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FOREWORD 

Major construction projects are complex undertakings. They involve the 
rapid formation of a project organisation equivalent in size to a sub­
stantial business, in order to plan , design and construct the project and, 
equally, quickly dismantle the entire organisation. Good management is 
an essential requirement if such an undertaking is to be success­
fully accomplished. The National Economic Development Council's 
Construction Industry Sector Group is concerned with improving the 
performance and execution of such projects. The 'Guidelines for the 
Management of Major Construction Projects ' is not a theoretical treatise; 
it is a solidly based book written by experts for practitioners. That is why 
as Chairman I commend these Guidelines to all concerned with their 
undertaking. 

Sir Christopher Foster 
CHAIRMAN, NEDC CONSTRUCTION INDUSTRY SECTOR GROUP 

The NEDC Construction Industry Sector Group would like to thank the 
authors of these Guidelines and would like to state that the ideas 
contained in the book are those of the authors and not necessarily those 
of the Sector Group. 
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1 INTRODUCTION 

CHRISTOPHER TAYI .. ER 
Shell UK Limited 

These 'Guidelines for the Management of Major Construction Projects' 
have been produced by the National Economic Development Council 's 
Construction Industry Sector Group. They are comprised of a series of 
contributions written mainly by practitioners for use by practitioners and 
are intended to be a set of principles and checks for the total execution 
of major construction projects. Although the Guidelines cater for and 
refer to industrial process type projects, the principles, in the main are 
equally applicable to non-process projects including building and civil 
engineering . The main purpose of the Guidelines is to provide a basic 
reference for the strategic management of projects, covering subjects 
and issues which have the greatest significance and effect in deter­
mining performance and results. The Guidelines are presented in 
chronological sequence , typical of most projects, and within the 15 
subjects included, the reader will find the more obvious sections, such 
as Design and Construction, as well as the less obvious - Organisation 
and Planning Consent. Besides providing a straightforward guide for 
the steps to be taken during project execution , the reader will also 
discover that the subject chapters contain those salient features which 
can significantly influence the outcome of projects. Together with 
appropriate views from the authors, the reader should be able to make 
sound judgements of the main interrelated issues. 

Clearly each project will have its own constraints and peculiarities 
which may dictate different directions from those suggested . It is not 
possible to outline strategic principles for all situations, but the reader 
may often be in a position to influence or change some of the con­
straints, in which case the Guidelines should prove a useful document 
for attaining the optimum approach. 

Project Management, a business in its own right, is an old profes­
sion going back to Noah and beyond. Today it is of ever increasing 
importance as projects and their requirements become more complex. 
It is a vital ingredient of our society and economy. A wel l-managed 
project will not only be completed quickly, but will be cheaper, safer, 
of higher quality and therefore generally a better return on investment. 
That is the main aim of this publication . The salient aspects contained 
within should be clear enough to enable the framework of Project 
Management to be correctly set up and thereby avoid the pitfalls so 
often encountered. 

However, this book is clearly not an encyclopedia and working 
details will be required from the specialists involved within each area to 
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translate the concepts into real isable success with the hallmarks of 
quality. In managing a major project there are many aspects, other 
than those included in the subject headings of these Guidelines, which 
themselves also play significant roles. Nevertheless, one thing is certain 
- each and every project is different and wi ll have its own problems, 
some unforseen and in some cases extensive. If the project is gener­
ally well set up and managed, these problems will be much easier to 
handle. However, to deal effectively with them, there are some essential 
ingredients such as: the strength, calibre and leadership of the project 
manager; his ability to be effective, determined and enthusiastic, ener­
getic and decisive, without resorting to bureaucracy; the co-operation 
of all working on the project, whether client, managing contractor, 
erection contractor or workforce; and the proper sequencing of events, 
such as completing and freezing designs before proceeding with 
construction. Responsibility, too, plays a large part and there can be 
no satisfactory substitute for an organisation which focuses on single 
point responsibility. This not only concentrates the mind but also 
produces positive results, promotes job satisfaction, eliminates con­
fusion , and forms a sound platform for good communications and 
understanding. 

In setting up the basic elements, confl icts of interest can and do 
become a major stumbling block. No matter how good all the parameters, 
if there are major opposing forces at work, no project can be a success. 
These conflicts may take various forms, but undoubtedly financial aspects 
dominate forcibly throughout the whole project duration and have 
caused many significant and bitter disappointments. Ethics, too, form 
an important but not unrelated element. Proper codes of conduct and 
procedures are essential to ensure ethical behaviour. With these , the 
project will command respect and confidence from all parties. Obtaining 
the auditors' support for procedures before crossing the starting line will 
save many wasted hours of agonising post mortems. 

Another area which frequently gives rise to disagreement and conflict 
is that of project progress, notably when related to construction. There 
is no substitute for separately measuring physical and financial pro­
gress. Although these elements are related , they rely on judgements 
and the predictions of each may vary significantly. Moreover, this whole 
aspect of project management and forecasting is based on judgement 
helped by systems and measurement. No matter how good the systems 
and procedures, Project Management is not an exact science and it is 
the element of judgement, together with realistic and frequent measure­
ment, which will provide balanced and accurate trending and predictions 
and avoid unpleasant surprises. 

All that has gone before is of little use unless the project has the 
support of the community. Public relations and community relations are 
vital ingredients. Following hard on the heels of these is resourcing. 
Obtaining the appropriate skills and tradesmen is clearly fundamental, 

8 



but indications today are that this area will become a more significant 
problem in the years ahead. Willingness to change and adapt together 
with an investment in both training and innovation will be requirements 
for the success of the major projects of the future. 
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2 PROJECT SPECIFICATION AND INITIATION 
PETER MORRIS 

Director, Special Projects, Bovis Limited, 

The way one sets up a project largely determines how successful it will 
be. We have known for generations that time spent at an early stage 
thinking through a problem - planning a project - is time well spent. 
Yet we consistently spend too little time in the project's early stages and 
we generally fail to consider adequately the range of issues which can 
subsequently cause problems. 

From the lessons of success and failure of several dozen projects, 
both big and small, a model has been developed of those factors which 
must be achieved if a project is to be successful [Ref 1). The crucial 
point is that all these items must be considered from the outset if the 
project's chances of success are to be optimised. 

The model is shown in Figure 2.1. Briefly, its logic is as follows: 

First, the project's objectives, technical base and general strategic 
planning need to be adequately considered and developed, and the 
design firmly managed in line with its strategic plans. 

Second, the project's definition both affects and is affected by 
changes in external factors (such as politics, community views, and 
economic and geophysical conditions, availability of financing, and 
project duration). Therefore this interaction must be managed actively 
and wel l. (Many of these interactions operate, of course, through the 
forecast performance of the products that the project will deliver once 
completed). 

Third, both the project's specification, its interaction with these 
external, financial and other matters, and its implementation will be 
much harder to manage and quite possibly damagingly prejudiced if the 
attitudes of the parties essential to its success are not positive and 
supportive. 

Fourth, realisation of the project as it is defined, developed, built and 
tested involves: 

.& the crucial skill of moving the project at the appropriate pace 
through its development cycle; 

.& finding the right balance between the owner, as operator, and 
the project implementation team; 

.& having contracts which reflect these aims, which are motivational, 
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and which appropriately reflect the risks posed by the projects 
and the ability of the parties to bear these risks; 

.A. establishing checks and balances between the enthusiasm and 
drive of the project implementation team and the proper 
conservatism of its owners/sponsors; 

.A. treating project personnel as team members, with great 
emphasis being put on active communication and the handling 
of conflict in a productive manner; 

.A. Having the right tools for project planning, control, reporting 
and quality assurance. 

Figure 2. 1 The Management of Projects 

EXTERNAL FACTORS 

FINANCE & SCHEDULE 

• Politics 
- government 
-company 

• Community 
• Geophysical 
• Economic 

• Financing 
• Cost 

• Duration 
• Phasing 
• Urgency 

• Organization 
• Contracting 

ATTITUDES 

• Objectives 
• Strategy 
• Technology 
• Design 

l 
IMPLEMENTATION 

• Leadership • Planning, Control 
• Management 
• TeamWork 
• Industrial Relations 

11 



PROJECT SPECIFICATION 

The extent to which the project's objectives are unclear, complex, do 
not mesh with longer-term strategies, are not communicated clearly, or 
are not agreed, will compromise the chances of project success. (Barry 
Turner examined various recent catastrophic accidents and found this 
factor to be of overriding importance [Ref 2]). The project should be 
defined comprehensively in terms of its type, location, energy and raw 
materials supply, transportation, product markets etc. 

Strategies for the attainment of the project objectives should be 
developed in as comprehensive a manner as possible right from the 
outset. This means that at the pre-feasibility concept and feasibility 
stage industrial relations, contracting, communications, organisation, 
and systems aspects, for example, should all be considered, even if not 
elaborated upon, as well as the technical, financial, schedule and plan­
ning issues. Community support should be garnered. 

There is abundant evidence that technical problems are a frequent 
source of problems in projects [Ref 3]. The development of the design 
criteria and the technical element of the project should be carefully 
defined. The design standards will affect both the difficulty of construc­
tion and the operating characteristics of the project. Maintainability and 
reliability should be determined. The rate of technology change in all 
relevant systems and sub-systems should be examined. The technical 
risk in particular should be assessed. Since theoretically no design is 
ever entirely complete- technology is always progressing- a central 
challenge typically is the resolution of the conflicting needs for meeting 
the schedule against the desire for continual improvement of the tech­
nical base. The orderly progressing of the project's design and its 
technical basis, with strict control of any proposed technical changes, 
must be a core element of modern project management. Thus, take 
care to assess the risks of prototypes or of new technologies, and to 
freeze the design before moving into implementation. 

EXTERNAL FACTORS, FINANCE AND SCHEDULE 

Several external factors may be identified but the project's political 
context, its relationship with the local community, the general economic 
environment, and its location and the geophysical conditions in which 
it is set are the most important. 

External Factors 

Most projects raise political issues of some sort and hence require 
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political support: moral, regulatory, and sometimes even financial. 
National transportation projects, R&D programmes and many energy 
projects, for example, are subject to political decision and constraint. 

Until the late '80s, for example, the civil nuclear power business had 
been heavily pushed politically. Third World development projects are 
especially prone to political influence. Even where the public sector is 
supposedly liberated to the private, as in Build-Own-Operate projects, 
political guidance and guarantees, as well as encouragement, are 
generally needed. 

Do non-major projects also need to be conscious of the political dimen­
sion? Absolutely! Even small projects live under regulatory and economic 
conditions directly influenced by politicians; intra-organisationally too 
the project manager must secure 'political' support for his project. 

The important lesson therefore is that these political issues must be 
considered at the outset of the project. The people and procedures that 
are to work on the project must be attuned to the political issues and 
be ready to address them. To be successful , project managers must 
manage upwards and outwards, as well as downwards and sideways. 
The project manager should court the politicians, helping allies by pro­
vid ing them with the information they need to champion the programme. 

Though environmental matters have been affecting project implemen­
tation since the 1960s at least (the third London airport, Concorde, 
motorways etc), it is only during the 1980s that it has become more 
formally recognised as a project management issue. These days, most 
project staff real ise that they must find a way of involving the community 
positively in the development of their project [Ref 4) . 

Establishing the support of the local community is particularly impor­
tant. This will of course be difficult in situations where the project will 
have a direct environmental impact upon them. The balance may pos­
sibly be redressed by emphasising the benefits that the project will bring 
to the community at large. 

Changes in economic circumstances affect both the cost of the 
project's inputs and the economic viability of its outputs. The big dif­
ference today compared with 20 years ago is that then we assumed 
conditions would not vary too much in the future; now, after the economic 
dislocation of the 1970s and '80s, the need for a cautious approach is 
required and more acceptable. Market surveillance is an essential part 
of the project's management in order to determine the viability of the 
project economics. In the area of cost-benefit analysis, NPV, discount­
ing and other appraisal techniques, practice has moved forward con­
siderably over the last few years. Externalities and longer term social 
factors are now recognised as important variables which can dramatically 
affect the attractiveness of a project. The basic project appraisal tech­
niques of the 1960s have now been largely superseded by a broader set 
of economic and financial tools arrayed, in the community context, 
under the Environmental Impact Analysis (EIA) procedure. 
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Initially resisted by many in the project community, the great value of 
the EIA process is that it allows both consultation and dialogue between 
developers, the community, regulators and others, and forces time to be 
spent at the 'front end' in examining options and ensuring the project 
appears viable. Through these twin benefits, the likelihood of com­
munity opposition and unforeseen external shocks arising is diminished, 
and project developers are forced to spend time planning at the early 
stages of the project - the area which they have traditionally rushed, 
despite the obvious dangers. 

Finance 

During the 1980s there was a decisive shift away from public sector 
funding to the private sector. There is a belief that projects built under 
private sector funding inevitably demonstrate better financial disciplines. 
Where projects are built and financed by a well-managed private sector 
company this may be so, but good performance is usually a function of 
the way that the project is managed rather than how it is financed. What 
is required is funding realism. The best way to get this is by getting all 
parties to accept some risk and to make them face up to this squarely 
by undertaking a thorough risk assessment. Full risk analysis of the type 
done for limited recourse project financing for example invariably leads 
to better set-up projects and should therefore be built in to the project 
specification process. [Ref 5]. 

The raising of the finance required for the Channel Tunnel from 
the capital markets is a classic illustration of how all the elements 
shown in Figure 2.1 interact, in this case around the question of finance. 
To raise the finance required, certain technical work had to be done, 
planning approvals obtained, contracts signed, political uncertainties 
removed , and so on. Since the project was raising most of its funding 
externally, there was a significant amount of 'bootstrapping' required : 
the tasks could only be accomplished if some money was already 
raised. Actions had to be taken by a certain time or the money would 
run out. (Since there were only limited funds available only a limited 
amount of engineering could be performed - a constraint which was 
to cause considerable difficulties later when further engineering works, 
amongst other things, led to the project's cost estimates having to be 
raised 40 per cent to £7.5bn). Further, a key parameter of the project's 
viability was the likelihood of its slippage during construction. A 
slippage of three to six months meant not just increased financing 
charges but the lost revenue of a summer season of tourist traffic. The 
Channel Tunnel thus demonstrates also the significance of managing 
a project's schedule and of how its timing interrelates with its other 
dimensions. 
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Schedule 

Determining the overall timing of the enterprise is crucial to calculating 
its risks and the dynamics of its implementation and management. How 
much time one has available for each of the basic stages of the project, 
together with the amount and difficulty of the work to be accomplished 
in those phases, heavily influences the nature of the task to be managed. 

In setting up the project, therefore, the project manager will spend 
considerable effort ensuring that the right proportions of time are spent 
within the overall duration. Milestone scheduling of the project at the 
earliest stage is crucial. It is particularly important that none of the 
development stages for the project be rushed or glossed over- a fault 
which has caused many project catastrophes in the past. A degree 
of urgency should be built into the project, but too much may create 
instability. 

Avoid implementation commencement before technology development 
and testing are complete. This situation is known as a 'concurrency' 
and though sometimes done quite deliberately (to get a project com­
pleted under exceptionally urgent conditions) it often brings major 
problems in redesign and reworking. 

Concurrency is now increasingly synonymous with 'Fast Track', that 
is, building before basic design is complete. If faced with this , be under 
no illusion as to the risk. Analyse the risk rigorously, element by element, 
milestone phase by milestone phase. 'Fast Build' is now being used to 
distinguish a different form of design and construction overlap - where 
the basic design is completed but the work packages are priced, 
programmed, designed and built sequentially, within overall design 
parameters, with strict change (configuration) control being exercised 
throughout. With this 'Fast Build' situation, the design is secure and the 
risks are much less. 

Each of the three areas - external factors, finance, and duration -
is affected by and affects the viability of the Project Definition. They 
must all be managed by the project executive, and they must then be 
implemented through the project's life cycle. 

ATTITUDES 

Implementation can only be achieved effectively if the proper attitudes 
exist on the project. Unless there is a major commitment towards making 
the project a success, unless the motivation of everyone working on the 
project is high, and unless attitudes are supportive and positive, the 
chances of success are substantially diminished. 

It is particularly important that there be commitment and support at 
the top; without it the project is probably doomed. (The study of the 
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Advanced Passenger Train in 'The Anatomy of Major Projects' illus­
trates this clearly [Ref 61.) But whi le commitment is important, it must 
be commitment to viable ends. The project should receive thorough and 
critical examination at the specification stage. Once authorised , it 
should receive full support subject to frank and objective reviews as it 
develops. 

IMPLEMENTATION 

Project management has in the past been primarily concerned with the 
process of implementation. This implies that developing the definition 
of the project is somehow not something which is the concern of the 
project's management. 

The key point of th is chapter therefore is not only that the setting up 
of the project must be actively managed, but that the initiation process 
must consider all those factors which might prejudice its success. These 
are not just technical matters, but economic and finance, ecological , 
political and community factors, as well as implementation issues. Sub­
sequent chapters deal with more down-stream implementation matters 
in detail. This chapter has simply made the point that implementation 
begins from the very earliest stages of project specification and initiation. 
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3 PLANNING CONSENT 

STEPHEN J AUBREY 
SheU UK Limited 

'When will we be able to start work?' This is a question crucial to project 
planning and the critical path , but before construction can start, the 
necessary consents and authorisations must be in place. However, the 
time taken to get a planning application through the system is probably 
more unpredictable than any other element of the project. How many 
construction starts have been postponed because approvals have not 
yet been received? 

'By simplifying the (planning) system and improving its efficiency, 
whilst ensuring that effective control can be maintained where it 
is warranted, the Government look to strike a balance between 
the needs of development and the interests of conservation'. (DTI 
White Paper 11/88 - Releasing Enterprise). 

'Development should be prevented or restricted only where this 
serves a clear planning purpose and the economic effects have 
been taken into account. Development control must avoid placing 
unjustifiable obstacles in the way of any development especially if 
it is for industry, commerce, housing or any other purpose relevant 
to economic prosperity'. (Planning Policy Guidance Note No: 4 01/88 
- Industrial and Commercial Development and Small Firms). 

Yet the planning system is a complex bureaucracy and there are two 
issues, which more than any others, cause anguish to the project 
manager/construction engineer: timing and control, ie the uncertainty of 
when decisions may be reached and approvals given; and the lack of 
control over the numerous interested parties involved in those processes. 

Although the average time for deciding planning applications is less 
than eight weeks, and Appeals on average are dealt with in three to four 
months, major construction projects will normally take far longer than 
these periods. Moreover there can be striking variations in the times 
which individual local planning authorities take to make decisions, and 
some will be more disposed to refuse permission than others. Broadly 
speaking, one will more readily get consent for major projects in areas 
of long standing economic or employment problems, whereas in many 
more prosperous parts of the country, particularly in the South East, 
Green Belt and other similar areas, limitations may impose severe 
constraints. 

Control is fundamental to project management, of costs, design, speci­
fication , materials, timing etc. However during the Planning processes, 
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one is almost entirely in the hands of local authority officials, politicians 
and statutory procedures whose inertia causes, if nothing else, frus­
tration to the project manager. 

So where are the pitfalls in the Planning process and what steps can 
be taken to avoid or minimise them? This chapter looks at the various 
areas that need to be considered but does not address those other 
external controls and restraints that run alongside Planning, such as 
building regulations, Health and Safety Executive, Factory Inspectorate, 
hazardous substances and other works requiring Registrations, pollution, 
water, sewerage, waste disposal, Fire Certification, gas, electricity, 
highways and many more. All need to be addressed, and all can cause 
delay where local authority consultation is involved. 

There is much useful work that can be done in advance of making a 
planning application and the 'planning' of these processes should be a 
fundamental part of the construction project. 

Apart from the physical aspects of the land on which one is proposing 
to build - soil and site surveys, levels, contamination, etc - to whom 
does the land belong? Are there constraints in the legal title of the land? 
Do previous owners or other parties have a say in the development 
proposals? Are there landlords or tenants to consider? What other 
individuals or bodies are going to be involved in the Planning process? 
Setting out the framework, and perhaps early consultation, will minimise 
uncertainty and help to define a much more realistic schedule. If the 
application ends up at Appeal, this early planning should already have 
identified the problem areas. Consider the introduction of planning 
consultants. They may well be required ultimately and , if this seems 
likely, bring them in now. 

Does the project require planning consent? It is not only building 
works that need permission. 'Engineering' and 'mining' operations are 
also included in the definition of development, as is 'change of use'. It 
is best to assume that planning permission is required, since Permitted 
Development Rights in the General Development and Use Classes 
Order wil l probably not be of significant help. Within the definitions of 
Permitted Development, there are of course many instances of deemed 
planning consent. For instance, Local or Private Acts of Parliament or 
Orders approved by both Houses of Parliament, though rare, may deem 
a planning permission. Major construction projects, usually of more 
than local interest such as new railway links, river crossings, etc often 
follow this route. A cross-country pipeline authorised by the Secretary 
of State is a similar development outside the usual local planning 
system. Such procedures are no less time consuming than the usual 
Planning processes, and often more so. Development by the Crown on 
Crown land does not require planning permission, but it is a long 
standing convention that the Crown should seek an informal clearance 
from the local planning authority on similar lines to the submission of a 
planning application. 
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Does your proposal involve contentious issues? Have previous pro­
jects gone ahead without adherence to the necessary consents or 
conditions? Are you supported by Structure/Development Plans and/or 
Local Plans - the statutory documents that set out planning policy for 
an area. DoE Planning Policy Guidance Notes may help to explain a 
local authority's expected response to your application. 

