals were engaged to perform multiple roles. In the rare event that a project is completely
designed, developed, and managed by a single organisation, complexity of people issues should
be vastly reduced. However none of the case studies evidenced this and in al events complexity
associated with interacting parties was found to be an underlying feature.

M anagement of process complexity

Generally, construction project management has a tendency to view the project as an ordered,
simple and predictable process that may be divided into independently executed phases, activities,
work packages, assignments and contracts. The project is also seen as amainly sequential,
assembly-like, linear process which can be planned in adegree of detail through an adequate
effort and executed in accordance with the plans. As a consequence, project management seeksto
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impose alogical plan but the case studies demonstrated that this aim was often undermined by the
complexity involved in the projects. .

Case study exemplifying Complexity of M anagement Process
A cofferdam method was used during excavation work necessary for the construction of along
culvert. This effectively meant driving metal sheet piles into the ground to form a giant
“shoebox,” alowing the interior to be excavated safely. The contractor decided to secure one end
of the cofferdam with sandbag bunds to prevent flooding when the tide came in. Subsequently the
bund collapsed and two workmen almost drowned as they were trapped in the culvert when water
flowed in. The contractor admitted that they had failed to ensure the health and safety of
employees who were constructing a culvert as the bunds were not built to the method statement
specification. Issuesincluded:
. Insufficient management of hazards

Workers not briefed

Not working to method statement

Inadequate emergency procedures

Inadequate access/egress

As aresult of management staffing issues through holidays, sickness and change in staff, workers
did not build the sandbag bunds as per the design on the method statement. There was afailure to
communicate sufficient method statement and emergency procedures to staff.

Construction projects cannot be considered as ssmple sequential processes and the case study
projects featured complex processes operating in highly parallel systems. The majority of project
activities featured were not independents and were executed in sequences or even simultaneously
without any effect on the overall results. While it was often reported that the individual decision
making (i.e. chosen methods of conducting activity) led to events, it was uncovered that there was
no formal process description provided at higher management levels by the Principal Contractors.
Coupled to this was the industry practice of not interfering across contractual boundaries with the
way work was to be carried out. In this respect, trade contractors may have their own, different
way of executing the job which was found not to be managed at higher levels nor communicated
across the project. It was identified that often initial plans and schedules presented an idealised
linear picture of what should take place, but not of what was actually taking place. Thislinks
closely to interface issues raised earlier in this section.

Unusual and unfor eseen events

22% of projectsidentified unusual aspects as playing apart in the catastrophic events. Most of
these were in tunnelling/ groundwork and scaffolding /formwork /falsework. These areastend to
be more likely to be affected by environmental issues (e.g. weather or ground conditions) which
could be considered as unusua from time to time.

Risk management has been an important tool to control safety-related risks. However, while
safety practices and preparations for limited emergencies were found to be common activities, in
contrast, the vital task of planning for an unforeseen crisis was usually poorly handled. For the
majority of cases, construction activities were (to some degree) covered by some form of planning
process. For the most part (larger scale projects) the fundamental demand that safety is
considered from first principles was evidenced. In many cases there was a suggestion that safety
management and assessment tasks had been carried out and were defined as part of a formalised
safety management plan. However responsibilities within the organisation for the execution of
the plan, the composition and responsibilities for safety review and audit were not clearly
established:
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Case Study exemplifying unusual and unfor eseen events

The launching of a maor new bridge over arailway line went well until it was time to lower
the bridge onto its bearings. It was realised that the launched end was out of position and
needed to be pulled across. This work was carried out by the site team, who had ‘ done this
sort of thing before’ and got on with the work with minima documentation and review by
others.

Unfortunately they used temporary bearings which became unstable. The temporary
bearings failed and the bridge dropped a short distance onto the abutments, shedding some
concrete planks and alarge volume of pooled rainwater onto the railway line. After several
hours of disruption, the railway line returned to use. The decision had initially been made to
attach the planks, but this decision was subsequently reversed. The temporary bearings
failed because they were on a slope, two layers of PTFE were used and the resulting forces
caused the bearings to be gjected; this issue might well have been spotted by an independent
reviewer.

In the above example, the programme was influenced by unforeseen events and the response
which ensued fundamentally influenced the safety management process. Such influencesin other
case studies ranged from poor weather conditions (such as high winds) to unidentified historical
features influencing events on site.

Case Study exemplifying unusual and unfor eseen events

One of the case studies referred to the construction of atunnel under a built-up area. During
the project alarge crater opened up. It was later suggested that an old well had collapsed
underground after the tunnel had been constructed. Local people said that the presence of
wells had been known, although the project team had not discovered evidence of any wells
while going through historical records. It was argued that the volume of the crater far
exceeded the volume of any normal well although there were later suspicions that three
wells may have historically existed around the area of the site.

Whileit isimpossible to plan for every unforeseen eventuality, managing processesin relation to
risk and checking of site detail can minimise the negative effects of such events although this was
not managed amongst the case studies which were examined.

PEOPL E PRODUCT PROCESS

From the questions concerning people, product and process, great importance was placed on the
people (44%) and the process (44%) (See figure 8.6) while less emphasis was placed on specific
product failures (12%). However the discrete nature of the 3P’ s asindividually attributable to
eventsislessthan clear cut and the case studies show that the key to limiting risks on construction
projects is to manage and maintain the proper rel ationships among people, process, and product.
This requires the risk management process to control and coordinate routines and subroutines
related to people and their use of productsin parallel.
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3P's People Process Product

Figure 8.6: Piechart displaying case study percentage for People, Process, Product

Case study exemplifying People-Process-Product - During the construction of abuilding, a
cantilevered section fell off during the erection which was immediately attributed to the failure of
the temporary props (product). However, forensic examination of the case found that the threaded
shore adaptors from the supplier were under-strength. It later emerged that the manufacture of the
product had been subcontracted (process) but had not been checked by the main supply contractor
despite earlier queries. When defects were realised, arecall process was not followed through.
Fundamentally, the props should not have been in use although this was not identified. But again
site managers (people) and internal systems (processes) failed to follow through. Defective props
had been sprayed red. However, the main contractor, as a matter of procedure, sprayed their
equipment red (process). Site checks on the products were insufficient (process) athough the
temporary works designers did not tell site personnel about the use of ‘specia’ props (people).
Therefore, in this case, what appeared to be a‘product’ issue, actually turned out to be a complex
interrelationship between a number of ‘people’, ‘process’ and ‘product’ failures.

The case studies indicate that no single focus on people, product or process will guarantee
success. In all cases where events were seen as attributable to defective products, an underlying
link was found in the management or processing of checking procedures and the action of people
associated with various tasks. With respect to ‘people’ issues there was found to be alack of
constant or close application or effort or diligence towards risk possibly because “risk can too
easily be accepted as a consequence of the construction process’.

SUMMARY

The underlying causes and other significant factors contributing to catastrophic event scenarios on
62 case studies have been assessed using a structured interrogation approach. The findings of
descriptive statistical tests and content analysis have been presented to form the basis of further
discussions. There is an argument that major hazards should be considered in their own right and
demand separate and considered attention due to their high consequence and impact. The
majority of case studies were seen to involve major hazards and catastrophic events particularly
when the event involved multiple workers on site, the general public and/or disruption to services
or adjacent infrastructure. Failure to recognise hazardous scenarios and influencing factors stood
out as amajor influencing factor along with ignorance, incompetence and lack of checking and
competent reviewing. Significantly, scaffolding has been highlighted as an area of practice where
more causative factors have been seen to contribute to events athough this did not always
determine the nature or ahigher level of impact.
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The case studies also showed that there were several controls that could have been initiated to
reduce risk; in particular, thinking deeply individually and as a team about hazards, considering
risks consciously, having good people involved and available (knowledgeable, trained, etc.),
following good practice for normal situations. In all practice areas multiple causalities featured as
contributing to events, athough this was far less common amongst tower crane incidents.

While people, process and products might be considered as separate issues, where defective
products were encountered the management or processing of checking procedures and the action
of people were directly linked as atriad. Throughout the case studies the management of
processes emerged as a significant consideration, particularly in respect of interfaces between
disciplines and communication.

The case studies highlight the complex processes that operate within multiple interacting systems.
Thereis aparadox between the need for highly advanced technical machinery and the need for
physical human resource. The result of this unique predicament is that preferences, choices of
machinery and technology must be balanced against human behaviour which may be
unpredictable. In addition the industry is becoming more complex and multifaceted particularly
procurement processes and the subsequent interface problems this creates between the various
construction disciplines. Many management (process) decisions are difficult because they are
multi-faceted, involve large uncertainty and have important consequences such as impact on
quality of outputs, safety of individuals and on allocation of limited resources.

However, while the case study findings add clarity to the understanding of catastrophic events,
and provide the basis for further industry consultation, they should not be considered
independently. The case study findings are consolidated with data gathered from the on-line
survey and considered along with related literature and information gathered from the industry
consultation exercises in the following section.
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Consultation

CONSULTATION ACTIVITY

I ntroduction

This component of the research consisted of meetings with individual industrial contacts to
obtain detailed, and confidential, information about individual and institutional experiences of
major hazards and catastrophic eventsin construction. A wide range of individuals were
consulted throughout the research including members of the Project Steering Group. Itis
therefore worth acknowledging that the views presented in this section of the report are the
views of the consultees and that they do not necessarily represent the views of the authors of this
report or the HSE.

This consultation consisted of 98 individua interviews, discussions and conversations conducted
by the research team between October 2009 and April 2010. People in the following areas were

consulted:

§ TheHSE

§ Building Control Profession

§ Construction work: UK Contractors Group, Specidist Engineering Contractors Group,
Construction Products Association

§ Consultants: Construction Industry Council, Royal Institution of British Architects,
Institution of Civil Engineers, Association of Project Safety, Institution of Structural
Engineers, Designers Initiative on Health and Safety, Consultants Health and Safety
Forum, Royal Academy of Engineers

§8 Tunnelling: British Tunnelling Society

8 Piling: Federation of Piling Specialists

§ Scaffolding:, National Access and Scaffolding Confederation

8 Fire: Association of Chief Fire Officers, Institute of Fire Engineers, Fire Protection
Association, Building Research Establishment

8 Insurance: the Association of British Insurers, Construction Industry Risk Engineering
Group

§ Temporary works designers

§ Timber: UK Timber Frame Association

§ Groundworkers

8 Network Rail, Highways Agency, TfL, LUL, BT, RSSB, ODA

8 Achieving Excellence

§ SCOSS (Standing Committee on Structural Safety) and CROSS (Confidential Reporting

on Structural Safety).

In addition, three formal events were held, as follows:
§ Two CIRIA CPN (Construction Productivity Network) events during January 2010, in

London and Manchester

8 A workshop in London during April 2010
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9.1.2 Events

The two CPN events were run to the same format; three presentations followed by discussion.
The presentations were as follows:

§
§
§

Dr Allan Mann of Jacobs examining a series of failures and emphasizing the need for
constant vigilance if tragedies are to be avoided

John Hodgson of Balfour Beatty explaining how alate change to jacking procedures
caused problems during erection of abridge in London

Dr Charles Bradley of DBA Risk Management outlining the way safety risks are
managed in the petrochemical industry, under the COMAH legislation

During the discussions alack of confidence became apparent in some people about how to
manage safety risks (a number of these concerns were reiterated during the on-line industry

survey).

The follow-up workshop meeting was designed to test particular issues. Delegates used
electronic voting buttons to record their opinions in a confidential manner. The majority of the
delegates were senior safety managers in large companies. The votes that were recorded during
the workshop lead to the following views:

§
§

§
§

There was strong support for the proposition that catastrophic event thinking is relevant
to the construction industry

Confidence in risk management skills tends to be reduced further down the construction
supply chain, with extremely low confidence in the skill of small subcontractors
Confidence in the safety risk management skills of designers was aso poor

It was considered that the education in safety risk management provided (both at
universities and at other educational establishments offering HND, BTec and NV Qs)
should be improved

There were no strong views about whether or not people are well-trained by the time they
have responsibility for safety risk management; no-one strongly agreed that people were
well-trained

There was awide range of views about whether our safety risk management systems
work well or not, in ageneral sense and when catastrophic events were considered, there
was no strong support and considerable disquiet about whether they work well

The question of whether designers had taken on board the concept of hazard elimination
was polled and there was a strong bias against, with no-one strongly agreeing that they
have understood and applied the concept

We also asked whether, as an industry, our reporting and learning from events works well
— being fast and effective - people thought not and the restraint of legal concerns and
processes was mentioned

On the question of whether modern procurement typically strips away too much
independent comment at site, there was arange of views, with athird of delegates
expressing concern

There was strong support from the proposition that subcontractor safety depends on the
efforts of the Principal Contractor

When asked what the key was to ensuring a successful project, choosing from a selection
of possible issues, there was overwhelming support for the need for aclient to appoint a
competent team and using a procuring process which facilitates effective communication
and cooperation

The delegates were asked to choose from a selection of possible features contributing to
catastrophic events— over haf chose ‘achain of small things happening’ with some
support for ‘lack of resources by SME’, ‘complexity’, and ‘unusual work or events on
site’ and little support for ‘innovative design or activity’

The delegates were asked to choose from a selection of possible features contributing to
the performance of subcontractors, and again ‘ effective communication with the
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Principa Contractor’ was strongly supported, with some support for 'good experience,
training and education’, for *effective scheduling, control and management’ and
‘competent reviewing and checking’ — but little support for ‘good design processes and
activities

8 The delegates were asked to choose from a selection of possible triggers of major hazards
in construction and ‘failure in the design process' and ‘individual operatives and failings
in their supervision’ were each strongly supported’, with clients not carrying out their
CDM duties', ‘failingsin products’ and ‘failings in the legislative framework’ each
receiving little or no support.

Although the replies from the last four questions were not entirely consistent, the messages were
clear and it has to be borne in mind that whereas all the choices available might be relevant, only
one option could be selected by each delegate.

There was then aperiod of discussion and the following points were noted:
8 There was agreement that the more competent people who had sight of a situation, the
more likely it was that one of them could notice afatal flaw
8 There was concern that the underlying causes of events were not being uncovered and
there was also concern that the industry is failing to learn from experience due to
concerns about liability and protracted legal action.

INDUSTRY SECTOR EXPERIENCE OF CATASTROPHIC EVENTS

I ntroduction

The sampling of experience which has been undertaken through consultation and case studiesis
not comprehensive because there is no complete, authoritative database of events. However,
during the research advice was received on the issues in various aspects of construction which is
recorded here for information and discussion.

Failure of permanent structures

It was considered that permanent works may fail due to either:
8 inherent deficiencies (which might anyway be evidenced later, in service) or due to
§ conditions which exist as atransitional phase during construction, but not subsequently,
and which affect their strength or stability

Because of the wide variety of types of structure, there is little commonality — but the failures are
generally due to aknown weakness which has not been recognised or adequately addressed, on a
particular project.

Once new phenomena are recognised, appropriate precautions are normally written into design
codes and/or industry guidance, but some complex situations (such as those involving complex
ground conditions or fatigue of moving parts etc) will always remain to be dealt with as they
arise.

