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The Construction (Design and Management) Regulations 1994 (CDM) have placed specific statutory
duties on Designers and Clients when they are part of the construction team. Engagement by the
professionals within industry has not been as enthusiastic as it should have been and Health and Safety
Executive Research Report 218 shows that many Designers are missing the opportunities the framework
of the Regulations provides to manage design aspects of projects effectively and deliver safety on the
projects in which they are engaged. Clients frequently miss the economic benefits that are inextricably
linked to effective health and safety management. On the positive side there are examples of outstanding
teamwork with innovative designs being built by highly competent contractors.

Accidents on construction projects have both direct and indirect costs which frequently exceed any profit
margin. A simple exercise to compare the costs of relatively minor accidents against profit margins is
worth while for any company. On the other hand there are real benefits to be won by teams working to
deliver active project success for clients. This report is a simple selection of some of the examples of the
business benefits relating to early design decisions that are linked to CDM. This selection can only include
a few of the many standard or unusual ideas that a highly creative, problem solving industry continues to
generate and ideally should be the beginning of a wider sharing of good practice.

The examples considered were selected because they were able to demonstrate the linkage between
commercial benefits and health and safety. They provide industry exemplars. Essentially the message is
clear: professional added value design in its widest sense as part of the delivery of successful projects is
inextricably linked to professional health and safety management.

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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EXECUTIVE SUMMARY

The Health and Safety Executive is committed to making a fundamental reduction in the
number of deaths, injuries and cases of ill health in construction. Amongst the wide array of
activities in which it engages to achieve this end, it commissions research and information
gathering to use as evidence of both good and bad practice and in support of policy changes.
This particular project is in the category of good practice examples. It is hoped that it may form
the basis of a library of examples, shared by industry, of effective solutions in a range of
situations.

The agreed final brief was to examine projects and processes that gave good examples of a link
between project success and health and safety benefits.

Project success is usually defined by certainty of project programme and costs. Clients quite
obviously prefer to know what the cost of a project will be and when the structure will be
available for use in support of the client’s core business objectives. Frequently, additional high
level success criteria will be defined by the project team leaders. Health and safety may not
initially be identified as a top level driver but rapidly becomes part of the agenda in
achievement of success. Successful projects usually have some key characteristics in common,
none of which will be a surprise to experienced professionals.

Projects that deliver value for clients in terms of designer input show all or most of the
following characteristics:
e Leadership from an individual or from a team of individuals with clearly defined roles
e C(Clearly defined, unified, achievable objectives that have been agreed by all
stakeholders and are constantly reviewed
e Whole life strategic thinking, particularly relating to support of client core business
requirements and of the project and finished structure in its environment
e An ability to understand a wide range of potential barriers to successful delivery
together with creative solutions to overcome such difficulties
e Technical excellence of the designer or design team
e Creativity and flexibility by the designer or design team, particularly in response to
particular project constraints or the specific requirements of other stakeholders
e Recognition by designers of client requirements at all decision points
Recognition by design teams of the legitimacy of other stakeholder interests, whether
directly linked to the project or indirectly affected by the project
e Effective communication between stakeholders in the design and delivery processes

In addition, processes and systems that have delivered benefits have had the following
characteristics:
e Understanding of site constraints and difficulties particularly in relation to access,
lifting and practical delivery
e Appreciation of supply chain strengths and weaknesses including celebration and use of
excellence and mitigation of incompetence
e Understanding of the effects design decisions can have on programme and on
programme certainty

The biggest challenge for the building and construction industry and for designers working in
that industry is how to engage every individual design professional in continuous improvement.
Strengths and weaknesses in the smaller design practices are echoed in larger companies, which
frequently function as if they were an agglomeration of smaller companies. The traditional
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development of improvement by response to failure is not sufficient and designers need to learn
how to predict the likely outcome of their decisions and to mitigate any harmful effects. This
Report briefly discusses ways in which this key issue of competence may be addressed. Further
information is available in recent HSE Research Report Competency and Resource. In summary
this improvement in competence is to be achieved by effective high quality training and
assessment and by leadership from industry and enforcers alike. Primarily this Report gives
examples which may help other designers and their clients to begin a process of sharing of good
practice and a celebration of design in building and construction as part of that continuous
improvement process. It is part of a process of standard setting for building and construction
professionals and expectation setting for clients.

For industry and enforcers at large there exist serious residual problems in understanding how to
engage these findings across all work activity. In the examples cited there were particular
reasons for success being achievable. Such flexibility is not always available to clients and their
teams. In particular, occasional clients who have no experience of construction project
procurement are highly dependent on their professional advisers. These professionals in their
roles as advisers and designers must share amongst themselves creative thinking and well
thought through and delivered examples. The opportunity to add real value to clients’
undertakings and improve the wellbeing of all must be grasped by individuals and by the teams
and organisations in which they work.

Design is a complex discipline. The creative, professional thinking of the excellent individuals
and teams who add value to management of the built environment is to be celebrated.
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1 BACKGROUND

1.1 ACCIDENT RATES

The United Kingdom construction industry has one of the lowest accident rates in the world
following generally declining rates over recent decades. There remain, however, a number of
unacceptable and avoidable accidents. Government and industry are committed to reducing
these still further.

Table 1 Fatal accident rates in construction per hundred thousand employees

1974 16.0
1979 11.8
1984 9.8
1989/0 94
1994/5 6.9
1999/0 5.5
2004/5 3.5

Raw data on construction accidents is generally not indicative of the real situation in the field
which depends on a much broader set of drivers than simple industry performance. Some of
these drivers are the mix of project types, economic factors influencing work volume and
cultural mix of the workforce with related competence and communication difficulties. A
motorway widening scheme will have different challenges to those of a public housing scheme.
House building inside the M25 will be different from that in areas where property values are
depressed.

The largest adverse effect on the workforce comes from work related ill health problems with
asbestos related disease being an obvious leader in the field. Real figures for the degree of harm
caused by the slow onset accident of ill health are difficult to obtain because in the casual
employment regime prevalent in the construction industry it is common practice for anyone not
fit enough to work to be laid off. The construction industry rarely has to deal with the results of
the harm it causes to many of its workforce.

1.2 CONSTRUCTION (DESIGN AND MANAGEMENT) REGULATIONS 1994 AND
BEYOND

The Construction (Design and Management) Regulations 1994 (CDM) introduced new duties
and refined existing implied or actual duties for the construction team, including Clients and
Designers. The theory was that where early decisions to maintain high standards of health and
safety were taken by members of the construction team then real benefits could be delivered.
The accident causation theory work of Professor James Reason is the model used to explain the
part played by all team members in accident prevention and mitigation. The process and
pharmaceutical industries, where clients are actively involved in project delivery, claim lower
accident rates. HSE statistics are not collected in such a manner to enable differentiation
between construction work carried out in such premises and building and construction work
elsewhere. The catastrophic losses that can accrue from process accidents such as Flixborough,



Seveso, Piper Alpha include not only multiple death and personal injury but also destroy
production capability. The combined losses to client organisations has stimulated a focussed
effort by clients and their teams that is often lacking in mainstream building and construction.
Where clients and their professional advisors demand high standards and make an effort to
‘design in’ solutions that deliver such standards then the construction industry is capable of
reducing its accident statistics significantly. In much of the building and construction industry,
however, the same economic drivers that apply to the process sector do not apply. This is
particularly true in the small scale end of the market and in refurbishment of existing property.

CDM demands teamwork. It sets out the members of the team and demands adequate resources,
competence, cooperation and communication from all members of that team. The philosophy is
sound and those professionals who have grasped the opportunity presented by the framework of
CDM have been able to use it to add value for their clients either during construction phase or
for the life cycle of the structure or both.

CDM is, at the time of writing, undergoing a revision. There has been significant debate across
industry about the purpose, scope and effect the Regulations can and should have on
performance and liability. What is clear is that design professionals, along with other members
of the CDM team, will continue to hold responsibility and associated liability for their
contribution to project delivery and ease of asset management.

The construction industry fatal accident rate remains unacceptably high and there is a clear
message from the Government and from HSE that a suite of kinds of interventions, debates and
enforcement is needed. This Research project is part of that wider whole and aims to provide
industry with ‘good practice’ exemplars from a range of examples, upon which others can build.

1.3 CDM REGULATION 13 DIFFICULTIES FOR INDUSTRY

CDM 1994 Regulation 13 has two essential elements. The first one is to demand that as
professional advisors designers must alert Clients to their duties in law. The second can be
distilled into a requirement to try to design out hazards, to reduce the level of risk from the
remaining hazards and inform others, where this is reasonably seen to be necessary, if residual
hazards remain. Neither of these duties has been effectively dealt with by many in the design
community.

Designers must inform clients of their duties under the Regulations. Clients’ duties are set out in
the Regulations but the implied opportunities these duties can encompass go well beyond the
Regulations. For instance, knowledge of existing site conditions is useful to clients in the
assessment of commercial risks. While some clients may wish to do as little as possible, others
sensibly prefer to invest in appropriate surveys before design begins. Clients must provide
information that is known or it is reasonable to discover and much of this body of information is
useful to the project team for technical and commercial decision making, as well as health and
safety risk management. Designers as professional advisors are frequently missing opportunities
to explain the value their services bring by taking a minimalist approach to this. Any project
will discover unforeseen information or introduce late changes. Some of these are of significant
risk to the project success and some are of relatively little consequence. The more that is known
beyond doubt before the project begins, the less project risk there is to the client who inevitably
pays for failure. Even where the intent is to explore unknowns gradually, as in the case of the
observational methods for ground engineering solutions, there is very careful planning of likely
outcomes and an emergency strategy. Designers need to be able to explain holistically to their
clients the costed benefits of proper project planning together with the arrangements under the
various contracts for the management of the project. Much of this goes well beyond the bare



requirements of CDM Regulation 13 but it should be within the competence of designers that
they are able to distil and explain the complexity of project delivery in simple terms to all,
including the most inexperienced client. Here is a real opportunity for designers to explain the
value they can bring to their clients’ undertakings.

Designing out hazards, reducing risks and informing others of residual hazards and risks is
another major area of contribution designers are required by law to make. Designers have a duty
to try to design structures in such a manner that they have foreseen the potential for harm at all
stages in the structure’s life and where that harm cannot be managed by design interventions
accessible and effective information is provided to those who need it. This area of designers’
duties is very difficult for industry to deal with effectively. Building and construction work is
inherently dangerous and it is not possible to design out all hazards nor to communicate all
residual hazards and risks. CDM remains a team effort and it is reasonable for designers to be
able to assume that those who will construct their designs have competence and management
skills to ensure that designs are implemented safely and with due regard to the health of their
workforce or supply chain.

The level of detail that it is reasonable to include in the body of information being disseminated
to the team remains a contentious issue. Part of the debate here is the level of competence of
principal contractors and other contractors it is reasonable for designers to assume. A balance
must be maintained between providing sufficient key information to constructors and not
drowning important information in a plethora of trivial and routine pieces of information. Much
so-called information supplied by designers in relation to health and safety is of no use to
constructors at all. Numerical attempts to assess residual risks from hazards in a matrix or
similar manner usually use input data that is not quantified and then process it in a way that is
analytically inappropriate.

1.4 SUMMARY OF ISSUES AFFECTING DESIGNERS

The requirements of CDM Regulation 13, which relate to the duties of designers, have not, in
our opinion, been effectively managed by some parts of industry. We have identified the
following contributory reasons:

o The wording of the regulation is insufficiently precise to set standards in relation to
legal duties;
. The definition of designer and design is not that which is generally accepted by

industry. It includes many who would be horrified to discover that they could be
considered to be designers by a strict legal interpretation;

o Many designers have little knowledge or no understanding of the body of health and
safety law and its purpose to prevent accidents and ill health. HSE surveys of designers
have shown that few design practices have understood the need to extend training
beyond CDM wording. It is not possible to deliver CDM without a wider understanding
of legal requirements;

J Many designers have had no interest in the potential contribution they could make.
Some designers continue to try to evade responsibility, to ignore their duties and to
waste the opportunities presented to add value;

o Many designers have had little involvement with practical site processes and have real
difficulty in understanding the significant differences between clean lines on drawings
and the reality of sites, structures and structural elements. A frightening number of
young designers have not given any consideration to how large, awkward or heavy



structural elements are to be placed nor the contribution the design team can make to
facilitating such processes;

o Many designers forget to consider fundamental structural principals and the need to
understand how existing or new structures are performing or may change in their
performance during construction. No amount of paperwork can substitute for proper
professional competence;

. Consultation between industry and enforcers is generally restricted to larger scale
projects with adequate professional support from a team. Smaller projects are more
likely to depend on the holistic competence of an individual who is required to be an
expert across a broader spectrum of project management issues and who does not have
the same level of resource available as do colleagues on larger projects;

Industry and HSE responses to deal with some of the problems faced are many, both national
and regional. They frequently depend on the conviction and efforts of inspired and inspiring
individuals. A great deal of progress is being made. A current exposition of some of the industry
wide interventions follows:

. The HSE Website contains a dedicated area for designers, which is constantly being
updated. It should be regularly reviewed by all designers and construction health and
safety professionals. Reference www.hse.gov.uk/construction/designers/index.htm

. Safety in Design Ltd (SiD) is a company limited by guarantee, a member owned
organisation, that was set up to lead on the development of competence standards for
designers in the built environment. It has concluded a joint project with the
Construction Industry Council, funded by ConstructionSkills, to establish Learning
Aims and Occupational Standards for designers in the built environment. Designers,
educators and trainers must review these to understand the agreed breadth of the
requirement. SiD is working on new style assessment tools for designers and design
teams that allow for benchmarking of individuals, project teams, business units or
companies. Reference www.safetyindesign.org

o Design Guides Working Group is a group established by HSE and with continuing
HSE Secretariat but now run by industry for industry to develop and maintain guidance
material for designers. The Group consists of representatives of the major institutions,
co-opted members and HSE. An agreed peer review process has been developed. All
are invited to submit draft Guides for consideration but advised to liaise first with the
Group to ensure that proposed Guides fit into any development planning. The Guides
are held on the SiD website. www.safetyindesign.org/designguides.html

o Designer Awareness Days are organised regionally by the HSE under the Working
Well Together banner and in conjunction with other organisations. These are low cost
workshops with an interesting range of presentations, drama, workshops etc to
encourage teamwork across the designer supply chain. Larger companies are
encouraged to bring smaller company representatives with them. Information is
available from the local HSE offices addresses for which are on the HSE website
www.hse.gov.uk/contact/maps/index.htm

. Construction Industry Research and Innovation Association (CIRIA) publishes
industry guidance, notably CIRIA 604 Work Sector Guidance for Designers, and also
manages the Construction Productivity Network www.ciria.org.uk/cpn_intro.htm

o Design Quality Indicators (DQIs) are owned by Construction Industry Council. They
emphasise the importance of understanding the needs and contribution of all members
of the project team and of all stakeholders. While they are essentially about build
quality and satisfaction these are inextricably linked with safety, health and risk
management, especially during use and associated facilities management. Reference

www.dqi.org.uk




The Construction Clients Group (CCG), now working with Constructing Excellence,
has been quick to support the need for better design which proactively includes
integrated health and safety considerations. They are working with SiD (see above) and
CITB-ConstructionSkills on assessment tools development and bespoke training
courses for  Clients and  their = professional  advisors. Reference
www.constructingexcellence.org.uk

Constructing Excellence (CE) holds a wealth of information about best practice, Key
Performance Indicators (KPIs) and other tools and information about project success.
The project team was asked not to refer to the earlier work done in this area, so that they
would not be influenced by it. It is rich, varied and extremely helpful and in any case
worth reviewing. Ref as above.