Will you require an Environmental Impact Assessment? These are 
now mandatory for certain types of development, to accompany an 
application. For relevant projects, this will describe the significant 
effects that the proposed development would have on people, flora and 
fauna, soil, water, air, climate, landscape, 'material assets' and the 
'cultural heritage'. A 'relevant project' will be one which will have a 
significant impact on the environment, by virtue of its nature, size or 
location, usually: 

(a) where a major project has more than local importance, 

(b) where a project is proposed for a particularly sensitive or vulnerable 
location, or 

(c) where a project has unusually complex and potentially adverse 
environmental effects. 

The preparation of Environmental Statements can be very time con­
suming, as well as costly. Consultation with Environmental Health 
Officers may provide useful guidance on the content and presentation . 

There are still many other issues to consider, including: structure and 
local plans, enterprise zones, simplified planning zones, urban develop­
ment areas/corporation, development/assisted areas, listed buildings 
and historic monuments, archaeology, green belts, conservation areas, 
sites of special scientific interest, national parks, nature reserves, 
forestry, areas of outstanding natural beauty, tree preservation orders, 
demolitions, building lines, heights of buildings, use of materials, 
employment generation, public footpaths and rights of way, car-parking 
requirements, construction traffic, delivery traffic movement and con­
gestion, parking, unloading and turning of vehicles, outstanding en­
forcement proceedings, etc. 

Remember the local authority has to consult numerous bodies about 
your application - county/parish councils, statutory undertakers, etc. 
This takes time and may raise questions or objections. 

Prepare the ground with your local planning officer. It is rarely 
advisable to submit a 'blind' application. The scale or nature of the 
project may determine the level of consultation. Pre-application discus­
sions with the appropriate officer can avoid many problems later on. He 
may not commit himself, or his authority, but he will offer valuable 
guidance. He can charge you however for a consultation as indeed he 
will charge fees for the application. It may be possible to discuss, and 
perhaps agree, the conditions that are likely to be attached to a consent 
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if given. Similarly the scale or nature of the project may promote the 
subject of planning gain or Section 106 (exs.52) Agreements. These are 
in effect the local authority's requirements of a developer, in exchange 
for their consent, that cannot adequately be dealt with in the conditions 
of the permission. They have to be reasonable and relate to the develop­
ment but may include highway modifications, provision of open space, 
etc. 

How is the application going to be dealt with? When are the com­
mittee dates? What are the lead times? Who are the consulted parties? 
Will the planning officer have delegated powers? Beware Summer 
holidays. There are often long gaps between committees during July, 
August and September. 

What about notices concerning the application - notices to owners, 
tenants; newspaper advertisements; advertisements on land, etc. Do 
make sure that your application is not rendered invalid because you 
have failed to observe certain procedures - the result will be delay. 

Lastly, make sure the application is correctly put together with the 
right number of copies, plans and detail , leaving no ambiguities or detail 
missing that will force you to start the process over again. It may be 
advisable to accompany the application with a covering letter describing 
the proposed development, the reasons for it and the approach taken. 
Glossy presentations and handouts to officials and politicians do not 
always ensure success, but the provision of supporting information may 
be of great help. A minefield? It seems that way. Do you have the 
expertise to steer a clear path through it? Consider again the inclusion 
of a planning consultant in the project team. When submitting the 
planning application, should one request outline consent or full-detailed 
permission? An outline consent to establish , in principle, whether the 
proposed development is acceptable may be better strategy in the long 
run. 

If you have followed the above, you should have a good idea as to 
whether you are likely to get a consent or a refusal, what the conditions 
might be, whether you are going to appeal and when you might expect 
all of this to happen. If you expect a consent on a certain committee 
date, add on two weeks for the time taken to issue the decision notice. 

Before receiving a decision, there are two other matters to consider. 
Firstly, one may end up in long negotiations with the authority over the 
terms of any Section 106 Agreement. Secondly, the authority may ask 
to extend the period for their deliberations or extend consultation. In 
certain circumstances you may consider a dual application forcing one 
down the Appeal route, while the other application makes its normal 
progress. 

If now you receive a refusal or consent with unacceptable conditions, 
you will have six months in which to appeal. Do you wish to appeal? 
What are the costs, likely outcome and potential delays? Appeals are 
where the most unpredictable time delays occur. An appeal may be 
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conducted by written representations or a full Inquiry with an inspector 
appointed by the Secretary of State, and the appeal may either be 
delegated to the inspector to decide, or referred to the Secretary of 
State . The larger the construction project, the more likely it will be that 
a public inquiry will be needed, and in the case of any major con­
troversial project, the case is likely to be called in by the Secretary of 
State for his own decision. 

The pre-planning framework, consultation and identification of 
problem areas really comes into its own during an appeal stage. 
Addressing issues and preparing evidence, as well as reducing the 
number of objectors in the process, cuts down costs and delays. 

From the lodging of an Appeal to the receipt of the Secretary of 
State's decision can sometimes take two years or even longer. Once the 
public inquiry has closed, or exchanges of representations completed, 
there may be nothing more to do than wait for the decision by the 
inspector or the Secretary of State. But if substantial delay ensues, it 
is expedient to write to the Inspector or the Department to press for a 
decision. However, proceedings are not necessarily at an end at that 
stage. If the Secretary of State decides to make a ruling contrary in 
whole or part to the recommendation of an inspector reporting to him, 
or he considers that new facts and issues have come to light, he may 
launch a fresh round of consultations with the parties, and may even 
deem it necessary to re-open the public inquiry. It is therefore important 
not to disband one's support team in advance of getting a final decision. 

Indeed the whole key to a smooth journey through the planning 
process is preparation, consultation and 'good planning'. Identify the 
issues in good time and address them. One should then be in a better 
position to answer the original question 'when will we be able to start 
work? ' 
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4 PROJECT FINANCE 

MALCOLM CLARK & MARK TINSLEY 
County NatWest Limited 

County NatWest recently arranged and co-ordinated the start-up financing 
for Thames Estuary Terminals, a container port project at the Isle of 
Grain. 1 

This chapter on project finance is intended to act as a guide to the 
main issues associated with funding a major project and the practical 
implications for the project manager. 

The term project finance generally applies to a specific project as 
opposed to, say, a company's continuing capital investment programme. 
The financing of a project can be described as 'the arrangement of 
adequate funds over time to finance the development and operation of 
a clearly defined project' . In practice the arrangements for a typical 
project financing will be required to fund the capital expenditure and 
working capital during the initial phases and to be repaid once in 
operation from income generated. Examples of projects frequently 
financed in this fashion are oil production facilities, mines, process 
plants and toll bridges. 

Governments are frequent major sponsors of projects in both the 
developing and developed countries. Although the UK Government is 
seeking, in highways and other fields, to explore the possibil ities for 
more funding of government projects from private finance, the great 
majority of government-sponsored projects in this country, as indeed 
abroad, tend to be funded out of general government revenue or 
borrowings, rather than with finance specific to the project. Similarly, 
many projects are undertaken by major companies whose financial 
strength enables them to finance projects from general corporate funding. 

However, this chapter will for the main part deal with project financing 
where financiers look to the project alone for repayment. 

PROJECT RISK 

The perceived risk associated with a project will be critical to the sponsors' 
success in attracting project finance. Banks, usually providers of the 
majority of the financing, will assess the merits of the project in terms 
of the certainty of repayment. 

A new project has no historical information on which to base judge­
ments about its likely future financial performance. As a result, financiers 
will judge the merits of the project after undertaking a thorough analysis 
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of the business plan and assessment of the track records of the 
management and contractors. 

As a project develops from the engineering and construction phase, 
through the start-up phase, to the operational phase and beyond there 
will be a range of risks to which its financiers may be exposed. 

These will include: 

Completion risk: that the construction is not completed on time or 
on budget, for technical or management reasons. 

Operating risk: that the project does not perform operationally as 
planned, for technical or management reasons, 
resulting in higher costs or lower output. 

Market risk: that demand for the output is less than anticipated. 

Supply risk: that the necessary raw materials (in particular, 
reserves in a natural resource project) are 
inadequate or too costly to recover. 

Regulatory risk: that the regulatory environment changes which 
results in higher costs or other difficulties. 

The project manager will be particularly concerned with completion risk 
which includes design risk, delays in construction, and cost overruns. 

Providers of project finance will normally prepare financial projections 
based on the business plan. They will generally be concerned about the 
robustness of the projected cash flows in the face of these risks. As part 
of their analysis of the project, potential lenders will: 

A assess the validity of the underlying assumptions made about 
these risks; 

A test the sensitivity of the projected cash flows to these technical 
and economic assumptions, in particular the assumptions made 
about market risks such as future sales, prices and competition. 

As part of their risk assessment exercise, financiers will usually 
require an independent appraisal of the risks to which the project is 
likely to be exposed from specialists in relevant fields such as engineering 
firms, economic or market consultants and technical experts. Certain 
risks can be mitigated by contractual arrangements such as fixed 
construction contracts (completion risk), or long term 'take or pay' con­
tracts for the project's output (market risk). 

In practice as certain financial institutions gain experience and 
develop a deeper understanding of the 'risks' associated with certain 
types of projects they may become more willing to assume certain risks 
previously unacceptable to them. The experience of banks lending to 
North Sea oil field development illustrates this well. In the early field 
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developments banks would only take reservoir risk - ie that the oil was 
there. In later developments more technical and economic risks were 
taken. 

The participating banks in the £5 billion Eurotunnel loan faci lity, the 
largest ever project financing, were invited to take the risk associated 
with not only the construction (completion risk), but with the completed 
tunnel's ability to attract the forecast levels of traffic (market risk) . 

RAISING THE FINANCE 

Re quirements 

In most projects the main elements of the funding requirement will be: 

.A. construction finance, to pay for capital expenditure; 

.A. contingency finance, to pay for cost overruns and delays; 

.A. working capital finance, to invest in stock and fund operating 
costs etc during the early phase of operations. 

Although the structure and form of the finance will , to a large extent, be 
governed by the nature of the project, it remains likely that the finance 
will impose certain constraints on the design and scheduling of the 
project. It is therefore important that the project managers are aware of 
the nature of these constraints early on in the project design and plan­
ning processes. To this end, it is important that the project managers 
involve the financiers as early as possible in the development stages of 
the project. 

Financing Structure 

The most common project financing structure is ' limited recourse 
financing ' where the sponsor's financial commitment is limited to an 
equity investment in the project. The remaining funding requirement is 
raised by way of debt which will be repaid only out of future project cash 
flows and directly secured on the assets of the project with no further 
recourse to the sponsor. 

Frequently, lenders may require contingency finance for cost over­
runs or delays to be underwritten by other investors. This may take the 
form of a guarantee given by the sponsor or the sponsor's bankers to 
the providers of construction finance that interest payments will be met, 
and/or by the contractors to the financiers that the contract price will be 
fixed. 
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The borrowing cost of limited recourse financing arrangements will 
typically be higher than a major company's general corporate borrowings 
reflecting the additional risk that the lender is required to take. 

For large projects which require an equity stake greater than an 
individual sponsor might be willing to invest, or where the risk exposure 
is too high for one sponsor, a joint venture partnership or consortium of 
sponsors is frequently established. 

For example, natural resource development projects such as oil 
production or gold mines are frequently undertaken as a joint venture. 

Sources of Finance 

Funds are generally available from a range of lenders or investors, each 
of which has an interest in providing finance on different terms. 

Equity investors, usually the project sponsors and their partners, but 
also sometimes including institutional investors, generally expect a 
much higher return on their investment than lending banks. 

The banks, in particular specialist project finance banks, have tradi­
tionally been providers of term loans to projects with a relatively low 
return over their cost of funds. The flexibility of bank debt makes it 
particularly suitable for the contingency and working capital financing 
elements. 

Managing Financial Risk 

Apart from the more straightforward forms of bank credit facilities there 
are a number of other financing techniques which may be used to 
control interest rate risk, currency risk and improve the project's cash 
flow profile. 

Of particular interest in recent years have been a number of new 
developments in financial markets which permit more sophisticated 
management of interest rate risk. Medium-term fixed interest loans have 
been available for some time in banking markets, but have not proved 
sufficiently flexible for many projects. 

Interest rate swaps, where the obligation to pay floating rate interest 
on a loan is exchanged with a fixed rate borrower for his obligation to 
pay fixed rates, have become a common and more flexible option for 
hedging interest rate risk. Swap rates reflect the financial markets' 
perception of future interest rates. 

Interest rate caps can be purchased for a cash premium, which will 
effectively set a ceiling to a floating interest rate for a certain period. In 
practice, the seller of the cap will be a financial institution which is 
willing to take a risk on future interest rates, and will pay the buyer the 

26 



difference between the cap rate and the floating rate obligation if rates 
rise above the trigger level. Cap prices can vary dramatically, depending 
on both the gap between current rates and the chosen gap rate, and the 
level of uncertainty in the money markets. This is probably the most 
flex ible technique, as the cap can always be resold to another buyer if 
it is no longer wanted. 

Equipment and capital goods leasing can be effective in both reducing 
financing costs, as leasing companies can make better use of certain 
tax advantages, and improving the project's cash flow in the critical 
early years of the project by extending the terms of repayment. 

PROJECT DEVELOPMENT 

As the project develops from an idea to realisation, different project 
financing issues become important at particular stages of its development. 

Pre-Implementation 

The financing process will be well developed even before the project 
itself has left the drawing board. The project sponsors will generally 
have undertaken a thorough economic and financial evaluation of the 
project, often incorporating this in a business plan with which to approach 
the banks and possible co-investors. At this stage, detailed castings will 
have been done, future cash flows assessed and the major elements of 
the financing requirements will have been identified: namely, capital 
expenditure, contingency and working capital. 

In addition, interest payments may often be required to be 'rolled up' 
until the project becomes cash positive and the repayment schedule will 
be designed to reflect the project's future cash flows. 

At this stage, the project sponsors will approach a number of banks 
or investors and seek terms for the finance. After the financial insti­
tutions have assessed the risks, offers will be negotiated and agreed. 
This will often result in a financing structure significantly amended from 
the sponsor's original proposals. 

Project Construction 

The actual availability of the funding will usually be subject to a number of 
conditions such as satisfactory independent consultants' reports, prior 
subscription of the equity, agreement of all important contracts including 
that of the project manager, and the recruitment of the management team. 
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In addition, each drawing of funds will usually require evidence that 
expenditure is due in the form of an architect's payment certificate or 
certified cost certificate signed-off either by the project manager or an 
independent adviser to the providers of finance. 

Ongoing Controls 

Project financing will be subject to certain ongoing controls imposed by 
the banks. Often in the form of financial performance ratios, these 
provide an early warning system to the banks that the project is not 
performing according to plan. Project-discounted cash flow to loan 
value ratios, the ability to pay interest and repayments out of cash flow, 
capital expenditure limits, and schedules by which progress or per­
formance can be measured, are typical examples of such controls. 
Independent consultants may advise the financiers as to whether 
controls are being adhered to and targets are being met. 

PROJECT MANAGER'S ROLE 

As mentioned above , the project manager, in addition to his principal 
responsibilities would typically be involved with regular monitoring and 
evaluation of every aspect of construction and communicating this to 
the financiers or their advisers. 

The key issues for providers of finance are: 

.A. planning and design of the project; 

.A. scheduling and delay management; 

.&. accounting for expenditure and progress; 

.&. budgeting for contingencies; 

.&. managing contractors; 

.&. information control and reporting. 

The project's financial structure is likely to have a distinct impact on 
the nature of the project manager's reporting role. Where the project is 
fully funded by the sponsor, his communicating and reporting responsi­
bilities are likely to be less formalised and extensive. 

The project manager's role in budget management is also affected by 
the form of contract involved, which is in turn affected by the nature of 
the financing arrangement. Where the construction contracts are fixed 
price rather than cost plus, there is likely to be less need for the project 
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manager to focus on budgets, and more on the quality of work, although 
when contingencies arise during construction, the fixed price will often 
come under pressure. 

In broad terms the more project risk that the financiers and sponsors 
have assumed, the more they will expect regular detailed flow of infor­
mation about expenditure and progress. 

The project manager, in such a central position during a project 's 
construction phase, bears, in the view of the financiers, a substantial 
responsibility for the management of all aspects of completion risk. 
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5CONTRACTFORMSANDSTRATEGY 

BOB MOYSES 
Franklin and Andrews 

INTRODUCTION 

Forms of contract are required to formalise the complex arrangements 
and relationships that are likely to be encountered in the construction 
of all major projects. 

A form of contract is the document that details the contractual terms to 
be applied between the contracting parties. It identifies the various 
documents which together represent the legally binding contract. These 
will comprise some or all of the following: 

A the agreement 

A the conditions 

A the tender 

A the pricing provisions 

A the specification 

A the drawings (if applicable). 

In simple terms, the form of contract specifies the responsibilities, 
liabilities, method of payment and apportionment of risk between the 
parties in achieving the desired objectives relating to quality, time and 
cost. 

There are various aspects of a project for which forms of contract may 
be applicable and these may be dealt with individually or as a whole. 
These fall into the following broad elements: 

A design/engineering 

A material procurement 

A construction 

A commissioning/handover. 

The contracting philosophy chosen by tile client will determine how 
these areas of activity are to be handled and to a large degree will 
depend on the level of involvement and control he wishes to have in the 
execution of the contracts. The client may also decide in particular 
circumstances to be the managing contractor. 
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In deciding his contracting philosophy the client will have to consider 
the relative importance of factors such as: 

A timing 

A the ability to make variations 

• the level of quality 

A the certainty of price 

A the apportionment of risk 

A the complexity of the project 

A the management style required. 

The client will therefore need to make a decision as to which form of 
contract should be adopted in order to execute the required contracts. 
This decision may be made on the basis of his own experience on 
previous projects or may be on the advice of appointed consultants. In 
either case the factors affecting the choice of form of contract, as 
detailed later in this chapter will need to be considered. 

Contracts will then need to be established between some or all of the 
following parties: 

Managing Contractor(s) 
(including the client as 
managing contractor): 

Contractors: 

Subcontractors: 

Consultants: 

To execute or supervise all elements of 
the project. 

To execute some or all of the elements of 
the project under contract to either the 
client or managing contractor. 

To execute works under contract to the 
managing contractor or contractors. 

To undertake specialist activities such as 
design and construction supervision, under 
contract to the managing contractor or client. 

Certain forms of contract are published by various recognised bodies 
and are available 'off the shelf' . These are known as Standard Forms. 
The alternative to using Standard Forms is the production of non­
standard forms to suit a particular requirement. 

STANDARD FORMS OF CONTRACT 

The advantage of using Standard Forms is that they have generally 
been tried and tested over many years with recognised legal precedents 
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having been established. The forms are subject to constant review and 
amendments are made to incorporate any recent developments. 

It is therefore important to ensure that, whichever form is chosen, the 
latest revision is considered. 

If it is decided to modify a Standard Form, great care must be taken 
to ensure that the integrity of the document is maintained, taking account 
of the cross-referencing and inter-dependency of the clauses. 

Care will also need to be taken to ensure that any modifications to 
standard forms, or clauses produced for non-standard forms, do not 
give an undue bias to either party, as in the long-term this is likely to 
be counter-productive. 

When choosing a Standard Form of contract, the client needs to be 
aware of the different contract philosophies embodied in the documents, 
particularly with regard to the use of third-party supervision. For example, 
the Joint Contracts Tribunal (JCT) and Institution of Civil Engineers 
(ICE) forms allow for a supervisory role to be carried out by a third party 
(architect or engineer) and the person so appointed is meant to execute 
his duties within the terms of the contract with impartiality and integrity 
towards both parties to the contract. This role has been described as 
that of a 'quasi arbitrator'. Whether such intent is achievable in practical 
terms has been a matter of debate over many years. 

Other Standard Forms (eg Institution of Chemical Engineers) assume 
a simple client/contractor relationship. 

The nature of the contracts to be placed will also affect the choice of 
Standard Form (eg for the supply of equipment, the supply of a service, 
the execution of works including the supply of materials and labour). 

Standard contracts are aimed at particular sections of the construction 
industry and are structured accordingly. In broad terms they can be 
classified under four headings: 

.&. Building 

.&. Civil Engineering 

.&. Chemical and Heavy Engineering (including specialist 
mechanical and electrical services) 

.&. Government. 

The main factors to be considered in the choice of the Form of Contract 
can therefore be summarised as: 

.&. Suitability for the particular project 

.&. The purpose of the contract 

.&. The proven track record of the document 

.&. Familiarity of use within the industry. 
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There are numerous Standard Forms of Contract available, some of 
which have options available depending on the size of the contract or 
type of pricing provisions, together with associated standard documents 
for use by sub-contractors. 