Indication was found of a generally good standard of performance, possibly because most

structures are currently designed by or under the supervision of chartered engineers and the
techniques used for construction are generally repetitive and well understood.
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However, the level of risk is deemed to be high and growing concerns were aired by the
consultees aboult:
8 the move towards design of parts without overall control by anamed person
8§ useof computers divorcing designers from areal understanding of structural action
§ complexity of modern design codes
8 lack of full design of some temporary works structures

Failure of bridges during construction is thankfully also rare, but where it had occurred it was
considered that there were particular mistakes made which were not spotted by those involved.
The need for independent review appears particularly strong here as does the need for strong
management of risk when there are late changes of plan or unexpected behaviour is noted.

Collapse during demolition

Demolition was considered by the consultees to be inherently dangerous. Although most planned
demolition is carried out in a safe manner there are nonetheless many unplanned collapses,
particularly during partial demolition for refurbishment and adaptation. Because the collapses are
unplanned, workers (and in some cases other people) in or next to abuilding when it collapses
may be killed or injured.

It was perceived by the consultees that many of these events tend to involve smaller,
inexperienced clients operating on the fringes of competence and legality, with some of the
clients are also acting as designers and/or contractors.

Temporary works—general comments

Various aspects of temporary works were considered and they form a disparate group. However,
similarities were found and are grouped here as follows:
§ Temporary works such as formwork, falsework, launching gantries, shoring and propping
§ Temporary works for excavations and groundworks
§ Temporary works — scaffolding
§ Construction plant and equipment including tower cranes, free-standing cranes, piling
rigs and MEWPS (mobile elevated working platforms)

The last category (construction plant and equipment) is not normally considered to be temporary
works per se but there are interfaces with the construction which require design consideration
(such as temporary foundations, hardstandings, tie-backs, construction sequencing etc) which
need to dealt with as part of temporary works.

Failure of temporary wor ks, formwork, falsewor k, launching gantries,
shoring, and propping

After the failure of a complete bridge falsework system (which buckled and collgpsed during
concreting) at Loddon in 1972, the Bragg Report recommended improvementsin practice and a
new British Standard for falsework (BS5975) was later prepared. During consultation, concern
was expressed that the high standards required are not necessarily being met, due to financial
constraints. In particular, the appointment of a Temporary Works Coordinator with time to
manage all aspects of temporary works and to visit site sufficiently frequently appears (from
comments made during consultation) to be difficult, particularly on smaller projects.

It was felt that there is scope for major hazard events involving temporary works in many
projects and the planning, design and execution of these works involves skills which many
engineers do not have. There are specialists in this areg; traditionally in the UK they have not
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cooperated in developing their knowledge and skills but there is currently an initiative to
promote improved standards, called the Temporary Works Forum. The intent of this Forumisto
offer authoritative advice and guidance on all aspects of temporary works.

Failure of tower cranes

Tower cranes are avital element in the construction process. During consultation it was said that
there are around 1500 cranes in the UK and at any time around 1000 are in use. Whilst some
major contractors own their own tower cranes, the majority are hired by contractors from tower
crane hire companies.

Tower cranes are often in use on construction sitesin urban areas and, although rare, any
collapse of the crane could well result in death or serious injury to members of the public outside
the boundaries of the site as well as personnel working inside the site. The collapse of tower
cranes also presents arisk to adjacent railways and roads. A number of tower crane collapses
have occurred in the UK in the last ten years, resulting in eight fatalities, one being a member of
the public. Fortunately the UK has not experienced incidents such as the tower crane collapse in
Zibo City, China, in 2008, where atower crane collapsed onto a kindergarten and 5 children
were killed. Thisis not to say that asimilar event could not happen in the UK.

Since the collapse of atower crane at Canary Wharf in May 2000 the industry, including the
Plant Safety Group of the Strategic Forum for Construction, in conjunction with the Health and
Safety Executive, has analysed the causes of these incidents and produced a significant body of
best practice guidance on the erection, maintenance and use of tower cranes and established
training course and qualifications for tower crane erection, maintenance and operating personnel.
This has included afull revision and expansion of BS 7121-5, Code of practice for the safe use
of cranes— Tower cranes. HSE have also carried out an ongoing programme of visits to
suppliers and users of tower cranes to ensure that best practice guidance is being adopted and
implemented.

Failure of free-standing cranes, piling rigs, MEWPsetc

Use of free-standing equipment isin many respects similar to tower cranes, but there is much
greater scope for failure due to local ground conditions or hidden/weak structures or due to
operator error, due to the mobile nature of the operations.

Again similarly there was aview from the consultees that the lack of a catastrophic event in the
UK in recent years was almost certainly simply a matter of luck.

There have been many accidents and ‘product’ (ie the plant) may often be wholly or partly to
blame. Recent tower crane collapses in particular have caused concern. It is certain that
manufacturers do try to design out hazards once they have been demonstrated by an event, but it
is not clear to what extent the problems are actively anticipated and designed out before an
incident. Certainly the work of crane erectors requires a high level of skill and application, which
when it falls short can have devastating consequences, as events have demonstrated.

There have a so been failures due to operation outside the limits set by manufacturers and also
due to loss of support arising from a defective working surface or weak covers to underground
services. Planning of the work to ensure that these issues are properly dealt with isacrucia
activity and working outside the processes developed for safe work, for example in response to
an unexpected problem, has to be carefully managed.

164



9.2.8

9.29

Failure of scaffolding

Scaffolding collgpses into a street were considered to be the prime concern — triggered by for
example:
§ Wind loading, particularly where a scaffold is inadequately tied back to an existing
structure
§ Overloading with material, either during erection of facades etc or during striking of part
of a scaffold
8 Vehicleimpact; there appear to be minimal standardslaid down that require physical
impact protection or traffic calming etc and the scaffold design rarely appears to exhibit
sufficient redundancy so that columns can be removed without collapse.

The HSE has advised that scaffolding collapses which could have catastrophic consequences
happen regularly and often involve smaller companies working with little control from the
Principa Contractor. The leading industry body, the National Access and Scaffolding
Confederation (NASC) has prepared solid guidance but the consultees believed that the problem
is probably generally with those companies who do not engage.

There are of course aso occasions when there is simply a mistake, which could perhaps have
been (and often is) spotted by avisit to site of a competent person.

There appears to be scope for tightening up procedures and practice to reduce these risks; lack of
a catastrophic event in the UK in recent years is ssmply amatter of luck. As scaffolding
companies will invariably work under the control of a PC (Principal Contractor) or — for smaller
projects — Main Contractor, it appears that if the PC takes care that the scaffolding company is
competent and aware of the regulations and relevant NASC guidance and operatesin a
competent manner, risks will inevitably be reduced.

Failure of tunnelsand groundworks

Tunnelling was considered as being inherently dangerous because of the nature of the activities,
the variability of the ground and issues arising from working in a confined space which may
become dangerous in various ways. Groundworks are likewise inherently dangerous, for similar
reasons.

Whilst knowledge and equipment is constantly improving, it is apparent from consultation (and
case studies) that high quality risk management is essential at all times. The tunnelling industry
in particular has sought to improve communication and activity by fostering closer working
between designers and contractors.

The most notable catastrophic event in the UK in recent years was the Heathrow collapse, where
massive economic loss was fortunately not accompanied by loss of life.

Those involved in tunnelling and deeper excavations are in general expert in what they do. They
are invariably aware of the risks which need to be managed, but the hazards are ever present and
have to be taken very seriously.

There have nevertheless been many tunnelling incidents which caused or could have caused a
catastrophe. There was a view from the consultees that some of these incidents were due to
obvious mistakes, particularly where the risks inherent in the NATM tunnelling method were not
rigorously managed.
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The UK tunnelling industry appears to work on the issues continuously and insurers take an
interest due to the high claims involved and ajoint guide has been prepared.

The management of risk once an activity starts to deviate from the expected has been discussed
in the literature” and the need for Ownership Leadership and Partnership identified (Martin
Thurgood, private correspondence). The case studies support the need for rigorous study of
potential catastrophic events, independent review (see Glossary), contingency planning, training,
avoidance of excessive commercial pressure etc. However, anecdotally procurement still tends
often to focus upon risk shedding and lowest apparent cost.

The use of the Observational Method to manage risk in tunnelling and groundworks (as
mentioned in 2.9 above) is atechnique in which risks are closely managed on a continuous basis
in support of the design and construction strategy (as opposed to being a simple monitoring
process, albeit with ‘stop’ limits). Remedial actions are prepared for and then put into play as
soon as they are required. The role of the client is central to this.

Compared to the problems of deep excavation, there was aview that temporary works for
genera excavations and groundworks should pose little difficulty, but unusual situations arise
and there is often commercial pressure to leave excavated faced unsupported if they ‘appear’
safe. The consultees felt that potentially catastrophic scenarios can also be posed, as some case
studies showed, by issues such as undermining adjacent foundations, if there is inadequate
communication, planning and control of the work.

9.2.10 Fire

Fire risks need to be considered in two ways: risk of afire starting and what happensif afire
does start.
Safety risk assessment for fires will need to include consideration of:
Use of flammable material
Potential sources of ignition
Risks of rapid fire spread and loss of control
Compartmentation
Ease of escape
Ease of fire fighting (access, reach etc)
Risk to adjacent properties and their inhabitants
Fires during construction mainly start from:
§ Vandalism or careless smoking etc
§ Hot work getting out of control
§ Electrical fault
Once afire has started the issues are:
Detection
Fire fighting (workers)
Escape of workers and others (alarms, escape routes protection)
Reduction of intensity of fire (choice of materias, fire load,
stores/rubbi sh/waste/housekeeping, fire suppression etc)
Reduction of areaof fire
Effect upon adjacent properties
Release of poisonous gases and particles
Fire fighting (Fire Brigade)
Rapid access to reliable information for the fire brigade about hazards, particularly
storage of gas cylinders.

w W W W W w W
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w W W W W

! Thejoint code of practice for risk management of tunnel worksin the UK, 2003, Pub. The British Tunnelling Society
2 Thereport after Heathrow, Safety in New Austrian Tunnelling Method (NATM) tunnels, 1996, HSE
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Under CDM 2007 (together with, in some aspects of construction, the Regulatory Reform (Fire
Safety) Order 2005 or ‘RRO’) these matters should be considered by the Principal Contractor in
aRisk Assessment which needs to continuously updated and used as a management tool on site.
There was concern from consultees that thisis not being done well on some sites.

Fires during construction have in recent decades caused some loss of life and property but in
recent years fires on new-build sites using timber frames have experienced a greater level of
economic loss and the size and severity of the fires have aerted the industry to the risk of
multiple loss of life of fire-fighters, workers and/or others in the building (particularly where
there is phased handover) or in adjacent buildings. The consultees felt that dormant sites appear
to be particularly at risk but all sites are at some risk, particularly when unattended.

Designers should (under CDM 2007) be considering hazards such as fire, during construction
and in-use and during maintenance, adaptation, refurbishment and demolition. Bearing in mind
the risks during new-build construction referred to above and the risks of fire-spread through
breaches in fire protection arising from error or later damage, it is surprising that designers have
not (generally) taken steps to eliminate the hazard or to reduce the risks considerably. An
appropriate response in some circumstances might be to choose a different form of construction,
taking everything into account.

The insurance industry has become increasingly concerned about construction-phase losses in
structures using timber framing. L osses during construction can be major because
compartmentation may not yet have been installed and fire fighting systems may be lacking. The
causes of fires appear to mainly involve arson, accidents during hot work or smoking.

Arrangements for fire service contact with new projects appear to vary and it has been suggested
that it should be an explicit requirement that projects with timber frame construction should be
notified to the Fire and Rescue Service.

The response of the contracting and specialist supplier parts of the industry to this catastrophic
event risk —which can hardly be a surprise — appears to have been slow. However, the industry
has now prepared guidance® and the HSE is also updating existing guidance®. Thereis debate
about the adequacy of the response as awhole, so far, in the light of fires still being experienced.

In particular, designers, specifiers and CDM-coordinators may have been insufficiently involved
in managing this safety risk, although the APS (Association for Project Safety) have recently
issued guidance® discussing the issues.

Thisisan example of an issue which needed to be actively and rapidly addressed.

9.2.11 Damageto existing underground services

The New Roads & Street Works Act 1991 replaced the Public Utility Street Works Act
(PUSWA) 1950 and came into force on 1 January 1993. Its purpose was to put the duty on Street
Authorities in an attempt to co-ordinate al worksin the highway and for all those wanting to
carry out road work to co-operate in this process. The main objectives of the co-ordination are
to:

0 ensure safety

0 minimise inconvenience to people using the highway, with a specific reference to people

with adisability
0 protect the structure of the highway and apparatusin it

116 Sepsto Fire Safety on Timber Frame Construction Sites prepared by the UK Timber Frame Association (UKTFA) 2008
2 Guidance on fire safety on construction sites, HSG 168.
3 Article in Practice Note 2/10, APS, April 2010
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Access to information about existing services (in streets or elsewhere) on a given piece of land
appears not to be a seamless exercise, necessitating approaches to large numbers of bodies.

Once information is available, there are many issues, including:
8 information is often not accurate
§ surveying errors
8 servicesinstalled incorrectly, at varying depth, have spurs which protrude, have their
marking omitted etc
&8 useof plastic pipe without atrace-wire system

The consultation exercise suggests that these issues are well understood by the construction
industry, particularly where electricity is concerned, although the potential consequences of
disrupting amajor pipeline are not necessarily so well understood.

Thisis an areaof risk which appeared to have received scant attention and which involved a
wide range of poorly documented risks on a day-to-day basis, such as:
§ Cutting into or otherwise disturbing electric cables
§ Disrupting pipes, some of which carry combustible gases or liquids, often under high
pressure
8 Disrupting fibre-optic cables carrying enormous volumes of datatraffic
8 Penetrating or damaging tunnels, including metro tunnels and service tunnels.
The problems arose through a series of difficulties:
8 Not making the correct enquiries about underground services, as there is no centra
record and avital enquiry may be omitted
Services not being accurately mapped
Services not being declared, for security reasons
Difficulty in locating services (for example plastic pipes)
Poor working practices
Inadequate response to the unexpected, often due to time/money pressures

wn W W W W

The UK Contractors Group is known to be active in developing solutions.

It appeared that thisisa construction industry issue wher e an acceleration of activity is
required to find solutions, with industry-wide par ticipation.

Summary

The consultation revealed many issues of concern as discussed above. The key message received
was that the potential for catastrophic eventsis (as a concept) appreciated and that there are
many ways that the industry could improve its safety risk management performance.

The key issue of competence and the need to build cooperation and communication to overcome
the complexities of the industry were appreciated. Safety risk management skills clearly need to
be built up through education and training and in-company procedures will often need to be
improved, based on experience gained so far.

The importance of the role of the Principal Contractor (or for smaller projects of the Main
Contractor) was appreciated.