Design Best Practice is an industry initiative to collect case studies and examples of
ideas for designers that may contribute to health and safety. Reference www.dbp.org.uk

Professional institutions from time to time have conferences, workshops, publications
etc that are of relevance. Information is available on their particular websites.

Local Initiatives eg North West CDM Duty Holders Support Group




2 PROJECT OBJECTIVES AND WORK PHASES

21 PROJECT OBJECTIVES

The objective of this project was originally to select a group of major projects where design
decisions taken for commercial reasons had coincidentally given health and safety benefits. The
case studies were to be overt exemplars of the inextricable bond between good economic project
delivery and health and safety. The work was to be the opposite side of the HSE Cost of
Accidents at Work research and associated publication. The constraint was the benefits should
accrue to the designer or the client rather than the contractor.

Following the initial research it was decided to change the objective. This was particularly
because the researchers discovered that the driver for decision making can better be defined as
“project success” rather than cost alone and because HSE wanted a shift towards smaller
projects and processes that could be applied across wider range of industry applications.
Further, while it is difficult to identify the true costs of accidents and ill health it is even more
difficult to cost out the benefits of a particular design decision over the myriad of other options
that are discarded. The new approach allowed for smaller elements where costs are easier to
ascribe directly as well as some larger project examples where estimates of benefits have been
made but are more general.

The new objective thus became to select a range of design decisions that were led by the need to
deliver project success and which had integral safety benefits. Also to set these out in an
accessible summary format so that they can be used as a reference for designers and a source of
material for the training of designers. The researchers were looking for overt examples of
benefit but were also invited to discuss potential dis-benefits. This allowed for more realism and
it is the authors’ view that the modifications to the objective and the acceptance that decisions
are often not clear-cut has enabled a much more useful set of examples to be developed.

2.2 WORK PHASES
2.2.1 Phase 1: Initial case studies

A fairly random selection of projects or processes was selected from a range discovered in
professional magazines, as a result of existing contacts or in response to requests for offerings
from industry.

Visits were made and interviews conducted to try to establish a common agenda and standard
data set. It was at this stage that it became apparent that the drivers for projects, while always
cost conscious, were better described as the need to deliver project success. The criteria for
project success have the biggest impact on strategic decisions and a clear understanding of what
constitutes that success from a client’s perspective needs to be at the top of professional
advisers’ agendas.

2.2.2 Phase 2: Revised examples

Having identified that the apparent clarity of the original research brief would not produce
output that was particularly helpful it was also agreed that an emphasis on process and on some
of the day-to-day design decisions made on a range of projects of varying sizes would also be of
more general use. This meant a new selection of projects and processes needed to be made and a



new round of interviews and visits carried out. It was still anticipated that case studies would be
most useful for industry and the researchers began to put together A3 layouts of each case study
being considered for use.

2.2.3 Phase 3: Switching the emphasis

After considerable discussion with industry representatives and HSE it was agreed that the most
useful presentation would be of examples gleaned from one or more projects to make a point or
explore options for designers to consider. This approach was judged more useful since it
allowed the extent of the discussion to be constrained by material available rather than space
and for a range of alternative solutions to a particular problem to be presented. It also allowed
more open comment than superficial critique of complex decisions by others can allow.

This decision meant that the case studies were stripped apart, mixed with other examples and
presented in a format that should allow onward discussion and material to be added by industry
as processes and technology evolve.

Additional consultation and peer review was introduced to ensure the examples had currency
and value even when read by those without construction design health and safety expertise.



3 SOURCE INFORMATION

3.1 EXISTING REPORTS AND SOURCES

While there are large bodies of work dealing with design, construction, economy, health and
safety and related matters the authors were looking specifically for current and evolving
examples of a link between good value or project success and health and safety. Certain specific
reports and technical journals have thus proved more useful than the generality of technical
sources. The reader may find additional material therein.

. HSE Research Report 148 The case for CDM: better safer design- a pilot study by
Greenstreet Berman Ltd in 2003 was particularly apposite and close to the original
brief. It does not discuss negative impacts of design decisions.

. Australian Government National Occupational Health and Safety Commission Safe

Design Guideline consultation document January 2005.

Design Best Practice website gives a range of examples from contributing companies.

Proceedings of the Institution of Civil Engineers, occasional articles

Institution of Civil Engineers journal, ‘New Civil Engineer’, occasional articles

Institution of Structural Engineers journal ‘The Structural Engineer’, occasional articles

3.2 NEW DATA FROM INDUSTRY SOURCES

New data from industry relate to the period 2003 to 2005 and has had in general to be taken on
trust. Where cost figures have not been available estimates have been made using SPONS,
similar examples or extrapolations. The authors have also included comment on negative effects
on project success and on health and safety that are or could be introduced. This is in order to
set the examples in the real world of complex design decision making and to avoid implying
that decisions taken in the examples cited are always the ‘best’ decisions to take. Designers and
clients need to recognise that with the very many variables that can affect design stage decision
making there is rarely one single answer that is ‘right’. They need also to recognise that there
may be a different way to achieve success and these examples set out some options from a range
of projects, processes and structures. The examples given are frequently a best guess of the
benefits and most do not derive from auditable data. They do, however, in the opinion of the
authors, demonstrate ‘good practice’ and provide some helpful examples for designers and their
clients.



4 AN INTRODUCTION TO THE EXAMPLES

The vernacular building industry was borne from the surplus of agricultural labour during the
winter season, which was the obvious opportunity for improvements and additions to the
building stock. The industry relied heavily on empirical rules, and our stock of ancient buildings
are the survivors of the ‘trial and error’ school of building design.

The process of learning by past mistakes has continued to the present day and, computational
assistance aside, progress is still driven by failure. This is true of all aspects of the industry and
is one of the reasons that sharing of such failures can be a powerful means of industry wide
improvement.

In other industries, manufacturing for instance, there are generally longer opportunities for
hazard identification. A process will be set up and run for an appreciable period in one place
with one day being much like the next, and with a workforce which is more or less constant.

The construction industry differs markedly inasmuch as the workplace and workforce are
constantly changing, the number of sub-contractors sharing the same space is much larger than
in other industries, and the projects being undertaken have inherently wider variations.

It follows that any collection of examples selected to demonstrate a point is eclectic and open to
criticism on the grounds that the evidence is not a representative sample. This, however, is not
the purpose of the selection at all. The research team have enquired amongst available contacts
and looked for examples where decisions motivated by the need for project success have also
produced health and safety benefits. The extent to which good safety management is consistent
with and synergistically related to good construction management is discernable by example,
but not necessarily provable as an isolated principle.

The examples chosen from a wider list of projects and processes examined were selected
because they demonstrate some of the key themes that designers need to consider to help the
team to deliver successful projects.

Not all the examples relate to a narrow definition of ‘design’ but they do relate to the
contribution professional designers can and do bring to projects and to the wider area of
decisions made on projects which may also be called design (eg design of the method of
erection to be used by a steel erector). They refer in some cases to strategic thinking at early
stages in project delivery and recognise that this early effort is where the most significant gains
can often most easily be achieved.

The majority of the examples listed are from major projects because the commercial gains are
more easily identified and because they show very significant commercial benefits. Some of the
examples, particularly from smaller projects or processes, are given to assist designers in the
identification of project success criteria and the contribution they can make on a smaller scale.

It is anticipated that these examples will form the core of industry exemplars that can be
collected as the basis for discussion and learning across industry and that others will add to
them. This is part of the promotion of excellence in design and project management of design
that can deliver successful world class projects that recognise the importance of the
consideration of the wellbeing of all affected by our industry. Exactly how this will be done is
beyond the remit of this project but it is probable that access will be through one of the websites
given in section 1 above.



The examples have been sorted into groups but each demonstrates more than one simple theme
and the reader may prefer to select different criteria for arranging their own library of good
practice. They are held in the Appendix to this Report.
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5 OBSERVATIONS AND RECOMMENDATIONS

Project success is usually defined by certainty of project programme and costs. At strategic level
there are regional and site environment issues that can constrain effective delivery of projects.
Examples here are the congested nature of the area around Heathrow and the lack of a sufficient
number of skilled operatives to ensure delivery of Colchester Garrison. This initial stage of
placing the project in context is one that many designers forget to include in their advice to
clients, particularly for smaller projects. The best of the supply chain frequently has a full
forward order book. Thus project programming and availability of resources may need careful
planning. A particularly critical example of this is the BBC set design project for Baby School.
On this project the experienced team were well aware of the enormous amount of work that was
going on in parallel to engage the families, the professional support team, the advisers, the
filming crew and others who would be needed in one place for a short period of time to feed
into the planned broadcasting programme in a timely manner. The set had to be ready by a
given date. It had to be right first time and on time. Interestingly many designers questioned as
individuals in the more common areas of building and construction outside the scope of this
report had given very little thought to the wider requirements of their client. The project, rather
than the requirements of the client, had become the centre of their world. Reflecting on the
client’s perspective here, and the art of the possible demonstrated by the work done by the
client’s design team at Vauxhall Motors Ellesmere Port, would be useful for all designers.

In almost every example listed in this report the design team have had a clear understanding of
the client requirement and have delivered a creative response to that. The wider business case
for providing support to a client’s business should not need expression. Clearly reputation and
repeat orders will come for those designers who can interpret needs and wishes effectively so
that clients can use structures to support their own business agenda.

Clients universally prefer to have certainty of programme and cost. This is so obvious that it
should not need expression. Yet there are a very significant number of projects, outside the
examples listed in this report, where the conditions of the ground and the existing structures and
the impact of proposed new structures on those existing elements has not been the subject of
any research or design input. Unknown aspects of any project will generally introduce delays
and cost over-runs. Designers need to learn to communicate with clients the likely impact of
unknowns and explain why prior planning, investigation and enabling works are cost effective.
More than simply demanding ‘site investigation’, designers need to explain what information
they need and for what purpose. They need to communicate to non-technical people how they
will process information that is discovered and why such knowledge is important in both
technical and in health and safety decision making. Further, they need to be able to explain to
clients the business benefits in relation to cost and programme certainty of reducing unknowns
early in the project or putting in place effective control measures to manage likely uncertainties.
Turning this around to a good practice example, the Newport Relief road enabling works meant
that normal traffic flows required on this busy road were subject to reduced disruption due to
the project. Detailed knowledge of the location of buried and overhead services, and their re-
alignment where appropriate, allowed for safer and quicker working during the inevitable
disruption any road projects introduce for the public.

Leadership in every walk of life is important. Whether projects are large or small the
personalities involved in delivery can be critical to project success and to safety and health as
well. Anecdotal comment from HSE inspectors would seem to indicate that some site agents are
repeatedly involved in projects where reportable accidents occur. On the positive side,
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leadership of a proactive and creative nature will deliver repeatedly successful projects for
clients and these projects will be safe and healthy as part of that success.

Defining the objectives clearly so that all stakeholders understand from their very first
involvement what will be expected of them is critical, particularly to fast track projects. In some
sectors such as set design the culture is such that there is a general understanding of the project
drivers. The tendency to use experienced individuals and organisations in this sector of the
industry means that those who make up the team have an understanding of those key objectives.
The problem can come here when new players need to be introduced since the objectives and
critical requirements tend not to be expressed overtly. In order to deliver radical changes to the
norm, the objectives and how the project delivery fits into those objectives must be clearly
expressed. This can be a two way process since designers often have the opportunity to explain
that there are potential benefits to be gained from selecting different options. There are many
examples of this, including the obvious one of the Vauxhall Motors project described in the
examples, but also the projects where life cycle management of the finished structure was likely
to be the biggest element of whole life cost. Where the objective was clearly defined as being to
minimise risk and consequential cost to those who would hold responsibility for maintenance
and repair, some significant benefits can accrue from design decisions to support this. The
design community needs to learn to understand not just the initial structure nor indeed its use
but also its management. They also need to learn to explain effectively to clients the comparison
in cost and risk for different choices. As part of this the design community needs to learn to
understand who is the owner of what risk at all stages of projects and asset management so that
effective risk management strategies can be supported by design decisions. For instance in a
school project where the caretaker is likely to be an unskilled individual in relation to
understanding the building performance but may have responsibility for its day to day
management, designers will need to have designed in solutions that do not depend on technical
competence. A good example of this is the light fitting designed by Austin Winkley &
Associates. While the design may have cost the client more in initial fees, light bulbs can be
changed by unskilled personnel at ground level. The cost savings over the life time of the
building more than justify the initial effort. Coincidentally the risks of falls from height are
removed.

In many of the examples the effective delivery of a successful project was possible because
there was a clear understanding of the likely barriers to such success together with development
of creative alternatives to overcome difficulties. The management of such project and asset wide
hazards is a much better approach for designers to adopt than the frequently used numerical
design risk assessment which has no basis in mathematics and is almost never based on
evidential input data. Starting with project wide issues such as supply chain management or
material delivery problems the design team can iteratively drill down to robust solutions.
Client’s project and business risk calculations should be continued into the project thinking and
designers who are able to integrate their hazard management strategies with the client’s
perspective of hazards are likely to be able to forge better dialogue with their clients. In projects
where the contractor is also the client and the designer these global gains are clear and feedback
is generally good. Other designers and design teams need to recognise this and engage in early
review of barriers to effective delivery.

In the research for this project the authors were able to select some of the best of the building
and construction industry’s professionals for discussion on value, success, safety and health. It
is clear from exposure to other individuals claiming professional status that the real technical
excellence in the industry is patchy. Effective health and safety by design can only be delivered
by technically competent individuals and teams. Health and safety law and practice is much
simpler to learn and understand than technical design capability. Real creativity can only be
introduced by those who have gained breadth and depth of professional competence in technical
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design and design management. This technical excellence is the core responsibility of the
professional institutions both at academic and industry levels.