The following table outlines the forms that are most commonly 
adopted on the majority of projects and provides in broad terms the type 
of project to which they would be best suited. 

TITLE OF DOCUMENT 

JCT Contracts - These are contracts 
published by the 'Joint Contracts Tribunal 
for the Standard Form of Building 
Contract' . 

There are numerous versions which cover 
management contracts as well as 
contracts with contractors and 
subcontractors. 

ICE Contract - The full title is the 
'Conditions of Contract and Forms of 
Tender, Agreement and Bond for use in 
connection with works of Civil Engineering 
Construction, issued by the Institution of 
Civil Engineers, the Association of 
Consulting Engineers and the Federation 
of Civil Engineering Contractors'. 

FIDIC - This is short for 'Federation 
lnternationale d'lngenieurs Conseils'. 
In essence the contract is the overseas 
version of the Civil Engineering Contract. 

GC Works 1 - This is a contract 
published by Her Majesty's Stationery 
Office, the full title being 'General 
Conditions of Government Contracts for 
Building and Civil Engineering Works'. 

Institution Chem.E - This is a contract 
published by The Institution of Chemical 
Engineers, the full title being 'Model 
Form of Conditions of Contract for 
Process Plants'. There are two versions, 
one for lump sum contracts, the other for 
reimbursable contracts. 

ACA Form - This is a form of contract 
published by the Association of 
Consultant Architects. It is a simplified 
building contract. 
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TYPICAL USAGE 

Building Contracts of all 
sizes and types allowing 
for various forms of pricing 
provisions. 

Also applicable for 
management and design 
and build contracts. 

Civil engineering contracts 
of all types. 

In amended form, may also 
be used on multi­
disciplined projects for all 
engineering contracts. 

As ICE for use overseas. 

Large building and civil 
engineering contracts 
undertaken by Government 
departments and certain 
major authorities. 

Multi-disciplined projects 
covering all engineering 
contracts. Particularly 
suited to the construction 
of process plants. 

Building contracts. 



TITLE OF DOCUMENT 

Model Form - This is a term used for 
more than one type of contract but is 
generally understood to mean those 
contracts issued jointly under the recom­
mendation of the Institution of Mechanical 
Engineers, The Institution of Electrical 
Engineers and the Association of 
Consulting Engineers. There are a 
number of variations (Model A, Model B 
etc) each serving a different purpose. 

Variables to Standard Forms 

TYPICAL USAGE 

The design and construction 
of specific engineering 
works. 

Within the framework of a Standard Form, there will be a number of 
items that will require specific input to suit a particular contract, such as: 

.A times and stages of completion 

.A taking over procedures 

.A performance testing 

.A insurances 

.A retention 

.A security bonds and guarantees 

.A liquidated damages. 

Other items that may not be covered in the Standard Form in detail must 
be included elsewhere, usually in the pricing provision, eg The Bill of 
Quantities. These items include: 

.A description of the works 

.A description of site 

.A drawings used for the tender 

.A tender information 

.A services and facilities 

.A working with other contractors 

.A temporary works 

.A recording of information 

.A protection 
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A medical and first aid requirements 

A security. 

These items will also have to be catered for in the production of non­
standard forms in conjunction with the clauses listed in the next section. 

NON-STANDARD FORMS OF CONTRACT 

There are many non-standard forms of contract which have been 
produced by various companies in their capacity as either clients or 
managing contractors and these should be considered on their merits 
in line with the requirements of the individual project. 

The advantage of using or producing a non-standard form of contract 
is that it can be tailored to suit the specific needs of the project. This 
factor can be of great importance in specialised types of development 
using advanced forms of technology. 

When drafting non-standard forms there are certain clauses that should 
be considered as fundamental and these can be listed in broad terms 
as follows (not in order of priority): 

A definition of terms 

A contract documents 

A general obligations 

A assignment and subcontracting 

A programme of work 

A delays and extensions of time 

A damages for delay 

A maintenance and defects 

A variations 

A inspection 

A working conditions/safety requirements 

A insurances 

A taking over 

A payment 

A termination 

A arbitration/settlement of disputes. 

Having drafted a non-standard form of contract which is considered to 

35 



satisfy all the specific requirements of a particular project, it is recom­
mended that independent legal advice be considered to check on the 
contractual integrity of the document prior to its implementation. 

PRICING PROVISIONS AND STRATEGY 

One of the most important parts of the contracting philosophy developed 
for a project is the strategy to be adopted with regard to the pricing 
provisions. The chosen pricing provision will be a factor that will then 
be taken into consideration in the selection of the type of form of 
contract to be adopted. 

Relevant to choice of any of the pricing provisions to be described is 
whether the work is to be undertaken by a single multi-disciplined 
contractor or by a series of contractors responsible for various aspects 
of the project. This will affect how, in the early stages of project planning 
the outline work scope is developed and divided into individual contract 
packages for which tenders are to be obtained. 

The decision on the type of pricing provision to be adopted needs 
careful consideration as it will have an effect on all aspects of the 
commercial management of the project throughout its life and the 
resultant price paid. The factors that will affect this decision will include 
such items as the degree of engineering or design definition available 
at the time of production of contract documents, the nature and size of 
the project and to some degree the general economic circumstances 
pertaining at the time. 

Other points which may affect the decision to a lesser degree would 
be the time period available to produce tender documentation and the 
time period planned to execute the work. 

Having considered the above points, the pricing provisions from which 
a choice is made are: 

.& lump sum or 'turnkey' 

.& target lump sum 

.& bill of quantities 

.& schedule of rates 

.& reimbursable or a combination of certain of these options. 

Factors affecting the choice of pricing provision are many and can be 
summarised for each type of pricing provision as follows: 

If the work scope and specification is defined in detail or the project 
is to construct a standard type of facility, a fixed lump sum or 'turnkey' 
type of contract may be favoured . This has the advantage to the client 

36 



that he knows with a fair degree of certainty his financial exposure 
having the management and risk element in the work scope passed on 
to the contractor. By doing this, however, the client must recognise that 
he will not be able to make changes to his requirements during the 
execution of the works or impose his views (other than those agreed at 
contract award) on how the project is controlled, eg if the conditions of 
contract have been written to allow the ordering of variations by the 
client then alterations to requirements can be made within the parameters 
of that variation clause. However, this will to some degree detract from 
the main purpose of a fixed lump sum approach due to the inevitable 
departure from budget and possible effect on schedule. 

Before embarking on a turnkey strategy the client must satisfy himself 
that the contractors tendering on this basis have the capability to 
complete the works to the required specification , as failure to perform 
will affect the whole project. The client has passed on the risk, but he 
has also effectively 'put all his eggs in one basket'. The target lump sum 
approach may be set up with a single contractor for the whole of the 
works, or with several contractors being given specific areas of work. 

The contractor prepares an estimate which is related to a defined 
scope of work. This estimate is reviewed by the client and following 
negotiation is agreed by the parties. If the price at completion is greater 
or less than the pre-agreed estimate, the difference, whether 'profit' or 
'loss'. is shared in predetermined proportions by the parties. The target 
method of payment gives the contractor an incentive to operate efficiently, 
as he has access to cost savings in 'profits' but reduces his liability with 
regard to cost overruns, ie 'losses', as the client is sharing some of the 
risk. The client gains advantage as the contractor is encouraged by 
financial incentive to share the client's goals of earlier completion at 
least cost. 

This type of payment has most advantage where close links between 
client and contractor are of particular importance, eg 'fast-track' con­
struction where design and construction proceed alongside each other, 
or where novel methods of construction are to be used, which if suc­
cessful have considerable commercial benefit to the client. The use of 
bills of quantities was initially confined to building and civil engineering 
projects, but since the early 1950s has become more widely used for all 
engineering disciplines. 

This approach involves the measurement of construction activities in 
accordance with standard or non-standard methods of measurement so 
that when the bills are priced their total forms a sum on which the 
contract is based. 

The bill of quantities main advantage is that it is a flexible document 
for accommodating change to either workscope or specification. It enables 
remeasurement of specific quantities or revision of unit rates on a 
predetermined basis. 

The bill of quantities gives a consistent basis for tendering, enables 
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evaluation of partly completed works for interim payments and gives a 
basis for the valuation of variations. It can be used as the prime element 
in post-contract cost monitoring and cost control systems. 

If the pricing of the bill of quantities and the resultant sum is to be 
realistic, the design/engineering information must be complete or 
reasonably well advanced at the time of document production. 

The contracting plan will have to accommodate the time necessary 
for the quantity surveyors to prepare the bill(s) of quantities which may 
put back the date for receiving tenders, but this time will normally be 
countered by the reduced period which may be required for tender 
assessment and tender clarification discussions. 

In cases where the design/engineering information is not well advanced, 
approximate bills of quantities may be compiled, based on historical 
data from similar projects. This will enable those tendering to have some 
idea as to the overall scope of work . Where the design/engineering 
information is poor or where the activities are known but the scope 
cannot be foreseen because of the nature of the work, eg modifications 
to existing units, it is more advisable to adopt the use of a schedule of 
rates. 

Like the bill of quantities, the schedule of rates gives the contractor 
an incentive to be efficient as he will be paid for completion of work on 
a unit rate basis. It is more likely, however, that the rates will be higher 
than those submitted in a bill of quantities as the contractor will include 
a higher contingency factor due to the unknown scope of work. In 
certain circumstances, a contractor will need to be appointed to execute 
work for which there is no definition available either with regard to scope 
or type of work at the time of obtaining tenders. An example of such a 
situation is the carrying out of shutdown work on chemical or oil 
installations where the extent of the work is unknown until the plant is 
shut down and partly dismantled. 

In these cases, there is little option but to carry out the work on a 
reimbursable basis. A clear definition of what will be included in the 
reimbursement will need to be established in order to obtain competitive 
tenders . 

This form of approach gives the client direct control over the activities 
of the contractor, and hence the level of expenditure undertaken. The 
contractors should be able to tender competitive rates; they will not 
need to build in contingency sums as the risk element is carried in total 
by the client. 

It will not always be possible to make decisions as to which type of 
pricing provision should be adopted on clear cut situations as outlined 
here, and an element of judgement will always be required. 

This is because of the complex nature of the design, procurement, 
construction and handover aspects that can be encountered in the 
control of major projects which to some degree are all unique in their 
requirements. 
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As mentioned earlier, it may well be the case on major projects that 
a combination of various options will be most suitable. 

The subject of contract forms and contracting strategy is a broad and 
complex subject. The points raised in this chapter do not constitute an 
exhaustive list of contract types or of the features which can be built into 
contracts; they will, however, given an indication or guideline into the 
decision making process. 

The following publications are recommended for further reference: 

TITLE 

Thinking About Building 

Practice Note 20 Deciding on the 
appropriate form of J. C. T. Main 
Contract 

Guide and Flowchart for 
selecting the appropriate J. C. T. 
Form of Contract 

Tenders and Contracts for 
Building 

PUBLISHER 

NEDC Building Economic 
Development Committee 

Joint Contracts Tribunal for the 
Standard Form of Building 
Contract 

B.E.C. 

The Aqua Group 
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6 PROJECT CONTROL AND ORGANISATION 
ALAN WILLS 

Fluor Daniel Limited 

PRINCIPLES OF PROJECT ORGANISATION 

A project is a unique event and therefore a project organisation must 
be conceived and implemented which will bring together a team of 
personnel from various disciplines, some of whom may be from separate 
organisations. It is important that the organisation reflects the contractual 
arrangements, the scope of work, and the required communications, and 
also interfaces between the owner, contractor(s), and any third parties. 

As initiator and owner of the project, the client must undertake a series 
of fundamental steps. These include: 

.._ undertaking the necessary feasibility studies and budget 
estimates (using consultants as necessary) to enable him to 
make the decision to proceed . 

.._ ensuring finance is available and to pay the bills . 

.._ making the site available . 

.._ defining the project. This could be a functional specification, or 
it could go down to such detailed levels as size of rooms and 
main parameters of services. The important point is that all the 
owner's requirements are specified such that designers can 
proceed with the confidence that there will not be substantial 
changes later . 

.._ preparing a preliminary contract strategy. This wi ll be final ised 
after appointment of the project manager . 

.._ appointing the project manager (PM). The PM 's terms of 
reference will depend on the preliminary contract strategy. In 
some larger organisations, the owner may do his own project 
management; in others it is provided by a consultant/or contractor. 

A determining the levels of delegation to the PM. What has to 
come back to the owner for approval or decision? 

.._ agreeing the final contract strategy with the PM . 

.._ approving the appointment of other participants, arranged and 
managed by the PM. 

The client must also provide a support structure for the project manager, 
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including monthly cost and progress reports, change control , and deci­
sions above the delegated limits. He should prepare for the utilisation 
of the completed project, and participate in commissioning and handover. 

The project manager is the key individual in all of these matters. 
He must be fully aware of the client's project goals, parameters, and 
criteria. The project manager should be given the authority and res­
ponsibility for planning and controlling the project work as well as being 
held accountable for overall results. Authority and responsibility can be 
delegated by the project manager to lower levels in the organisation. 
However, accountability for the project must lie solely with the project 
manager; it cannot be delegated. 

Successful project management to realise goal achievement during 
one-time projects requires integrating cross-functional groups within an 
organisation and working with external groups to achieve stated objec­
tives. It is quite common on major projects (particularly involving joint 
ventures or similar arrangements) to set up an executive steering com­
mittee to oversee the performance of a project. The steering committee 
would normally consist of senior management representatives of the 
client, managing contractor(s) and any joint venture partners. 

CRITICAL ISSUES 

Critical issues are those that could jeopardise the success of the project 
if not satisfactorily handled. Often these are identified in the Owners' 
Invitation to Bid. Others may be identified during the contractors' plan­
ning, normally prior to contract. They will vary from project to project but 
the following are typical issues: authority approvals of design, construction 
and environmental issues, funding, grants, locality, counter-trade 
requirements, site constraints, material logistics, modular construction, 
safety issues, policies and attitudes of government departments and 
local authorities, public relat ions, manpower, industrial relations, weight 
control and climatic constraints. 

Some of these critical issues can be handled by special attention to 
normal project controls. Others however may either be so important or 
sufficiently unusual that the project organisation must be adapted to 
ensure that they receive adequate or individual attention. For example, 
counter-trade may necessitate an assignment of a specialist in that 
area and modularisation may warrant the appointment of a manager of 
modular design/construction. 

PROJECT CONTROLS 

An important necessity for achieving the project objective is developing 
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a timely realistic, and useful master project plan that incorporates the 
project's scope, cost , dependent activities, resource requirements , and 
resource availability. 

Project control provides the information that is necessary for reporting 
on the project status both internally and to the owner. The principle 
project controls are estimating, scheduling, cost and change control. 

Control is necessary at all interfaces between the project team and 
the owner, and between the project and its external environment, eg 
battery limit connections. 

The following criteria are most commonly used to measure a project's 
success: 

A. Client satisfaction 

A. Performance to specifications in terms of output and quality 

A. Budget performance 

A. Schedule performance 

A. Contractor and project team satisfaction. 

Characteristics of successful projects are associated with the good 
management of planning, goal commitment, team motivation, technical 
competence, scope and work definition and project control systems. 
Poor project execution is associated with an unrealistic project plan, 
client/management changes, insufficient front end planning, and under­
estimating the project scope. 

Planning is the identification of what needs to be done to meet the 
project objectives, while monitoring of progress identifies what has 
actually been done, and control compares the actual performance to the 
plan and thereby enables identification of variances. This allows project 
managers to evaluate selectively (using management by exception) 
the impact on project goals. Feedback gives management the oppor­
tunity to change either the plan or the execution of the plan. Constant 
change is inevitable and continual iteration through this process is 
always necessary. 

MASTER PROJECT PLAN 

The development of a Master Project Plan normally follows the sequence 
of basic engineering, detailed design, procurement and construction. 
On fast track projects these phases become overlapped such that the 
next phase commences significantly before the completion of the 
preceding phase. 
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MASTER PROJECT PLAN DEVELOPMENT STEPS 

The client's Invitation to Bid which normally begins the project work 
should include expected performance requirements, cost limitations, 
schedule requirements, and contract arrangements. Additionally there 
should be a statement of objectives to define adequately the overall 
project goals including overall project specifications and necessary 
client requirements so that the participants fully understand the work to 
be performed. The Statement of Objectives should include the deliver­
able end items, quantifiable objectives, measurement of objectives, the 
scope of the project cost target, preliminary start and end dates, legal 
obligations, financial obligations, and any predetermined supplier 
relationships. These objectives should be reviewed between the client's 
project manager and the contractor so that there is a full understanding 
of the scope of the project. 

The management level schedule shows planned dates for major 
activities. It consists typically of five to 30 activities, depending on pro­
ject size, which identify the project start and end dates and other major 
milestones. It should initially be used at the management level to plan 
personnel requirements in support of the project. 

An order of magnitude estimate (also called the conceptual, factored , 
or feasibil ity estimate) is based on little or no detailed design or plan­
ning of the project. This estimate may be based on a similar project but 
adjusted for present day prices and the productivity in the area where 
the project will be performed. 

The Statement of Objectives, Management Level Schedule and Order 
of Magnitude Estimate are used to obtain client and management 
approvals. 

Work Breakdown Structure 

A basic management technique is to break a project into manageable 
pieces in the Work Breakdown Structure. A WBS is a hierarchically struc­
tured listing of project activities (ie physical items, procedures, services 
etc) broken down into work packages. The WBS is an important respon­
sibility of the project manager because it provides a common framework. 
The total project may then be defined at a detailed level and a common 
scope/cosUschedule framework may be used for communication, assign­
ing responsibility, work authorisation, planning , monitoring and control. 

Work package budgets should be identified in hours, material usage, 
etc and must be measurable. 

Once the WBS has been finalised, the Code of Accounts, a numbering 
system for cost monitoring, control and forecasting, may be developed 
and based on the Work Breakdown Structure. 
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The number of work breakdown structure levels and the scope of 
each work package should be based on the project's size. In general the 
greater the project complexity and technical requirements, project cost 
and time span, the greater the number of work breakdown structure 
levels and work packages. Having the appropriate number of Work 
Packages is crucial to implement the work breakdown structure effectively. 

Once approval is obtained for the Statement of Objectives, Manage­
ment Level Schedule and the Order of Magnitude Estimate, the design/ 
planning during the initial stage of the project may now begin . 

Conceptual Desioau and Planning 

Initial design and planning requires sufficient effort to define the project 
adequately. Examples of the type of documents normally produced 
during conceptual design for an engineering/construction project may 
include flow diagrams, equipment listings, a detailed description of 
work, and layout drawings. 

Increasingly, the computer and particularly computer aided design 
(CAD), and computer aided engineering (CAE), is helping reduce the 
overall technical manhours and increase the access to conceptual design 
information once it is developed. 

Budget Estimate 

The Budget Estimate (also called appropriation, control or design estimate) 
is based on quantitative information using bid and unit rate prices for 
material, equipment, tools and the cost of manpower requirements. Due to 
the uncertainty of project work, the total project budget estimate may 
include provisions for potential scope changes, escalation, currency fluc­
tuations, project manager's and corporate management's contingency. 

A budget estimate may be developed based on a definition of the 
project's system and structures, flow sheets, layouts, equipment details, 
major equipment and material quotation information from vendors, 
special site considerations, availability of management and labour, 
current trends in material and labour escalation, and regulatory require­
ments. Depending on the industry and type of contract, the budget 
estimate should be within -10 per cent to + 25 per cent of the actual 
final cost of the project. 

Network Diagram 

A Network Diagram identifies what tasks must be performed and their 
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logical relationship and interdependencies. The level of activity detail 
when preparing the network diagram during this planning phase should 
follow the work breakdown structure at a summary level (ie more 
activities than the management level schedule detail), but fewer acti­
vities than that required to reflect adequately the project work scope at 
the work package level. 

The goal should be to produce a network that may be used to plan 
the work of major functional groups on the project to a better degree. 
At this stage of the project, getting into too much activity detail is not 
appropriate because too many assumptions are often required. In 
addition, too much activity detail often detracts from project manage­
ment's vision of the whole project. 

The network diagram is very important since this document is central 
to the Master Project Plan. Activity relationships normally fall under 
three headings: normal, preferential, and external. Normal precedence 
relationships are hard and fast and normally nothing may be done to 
alter this sequence of work. The preferential activity relationships often 
represents the project manager's choice and may reflect a strategic, 
conservative, or even risky approach to project execution. External 
activity relationships are used to identify equipment or resource con­
straints (eg only one heavy lift crane, or labour saturation levels). 

Usual resource requirements and availability should be used when 
estimating 'normal' activity durations. Once the network diagram has 
been completed , a forward and backward pass may be performed, 
possibly using a computer software package, to identify the critical path 
through the project. Management by exception of the identified critical 
path activities is the key to on-time project execution. 

Resource Allocation 

Resource Allocation requires loading individual resources; manhours by 
craft, number and type of equipment, and material quantities onto 
network activities. These resources may then be converted to cost 
figures using estimated labour rates, purchase costs for equipment and 
material, and unit rates. Completely defined resource loading is a major 
undertaking which is usually not required or even feasible within the 
limited time available. The approach should be to identify a maximum 
of four of the most potentially critical resources, eg labour manhours, 
tools, equipment, or material quantities to allocate to activities. 