It was suggested that the chances of failing to get designs right, for the permanent condition and
for the temporary condition during erection, would be decreased if a named person was
responsible and the role of independent review (see Glossary ‘checking and review’) was aso
supported.
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There was concern that the industry does not always learn from and respond quickly to problems
experienced. Much of the work undertaken in response to issues of concern was carried out by a
large number of organisations and it appeared that their central role might be susceptible to

better recognised and managed to encourage speedier response to events, involving awider
range of stakeholders.
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Summary of key issues from theliteraturereview: on-line survey:

case studies and industry consultation

Sections 6-9 were reviewed by the research team to establish the key learning points from the
literature review; on-line survey; case studies and industry consultation. Most issues were found
across al the data sets thus increasing the confidence in the findings. The main points are:
- Catastrophic events are different and complex
- Reducing major hazard risks must be addressed at society, industry, project and site
levels
- People, process and product all play their part, both in causing and preventing
catastrophic events
- Competent people are the key to success
- Risk identification, assessment and management is essential
- Projects are complex with many interfaces that must be managed effectively
- Gaining and communicating knowledge throughout the team and across industry is
crucia
There are practical things that can be done:
- Eliminate risk wherever possible and as early as possible
- Don't let time and cost pressures deflect effort
- Expect change and deal with it
- “Check, check and check again”

CATASTROPHIC EVENTSARE DIFFERENT AND COMPLEX

Whilst there are causal links between catastrophic events and more minor accidents the potential
for major hazards and catastrophic events warrants separate appraisal to genera risk management
and health and safety. The simple question: ‘what is the worst thing that could happen? asked to
the right people at the right time with the right resources to take action, would make a significant
difference in preventing or reducing catastrophic events.

The case studies point to a multi-cause model, whereby several failuresin the construction
process contribute either directly or indirectly to the event. Major accident potential isincreased
within practice areas that are highly process dependent (such as scaffolding) and reliant on
numerous individuals and organisations. As such thisincreased the propensity for error at
various pointsin the process. Conversely, some practice areas are less process driven and reliant
on the expertise of one group of specialist contractors. Although these activities may be
inherently hazardous there are often fewer interactions between organisations and fewer
opportunities for multiple causes.
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REDUCING MAJOR HAZARD RISKSMUST BE ADDRESSED AT
SOCIETY, INDUSTRY, PROJECT AND SITE LEVELS

Reducing major hazard risks must be addressed at the industry and society in general aswell as
at project and site levels. Thiscan beillustrated by adapting the James Reason ‘plates’ model,
shown here representing the actions of industry and society; project team; and site team to try to
prevent adverse events — in this case catastrophes. The holesin the plates are errors, omissions
or defects. Where the holes line up, an accident can occur.

Industry & Society

Project (including design and planning)

Site (management & supervision)

Legislation, including CDM (2007) lays all the necessary foundations for the control of
catastrophic events but industry’ s understanding and implementation is lacking. Failingsin
education, training and the industry’s lack of a safety culture typified by a superficial
appreciation of safety considerations from designers, managers and workers both on and off sites.

Industry and society must address the | egislative, educational, training and cultural issues; project
teams must address procurement, design, resources and organisationa challenges; and the site
team must ensure good quality, competent people and processes along with effective supervision.

In reality the simple model above can be represented with considerably more plates with action
by the client, the designers, the checker-reviewers, the construction planners and managers and
the supervisors and workers. Whatever the number or description of the plates, the key concept
isthat they can never be completely without holes, although the owner of each plate can make a
difference and reduce the chance of an adverse event by working to close the holes in their own
plate.

PEOPLE, PROCESS AND PRODUCT ALL PLAY THEIR PART,BOTH IN
CAUSING AND PREVENTING CATASTROPHIC EVENTS

The case studies indicate that no single focus on people, product or process will guarantee the
prevention of major hazards. However, lessons gleaned from other hazardous industries suggest
that catastrophic events were primarily due to failures within systems of organisation. Products
seemed to have a smaller influence than people or processes. In most cases, where events were
seen as attributable to defective products, an underlying link was found in the management or
processing of checking procedures and the action of people associated with various tasks.

Causal factors from the case studies and on-line survey include site management and worker
issues, lack of site control and failure to recognise hazardous scenarios. Having good people
involved and available, having good processes for checking detail on site and checking the
quality and use of products has the potential to eliminate major hazard risks.
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This can be mapped onto Reason’s plates by considering the holes in the plates, which have the
potential to allow accidents to occur, to be defects or deficiencies in people or process or
products.

Poor design communication
.~ (Process & People)

’ Incompetent manager
’ . & (People)
. . ’ Inadequate method
D B R statement (Process)
1 0
Disinterested / .V

client rep (People) .. Faulty equipment (Product)

COMPETENT PEOPLE ARE THE KEY TO SUCCESS

Notwithstanding the people, process, product interaction, the on-line survey showed that having
good people involved and avail able was the most effective control for prevent catastrophic
events. The survey also stressed the need for competence for all stakeholders — the right people
in the right place with the right time and resources to do the job that is required.

The need for particular designated persons was emphasised, particularly in the area of temporary
works. According to the HSE, the causes of many past failures of temporary works were
foreseeable and could have been prevented by proper consideration when planning

RISK IDENTIFICATION, ASSESSMENT AND MANAGEMENT IS
ESSENTIAL

Many cases demonstrated a fundamental failure to recognise hazardous scenarios. Failure to
recognise hazardous scenarios was often attributed to the lack of competence of personnel
(education, training and experience). Hazard and risk management was seen as a necessary core
competency. This may be due to the lack of perception that conjoined events (fairly minor
triggers) may well lead to major hazardous events (multiple causality) coupled with the low
probabilities associated with construction major hazards.

There areimplications at al levels of the industry from client, designers, principal contractors,
subcontractors and site personnel. Where there is ignorance about risk thisis often shared
throughout projects (shared ignorance). Thinking deeply, individually and as ateam, was a
highly ranked control factor in the on-line survey. Contemporary direction has arguably become
focused on the packaging and presentation of construction site health and safety management,
rather than the fundamental methods and processes of risk management.

PROJECTSARE COMPLEX WITH MANY INTERFACESTHAT MUST
BE MANAGED EFFECTIVELY

Construction projects cannot be considered as ssmple sequential processes and the case study
projects featured complex processes operating in highly parallel systems. There are multiple
interfaces, physical, organisational and interpersonal. In recognising complexity, it isvital that
effective communication and interfaces between disciplines are managed well. Client and
procurement issues need to be addressed.
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The interfaces between permanent and temporary works and between temporary works and plant
or equipment were considered to be particularly problematic.

10.7 GAINING AND COMMUNICATING KNOWLEDGE THROUGHOUT THE
TEAM AND ACROSSINDUSTRY ISCRUCIAL

Many project teams failed to recognise major hazards. However, even when they were
identified, they were often not communicated to other disciplines or organisations within the
projects.

The benefit of learning from past failures or ‘near misses * was raised by many respondents —
some guidance exists but it is not well used. Lessons|earned should be widely disseminated
throughout the industry to enhance shared understanding on risk and hazards (e.g. by
organisations such as CROSS and SCOSS) — these could bypass confidentiality constraints and
concerns over litigation.

10.8 ELIMINATE HAZARD WHEREVER POSSIBLE AND ASEARLY AS
POSSIBLE

Aswell as becoming better at recognising the hazards in the first place teams need to be able to
deal with unusual hazards. Whenever possible, hazards should be eliminated, especially during
the design (both permanent and temporary works) and pre-construction phases. It was
acknowledged that, at times this was difficult but that this must still be the primary aim — there
was considerable feeling that this was not being done well at the moment. Severa on-line
respondents argued that using engineering judgement and compliance with existing codes and
advice isimportant, but it was noted that more advice is needed and consequently some
subjective decisions may still be necessary. In any case, thisisin line with the SFARP?
approach in the UK.

In assessing and managing the risk care must be taken not to just ‘tick the boxes” whilst missing
the *big picture’ by concentrating only on ‘everyday’ risk management. Care has to be taken to
avoid complacency and not to say that an approach can be taken just because it is ‘the way we
have alwaysdoneit’.

109 DON'T LET TIME AND COST PRESSURES DEFLECT EFFORT

The mitigation of risk must often consider complex and competing operational, legal, political
and economic demands impacting on decision makers. Teams need to face the challenges from
project priorities such as time, cost, quality and aesthetics as well as the risks from major
hazards.

Small projects and small organisations appear to have some special challenges. Project teams
need to address complications with the supply chain and procurement methods, particularly
dealing with sub and sub-subcontracting and interfaces.

10.10 EXPECT CHANGE AND DEAL WITH IT

Part of the complexity of construction projects is because things are often changing, sometimes
due to circumstances beyond the control of al the project stakeholders and sometimes caused by
brief changes, design adjustments or incorrect work done on site. Effective management of
change was seen as essential, because, as details and methods change, so do the hazards and new

1 “Near miss should in the context of this report perhapsbe ‘ near hit’ or ‘near accident’.
2 SFARP— So Far Asis Reasonably Practicable — see Glossary
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10.11

hazards can arise from the solutions to the old hazards. Given the speed at which the industry is
subject to change (technology, process and procedure), stakeholders must review practice in the
context of future safety challenges.

“CHECK, CHECK AND CHECK AGAIN”

Full reviews as well as more limited checks were deemed essential, both those by in-house teams
as well as those by independent inspectors. The reviews and checks were seen as essential
throughout the project process —in design as well as construction. The lack of independent
reviewing was a particular point of concern for many respondents.

The absence of specific regulations to address the threat of catastrophic events influences a

culture where there is a fundamental lack of checking and review procedures that could
encourage the recognition of hazardous scenarios.
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Glossary

ALARP (Aslow asreasonably practicable)

The HSE guidance [http://www.hse.gov.uk/risk/theory/alarpglance.htm] explains that
“ALARP” isshort for “aslow as reasonably practicable”. Also “SFAIRP’ [or SFARP] is short
for “so far asis reasonably practicable’. The two terms mean essentially the same thing and at
their core is the concept of “reasonably practicable”; thisinvolves weighing arisk against the
trouble, time and money needed to control it. Thus, ALARP describes the level to which we
expect to see workplace risks controlled. With major hazards and catastrophic eventsinisto be
expected that reasonable practical would be very considerable to reduce the risk to avery low
level.

See also ‘R2P2’ (Reducing risks, protecting people) which discusses levels of risk.
Catastrophic event

Catastrophic events are events that are beyond the ordinary or routine and are (in the UK)
characterised by being of low probability but high consequence. In this report the phrase
‘Major Hazard' is also used to categorise such events.

Examples of catastrophic events would be:

Structural collapse of permanent structure
Collapse of temporary works

Collapse of plant such as cranes

Major Fire

Tunnel collapse

Disruption of underground services.

w W W W W ww

Catastrophic events would be those having the following potential consequences:
8 Potential for multiple deaths and serious injuriesin asingle incident and/or
§ Serious disruption of infrastructure (eg road, rail ) and/or services (eg power,
telecoms)

In addition, such events may well have the following features:
8 Ability to damage or even destroy organisations commercially, either directly or
through loss of reputation
8 Creation of public demand for action, possibly leading to demand for a public
enquiry and/or changes to relevant legislation.

CDM 2007

CDM 2007 is shorthand for the Construction (Design and Management) Regulations 2007.
These regulations apply to all construction work (as defined in the Regulation) in Great Britain.

Check, audit and review
There are many types and combinations of checking, auditing and reviewing. Depending on the

situation, they may be in-house, in-house but involving a separate team, by others appointed by
the team or by others independently appointed by an outside body such as the client or a
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statutory body. The prefix ‘independent’ is used when there is a strong element of
independence from the core team.

Checking of safety critical calculations or processes should always be carried out in conjunction
with an element of review by a suitably experienced independent person because either (a) the
checking has not included review of what is being done or (b) it is often what has not been
calculated or the manner of making the calculation which matters, not the mathematics per se.

The terms *audit’ and ‘review’ have similar meanings but with amore ‘aggressive’ implication
when an ‘audit’ is carried out.

Reviewing is the preferred term for an informed examination of concept as well as detail. It will
normally include the provision of helpful comments and may be part of a continuous process to
give added confidence in a progressive, timely manner which avoids disrupting the project and
ultimately improves the chance of delivery in areliable, predictable manner.

The term ‘peer review’ has been used for the type of review where concepts are examined and
challenged at an early stage by mature, experienced people, looking at the big picture and
avoiding assumptions or the following of published advice or codes without a clear
understanding of the engineering principles involved.

For more on this issue please refer to the SCOSS Topic paper (REF: SC/09/035) about
‘Independent reviewing through peer assist’
(http://www.scoss.org.uk/publications/rtf/SC09.035%20-
%20WEB%20IR%20Draft%20form%200f%20A greement%20Jan%202009.pdf)

COMAH

COMAH is shorthand for * The Control of Major Accident Hazards Regulations 1999" which
aim to ensure that businesses (a) take all necessary measures to prevent major accidents
involving dangerous substances and (b) limit the consequences to people and the environment
of any major accidents which do occur.

The COMAH Regulations apply mainly to the chemica and petrochemical industries, fuel
storage and distribution. They may also affect businesses that store fuels (including gas), have
large warehouses or distribution facilities (or) manufacture and store explosives.

Complexity
Construction work is usually complex in organisation, technology and methodology.

Organisational complexity is evidenced by the number of interfaces which exist on most
projects and the fact that almost invariably (a) each project is different and (b) the companies
and people involved are different and there is considerable complexity in any construction
project.

Technical complexity is evidenced by the number of different materials and elements
assembled, some made off-site but many made (or completed) on-site, then assembled into a
whole.

Methodological complexity is evidenced by the complex work methods employed, using a

range of on-site plant and equipment and involving the delivery, storage, transport and lifting
required for the assembly of the many separate parts.
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CROSS (Confidential Reporting On Structural Safety)

CROSS was established by SCOSS in 2005 to improve structural safety and reduce failures by
using confidential reports to highlight lessons that have been learnt, to generate feedback and to
influence change. CROSS uses reports on the concerns of engineers and others for the benefit
of the public and practitioners in the construction industry. No concern is too small to be
reported and nothing is too large. Key features of the scheme are to:
- be non-judgmental

promote a positive attitude to learning from experience

be seen by all sides of industry asimpartial

analyse and evaluate reports

provide advice and guidance in Newsletters

give feedback to industry and regulators

provide complete confidentiality for reporters

The website (www.cr oss-structur al-safety.org) contains many useful features and is designed
to simplify registration and reporting as well as having a database of reports. This contains all
the CROSS reports that have been published together with extracts from SCOSS publications.

Dynamic risk assessment

Dynamic risk assessment is “the continuous assessment of risk in the rapidly changing
circumstances of an operational incident, in order to implement the control measures necessary
to ensure an acceptable level of safety” (HM Fire Service Inspectorate, 1998).

Thetermis aso used in construction to describe the practice of making ad-hoc adjustment of
the method statement as required on site, in response to changing circumstances.

‘ERIC’ methodology

ERIC is asimple method of explaining the risk hierarchy:

8 Elimination of hazards

§ Reduction of levels of risk

§ Information is provided to those who need it
§ Control of residual risk

In redlity, often it is only those involved prior to construction (eg designers and preconstruction
planners) that can eliminate hazards and it is usually the contractors that control the residual
risk.