Technical excellence by expert teams allows for a proper professional introduction and
assessment of a range of alternatives and for flexibility in the face of unusual circumstances. An
obvious example here is the observational method for re-use of foundations. For the best
projects, bold solutions that are properly planned and considered in detail can often deliver
success where more traditional solutions would fail. The example of the hangar foundations also
falls into the category of professional technical excellence. A solution has been proposed and
the new hazards introduced by this choice have been considered and their effects identified and
managed.

In all examples effective communication has been a key feature. This has included the small
examples of pad foundations right up to major project examples. Team members cannot be
effective in adding value if they do not properly understand the decisions of others and the
consequential implications. Some of the simplest but most effective examples of good design
solutions have come from early contractor involvement or practical involvement of the
experienced workforce. Designers need to improve their ability to provide information but also
must listen to others and make proper response.

A general observation has been that in all examples designers have had an understanding of
construction processes and programmes. This understanding by an often remote design team of
construction practicalities has long been recognised as assisting in the development of
professionals. No amount of knowledge can match the ability to relate that knowledge to
practical situations. Design professionals will always be more able when they have worked on
site and had to deal with the day to day aspects of project technical and programme changes.

Examples of good practice can be found where excellent professionals form teams with clear
objectives and inspirational leadership. For the smaller projects, or the mundane projects
delivered on a daily basis by larger practices, the key is with the individual and the competence
and personality of that individual. The need to identify excellence of the team and its leaders by
clients makes procurement difficult for inexperienced clients and can make even larger
companies vulnerable to their weakest individuals’ acts and omissions. Good examples are
delivered by those who recognise the importance of life long learning and who regularly discuss
with their peers ideas for different ways of working. Competence of teams must begin with the
competence of individuals. Competence of individuals may need to be driven by the
expectations of a wider community. Safety in Design, established to support the design
community and to help with the understanding of the importance of technical excellence in a
wider context, may be a focal point for all designers. Other centres of excellence also exist and
the reader may find help through the Association of Project Management which has a growing
reputation for understanding the importance of the links between costs and risks and promotes
the delivery of successful projects through proper management.

In all of the examples selected, by the nature of the selection, health and safety benefits were
linked with successful project delivery. It may be helpful to point out here that successful health
and safety on projects is a common indicator of successful projects and where accident rates are
high, clients and their designers would do well to probe more deeply into the underlying
management issues. This comment is made from personal experience over many years. The link
runs as follows: hard hats and housekeeping indicate underlying health and safety management
standards. Health and safety management standards indicate underlying project management
standards. It is likely that designers will find such simple connections being used by enforcers
and other auditors as indicators of their contribution. Perhaps one such simple indicator is the
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extent that designers have communicated with the team and their knowledge of who constitutes
that team.
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6 CONCLUSIONS

There are many examples to be found where there is a clear link between design decisions taken
for economic or project success reasons that have also delivered successes in health and safety.
Indeed, with penalties rising, even the most uncaring individuals must include health and safety
risk management into their considerations for project success. Many of the drivers for change
have seemed to be antagonistic to creative design but that view is narrow and reactionary. It has
been pointed out in the defence of CDM that any creative thinking must be framed in a set of
rules. Artists like Damian Hurst can only explore the boundaries of art when they have first
understood those boundaries and defined them. Designers who can design stunning buildings
and technically challenging structures should find working within the framework of CDM and
related legislation no barrier at all to the delivery of a successful projects. Indeed, the best
designers have understood the framework the Regulations offer and taken advantage of the
support that framework gives in prescribing a discipline to project and structure development
and delivery.

This research was never required to prove any thesis and so it has not set out to attempt to do
that. Certainly health and safety management will add costs to any project and in some cases
these costs may exceed the commercial benefits that accrue. Never the less there are a great
many cases where creative thought, driven by the need to deliver success, has also delivered
improvements in health and safety. Early decisions are the ones that deliver the largest benefits
in most cases. Designers are frequently client advisers and early contributors to projects and so
must have an enormous potential to deliver successful projects where the wellbeing of all has
also benefited from particular decisions.
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APPENDIX

EXAMPLES

INTRODUCTION TO THE APPENDIX

The examples that follow have been roughly sorted to illustrate particular points but there is
never a simple reason for project success and the reader may choose to arrange the examples in
other categories. Each category of examples has an introduction to the theme and then a short
summary of aspects of a project or process that have been judged by the authors to be of use to
the design fraternity. The examples selected intentionally come from a range of types and size
of project.

List of examples

1 Macro decisions relating to site location and set up

1.1 Site compounds and site/public traffic implications
1.2 Supply chain availability

2 Site investigation focus

2.1 Property developers as property managers
2.2 Realignment of services prior to main works

3 Foundations
3.1 Portal frames
3.2 Pad foundations
3.3 Observational methods
4 Programme security
4.1 Faster construction methods
4.2 Problem solving for health
4.3 Competent individuals in competent teams
4.4 Single objective for fast track delivery

5 Off site construction

5.1 For speed and quality
5.2 For congestion and quality

6 Access planning

6.1 Concrete
6.2 Steel

7 Maintenance

7.1 Materials selection
7.2 Equipment design
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1 MACRO DECISIONS RELATING TO SITE LOCATION AND SET UP

1.1 Site compounds and site traffic: BAA Consolidation Centre
1.2 Supply chain availability: Colchester Garrison

General introduction

For major projects such as Heathrow Terminal 5 (T5), the site set up and management of supply
chain and materials is critical to project success. This aspect of project delivery is well known to
any who work on city centre projects or on projects in remote areas where supply issues can
have a major impact on project success. Small businesses cannot reproduce the T5 solution but
they can give due regard to the availability of resources and the management of vehicle
movements onto and around the site. For many projects, ability to source the right workforce,
local materials and appropriate plant can make the difference between an economically viable
solution in the client’s eyes or not. A holistic view is needed. For major projects the issue can
become project critical and must be considered at the outset. The examples listed here are
driven by a fundamental understanding of potential project constraints.

The first is BAA Consolidation Centre which was established to ‘To promote the safe and
efficient flow of materials, plant and equipment from supply chains to construction projects at
Heathrow Airport.” The project team recognised that in an area suffering from heavy congestion
any large-scale construction project would have a major negative effect on the surrounding
traffic and the project would suffer as a result.

The second is Colchester Garrison. Here it was decided early on in the project that there were
insufficient skilled operatives to be able to ensure the timely delivery of the project to sufficient
quality standards. In an industry beset by skills shortages this issue may also be very important
for many other projects. The solution was to select a construction method that allowed for much
of the work to be completed off site.

Early decisions on major projects can have an obvious commercial benefit but minor works too
can benefit from holistic thinking and careful planning. Frequently the benefits are not so much
active commercial benefits but reduction in the risk of negative effects of unforeseen
circumstances. On a minor alteration project to a commercial property, total project value £20K,
the builder had responded in his programme to information from the client about security
concerns and the storage of plant and equipment on site. The programme alteration did not
affect the project cost but it certainly protected the builder from equipment loss. The key
objective of project success is still paramount.
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1.1 SITE COMPOUNDS AND SITE TRAFFIC IMPLICATIONS
BAA Consolidation Centre Terminal 5
THE ISSUE

BAA is an experienced, informed construction client who took the decision to procure the
construction of Heathrow Terminal 5 (T5) in a hands-on manner in which they:

e built up an integrated on-site design and management team

e procured services on a negotiated cost-plus basis

e took responsibility for risk but managed the identified project risks

e introduced an element of gainshare/painshare into contracts
The reasons for taking such a proactive approach are that BAA cannot afford to leave to chance
the outcome of such a major investment (approx £4Bn); late delivery or significant cost over-
run would have a major effect on their overall business.

BAA had built up experience of building at Heathrow; one of the local features which they
recognised was the need to manage the flow of materials onto a busy, congested site. How
would this be done? Would the design of the site layout, infrastructure and management be
based on traditional laissez-faire lines, or should a more proactive approach be taken?
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T e

Aeial view of T5 during construction
THE DESIGN DECISION

BAA decided to take control of this aspect of site management; all materials were to be
delivered to a Consolidation Centre, where they would be off-loaded and stored, then delivered
to the workface on a just-in-time basis. The defined purpose was: ‘To promote the safe and
efficient flow of materials, plant and equipment from supply chains to construction projects at
Heathrow Airport’.

THE COMMERCIAL CASE

The decision to set up the Consolidation Centre involved an initial set-up investment of approx
£20m and continuing operating costs were of a similar scale. BAA would expect to recover
these costs from the lower levels of waste and operating costs on site. The lower costs of

companies supplying materials to site are also expected to be reduced during future
negotiations.

Applying industry norms for a large project of this nature, an approximate assessment of

savings may be made. If savings in waste of materials of only 2% of materials used is achieved
(due to reduction in casual damage etc) then for a £4Bn project, if material cost is say 50% of
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project-spend then the saving on material wastage alone will be of the order of £40m. In
addition, the saving on spend on people costs due to working in a more planned, organised and
tidy manner could be typically at least 5% of people costs ie if people costs for site-work are
say 50% of project costs, the savings could be as much as £80m. Therefore savings of £120m
could be expected against a total spend on the consolidation centre set-up and operation of
approx £40m.

HEALTH AND SAFETY BENEFITS

The decision provided important health and safety benefits. In particular, the planning of site
activities had to be undertaken in a rigorous manner to ensure that the required materials could
be called up when they were needed. This meant that (a) the work was well-organised and that
the working area was clear of superfluous material and hence able to be kept cleaner, and (b)
the level of site traffic was reduced and controlled. This latter factor was also affected by other
strategic decisions; site operatives parked off-site and were provided with buses to reach their
work areas and a central call-off service was provided for small tools and supplies, further
reducing the uncontrolled movement of vehicles. At the same time, BAA made a commitment
to place health and safety management at the centre of their site management process. That
there is a cultural commitment to health and safety is demonstrated by the manner in which this
early-stage decision was made. At the time when the decision was made, it was driven by a
strategic decision that the whole project would go more smoothly and safely.

KEY THEMES

The BAA Team decided early on to align the project with good practice procurement
principles. The themes here were:

e C(Client Involvement BAA show exceptional leadership and a clear project strategy for
success, enabling them to make decisions and provide dedicated resources to follow
them through.

e Integrated Team-working The project is managed and performed from an integrated
team office at site. Team members perform varying roles, with the most suitable people
taking leadership roles required as the focus of work changes.

o Integration of Design and Construction The integrated team has included inputs
from a construction management team from an early stage and from package
contractors as they were appointed.

e Win-win Procurement Members of the core integrated team are selected from in-
house staff and pre-selected companies with term agreements, paid at agreed rates with
risks held by BAA, so that people are free to behave as a project-focussed team.

e Pre-planning It is clear that this project has been pre-planned to an exceptional degree.

e Off-site Work Prefabrication has been used where possible, with major structure being
in steelwork. Concrete work has where possible been pre-cast and major mechanical
and electrical service modules have been assembled in Rossyth dockyard. Large
assemblies arrive at the consolidation centre shortly before they are needed and are
released onto site at the appropriate time. The Consolidation Centre acts as the focus
for delivering a// materials to the workface in a planned manner.

e  Whole-life Thinking The ‘AMA’ (Acquire and Maintain Asset) team looks at whole-
life issues for all BAA spends, drawing upon experience across the business. The
planning of spaces has been carried out and provides flexibility to reconfigure as
change occurs.

e Environmental Awareness The reduction of stored material on-site has reduced the
amount of casual damage, assessed at 2% of the material required for the project, and
packaging is reduced to a minimum for safe handling at the consolidation centre;
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packaging thus removed is more easily managed for re-use or recycling or disposal.
The work areas are also less encumbered.

CONCLUSION

On this project the decision to set up the Consolidation Centre was driven by strategic benefit
rather than direct defined costing and it was upon these benefits, of greater predictability,
improved planning, better health and safety, that the decision rested. However, based on the
assessment outlined above it is clear that there should also be a direct financial benefit. The
overall commercial case is therefore clearly sound.
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1.3 SUPPLY CHAIN AVAILABILITY

Colchester Garrison
THE ISSUE

The Colchester Garrison PFI involves the construction of a range of different buildings at one
large site on the South side of Colchester, Essex. The project consolidates the army’s facilities
and includes a large number of accommodation units for single men both in housing blocks and
attached to messes. In the first phase alone, there were 13 large blocks to be built in 18 months.

The site isn’t however crowded; the blocks are well-spaced and there is plenty of room for site
infrastructure including stores, lay-down and workshops.

However, there was concern that the required numbers of skilled workmen required on site
would exceed the supply and would lead both to late delivery and quality issues.

THE DESIGN DECISION

The Main Contractor Sir Robert McAlpine, who is also a member of the company providing the
PFI to the army, decided to make extensive use of pre-fabricated ‘volumetric’ units. The term
‘volumetric’ expresses the nature of the units brought to site and distinguishes the prefabrication
from ‘modular’ construction in which pre-made parts are brought to site in containers etc and
then assembled together. 3500 units were delivered to site in the first phase.

The decision was driven primarily by the need to manage the risks of attempting to build a large
volume of accommodation to a tight programme; in particular, the numbers of skilled workers
who would need to be found and relied upon. McAlpine therefore made their decision on
strategic grounds; the decision was made at an early stage in the planning of the project and it
was never challenged. As will be explained below, it brought both health and safety benefits and
significant commercial benefit.
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Units being stacked on site

THE COMMERCIAL CASE

As mentioned above, the decision to pre-assemble was driven by a strategic decision by
McAlpine. The overall picture is shown in the following table:

Comparison between volumetric and traditional costs

Volumetric Traditional
Base cost for first phase | Volumetric units: £ 25m Savings of 10% might be made for a
build Foundations, envelope and | smaller scale build = £ 9m

finishing work: £ 66m

TOTAL £91m

Costs of site establishment

Programme of work can be

Resources could not be relied upon

reliably delivered in 18 | and other site risks to be allowed for —
months. 6 months extra likely, at a cost for the
site establishment alone of £ 3m
Cost of late delivery of | Late delivery not | Late delivery a significant possibility.
service to client contemplated. For a 6 months delay in commencing

delivery, additional funding costs
(interest charges) assessed at £ 10m.

Quality risk and cost of
penalties for poor
performance of the PFI
contract

Reliable product expected due
to high quality factory-made
product.

Less reliable produce — financial
impact difficult to assess.