Engineering construction projects are normally constrained by labour 
availability and/or saturation, major equipment procurement and instal­
lation followed by critical materials. Once selected resource loading has 
been accomplished, time and resource availability through time have to 
be determined. 
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Two major scheduling approaches based on activity precedence and 
resource constraints are available. The first is time-constrained {also 
called time-limited) scheduling where the end date is based on the 
forward pass {ie earliest date possible) or an externally imposed date. 
The resulting resource load histograms are then used to identify any 
resource requirements which exceed availability. The second is resource­
constrained {also called resource limited) scheduling where all resource 
availabilities are fixed and may not be exceeded for any reason . Activity 
start and finish dates are moved to conform to resource use and 
availability. 

In order to minimise the expected time of completion dates, there is 
often a need for a time/resource trade-off. However, the relationship of 
time to resource trade-off should not be assumed to be linear (eg twice 
the resources, half the time). When other factors interfere, such as 
space limitations which force overcrowding leading to reduced produc­
tivity, excessive overtime, or increased indirect costs, resources which 
have been added may actually increase activity duration times. 

The Master Project Plan may now be developed based on the network 
diagram, an expected completion date, and critical resource activity 
loading and constraints. 

Master Project Schedule 

After accounting for networking and resource constraint priorities, some 
activities typically remain floating which represent the ' remaining flexi­
bility' in the project plan. Additional, but normally lower ranking project 
priorities may now be included such as the timing and size of con­
struction contracts. The resolution of any conflicts remains the project 
manager's responsibility in selecting activity start and end dates and 
producing the approved finalised Master Project Schedule. Following 
final resource allocation and activity scheduling, the budget estimate 
may need some revision. An approved finalised Master Project Plan 
may now be used as the base project plan. An easy to update plan that 
is credible and that can adequately represent a rapidly changing project 
will give the project manager confidence to act when there is a variance 
from the plan. 

Project Control Systems 

Project progress should be regularly monitored and reported at the work 
package level which should have a specific limiting schedule start and 
completion date. 

It is important to distinguish between physical progress and manhour 
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expenditure in engineering and procurement work. Physical progress is 
best measured by assigning percentages to key milestones in the work 
at the control level and to measure actual percentage complete by 
reference to those milestones. 

For example, a drawing may be considered 10 per cent complete 
when started, 50 per cent complete when first drafted, 70 per cent 
complete when first issued for comment, and 90 per cent complete 
when issued for construction , leaving 10 per cent for subsequent revi­
sions and site changes. By this means it is possible to calculate earned 
manhours as a measured percentage of the budgeted hours. 

The ratio of earned hours to actual hours spent will give a measure 
of productivity. If productivity is less than 90 per cent at any given time 
it will indicate either an inadequate budget or inefficient working. In 
either case, additional manpower may be necessary to recover the 
position. 

Similarly for site work, physical progress must be the basis of progress 
measurement, not manhours expended. Site work is normally measured 
in terms of cubic metres of concrete, tonnes of steel, numbers of items 
of equipment and metres of pipe and cables installed. 

In order to ensure that adequate resources are available, it is essen­
tial to re-examine the remaining work to complete, and tore-forecast the 
hours required for that work. It is important to avoid underestimating the 
remaining work in order to compensate for low productivity on work 
completed. If productivity has been low on completed work, it is likely 
to continue to be low. This unpalatable fact, if ignored, will lead to 
substantial underestimate of manhours' expenditure and thus cost, 
as well as a failure to complete the work on time due to inadequate 
resources. 

Accurate measurement of progress, productivity and forecasts to 
completion takes significant effort and therefore is usually carried out on 
a monthly basis. However, if necessary, it can be carried out fortnightly 
or even weekly. Where it is necessary to monitor particularly critical 
activities more frequently , a separate manual control system is often 
used with the normal computerised systems retained for monthly 
reporting. More frequent reporting is particularly necessary on activities 
that require a high manpower expenditure over a relatively short period, 
such as for the production of piping isometrics. 

Recovery of Delays 

It is much easier to avoid delay by pro-active management of early 
activities, than to try and recover delays later. Generally speaking every 
effort should be made to complete home office work on time, rather than 
to leave the recovery of delay to the field where recovery will be more 

47 



difficult and significantly more expensive. The best way of avoiding 
delays is to establish a realistic project schedule, identify critical areas 
and establish a thorough system of measurement of progress, so that 
problems can be identified at the earliest possible opportunity. 

If delays occur in non-critical activities it may be possible to accom­
modate them by the use of float. However, this should be avoided, 
particularly at the early stages of a project since float used then is not 
then available for subsequent activities. Delays may be recoverable by 
the increase of resources, whether of manpower or equipment. If this 
is not possible then it will be necessary to re-develop a plan which 
changes the logic of some subsequent activities. 

Finally, it has to be recognised that some delays may be irrecover­
able, in which case the important thing is to forecast accurately the 
consequences and work to minimise the effects. 

COST CONTROL 

Cost control covers the preparation of estimates, the monitoring of 
expenditure, the forecasting of costs and the issuance of regular reports. 

Cost Control System 

A project coding system must be established by the contractor. Depending 
on the type of contract this may be the owner's system, contractor's 
system or even a project specific system, incorporating where possible 
a cross-reference between the owner's system and contractor's system. 
However difficulties may be experienced where the breakdown of codes 
between the two systems is not the same. 

Generally the system will segregate costs for various types of equip­
ment items, bulk materials and construction cost by discipline. The 
project cost control system should interface with the accounts payable 
system and this requirement may suggest the cost code system to be 
used. 

Costs incurred must be recorded promptly as committed (ie not when 
invoiced). Normally when a commitment is entered into, such as a 
purchase order for equipment, the entire value of the purchase order 
will be reported as committed. An exception may be made if a cancel­
lation cost has been agreed, in which case the cancellation cost can be 
considered as the commitment for the duration of the cancellation cost 
agreement. Purchase orders should be structured to reflect the cost 
control budget and cost coding system. If equipment cost items are 
being controlled by item number then the purchase order must give total 
item cost and not grouped costs. 
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Extra work is a particularly important subject for cost control. It may 
be work that was allowed for in the budget, but not included in the 
contractor's scope, or it may be additional to the total project scope. It 
may have to be offset against the contingency or it may warrant a 
revision to the project budget. The important thing is to establish a cost 
control system based on a detailed budget so that extra work can be 
identified. 

Sampling is a method of checking that the intent of the project 
execution plan and budget is being followed. It involves taking sample 
drawings or specifications, estimating the quantities and costs con­
tained therein and comparing them with the budget quantities and 
costs. Sampling when carried out at the right time can show deviations 
from plan and budget in sufficient time to consider possible re-design 
in order to reduce quantities and/or costs. 

The cost control system should allow for cost forecasting. Forecasting 
should be based on actual costs where known and the best possible 
estimate of costs yet to be committed. If existing commitments are 
showing an over-run, it may be appropriate to forecast an over-run on 
similar uncommitted costs. The forecast of uncommitted costs is the 
joint responsibility of the project cost engineer and the project manager. 
This is particularly important for subcontracts where large sums of 
money are involved. In such cases a regular review of the forecast sub­
contract cost should be carried out by the project manager, construction 
manager, contracts engineer and cost control engineer. The review 
should address the subcontract committed cost, and forecast the final 
costs by considering additional costs resulting from extra work, delay, 
rework etc. 

On a major project, costs may be expended in a variety of currencies. 
Normally all costs should be converted to one currency at fixed project 
exchange rates for cost reporting purposes. However, separate reports 
may be required for forecasting and recording the effect of exchange 
rate variations. 

Cost Reporting 

On any major project a detailed cost report must be produced by the 
contractor. The level of detail will depend on the type of contract, but 
normally the contractor will report commitments and forecast against all 
project costs whether budgeted or not. 

Except for lump sum projects the contractor will issue the owner with 
a detailed monthly cost report by cost code item and a summary level 
report within a monthly project report. In addition , the contractor may 
need to supply a forecast of cash requirements to meet committed 
expenditure. 
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The contractor may also prepare detailed cost reports for expenditure 
so that he can monitor his own costs. The contractor will also normally 
prepare an internal cash flow report covering his own contract, showing 
forecast and actual expenditure and revenue. 

For overall control, it is also desirable to report on the earned value 
of work done on the project. The earned value represents the financial 
cost of work actually done, which is not necessarily the same as the 
costs actually paid . Typically for equipment, the earned value is much 
higher than any progress payments, and for subcontracts, payments 
are usually at least one month in arrears of the earned value. The 
earned value as a percentage of the forecast cost can be used for 
comparison with the percentage complete. If there is a substantial 
difference between the percentages of earned value and progress, it 
suggests that one of the figures is suspect. 

Cost Forecasting 

The cost report will routinely show actual commitments against the 
budget. In order to prepare an overall project forecast , it is necessary 
to predict costs of work not committed. The first significant considera­
tion is quantities. If the quantities are greater than allowed for in the 
estimate, then a corresponding cost over-run should be forecast. In 
addition, unit costs should be monitored and, if budgeted unit costs are 
clearly inaccurate, then forecast costs should be adjusted. Trends on 
one purchase order or contract can be used to predict costs on another 
purchase order or contract. 

Cost Control Sununary 

Cost control depends on a budget structured to the project execution 
plan, forecasts of quantities and rates. Cost reports should be issued 
monthly. Detailed reviews of subcontract cost forecast should be carried 
out. 

CHANGE CONTROL 

A change to a project is anything which changes the scope of work, 
project cost or schedule. Wherever possible, changes should be avoided 
because of their negative effect on both cost and schedule. Also, 
wherever possible, the project schedule should allow adequate time for 
project optimisation at an early stage so as to avoid rework later. 
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It is important that all members of the project task force fully under­
stand the project scope, budget and schedule so that they can identify 
changes. Some changes are inevitable and they can best be accom­
modated by early recognition. Late changes have an increased impact 
on project cost and schedule. 

Once changes have been identified they must be approved or 
rejected promptly. This approval may involve the owner, depending 
upon the contract terms. Generally no work should be carried out on 
changes until they have been approved. After approval, a specific plan 
should be prepared in order to implement the change with minimum 
impact on the project. The costs of changes may be reported separately 
or by revision to the overall project budget. 

It is important to recognise that changes may have cost and schedule 
implications. These should be clearly identified prior to approval of the 
change. Some proposed changes may be so significant that it is better 
to carry out the change after completion of the remainder of the project. 

MANAGEMENT OF INTERFACES 

All projects have interfaces with adjacent plant, utilities, infrastructure 
etc. These are physical interfaces that must be considered during 
design. A specific procedure should be prepared to cover tie-ins. In 
addition there will be interfaces between the project task force, the 
client, the contractor and third parties. 

These interfaces must be identified and formalised by way of written 
procedures and document distribution charts. These will cover preparation 
and issuance of documents, review and approval of drawings and 
documents. 

CONCLUSION 

Every project is different and therefore, to ensure success, each project 
must be organised, planned, controlled and reported on in detail. The 
success will largely depend on the effectiveness of management, 
planning and control carried out. 

Good communication is vital to success, especially in view of the 
matrix management organisation. 
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7 QUALITY 

BRYAN BURDEN 
SheU UK Limited 

There are two essential ingredients for the achievement of quality 
standards: people and systems. 

Achievement through people requires complete commitment from the 
top by all parties concerned be they client, designer, contractor, sub­
contractor or supplier. It requires the belief that quality is essential to the 
success of the project, not an optional extra; it requires strong leader­
ship, adequate training and an attitude of mind based on pride in the 
job. 

People cause quality problems by lack of an adequate brief, lack of 
a clearly defined and appropriate specification of what is required , lack 
of accurate, practical, buildable and timely drawings, lack of communi­
cation, and lack of care. 

While formal quality systems in construction can never in themselves 
fully compensate for the shortcomings of people, they can assist them 
in raising their performance to the standard required. 

Quality Assurance (QA) is a combination of two elements, quality plan 
and Quality Control (QC), to achieve an agreed quality objective. Quality 
Management (QM) requires the vital th ird element - improvement, ie 
learning from (expensively) acquired experience. 

As many clients know to their cost, the existence of a legal contract 
is no guarantee that the client will be satisfied with the complete project. 
The client achieves small consolation from the eventual compensation 
through arbitration or the civil courts. Unlike when purchasing domestic 
goods the client cannot obtain a satisfactory replacement, and may be 
left with a patched-up original that results in high maintenance costs for 
many years to come. 

QA is needed to demonstrate that adequate systems and procedures 
are in place to ensure effective control of the project. QM is needed to 
ensure continuous improvement in the standards of products and 
services. 

QC is required to build quality into the design, planning and execution 
of all stages of the project to ensure safe design, safe construction and 
safe plant operation. If short-cuts are taken in the areas of QC and QA, 
disastrous consequences may result, eg lengthy delays and associated 
high costs due to late delivery of wrong materials, design errors, defec­
tive construction or subsequent failure of the project, any of which may 
result in serious injury to personnel and even destruction of the project. 

The implementation of QA and QM procedures in no way diminishes 
the responsibility of suppliers and contractors to achieve quality. The 

52 



emphasis of the approach is on eliminating errors and deficiencies 
by better quality planning, training and organisation, rather than by 
inspecting to find faulty products. The clarification of the responsibilities 
of the various parties involved is a key benefit of this approach. 

Quality Management 

The present way of doing things has tended to be the outcome of 
countless ad-hoc 'practical' answers to the incidental problems posed 
by the changes and urgent demands of our business. Such an approach 
has its functional costs in that too high a proportion of skilled and scarce 
resources are deployed in steering the production process itself; 
adjusting, re-blending, fixing problems, delays and holdups - day-to­
day crisis management. Technical and managerial talent should be con­
centrated in preparation, planning and improvement- not sweeping up. 

Quality management is a systematic way of guaranteeing that organised 
activities happen as they were planned. It is a management discipline 
concerned with preventing problems from occurring which, by changing 
attitudes and providing controls, make error prevention possible. 

The foundation and spearhead for improvement by prevention is the 
quality management system driven by management at all levels. 

Quality Assurance 

The definition of quality assurance is as follows: 

'All the planned and systematic actions that are necessary to provide 
confidence that a product or service will satisfy given requirements 
for quality'. 

The current British Standard for Quality Assurance, (BS5750) is applic­
able to all organisations (industrial, commercial or governmental) which 
produce a product or provide a service intended to satisfy a user's 
needs or requirements. It is therefore applicable to all projects. 

Quality Assurance for any project can be accomplished with the 
implementation of a quality system, which may be based either on a 
client's or contractor's existing quality system, or one specifically for a 
particular project. 

The Standard (BS5750) provides a complete checklist of the areas 
which need to be included in a quality system. A description of the 
quality system is usually set out in the quality manual which references 
supporting work procedures and detailed job instruction. The quality 
system should be supported by a specific Quality Plan . 

Obviously the scale of quality plan will depend on how geared the 
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existing quality system is to project work. A contractor specialising in 
engineering, procurement and construction will have quality documen­
tation more geared to the requirements of a particular project. In a 
complex client organisation, the Quality System will be more broad­
based to encompass the multiple activities and the interfaces between 
them. 

The Quality Plan will therefore highlight the specific requirements, the 
various sections of the Standard which need to be reinforced for the 
requirements of an engineering, procurement and construction type 
project. 

Quality Control 

The definition of Quality Control is as follows: 

'The operational techniques and activities that are used to fulfil for 
quality'. 

In order to ensure that the essential areas of Quality Control (Q'c) are 
adequately covered in a major construction project, it is necessary to 
split QC into the following activities: 

Inspection Procedures 

The final procedures required for the project should be identified and 
agreed well in advance of vendor selection, so that the equipment and 
material purchase orders can then clearly specify these requirements. 
If, for any reason, these requirements are agreed after equipment and 
material orders are placed, very significant additional costs and serious 
delays can occur. 

Examples of inspection procedures are: 

Non-destructive testing heat treatment, hydrotesting, fabrication and 
construction for all disciplines eg mechanical, civil, instruments and 
electrical. 

Vendor Selection 

Before vendors are short listed for purchase order bids, it is essential 
that the QA and QC experience of each potential vendor is assessed to 
ensure that the required level of quality can be achieved. Certification 
of the vendor's quality system by an accredited certification body may 
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provide a useful indication of capability. Once bids are received from 
selected vendors, then a QC assessment of each bid should be carried out 
along with the technical assessment before the final selection is made. 

Project Design 

Quality Control of a project is maintained by carrying out detailed audits 
on drawings and equipment requisitions to ensure that full compliance 
with project specifications has been achieved. 

Pre-Inspection Meeting 

The pre-inspection meeting should be held at the purchase order place­
ment stage in order to agree the inspection plan and any inspection hold 
points required for staged Quality Control. The detailed non-destructive 
testing techniques should also be agreed to ensure that no misunder­
standing exists between purchaser and supplier. 

Vendor Inspection 

Quality Control of vendors' work throughout the duration of manufacture 
of equipment and materials is essential to ensure the desired level of 
quality. 

Purchase orders should specify the level and extent of Quality Control 
to be carried out at the supplier's works. This QC activity may be carried 
out either by the supplier's own inspection department or by a nominated 
third party. However, it is advisable for the client to carry out its own QC 
audits on suppliers to ensure that the specified level of QC is being 
maintained. 

These audits should vary from spot visits to 100 per cent cover­
age depending on type or order and problems encountered during 
manufacture. 

Examples of QC audits cover N.D.T. results, visual examinations of 
fabricated plant, test certification, etc. 

QC assessment of vendor design drawings is also carried out to 
ensure compliance with specification. 

Goods Inwards Inspection 

When equipment and materials arrive at the project stores it is essential 
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to check that these items comply with specification and that no damage 
has occurred. 

This activity can be achieved by setting up an inward goods inspec­
tion facility. This facility will check received goods before they are 
issued to site , thus ensuring full compliance with specification. The 
percentage of goods checked should be defined by the client, taking in­
to account service and type of material. If any goods are found deficient, 
they should not be issued until either the deficiency is resolved or the 
goods are replaced . 

Examples of deficiency found on inward goods inspection are:­
incorrect certification, wrong material, damaged material, incorrect 
tolerances etc. 

Site Inspection 

Once the equipment and materials have been issued to site for con­
struction , it is essential that Quality Control is maintained through to 
project completion to ensure compliance with project specifications. 

The QC activity will cover all disciplines. Each part of each work 
activity should be checked to ensure that no significant re-work will be 
required owing to late discovery of defective construction work. 

Project Reports 

In order to improve the quality of future projects, it is an advantage to 
compile a project completion report which will record the project acti­
vities from design to completion. The report will highlight problems 
encountered and give recommendations for learning points which can 
then be included in future projects to improve qua!ity. 

CONCLUSION 

The ultimate objective of project management must be to give client 
satisfaction . A major source of dissatisfaction is the failure, for whatever 
reason, to deliver a product of the quality required. Achieving the 
necessary quality is particularly difficult in the construction industry 
because of its fragmentation and division of functions; but if the proper 
systems are installed and operated by properly trained and motivated 
people, the difficulties can be overcome to the ultimate benefit of all 
concerned. 
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8 HEALTH AND SAFETY 

VICTOR COLEMAN 
Health & Safety Executive 

All accidents are preventable. Evidence of this is found in the achieve­
ment of many millions of man hours worked without serious injury. Such 
achievement is possible only with a well thought out safety strategy and 
the determination to carry it out. Death and injury wi ll not be prevented 
by simply expressing good intentions and hoping for the best. 

In Britain, in a recent 10-year period , 1 ,500 people died and over half 
a million people had accidents which caused them to be off work for at 
least three days as a direct result of some kind of failure on construction 
sites. The toll of death and disability from occupational ill-health in the 
industry is less easy to estimate but is likely to be at least as bad. 

Figures 8.1 and 8.2 give typical analysis of the principal immediate 
causes of construction accidents in a given year. This helps to focus 
attention on the kind of tragedies we are most concerned about. It will 

Figure 8.1 Construction Accidents 1986-87' (fatal and reported 
injuries to employees) 

Includes: 
Injured while handling lifting or carrying 7% 
Contact with moving machinery 4% 
Struck against something 3% 
Trapped by something 3% 

· Accidents only - not ill health Contact with electricity 3% 

57 



Figure 8.2 Construction Accidents 1986-1987 (all reported injuries to 
employees) 

Includes: 

Injured while handling 
lifting or carrying 
33% 

Struck against something 6% 
Contact with moving machinery 2% 
Exposure to harmful substance 2% 
Trapped by something 1% 
Contact with electricity 1% 

be clear that, above all, we need to tackle the problem of people falling 
which alone accounts for over half of all reported deaths and major 
injuries. 

Each accident and each case of occupational ill-health has more than 
one cause. At a simplistic level we might say a scaffold collapsed 
because it was not tied to the building . But more importantly we ought 
to ask why was it not tied? Was the scaffold erection company com­
petent? Who inspected the scaffold? Was the work of various contractors 
on site properly co-ordinated and controlled? Was the site properly 
managed? 