Consideration of potential catastrophic eventsin ERIC

For catastrophic events, the process of hazard identification and subsequent safety risk
management is identical but when high severity potentially catastrophic risks are noted further
thinking needs to be done (often in aworkshop of stakeholders, ensuring that people with expert
knowledge of the work involved and its risks) to deal with the identification of potential
hazardous events, the hazards involved and the options for hazard elimination and risk
reduction. Thiswill involve thinking through the logic of how events might unfold (e.g. by
Fault Tree Analysis) and what can reasonably and proportionately be done.

The risks must be reduced ‘as low as reasonably practicable (ALARP or SFARP). All decisions
are liable to include commercial issues of time and money, but these must be balanced against
the potential impacts of a catastrophic event.
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| nnovation

The word ‘innovation” means different things to different people. In safety risk management the
primary concern isto identify and manage risk — so any innovation which increases risk is of
concern.

Most construction is to some degree ‘innovative’ because teams/roles/relationships are aways
different and have to cope with varied projects/designs as well. No two projects are identical
(see also ‘complexity’). ‘Blue skies' innovation in which something is being done for the first
time is extremely unusual in construction; it will merit ahigh level of management of risk
throughout, as new hazards and/or risks may become evident as the work proceeds.

Doing things ‘in an innovative way’ is more common. Quite often the novelty will be morein
the experience of those involved (others having done the same thing elsewhere) but the risks are
similar to ‘blue skies’ innovation unless someone who has had prior experienceisinvolved as
an advisor or independent reviewer.

‘Safety-driven innovation’ is an emerging concept of innovation which may drive safety due to
the added level of thinking and attention which accompanies the innovative work. See further
mention in 4.4 of this report. Innovation was identified as playing arole in only 4 of the 62 case
study events — but two of these were large catastrophic events involving magjor loss of lifein
one case and infrastructure in the other case. This demonstrates that new and novel techniques,
of whatever nature, should be handled very carefully using competent, properly resourced
safety risk management processes.

I nterfaces

The construction industry operates with amyriad of physical, organisational and interpersonal
interfaces, each of which presents opportunities for mis-communication and mis-understanding
which may affect safety risk management. Types of interface can be *hard’ or *soft’ and
typicaly include:
Organisational & interpersonal (‘soft’ interfaces)

§ Client/contractor

§ Contractor/supply-chain

§ Designer/constructor

8 Project phases, sites and disciplines

§ Manager/team
Physical (‘hard’ interfaces)

8 Tower crane/base structure

8 Piling rig/piling platform

§ Cladding panel/support structure

L atent defects

L atent defects are defects in adesign or in construction which do not manifest themselves
during the construction phase (or in the post-construction defects-rectification period). A
structure may be fatally flawed and collapse in-service due to alatent defect. A structure may
contain alatent defect which only becomes apparent during later construction work such as a
modification or during demolition.
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Major hazard

A magjor hazard is one which, either alone or in conjunction with other hazards, could give rise
to acatastrophic event (or a ‘top event’ — see Glossary). When hazards are being identified at
the start of the safety risk management process, potential ‘ catastrophic events' need to be
identified specifically (see ‘ Consideration of potential catastrophic eventsin ERIC above) and
analysed to gain afull understanding of the contribution which particular hazards play.

Peer review

Peer review is ageneric term that is used to describe a process of self-regulation by a profession
or aprocess of evaluation involving qualified individuals with the related field. Peer review
methods are employed to maintain standards, improve performance, and provide credibility.
See also check audit and review above.

R2P2 - ‘Reducing Risk, Protecting People

The HSE report ‘ Reducing Risk, Protecting People’ (www.hse.gov.uk/risk/theory/r2p2.pdf)
examines how decisions might reasonably be made about high risk scenarios, based on
statistical assessment of outcomes and the acceptability of certain levels of risk. The concept of
tolerability and tolerability limits lies at the centre of R2P2, being applied to particular ‘risks'.
The scenarios which occur on construction are however so many and varied that the
underpinning statistical data for each individual ‘risk’ is unlikely to be available.

Risk Management

Risk management encompasses all the activities directed towards the management of risk, in
whatever context it is being considered, so as to achieve a safe system of work. Management of
safety risks (see ‘ Safety risk management’ will always need to be considered.

Robustness

Robustness in construction is the quality of being able to withstand in a proportionate manner
the forces and environment which are experienced. Thereis aso adefinitionin BS EN 1991-1-
7 as “the ability of a structure to withstand events like fire, explosions, impact or the
consequences of human error without being damaged to an extent disproportionate to the
original cause’.

Note: robustness can also refer to (for example) robust processes and the definition given above
does not preclude the importance of other such aspects of robustness.

Safety Risk M anagement

Safety risk management is the management activity and process whereby:

hazards are identified

hazards are eliminated if reasonably practicable, taking all relevant factorsinto account
the level of risk due to remaining hazards is reduced as far as is reasonably practicable
information is provided to those who need it

residual risk is controlled

w W W W W

This can be summarised by the ERIC approach. Designers and constructors should
communicate as much as possible and ideally work as an integrated team. All interfaces should
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receive specia attention, involving (for design activity, including temporary works - see below)
designers and the CDM Co-ordinator and (for site activity) the Principal Contractor or, for
smaller projects, the main contractor.

SCOSS (Standing Committee on Structural Safety)

SCOSS has been in existence for some 34 years. Its remit isto identify trends or practices
which might lead to a concern in respect of structural safety. It is supported by the Institution
of Civil Engineers, the Institution of Structural Engineers and the Health and Safety Executive.

The SCOSS Committee is a group of experienced construction industry people who keep an eye
on contemporary practice and identify issues that should be of concern. Information is
published on these topics and every two years a full report is published which is widely
circulated and provides authoritative guidance to the industry and to government. These reports
and details of the topics considered may be seen on its website at www.scoss.or g.uk

SFARP or SFAIRP (So Far Asis Reasonably Practical)

Thisterm is applied in CDM 2007 when discussing management of risk. Thereis continuing
debate about what SFARP means. If apotential catastrophic event (hazard) is identified which
cannot reasonably be eliminated, its level of risk should be reduced by design aslow asis
reasonably practicable, in a proportionate manner. (See ALARP in Glossary). Thisisasensible
SFARP response to the identification of a potential catastrophic event, where the proportionate
response isto reduce risk ALARP.

For catastrophic events, the level of risk should be reduced be to avery low level indeed. The
construction industry has insufficient data or experience to make numerical assessments and
each project and site in any event presents a unique series of challenges. Therefore, assessment
of levels of risk for potentially catastrophic eventsin construction needs to be carried out with
an appreciation that risk levels for such events must be very low; and this may well lead to
additional precautions being taken beyond those commonly thought to be adequate in the
industry.

‘SME’ (Small and medium enter prise)

There are many formal definitions of an SME, varying across awide spectrum of ‘size’. Much
construction work is carried out by small, informal groups of individuals, families and friends
who hire themselves out wherever there iswork to be had. There are also many small
operations taking on only small contracts such as house extensions.

Systemic failure

A failure may be described as ‘systemic’ if it is not related specifically to an event, but is
instead related to the manner in which an organisation, or project, is managed and organised. If
asystemic failure is experienced but is not identified and acted upon there is a chance of the
same or similar failure, occurring again even if the people and circumstances associated with
the original fault are not the same.
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Temporary Works

Anything required during construction to achieve the final structure. Thisincludes:

§ Itemssuch asformwork and falsework needed to form and support the building or
structure

8  Consideration of the permanent structure in its intermediate (temporary) states and
its modification as necessary

8  Additional worksto achieve the final building or structure, which may be removed
or left in place

8  Work at interfaces with construction plant and equipment.

Top Event

Top Event isaterm used largely within nuclear and petro-chemical industriesand isa
component part of a Fault Tree Anaysis (FTA) process. It refers to events which are of major
impact, catastrophic to the business or organization and needing special attention. However,
because of the low level of recognition in the built environment sector and the possible
connotation that ‘top’ means ‘all OK, best in class!’ i.e. positive rather than negative, the term
has not been adopted for this report.

Nevertheless, the term may gain credence in the construction industry, in particular because the
types of risk involved require consideration ‘at the top’ i.e. board level and should be ‘top of the
agenda for directors and senior managers.

Theterm ‘Top Event’ is also explored in the literature review (Section 6.2.2 of this report).

Triangulation

The use of triangulation was characterised by Burgess (1984) as away of implanting
methodological rigour to research through the use of cross checking and cross referencing
utilising multiple methods, data sources, theories and investigators. The four types of
triangulation that Burgess (1984:145) identifies are;
§ Datatriangulation includes data collected over time, space and by different people or
organisations.
8 Investigator triangulation involves the use of more than one researcher.
§ Theory triangulation requires the use of competing theories; and
§ Methodological triangulation incorporating the combination of different but appropriate
research methods.
Reference: Burgess R.G., (1984), In the Field: An Introduction to Field Research, London,
Routledge
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Proposalsfor further work

I ndustry engagement

The research involved a considerable amount of contact with various industry stakeholders, but
further investigation of particular issues may be beneficial. Ideas for further engagement are as
follows:
§ Exploring some of the issues which have arisen at industry events, using the voting
button facility
8 Seeking further engagement with clients, insurers and operatives
§ Examining the processes used within arange of companies to control the risk of
catastrophic events occurring (NB it is understood that SCOSS are working on this
aready)
§ Exploring what might be appropriate leading performance indicators for use within
companies
8 Map the specid interest groups which operate within the industries and consider how
their effectiveness of their activities might be enhanced.

Safety risk assessment

A range of activities may contribute to along-term improvement in competence, including:
§ Knowledge mapping and learning planning
8 Preparation of industry guidance on the identification of magjor hazards and the
management of residual risks
8 Promotion of the potentia benefits of independent review
§ Study of the risk profile in the tunnelling industry, with particul ar respect to the NATM
method.

Contractual models and their impact

The research did not seek to investigate the relative impacts of different contractual models on
the frequency of catastrophic events. It would be informative for industry stakeholders to work
together to understand the pros and cons of the various types of contract in this respect, and the
measures which might be put in place to reduce the levels of risk.

It was suggested that the degree of independent review of work on site has reduced (see 4.8) and
this particular concern could be researched.
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On-line survey questions

Questions

No of
responses

Experience

1. What is your main source of experience? 397

2. How many years experience do you have in the construction industry? 396

Factors

3. How much do you think the following factors affect Catastrophic Events?
a. Underlying lack of "robustness™ 306
b. Failure to recognise hazardous scenarios and influencing factors 320
c. Ignorance, incompetence 319
d. Error (by people who are competent) 322
e. Lack of checking and of competent reviewing 318
f. Over-reliance on codes 316
g. Interface problems between the various parties 322
h. Lack of experience 319
i. Poor team-working 324
j. Lack of site control 320
k. Conscious risk-taking 319
I. Underfunding 315
m. Inappropriate maintenance and/or modification of a structure 317
n. Lack of proper change control 318
0. Vandalism or malicious act 315
p. Unreasonable time pressures 320
q. Design process not effective, not coordinated 320
r. Designers working in boxes; no-one responsible for providing overview 318
s. Drawings not clear, significant risks not apparent or highlighted 318
t. Over-complex procurement with unclear responsibilities 318
u. Over-reliance on software analysis which cannot be easily verified 319
v. Design which didn't consider/explain how construction could be done 320
w. Lack of involvement on site by designers 319

4. Which of the above factors do you personally think are the most important?

Please name the 3 most important (eg a, j, V) 307

Controls

5. How effective do you think the following things are in controlling Catastrophic Events?
a. Our legislative framework 296
b. Independent review and checking of design within the team 299
c. Independent certification 294
d. Following good practice for normal situations 300
e. Thinking deeply individually and as a team about hazards 299
f. Considering risks consciously 301
g. Applying CDM 2007 principles for risk management 298
h. Having good people involved and available 301
i. Managed interfaces, communication and cooperation 301
j. Adequate resource 302
k. Adequate access to knowledge (especially records) 300
|. Sensible programmes, well-managed 301
m. Good management of information 301
n. Checking of concepts 297
0. Checking of calculation 299
p. Checking of detail on site 301
g. Good change management 300

183




290

Risks

7. Do the risks of major accidents get considered by a formal hazard elimination and risk reduction

process? 299
8. In your experience, do people actually try to eliminate hazards? 300
Please add any comments you may have 137
9. When construction involves a major risk such as a risk to lots of people, should extra precautions 299
be taken?
Please add any comments you may have 106
10. Are you aware of the work of SCOSS (Standing Committee on Structural Safety)? 291
11. Are you aware of the work of CROSS (Confidential Reporting on Structural Safety)? 300
12. Ha\_/e you any experien_ce of working on a project where things have gone (or have threatened to 208
go) seriously wrong, harming a lot of people?
13. If so, please give brief details, in confidence and/or anonymised 100
14. Would you be prepared to discuss this (in strict confidence)? 231
15. What do you think that (above all else) should be done to prevent catastrophes in construction? 233
Contact details
16. Would you like to be contacted to contribute further to our research? 293
17. Would you like to be informed about the results of our research? 296
: Name 211
: Organisation 195
: E-Mail address 214
: Telephone number 176
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D. On-linesurvey responsesin graphical form

QUESTION 3. How much do you think the following things affect Mgor

Hazards?

a. Underlying lack of "robustness”

b. Failure to recognise hazardous scenarios and
influencing factors

Medium
Impact

High Impact Low Impact  Zero Impact

Medium
Impact

High Impact Low Impact  Zero Impact

c. Ilgnorance, incompetence

d. Error (by people w ho are competent)

Medium
Impact

High Impact Low Impact  Zero Impact

Medium
Impact

High Impact Low Impact  Zero Impact

e. Lack of checking and of competent review ing

Medium
Impact

High Impact

Low Impact  Zero Impact

f. Over-reliance on codes

Medium
Impact

High Impact

Low Impact  Zero Impact
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QUESTION 3 continued... How much do you think the following things affect

Catastrophic Events?

g. Interface problems betw een the various parties

h. Lack of experience

Medium
Impact

High Impact Low Impact  Zero Impact

High Impact

Medium
Impact

Low Impact  Zero Impact

i. Poor team-w orking

j. Lack of site control

High Impact Medium Low Impact  Zero Impact High Impact Medium Low Impact  Zero Impact
Impact Impact
k. Conscious risk-taking |. Underfunding

Medium
Impact

High Impact

Low Impact  Zero Impact

High Impact

Medium
Impact

Low Impact  Zero Impact
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QUESTION 3 continued... How much do you think the following things affect

Catastrophic Events?

m. Inappropriate maintenance and/or modification of a
structure

n. Lack of proper change control

Medium
Impact

High Impact Low Impact

Zero Impact

Medium
Impact

High Impact Low Impact  Zero Impact

0. Vandalism or malicious act

p. Unreasonable time pressures

Medium
Impact

High Impact Low Impact

Zero Impact

Medium
Impact

High Impact Low Impact  Zero Impact

g. Design process not effective, not coordinated

r. Designers w orking in boxes; no-one responsible
for providing overview

Medium
Impact

High Impact

Low Impact

Zero Impact

Medium
Impact

High Impact Low Impact  Zero Impact
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QUESTION 3 continued... How much do you think the following things affect