Weather risk

Low risk

High risk
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HEALTH AND SAFETY BENEFITS

Construction of large numbers of multi-storey accommodation blocks in the traditional manner
would have entailed large numbers of men working out-doors, at height, carrying heavy
weights and at risk of injury from site traffic. Construction based on volumetric units
significantly reduced these risks because:

The majority of the construction was carried out in factory conditions, working indoors
on units at ground level and requiring little manual lifting

The erection of units at site was a distinct activity planned and managed so as to avoid
lifting over operatives engaged in finishing work

Apart from the construction of the waterproof envelope over the stacked units, all
finishing work was light physical work carried out in an internal environment

The repetitive nature of the factory work enabled individual tasks to be designed to
avoid excessive lifting and reaching, with continuing improvements as the work
proceeded.

Units being manufactured

KEY THEMES

As a PFI project Colchester Garrison embodies good practice procurement principles as follows

Client Involvement It is an important feature of the PFI process that the delivery team
have a long and close relationship with the client, so that the final agreed product is
improved by this close involvement.

Integrated Team-working Another important feature of the PFI process is that the
core delivery team work closely together over a long period.

Integration of Design and Construction The construction team are able to ensure that
the design is buildable as the delivery is essentially ‘design and build’.
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e  Whole-life Thinking The concept and detail of a PFI construction are influenced by
the Facilities Management delivery over the life of the contract. This enables whole-life
thinking to be informed by the associated costs, tending to drive towards delivery of
robust buildings.

e Environmental Awareness There is inevitably some waste both in the factory and at
site, but the overall amounts are lower than with traditional construction.

CONCLUSION

The decision to adopt volumetric units wherever feasible at Colchester Garrison was driven by
strategic benefit rather than direct defined costing and it was upon these benefits (greater
predictability, improved planning, better health and safety) that the decision rested. However,
based on the assessment outlined above it is clear that there should also be a direct financial
benefit. The overall commercial case is therefore clearly sound.

25



2 SITE INVESTIGATION FOCUS

2.1 Property developers as property managers
2.2 Realignment of services prior to main works

General introduction

Designers act as client advisers in many cases. In such a role they need to be able to display
project management capability and effective communication skills. This is particularly true of
small projects for an occasional client who frequently does not understand the amount of
technical work and consequential costs that are required for successful project delivery. There
are several television programmes that illustrate the failed aspirations of domestic clients in the
UK and overseas in respect of property. In most cases the project has been very badly under-
resourced. Even on larger commercial projects there are a disturbing number of examples where
clients and designers have very little knowledge or understanding of the existing property or site
and expect their designs to be translated into reality without thought for those who may have to
work in unsafe conditions as a result or for clients who may have to fund additional works to
deal with unforeseen circumstances.

Professional designers will be able to explain, and so justify the expense of, pre-design
investigation into the nature of the site and any existing property on or near it. Knowledge at
this early stage reduces uncertainty for all aspects of the project. Critically for the client this
allows sensible financing. For those who must deliver the construction phase it allows for better
planning and management of risks to safety and health. Uncertainty in all its manifestations is
generally undesirable for successful project delivery.

Property developers who will own and operate buildings they design and construct have long
recognised the benefits of early work to deliver certainty. For Eric Wright Construction’s
project in Bolton the commercial viability of the development of a new suite of ground floor
retail outlets with apartments above was well established early in the whole project. The
structure was to straddle a large culvert and be constructed adjacent to roads, live footpaths and
general long-term city centre undertakings. Although information about the culvert was
available it was judged by the professional team that the quality of the information was not
sufficient and that this could introduce reasonable doubt to the successful delivery of the project
and to the value of the finished structure. Additional site investigation was thus carried out to
confirm or otherwise the information available from desk studies. It is difficult to quantify the
financial benefits of this additional spending because it reduces uncertainty and late
management of change as the project unfolds, but it is interesting that all of the property
developers interviewed for this research who will own and operate their buildings could easily
see the advantages of high quality information gathering at an early stage.

In another example a property developer has commissioned hundreds of thousands of pounds
worth of site investigation and treatment to manage a severely contaminated site. In this
instance the economic argument is simple. Either the investigation and management of the risks
to health and the associated reputation risks needed to be managed or the project would not be
able to proceed at all. This situation is becoming increasingly the case as ‘brown-field’ sites are
increasingly used.

On the other hand there are Planning rules that drive some developers to choose not to
investigate too closely. In certain cases knowledge of structures such as wells can have a
negative effect on the success of a planning application and thus land value and overall project
success. Where such pressures act against the requirements of CDM and the positive benefits of
discovery on sites, they will need to be changed at strategic level by government.
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Generally designers are strongly advised to discover as much as possible about structures before
they ask, through their design requirements, others to risk investment and wellbeing on the
successful delivery of projects.

Another example is Newport Southern Distributor road. Highways projects are generally
approved to reduce congestion and improve traffic flows or to improve safety for the travelling
public. On the other hand the work that is involved will invariably introduce its own project
related delays, disruption and safety challenges. Early decisions that manage these aspects of a
project must therefore be beneficial to the successful delivery of that project. The decision taken
to discover in detail the nature of any existing undertakings and to define precisely the
alignment together with its consequential impact on services, both new and old, meant that
during construction there were few unforeseen delays and the project could be completed in a
timely fashion. Once again precise information gathered early on makes a significant
contribution to project certainty in terms of both cost and programme. For projects interfacing
with the public, the programming to allow critical activities at times of least disruption can be
highly beneficial.

For highways projects the close management of the interface with the travelling public reduces

the likelihood of traffic accidents associated with road works as well as accidents on the works
themselves.

27



2.1 PROPERTY DEVELOPERS AS MANAGERS
Eric Wright Construction, Bolton, and others
THE ISSUE

Eric Wright purchased a development site in Bolton to design, construct and operate as mixed
retail and residential. The project was significant in that it was the first major development in a
part of the town in need of improvement and it led the way in development in the area. By the
time the project team was mobilised all of the units had been sold. The site is bounded by public
roads and paths and by a viaduct. There is a culvert crossing under one corner of the site and the
area is at the junction of various significant nodal points for statutory undertakings. In addition
the site is on a steep slope and public access on all sides was required throughout the works. A
considerable body of information existed from earlier desk studies and site investigations.

THE DESIGN DECISION

It was decided that the culvert condition and position could be project critical and also influence
the integrity of the finished building. It was further decided that the level of information was not
adequate considering the potential risk. Additional resources were secured and decisions
delayed until further information could be discovered by detailed survey.

As well as the need to understand the exact location of the existing culvert to enable the proper
design of the main load bearing elements of the structure, crane use needed careful
consideration. This was because the site was awkward in shape and position in relation to public
thoroughfares. On this project the original design envisaged a tower crane positioned near the
centre of the site. The nature of the site, the subsurface structures and services and the
requirements of the fabrication of the building meant that the decision was taken to use
telescopic material handling equipment instead of the original tower crane. Part of the early
design consideration was the availability of plant of sufficient size to be able to do the work.
The final choice was to use the largest machines available in Europe that could lift the necessary
loads at the required radius within the site constraints. The consequences of this decision were
that the structure had to be redesigned to incorporate a hoist and to allow material handling to be
properly managed throughout the build phase.

THE COMMERCIAL CASE

Considerations driven by the nature of the site and checked against buildability and asset
management drove early design decisions. Property developers as designers and builders
recognise the very significant benefits of understanding the best construction methods to use for
a given set of site and project constraints. As property managers they also take these
considerations on in relation to maintenance and cleaning, They design in solutions for such
activities so that the management of their completed asset is easier and cheaper. Easier access is
almost always safer and thus cheaper since it does not require expensive repeat hiring of
specialist equipment. In this example actual costs were difficult to quantify because the process
is common on projects led by contractors and builders, particularly those who own and will
operate property.

Many designers who are remote from site activity have little concept of the importance of
planning and designing for the lifting of structural elements. Design and build projects benefit
from early contractor involvement and design input to this important aspect of delivery but
clients and their design team are advised to secure practical expert advice early on to ensure that
the best means of construction can be used to suit a given structure in a particular location.
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Designers in general can learn lessons from property developers by working in teams that
include clients, contractors, end users and facilities managers from the earliest stages of a
project.

On this project the consequence of not designing adequately to allow for the existing site
conditions would have been catastrophic involving possible collapse of the finished structure.
The commercial case was clear to all parties because they were directly responsible for the
management of the finished building and costs that would accrue relating to design decisions.
This project is a good example of integration taken to the limit but demonstrates that benefits
can be achieved in both cost and safety from professional design by those with construction
expertise.

HEALTH AND SAFETY BENEFITS

Clear understanding of the exact nature and position of the culvert had the potential to prevent
catastrophic collapse. Lifting and general construction methods reduced operative exposure to
unprotected edges with the risk of falls from height. An understanding of the construction
process allowed the team to consider alternative approaches effectively.

KEY THEMES

e Site knowledge Understanding of existing conditions on a site to an appropriate level of
detail is always useful for commercial, technical and health and safety management.

e Process knowledge Understanding of the practical processes of construction is
imperative for designers. In particular how large structural elements are to be positioned
is imperative since this can often be an influencing factor for design choices.

CONCLUSION

The decision to carry out additional site investigation and to alter the lifting methods was sound.
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2.2 REALIGNMENT OF SERVICES PRIOR TO MAIN WORKS
Newport Southern Distributor Road
THE ISSUE

The Newport Southern Distributor Road DBFO Contract is for the construction and
maintenance of a 9.5km length of dual carriageway distributor road through the southern part of
the city. The client is Newport City Council. The Concessionaire is a Special Purpose Company
(SPC) Morgan-Vinci Ltd and design and construction was undertaken jointly by the JV of
Morgan=EST and Vinci Grands Projets.

Throughout the pre-contract period, the SPC/CJV invested in the design development of the
roadway. This included detailed studies for the construction and alignment of the roadway and
for the necessary work on the services of the statutory undertakings, in conjunction with the
installation of services and drainage for the new roadway.

Note that the acronym EST in Morgan=EST stands for Engineering Solutions Together.

&
i

-

Aerial view of the road during construction

THE DESIGN DECISION

Pre-construction design of a roadway through a built-up area may be approached in different
ways. At one extreme, the route and design is determined based simply upon information from
site surveys, soil investigation and existing drawn information; during construction, the design
is adapted to respond to as-found conditions and this entails risk to workers dealing, under time
and cost pressures, with the unforeseen and incorporating late changes to the design. This may
be referred to as the ‘traditional’ method and is normally prone to cost escalation and delay,
which is difficult to assess and to manage.
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At the other extreme, the route and design is determined based upon fuller information,
including detailed investigation of existing services. This may be referred to as the
‘comprehensive’ method, adopted by teams who are able to recognise the advantages, gain
access to the site and justify the additional up-front investment.

The reasons for taking the ‘comprehensive’ approach on the Newport Southern Distributor
Road PFI were as follows:

= Improved confidence that the project could be delivered within programme

= Rationalised design bringing cost benefits

= Reduced risk of cost escalation due to changes during construction

= Reduced risk of accidents during construction

Morgan Vinci’s decision was that the existing services would be investigated to enable a co-
ordinated services model to be built up. This allowed a Clash Management system to be
developed and so ensure that the roadway design could be rationalised at the same time as
diversions of existing services were planned and the routing of new services, such as drainage
and telecoms, schemed.

The work undertaken included the use of ground radar and local trial pits, as well as the use of
hand-held detectors. The resulting design decisions included re-alignment of the roadway to
avoid relocation of service cables, an action that saved £0.25m, which contributed to the success
of the project. On site, the work proceeded rapidly and there were fewer surprises; as a result,
the project was delivered ahead of time.

THE COMMERCIAL CASE

The decision to investigate the sub-surface zone involved an additional up-front cost of £70K
for the physical work on-site and £50K for the management and design effort required in
organising and recording the work. Against that, there were potential savings identified during
design of £500K, demonstrating a sound commercial case for this approach.

In addition, the comprehensive approach reduced the risks of additional costs from changes
made on site from high risk to low/medium risk and the risk of delays from high-risk to a
situation where the project was delivered three months early.

On this project the decision to fully investigate the sub-surface zone was driven by both
strategic benefits and cost benefits and it was upon all these benefits (greater predictability,
improved planning, better health and safety, less risk, less cost) that the decision rested. Based
on the assessment outlined above it is clear that there was direct financial benefit and overall
the project is believed to be more successful, having been delivered ahead of time. The overall
commercial case is therefore clearly sound.

HEALTH AND SAFETY BENEFITS

This decision included important Health and Safety benefits. In particular these benefits
included, the planning of construction to a level of detail which reduced the overall risk of
injury during excavation of services and due to making late changes under pressure.

KEY THEMES
e Integration of Design and Construction The design and construction activities were

considered together throughout the project and this enabled the benefits of the
comprehensive services investigation to be appreciated and realised.
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e  Win-win Procurement The ultimate client benefited from the PFI approach as the
benefits of the intense pre-planning were realised; there was reduced cost and improved
predictability and the project was delivered on-time.

e Pre-planning It is clear that this project has been well pre-planned.

¢ Environmental The further knowledge gained of the subsurface layers also assisted
the pre-planning of re-cycling so that ultimately only 5% of excavated materials was
removed from the site. The project was awarded the Welsh National Green Apple for
its recycling and sustainability achievement. Concrete kerbs and path edgings were
generally crushed and road planings recycled. Some recovered kerbstones were
selected for re-use.

CONCLUSION

The decision by Morgan-Vinci CJV to invest up-front in a comprehensive investigation of
existing services reduced significantly the risk of unforeseen hazards being encountered during
the works; it also enabled them to engineer their proposals to reduce the degree of service
interventions necessary and to reduce the level of risk to cost and programme, so that their
commercial proposal was attracted and they won the project. The dual benefits of health and
safety hazard reduction and commercial advantage were therefore achieved.
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2 FOUNDATIONS
General introduction

This section considers several different types of foundation design approach. The decisions
taken by designers will depend on a range of specific site issues and on the size and nature of
the finished structure. The relevance of the design decision to other projects will need to be
considered on a case by case basis and this report does not attempt to be all inclusive nor to
make judgements on which solution is correct in any given situation.

One important consideration is the dissemination of information about the design decisions and
final as-built condition of foundations. If the design life of a structure is limited by the life of the
foundations then this information must be clearly available in the health and safety file, as a
matter of law, and in places where it will be found by those responsible for the structure
whether they were looking for such information or not. This will be particularly true of the
portal frame example where foundation failure would be catastrophic rather than incremental as
may be the case in settlement.