The HSE estimates [Ref. 1] that nearly 90 per cent of all construction 
accidents leading to death could (and should) have been prevented, 70 
per cent by positive management action. Nor is the problem of poor 
management control of health and safety hazards confined to smaller 
contractors and work on smaller sites. Nearly 30 per cent of all workers 
who died as a result of construction accidents in Britain in the 12-month 
period 1987/1988 were employees of (or they died on sites run by) 
one of the top 100 construction fi rms in the country. Clearly much 
more needs to be done to ensure safety. At a time when construction 
accounts for nearly a third of all people killed by work accidents in 
Britain, this has to be a high priority. 

All contractors employing five or more people must have a written 
safety policy [Ref. 2]. Ensuring the proper management of health and 
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safety on construction projects should never be seen as a burden or 
something rigidly to be separated from other aspects of management, 
or worse, something to be ignored! The principles outlined in this 
chapter will be already familiar to 'good' managers. A well-planned and 
well-run project will be both safe and efficient. It will save lives, injury, 
ill-health and money. 

CASE STUDY 

A series of accidents arising out of poor site conditions due to bad 'house­
keeping ' led an inspector to insist upon the contractor employing a labourer 
whose sole duty was to keep the site tidy, gangways clear etc. At a return 
visit the inspector was surprised to find the previously reluctant site manager 
jubilant. Not only had there been a reduction in accidents, but the saving 
on materials and the greater efficiency of moving materials around the site 
had paid for the labourer's wage and left a surplus. 

WHAT MAKES FOR GOOD MANAGEMENT? 

The efficient management of construction work builds on good planning 
and commitment by all concerned to do things right throughout the 
course of any contract. Whilst this has long been recognised by most 
parties to major construction projects, success in preventing accidents 
and occupational ill-health has been and continues to be variable. The 
Construction Industry Advisory Committee (CONIAC) which advises 
Britain's Health and Safety Commission (HSC) has recognised the need 
to produce straightforward and practical guides to 'Managing Health 
and Safety in Construction': the first dealing with principles and their 
application to main contractor/subcontractor sites [Ref. 3] was published 
in 1987; the second dealing with management contracting [Ref. 4 ] was 
published in 1988. These are essential guides to anyone involved in 
designing, planning or controlling work on construction projects of all 
sizes, but especially major construction projects. 

CONIAC'S guidance makes a number of key points: 

.& The responsibilities for health and safety on each project should 
be clearly defined and reflected in contractual arrangements . 

.& The management of health and safety should be an integral 
part of the management of the work, and whoever is 
responsible for co-ordinating the activities of others on site 
should ensure that health and safety are effectively managed . 

.& Hazards should be anticipated, suitable plant and equipment 

59 



identified and someone made responsible for its provision and 
maintenance. Appropriate working methods need to be planned 
accordingly. Proper method statements are invaluable, 
providing proactive commitment and understanding. For 
example, when erecting steel frames, the use of preassembled 
structures can significantly reduce the need to work at height, 
the need to establish good hard-standing for mobile platforms 
can be specified along with the way fall arrest equipment is to 
be used. 

£ The design team should identify major factors which could 
affect health and safety and inform prospective contractors of 
them. 

£ Prospective contractors should not be selected or placed on 
tender lists unless they can show competence in the 
management of health and safety. 

A Common, priceable items which are necessary for health and 
safety should be considered for inclusion in the contract 
documents. 

A The organisation of site safety should be planned in detail, 
rules established and performance monitored routinely and by 
special safety audits where appropriate. 

£ Everyone involved in a construction project has certain 
responsibil ities under health and safety legislation: clients and 
the professional advisers, management contractors, works con­
tractors, subcontractors, and individual managers and workers. 

A The most common type of site management framework is one 
based on the traditional arrangements involving a main contractor 
and a number of subcontractors. Figures 8.3 and 8.4 set out 
some key aspects of successful management for both parties. 

The CONIAC guidance [Ref. 3] offers practical help in presenting a 
series of forums to provide a focus for discussion between main con­
tractors and subcontractors. 

Management contracting is becoming more common, especially for 
major construction projects. The management contractor is usually a 
construction company but does not normally carry out any direct con­
struction work on site. The key difference between the many different 
types of management contracting is the extent of the contractor's con-
1ractual responsibility for design and construction work. Arrangements 
whereby the management contractor has access, at an early stage of 
the project, to design team information provide the opportunity for better 
integration and control of design and construction processes and so 
lay the groundwork tor successful health and safety performance on 
site. 

60 



CONIAC guidance makes it clear that the management contractor has 
such a central role in the project that if he does not fulfil his health and 
safety responsibilities then no one else will! His main responsibilities will 
be: 

A To help the design team identify information on major health 
and safety matters which would be passed on to the works 
contractors. 

A To contribute construction health and safety expertise to the 
design team. This should lead to design features which are 
easier and safer to construct. 

A To identify essential, separately priceable health and safety 
items (eg access scaffolding, edge protection and welfare 
facilities) which could be included in contracts with works 
contractors. 

A To shortlist works contractors who may be invited to tender, 
taking account of their skills in managing health and safety. 

A To draw up site safety rules and conditions, incorporating those 
of the client where appropriate, for inclusion in the contract 
documents with the works contractors. 

A To consider site safety procedures, guidance notes and codes 
of practice which could be referred to in contract documents 
with works contractors. 

Figure 8.3 Main Contractor/Subcontractor Sites. Key Aspects of 
Management 

• co-ordinate the act•v•t•es of 
other part1es on site: 

• seek and use .nformation from 
the client and destgner (before 
work begins) to plan work and 
avoid hazards: 

• check that subcontractors being 
brought to site are competent to 
work within the relevant taw and 
w ithout risks to health and safety 

• monitor and maintain control 
of work on site 
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• accept. at the tender stage, the 
main contractor's nghtto manage 
the s11e as a whole: 

• agree to co-operate on health and 
salety matters wtlh other contractors; 

• obey stte rules; 
• ensure that the same rules and 

arrangements apply to any work 
which you lurther subcontract: 



Figure 8.4 Checklist for main contractor-subcontractor discussions 

Forms A 

This checklist notes matters which should be discussed and agreed at an initial 
safety meeting between the main contractor and subcontractor. The tick boxes 
should be ticked when an item has been discussed and actions agreed. In 
addition, a separate note of the meeting should be made to record the agreed 
actions, comments and details required by these forms. 

Contract Title 

Name and address of subcontractor 

Date and those present at the meeting 

Information to give 
subcontractor(s) 

Main contractor's safety policy 0 
Rules and conditions for 
subcontractors (Client's rules/ O 
procedures (eg permits to work) 

List of external contracts (eg 
HMFI , local authority, 
emergency services etc) D 
Names of main contractor's 
safety adviser(s) 

2 Information to obtain from 
subcontractor 

Subcontractor's safety policy 

D 

0 

4 Codes and standards 

Agree those relevant to the work 
(some may have been based on 
the contract documents). 

5 Safety representation 
(nominations, arrangements 
etc) 

6 Training 

0 

0 

0 
All employees should be given any 
necessary induction training/instruc­
tions on their arrival on site. Any 
employees required to do special 
tasks, eg forklift and dumper driving, 
banksmen and first aid duties should 
have appropriate training. 

Names of subcontractor's safety O 
advisers/supervisors 7 Sub subcontracting 0 
Method statements [ .] Arrangements to ensure safe 

methods and system of work when 
subcontractor intends further 
subcontracting 

3 Project meeting (atten-
dance, frequency, content etc) 0 
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8 Accidents/diseases/ 
dangerous occurrences 0 
A death, specified major injury or 
condition should be reported 
immediately to the enforcing 
authority and the site manager. All 
injuries should be immediately 
recorded in the site accident book. 
Subcontractors should also record 
particulars for their own purposes. 
Forms F2508 or F2508 A, should be 
sent to the enforcing authority and 
copied to the site manager. 

9 Hazardous conditions 
outside the control of the 
subcontractor 0 
The subcontractor should report to 
the site manager (or his site safety 
supervisor) hazardous conditions 
outside the control of the 
subcontractor, but which might 
expose his employees to risk, eg 
unsafe scaffolding, holes in floors or 
roofs, dark areas etc. The 
subcontractor should not allow 
employees to work in, or have 
access to such places until the 
hazard has been eliminated. 

10 Welfare facilities/first aid/ 
occupational health and 
hygiene service 0 
State who provides them and note 
any exceptions. Arrangements for 
shared facilities to be confirmed on 
form F2202 by the contractor 
providing the services. 

11 Housekeeping 0 
Arrangements for storing materials 
and clearing away waste materials. 
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12 Permits to work 0 
(a) Does the client's or other con­

tractor's permit to work procedures 
apply to the subcontractor? 

(b) if so, is the subcontractor aware 
of the requirements, and has he 
worked under this procedure 
before? 

(c) details of any subcontractor's 
own permit to work procedures (eg 
electrical switchgear, substations 
etc) should be available. Are they? 

(d) how to apply for a permit? 
(e) who is issuing authority? 
(f) what types of permit apply? 
(g) how long does it apply? 
(h) who can accept and sign off a 

permit? 

13 Fire precautions 

(a) is spacing and construction of 
temporary site accommodations 
considered? 

0 

(b) is appropriate fire fighting equip­
ment to be provided for all 
temporary accommodation, 
wherever liquified petroleum 
gases, highly flammable liquids or 
materials are stored or used and 
whenever welding/cutting is 
undertaken? 

(c) have arrangements for raising the 
alarm and evacuation (where 
necessary) been made? 

14 Emergency procedures 0 
Arrangements for raising the alarm, 
rescue and evacuation in event of an 
emergency other than fire, eg 
release of toxic fumes. 

15 Access to site and site 
security 0 
(a) have site security arrangements 
been made? 



(b) for road closures has there been 
liaison with authorities? 

(c) is there safe access for vehicles 
and pedestrians? 

(d) have arrangements for deliveries 
and unloading been made? 

16 Measures to protect the D 
public 

(a) has site fencing been considered? 
(b) are scaffolding fans needed? 
(c) has access to scaffolds etc been 

prevented? 
(d) are holes and edges fenced( 

covered? 

The management contractor is also responsible for setting up the site 
organisation for the management of health and safety taking into 
account the overall programme for the project, planned procedures, 
arrangements for co-ordination, liaison and communication, safety 
representatives' functions and arrangements for joint consultation, 
arrangements for monitoring site health and safety, arrangements for 
training, instruction and information, policy on the use of common 
facilities, plant and equipment, arrangements for record keeping and 
statutory examinations, external liaison, the responsibilities of sub­
contractors and the responsibilities of individuals. 

The management contractor should also ensure that works con­
tractors are briefed about anticipated construction methods, site/design 
factors, relevant hazard, precautions, general site safety rules and 
conditions, and are clear about divisions of responsibility. Similarly the 
works contractors should inform the management contractor about 
possible hazards arising from their own activities. 

He must satisfy himself that works contractors have made plans to carry 
out the work safely, have priced their bids accordingly and have the 
necessary resources. In particular he should ensure that works contractors 
produce method statements for high risk activities such as demolition, 
structural erection and work with asbestos, and he should assess those 
methods. 

He should manage health and safety on site by co-ordinating acti­
vities, ensuring that planned procedures are implemented and monitor 
performance so that revised arrangements can be made as necessary. 
The management contractor should ensure that he does not become 
remote from day-to-day problems on site. 

He should consider the creation of a joint safety committee operating on 
a site-wide basis and involving representatives of management and 
operatives from all contractors as well as make site-wide arrangements 
for emergencies, safe access, lighting etc where such matters are 
under his control. 

THE IMPORTANCE OF COMMUNICATION 

In any major project there need to be clear lines of communication 

64 



between all the various parties on site, and information and problems 
will often need to be passed 'up' the structure- communication should 
not be a one-way flow. It is essential for subcontractors to nominate a 
person to deal on a day-to-day basis with the site manager. Worker 
representatives need to be identified and encouraged. It is especially 
important for the workforce to know where to go for a decision and 
action if a situation of imminent risk develops. 

The detail of joint consultative arrangements on health and safety will 
vary according to whether there are to be organised trades union rep­
resentatives on the site, and will be dependent on the size and com­
plexity of the project. Where safety representatives are appointed by 
recognised trade unions, their employers should provide them with the 
facilities and assistance necessary to carry out their functions which 
include inspection, investigation, representation, and consultations on 
behalf of the workers they represent. The safety representatives may 
formally require a safety committee, which normally would operate on 
a site-wide basis. Such committees should play a major role in scrutinising 
health and safety arrangements and reviewing overall performance. 
The legal basis for this is set out in The Safety Representatives and 
Safety Committees Regulations 1977 [ Ref. 5]. 

Even where there is no organised trades union representation on site 
it is still important to consult the workforce adequately and a safety 
committee may still be a useful way in which various parties can 
effectively carry out a number of their functions. 

WHAT MAKES A GOOD MANAGER 

Having looked at various aspects of management and organisation in 
terms of tasks, duties and functions, it is worth considering what 
qualities a contract manager, project manager, site manager etc ought 
to possess. In order to be regarded as competent with regard to safety 
a manager must have: 

.A. adequate knowledge of the law and ways of avoiding accidents 
and occupational ill-health; 

.A. the necessary authority,time and resources to achieve and 
maintain 'acceptable' conditions and systems of work on site; 

.A. the will and ability to apply that knowledge. 

This implies that 'managers' (at all levels) must get sufficient infor­
mation and instruction to achieve knowledge of both what to do and how 
to go about it. They must be properly equipped by contractors and 
clients (by terms of contract or otherwise) to have authority (ie powers) 
and must have the personal qualities which are necessary (eg personal 
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commitment, leadership and organisational abilities). The ability to 
motivate and control others is crucial and this can involve the promotion 
of incentive schemes and general 'propaganda' in addition to normal 
line management functions. 

Depending on the type of job and complexity of the work, site managers 
etc will often not be able to acquire an encyclopaedic knowledge of 
health and safety law, and details of ways of avoiding all types of 
potential accidents and ill-health. In such cases they must have ready 
access to sources of specialist information [Ref. 6 and 7] and advice 
(eg , from the specialist safety adviser). Crucially their own knowledge 
must be such that they know when further information and/or advice is 
needed. No manager is likely to achieve all this without training. 

THE ROLE OF THE SUPERVISOR 

The supervisors, and particularly those in first line supervision, are key 
players in all aspects of construction including health and safety matters. 
Training of these people and getting their commitment is a vital and 
necessary step to achieving results on site. For any project to be suc­
cessful it will be necessary to devote time and resources to this group. 

TRAINING 

Proper training is equally essential for good performance of managers 
and supervisors as well as in the construction trades. It is important to 
learn the right way to do any job. The right way will be the efficient way 
and the safe way. Simply picking up a job alongside people who have 
fallen into bad habits will serve to perpetuate problems of poor quality 
work and danger on site. 

Everyone's training should cover basic requirements for health and 
safety on site. People in control of work, and especially those in charge 
of a site, must have a good working knowledge of what the law requires 
and of safe working practices. Safety advisors and safety supervisors 
need still greater knowledge. 

THE SCOPE FOR IMPROVEMENT 

The vast majority of accidents do not just happen. No matter what the 
specific 'cause' of any single accident or case of occupational ill-health 
a failure in 'management' (ie in planning, supervising, organisation or 
control) often lies at its root. Thus, safety is no accident. All construction 
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projects need to be managed well. All parties have a role to play. 
Effective action to tackle management and organisational problems 

ought to lead to improvement across the whole spectrum of construction 
health and safety problems. Time spent on improving the quality of 
project and site management is time well spent. 
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9 DESIGN AND ENGINEERING 

JOHN COOKE 
Davy McKee 

Building and construction projects are generally unique. They require 
skilful management and a fundamental understanding of the design 
process. The design needs to be right first time, unlike that for an auto­
mobile or an aircraft. With these there is the opportunity to produce a 
prototype for testing and amendment prior to production. 

SCOPE 

It is imperative that both client and contractor have a common under­
standing of the contract definition. In simple terms, this includes a list 
of what is known, plus what is not yet defined, be it a design package 
or a fully engineered project. 

Leading on from the definition, there is a need to ensure that all 
involved in the project understand its objectives and the means of 
achieving them. Contract (Job) Instructions are essential to all projects. 
This is a comprehensive document issued to all departments stating in 
precise terms the contract requirements including the programme, 
standards, co-ordination procedure, requirement and methods, eg CAD 
usage, modular construction, etc. 

This instruction is the mechanism for ensuring all parties involved are 
aware of the exact needs of the project. Interpretation is therefore not 
left to any individual. The engineers who may have previously worked 
on very dissimilar projects need unambiguous statements of what is 
required. 

COMPUTERISED OR MANUAL DESIGN 

Prior to the design and engineering launch, clear judgements are 
needed on the use of CAD 2-D and/or 3-D. 

The advantages and disadvantages of CAD are tineley balanced and 
its use has to be determined a on project specific basis. 

The advantages of 3-D high accuracy, through clash detection (both 
hard and soft) and other design checks within the software, plus excel­
lent material take-offs leading to reduced field rework, are the critical 
factors for complex plants, modular construction and high accuracy. 
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The disadvantages of rigidity of information provided by CAD, the 
cost of CAD, limited skill availability and the possibility of incompatibility 
between the client and the contractor's systems, provide the rationale 
for selecting manual drafting and/or 2-D CAD as the project design 
strategy. 

STAFFING 

Neither client nor contracting companies can afford the luxury of under­
utilised resources. Companies are forced to retain a core of skilled staff 
supported by agency personnel and subcontractors as work load 
demands. This can be an emotive topic as some clients believe that 
projects should be manned only by permanent staff. The reality is that 
many of the designer/draughtsmen can only be found on the agency 
market. They move as workload demands and the control and effective 
use of such staff is of enormous importance. 

PROGRAMME 

Programmes which are autocratically imposed may be a recipe for 
disaster. The overall programme together with the working schedules 
need to be built up of achievable elements. These elements need to be 
provided by the individuals concerned and the planner's task is to 
integrate these into a real programme. Commitment to the programme 
by the engineering disciplines is essential. 

The planner needs to be totally aware of progress and delays affecting 
all disciplines. This is particularly true of the delays caused by receipt 
of data from licensor, vendor or another party. It is typical of industry 
that vendor data often tends to be both late and not the required quality. 
A pro-active approach is needed to maintain progress by adjusting 
sequences and priorities for engineering, procurement and subsequent 
construction. It is the joint responsibility of engineers and the planners 
to work closely together to maximise progress and minimise disruption 
to the schedule. 

APPROVALS 

Speed is of the essence in project execution and encourages engineers 
and designers to cut corners to maintain the all important schedule. 
'Design-check-approve ' is an essential approach for engineering and 
technical integrity cannot be put aside for the purpose of early completion. 
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Virtually all companies work to a matrix organisation but technical 
responsibility should always remain with the specialist line managers. 
Technical approval for documents and drawings should therefore be the 
responsibility of technical management, preferably external to the 
project team. 

This is an area where QA audits can be particularly valuable in 
ensuring that the integrity of the project is maintained. 

CONSTRUCTION-DRIVEN ENGINEERING 

The objective of engineering is to provide a safe, operable project, on 
schedule, within budget and one that can be built. Occasionally, the 
fundamental objective is forgotten in the pressure of engineering to a 
tight schedule. 

It is imperative that the resident construction manager designate is 
involved at the earliest stage of engineering. This provides the hands­
on, committed experience that is so important. 

Construction input to engineering is vital for a number of key reasons. 
Constructability needs to be designed into the plant from the earliest 
layout considerations. Construction personnel, therefore, need to be 
involved in plant layout particularly in the event of heavy lifts and/or if 
a modular concept is to be used. Construction personnel also need 
to be involved in work sequencing in order that deliverables from 
Engineering meet field needs. This is an area where construction , 
engineering, planning and materials control need to maintain a constant 
dialogue keeping the ultimate, overall objective in mind. Too often only 
lip service is paid to the term 'construction driven'. 

PROGRESS 

The use of manhours for quantifying progress is no real guide to 
achievement. Actual progress throughout the design and engineering 
phases needs to be rigorously monitored for assessing both real pro­
gress and adverse trends. Engineering productivity needs this close 
monitoring throughout, together with careful examination of trends. 

A rigid approach to the issue of drawings and documents is probably 
the most effective method of progress measurement as this tends to 
provide a slightly pessimistic picture. Aspects affecting productivity 
such as poor vendor data flow can have significant impact on the 
schedule, if corrective action is not taken. An engineering task force or 
team working inefficiently is an expensive luxury. 

Parallel to progress measurement, regular weekly progress meet­
ings are needed. This is the forum through which lead engineers can 
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understand each others' problems and perhaps become aware that 
they are causing difficulties for their colleagues. It is essential that 
progress meetings do not become the only occasion when engineering 
disciplines communicate with each other, and they must not become a 
forum for problem solving. 

CO-ORDINATION 

Involvement of the client, licensor, process and design engineering 
teams with major vendors and the field needs professional co-ordination. 
The job instructions need to provide a clear statement of each party's 
involvement and the requirements for co-ordination. This is particularly 
true in respect of reviews and approvals. 