Catastrophic Events?

s. Draw ings not clear, significant risks not
apparent or highlighted

High Impact Medium Low Impact Zero Impact
Impact

t. Over-complex procurement w ith unclear
responsibilities

High Impact Medium Low Impact  Zero Impact
Impact

u. Over-reliance on softw are analysis w hich
cannot be easily verified

High Impact Medium Low Impact Zero Impact
Impact

v. Design w hich didn't consider/explain how
construction could be done

High Impact Medium Low Impact Zero Impact
Impact

w . Lack of involvement on site by designers

High Impact Medium Low Impact Zero Impact
Impact
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QUESTION 5. How effective do you think the following things are in
controlling Catastrophic Events?

a. Our legislative framew ork

b. Independent review and checking of design w ithin

the team
200
180
160
140
120
100
80
60
40
20
0
High Impact Moderate  Low Impact Zero Impact High Impact Moderate  Low Impact Zero Impact
Impact Impact
c. Independent certification d. Follow ing good practice for normal situations
200 200
180 180
160 160
140 140
120 120
100 100
80 80
60 60
40 40
20 20
0 0

High Impact Moderate  Low Impact Zero Impact

Impact

High Impact Moderate ~ Low Impact Zero Impact
Impact

200
180
160
140
120
100
80
60
40
20

e. Thinking deeplyindividually and as a team
about hazards

High Impact Moderate Low Impact Zero Impact
Impact

200
180
160
140
120
100
80
60
40
20

f. Considering risks "consciously"

High Impact Moderate  Low Impact Zero Impact
Impact
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QUESTION 5 continued... How effective do you think the following things arein

controlling Catastrophic Events?

g. Applying CDM2007 principles for risk management

200
180
160
140
120
100
80
60
40
20

Moderate
Impact

High Impact Low Impact

Zero Impact

200

150

100

50

h. Having good people involved and available

Moderate
Impact

High Impact Low Impact Zero Impact

i. Managed interfaces, communication and
cooperation

200
180
160
140
120
100

60
40
20

Moderate
Impact

High Impact Low Impact

Zero Impact

200
180
160
140
120
100
80
60
40
20

j- Adequate resource

Moderate
Impact

High Impact Low Impact Zero Impact

k. Adequate access to know ledge (especially
records)

200
180
160
140
120
100
80
60
40
20

Moderate
Impact

High Impact

Low Impact

Zero Impact

200
180
160
140
120
100
80
60
40
20

|. Sensible programmes, w ell-managed

Moderate
Impact

High Impact

Low Impact Zero Impact




QUESTION 5 continued... How effective do you think the following things arein
controlling Catastrophic Events?

200
180
160
140
120
100
80
60
40
20

m. Good management of information

High Impact Moderate  Low Impact
Impact

Zero Impact

200
180
160
140
120
100
80
60
40
20

High Impact

n. Checking of concepts

Moderate  Low Impact
Impact

Zero Impact

0. Checking of calculation

p. Checking of detail on site

200 200
180 180
160 160
140 140
120 120
100 100
80 80
60 60
40 40
20 20
0 0
High Impact Moderate  Low Impact Zero Impact High Impact Moderate  Low Impact Zero Impact
Impact Impact
g. Good change management
200
180
160
140
120
100
80
60
40

20

High Impact Moderate  Low Impact
Impact

Zero Impact
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Question 7:

Do the risks of major accidents get
considered in aformal hazard elimination
and risk reduction process?

200
180
160
140
120
100

80
60
40
20

Always Sometimes Never

In your experience, do people actually try to
eliminate hazards?

250

200

150

100

50

Question 8:

Question 9:

Have you any experience of working on a
project when things have gone (or have
threatened to) go seriously wrong, harming a
lot of people?

200
150
100

50

When construction involves a major risk, such
as arisk to lots of people, should extra
precautions be taken?

300
250
200
150
100

50

Question 10:

Question 11:

Are you aware of the work of the Standing
Committee on Structural Safety(SCOSS)?

160
140
120
100
80
60
40
20

Detailed
know ledge

Limited know ledge  No know ledge

Are you aware of the work of the Confidential
Report on Structural Safety(CROSS)?

200
180
160
140
120
100

60
40
20

Detailed
know ledge

Limited know ledge  No know ledge
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Case study questions

Case Study — Project Reference

Project details: Brief description

What happened? Brief description

| sthe actual technical reason for the problem known? Brief description
Arekey underlying reasons known? Brief description

Sour ces of information (documents, people spoken to):

| mpact
What impact did the triggers have to make this a potential or actual ‘major

hazard’ scenario?

Questions

1. Clearly might affect a public road, railway, crowds of people etc

2. Put at risk important infrastructure or working facilities

3. Involved activities which are recognised as particularly hazardous (such as
demolition)

Clearly required higher levels of skill than normal

Faced particular challenges such as difficult access/soilswater/weather

ok

Causative Factor

What wer e the key causative factors?

Questions
6. Underlying lack of robustness

7. Failure to recognise hazardous scenarios and influencing factors

8. Ignorance, incompetence

9. Error (by people who are competent)

10. Lack of checking and of competent reviewing

11. Criminality

12. Over-reliance on codes

13. Interface problems

14. Lack of experience

15. Poor team-working

16. Lack of site control

17. Conscious risk-taking

18. Underfunding

19. Inappropriate maintenance and/or modification of a structure

20. Poor management of late design changes

21. Poor management of late changesin build procedures

22. Ad hoc on-site changes to planned build procedures

23. Vandalism or malicious act

24. Unreasonable time pressures

25. Design process not effective, not coordinated

26. People working in boxes, no-one clearly responsible for providing design
overview
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27.
28.
29.
30.
31.

Drawings not clear, hazards not apparent or highlighted
Over-complex procurement with unclear responsibilities
Over-reliance on software analysis which cannot be easily verified
Design which didn’t consider/explain how construction could be done
Other factors (please specify): Open Ended Question

Controls

What controls should have operated but didn’t?

Questions

32.
33.
34.
35.
36.
37.
38.
39.

40.
4].
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.

Our legislative framework (if so, why?)

Independent review and checking of design within the team
Independent certification of design and construction by an official body
Following good practice for normal situations

Thinking deeply individually and as ateam about hazards
Considering risks consciously

Applying CDM 2007 principles for risk management

Having good people involved and available (knowledgeable, trained,
experienced, motivated, caring, assiduous)

Managed interfaces, communication and cooperation

Adeguate resource

Adequate access to knowledge (ESP. records)

Sensible programmes, well-managed

Good management of information

Checking of concepts

Checking of calculation

Checking of detail on site

Management of |ate design changes

Management of |ate changes in build procedures

Prevention of ad hoc on-site changes to planned build procedures
Other factors (please specify) : Open Ended Question

Open Ended Question:

52.

What additional controls would have made a real difference?

Additional Features— (Yes/No Response)

Questions

53.
54.
55.
56.
57.

Was there an SME issue here?

Does the event involve achain of small things happening?
Does the event involve an innovative design or activity?
Does the event involve complexity?

Does the event involve something unusual ?
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Conceptual Analysis - Column of Risk: How much did any of the following
failures influence the event?

Questions*

58. Foundation: Client failing to appoint a competent team and use procurement
process that facilitated communication and cooperation?

59. Block 1: Lack of an integrated design process (including temporary works) with
appropriate reviewing and checking throughout?

60. Block 2: Failure of the team (designers and contractors) to assess Risks and spot
the potential Hazard (eliminating, reducing, informing and planning)?

61. Block 3: Failure to put in place Controls and the site team not provided with
information and training

62. Block 4: Failure to have Experienced personnel on site at all times with
appropriate cover when needed

63. Block 5: Failure of the Site Team to be well organised and briefed; and the
Operatives are not well supervised

64. Block 6: Failures in the Late Design Change process (or no special measures

applied)

What impact did the following have on the event?

Questions
65. People: All individuals involved in safety critical implications of the work.
66. Process. All support systems including procurement, design, management,
supervision, checking and reviewing.
67. Products: All tools, material, plant as generally deemed fit for purpose. Does not
include specification (or choice) by people of the products used.

1« Column of risk’ is aconcept (which was not subsequently pursued) in which the key e ements affecting
congtruction risk are identified and examined.
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APPENDIX F - CASE STUDY PEN PORTRAITS

The case studies have been anonymised and are presented to illustrate the complex
issues associated with major construction hazards that lead to catastrophic events. Care
has been taken to ensure that the case studies are presented without reference to any
individuals or private organisations (with the exception of reference to any generic
statutory bodies such as fire or police services). This is to protect the identity of all
contributors and organisations in line with the confidentiality policy adopted throughout
the duration of the research.

The information below and in Table 10.1 is provided to assist the reader in examining the case
study summaries provided in this section of the report:

Project Detail: Outline of the particular construction work/project that was being
carried out
Major Hazard Event: Overview of what actually happened
Consequence: Summary of what happened to make this amajor hazard event (for
instance):
- Low probability: high consequence
Potential for multiple deaths and serious injuries affecting workers and members
of the public (MOPs) on and/or offsite in asingle incident
Serious disruption of infrastructure and services
Potential to damage or even destroy organisations commercially; and
- Political implications — public enquiries, demands for new legislation
Potential Causative Factors: List of potential (and actual) causative/contributing
factors.
Case No: Individual case study number

The Project reference: Internal categorisation code used to identify case study (by case
study group and practice areaas given in Tablel0.1)
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Table 30.1: Index of Categorisation Codes

Case Study Groups by Practice Area

Code

23
2
)

SC1
Buildings SC2
Structural collapse during demalition (including refurbishment) SC3
Formwork, falsework, launch gantries, shoring, propping CTw1l
Scaffolding etc CTw2

Tower cranes

C&MPE1

Free-standing cranes, piling rigs and other plant inclarge MEWPs

C&MPE2

Tunnéeling and groundworks AST1
Disruption of underground services AST2
Excavations and earthworks AST3
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Case Study Summaries

Project Detail Demolition of two storey Building Case No. 01
Categorisation Code SC3
Major Hazard Event Outer skin of building peeled avay and landed on a person. Materia spilled onto the road
Consequence Demolition work fell on a person causing disability.
Materia spilled onto the roadway, risking disruption to infrastructure
Potential Causative Possi ble weather conditions
Factors No proper demolition plan
Lack of thorough risk assessment
No proper exclusion area
Lack of training, instruction and experience of the workers
Poor and transient supervison
Project Detail Refurbishment and adaptation of an existing building Case No. 02
Categorisation Code SC3
Major Hazard Event Major collapse to fagade and one third of the building
Consequence Digruption to locd infrastructure and risk to people located in the building
Potential Causative I nexperienced contractor appointed by the client and no CDMC
Factors No formal drawing for the works
No competent reviewing
Cost cutting approach by client
Professional swere not informed of changes to the scope of work
Limited number of props were used ie unsafe temporary works
Project Detail Demolition of acar park Case No. 03
Categorisation Code CTwi

Major Hazard Event

Cantilevered section fell off during erection — failure of the temporary props

Consequence

Failure of props could have caused major fatdities and disruption of project

Potential Causative
Factors

Props should not have been in use.

Recall process not followed through.

Defective props had been sprayed red and the props which failed were sprayed but contractor spray

their equipment red as standard
Site checks on productsinsufficient.

Temp works designers didn’t tell site about use of ‘ specid’ props.

Project Detail

Construction of two new large blocks of mixed usein city Case No.

04

centre Categorisation Code

C&MPE2

Major Hazard Event

Mobile elevating work platforms (MEWP) was manoeuvred with boom elevated; ran over a cover

which was buried by aworking platform of crushed stone.

Consequence

Toppled over next to alocation where abus had just departed. Operator survived, badly injured

Potential Causative
Factors

Working over unknown hatch covers.

Site surveys before didn’t find/mark what was there;

No plan for managing/protecting.

Inadequate information to operatives,

Parked next to services manhole box which was collgpsing.
Company procedure didn’t ded with vehicle movements.
A persigtent failure around the site

Inadequate surveys and lack of provision of information on site
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Project Detail

Bridge launched over arailway line Case No.

05

Categorisation Code

SC1

Major Hazard Event

PTFE-faced packs did odged and bridge construction dropped

Consequence

Debriswas scattered over outlying areas causing disruption to transport system and presenting a major

hazard to public and nearby building infrastructure

Potential Causative
Factors

Late changesto work plan without any review by others beyond the site team doing the work

Principa Contractor failed to manage thisrisk

Project Detail Construction of atunnel under abuilt-up city area Case No. 06
Categorisation Code AST1

Major Hazard Event Large crater opened up adjacent to houses

Consequence Risk to the public, trangport and local infrastructure

Potential Causative Inadequate site research

Factors Unusual ground conditions

Residual risk not considered adequately
Project Detail Erection of stedl roof over sports stadium Case No. 07
Categorisation Code SC2

Major Hazard Event

Partia collapse of arafter occurred during the welding work to join the rafter to its end supporting

member

Consequence

Possibility of fatditiesand injury to site personnel (many hundreds on site)
Major project disruption and added cost as workforce waked off the site.

Potential Causative
Factors

Human error

Operative cut out atemporary stiffener supporting a major member

Project Detail Construction of steel box-girder bridge Case No. 08
Categorisation Code SC1
Major Hazard Event Collapse of major sections of the bridge during erection
Consequence Major fatalities and worker injury, disruption to project
Potential Causative Major on-site problems
Factors Lack of professionalism
Failure to assessrisk
Fundamenta project and engineering errors
Poor communication
Poor management of late changes
Poor communication between professions
Pr Oj ect Detalil Consgtruction for anew major highway involving deep Case No. 09
excavation (next to an existing highway) Categorisation Code AST3

Major Hazard Event

The excavation collgpsed due to failure of the earth pressure propping

Consequence

Major fatalities and worker injury, disruption to project, disruption to major highway

Potential Causative
Factors

Failure of the propping system due to under-estimation of loads

poor detailing of connections

Poor risk management throughout the design process and site execution,
Poor monitoring and failure to notice/act upon warning signs

No effective independent review and checking by experienced people
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Project Detail

Construction of cantilever-launched concrete box-girder

Case No.

10

bridge

Categorisation Code

SC1

Major Hazard Event

Bridge construction collapsed during launch

Consequence

Collapse of bridge, multiple deaths

Potential Causative
Factors

Failure of box during launch due to inability to support the bearing |oads at the dide bearings

Failure to ensurerobust details and accuracy of positioning of dide pads.

Lack of competent review
Poor team working
Lack of site control

Poor management of |ate design changes

Project Detail

Major building demolition

Case No.