Foundation works can be approached in a variety of ways. Many clients fail to realise the
importance work in the ground has in relation to the cost certainty of finished projects.
Designers can produce much more cost effective designs when they have adequate information
about existing ground conditions and also surrounding structures.

The following examples give a range of solutions that were chosen to fit the given site
conditions.
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31 PORTAL FRAMES - TIED FOUNDATIONS
Allan Associates aircraft maintenance hangar

THE ISSUE

The project was the construction of a light aircraft maintenance hangar at Liverpool John
Lennon Airport. A contract was negotiated between a design and build contractor, a specialist in
portal framed shed construction but who lacked experience of construction in difficult ground
conditions, and the operator of a light aircraft services company.

The end user had a very limited budget of around £250,000 and had to have a new facility
available at the time the lease expired on the premises which he was occupying at the time. The
proposed building was about 35m by 40m, comprising seven 40m span portal frames plus one
gable frame, at S5m centres and a lean-to at one side for offices.

The site was flat and exposed. Being on the edge of the airport the site was close to residential
areas, so there was a risk of juvenile incursions onto the site outside normal working hours.
Ground conditions were poor and consisted of loose water-bearing sand to a depth of about
2.2m below the surface; below this was a very stiff boulder clay.

The format of the building was a low-rise long span portal frame; the eaves height was about
4.3m and the ridge height was 7.8m. As a consequence of this geometry, horizontal thrusts at
stanchion bases were of the same order of magnitude as the vertical design reactions.

THE DESIGN DECISION
Conventional solution

Groundworks in such conditions are known to be fraught with problems and liable to lead to
delays and cost over-runs, which are the classic principal commercial risks in construction.
Unstable ground is also unsafe to work in; the risk of collapsing sides to excavations extends,
obviously, to anyone working in an excavation and also to personnel working nearby. Plant,
vehicles, and materials are also potentially at risk.

Many designers would have resorted to piling, but in this case the additional cost would have
exceeded the client’s budget. The alternative is to found on the stiff clay using pad foundations.
Piling would have removed some hazards but introduced others. Also to ensure the safety of a
piling rig might have required the installation of a piling podium, which would also have
increased costs significantly; further, pile caps would have been needed which would still have
required shored excavations and working with caged bar reinforcement, cutting off pile tops,
and so forth. The comparison below therefore ignores the piling option.

In the design of the foundations the lateral thrust issue had to be addressed. In soft water bearing
sand, a thrust block would have been very large to generate enough passive resistance with
acceptably small displacement under load. Large excavations take time to excavate, and failure
of the sides would result before they were completed. Trench sheeting was the only
conventional option to stabilise such excavations. Trench sheeting can be inserted hydraulically,
but any toe-in to the boulder clay would have required percussive driving. Internal shoring
frames would be needed and these cannot be installed in complete safety.

It would also be necessary to make certain that excavations alongside the building, such as
those. For drain trenches or cable installation, did not de-stabilise the thrust blocks, which even
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when snow or wind loading is absent would be loaded to about one third of its design load. To
achieve this would also have required deep foundations with a large volume of arisings to be
removed and attendant project risk due to the potential for massive overbreak. This in turn
requires a high level of traffic because muck must be removed and replaced with concrete.
Vehicular traffic on a construction site is itself a hazard.

Alternative solution

Uniform snow load gave by far the critical load case for the foundations. This results in equal
and opposite outward forces on each pair of stanchion bases.

Tying the portal feet together with a coupled steel rod in a shallow trench under the floor slab
meant that the critical design criterion became the vertical load at the stanchion bases since the
horizontal force had become an internal force, each base cancelling the reaction at the other.
Resistance to vertical forces in soft ground is much easier to obtain than resistance to horizontal
forces.

The downside to the reduction in foundation size was the cost of wrapping the tie bar in ‘Denso’
tape. Coal tar emulsion is not a healthy material to work with, but in the form of waterproofing
tape the small residual risks to health are very easily controlled by wearing suitable gloves. The
process was labour, but not skill, intensive and therefore although there was a time and cost
penalty this was about one-seventh of the saving on concrete, excavation, and off-site disposal
of concrete.

A significant project risk had still to be managed. Either the bases would need to be cast within
sheet-piled coffers or risk significant overbreak. The stability of the ground was poor so
overbreak would have potentially doubled the foundation costs and threatened the promised
completion date. It had been noted, however, that excavations were relatively stable for a short
period of time. The stability of the sides was unpredictable and shoring would be essential for
man entry.

Coffers around each foundation excavation would have been feasible but the cost and
programme implications would have been prejudicial to the success of the project. An
alternative was devised which entailed the off-site fabrication of timber temporary formers,
octagonal in plan, and clad in disposable plastic sheeting. These were lowered into rough-dug
excavations made with a backhoe excavator and the annular space between the former and the
ground immediately filled with C10 mass concrete, and as soon as this had gelled the formers
were removed and the bottom blinded. After the concrete had hardened it formed an arch coffer,
which supported the ground sufficiently for foundation bolt boxes to be safely and accurately
located and checked for accuracy before the structural concrete was placed inside. An intimate
contact between the concrete and the surrounding ground ensured stability during steel erection.

THE COMMERCIAL CASE

Cost comparisons depend on the method of accounting, but the figures produced by the
contractor suggest that the ‘conventional’ foundation costs would have been of the order of
100% more expensive before taking account of temporary side support such as drag boxes or
braced sheet piling. This figure does not include the potential extra-over cost of overbreak. It is
thus extremely conservative. Experience on similar sites suggests that additional costs could
have boosted this assessment to 150% in excess of the cost of the adopted scheme.

Other benefits accrued directly. The contractor accepted the design proposal immediately, and
implemented it successfully; there had been a risk of unforeseen problems with an untried
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solution, but this did not materialise. The system worked well and the programme for the
groundworks was secure. The following works including delivery and erection of steel,
cladding, and all following trades, had certainty of start date as a result.

The excavations were unobstructed by walings and braces. Drag boxes could have been used
but with limitations, and if the equipment were on hire, and therefore re-used for each
excavation, each delivery of foundation concrete would be a one-off, and each set of foundation
bolt boxes would need to be mounted after the excavation for one foundation and separately
from all the others. The system adopted meant that the excavations were completed in a single
operation; the carpenter could set all the foundation bolt frames as a single operation; and the
main foundations could be cast in another single operation.

Comparison between conventional and alternative foundation success criteria

| Conventional solution | Alternative solution
Threats to project success:
1 Over excavation — cost and time Comparative certainty on excavation and
material volumes
2 Unquantifiable  programme and  cost | Predictable progress below ground
implications
3 High management involvement Moderate initial management involvement
arranging for special manufacture of re-usable
mould
4 Additional traffic load Planned traffic movements and predictable
delivery dates
5 Higher outsourcing cost and associated | Groundworks within ‘domestic’ control
commercial risk
6 Difficult to secure accuracy in foundation bolt | Improved steel erection time
location

HEALTH AND SAFETY BENEFITS

Work within the bases could be undertaken safely; and water could be pumped out of the
coffers without weakening the ground; the excavations had firm edges and plant such as
concrete wagons could operate close to the foundations. The firm edges made it easy to cover
the excavations at night, in case of unauthorised access by intruding children and, because the
pressure of time had been removed by the certainty of programming, the bolt boxes could be
checked and setting out corrected in a measured way, so that accuracy of the bolts was assured.
Consequently the steel erection team commented that they had an unusually easy job because
there was no struggle for fit. Not only were all the bolts within tolerance, they were virtually
perfectly located.

Safety benefits are intangible for the most part. In this instance there were no accidents, injuries,
or health issues arising from the foundation construction. The work could be done in more
comfort, with less uncertainty, and with less exposure to risk. There were fewer wagons
trafficking the site, less concrete used, and personnel access to hazardous excavations made
very safe. There were significant cost savings in relative terms, significant programme savings,
and associated commercial risks were reduced to a manageable level.
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Comparison between conventional and alternative foundation health and safety

Health and safety hazards:

7 Large volumes of concrete (burn risk) Reduced work with a hazardous substance
8 Working in deep excavations requiring | Clear, unobstructed, dry, safe working
shoring environment below ground
9 End wuser constrained to limit service | No external lateral forces applied to ground
excavations nearby for the life of the structure | nearby; nearby excavations are intrinsically
safer.
10 Traffic movements increased and potential for | Reduced plant activity especially related to
slumping adjacent to shored excavations, with | muck-away on restricted site
the potential for wunpredictable plant
movements and excavation collapse
KEY THEMES
Technical excellence This example illustrates how important it is for designers to have
breadth of technical excellence so that they are able to consider a range of potential
solutions and make a decision on the best fit solution to the constraints imposed by the
site, resources, competence and other factors that influence projects.
Construction methods knowledge Knowledge of the impact of design decisions on the
project operations and on the life time management of the structure are also key to
successful project delivery in a safe and healthy manner.
CONCLUSION

On small projects, or small parts of large projects, it is still possible to apply creative thinking to
reduce costs, deliver certainty of programme and cost and improve safety by decisions taken at
the design stage.
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3.2 PORTAL FRAMES - PAD FOUNDATIONS
Aylesbury coach depot and industrial estate

THE ISSUE

The project was the construction of an industrial estate and coach depot in Aylesbury. The site
was a low lying swampy area which had been cultivated as osier beds for the hat making
industry. It was crossed by a brook and bounded by a canal which frequently overflowed into
the site.

Ground conditions were difficult. The upper metre of subsoil was very soft. This was treated by
lime stabilisation to make the site workable. However, below this was a 400mm layer of fine
gravel, which was highly mobile. Beneath this was a reasonably firm clay capable of resisting
moderate foundation loads.

Trial pits stood open well enough for an hour or two, but piping of water through the gravel
caused the sides to collapse after a short period of time.

The buildings to be erected were conventional portal framed sheds.
THE DESIGN DECISION
Conventional solution

The conventional approach would have been either piling or pad foundations in sheet pile
coffers. The loss of water through sheet piling would have led to uncertainty because of the
potential for piping failure. The ground adjacent to the pad bases might have become de-
stabilised, requiring the use of suspended industrial slabs at a very high cost.

There is always the potential for cost and time over-runs, and safety hazards associated with
working in deep excavations. On this project these were not especially deep but certainly deep
enough for collapsing sides to be a serious risk to life and health. Shoring would have been
essential; and by the time shoring had been introduced and the excavation completed, water
ingress would have required pumping.

Piling would have required the installation of a significant working platform, requiring upwards
of 750mm of imported stone with geogrid reinforcement. Again, there were issues of bringing
in another specialist subcontractor and construction of reinforced concrete pilecaps in soft
ground. A faster cleaner method was sought with fewer labour-intensive operations on site.

Alternative solution

It had been recognised that the trial pits were stable for a finite but limited time. The material
above the gravel was cohesive. So for small excavations, pads up to 1.5m square, for instance, it
was possible to minimise overdig in the short term by using a sufficiently powerful excavator.

Three-sixty degree backhoes were used with 1m wide buckets. These were able to dig down to
competent ground very quickly. The machine was brought in to be ready to dig, then a dump
truck with about two cubic metres of weak mix concrete was brought to the side of the proposed
foundation. As soon as the loadbearing formation had been exposed over the design plan area of
the foundation the concrete was placed. This filled the hole to a level above the mobile gravel
layer, to a depth which was safe to work in without shoring.
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The structural pad base could be constructed in a relaxed manner. The top of the weak mix had
been dished in the middle to ensure a good key between the two pours; the sides did not need
shoring, and the bolt boxes could be set more accurately because of the more managed
programme. Again the result was greater certainty in foundation costs and programme and less
working in deep excavations.

THE COMMERCIAL CASE

The proposed solution in this case depended on speed of contractor activity in recognition of the
limited time that excavated edges would remain stable. Dependence on such contribution by
other members of the team requires close teamwork. The savings delivered for this project were
very closely linked to possible process and health and safety considerations. They relate
principally to certainty of programme and also to reduced plant requirements and easier, so
quicker and cheaper steel erection.

It is worth noting that simple solutions that are easy to construct are often also much cheaper
and safer.

Comparison between conventional and alternative foundation success criteria

| Conventional solution | Alternative solution

Threats to project success:

1 Over excavation following collapse or piping | Comparative certainty on excavation and
failure— cost and time material volumes

2 Uncertainty in  programme and cost | Predictable progress below ground
implications

3 High management involvement Inspection of all foundations required

4 Additional traffic load Planned traffic movements and predictable

delivery dates

5 High temporary works costs Groundworks within ‘domestic’ control

6 Difficult to secure accuracy in foundation bolt | Improved steel erection time
location

HEALTH AND SAFETY BENEFITS

Excavations were shallow, so exposure to risk of collapse onto operatives was essentially
removed. Bolt fixing could be carried out in a safe place and without undue pressure. Plant
movements were reduced.

Because of increased certainty, better planning could be carried out.

Comparison between conventional and alternative foundation health and safety

Health and safety hazards:

7 Large volumes of concrete (burn risk) Reduced work with a hazardous substance

8 Working in deep excavations requiring | Clear, unobstructed, dry, safe working
shoring environment below ground

9 End user constrained to limit service | No external lateral forces applied to ground
excavations nearby for the life of the structure | nearby; nearby excavations are intrinsically

safer.

10 Traffic movements increased and potential for | Reduced plant activity especially related to
slumping adjacent to shored excavations, with | muck-away on restricted site
the potential for unpredictable plant
movements and excavation collapse
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KEY THEMES

e Team working and early contractor involvement combined with effective
communication of essential elements of project delivery were fundamental to the
success of this project.

CONCLUSION

On small projects, or small parts of large projects, it is still possible to apply creative thinking to
reduce costs, deliver certainty of programme and cost and improve safety by decisions taken at
the design stage. Team working and appropriate levels of communication are always important
factors in success for commercial and health and safety measures and can be applied to small
and large projects alike.
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3.3 PORTAL FRAMES - REINFORCED OR MASS CONCRETE FOR PADS
Magnabuild choice for retail store
THE ISSUE

In an example of a portal frame building on a green field site the designer had a choice between
shallow reinforced concrete foundations or deeper mass concrete foundations. The decision was
driven by economic and safety considerations, mainly because the deeper mass concrete
foundations would have required support and edge protection to prevent the sides from collapse
and to stop falls of men, plant and materials into the excavation.

The ground consisted of load-bearing sands and gravels near the surface, but the loads from the
first floor were high and each pad footing was required to be 2m by 2m in size. The issue was,
should the bases be in reinforced concrete or should they be deeper and in mass concrete?

THE DESIGN DECISION

Magnabuild decided to build the bases in reinforced concrete. The decision was initially
attractive for health and safety reasons but a pricing exercise demonstrated that the reinforced
concrete option was commercially attractive. Residual risks were reduced by pre-fabricating the
reinforcing cage.