Uncontrolled client or licensor involvement in the engineering phase 
can be quite disastrous. The client clearly has the right to be involved 
but that involvement needs definition and understanding. The client 
who becomes involved as an integral part of the project engineering 
team can maximise efficiency during this phase. A team effort is more 
powerful than efforts of the individual contributors. 

CHANGE MANAGEMENT 

A subject which may be swept under the carpet is change management. 
Despite the good intentions of all parties, change may be required and 
is almost inevitable. However, rigorous attempts to assess real need are 
essential. The impact of change on the engineering programme is 
always detrimental, with the real effect in cost and time frequently and 
dramatically underestimated. Particularly invidious is a series of small 
changes, none of which is significant but where the collective impact is 
often serious. 

The key questions for the project manager/engineer are: 'Does it 
work? ' 'Is it safe?' It is vital only to permit change for need, not for want. 
Opinion engineering is a destructive force. 

The only approach to the control of change is a highly structured 
formal system. Change alerts leading to review, impact assessment, 
resolution or redefin ition, notification of either internal budget change or 
contract variation should be integral to the system. Discipline is neces­
sary when change is occurring, however it is initiated. Attempting 
to engineer in an environment of continuous change is destructive; 
engineers and designers become demotivated and manhours are 
wasted. It is in clients' and contractors' interest to control and manage 
change and to minimise it. 
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COMPLETION 

Completing the design and engineering phase is a difficult task and 
needs to be addressed almost as an individual project. Document 
finalisation is significantly affected and delayed by late delivery of 
certified vendor documents. At the appropriate time, about 80 per cent 
completion, each discipline should prepare a final check-list and effort 
should be directed towards effective completion on an item-by-item 
basis. 

THE TEAM 

An engineering team is a delicate flower that needs nurturing, and with 
care and effort it will blossom. Engineers are not only interested in 
producing specifications or drawings, they really do want to know how 
the overall project is progressing. Site photographs, a project newsheet, 
and informal gatherings all generate that important team atmosphere. 
The client and contractor working together to achieve synergy in com­
pleting engineering pays immense benefits to the overall project. This 
is not just desirable, it is essential. Without it the flower will wilt. 
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10 PROCUREMENT OF MATERIALS 

TREVOR KENT 
King Wilkinson l-imited (a Babcock Company) 

The primary objective of good procurement practice is 'to provide end­
users with what they need, when they need it, at the lowest cost'. It 
begins with defining the requirements of the project, is followed by the 
selection of suppliers or subcontractors, and ends with the delivery of 
material at the destination. 

To purchase material to specification from the best source, at the 
right price and delivery is a challenging task. To do this in a way that 
is completely auditable requires carefully thought out procedures, high 
standards of administration and a good deal of experience. 

Suppliers, clients and financial institutions all require, in their different 
ways, security. Suppliers want to know that they stand a fair chance if 
they submit a tender and that their prices and documents will be treated 
in confidence. Clients and financiers want to see that their money is 
properly spent and that all decisions can be justified in accordance with 
laid down procedures. 

It is the dual requirement of confidentiality and auditabil ity which is at 
the heart of the procurement function and which in large measure 
determines the documentation procedures and working practices. 

PROCUREMENT STRATEGY 

The success or failure of a project is closely linked to the procurement 
strategy. If this is well thought out and competently run the project has 
an excellent chance of success. 

Typically, a main contractor or owner will purchase much of the equip­
ment and material directly from suppliers for free issue to subcontractors. 

The first step in the preparation of the procurement strategy is the 
study of the prime contract. From this document the salient points to be 
included will emerge. The central concern is risk, both the quantum, 
where it falls, and how it can best be mitigated. It is the passing down 
of this risk to the many suppliers and subcontractors that constitutes 
one of the main contributions of the procurement function. 

It is difficult to quantify all the risks involved in a project, but they can 
be grouped into categories and dealt with in one of a number of ways. 

The first is financial; is the contracting party solvent? Reference of 
one of the credit agencies will normally elicit the information required. 
Bank references are another way, but these are seldom explicit and 
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often require supporting information from other sources to get a com­
plete understanding of the position . The financial structure of many 
companies is extremely complex so that even after diligent searching 
it is not clear how strong they are. If the contract is for the purchase of 
goods cash on delivery, there is little to worry about. If however, sub­
stantial progress payment is involved, there could be a problem in the 
event that the company goes into liquidation. It is a sensible precaution 
to ensure that the purchase order states that title to the goods passes 
to the buyer progressively as payments are made. This gives the right 
to remove partially finished items from a works and get them finished 
elsewhere. In the face of strikes, insolvency or natural disaster, this may 
be an unavoidable step. 

Another tool in the buyer's hands is the Bond. This can be used for 
a number of purposes. The first is the Bid Bond where the buyer wishes 
to ensure that a party (normally a party who has prequalified and shown 
interest) will tender. The second is the Performance Bond which obliges 
the contractor to fulfil the terms of his contract on penalty of forfeiting 
the Bond. In some cases it may involve meeting a number of specific 
requirements, plant performances criteria, effluent discharge, product 
quality and many others. 

Bid Bonds are normally for a specific sum, while Performance Bonds 
tend to be for a percentage of the contract value, commonly between 
five and 10 per cent, but can be for amounts exceeding the contract 
value. The bond is redeemable at the end of the contract which is often 
the expiry of the guarantee period. In some instances, buyers elect 
to retain a part of the contract price for a similar period instead of 
requesting a bond. 

There are basically two types of bond: the On Demand Bond which 
is an irrevocable letter of credit that can be called at any time at the sole 
discretion of the buyer; or a Bond which can be called by the buyer only 
on producing corroborated evidence that he is entitled to the Bond. 

A further precaution is the Parent Company Guarantee. This is 
employed when dealing with small companies which are members of 
large groups. The buyer will commonly ask the holding company to 
underwrite the contract. 

A major risk in any project is delivery delay. This can disrupt the con­
struction schedule and result in costs totally disproportionate to the cost 
of the late materials. This is often dealt with by asking suppliers to 
accept penalty clauses to ensure timely delivery. Penalty clauses are 
only enforceable if matched by equivalent bonus clauses. However, 
liquidated damages clauses which are often expressed as a percentage 
of the price forfeited for each day or week late can be enforced in their 
own right. These usually specify a maximum figure of five or 10 per cent 
of the contract price and in some cases a bonus payment is expressed 
in similar terms for early delivery. 

Liquidated damages represent the best estimate of the parties as to 
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the loss that would be suffered by the delay. The actual loss may be 
greater, but the existence of this clause effectively prevents the injured 
party from suing for damages at large. To this extent the clause also 
protects the vendor. 

There is one further device that can be employed to facilitate timely 
delivery: stage payments against performance. Written into the contract 
schedule are 'milestones' corresponding to the achievement of certain 
pre-agreed stages of completion. If the stage is reached, the payment 
is made, if not it is delayed. It is important that the milestones are easily 
identifiable , such as delivery of castings, pressure testing of vessels, 
final performance, etc. If the stage is expressed as a proportion of the 
contract value there will be difficulties measuring the actual progress 
and endless debate as to what is equitable in the circumstances. 

PROCUREMENT ORGANISATION 

Procurement Departments can be organised in various ways and often 
report into their own organisation at different levels, depending on the 
way the company itself is organised and the status the function is given. 
In some companies there is a procurement director reporting to the 
Board; in others a procurement manager reporting to the director of 
operations. Typically, the procurement manager will be responsible for 
purchasing, expediting, inspection and shipping, and sometimes for 
subcontracts. In other organisations the inspection function may be 
managed by engineering and subcontracts managed by the construction 
department. There is no rigid structure. 

Project procurement may be handled on a functional basis or within 
a project task force. Both systems have been successfully employed 
and it is a matter of company or client preference which system is 
adopted. 

The functional system uses the in-house procurement department to 
perform the work and relies on the procurement manager to liaise with 
the project manager. The project based taskforce approach relies on a 
project procurement manager to oversee the procurement function. In 
some cases he may have one or two specialist buyers directly report­
ing to him, but normally he will use the department personnel as the 
resource for the job. 

Whether or not purchasing is organised as a separate specialism or 
as an integral part of project management depends very much on the 
nature of the purchases to be made. If the goods and services to be 
procured are an integral part of one or of a limited number of major 
projects, it is natural that the purchasing should be organised in a way 
that is integral to the project management operation as a whole . In that 
situation one would in fact expect purchasing staff to report to those 
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heading the project management team. If however the goods and 
services required are also required by a number of other projects, and 
are not highly individual in terms of specification , it is more natural that 
procurement should be done by a separate organisation reporting to a 
director of procurement. In that situation, the project management team 
would secure the services of a separate procurement organisation to 
purchase the necessary goods. 

The benefits and drawbacks of these organisational structures 
probably depend more on the personality of the people involved than 
any other single factor . There is, however, one aspect that needs to be 
watched very closely by the procurement manager if a taskforce system 
is employed. While the project procurement manager is responsible to 
the project manager for implementing the work, he is functionally 
responsible to the procurement manager. There is a tendency when 
working closely with other members of a project team for verbal com­
munication to supplant the written word which strikes at the root of good 
practice and particularly at maintaining an auditable system. 

PROCUREMENT PROCEDURES AND REPORTS 

One of the earliest tasks for procurement is the preparation of a pro­
cedure and control document which will take into account the client and 
contractor's own procedures together with any specific requirement for 
the project. Typically, procedures will address: supplier lists, commercial 
terms & conditions, requisitioning, enquiries, bid evaluations and 
authorisations, purchase orders, vendor documentary requirements, 
expediting, inspection/QA requirements, shipping and reporting and 
controls. 

The evaluation and selection of potential suppliers and subcontractors 
for inclusion on the supplier's list for a project requires careful attention 
and normally includes companies from the contractor's standard vendor 
listing together with preferred client suppliers (if any). The location of 
the site, currency of purchase, quality constraints and any special en­
gineering standards which may be required have all to be considered. 
When required, pre-qualification questionnaires are issued to establish 
the technical and commercial competence of potential suppliers, and as 
in all dealings with suppliers, assessments must be objective and con­
form to the highest ethical standards. The objective is to establish a 
comprehensive list which will ensure commercial competition from 
suppliers, each having a fair and equal chance of securing contracts 
from enquiries issued. 

The commercial Terms & Conditions used can be a hybrid comprising 
the contractor's normal trading terms, industry accepted standard 
forms of contract and any additional terms and conditions deriving from 
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the prime contract with the client. For major equipment orders and 
installation subcontracts, 'back-to-back' requirements on suppliers 
might be preferred. 

A detailed treatment of terms and conditions used in heavy engineering 
contracts is included elsewhere in this book. However, from a procure­
ment point of view, there is much to be said for using standard terms 
and conditions where possible. Models such as IMechE, ICE, and 
FIDIC, are widely employed in industry, and contractors know how to 
quote against them. Using novel forms gives rise to uncertainty which 
increases the contingency built into the bid price. 

To ensure effective control, all requests for quotation and purchase 
must be initiated through a properly authorised requisitioning procedure 
controlled by the Project Manager. Engineering personnel are responsible 
for the preparation of detailed technical specifications which should 
include reference to all relevant specifications, standards and drawings 
necessary to describe completely the items to be supplied . They should 
not include extraneous commercial or contractual terms and conditions. 

For packaged units, such as water treatment plants, desalters or 
lubrication consols, co-ordination of the technical scope may need input 
from several engineering disciplines. The object is to issue one combined 
specification for the whole package, with each engineering discipline 
contributing its own particular requirements. 

Many packaged units contain a great deal of proprietary technology 
which may not conform to the standards of the project as a whole. In 
order to keep the price as competitive as possible, it may be decided 
that certain concessions are acceptable. This is an area where procure­
ment and engineering need to work closely together to achieve the best 
results. 

Bulk material requirements, piping, electrical, instrumentation and 
civil items are compiled with reference to engineering bi lls of material 
and parts lists on drawings. The volume and variety of bulk item 
requirements, their relative importance during the construction phases 
of the project, and the necessity from an overall 'control ' point of view 
to manage this function from take-off to orderly storage at site, has 
encouraged the development of computerised systems. These systems 
may be integrated into computer-based requisitioning and purchasing 
procedures, thus forming a comprehensive material management 
system which in one form or another is now widely adopted throughout 
the contracting industry. 

It is impossible in a short review to cover all procurement activities, 
but one which on occasion gives rise to particular difficulties should be 
mentioned. Single tender action occurs when there is only one supplier 
capable, for whatever reason , of fulfilling the contract. Clients some­
times nominate a supplier because they wish to standardise their 
plants, or feel that for safety or technical reasons they are better served 
by one rather than another. In some such cases, it can be a major 
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exercise investigating the suppliers' infrastructure to obtain detailed 
cost information in order that a proper evaluation of the tender can be 
made. It would be exceptional to go to these lengths for normal com­
mercial contracts, but it is by no means unknown in the nuclear and 
defence industries. 

Enquiries for purchase initiated by the project authorised requisitions, 
comprise a full description, together with any necessary technical 
attachments, to which procurement adds the commercial terms and 
conditions and normally the requirements for interim and final vendor 
data and documentation. All enquiries should be issued simultaneously 
to suppliers from the agreed suppliers' list indicating bid return dates 
and any submission requirements. 

If all goes well, no action is required until the tenders are received. 
However, it is not unknown for suppliers to request an extension of the 
bidding time. If a number of good companies on the list are capable of 
delivering their bids on time it may be unnecessary to grant the request. 
If there are only three, however, it may be prudent to do so if the delay 
can be accommodated within the overall project schedule. In cases 
such as these, all bidders must be treated equally and if an extension 
is granted to one, it must be given to all bidders. 

Bids arriving before the closing date are retained with procurement 
until opened. The technical part is distributed to the appropriate engi­
neering group to check conformity with the specification and the com­
mercial part retained within procurement for analysis. All the evaluations 
are finally presented together on a bid assessment spreadsheet. Each 
technically acceptable supplier will be recorded as having conformed or 
not against a comprehensive list of questions concerning his terms of 
supply. 

Often it is necessary to go back to suppliers to clarify their offers. 
While this is common practice, care needs to be taken that this is not 
used as an opportunity to rebid. 

Review meetings are held if necessary to agree on an acceptable 
technical/commercial recommendation to be offered for approval to 
either project management or client representative. The bid evaluation 
will reflect any pre-order contractual negotiations held with prospective 
suppliers. 

The 'purchasing' cycle of procurement normally ends with the purchase 
order award and the issue of confirming documentation covering the 
supply. Responsibility for the monitoring of progress, and quality is 
borne by the expediting and inspection groups. 

EXPEDITING 

If suppliers always performed to their promised timetable of events as 
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agreed at order commitment, there would be no need for expediting. 
Unfortunately, in reality, the monitoring of progress through manufacture, 
fabrication, packaging and shipment of project purchases remains a 
critical element of procurement, particularly when overall project 
schedules demand timely material deliveries. The procurement docu­
ments covering expediting will indicate, depending on the criticality of 
the materials, the level and frequency of follow up and type of expediting 
required. Routine desk expediting may be carried out by telephone, 
facsimile or telex for non-critical items. For critical items, works visits 
are essential. This applies particularly to packaged plant and large 
items of mechanical equipment such as centrifugal compressors and 
gas turbines. In many cases, resident inspector/expediters are assigned 
for the duration of the contract. Whatever method of expediting is used, 
the results must be recorded and reported in a material status report so 
that any actual or potential problems which might affect scheduled 
requirements can be readily identified and timely corrective action 
taken. Expediting frequency is normally increased as agreed delivery 
dates approach. This ensures that maximum supplier effort is exerted 
to meet project requirements. Expediting is not complete until receipt of 
all ordered items at the agreed delivery point has occurred. 

INSPECTION 

The importance of monitoring quality to ensure performance to design 
specifications requires the establishment of an overall inspection 
schedule at the outset of the project. The inspection schedule defines 
the level of inspection required using a grading system associated with 
type of material and criticality. Critical items require careful inspection 
and monitoring at all stages of manufacture against an agreed quality 
plan, whilst other materials (typically bulk material items) may only require 
a final check of test certificates. In addition to the detailed inspection of 
equipment and materials during manufacture, the inspector should 
witness all tests called for, check test certification, weld procedure 
radiography (and welder's qualifications if necessary) as well as final 
painting, marking for transportation, packaging and loading. An 
Inspection Release Note is normally issued and signed by the inspector 
when he is satisfied that all requirements have been successfully com­
plied with and the material cleared for transportation. 

Careful co-ordination of inspection and expediting activities are 
necessary to avoid duplication of effort. Inspectors are perfectly 
capable of expediting material and while it would be wasteful to use 
technically trained personnel permanently in this function, it is quite 
common for them to do a certain amount of expediting during their 
works visits. 
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SHIPPING 

For major projects, the logistics involved in the co-ordination and control 
of the movement of materials and equipment from point of manufacture 
to the project site are often complex, particularly when the construction 
site is in a remote location. Careful investigation of possible transport 
methods, routes to the project site, and data concerning the capacity of 
ports of export and import including craneage is required. Equally 
important is a thorough knowledge of the documentation requirements, 
shipping, instructions, export and import regulations , tariffs and release 
notes which may be involved. 

Often a detailed route survey is required to fully explore the logistics 
required particularly where the movement of large 'out of gauge' items 
are involved . 

Consolidation of project materials either before shipping to overseas 
sites in source country marshalling yards, or at collection yards within 
the country where the project is to be constructed may also be neces­
sary. It is usual , unless there is a heavy continuous workload within the 
transport section of the contractor's organisation, to utilise the services 
of external specialist shipping and forwarding agents to arrange for the 
movement of goods. In-house expertise is used to co-ordinate, negotiate 
and administer the transport requirements for the project. 

REFERENCE 

Procurement in the Process Industry - Albert Lester and Anthony 
Benning , Butterworth 1989. 

80 





Construction of Brent C oil platform 

(Below, left) 
Lifting a pre-fabricated module into place 

(Below, right) 
Pre-assembled regenerator vessel prior to erection 
at Shell's Stan/ow Site (planning for this vessel 
movement began 21 months earlier) 
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Lifting a pre-assembled 
regenerator vessel into 
place 

(Below, left) 
Rotary skip washing 
machine-
British Nuclear Fuels' 
POND 5 project at 
Sel/afield, Cumbria 

(Below, right) 
Installation of a 660mw 
turbo generator at 
Drax B Power Station 











ll MANAGEMENT OF SUBCONTRACTORS 
RICHARD WEEKS 

M W KeUogg Limited 

Work may be subcontracted for a number of reasons. Indeed the form 
of contract between client and main contractor might dictate that all 
work is subcontracted. 

Other than where the main contractor is appointed as a managing con­
tractor work might be subcontracted for any of the following reasons: 

.& To obtain access to specialist expertise, skills, knowledge, 
equipment, personnel. 

.& Where it might be politically undesirable to set up a 
construction organisation . 

.& Where, in an overseas location there are well established, 
capable, low overhead indigenous contractors . 

.& Where it is desirable and beneficial to let a complete design, 
supply and install subcontract, or concentrate the responsibility, 
or avoid abrogating design or supply warranties . 

.& Where the main contractor lacks expertise in a particular aspect 
or discipline of design or direct labour construction . 

.& To obtain the best resources available in the marketplace. 

At one time it was commonplace for a main contractor to tackle all 
aspects of the works on a large construction project. It is however now 
the common practice to subcontract to contractors who specialise in 
certain types of work or particular disciplines (eg civil engineering , 
mechanical, electrical etc), or the provision of specialised services (eg 
brickwork, radiography, scaffolding etc). In subcontracting the work, the 
main contractor seeks to harness and co-ordinate the best available 
expertise in terms of management and supervision, labour, and the 
most suitable (and often specialised) construction plant and equipment. 

THE SUBCONTRACT PLAN 

The decision on what work is to be subcontracted, and the division 
of the main contractor's works into subcontract packages is an impor­
tant decision, and is fundamental to the successful organisation and 
management of the project. It should therefore be taken at the earliest 
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possible stage of the project. It is important that what is intended to be 
subcontracted is planned and everyone knows precisely the limits of 
responsibility for each subcontract. 

Factors to be taken into account in the subcontract plan include whether 
individual subcontractors will be used for: 

A 'Turnkey' construction through to mechanical completion . 

.A The provision of labour only by the subcontractor with some or all 
materials and equipment being provided by the main contractor. 

A Discrete areas of work to a specialist subcontractor such as the 
fabrication of pipe (for subsequent free issue to an erection 
subcontractor), the supply and erection of furnaces, the 
complete building services system etc . 

.A Conventionally built project in-situ or in the form of skid­
mounted units or pre-assembled units (PAUs) . 

.A What element of design and supply if appropriate will be 
included in the subcontract? 

.A Whether the works will comprise only the erection portion or will 
include commissioning? 

.A Whether they will include the need for the supervision of 
erection by the suppliers of equipment such as compressors or 
other package plant? 

SELECTION AND APPRAISAL OF SUBCONTRACTORS 

A list of competent subcontractors capable of performing the sub­
contracts identified in the contract plan should be compi led at an early 
stage in the project. These subcontractors should then be invited to pre­
qualify tor inclusion on the tender schedule. 