11

Categorisation Code

SC3

Major Hazard Event

Removal of props from a projecting piece of dab caused the dab to fdl

Consequence

Risk of injury and fatalitiesto workers

Potential Causative
Factors

Manner in which structure worked wasn’t understood;

Therewas a change of procedure, a piece which was part of a sugpended dab was|eft and later it
was assumed it would cantilever. It should have been seen that it wasn't a cantilever by the

adjacent soffit (beam and pot flooring span a 90 degrees)

Engineer didn't communicate with site (but plan was changed and he didn’t know)

Risk should have been investigated

Variationsto planned procedures

Project Detail

Bridge construction

Case No.

12

Categorisation Code

C&MPE2

Major Hazard Event

Inadequate bearing provided by the piling pad caused the piling rig to overturn

Consequence

Diguptionsto apublic road, railway, risk of injury to generd public

Potential Causative
Factors

I nadequate bearing provided by the piling pad

An obstruction had been found, which was removed by excavator and the hole backfilled,
probably in an uncontrolled manner, before the piling mat was restored.

Lack of site management

Variationsto planned procedures

Project Detail Erection of telecommuni cations mast Case No. 13
Categorisation Code SC1

Major Hazard Event Mast collapsed

Consequence Possibility of worker injury or fatdities

Potential Causative Defective design

Factors Lack of experience and incompetence of designers

Client lack of knowledge lead to the appointment of inexperienced designers

Project Detail Refurbishment of alarge office block for open-plan space Case No. 14

Categorisation Code SC3

Major Hazard Event

Structura collapse of top floor

Consequence

Operative serioudy injured and passers-by nearly killed/injured

Potential Causative
Factors

Inadequate propping and loss of latera stability aswalswereremoved

Developer didn't plan properly

No temporary works or structural engineer for this part of the works; architect involved but

didn’t ensure structura engineer was involved
I nadequate propping
No CDM activity for this part of the works
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Pr gj ect Detail

Congtruction of a new sewer Case No. 15

Categorisation Code AST1

Major Hazard Event

Void opened up in the road over the line of tunnelling

Consegquence

Potential Causative
Factors

Unusual ground conditions, probably loss of fines during unexpected water ingress
Very difficult ground conditions

I nadequate response to water ingress

Pr gj ect Detail

Hotel construction Case No. 16

Categorisation Code CTw2

Major Hazard Event

Scaffold used for fagade construction collapsed

Consegquence

One scaffolder died, two wereinjured. Prosecution of companiesinvolved (PC and fagade
subcontractor). Scaffold subcontractor subsequently went out of busness.

Potential Causative
Factors

Scaffold membersfailed, amos certainly by buckling of posts

Scaffold was not designed properly and a so was overloaded.

Missing bracing.

Inspectionswere not regularly undertaken

Low amount of tieing, increased denderness.

Loading tower was to be removed, so extra pallets of tileswere taken up;
Tower partswere al o taken onto the scaffold; corner fell

Pr gj ect Detail

Sewer construction project Case No. 17

Categorisation Code AST1

Major Hazard Event

A length of tunnel collapsed, created significant surface depression.

Consegquence

Potentia for injuriesand fatdities. Disruption to project |ead to economic loss by contractors and
project sponsors

Potential Causative
Factors

Minor leak led to water | eakage and ground disruption.
This effected the srength of the tunnel structure.

Geologicd datadid not give dear and full information about sand characterigtics or the thickness
of the peat.

Contractorsdid not have aprocedure for addressing complex ground conditions

Inadequacy in investigation and hence planning and preparation for potential events

Pr gj ect Detail

Refurbishment of a city centre building fagade Case No. 18

Categorisation Code CTw2

Major Hazard Event

During high winds a suspended platform came loose and smashed into the buil ding causing building
materialsto disntegrate and fall onto street below

Consegquence

Hazard of injury and fatalitiesto workers and the general public. Transport disruption

Potential Causative
Factors

The platform had not beentied a roof or ground level in the windy weather, as ecified by the
manufacturer.

Contractor did not carry out adequate safety checks

Failure to recognise the implications of the hazard

The system had been incorrectly operated,

The platform system had been modified and hence made | ess safe
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Pr gj ect Detail

Construction of a new car park Case No. 19

Categorisation Code AST2

Major Hazard Event

A nearby high-pressure gas main was almost penetrated during some excavation work

Consegquence

Therewas major risk of damagetolocal infrastructure aswel as the potentid for major injuries and
fatdities

Potential Causative
Factors

The car park construction wasin the vicinity of a gas pipdine

Final stages of the project were unduly rushed and driven by the client
Theriskswere not adequately identified

Clientsignored initial warnings

Various parties did not interact adequately

Inherent dangers were not appreci ated

Pressuresto ignore warnings were increased by late design changes and their subsequent
requirements

Hazards were known but were not adequately considered on the design drawings
Contractors lacked experience

Contractor was not familiar with the hazards

Pr gj ect Detail

Relatively small development for owner involving anew- Case No. 20

build shop with flats over Categorisation Code SC3

Major Hazard Event

Building and adjacent scaffold were undermined by subsequent excavation work |eading to the
possibility of building collapse

Consegquence

Potentia for major disruption tolocal infrastructure, injuriesand fatdities Therewere prosecutions
and fines as a consequence of this event

Potential Causative
Factors

Inexperienced contractor was employed on the project
Contractor aso provided drawings (beyond scope of experience)

Constructor commissoned a safety consultant who prepared an Health and Safety plan, which
identified danger of undermining the ex. footings— but contractor didn’t read them.

Building contral inspector didn’t have much impact — dthough he did draw PC’ s attention to the
potential problem

Excavation garted for the footings— undermined adjacent footings by 1.5m dong 2/3 of the wall
Footings were excavated too deep and trial holes not compl eted as specified.

No-one formally engaged as temporary works des gner

Lack of sub-contractor supervision

Pr gj ect Detail

Congtruction of a metro tunnel through variable ground Case No. 21

Categorisation AST1

Major Hazard Event

Collapse while constructing switch tunnel, inrush of soft materials and water. Hole was under a
building, which was badly damaged.

Consegquence

Major damage to building and implications on local infrastructure.

Potential Causative
Factors

An old wel under the building

Risk of tunnels not adequately addressed; widetunnel could not support conditions at the foot of
atunnel

Risks from tunnels not taken serioudly enough

Lack of knowledge and experience of this type of project by all parties involved
Failure to consider above ground infrastructure

Failure to consult building owner

Lack of invegtigation of potentid hazards
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Pr gj ect Detail

Congtruction of a12-storey office building ina major city Case No. 2

centre Categorisation Code CTW2

Major Hazard Event

During stormy weather, scaffold partially collapsed leaving substantial sections of the scaffold left
hanging precarioudy over the adjacent roads and railway line.

Consegquence

Potentia damage/disruption to local building and transport infrastructure

Potential Causative
Factors

Unusual weather conditions

Insufficient drawings were made. Numerous under calculations led to avery poorly specified
and erected scaffold sysem

Scaffold sysem was not tied adequately to the adjacent building given the height (12 storey)of
the scaffold and subsequent high winds.

A large number of unbalanced tieswere observed.

Overloading of the anchors causng the scaffold sysem to fail followed by the failure of thetie
asawhole.

Expans on plugs had not been fully driven home by ingallers.

There were three lifts of sheeted scaffold (6 metres height) above the highest level of scaffold
tieswhich were not atached to the building in any way.

Pr gj ect Detail

Strengthening work to a bridge that included theingallation of | Case No. 23
new gantry runway beams and the removal of one of the Categorisation Code CTW?2
origina runway beams.

Major Hazard Event

A gust of wind moved the gantry dong the runway beams, againgt the dope, and thetrolleys a one
end came off the beams causing the gantry platform to swing violently to a vertica position throwing
theworkmen to their deaths.

Consegquence

Four workers died

Potential Causative
Factors

High gust of wind
Risks were not adequately considered

The climatic limitations on the use of the gantries under high wind speeds and directions (and
their limitations) were not properly understood and adequately monitored

Lack of suitable equipment; lack of safety and risk assessment procedure; lack of competent
personnel

Adeguate end sops should have been provided at al open end of runway beamsthat were
capable of safely sopping the gantry in dl foreseeable circumstances

Inadequate system was used to prevent uncontrolled movement
All safety critical features of the gantry had not been designed to fail to safety where possible

Preference was not given to secondary or back-up safety systems to provide a suitabl e degree of
redundancy rather than relying soldy on the over-engineering of components

Pr gj ect Detail

A two-storey workshop building was being erected between, Case No. 24

and adjacert to, the railway line, railway station and a Categorisation Code CTW2

Major Hazard Event

k
g% metre engtﬁ OE ti\e scaffold toppled over acrossthe adjacent railway line

Consegquence

Damage to railway infrastructure and disruption of transport services

Potential Causative
Factors

High winds and vibration from oncoming trai ns caused the scaffold to collapse
The choice of a freestanding scaffold system wasinadequate
No adequate safety calculationswere made to ensure the safety of working personnel

The addition of debris netting to a height of 9 metres made it aimost inevitable that the scaffold
would topple over at some stage under unremarkable wind conditions.

There was no complete and specific calculation for the non-standard configuration to justify the
tie arrangements and scaffold layout given.

Specific cal culations had not been carried out to ascertai n the measures required to ensure
adequate strength and stability of the freestanding scaffold

The scaffold system with ledger bracing did not comply with the standard set of system
configurationsgivenin BS EN 12810: 2003

The scaffold system lacked strength and stability
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Pr gj ect Detail

Work in the excavation close to the lower borough rubble Case No. 25

retaining wall Categorisation Code SC2

Major Hazard Event

Partial collapse of the rubble wall led to cracking at the road side

Consegquence

Theincident involved stuationswhere people might be working in an excavation where they were
liable to be buried by a collapse, and people may fdl into the excavation

Potential Causative
Factors

Lack of adequate calculations

Structural engineers decided the wal was being undermined in places because the foundations
were not as good asthey first thought.

Cracking on the road side which was of concern to the client and engineer athough the
Information was not properly communi cated to the rel evant parties (Ste manager and contract

manager).
Work should have been undertaken under the direction of a suitably quaified structura engineer.
Sufficient steps were not undertaken to prevent persons or vehicles faling into the excavation.

No sufficient risk assessment or method statement had been formulated. All practicable steps
had not been taken to prevent danger of collapse of the excavation and the excavation was not
sufficiently supported to prevent danger

Pr gj ect Detail

Preparatory works for redevel opment of an underground Case No. 26

sation Categorisation Code AST2

Major Hazard Event

Therewas an expl os on when the mains electricity cables were stretched to breaking point

Consegquence

One of the workforce in the excavation was killed

Potential Causative
Factors

Incorrect setting out for initial cable diversion.

Poor site controlsand contractor self certification.

No safety barrier between the operative and the ectricity cable

Position of diverted cable not questioned or challenged — contractor self assurance

Moving services, particularly electricity cables is common practice. Cable was aready stretched
to near breaking point

No safe system of work in place
No independent checking of setting out or work practice

Site staff either incorrectly instructed on cable diversion or the diversion was never checked

Pr gj ect Detail

During motor way work the incident involved a site Case No. 27

investigation that meant drilling over an underground tunnel. Categorisation Code AST2

Major Hazard Event

The casing or the shell from the borehole rig protruded into the underground tunnel, ripping through
the offside of amoving underground train.

Consegquence

Could have derailed train and caused significant injuriesto driver and passengers. Nobody was
injured dthough the incident caused major disruption to the transport services

Potential Causative
Factors

Criticdly important information about the workswas not passed on to appropriate parties

No one questioned the bass for the borehole grid coordinates even though some would have
been aware of the potentia for an incorrect grid coordinate system being used in error

On dte checking of the borehol e location only confirmed theinitia setting out.
Appropriate personnel were not in attendance during important discussions

Risks should have beenidentified in the contract specification or at least the des gn consultants
or site investigation contractor should have been alerted to the possibilities

Drilling onto cast iron and /or into a void at depth should have resulted in thework being stopped
Drawings may not have shown borehol e positions re ative to underground tunnel

Desgn for the Steinvegtigation processwas not effective and not coordinated

Lack of communication between two different trangport agencies

Errorsby al members and all levels of the drilling crew team
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Pr gj ect Detail

A metro station congruction between piled walls some 15m Case No. 28

deep on anew metro line under a main highway

Categorisation Code AST1

Major Hazard Event

It was an explosion due to afractured gas main which took place under atemporary road deck
beneath which was the construction of a station on ametro line

Consegquence

This oneincident caused the deaths of more than 100 persons including 50 children

Potential Causative
Factors

Therewasalack of gas detection equipment
Therewas afailure to consder thistype of risk

The source of the gaswas in an adjacent construction area next to the covered over station
congtruction

A fracture caused a“80mm” hole in the gas main and the local people had smelled the gas and
had called out the local gas company

A blast seared through the 340m length of the underground station congruction

A drain 1.4m away from the broken gas main provided a conduit for the gas between the open
site and the covered-over metro construction

There were various sources of ignition particularly any hot work being done under the deck

Pr gj ect Detail

Construction of aNATM tunnel under amajor international Case No. 29

arport Categorisation Code AST1

Major Hazard Event

3 tunnels collapsed

Consegquence

Massive project disruption, delay and cost

Potential Causative
Factors

Poor standards of construction
Poor monitoring of the work by the designer

Extremely poor management/engineering by design and construction parties on site and poor
communication between them

Different management cultures between interfacing organi sations
Poor monitoring of the movements not being interpreted properly.
No proper system for emergency repairs.

Hazards were not appreciated

Contractor had alack of direct and relevant experience

Ad-hoc siterepairs were carried out without proper planning and without any independent
review

Pr gj ect Detail

Extens on was being made to ametro system using an NATM Case No. 30

sysem Categorisation Code AST1

Major Hazard Event

Major collgpse at the ground level occurred

Consegquence

Workers and members of the public were killed asaresult of tunnel construction work

Potential Causative
Factors

The primary cause of the face instability (and thisthe whole collapse) was the transfer of water
above the construction worksinto the face of the tunnel congtruction.

Failure to recogni se ground compositions effectively

Abovethislevd tothe road was waterlogged gravel with a high level water-table
The face being excavated became increasingly unstable

Questionabl erisk control methods

Lack of risk management — no response when sand/water rushed in

Inadequate clay cover, no assessment of reduced cover and ignoring of risk of hydraulic
connection

Desgned with low cover; contractor possibly took on the risk without talking about it
Lack of good risk assessment by both designer and contractor

Lack of experienced and competent peopleinvolved

Risk taking prectices
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Pr gject Detail Modification of an existing double-track rail tunnel in which Case No. 31
theinvert was being lowered to permit bigger freight wagons Categorisation Code AST1
to pass.

Major Hazard Event Tunnel collgpsed
Workerskilled

Consegquence

Potential Causative
Factors

Effect of modification on tunnel not properly eva uated

A complete failure by client group to assess structural risk
Failure to consider awarning from experienced persons involved
Failure of contractor to assessthe risks

Clear thinking about structurd behaviour

Making assumptions

Failureto act on concerns

Pr gj ect Detail

Construction of an undersearail tunnel, twin-bore with cross Case No. 32

passages, usng TBMs. Categorisation Code AST1

Major Hazard Event

Modification was undertaken with the anti-flooding door open, water rushed in and flooded both
tunnels

Consegquence

Massive project delay and extracosts

Potential Causative
Factors

Failure to maintain watertight security in TBM

Lack of knowledge and control a the workface

Lack of competent supervision by management

Lack of proper work procedure with risk assessment
Ignorance and incompetence at management level
Work process not considered thoroughly

Interface problems between designers and contractors

Lack of an overall and careful consderation of risksfor that work process and a more careful
congderation of that work before starting.