THE COMMERCIAL CASE

The cost balance was between rebar for the reinforced base versus additional excavation and
cartaway of soils and extra concrete for the mass concrete base. The rebar cost £84 per base.
The additional excavation and cartaway cost £24 per base and the additional concrete cost £96
per base. Hence the reinforced concrete option was cheaper. It is important to recognise that this
is not always the case and costs can be affected locally by distances for cartaway lorry
movements. Similarly the solution is driven by ground conditions and available space on site for
plant movements.

HEALTH AND SAFETY BENEFITS

The hazard was a risk of operatives being buried if the sides of the excavation collapsed, due to
the granular nature of the ground and taking account of the heavy wheel-loads from concrete
delivery trucks. This risk was assessed as being significant if the bases were in mass concrete
(1.2m deep) but of much less concern if the bases were in reinforced concrete (0.8m deep). The
need to work within the excavation for mass concrete foundations was influenced by recent
experience where the building control officer had required that the formation be cleaned out by
hand before concrete was poured; whilst it was considered that this should not be necessary,
Magnabuild did not want this risk being taken on site ‘to get the job built’. The residual risk of
working in 0.8m deep excavations was reduced by prefabricating the reinforcing cages and
dropping them into place once the hole was formed and blinded out.

KEY THEMES

e Specific site knowledge Good knowledge of the specific site by the designer including
ground conditions, site space constraints and distances for cartaway. Many designers
have insufficient information about the existing status of a site and its relationship with
the surrounding environment. In this cased detailed knowledge of all aspects of the job
allowed the designer to make several small commercial gains that accrued to a
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significant cost saving and allowed the project to be completed without accident or ill
health problems.

CONCLUSION
The decision was made taking account of both health and safety and commercial factors, in a
reasoned manner.
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3.4 OBSERVATIONAL METHODS TO MANAGE DIFFICULT FOUNDATION
CONDITIONS

Ove Arup design for A406 North Circular Road, Finchley
THE ISSUE

Site investigation typically costs 2% of the substructure costs or 0.1% of the overall building
costs. Yet ground related problems typically account for between 30 and 50% of construction
programme over-runs. The cost of these delays far exceed the original sums expended on site
investigation. Where the ground behaviour is better understood and closely monitored
significant commercial gains can be made.

The example shown is the A406 North Circular Road in Finchley where Ove Arup expert
contribution to the team delivering the project for the Highways Agency gave demonstrable cost
savings. The particular aspect discussed relates to observational methods of dealing with ground
conditions. Observational methods have also proved as powerful in delivering successful
building projects such as a 20m deep commercial building basement in the centre of London
where 20 weeks was slashed from the programme. Such methods are extremely useful in
congested inner city areas where it is inevitable that the ground will have been used for
buildings before.

The A406 project was for cut and cover tunnel and associated bored pile walls, diaphragm walls
and barrettes. Also included was a wider 75m length of deep cutting needed for bus stop lay-bys
off the main road. The site was congested and required extensive temporary works to retain
walls. Such temporary works increased site traffic problems and caused delays.

DESIGN DECISIONS

The Engineer had designed the permanent works and construction sequence using a
conservative design basis.

The contract team identified a simpler construction sequence for the Northern wall following
experience of work on the Southern half of a two stage project. In this instance it was one of the
Foremen who made the suggestion demonstrating that experienced members of the team all
have a contribution to make to problem solving and delivery of success. The new sequence was
to avoid raking props and instead excavate to an intermediate bench, then excavate the roadway
to formation and cast the road slabs, leaving a berm against the diaphragm walls. This berm
could be removed in sections and the outer propping slabs cast, while monitoring wall
deflection using the observational method. The Northern wall acted as an unpropped embedded
cantilever until the propping slabs were cast against it. Technical data relating to calculations on
“Most probable”, “Most unfavourable” and “Worst credible” are available in the source
technical papers on this subject.

Using the “most unfavourable” parameters it was calculated that the limit was determined by
structural rather than geotechnical considerations. Since the factor of safety remained greater
than unity and the maximum movement for the wall head was the same as that calculated for the
original Engineer’s construction sequence it was judged unlikely that catastrophic failure or
even damage would occur.

Notwithstanding the calculations the Observational Method requires contingency plans to be in
place. These are aligned to prescribed trigger values. (Ref Eurocode EC7 [BSI, 1995]). For this
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project a series of contingency plans were established that took account of different likely
failure modes as indicated by different observational triggers.

THE COMMERCIAL CASE

Various programme benefits accrued from erection and dismantling of props, king posts and
supports, easier spoil removal, ability to use mobile plant and equipment and direct loading onto
lorries for disposal. There was a slight offset of advantages due to the need to have phased
working in support of contingency measures. The overall time saving calculated by the project
team was 18%. This in turn gave significant costs savings.

Direct cost benefits from omission of props but increased cost of design, checking and
monitoring gave 5% direct cost savings.

HEALTH AND SAFETY BENEFITS

With the original method the interface between plant, people and the propping structure meant
that there was a significant chance of collision which could have led to catastrophic collapse,
death or injury. The observational method allowed for a much more open site where lower risk
plant operations and routine lorry loading could take place.

KEY ISSUES

e (Client Involvement In this case the Highways Agency were the Client. They were
actively involved in and supportive of design changes.

o Integrated Team-working The project team were all enthusiastically behind the
observational method and supportive of its use for the second stage.

e Integration of Design and Construction. The Engineers from Nuttalls contributed
significantly to the implementation of design changes and were party to team decisions
from the start of the decision to change construction methods. It was noted that it was
the Foreman who suggested changes to methods that were then implemented across the
project. This is a particularly good example of effective consultation with those who
have a practical understanding of the effects of construction methods.

e Pre-planning While a design change may not be construed as pre-planned, what is
evident here is that the whole team were actively and iteratively involved in the proper
understanding of the project and able to respond to opportunities as they were
presented.

¢ Local impact The programme reductions and changed plant use made a significant
saving in terms of environmental and nuisance impact to the local community.

CONCLUSION

The commercial case was clearly sound and significant health and safety benefits also accrued.
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4 PROGRAMME CERTAINTY

4.1 Faster construction methods

4.2 Problem solving for health

4.3 Competent individuals in competent teams
44 Single objective for fast track delivery

General introduction

For most clients project certainty is paramount. Usually clients, especially inexperienced clients,
assume that there will be certainty of both programme and cost. Many design professionals and
client advisers miss opportunities to explain the benefits of proper management of project risk
and consequently miss the opportunities presented to manage uncertainty by understanding
unknowns and by working with new methods or in new ways.

Programme certainty is an underlying theme for almost all projects that demonstrate
commercial success for clients and their teams but in these examples the programme was the
main objective and was a clear objective from the very start.

Recognition of the need for programme security and the assumption by many that this is a
given, not needing to be discussed, could be used by many designers in early discussions with
clients.

For Dundrum shopping centre the method of construction first selected was an industry
standard, a tried and tested method. It gave a good deal of programme certainty but had the
potential to go wrong and was in any case defining the project critical path. Alternatives were
sought that could reduce this critical element and so reduce total project delivery time.
Designers will need to be aware that if they introduce completely new technology they have a
civil duty to explain that this is the case to allow others to decide whether or not the potential
failure of the choice is worthwhile. It proved very worth while and is being used on other
projects to the benefit of all of those involved.

In the second example programme certainty was in iterative bi-product of health and safety
drivers. Vibration White Finger is a potential problem for any who must use vibrating hand
tools. The condition is not curable and is extremely debilitating. Even short exposures to
vibration can cause symptomatic irreversible harm. The problem is being tackled industry wide
and is being driven by HSE leadership. Projects where designers specify solutions that require
the use by the contractor of vibrating hand held tools are designing in delays for the project and
harm for operatives as well as the potential for prosecution for all members of the management
team. The positive benefits of design decisions taken to avoid the exposure to vibration mean
the reverse and allows better programme certainty and reduced programme times. Creative
thinking and professional responses will always be better than poorly communicated
assumptions.

The third example is rich in learning for mainstream building and construction design teams. In
television production there is a clear understanding that the show must go on and that everyone
will be critically reviewed by an audience far larger than most design teams have as auditors. It
is understood by all, that the effort must be that of a team and that every member of that team
has a valuable part to play, also that the original brief is likely to change through the overall
programme development. Set designers, who most definitely come within scope of CDM, must
fit into this environment or leave it. Moreover set designers must be able to design a set that is
fit for purpose on a specific day and robust enough to withstand the use to which it is put over
the period required. To achieve this critical certainty of project delivery there would seem to be
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an underlying common thread of competent individuals in competent teams. Competence
measure is generally earned and assessed in the harsh glare of project delivery. For this reason
the network of who you know in the industry is vital to win work. In most of the rest of industry
the teams ebb and flow from project to project and the pool from which the professional
designers is drawn is much larger. Reputation is less clearly defined and more often dependent
on certification and on corporate reputation and systems. Clients are becoming increasingly
aware that to appoint the best individuals is much more likely to give them the best teams and
the UK is generally beginning to follow the lead of others in demanding the names of
individuals who will be available on projects.

The final project shows just what can be achieved by teams with a united and challenging goal.
It is no wonder that clients believe that they can press the professional teams in our industry
ever harder when some teams clearly can deliver. Designers who wish to flourish in such an
environment need to be creative, positive and able to work effectively in teams. Leadership is
essential and clear communication of a shared objective throughout the delivery team is vital.
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4.1 FASTER CONSTRUCTION METHODS

Taking advantage of commercial systems that introduce new construction
methods

THE ISSUE

The Dundrum Shopping Centre project was designed as a steel-framed structure with insitu
concrete lift cores. The design of three of the lift cores had to be modified to provide the
required degree of fire resistance and this would have resulted in loss of lettable floor area. At
the same time, there was concern that the completion of lift cores could affect the project
completion date, due to the intense working activity necessary on site to build all the cores in-
situ.

The contractor, John Sisk, therefore decided to try the new Core-Fast lift core system, which
employs the Corus BI-STEEL product of a steel/concrete/steel composite wall panel. A steel
box is constructed which is lifted (in one or more units) and fixed into position, following which
concrete is pumped into the wall panels. Once this has set, the core is ready for attachment of
incoming members and for work on the internal lift system.

THE DESIGN DECISION

John Sisk decided to change the method of construction of three of the lift cores from traditional
reinforced concrete cast in-situ to steelwork, brought to site as prefabricated elements.

THE COMMERCIAL CASE

The decision to use the CORUS Core-Fast system at Dundoon was led by particular
requirements to accelerate construction in a congested area of the site, with the specific
intention of recovering the overall project programme. This aim was met.

Post-event analysis of the costs has shown that the overall cost balance was positive; although
the material costs of the cores exceeded the material costs of the traditional approach, the costs
for labour and for access were reduced. In addition, there were substantial programme benefits
which, if costed in, would have shown significant savings. On many projects where ‘time is
money’ this would show significant overall financial benefit - particularly if the system were to
be adopted and planned for from scheme stage, so that the fabrication was carried out starting at
an earlier stage in the programme.

HEALTH AND SAFETY BENEFITS

The decision brought with it significant health and safety benefits. It was driven by the
anticipated difficulty of constructing using traditional in-situ methods during a period when the
areas of the site where the lift-cores were located was crowded by other construction; the
decision therefore avoided the risks of working in a tight space alongside other activities, with
inadequate space for the organisation of the works and excess demand on the cranage available.
At the same time, the method used displaced much of the overall activity to a (safer) factory
environment and reduced the man-hours worked at height considerably.

At the time when the decision was made, it was driven by a strategic decision that the whole
project would go more smoothly and to programme; the health and safety benefits were not
consciously addressed, but in retrospect they were significant and future decisions on the
method of construction of lift-cores should take this into account.
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KEY THEMES

¢ Client Involvements On this project the client gave a free hand to John Sisk to deliver
the project.

o Integrated teams The design and construction team worked closely together and were
able to plan and implement the change in construction technique.

o Off-site Work The fabrication of the lift-core units off-site was successful.

CONCLUSION

The decision to adopt the Core-Fast system for three lift-cores was driven by strategic benefit
rather than direct defined costing and it was upon the benefit of programme delivery that the
decision rested. Because of the importance of programme and the significant additional costs
associated with delay to project completion, there was clear financial benefit. At the same time,
the decision delivered significant health and safety benefits. The decision, driven by strategic
benefit, delivered both commercial and health and safety benefit.
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4.2 PROBLEM SOLVING

Reduction of pile-heads — traditional jack-hammering or investing in a patented
engineered solution? The decision at Nuttall’s A49 Contract, Hereford.

THE ISSUE

Nuttall’s A49 contract, Hereford, included a small bridge which required the construction of a
large number of cast in-situ concrete piles. Initially it had been anticipated that the pileheads
would be reduced using jack-hammers but this decision was revisited in the light of the tight
programme and industry concerns about ‘white finger’.

THE DESIGN DECISION

One option considered was to use the patented ‘Elliott” system in which the pile rebar is
debonded using foam sleeves, the redundant pile-head snapped off using a hydraulic wedge and
the concrete craned away. The cost of a license and advice from Elliott was weighed against the
benefit of faster construction and lower labour cost and the decision was made to proceed.

Pilehead removal after splitting

THE COMMERCIAL CASE

The cost of the licence and advice from Elliott was similar to the labour costs saved. In addition,
the programme was shortened and the risk of finishing the project late was significantly
reduced.

HEALTH AND SAFETY BENEFITS

The key benefit was the absence of prolonged jack-hammering, which is the cause of ‘white
finger’ in which the hand loses circulation and can become disabled. In addition the
accompanying mess and risk of tripping over lumps of concrete was avoided
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KEY ISSUES

Nuttall spent time at an early stage in investigating the Elliott solution and getting buy-in from
the designers. This is an example of investment in pre-planning, which has been found to
contribute to project success.

CONCLUSION

The work went well and the benefits were realised. The decision was a good one.
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4.3 COMPETENT TEAMS
Set design for the BBC: Baby School
THE ISSUE

The design of sets for television and theatre will usually come within scope of CDM and
certainly comes within scope of the Health and Safety at Work etc Act 1974. Frequently a set is
required for a matter of weeks or months rather than years and its quality will be subject to
camera scrutiny rather than the daily scrutiny of long term occupants. This means that the
criteria for project success are very different from the norm and it was felt that a review of the
design of a set or sets would be of use as an example of understanding of client needs.

Of all of the projects considered the design of the set for House of Tiny Tearaways (working
title Baby School) was the one where the divisions between the parties to the project with
influence on design were least clearly defined. Team work, flexibility and decisions to deliver
continuous improvement were critical to project success.