Failure to understand adequately the capabilities and limitations of 
potential subcontractors may lead to serious problems later. 

Following are some of the items which should be addressed in a pre­
qualification questionnaire: 

.A Previous experience and ability to perform works of the type 
and size required . 

.A The adequacy of labour, supervision and construction plant 
resources that will be available during the contract period . 

.A The past safety record and adequacy of safety policies and 
procedures. 
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& The ability to plan the works and maintain progress and 
productivity. 

& The policy and procedures for quality assurance and control. 

.6. What work would be sub-let, if any, and to whom . 

.6. The policy and procedures with respect to industrial relations . 

.6. The company's financial backing and capability . 

.6. The experience and adequacy of the management and 
supervision proposed for the project. In particular it is important 
that the Site Manager satisfies the requirements because it is 
he who can make or break the job. 

MEASURING AND REPORTING 

On large multi-discipline projects, the measurement of progress achieved 
is a very subjective exercise, even with the most sophisticated pro­
gress measurement systems. It is an area which offers the potential for 
argument and dispute between the subcontractor and main contractor. 
If the subcontractor's payment depends upon progress achieved, he 
will then naturally report whatever progress he can get away with. If the 
measurement is not adequately verified by the main contractor, it will 
not only lead to the subcontractor being paid for progress he has not 
achieved , but will also paint a false picture of the project 's progress. It 
will also lead to interface problems with subsequent subcontractors and 
late reaction by management (both subcontractor and main contractor) 
to bring the works back on schedule or to minimise the effects of delays. 

As with progress measurement, the level of productivity achieved by 
a subcontractor's labour force is often a subject for debate. Normally 
the subject is not raised by the subcontractor until the later stages of the 
job when detailed calculations and graphs are often produced to show 
how he was prevented from achieving his planned productivity. It is 
therefore a subject which should be addressed by the main contractor 
at the very outset of the works. It is important that accurate records of 
the actual manhours expended on the works are maintained by both 
the subcontractor and main contractor. Regular (weekly, bi-weekly or 
monthly) comparisons of planned and actual productivity can then be 
properly determined and trends measured. 

Most subcontractors will resist providing the main contractor with 
man hour expenditure records as the information contained can be used 
to the subcontractor's disadvantage when claims are submitted. It is 
essential therefore, that a specific contractual requirement is made for 
their provision. Relying on standard clauses such as 'providing such 
information as the main contractor shall require' will not generally be 
adequate for the purpose. 
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Equally as important as the reporting of progress and productivity is 
the reporting of industrial relations problems. It is vital to the project for 
problem areas or potential disputes to be identified as early as pos­
sible and for the appropriate attention to be paid to ensure their early 
resolution. Contractual requirement for subcontractors to report industrial 
relations problems to the main contractor immediately should be included. 

AUTHORISING CHANGE 

There are few subcontracts in the industry which go through their life 
without change. The reasons for the change can be many and varied 
but whatever the reason the change requires agreement and authorisation 
in some form. The authorisation process usually starts with the issue by 
the main contractor of a request to the subcontractor to perform some 
additional or varied work. The request can be a simple letter, but more 
usually is in a standardised form known as a site instruction, work order, 
field instruction or similar title. 

The subcontractor is usually required to price the request and notify 
what effect the change would have on the schedule. The main con­
tractor has the option of accepting the subcontractor's quotation, 
negotiating a more favourable price, or cancelling the request. 

Alternatively, the works may be priced on a unit rate basis, dayworks 
or some similar means, whereby the quantity of work performed can be 
established later and paid for at pre-determined rates or similar methods 
of payment. Whatever the method of payment the subcontractor should 
receive written authorisation before proceeding with any such additional 
works. It is an act of folly to allow a subcontractor to proceed with a 
change to the contract, however small, without first agreeing in writing 
the extent of the change, the cost or means of calculating the cost and 
the effect on the contract schedule. 

It is usual to accumulate on a regular (monthly) basis all the agreed 
instructions to the subcontractor and incorporate these into a formal 
change to the subcontract in the form of a change order. 

The following illustrates the main categories of changes to a subcontract: 

A Changes to drawings 

A Changes to specifications 

A Revision of schedule 

A Revision of quantities or units 

A Changes in contractual conditions or provisions 

A Changes or substitutions in materials 
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A Methods of construction imposed on the subcontractor 

A Backcharges 

A Penalty/bonus variations of contract price 

A Insurance/claim settlements 

A Idle time. 

HANDLING CLAIMS 

Claims from subcontractors can be emotive issues from both the sub­
contractor's and the main contractor's point of view and often involve 
claims for significant sums of money, whether justifiable or not. Claims 
can be simply defined as demands for payment by the subcontractor for 
costs, losses or expenses incurred due to reasons outside the sub­
contractor's control. Whether the reasons for these additional costs are 
within or outside the subcontractor's control is usually the central area 
of debate. 

While subcontractors' claims should not necessarily be invited, it is 
good policy to obtain confirmation from the subcontractor during the 
regular progress meetings that there are no claims outstanding. This is 
better than leaving matters to the end of the job when all the relevant 
people are dispersing, records have disappeared and memories are 
beginning to fade. The relevant documentation required in defence of 
claims should be collected and assessed currently with the job. 

Claims should be reviewed on a purely contractual basis. Generally, 
the contract lays down the conditions under which claims may be sub­
mitted. Where there are grounds for sympathetic consideration, these 
may be separately identified in order that they may be considered when 
the level of the offer to the subcontractor is being established. It is usual 
to prepare a negotiating strategy in writing and to set the negotiating 
limits prior to any meeting with the subcontractor. 

The penalty for failing to agree and settle a claim is usually expensive. 
Frequently, the dispute will proceed down the road to arbitration or go 
before the courts. Whichever route is taken, considerable expense and 
expenditure of management time is inevitable for both parties, irrespective 
of the outcome. 

THE MANAGEMENT AND RESPONSIBILITY FOR 
SUBCONTRACTS 

The ultimate responsibility clearly lies with the Project Manager. However, 
there are varying viewpoints as to which department within the main 
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contractor's organisation should be responsible for subcontract manage­
ment. Some main contractors have a separate Contracts Department 
which handles pre-contract operations and obtains input from the con­
struction and engineering departments as required. On award of contract, 
the responsibility for the subcontract is passed from the contracts 
department to the construction department. Some companies place the 
responsibility for pre-contract operations with their procurement depart­
ment. Responsibility eventually passes to construction on mobilisation 
of the subcontractor at site. Other organisations place the total respon­
sibility within the construction department. As the end-user of the 
subcontracts and the department which has a major input into the 
subcontracts, the construction department is probably the best option. 
The construction department plays an important role in projects which 
are fast track and need to be construction driven. The required delivery 
dates should be set by construction as the ultimate user of the drawings, 
data and material provided by the other departments. Having the 
construction department responsible for subcontracting means the 
responsibility for each subcontract remains within one department from 
preparation of the enquiry document to final close out. The construction 
department is able to maintain continuity of personnel from pre-contract 
to field administration which obviates the need for 'handovers' from 
main office to site personnel. This is achieved by assigning the con­
struction subcontracts manager/administrator into the head office !ask­
force in the very early phases of the project. 

SITE INTERFACES 

An area with great potential for dispute on a construction site is the 
interface of the works of different subcontractors. When establishing the 
subcontract plan it is therefore important to minimise the interfaces 
between subcontractors. 

One method of reducing interfaces is to include responsibility for 
potential interface difficulties within the same subcontract. For example, 
if the underground earthing system is included in the civil subcontract 
a potential interface problem with the laying of paving is removed. 
However care will need to be taken to ensure precedents and practices 
al ign with the overall requirements. 

It is important to make it quite clear during pre-contract discussions 
with the subcontractor what interfaces can be expected. Set down 
specific milestone dates to achieve, complete and vacate specific 
areas, and make the consequence of failure to meet these dates known. 

It is important that the subcontract terms include a clear require­
ment for subcontractors to co-operate with others working on the 
project. 
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LARGE VERSUS SMALL 

Should a project have lots of small subcontracts or fewer larger ones? 
As a general principle it is preferable to minimise the number of sub­
contractors on site. The fewer subcontractors you have means fewer 
enquiries to prepare and issue, fewer contracts to award and administer, 
fewer subcontractors (though not necessarily fewer men) working within 
a restricted area, and fewer interface problems. 

However the overriding criterion can be the effect on site productivity 
of having just one big subcontract. Experience shows that maximum 
productivity will usually be obtained with a peak subcontractor labour 
force of 150 men. Interface problems can become irrelevant when com­
pared with the loss of productivity and time overruns that can result 
from a subcontractor's management overstretched with more than this 
number. 

The other aspect which needs considering is the project's vulner­
ability. Problems with small subcontractors are easier to handle than 
those of the larger contracts. Commitment of the men themselves to 
their employers will be better in the smaller unit. 

REFERENCE 

The Changing Role of Specialist and Trade Contractors by Colin Gray 
and Roger Flanagan, 1989 CIOB. 
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12 CONSTRUCTION 

JOHN LING 
Ling Management Consultants 

Construction work is probably one of the most absorbing occupations. 
It offers a wide range of interesting engineering and management 
problems to be solved. This variety is introduced by the many types 
of project being built, the types of 'plant' , their varied locations, the 
changing workforce, and the changing nature of the project as it pro­
gresses. This interest probably goes a long way to overcoming the many 
difficulties with which construction personnel have to cope on site. 

EFFECTIVE MANAGEMENT AND SUPERVISION 

Providing leadership, motivation and effective management, and super­
vision of the workforce is the major problem in the construction of 
projects. Therefore consider the following. Are you providing: 

._ training in leadership skills for all levels of management and 
supervision; 

._ motivation in the appropriate form of praise, reward and 
encouragement; 

._ communications whether directly face to face, one-to-one in 
group meetings or via a people-orientated company or on site 
newspaper; 

._ for the unsocial aspects of the task by ensuring that personnel 
get adequate breaks; · 

._ for the effects of an ageing population and identifying and 
taking account of the value and advantages of experience; 

• for training and retraining in management and engineering skills 
and techniques; 

._ adequate induction into company systems and procedures for 
new recruits and in the peculiarities of particular projects for all; 

._ a clear chain of command with a minimum of reporting levels 
and without multiple-head reporting; 

• for responsibility and authority for management and technical 
decisions to be devolved to the lowest possible level ; 

._ for the first line supervisor to have a clear understanding of his 
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responsibilities for motivating his team and of his authority to 
carry out the task? 

THE EFFECTIVE WORKFORCE 

Many of the items in the previous section apply to the men and women 
at the workface. However, experienced tradesmen have skills and 
knowledge of the business which is often overlooked. Solutions are 
often imposed on workers where a better, more economic, solution 
could well come from the men themselves. Analysis of the work content 
of a task using standard work norms does not necessarily provide the 
cheapest and quickest result. The man doing the task will often provide 
a better solution. Are you therefore: 

• utilising untapped skills within your workforce; 

• developing multi-skill craftsmen; 

• deskilling many of the tasks that do not require the application 
of precision work; 

• establishing a productive environment; 

• providing motivation/involvement/communication/consultation; 

• providing training and retraining in the latest techniques of 
construction; 

• providing for the role of the unions in overcoming shop floor 
resistance to change; 

• taking adequate steps against demotivation through an exces­
sive level of design changes, poor supervision, inadequate 
instruction, poor facilities and poor working environment; 

• taking adequate steps to neutralise the effects of militants; 

• applying appropriate terms and conditions of employment for 
the particular working environment; 

• taking every possible step to improve working conditions; 

• providing adequate systems for the recording, measurement 
and control of absenteeism? 

CONSTRAINTS ON EFFECTIVE PERFORMANCE 

Criticism of the performance of construction projects is often directed 
towards site activities and inadequacies. Strikes, accidents, go-slows, 
high levels of absenteeism are high profile, highly reportable events. 
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However, they are often secondary causes of low productivity and 
delays. External factors have a far greater impact on construction 
performance than is generally accepted. 

EXTERNAL CONSTRAINTS 

Have you considered that inadequate, poor or late design cannot be 
cheaply rectified in the field. Dependent upon when they occur, correcting 
design shortcomings can cost twice to ten times as much as the original 
work through demotivation, disruption and delay. 

Late materials and in particular out of sequence delivery of bulk 
materials (eg pipe spools without valves or supports, cables which 
cannot be terminated etc) are extremely disruptive to the effective 
organisation of work and can result in construction cost increases far in 
excess of the saving in value of materials bought from cheaper but 
unreliable suppliers. 

Contesting onerous contract terms can divert management effort 
away from the essential tasks to an extent that far outweighs their 
presumed benefits to the client. 

Ineffective and inappropriate client management organisations and 
personnel, especially those that require high levels of consultation and 
reporting, will be distracting and diversionary. 

Inappropriate styles of contractor's management (eg using personnel 
with management contracting experience to run direct labour contracts, 
or those with reimbursable contracting experience to run hard price 
contracts) are a recipe for failure. 

Unrealistic QA requirements can add to costs and cause delays with­
out any enhancement of the project, while an unrealistic programme, 
(eg. one that sets impossible completion dates), will divert management 
efforts in countering its effects and possibly lead to uneconomic levels 
of labour being employed with consequent disruptive effects (see 
Figures 12.1 & 12.2). 

An inadequate budget, perhaps resulting from poor scope definition, 
leading to ad hoc cost cutting or attempts to let underpriced sub­
contracts will quickly demotivate management and labour and have the 
opposite effect to that required (ie it will almost certainly push up costs 
and delay completion). 

ON-SITE CONSTRAINTS 

Some of the causes and effects of site generated delays and low 
production are: 
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Figure 12. 1 Realistic Construction Periods 

Realistic time taken to construct facilities 
using total construction labour manhours as 
basis for comparison. Based on a survey of 
approximately 100 completed projects 
worldwide (log-log scale). 

Formula for RCP: Duration (years)= antilog 
[(log manhours - 5.83)/3.46] 

Formula for Shortest Construction Period 
(based on two projects only) 

SCP = antilog [(log manhours - 5.96)/3.55] 

10k ;I 
I 

I 
0.2 0.5 

Acknowledgements: J . Ling 

1.0 

Duration - Years 

91 

5.0 

;I 
I 

I 

10.0 



Figure 12.2 Deterioration in Performance with Increasing Numbers 
Employed 
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Acknowledgements: J. Ling 
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• Inclement weather. The cost of providing totally enclosing 
weather protection systems can rarely be recovered by reduced 
labour costs. Their justification lies in reducing the construction 
period to the ultimate benefit of the end user. Partial weather 
protection can be inexpensive but very effective. 

• Skill shortages can lead to under resourcing and therefore 
delays with resultant low productivity 

• Working environment. A poor environment will cause havoc 
with productivity. Early and adequate expenditure on 
hardstanding and roads is imperative, it reduces muddy 
conditions and improves safety. The cost of repairing damaged 
surfaces is minute compared with the value of savings made 
elsewhere. 

• Site layout. Offices, mess huts , canteens, toilets, stores etc 
located too far from the workface add considerably to 
construction costs. Sub offices, mess huts, satellite stores, all 
located within minutes of the job, reduce unproductive walking 
time. Bussing large work forces to a main canteen can rarely 
be justified. 
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£ Supervision. Inadequately trained, remunerated and motivated 
management & supervision cannot be expected to tackle and 
resolve productively the multiplicity of problems arising on the 
average site. 

£ Demotivated workforce. Lack of leadership and clear 
instructions and a poorly organised site will lead to a 
demotivated workforce and will exacerbate the demotivating 
effect of previously mentioned external influences. 

£ Unco-operative labour. Occasionally (though less frequently 
than the media would have us believe) militant and unco­
operative labour may be a problem. Normally full time trades 
union officials will co-operate with management in helping to 
neutralise their effects, as long as effective management is 
otherwise being exercised. 

£ Material control. Properly organised material control systems 
oriented towards having materials ready when required and not 
provided at the last minute will save time. Queues outside 
stores buildings are a sign of poor materials control systems. 

A Document control. A key requirement of any document control 
system is to ensure that superseded drawings and 
specifications are withdrawn quickly at all levels. Effective QA 
systems will normally take care of this and avoid rework. 

£ Planning systems pay for themselves and are an aid to 
improved productivity only when interpretable and used at first 
line supervision level. Too often planning is an academic tool 
orientated towards progress measurement and reporting and 
not towards aiding the effective organisation of work. Project 
planning should be construction driven. It should have the 
flexibility to cope readily with the change from area orientation 
at the beginning to systems orientation in the run up to testing 
and commissioning. 

£ Safety. An unsafe and untidy site is often an unproductive site 
and can usually be attributed to poorly trained and unmotivated 
management. 

DESIGN CONSTRAINTS 

Inadequate design is probably the major and most underrated factor 
in slowing down construction and causing productivity to fall. This 
could be because design decisions and delays have long been forgotten 
by the time their effects are felt on site. Some of the factors that 
need to be considered are inappropriate or over design which can be 
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unnecessarily expensive by requiring the application of tighter stan­
dards or tolerances than are required for the end product. Design 
for construction, otherwise known as constructability or buildability 
is too rarely taken into account by designers with a lack of practical 
experience. This shortcoming can be overcome by assigning the pro­
ject construction engineer to head office during the design phase to 
advise where changes to design can provide considerable savings in 
construction. 

The effects of late design can be pernicious with the delays of one 
design engineer being multiplied 10 times when the delay transfers to 
site. Unfortunately they can be all too easily disgu ised by the issue of 
drawings on time but with 'holds' that make the information contained 
of value only for planning purposes. Incomplete drawings can be more 
difficult to finalise than if they had never been issued in the first place. 
'Fast-track' design can cover up the late, or incomplete, issue of draw­
ings on the basis that it represents beneficial overlap of design and 
construction. 

Delays by clients in the approval of drawings and specifications 
fall into the same category as late design. They provide design teams 
with the opportunity to excuse themselves at the expense of the 
client. 

MATERIALS CONSTRAINTS 

The effect of materials problems and their impact on manufacturing 
processes are well enough known for techniques such as JIT (Just 
In Time) to be developed to overcome them. Likewise major manu­
facturers negotiate term supply contracts with tested suppliers to 
ensure the supply of material on a reliable and preferred basis. Con­
struction materials procurement still tends to be relatively unsophisti­
cated with at worst the purchase of some key items being left for site 
to buy on an 'as required' basis. Even with advanced ordering, sophi­
sticated expediting and inspection, construct work still suffers from 
late delivery, incorrect fabrication and incorrect materials. Quite often 
these result from a purchasing policy which dictates cheapest price 
as the sole criteria for placing an order in preference to delivery on 
time, and reliability of quality. A related problem is that of out of 
sequence deliveries where, though a delivery date is apparently met, 
the materials supplied are not usable (typically, fabricated pipework 
deliveries comprising straight lengths but not the interconnecting 
'spaghetti'). This can result from inappropriate terms of payment lead­
ing a supplier to deliver some materials quickly in order to generate 
income. 
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MINIMISING SITE WORK 

Reducing the hours spent on site should be the main target of con­
struction managers. Key areas are reducing unproductive and lost 
hours, improving access and constructability and removing work from 
site altogether. 

The most radical application to minimising site work is through the 
construction of complete floating barge mounted process plants. At an 
intermediate level pre-assembly and modularisation techniques can be 
applied with success in providing a significant reduction in site hours. 
This level of application is becoming more common in the building 
industry, and can have its uses in civil engineering. 

Pre-assembly and Modularisation 

Pre-assembly usually means putting together on the ground a number 
of components with the objective of lifting or moving them into position 
in one piece. By this means it is possible to reduce inclement weather 
exposure, the climbing time, crane hire and associated access scaf­
folding for work which would otherwise be carried out hundreds of feet 
in the air. It also improves safety. Typically this might comprise a 
process plant 'column ' decked out externally with platforms, ladders 
pipework, insulation, electrical and instrumentation systems. On a 
simpler scale it could comprise the pre-assembly of a number of pieces 
of structural steel into one section to be lifted in one piece. 

Modularisation is a much more complex operation. In the process 
industry sections of a plant, comprising a number of vessels, pumps etc 
are assembled within a structural steel frame, interconnected with 
pipework and tested in a module fabrication yard distant from the site. 
The modularised units are landed adjacent to each other leaving only 
final closing welds to be made in pipework and the pulling through and 
terminating of large cables. It could comprise completely fitted out 
process plant control buildings or alternatively toilet rooms for incor­
poration in office buildings, ready to be connected to plant systems. 

Reasons for Modularisation 

Whilst pre-assembly has become generally accepted as an economic 
method of reducing construction costs, the benefits of modularisation 
are less easily proved. Engineering and materials (structural support) 
costs are higher. Combined module yard and site hook-up costs are 
also probably higher. The reasons for using modular construction (which 
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will rarely exceed 50 per cent of all conventional work content) will come 
from among the following: 

A Very confined space within an existing building or operating 
process unit into which the new works are to be built; 

A Limited material lay down space available for conventional 
construction. 

A Limited number of personnel employable on the site for reasons 
of non-availability, a severe shortage of local living accom­
modation, environmental planning restrictions etc. 