Pr gj ect Detail

Demolition work to tower block flats adjacent to retail park Case No. 33

devel opment Categorisation Code SC3

Major Hazard Event

An exclusion zone had to be put in place for the safety of town centre users as the demolition work
was cond dered unsafe by the HSE. The contractor had not closed off the area and residents and
public were set to continue using the area. However there wasamajor risk of collapse of the former
tower block onto a shopping centre precinct. The HSE showed particular concern about the sability
of the structure which was supported on six columns and a dender wall spanning from the ground
floor to the underside of the second floor.

Consegquence

The area had a high volume of retailers and the genera public. Risk to workers and to the public with
possible catastrophi c consequences

Potential Causative
Factors

The potentid hazard arose some years ago with the removal of astairwell pre-dating 1965/66
Underlying hazard only recognised through HSE intervention.

There was a certain degree of pressure for the contractor to complete the work discretely and not
torestrict access to the area

The structure was considered to be particul arly weak in the North and South direction.

Inadequate planning of 1960’ s hybrid / system of built flats with the all important stair and lift
core demolished in advance of the accommodation ‘wings

The stair core and lift shafts had been removed
The prop and tie of the 1% floor had been removed leaving the wall spanning in excess of 16' 0"
Demolition work hadn’t taken into account the danger to the public

Historical drawings had not been checked adequately
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Pr gj ect Detail

Refurbishment of city centre building, Case No. 34

Categorisation Code CTw2

Major Hazard Event

Therewas an intervention by an HSE civil engineer following sight of a 30m high tube and fitting
scaffold. The extensonwaslater found to be un-braced. Further un-braced and inadequately
restrained scaffold standards. were aso found

Consegquence

Thetemporary works required urgent modification to ensureits structural safety and to remove
serious risk of structurd collapse. Located in abusy city centre street with direct impacts upon worker
safety and the generd public. Direct potentid for temporary work collgpse and possible effects on the
permanent structure.

Potential Causative
Factors

There was amiscal culation in the design of the temporary works leading to a short supply of
scaffold materials

The main contractor did not check and adequately question the plans of the sub-contractor
I'nappropriate supply of scaffold fixings and parts

Once it was recogni sed that fixings were not fit for purpose, adequate time was not allowed for
the appropriae fixings to be supplied

The design process for temporary workswas not effective and not coordinated properly
Competent engineers did not react to the situation once faults were identified

Some suggestion of collusion between contractors due to the obvious nature of the hazard

Pr gj ect Detail

Refurbishment and expanson of acity centre building Case No. 35

Categorisation Code CTw2

Major Hazard Event

The collapse was due to overloading with scaffold components and defective congtruction of the
system

Consegquence

Mgjor city centre route with potential for mass casualties and/or fatdities. Major disruption to the city
centre area (business and transport activities)

Potential Causative
Factors

Pr gj ect Detail

§  Defective congtruction of the scaffold systems

§ Lack of rdlevant checking of the system and failureto follow supply specifications

§ The scaffold was overloaded

§  Failureto recognise hazardous scenarios and influencing factors

§ Major errorsat all levels of the project development

§  Poor team working

§ Failureto consider residual risks

§  Managed interfaces, communication and cooperation between contracting parties

Major redevel opment of acity centre building Case No. 36
Categorisation Code CTw2

Major Hazard Event

Collapse of 30 metre scaffold system. The access scaffolding collapsed perpendicular to the building
construction

Consegquence

Onefatality and severd major injuries. Mgor disruptionto city centre area

Potential Causative
Factors

Use of non-gtandard equi pment

Lack of training of site personnel to the new scaffold system

Poor design of temporary structure

Failure to follow supply contractors specifications

I nappropriate use of software to facilitate the desgn process

Lack of appropriae temp works design; hoist supplier; and main contractor

Overloading had rendered the structure unstable.

The scaffold had not been adequately tied to the building structure

Lack of proper footing which subsequently compromised strength and stability

Temporary removal of adjustment ties and defl ection of the scaffold columns from the main
structure by a“jacking out” procedure

Overloading of building blocks onto 3 separate lifts

A graduate design engineer wasleft to bear respongbility for much of the work

The specialig scaffolding sub-contractor had not ensured that the design of the access scaffold
(tie, height and pattern) had adhered to the recommended cal cul ations (Compl etion or Handover
certificate). Under strict compliance, overloading would not have occurred if the main contractor
had ensured that only two scaffold lifts were operating at any onetime
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Pr gj ect Detail

City centre building development Case No. 37

Categorisation Code CTw2

Major Hazard Event

Partial collapse of scaffold system

Consegquence

Risk to residents of the tower block, workers and the public in the possble event of a scaffold system
collapse

Potential Causative
Factors

The scaffold supplier had recently been changed. The contractorsfailed to use afamiliar system

Sub-contractor should have trained individual sto be competent with the system. Failureto
provide adequate training on the new scaffold system

Inadequate design of scaffold system resulted in movement of the scaffold away from the
building development

There was excessive disance between ring bolt and transom.
The scaffold was not tied to the building in accordance with drawings.

Failure to check information provided by suppliers - Tieswere not staggered in accordance with
technical information provided by the supply contractor

The stability of the scaffold was significantly compromised.

At roof level the scaffold had deflected away from the building which risked significant falls
from height between the inside edge of the scaffold and the face of the building

Pr gj ect Detail

Building development Case No. 38

Categorisation Code CTw2

Major Hazard Event

The scaffold was athree bay 20metre high | oading tower. Two sections of a scaffold | oading bay
tower approximately 20 metersin height collgpsed.

Consegquence

A subcontractor, who wasworking on the scaffold 12 meters from the ground, fell roughly 5 meters
into the components of the collgpsng tower and was struck by a board and other components,
suffering severe head lacerations, abroken wrist and abrokenrib. The incident happened at 10am at
ardatively dormant period of activity. Therewas potential for further multipleinjuriesand fatdities
had the incident occurred at a more active period

Potential Causative
Factors

The primary factors were failure to appreciate that such a structure would require s gnificant
temporary work design

Failure to provideinformation on the safe loading for this structure
Failure to control the loading of materia onto the structure

Theloading bay tower collapsed as apallet of building blocks weighing one ton was loaded onto
it

The scaffold system was not fit for purpose. The scaffol ding tower was not designed and then
overl oaded

There wasinsufficient plan bracing and the outer bay was carrying approximately 10 ton of
concrete block immediaely prior to the collapse. The structure had been severely overloaded
dthough anumber of factors contributed to the final collapse

Pr gj ect Detail

Major redevel opment of acity centre building Case No. 39

Categorisation Code CTw2

Major Hazard Event

During an inspection of arefurbishment project to acity centre building, the HSE noticed that the
scaffolding banner was not properly tied to the scaffold and the building.

Consegquence

Dueto this being a main shopping area and main traffic route there was potentid for public fatalities.

Potential Causative
Factors

There was no design drawings for the banner or for the scaffold and tiesrequired to support it.
There was no design for the banner and likewise for the scaffold and ties to support the banner.

The use of proprietary hand railing components for the banner frame was considered to be unsafe
and inappropriate for such an application.

Theworker/s assigned to the specific task should have been conscious of risk
The obvious dangersto the public were overlooked

Engineers were not meti culous about all aspects of the temporary works
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Pr gj ect Detail

Gas mains renewal worksin amajor city centre Case No. 40

Categorisation Code AST3

Major Hazard Event

A prohibition notice was served

Consegquence

Potentia risksto road users of such poorly shored/supported excavationsin the event of a coll apse of
the sides endangering roadway (e.g. alarge vehicle entering an excavation). Multi injury potential.

Potential Causative
Factors

No dear desgn processin place by the contractors

Lack of adequate support during excavation works

Plagtic trench sheets were used with only 2 adjustable propswith bolts mid span
Supervisors failed to provide suitabl e guidance to operators

Supervisors and site engineers faled to monitor and control theworks

Lack of experienced engineers

No dient or design level checks

Pr gj ect Detail

Cofferdam method used for the construction of a 665-metre Case No. 41

culvert during a city centre excavation

Categorisation Code AST3

Major Hazard Event

The sand bag bund used to securethe culvert area from flooding coll apsed

Consegquence

Two workers dmost drowned during the incident

Potential Causative
Factors

The contractor conscious'y made the decision to secure one end of the cofferdam with sandbag
bunds, or barriers, to prevent flooding when the tide came in, which effectively rendered thisa
confined gpace.

Contractor admitted that they had failed to ensurethe heath and safety of employeeswho were
congructing the culvert

There wasinsufficient management of hazards

Workerswere not briefed and did not work to method statements (e.g. Emergency Procedures,
AccesgEgress requirements). Operationswereinadequatey managed and they failed to construct
asandbag barrier in accordance with the design set out in the company’ s method statement

There were management staffing issues, through holidays, sickness and change in saff

There was afail ure to communi cate sufficient method statement and emergency procedures

Pr gj ect Detail

Desgn and build contract to construct two tunnels as an Case No. a2

extenson to atransportation sysem Categorisation Code AST1

Major Hazard Event

A breach occurred inthe lining of the tunnel wall due to excess compressed air pressure causing water
leaking into the tunnel during congruction of a cross passage.

Consegquence

The blowout which occurred created alarge crater in the grounds of aloca school and showered
nearby buildingswith debris Incident occurred at night. Had the blow-out occurred just afew hours
later, then apublic disaster may have resulted. Almost undoubtedly there would have been s gnificant
numbers of serioudly injured schoolchildren, with possible loss of life among those closest to the
location of the blow-out.

Potential Causative
Factors

Calculations carried out for the contractor were inadequate.

There was not enough overburden to resist internal forces exerted by the compressed air and this
led to arapid escape of pressure.

Therisk of blowout duetointernal pressure build-up inthe tunnel was overl ooked.

Des gn consultant should have warned the main Contractor about the risk of blow out while
compressed air was in use in the tunnel.

Lack of coordination between the design and main contractors.

The consequences and range of alternatives constructi on methods had not been discussed
between contractors (Design and Construct).

Contractors should have checked requirements

There was afailure of the contractor to carry out and supply adequate cd culations
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Pr gj ect Detail

Refurbishment of church roof Case No. 43

Categorisation Code CTwi1

Major Hazard Event

Thejob wascdled to a hdt asthere were severa improprieties noticed i ncluding inadequate
temporary bracing of the new roof trusses to the church building.

Consegquence

Potential collapseriskstoworkers/ public (including children’s nursery / playgroup). Major risksto
workers and general public. Potentid for major disruption and damage to locd infragtructure.

Potential Causative
Factors

Failure to provide temporary bracing to large heavy timber roof trussesto repl acement roof to
church.

Inexperience and incompetence of Site Works Engineer
Engineer failed to recognise the risk to this particular devel opment
Failure of contractor to recognise limitations of engineers

Clear design instructions should have been passed over to engineer rather than assumptions made
about experience

I nterface problems between design and construction
Desgn team could have run on-site checks

Pr gj ect Detail

Construction of additional steel framed floorsto a former Case No. a4

newspaper press building

Categorisation Code CTwi1

Major Hazard Event

A partial collapse occurred during the congruction of additional steel framed floorsto the former
newspaper press building. The building was being converted into multi occupancy accommodation,
whichincluded a section of new build steel frame structures and concrete floor dabsfrom the upper
levels of the existing reinforce concrete framed sructure.

Consegquence

Near to, although not directly accessed by, a populated area. If further collapse had occurred the
problem could have been greater

Potential Causative
Factors

No calculations were prepared by the consulting engineer. Collapse of the two temporary
stedwork support structures occurred whil e the concrete was being placed

The collapse occurred due to overload of the temporary structure and on-site (ad-hoc) support
requirement

The principal contractor had no temporary works design ability

Failure of initial design invegtigationsto identify a service void in thelocation of the footing of
the proposed steel frame structure and of temporary works

Failure to question the relevance for mortar “buttering up” given the depth of concrete removed
from the wall heads of a service void.

No mortar specifications provided by the site works engineer

Construction of the reinforced concrete floor dabs should not have commenced until the steel
angle supports were secure

Principal contractor and site management supervision arrangements were poor

Pr gj ect Detail

Refurbishment of an existing building Case No. 45

Categorisation Code SC3

Major Hazard Event

Therewas apartid collapse of a stone support pier during the refurbishment. There was potential for
further collgpse if work had progressed without temporary shoring having been properly designed.

Consegquence

Immediate danger to workers on site although there was the possibility of public injuries and fatdities
had the collapse sgnificantly compromised the integrity of the whole building

Potential Causative
Factors

Thework was being undertaken by arelatively small contractor who had not requested any
proper designs for needling support.
Poor initid advice given by the falsework representative

Failure to design appropriate temporary works for forming a new large opening during
refurbishment

Initially there wasincorrect information used to work out the 0ading on new beams for opening
out on the building

Therewas arequirement for agreater density of propsthan originaly detailed ininitial drawings
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Pr gj ect Detail

Construction of alargeleisure centre complex Case No. 46

Categorisation Code Sc2

Major Hazard Event

Ceiling collapsed

Consegquence

Theincident happened only days before the complex were due to open to the public. No onewas
inside and there were no injuries dthough the theatre had the capacity to hold 500 people

Potential Causative
Factors

The designs were unworkabl e resulting in unauthorised changes
There was no evidence of ingpection or supervision of indallation
Lack of communication between principal contractor and client
Supporting beam breaking | cose due to the extreme weight pressure

The false ceiling was not adequately secured leading to a supporting beam breaking loose,
causng 200n® of ceiling which held the lights and the fire preventing sprinkler system to
collapse in one of the auditoria (theatre 7)

Pr gj ect Detail

Construction of five blocks of timber framed apartments and Case No. 47

retal units Categorisation Code F

Major Hazard Event

Fire occurred completdy destroying all new block developments and causing significant damage to
surrounding buildings

Consegquence

Caused major gridliock in area, damaged nearby buildings, serious threat to potential resdents of
completed apartments, construction workers and fire service personnel due to dangerous fire fighting
operational conditions - unsecure access retreat and unreliable water supplies

Potential Causative
Factors

Lack of compartmentation, completed stairwells and flammability of construction materials

Theinitid work programme changed a though there was no additional measurestaken in
response
Thework program ignored the high fire hazard

Lack of appreciation of the vulnerability of the building a that stage of construction and lack of
control of ignition sources

Apparent digoint between those respongble for Ste safety and those reponsible for the
congruction program

Suspected careless disposal by operatives of smoking materialsin area of highly flammable

Pr gj ect Detail

wadge materids
Refurbishment of an important tourigt attraction and potentia Case No. 48
commercial centre Categor isation Code F

Major Hazard Event

Suspicion of Arson

Consegquence

Dueto dangerousfire fighting operational conditions (unsecure access retreat from fire and
unreliable water supplies) fire fighterswere put at risk

Potential Causative
Factors

The structure was old and had been abandoned for many years. It was closed to the public and
not maintai ned and was boarded up awaiting refurbishment

Arson was not detected early, relying on members of the publicto aert authorities.
Although the site was boarded up, there was no effective access from sea, or land & low tide
The structure was not maintained at all, but security was ineffective

The site was only accessible by sea, which madethejob of fire fighting extremely difficult

AsaGrade 1listed building, it is notable that no fire safety or security measureswerein placein
spite of the known firerisk
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Pr gj ect Detail

Major Refurbishment of an ancient ‘ heritage’ timber built Case No. 49

vessel Categorisation Code F

Major Hazard Event

Failure of industrial vacuum cleaner led to serious fire damage

Consegquence

Dueto dangerous fire fighting operational conditions (unsecure accesd retreat from fire and and
unreliable water supplies) put firefightersat risk. Loss of irreplaceable heritage, and damage of
reputation to contractors and heritage trustees

Potential Causative
Factors

Industrial vacuum cleaner left on over weekend without sufficient checking
Failure of industrial vacuum cleaner led to serious fire damage
Contractors and conservationists did not review work processes effectively

Security team did not understand the significance of their duties, whichincluded constant checks
and monitoring - not merely prevention of unauthorised access

Poor communi cation

There was no dear information whether or not flammabl e gas cylinderswere on site, hence fire
fighters could not enter the structure

Pr gj ect Detail

Development of a 7 storey high hybrid construction Case No. 50
development of approx 82 flats ground floor comprising —
reinforced concrete transfer slab over basement car park witha | Catégorisation Code F

6 storey high timber framed building above.