Baby School was a reality TV show where three toddlers with behavioural problems came to
live for a few days in a house with a parent or parents, any siblings and with the series
psychologist. Viewers were given a chance to watch the behaviour of the toddlers in almost all
aspects of their lives on the show.

THE DESIGN DECISION

Filming for television requires a significant amount of power for lighting, sound and cameras
together with highly technical dangerous equipment to the same end. The decision was taken to
physically segregate such equipment from the children and to make it invisible to them and
unavailable to them.

Because of planning restrictions it had to be possible to erect the structure, film for twelve
weeks and then dismantle the structure and clear it away completely.

THE COMMERCIAL CASE

The programme of project delivery is set design was, as is usually the case, critical since the
interfaces with the members of the public and professionals involved in the filming of the series
was not negotiable. In addition, flexibility was crucial as human factor issues relating to the
filming became evident. An example of this relates to the age of the children. In programmes
such as Big Brother, contestants can be controlled by contractual means and regular instructions
from “Big Brother”. Very young children cannot be controlled in such a manner so all aspects
of technical equipment had to be properly segregated. Late changes to the minutiae of
successful programming had to be incorporated in the project whole. The team with potential
for initiating late changes was extensive. Considerations for designers included a requirement to
limit design such that the temporary residents would not feel disadvantaged when they returned
home. Appropriate reality was called for. The set designer had to be able to interpret production
requirements without compromising success or safety.

Commercial success was imperative and was measured by project programme certainty and
quality and from viewer feedback. Success on the project was managed by having a highly
integrated team of competent individuals with experience of working in this environment. The
weakest link was introduced by one party to the project with little experience of film sets. On a
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project this size almost every member of the team can be hand picked. The supply chain
consists of individuals and micro organisations who work in this field.

HEALTH AND SAFETY BENEFITS

Designers chose to segregate the most dangerous technical parts of the set completely. This is
standard practice for set design but is a useful example for other to consider. Segregation of
dangerous activities from those that are less dangerous is routine. This is done every time a
plant room is designed apart from the operating building. What set design does, and what others
need to emulate, is to make adequate space for both groups of people to do their jobs properly.
The visible set was one kind of workplace and the filming areas of the set a very different
environment where different arrangements for safe working could prevail.

KEY THEMES

e Competent teams This project is a useful example for designers and clients. It
illustrates the importance of certainty and the benefits of competent team working,
trusted experienced individuals and the ability to manage change.

e Understanding client needs Incorporated into the competence was an understanding of
the client technical requirements for filming and needs in relation to safety management
of the interface with the public involved with the programme.

e Project success as unifying theme. Design decisions were taken to achieve total
project success. Individual and company objectives were secondary to project success.
In an industry where reputation is very important, failure was not an option.

CONCLUSION

The project and programme were a success. Close knit, competent, flexible team working
supported the client agenda effectively.
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4.4 SINGLE OBJECTIVE
Vauxhall Motors, Ellesmere Port
THE ISSUE

Vauxhall Motors Ellesmere Port site is vast with constant engineering design and construction
activity to support the core vehicle production activity. In an increasingly competitive global
automotive market place it is imperative that any new production facility is ready for trouble
free production in the shortest possible timeframe.

When it was decided to re-use 1050000 sq.ft (96000 sq.m) of single storey manufacturing
capacity there were considerable barriers to overcome. The structure was completed in 1963 as
the first building on the Vauxhall site. Previously the land had had many uses including home to
the gentry, a horse racing circuit and a World War 1 aircraft facility. The project had to be
completed in 12 months compared with the usual 48 months and costs were pegged at £200m.

There were three main areas of concern: -
The resource (programme and budget)
What the client could expect to have to manage
The problems presented by the existing building

While these are obviously inter-related, it is the particular problems of re-use of the existing
building and the strength of structural elements that has been selected here as an example.

= L " e

Twenty two years of neglect
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THE DESIGN DECISION

The installation of manufacturing equipment could not start in the building until phases of its
dilapidated state were recovered. Manufacturing equipment was historically always floor
mounted. Modern requirements for slung equipment meant that radical upgrade of the roof
structure was needed. Every load to be applied to the trusses had to be calculated to ensure it
would not pull the roof in. Those loads that could overstress the structure would require
remedial work to be completed first, usually welding up bolted truss members or adding extra
steel. It is not only loadings of finished installations that are important. Loadings during
installation, from chainblocks etc, put forces onto the trusses far greater or at the very least, very
different from, those of the final installation.
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Upper structures being put in position

Traditionally every time a load had been applied to a truss the remedial works necessary had
been calculated and completed. Often projects allowed for ‘blanket’ reinforcement of trusses
believing in the economies of scale and repeat operations. This did not give accurate
information about points in the structure with critical loading nor those with spare capacity.

For this project an understanding of the existing roof capability together with a record of any
alterations to loading capacity was essential. The decision was taken to map every single
connection and award it an electronic address. Every truss had about 17 nodes and in total there
were about 25000 separate nodes. Information from vendors in terms of requirements was
mapped against this template and strengthening applied only when it was clearly needed.

The centralised record of truss performance capability was maintained as alterations were made.
No loadings were permitted before an appropriate analysis had been carried out and the
information translated to the central data base. This method allowed for the collection of various
small loads that on their own would not have required structural alteration but together became
significant. In addition to the end state structural analysis focus there was an ability to
understand the importance of loading sequences and the impact of various alternative structural
arrangements. A further example of the gains possible can be seen in the redesign of node
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addresses required to carry high loads. The steel was modified to spread the loads through
secondary steelwork across multiple nodes. The result was that although more steelwork was
needed for the installation, the cost and effort of reinforcing trusses was negated. Elsewhere
designs were amended to distribute proposed loads across node addresses near to trusses that
had already been, or were about to be, strengthened, basically nodes with some ‘spare’ capacity.
By redesigning the supports over to these nodes the need for further truss reinforcement was
removed. Again any additional expense in ‘different’ steelwork was countered by the removal
of truss reinforcement costs.

In most cases, because the necessary changes were identified at an early design stage any cost
increases for changes in design were minimal.

Often, non-critically positioned installations like general services were again repositioned at
proposal stage so they should be installed across runs where capacity had been left ‘spare’.
Again it proved cheaper to slightly relocate a proposed service (even if this introduced cost)
because it avoids the expense of truss remediation.

THE COMMERCIAL CASE

A study throughout the project and benchmarking exercises on completion demonstrated that
although just under £1.0m worth of reinforcement had to be completed, another £360K worth of
work was avoided through the programme.

This considerable figure takes into account the additional expense of unusual suspension
methods and the setting up of the electronic database to manage the data. It therefore represents
a saving of approximately 25% of total work and cost. There were also programme benefits.
The work elements removed account to approximately four weeks work for each of the three
reinforcement gangs.

HEALTH AND SAFETY BENEFITS

By avoiding redundant work there was a general reduction in time exposure to a range of
hazards and risks such as work at height, scaffolding, hot work, welding and burning of painted
steelwork (or contaminated lead paint removal) and re-decoration.

KEY THEMES

e Client leadership From the start, the client provided leadership and vision together
with the means of delivering success through planning and coordination and through the
provision of technically useful information and directives for vendors within and
beyond contract documentation

e Teamwork Unity of purpose was fundamental to success on this project

¢ Planning and coordination This project was brought in at the same budget but 25% of
the normal programme time. It achieved all its objectives in terms of cost and
programme and did so in a complex environment with over 40 different first level
contractors from 20 different nationalities. It used the principles of construction health
and safety in a wide range of holistic and detailed ways as project management drivers.

CONCLUSION
There are stunning gains in terms of programme and cost certainty that can be achieved by

proper project planning and management. On this project commercial success was clearly
achieved and so was a radical improvement to safety and health performance.
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OFF SITE CONSTRUCTION

4.4 For speed and quality
4.5 For congested areas

General introduction

Off site construction has been promoted for a variety of reasons over recent years, mainly
following the Latham and Egan Reports into construction improvement. There are both benefits
and real difficulties with off site construction in many circumstances and it is not suitable for all
projects. Some of the difficulties are access and handling of large units in restricted roadways
and in awkward spaces and designers need to be sure that if they do choose off site fabrication
of any elements of structures it will be possible to place those elements properly.

A positive reason for choosing modular construction is the reduction in manual handling that is
required. This is a clear benefit since manual handling is one of the most all pervasive problems
faced by workers in building and construction and musculo-skeletal injury rates are high.
However, designers must remember that where a hazard or risk is designed ou,t then it is almost
certain that an alternative hazard will present. Here, manual handling can be designed out by
selection of off site fabrication of modular units but what is then designed in is the need to
handle large and cumbersome units using heaving lifting gear. In the case of off site
construction designers must take account of this. In earlier an HSE Report 218, which
considered a series of real accident reports, it was apparent that a large number of very serious
accidents happen when large structural elements are placed without adequate planning and
design contribution. Account must be taken of the method of placing of such units and a safe
place of work must be designed in for those whose job it is to check the final position of units.

Where time is of the essence, off site construction can be run in parallel to enabling works,
shortening critical paths and consequential programme. In addition where the element to be
fabricated off site is likely to be damaged by exposure to the rigours of a construction site,
significant quality gains can be achieved. This is particularly true of mechanical and electrical
elements but can also be applied to architectural finished surfaces and fixings.

In terms of managing deliveries to congested areas, offsite fabrication has much to recommend
it. The extent of lay-down areas is reduced and site fabrication and erection is minimised.
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5.1 FOR SPEED AND QUALITY
Royal Bank of Scotland
THE ISSUE

The new Royal Bank of Scotland HQ complex near Edinburgh Airport comprises blocks of
offices attached to an internal ‘street’ with shops and a supermarket, together with ancillary
buildings — total cost in the region of £350m.

It has been procured by RBS Group Purchasing and Property Operations Unit under a
construction management route, led by Mace Ltd. The initial concept/outline scheme design
prepared to achieve project definition was examined in detail and value-engineered by Mace
and their main package contractors. The build methods, the budget and the programme were all
subject to review to give a robust plan in which risks were managed; at the time of writing, the
project is nearing completion on time and on budget.

This exemplar relates to the construction of the services, which were pre-assembled wherever
possible by the project team to reduce costs and increase programme security.

THE DESIGN DECISION

The decision was made to minimise the use of site labour to assemble services, in order to
improve the predictability of delivery to programme and to minimise the risks arising from
working on site.

Services being craned into position
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THE COMMERCIAL CASE

On this project the decision to pre-assemble was driven by strategic benefit to the Constructor
and his specialist package contractors. The nett financial benefit to the specialist package
contractors is not known — they were content to maximise the use of off-site prefabrication as
from their experience the nett costing would be favourable and there was no nett price increase
claimed as a result of the decision. The overall commercial case must therefore have been
sound at specialist package contractor level, and in addition offered the Constructor reassurance
that the programme on site would be more likely to be achieved.

HEALTH AND SAFETY BENEFITS

This decision provided important Health and Safety benefits. The requirements for deliveries to
site were reduced, as were the amount of loose materials to be stored, assembled in site work
areas and man-handled into place. The number of lifts to be made by the tower cranes was
reduced and the pace of construction of the building services on site became manageable,
reducing the risks of accidents.

KEY THEMES

e Client Involvement The Royal Bank of Scotland were fully supportive of the decision-
making process operated by Mace.

e Integrated Team-working; Integration of Design and Construction Once Mace
were appointed, the first-tier package contractors were quickly selected and started
working together, on site, as a team, working in close liaison with the overall project
design team.

¢  Win-win Procurement The contractual arrangements were designed to provide reward
for contribution to the success of the project.

e Pre-planning It is clear that this project has been well pre-planned.

CONCLUSION
The approach taken for the construction of the services involved the use of pre-assembly

wherever possible. This contributed to the site-wide minimisation of on-site health and safety
risks. The outcome has been a success both financially and in terms of project delivery.
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5.2 FOR CONGESTED AREAS
Cardinal Place
THE ISSUE

The Cardinal Place development is a major commercial development near Victoria Station in
London. The Constructor was Sir Robert McAlpine, working for owner Land Securities under a
Design-and-Build contract. The target construction programme of 30 months contained little
float and risks of delay had to be well-managed. The project involved work at height by a
number of trades who each needed to deliver materials and access their work on a wide front.
The risks had to be minimised as far as was reasonably practicable; from experience, this would
require careful pre-planning and the reduction of site-storage and site assembly.

The specialist package contractors for the services were Haden Young and T Clarke; they had
agreed prices for the services based on the scheme design by the developer’s design team and
were involved in the development of the detailed design and construction strategies. The
difficulties of working on a congested inner-city site had to be addressed.
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Aerial view during construction

THE DESIGN DECISION

From experience, Haden Young were content to use pre-assembly at factories outside London,
because this reduced the need for skilled labour at site, improved the quality of the finished
product and reduced the risk of delays due to the sundry problems which are prone to arise on
site.
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It was therefore a team decision to maximise the use of prefabricated units for the installation of
plant and building services distribution systems. Wherever possible, plantrooms, air-handling
units, chiller banks and runs of pipework etc were preassembled off-site and lifted into place
using the four tower cranes which serviced the site.

View of pre-made piped service modules after erection

THE COMMERCIAL CASE

On this project the decision to pre-assemble was driven by strategic benefit to the Constructor
and his specialist package contractors. The nett financial benefit to the specialist package
contractors is not known, but there was no nett price increase claimed as a result of the
decision. The overall commercial case is therefore clearly sound.

HEALTH AND SAFETY BENEFITS

This decision provided important Health and Safety benefits. The requirements for deliveries to
site were reduced, as were the amount of loose materials to be stored, assembled in site work
areas and man-handled into place. The number of lifts to be made by the tower cranes was
reduced and the pace of construction of the building services on site became manageable,
reducing the risks of accidents.

KEY THEMES

o Integrated Team-working The project has been managed from an integrated team
office adjacent to the site, in which the Constructor, his design team and the main
package subcontractors are co-located.

o Integration of Design and Construction The co-located team referred to above has
worked together on the project from an early stage.

e  Whole-life Thinking The main packages are located at roof-level and can be removed
for replacement at a later date, if required. The roof construction over them has been
designed for easy removal, to facilitate this.
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CONCLUSION

The decision to adopt prefabricated assemblies for the installation of plant and building services
distribution systems wherever possible at Cardinal Place was driven by strategic benefit rather
than direct defined costing and it was upon these benefits (greater predictability, improved
planning, better health and safety) that the decision rested. However, based on commercial

response of the specialist package subcontractors and the improved programme risk
management achieved, the overall commercial case must be sound.
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6 ACCESS PLANNING

6.1 For concrete: Royal Bank of Scotland floor plate
6.2 For steel: West Central Point, Leeds

General introduction

Access during construction and safe places of work has been an issue industry has grappled
with, with varying success, for a long time. Generally designers can make a significant
contribution by designing either edge protection that it is integral with the main structural
elements or is easily fitted into designed in fixings. A range of systems has been produced by
various companies and some of these are show in the following examples.