Major Hazard Event

Fire broke out in the timber frame during construction. Suspected arson.

Consegquence

Approx 50 recently completed occupied flatsin adjacent propertieswere evacuated as they were
potentially within the collapse zone of the tower crane. Local railway line had to be closed and local
connecting roadswere closed for severd weeks. The construction site had to be dosed leading to
time scale delays and subsequent economic loses

Potential Causative
Factors

Contractor not experienced in coping with circumstances such as this and hence lacked required
skills.

Failure to recogni se scenarios, there had been previous well documented incidentsin timber
framed congtruction sites

Commercial considerations werethe overriding decision factor which included insufficient site
security once congtruction was suspended

Unwillingness of contractorsto invest in adequate security and safety precautions

Pr gj ect Detail

Refurbishment of an important commercia devel opment, and Case No. 51

an exigting tourist attraction Categorisation Code F

Major Hazard Event

Arson wasthe suspected cause of the fire

Consegquence

Dangerousfire fighting operationa conditions (unsecure access retreat from fire and unreliable water
supplies) put fire fightersat risk

Potential Causative
Factors

The client consortium who did not engage competent persons to advise them, nor communicate
sufficiently with the fire service

The structure was run-down and ill-maintained, and the majority of it was 100 years old
The fire risk had not been adequatdy assessed

No on-site security operating, and it was known that vandalism was occurring on-site, nothing
was done

Fire brigade access was difficult and water supplies unreliable due to the nature of the structure
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Pr gj ect Detail

Construction of an addition of a 2-storey extensionto an Case No. 52

existing, operationa 4-storey hospital building Categorisation Code F

Major Hazard Event

It is congdered that the mogt likely cause for this fire was hot works on site, which caused afire
which spread through rubber insulation on an external riser into the roof void of the existing building,
compromi s ng compartmentation

Consegquence

Loss of 2 floors of operationa hedth units, loss of entire facility for 10 days, need to evacuate 79
patients and 200 staff. Also resulted in theloss of 40 years of oncological research data

Potential Causative
Factors

Thework necessitated hot welding on site, although this was done by competent contractors
under ahot work permit

Flammability of the weatherproofing materia was not recognised

Other combustible material s were present within the service tower which added to the fuel load.
Poor choice of weatherproofing in conjunction with programming of welding

Relevant codes and plans for safety were not applied effectively

No ‘'fire watcher' was appointed, so the firewas not extingui shed when it was possibleto do so

Lack of site control with limitationsin experienced supervison

Pr gj ect Detail

Rail tunnel excavation under a sea channel Case No. 53

Categorisation Code F

Major Hazard Event

Uncontrollable fire broke out on Tunnel Boring M achine during construction -

Consegquence

The workers were placed in serious danger. The project was severdy delayed and the financia cost
was high

Potential Causative
Factors

Firewas caused by apin-holeleak in the pressurised system containing highly flammable liquid.

Firerisk from pressurised oil which was atomi sed was understood, however failure to recognise
importance of maintenance and checking of high pressure delivery pipe work that contained
flammable liquid.

The hazard was not foreseen to be as major asit proved to be.

Pr gj ect Detail

Construction of 5-storey block development consigting of 34 Case No. 54

flats Categorisation Code F

Major Hazard Event

Large scalefire.

Consegquence

Threat to significant number of nearby resdentsand dso to their properties and fire fighters due to
due to dangerousfire fighting operational conditions - unsecure accesd retreat from fire and
unreliable water supplies. Hazard to resdents from smoke and hot gases, loss of security and home
for vulnerable people. Adjacent propertieswere damaged and some gutted. Nearly 200 evacuated
and many made homeless. Potential for residentsto become trapped.

Potential Causative
Factors

Lack of knowledge as to recognised hazards from small wood sections and particleboard which
were easily ignitable

Once ignited, timber frames under construction | acked fire separation and the fire devel oped
extremely quickly

Risk of arson was not addressed properly
Role of fire advising was not totally clear

Lack of appreciation of the vulnerability of the building a that stage of construction and lack of
control of ignition sources

Low levels of site control
The upgrading of site security had been considered and dismissed on cost grounds
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Pr gj ect Detail

Major refurbishment during occupation of ahigh rise building | Case No. 55

Categorisation Code F

Major Hazard Event

Small fire escal ated causing the structura collapse of severd floors

Consegquence

Major fire a night caused huge numbers of peoplewatching and subsequent traffic congestion
resulting in difficult access for fire service. Loss of major building and power.

Potential Causative
Factors

Developers did not recognise the increased fire risk of refurbishment whils maintaining
occupation

A small fire, extinguishable by first aid fire fighting, escalated to amajor fire and spread upwards
and downwards

No labeswere identified to show which risers supplied the fire floor

No previous survey by the fire service to ensure they had sufficient information to create an
effective plan

Fire brigade attempted to fight fire with hose reels but did not secure water supply and retreated

Numerous errors & all levels of construction and service (including Fire Service, Building
Managers, Security)

Pr gj ect Detail

Redevel opment of seafront tourist attraction and commercial Case No. 56

units Categorisation Code F

Major Hazard Event

Fire

Consegquence

Dueto dangerousfire fighting operational conditions (unsecure access retreat from fire and
unreliable water supplies) put fire fightersat risk. Loss of sgnificant tourist and commercia facility
for several years, in small coasta town

Potential Causative
Factors

Loss of effective water supply led to the fire (which at one point appeared under control)
breaking out and destroying much of the development

Hazards on-ste wereincreased due to requirement of devel opers to generate funds by continuing
commercial operations whilst refurbishing

Although a Fire Safety Order (FSO) would apply to this Ste, the property protection aspectswere
not given sufficient priority

Lack of hazard overview and effective monitoring due to multiple lease-holders operaing in
close proximity

Pr gj ect Detail

Construction of pre-stressed precast concrete approach Case No. 57

viaducts across ariver

Categorisation Code CTwi1

Major Hazard Event

The girders of alaunching gantry collapsed causing a precast ssgment to fall and penetrate the deck of
the completed portion of viaduct

Consegquence

Therewere adgnificant number of congruction personnel in area of collapse. No onewasinjuredin
the coll apse but the recovery of the precast unit, repairs to the viaduct and repairs to the launching
gantry caused significant cost and delays to the project.

Potential Causative
Factors

The event involved the operator applying an emergency sop which cut power to the primary
braking system and applied a static brake— friction from this brake caused overheaing, reducing
the effectiveness of the brake. The 40T hoigting crab and the 200T precast segment ran back on
the storage section of the gantry that was not designed for thisload and thus collapsed.

Desgners of the launching kit did not consider the emergency stop load condition wherethe
dynamic brake would not work (because its power was cut) — the static brake was only envisaged
to be used once the hoigting crab was stationary.

The storage section of the gantry was not designed to carry the we ght of the hoisting crab and
the precast unit asthis condition was not envisaged.

Thiswasa product failure, but mainly caused by the designers not consdering al the potentia
adverseincidents.

There was also process and people failure in that the operator had not been advised to only use
the emergency stop when the crab and its|oad were stationary.

Therewasalack of independent review of launching gantry design
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Pr gj ect Detail

Extens on and refurbi shment to a hotel Case No. 58

Categorisation Code C&MPE1

Major Hazard Event

Asthe crane top waslifted on the climbing frame, the crane top fell backwards, rotated through 180°
and landed on theroof of the occupied hotel

Consegquence

Thetower section that had been used as a bal ance weight was thrown through the roof of the hotel’ s
banqueting suite where a wedding reception has been due to start 30 minuteslater. The operator was
injured although no injuries were sustai ned to members of the public usng the hotd.

Potential Causative
Factors

Two tower cranes had been erected on site, one of which was being increased in height by
climbing

The erection supervisor was unfamiliar with the climbing frame and had not appreciated the need
for the dimbing frame to be fastened to the base of the dewing section, despite the requirement
being detailed in the Method Statement.

Thereweretime pressures due to unredi gtic targets being set for compl etion of the various tasks

The erection supervisor did not lead the team effectively and did not carry out effective team
briefing on tasks that needed to be carried out

The bolts connecting the crane top to the top of the tower were removed
No nuts or washers were used to connect the crane top to the climbing frame

The crane top was not secured to the climbing frame and the crane top was not ba anced about the
tower. When the climbing frame was rai sed, the movement was sufficient to cause the crane top to
fall backwards.

Asthe crane top waslifted on the climbing frame, the crane top fell backwards, rotated through
180° and landed on the roof of the occupied hotel

Pr gj ect Detail

Construction of an office block in amajor city centre using Case No. 59

tower cranes Categorisation Code C&MPE1

Major Hazard Event

Crane collapsed

Consegquence

The cranelanded in amain city centre area

Potential Causative
Factors

Subcontractorswere hired who did not have appropriate experti se and there was no in-house
expertise
Regular steingections by expertswas omitted in an attempt to save money

The bolted joint between the steel members had not been correctly designed to for tension and
was not pre-loaded to accommodate fati gue

The boltswere too short
Checks by the contractor were numerical only and there was no review

There was afail ure to spot the inadequate and unspecified bolt size and lack of pre-stressto resist
fatigue

During operation and cyclical loading and unloading over time the bolts failed due to fatigue and
the craneto collapse

Pr gj ect Detail

Major construction devel opment Case No. 60

Categorisation Code C&MPE1

Major Hazard Event

The front offside outrigger of atower crane punched through the kerb on whichit had been placed and
amobile crane used to hoist atower crane overturned.

Consegquence

The mobile crane was set up in a public road which ran between the main site and a compound
containing the ste offices and welfare facilities. The road also contained a number of houses, one of
which was being used by the resident engineers, whilst the otherswere occupied by residents. Severd
houseswere damaged.

Potential Causative
Factors

Thejib of one of the tower cranes was be ng removed, usng amobile crane, during the
dismantling of the crane so that the rail bogies on the travelling base could be replaced

The front offside outrigger was set up on ground with inadequate bearing capacity
Therewasalack of effective planning by the appointed person
Inadequate planning and inadequate ground assessment

Lack of assessment of ground conditions and lack of understanding of ground bearing capacity
of kerbs and pavements
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Pr gj ect Detail

Luffing jib tower craneswere being used in the construction | Case No. 61

of alarge building. Categorisation Code C&MPE1

Major Hazard Event

A tower section was being climbed in to the tower of one of the cranes. Asthe section wasbeing
lowered onto the top of the tower, the climbing fame collapsed with the crane top

Consegquence

Three members of the erection team were killed as aresult of the 120m fall. Debris from the crane was
spread over awide area

Potential Causative
Factors

Cranesweretied to the structure and were being extended, by climbing, asthe sructure
increased in height

Therewasalack of effective planning, including contingency planning.
There wasinadequate training and lack of appropriae personnel on ste.

Manufacturer’ sinstructions for balancing the crane and bypassng of dew interlocks were not
adequately followed

Lack of anemometer on the crane
Bypassing of interlocksto prevent inadvertent slewing
Incorrect balancing of the crane.

Pr gj ect Detail

A luffing jib tower crane wasbeing erected on site for Case No. 62

generd lifting duties on a city centre construction project Categorisation Code C&MPE1L

Major Hazard Event

The crane top fell onto the partialy completed structure, the counterweights became detached and fell
into the building

Consegquence

A joiner working below waskilled. The crane operator survived with minor injuries.

Potential Causative
Factors

The forward moment of the jib was not sufficient to overcome the wind force at maximum in-
service wind speed, dlowing the luffing rope to become dack.

The guarding on the sheave block did not prevent the rope detaching from the sheave

A gust of wind was sufficient to blow thejib back, dlowing the [uffing rope to go dack and the
rope to jam dongsde one of the sheaves

The operator, in an atempt to lower thejib, paid out a significant amount of Iuffing rope from
the winch, which looped down behind the crane. The rope then became free from the sheave
block and the jib fell, until arrested by the luffing rope

The crane design waslater considered defective

There had been alack of adequate assessment at product desgn stage
Inadequate margins dlowed by the manufacturer for jib stability.

Poss ble di screpanci es with understanding the relevant European Standards

216




Published by the Health and Safety Executive  02/11



Health and Safety
Executive

Preventing catastrophic events

In construction

The construction industry recognises the hazardous
nature of its activities, which can be seen in the high
toll of accidents its workers suffer compared with
other industries - ranging from lost time injuries to
fatalities. There is also a high incidence of ill-health
among construction workers, including fatal diseases
such as cancer arising from asbestos exposure.
However, the industry may not be sufficiently aware
of the potential for it to be associated with more
major or catastrophic events (those involving multiple
deaths and/or significant damage to property and
infrastructure).

Larger construction organisations have been applying
‘holistic’ risk management techniques to manage
project risk. Low probability but high-consequence
issues have often been included in these
considerations. Most issues addressed have had
purely commercial consequences eg sudden loss of
a major contract or customer. However, some issues
do have significant health and safety implications.

This project has examined these ‘low probability but
high-consequence’ safety hazards by looking at:

m the types of catastrophic event which have
occurred or which might occur during
construction;

m the reasons for occurrence when there have
been (or could have been) catastrophic events
during construction, including an examination
of the underlying factors;

m the controls which should contribute to an
avoidance of a catastrophic event; and

m  where the UK construction industry could
improve.

This report and the work it describes were funded by
the Health and Safety Executive (HSE). Its contents,
including any opinions and/or conclusions expressed,
are those of the authors alone and do not necessarily
reflect HSE policy.
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