It is important to note that those who are engaged in procurement also have a significant part to
play by requiring of their suppliers systems that will deliver early safety. The programme and
cost benefits become readily obvious since where permanent stairs are included in a steel frame
package, for example, there is a reduction in the need for temporary access arrangements and an
improvement in safety. Designers need to understand the opportunities here because permanent
structural elements may need to be designed to withstand the attachment of temporary
protection equipment and access equipment. The load conditions that apply when buildings are
complete can be very significantly different during the construction stage.

As with all other methods, team work and early contractor involvement will pay dividends.
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6.1 ACCESS PLANNING: CONCRETE
Royal Bank of Scotland floor plate

THE ISSUE

The new Royal Bank of Scotland HQ complex near Edinburgh Airport comprises blocks of
offices attached to an internal ‘street’ with shops and a supermarket, together with ancillary
buildings — total cost in the region of £350m.

It has been procured by RBS Group Purchasing and Property Operations Unit under a
construction management route, led by Mace Ltd. The initial concept/outline scheme design
prepared to achieve project definition was examined in detail and value-engineered by Mace
and their main package contractors. The build methods, the budget and the programme were all
subject to review to give a robust plan in which risks were managed; at the time of writing, the
project is nearing completion on time and on budget.

This exemplar relates to the construction of the floorplates for the offices, which were value
engineered by the project team to reduce costs and increase programme security.

THE DESIGN DECISION

Initially it had been planned to have a steel-framed structure for the offices; however, working
with Laing O’Rourke Mace were able to achieve a faster, cheaper build using a pre-stressed flat-
slab structural floorplate supported by insitu and pre-cast concrete columns. These slabs were to
be cast using flying formwork assemblies incorporating edge protection with a specially
designed crane attachment to lift the table.

As part of the detailed planning of how this would be built, Laing O’Rourke considered how
the edges of the slabs would be made. It was decided to use pre-cast edge units which could be
placed onto the slab formwork; these units incorporated the strand anchorages and halfen inserts
for the fixing of the facade. Once the slabs had been poured and achieved adequate strength,
they were stressed. The external edge protection on the formwork tables was replaced on its
removal by an edge protection system fixed to the slab, using pockets in the pre-cast edge units
and was subsequently removed on installation of the facade system.

The Mace/Laing O’Rourke decision was that the slab construction would involve a minimum of
work off the ground and would provide edge protection for the following trades.

As a result of the changes made to the slab construction, the critical path programme for the
project was reduced by 10 weeks and the total costs reduced by £1m; this target saving was in
fact achieved and was split between the client and Laing O’Rourke under a gain/pain
agreement.

THE COMMERCIAL CASE
The decision was strongly driven by the financial benefit available under the gainshare system
operated on this project. There were also strategic benefits in terms of risk management as the

site content was reduced.
The overall commercial case is therefore clearly sound.
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HEALTH AND SAFETY BENEFITS

This decision delivered health and safety benefits because there was little unprotected work at
height and little requirement for manual handling. The formwork was made into large units
with pre-made edge protection on one side which were then moved by crane. The pre-cast edge
units were delivered form the pre-casting yard and craned into place.

KEY THEMES

e Client Involvement The Royal Bank of Scotland were fully supportive of the decision-
making process operated by Mace.

e Integrated Team-working; Integration of Design and Construction Once Mace
were appointed, the first-tier package contractors were quickly selected and started
working together, on site, as a team, working in close liaison with the overall project
design team.

e  Win-win Procurement The contractual arrangements were designed to provide reward
for contribution to the success of the project.

e Pre-planning It is clear that this project has been well pre-planned.

CONCLUSION

The approach taken for the construction of the floorplate involved an integrated approach to its
design, partial pre-manufacture, falsework, edge protection and overall health and safety. The
outcome has been a success both financially and in terms of project delivery.
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6.1 ACCESS PLANNING: STEEL
West Central Point Leeds
THE ISSUE

West Central Project, Leeds is a housing development by a commercial developer.
The Constructor was Shepherd Construction under a design-and build contract.

The target construction programme of 30 months contained little float and risks of delay had to
be well managed. The project involved work at height by a number of trades who each needed
to deliver materials and access their work on a wide front. The risks had to be minimised as far
as was reasonably practicable; from experience, this would require careful pre-planning and the
reduction of site-storage and site assembly.

The specialist package contractor for the steel frame, pre-cast concrete floor panels and metal
decking for insitu concrete floorslabs was Billington Structures.
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View of fagade fitted with edge protection during construction

THE DESIGN DECISION

Billington had invested in the development of a modular edge protection system that can be
fixed to the steel edge members on the ground and hoisted with the steelwork. However, due to
space restrictions on this site the system could not be bolted on at ground level. Initially,
Shepherd had planned to employ a scaffolding company to install traditional scaffolding edge-
protection, but as Billington was able to provide their edge protection system at a slightly lower
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price and without an extension to their programme. Shepherd was able to save 2 weeks on their
programme and at no additional cost to the project.

Once the steel profiled decking units were installed (working over netting), construction of the
floors could then be commenced immediately as a safe working environment then existed or
was rapidly created.

It was therefore a decision to manufacture and employ the edge protection system on the West
Central Project. The benefits of the system were proven, even without retention of the
protection during work by following trades. Billington Structures have subsequently developed
the system further and it is increasingly being seen as part of an integrated edge-protection
strategy. The system is now available to the structural steelwork contracting industry at large,
via an independent division of Billington Structures.

THE COMMERCIAL CASE

On the West Central project the decision to use the edge protection system was driven by a
strategic decision of Billington Structures to develop, manufacture, use and promote an
integrated edge-protection system, tested to the new standard for edge protection, BS EN
13374:2004. It had been found to be commercially viable on in-house projects and is also being
sold into other projects where the benefits can be realised, generally where there is an
integrated pan-package strategy for the provision of edge-protection.

It’s growing application demonstrates that it is commercially viable, in addition to the strategic
benefits available to the Constructor and the team as a whole.

View of edge protection being lifted into place already attached to a beam
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HEALTH AND SAFETY BENEFITS

The edge protection system provides important Health and Safety benefits. Increasingly
steelwork erectors are becoming familiar with the product and bolting the whole system onto
the steel before incorporating into the structure, thereby reducing crane lifts and work at height
to provide the edge protection.

KEY THEMES

e Integrated Team-working The use of easi-edge to its full potential reflects
cooperation between all the parties to the construction of the superstructure, including
the framing, floorplates and roof and the fagade.

e Win-win Procurement There are clear benefits to be had for all parties, provided that
the team is able to make decisions for the good of the project as a whole and that the
companies involved are enabled to share in the benefits.

e Pre-planning The detailed pre-planning of construction is vital if easi-edge is to be
used to its full potential. At West Central, the use of Easi-Edge was proposed too late in
the process to enable full integration but subsequent projects are now starting to
benefit, so that the edge protection can be fixed at ground level and lifted with the edge
beams, then retained until all following activities are sufficiently far advanced that edge
protection is no longer required.

o Off-site Work The units are prefabricated at the works and simply installed at site,
ideally at ground level, substantially reducing the need for work at site and at height.

CONCLUSION

Easi-edge is a simple concept in which edge protection is provided as a designed, pre-made
product rather than as a site-assembled assembly of scaffolding. It’s benefits are obvious, both
to health and safety and to the construction process as a whole. It’s commercial viability is
increasingly being proven.
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7 MAINTENANCE

71 Material selection
7.2 Equipment design

Introduction

At any stage of the project it is easy to forget the surrounding framework in which the project is
set. Many construction professionals have little idea of the contract and organisational
arrangements in which they are working, let alone the time line beyond the project and the
wider business agenda of their client.

In general terms it is easy to recognise that construction costs are a fraction of maintenance
costs which in turn are a fraction of operating costs. It makes sense to consider any construction
project as part of a bigger picture. This section holds two examples where the design team have
made special efforts to recognise maintenance aspects of property management and have taken
decisions based on a mixture of cost and safety.

Throughout these examples it is frequently the case that the cost saving is related to the
downstream cost of proper safety management. Certainly design and specification decisions that
reduce the need to work at height or to work with hazardous substances, for example, will soon
pay for any increase in upfront costs as those responsible for facilities management will not
have difficult and dangerous tasks to do.
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71 MATERIAL SELECTION
The Bridge on the Newport Southern Distributor Road PFI
BACKGROUND

The Newport Southern Distributor Road DBFO Contract is for the construction and
maintenance of a 9.5km length of dual carriageway distributor road through the southern part of
the city. The client is Newport City Council. The Concessionaire is a Special Purpose Company
(SPC) Morgan-Vinci Ltd and design and construction was undertaken jointly by the CJV of
Morgan=EST and Vinci Grands Projets.

Throughout the pre-contract period, the SPC/JV invested in the design development of the
roadway. This included detailed studies for the construction and alignment of the roadway and
for the necessary work on the services of the statutory undertakings, in conjunction with the
installation of services and drainage for the new roadway.

Note: the acronym EST in Morgan=EST stands for Engineering Solutions Together.
THE DESIGN DECISION

The bridge design had to include consideration of how it would be built and how it would be
maintained. This case study is concerned with issues relating to the maintenance; the hazards
identified included working at height, working in confined spaces (inside the box girder) and
working over the Usk River. Close collaboration with the designer, Faber-Maunsell, and steel
work fabrication specialist, Fairfield Mabey, enabled solutions to be fully examined.

The maintenance of the outside of the box girder was designed to be by a conventional under-
slung gantry. Work inside the boxes was however considered to be particularly hazardous due to
the confined space and poor environment for grit blasting. An internal walkway was provided
and provision was made for installing lighting for inspections, but the need for major internal
maintenance was removed by the use of Corten steel. Similarly, the period before the
requirement to replace the lamp-posts adjacent to live traffic was required was extended by the
specifying of stainless steel. The decision was therefore made to spend more on materials during
construction, in order to reduce hazardous tasks from the maintenance schedule and also not to
incur lane unavailability penalties.
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View of the Bridge

THE COMMERCIAL CASE

Removal of the tasks delivered savings over the 40 year concession period which exceeded the

up-front investment:

Additional costs of materials

Savings in maintenance costs

Use of Corten box girders

£40,000

£125,000

Use of stainless steel lamp-
posts

£75,000

£200,000

On this project the decision to upgrade materials was made for both health-and-safety reasons
and to take benefit of whole-life cost savings. Based on the assessment outlined above it is clear
that there was direct financial benefit and overall the project is believed to be successful, having
been delivered on time The overall commercial case is therefore clearly sound.

HEALTH AND SAFETY BENEFITS

The two hazardous tasks referred to above were completely removed for the life of the
concession, which is the best form of risk management.
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KEY THEMES

e C(Client Involvement The gateway structure was developed in collaboration with the
client as a landmark structure. The project team was awarded the George Gibby Award
for the Usk Crossing.

¢ Integrated Team-working Excellent combined effort between Joint Venture, Designer
and Bridge Partner, a fully integrated team working with a project ethos.

e Integration of Design and Construction The design decisions on the bridge involved
inputs from the fabricator and erector from the outset.

Pre-planning It is clear that this project has been well pre-planned.

e Environmental The benefits gained by the use of innovative solutions will continue
long after the concession period. By working closely with Environment Agency and
Countryside Council for Wales, the project team was also warmly commended.

CONCLUSION

This is an example of whole-life thinking in which up-front costs are discounted against later
savings in spend on maintenance, with reduction in later maintenance activity delivering
reductions in health and safety risk. The dual benefits of health and safety hazard and risk
reduction and commercial advantage were therefore achieved ion this award winning project.
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7.2 EQUIPMENT DESIGN
Austin Winkley’s award winning lights, St Giles Church

THE ISSUE

The interior of St Giles Church, Camberwell, has recently been refurbished with grant aid from
Heritage Lottery Fund as part of an ongoing programme of repairs and upgrading works. St
Giles is one of London’s more significant early Victorian churches, having been designed by Sir
George Gilbert Scott. A part of the refurbishment was design of a new lighting scheme. Church
lighting is usually quite high up to provide appropriate lighting angles to the nave and chancel
areas. Much of church maintenance is carried out by volunteers or incumbents who are not
skilled in the use of access equipment. To use electricians does not remove the need to work at
height and it introduces significant costs.

THE DESIGN DECISION

Austin Winkley & Associates advised the design of a scheme that would allow relamping at
ground level by unskilled people following lowering of the fittings to this level. The suggestions
were accepted and the architect developed a bespoke system of 32 light fittings with a dimmer
facility and adjustable lamp mountings that gave flexibility in use and easy relamping.

THE COMMERCIAL CASE

The 32 light fittings cost £400 each and the designers fee for the design aspect of the fittings
about £5000 or about £150 per lamp.

Without the facility to change the lamps at ground level it is estimated that the cost of hiring in
access equipment and competent people to change the lamps at height would have been about
£1000 per relamping. This cost would probably have occurred every two years. Even with all of
the architects fees included as extras the payback would occur after 12 years giving decades of
free maintenance and lamp changing.

HEALTH AND SAFETY BENEFITS

Where designers can design out the possibility of accidents by removing the hazard altogether
they make very important contributions to health and safety. In this case because the need to
work at height, once the lights had been installed, was removed, falls from height could not
occur during relamping. Falls from height are the most frequent cause of death in construction
and related activity and any design that removes the possibility of such accidents is to be sought
after.

KEY THEMES

e Life cycle benefits This project required additional resources but delivered a rapid
payback during the whole of the use period. Designers need to learn to present
compelling cases for additional efforts to clients and other stakeholders to justify the
additional project cost.

e Understanding of operational hazards and risks During the design the architect was
aware of the legal requirements that would drive costs during maintenance and use. All
designers need to maintain a broad knowledge of key hazards and risks for all stages of
a structures life in order to deliver to clients the maximum benefits from designing out
these downstream costs and hazards.
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CONCLUSION

Relatively small elements of a building can have a significant impact on hazard and risk
management, particularly during ongoing maintenance by staff unskilled or inexperienced in
necessary activities. Designers need to remain alert for commercial and health and safety gains

such as this award winning lighting design in every project.

This design was clearly a success.
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