A Severe local inclement weather conditions. 

A Short project period. 

Most of these reasons are those which dictated the use of modular con­
struction techniques for offshore oil and gas production facilities as 
particularly exemplified by conditions in the North Sea. Other factors to 
be taken into consideration - though these are bonuses rather than 
essentials - are better quality control, better labour productivity and 
fewer interfaces between civil and mechanical work. 

Successful Implementation of Modular Construction 

The successful implementation of modular construction concepts requires 
radical rethinking of a contractor's procedures, systems and programmes. 
The following factors need to be taken into account: 

A Everyone associated with the project needs to think in terms of 
modules. 

A Module sizing relates to transportation limitations. 

A Specification of fireproofing, insulation and painting has to be 
established out of normal sequence at the commencement of 
the project. 

A Electrical and instrumentation design engineers need to plan 
and rethink their ideas on the sequencing of their activities and 
of the design of systems within modules. 

A The capability of module yard vendors in respect of quality 
control and delivery on time is crucial. 

A Prepurchasing of materials for free issue to the module yards. 
Programme restraints will not usually permit supply by the 
yard operators. This will require acceptance by the main 
contractor of commercial responsibility for quality and delivery 
on time. 
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.& Control of supply of materials to module yards and sites is 
critical and may require the establishment of an intermediate 
warehouse . 

.& Consistency in application of modular construction principles to 
all aspects of the project (eg package units such as air coolers 
being provided completely prepackaged through to platforms 
and lighting) . 

.& Interconnection of module pipework can be by utilisation of 
'pup' pieces or by exact matching. The latter emphasises the 
need for the application and control of tolerances to all aspects 
of work, from foundations through structures to setting 
equipment, and fabricating and erecting pipework, to a degree 
previously not considered practical. 

.& A consistent QA/QC plan for the complete project. 

Transportation 

Transport of massive modules to onshore locations and particularly 
within existing operating process units requires detailed pre-planning. 
It may require the removal of much street furniture and some roads and 
bridges may need widening or strengthening (modern units should be 
designed to cater for the movement of large components). A plan of 
action should be drawn up to cater for such emergencies as blocking 
a road normally used for emergency services vehicles. 

Industrial Relations 

The rapid and successive delivery of a number of modules to site will 
quickly open a number of workfaces. This will result in a rapid increase 
in the numbers of men employed on site. This in turn requires pre­
screening of potential employees and a rapid turnaround in recruitment 
and induction to take advantage of the work available. If not properly 
handled in conjunction with the trade unions involved it is a source of 
potential problems. 

Safety 

A benefit of modular construction is the improvement in the manage­
ment of safety. It minimises the risks of men working at heights; it 
minimises the number of scaffolds which have to be erected (work can 
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be carried out from the permanent platforms); there is less construction 
debris generated and therefore fewer underfoot hazards; permanent 
lighting is available relatively early. 

Misconceptions 

Common misconceptions in ~he application of modular construction are: 

A Design work must be frozen before module fabrication and 
construction starts. 

A 95 per cent material definition is required before orders are 
placed. 

A 80 per cent engineering definition required for enquiry issue. 

A Quality control of a higher standard than normal is required. 

A Higher trade skill levels than normal are required in module 
yards and on-site. 

A Full time trades union officials need to be involved in the 
project from the outset. 

A Planning needs to be construction driven. 

A Construction plot must be paved before mechanical work can 
be started. 

Identified as misconceptions, these widely quoted essential require­
ments for modular construction are in fact no less needed for the 
success of conventionally constructed plants. Prior to the inception of 
work in the North Sea it was commonly perceived by clients, project 
managers and design engineers that design changes and material 
delivery delays could readily be catered for within the construction 
programme float. The pressure of huge investments at stake in the North 
Seas combined with imperative North Sea weather windows caused a 
radical rethink of front-end requirements. However in some circles 
these requirements are still seen as peculiar to modular construction. 

IMPACT OF SITE LAYOUT 

Badly laid out sites can considerably increase the cost of construction. 
Permanent works are usually laid out with two criteria in mind. One 

follows the flow of materials from the raw state to the finished product. 
The second groups equipment together to minimise the costs of inter­
connecting materials. Very often these criteria lead to layouts which 
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made access both for men and machines difficult and expensive. 
Costing construction work is still an inexact science. It is not possible 
therefore to calculate the savings resulting from a more generous 
spacing of plant. Construction engineers will always delight in solving 
some designed-in difficulty. It is however more realistic to design them 
out in the first place. 

Poorly thought out site access and internal access roads can be 
expensive when the effect of width restrictions and busy junctions leads 
to traffic queues at the entrance to and within the site. Holding up the 
movement of cranes, plant and men can quickly lead to delays and 
increased costs. Traffic lights and banksmen controlling traffic at 
junctions are an indication of poorly thought out site access problems. 

The use of large cranes has reduced the cost of labour previously 
spent erecting gin poles and guy derricks. However, careful thought still 
needs to be given to access for cranes in the layout of site and per­
manent roads within process plants. 

Catering for long delivery items should be taken care of by locating 
them at the periphery of sites where their delivery at a late stage will 
cause minimum disruption. 

OVERTIME AND SHIFf WORKING 

When programmes start to slip one commonly accepted solution is 
to increase the hours worked on site. Where a site has reached satura­
tion point this might indeed be the only solution. However have you 
considered: 

The effect of overtime deterioration. The result of tiredness and 
boredom after working 60 hours a week for a long period, will soon wipe 
out any benefit (see Fig 12.3 and [Ref. 1 ]). 

Absenteeism will increase and make the problem of balancing gangs 
even more difficult. The resulting additional hours paid at premium rates 
then become even more unproductive and expensive. 

The effect you are trying to achieve may be better achieved by selective 
targeted overtime for the particular section of work that is causing the 
bottleneck, or by bringing in a separate night shift crew (probably a 
subcontractor) to clear up the backlog. 

The alternative of shift working is generally a better solution. However, 
it needs to be built-in as part of the original project philosophy. Attempting 
to negotiate it at a late stage will only lead to resistance from the 
workforce. It will be seen as speeding up the time when they will be put 
out of work without the benefits they might otherwise obtain from over­
time payments. 

A tight programme or a particularly compactly designed plant with a 
low labour saturation level may make it necessary to bu ild the plant from 
the outset under a shift work agreement. 
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Figure 12.3 Deterioration in Performance with Increasing Numbers of 
Weeks of Scheduled Overtime Working · 
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There are however the benefits of the alternative of rolling shifts. With 
rolling shifts separate construction crews are employed to work longer 
hours over consecutive periods (typically four days). The problems of 
overtime deterioration are avoided as the non working crews are being 
adequately rested. It may be particularly effective for a plant in a 
comparatively remote location. It does, however, require additional 
management staff and supervision. 

Shift working can reduce the construction period, by making the best 
use of the working day and the high capital value of construction plant. 

The problems of shift hand over are resolvable and may be offset 
by the competitive spirit that can be generated and by reducing the 
problems of unbalanced gangs. 

FINISHING CONSTRUCTION 

Identifying the cut off point of construction and hand over varies between 
clients and reflects to some degree the responsibility that individual 
operators want to take for, or participate in, pre-commissioning and 
commissioning. Once commissioning starts there may be a disruptive 
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effect on construction resulting from restricted access to working on a 
live electrical systems or under hot-work permit systems. This needs to 
be recognised and taken into account in the planning and costing as 
well as organisation of the final stages of a project. 

Due to difficulties in measuring completed work any attempt to speed 
up completion by the payment of site wide completion bonuses, by gang 
bonuses Uob-and-knock) to complete individual sections or work are 
doomed to failure. They have not only been shown to be ineffective but 
are divisive and capable of causing industry wide disruption. They do 
not work. Do not be tempted into paying them, even for the supposed 
'final' month. 

REFERENCES 

1. Scheduled overtime effect on construction projects - The Business 
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13 IMPROVEMENT AND MEASUREMENT 
OF PRODUCTIVITY AND PROGRESS 

IVOR WILLIAMS 
National Economic Development Office 

PRODUCTIVITY DEFINED 

Productivity is defined as the ratio of output to input. It results from the 
efficiency of the productive process , in particular the efficiency with 
which labour and capital (men and machines), are used in transforming 
inert materials into socially useable end-products. 

Achieving greater efficiency and productivity is important not only to 
the individual project or undertaking, but also to the industry and to the 
nation, since in a highly competitive world only the efficient survive. This 
is well recognised by the Japanese. The mission statement of their 
National Productivity Centre includes the following: 

'Productivity is, above all else, an attitude of mind. It is a mentality 
of progress, of constant improvement of that which exists. It is the 
certainty of being able to do better today than yesterday and less well 
than tomorrow. It is the will to improve on the present situation, no 
matter how good it may seem, no matter how good it may really be. 
It is the constant adaptation of economic and social life to changing 
conditions; it is the continual effort to apply new techniques to new 
methods; it is faith in human progress.' 

THE DIFFICULTIES OF PRODUCTMTY IN THE 
CONSTRUCTION INDUSTRY 

The optimisation of productivity, whatever the product, requires that all 
aspects of the production process are scrutinised to reduce unneces­
sary time and effort. Whether it be for the manufacture of widgets or the 
execution of a construction project, production is an integrated process 
comprising many parts, and only a systematic analysis of the entire 
process will yield significant results. 

In the construction industry this analysis must include both the on-site 
work and the off-site activities of design , planning , procurement and 
delivery, when many of the conditions for high productivity on the 
project are determined. However hard men may work on-site, their 
output may be affected by problems not foreseen during the design and 
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planning stage, such as the unavailability of access to the workplace or 
the remedying of errors due to incorrect drawings. 

The construction process differs significantly from manufacturing in 
that many construction projects are unique either in terms of design or 
site location. Each one involves a new learning process and on each 
one new problems will emerge. Even where a project is repeated, its 
sheer duration generally means that the project team, both manage­
ment and workforce will have undergone considerable turnover, militating 
against the more efficient operation that repetition and familiarity ought 
to produce. 

There are other circumstances, external to the project and largely 
outside the control of the project team, which may adversely affect 
productivity. The casual and short-term nature of the employment 
relationship which is normal to the industry may undermine the commit­
ment of men. Historically, the training of operatives within the industry 
has been inadequate. Few people have been trained specifically by and 
for the industry. Even where this is the case, much training tends to 
accord to rigid craft divisions, is general and is not specific to the needs 
of the industry. Additionally, although each project, whether from an 
employer or union perspective, is responsible for the harmony of its own 
industrial relations it will not be unaffected by industrial relations on 
other construction projects or within the economy generally. Such 
problems are best tackled on an industry-wide basis, but despite all 
these constraints, a great deal can be done to optimise productivity on 
any given project. 

Optimising the productivity of a project can be approached on two 
fronts. First on the organisational and planning front, the conditions for 
optimal productivity must be considered and met in the planning and 
design stages. The second front is that of motivation. Once the organi­
sational and logistical preconditions for success have been taken into 
account, the entire project team, including the management and the 
workforce, have to be encouraged and motivated. The responsibility for 
productivity optimisation ultimately rests with the project manager. Only 
he has the remit which embraces the entire process from conception to 
commissioning. 

THE ORGANISATIONAL ASPECTS OF PRODUCTMTY 
OPTIMISATION 

Productivity optimisation begins with the planning for the execution of 
the project. The project master plan details all the activities necessary 
for the completion of the project, their logical sequencing and the 
essential control mechanisms. It is the fundamental tool which enables 
the project manager to steer his project according to its budget and 
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programme objectives and is the bedrock upon which productivity 
optimisation stands. 

Productivity optimisation must be considered as early as the design 
phase if it is to be achieved over the entire project. Design has two 
aspects. First, there is the process or conceptual design which aims at 
ensuring that the completed project meets the client's requirements and 
operates efficiently. Secondly, the engineering design is concerned with 
finding engineering solutions to the requirements of the concept or 
process, but these solutions must also facilitate construction. Such con­
sideration will only receive sufficient attention where the same contractor 
is responsible for both design and construction. 

The term for these considerations is 'constructability', 'buildability' 
or 'design for construction'. They should include such matters as 
sequencing and accessibility and also whether the project should be 
constructed in the traditional way or preassembled and modularised. 
The latter method recognises that the fabrication and assembly of large 
parts of the project might be more efficiently carried out under workshop 
conditions than on the site. It is a process which is becoming ever more 
popular in the building industry and is now successfully carried out in 
the process industry with modules weighing up to 5,000 tonnes. An 
additional advantage is that it allows assembly off-site to run in parallel 
with civil engineering work on-site, but for units which are larger, the 
availability of access both to the site and on the site is vital. Modularisation 
often leads to heavier structures as additional steel members are 
required for stiffening purposes during transportation and installation. 

The design process has traditionally been very labour intensive. 
Computer Aided Design (CAD) can transform this process by signi­
ficantly reducing the number of draughtsmen required although its 
full potential in this respect has not yet been realised. CAD should 
reduce errors, particularly of access and tracking which can be more 
easily spotted in the three-dimensional mode available on computers. 
The rectification of errors during construction is expensive (often 1 0 
times the cost of rectification during design), affects schedules, and 
undermines morale, the maintenance of which is also essential to good 
productivity. 

A further requirement of the design process is that it must not delay 
the early ordering of materials and equipment, any such delay might 
affect schedules on-site. This consideration would not be appropriate 
where the technique of 'fast track' construction is being employed. By 
increasing the overlap between design and construction, fast track has 
the potential to shorten the programme significantly, and has been used 
with great success on building and civil engineering projects. It has less 
relevance to more complex engineering construction projects where 
experience has shown that each of the preceeding stages of design and 
procurement should be substantially complete before work begins 
on-site. 
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The timely procurement and delivery of materials is a critical part of the 
project process. To enable progress on-site to continue uninterrupted, 
orders have to be placed in sufficient time and with suppliers who are able 
to meet the delivery requirements of those working on site. 'Control' 
passes temporarily from the project team to a manufacturer or fabricator, 
and greater control may be retained if a resource controller is appointed; 
who will maintain close liaison with the supplier, helping to avoid the 
manhour cost of 'lost' time which may be caused by delivery delays. 

Delivery itself has to be carefully planned so that the equipment can 
be sorted in a manner that will allow easy access and retrieval as and 
when required. The 'Just In Time' technique, in which deliveries can be 
taken direct from lorry or barge and erected without storing, and therefore 
double handling, can save on-site manhours, but on complex projects is 
almost impossible to co-ordinate. Materials and equipment on-site, acces­
sible and waiting to be installed, are probably the best insurance policy. 

These are the necessary preconditions for successful and efficient 
construction of the project. They are not, however, sufficient in them­
selves. Loss of control during the labour-intensive and heavily inter­
dependent construction phase can render even the most thorough plan­
ning useless. The layout and infrastructure of the site itself requires 
careful consideration to eliminate (as far as is possible) bottlenecks 
affecting the movement of men, machines and equipment, which cause 
wasteful lost time. Consideration must also be given to optimising the 
working hours and establishing the most productive arrangement of the 
working week. Shift work should be considered, but overtime on a 
scheduled basis should be avoided. Critical attention should also be 
given to the size and composition of the labour force; productivity can 
often be improved by cutting back the number of men on-site. 

Lost time is probably the greatest detractor from the achievement of 
good productivity during the construction stage. It includes time lost 
through disputes and unauthorised absenteeism; it must also include all 
time when men are not engaged in productive work. The causes of this 
extra lost time are walking time between the workface and the amenities, 
ie toilets, cabins, canteens, etc; and the late starts and early finishes in 
the mornings and evenings and time lost around tea and meal breaks. 
It should also include the time when men are unable to work for what­
ever reason, ie waiting for materials, drawings, access, or for the 
assistance of other craftsmen with whom their work interfaces. Control 
of lost time is essential to good productivity since experience shows that 
a considerable proportion of potentially productive time is wasted. 

Activity sampling,1 a technique used by the National Economic 

1 The techniques of Activity Sampling and Foreman Delay Surveys are explained 
in a NEDC publication 'Promoting Productivity in Construction', available from 
NEDO Books. 
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Development Office (NEDO) in many comparative studies, has shown 
that in fact it is not unusual in the construction industry for only around 
20 to 30 per cent of the day to be spent productively. There is massive 
scope for improvement here. Another technique, the Foreman Delay 
Survey can assist in identifying the causes of lost time. Fundamentally, 
however, the problem relates to work planning and work co-ordination, 
motivation and the need for effective supervision. 

Work study techniques have played virtually no part in the construc­
tion industry in the past. This has been due to actual or potential op­
position from the trade unions or workforce. The situation has however 
changed and the importance of good productivity is recognised by all. 
There is no reason why, if a total project approach is to be taken to 
productivity optimisation, as this chapter suggests, the techniques 
referred to above and the technique of Method Study cannot be more 
freely introduced and workforce participation invited. 

Motivation2 is a particular problem in the construction industry due to 
the casual nature of employment. A great majority of the men, including 
many in managerial and supervisory positions, can expect employment 
only for the duration of the project and can expect to be made redundant 
at completion. They have little reason for commitment either to the 
project or their employer and have no real interest in working more 
productively. 

Attempts to build up commitment take two forms: one is the positive 
motivator of monetary incentives through various schemes, productivity 
bonuses, end-of-job bonuses, target payments, etc; the second is the 
removal of demotivators. Monetary incentives can work effectively only 
if the operative or recipient can relate his pay directly to his own effort. 
This may be the case in the building industry, but in engineering con­
struction is rarely possible, so resort is made to group bonus schemes. 

The integrity of such schemes is often open to question; more impor­
tantly the incentive effect of group bonuses is low and there is no evidence 
to suggest that they actually promote productivity. Furthermore, bonus 
schemes have historically been the most frequent cause of dispute on­
site and hence become a significant demotivator with consequent detri­
mental effects on productivity.3 

Other means of building up commitment, attempt to create a sense 
of identity and pride in a project. They include Project Joint Councils, 
briefing circles, the provision of site newspapers and social activities, 

2 A great deal of work has been done on the motivational aspects of productivity 
by Dr John Borcherding of the University of Texas. 

3 The author recognises that there may be other points of view on this matter 
and acknowledges that specific incentives to meet specific objectives may be 
effective, but believes that such expedients must be balanced against the 
longer-term need for uniform payments systems. 
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family open days, inter-work group competitions of various kinds and 
other initiatives. All are important, as is good communication generally. 

The other approach is the removal of possible demotivators. These 
include ensuring that due regard is paid to all on-site conditions such 
as canteens, and changing facilities; paying due regard to the men's 
problems; the speedy resolution of disputes; treating men and their 
unions with respect; and establishing good industrial relations generally. 
All can be of assistance. The greatest demotivator, however, is the 
impermanence of employment and the provision of greater continuity 
would make the most significant contribution to maximising productivity. 

Good supervision is essential. The supervisor is at the pivotal point 
between the planning and design intentions and their achievement 
on site. His responsibility is for output, the input factors having largely 
been determined. He more than anyone else is responsible for the 
reduction of lost time and for ensuring that all possible constraints on 
output are removed. He must establish a strong rapport with the men 
under his supervision , but must be fair and authoritative in his single­
minded pursuit of output. His qualities, among which leadership is 
paramount, should be exceptional and he should be rewarded in salary, 
status and security. The reality in the construction industry falls far short 
of this ideal. He is usually insecure, inadequately trained, poorly paid, 
given little authority and is invariably selected on criteria other than his 
leadership qualities. Consequently his loyalties are divided and produc­
tivity suffers. 

PRODUCTIVITY AND PROGRESS MEASUREMENT 

The measurement of productivity is inextricably bound up with , and 
depends on, the accurate measurement of progress. Productivity was 
defined at the start of this chapter as the ratio of input to output. The 
input in virtually all industries is measured in manhours. Though pro­
duction requires both labour and capital , these are reduced to a manhour 
unit which recognises the enormous importance of labour, particularly 
in the construction industry, and provides the standard unit that is 
required. 

Output is measured according to the work being undertaken, whether 
it be the laying of concrete or the erection of steel. Thus, for example, 
productivity can be indicated by the number of manhours required to lay 
a cubic metre of concrete or to erect a tonne of steel. This however is 
not a true ratio as the units are not common. 

Output can be expressed as manhour units through the medium of 
'norms' or estimating standards. These are estimates of the manhours 
required to complete a given amount of work, ie erect a tonne of steel 
etc. Thus to establish productivity as a ratio, the manhours estimated 
to be necessary to complete the work (output) is divided by the actual 
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manhours required for its completion (input). The ratio or productivity 
factor will be less than or greater than unity according to whether the 
actual manhours were greater or lesser than the estimate. A figure 
greater than unity indicates productivity better than estimated. 

The reciprocal of the productivity factor is the cost factor. Thus where, 
as in the above example, the actual manhours are less than those 
estimated, the cost is also less than anticipated. 

Norms can be established by work study methods or by drawing on 
experience. However each major contractor will have his own data bank 
of norms which will assist him to estimate his contract bid . Measuring 
progress against his original estimate is an essential indicator of the 
well-being of his contract. 

To be meaningful , both input and output have to be accurately 
measured. On the input side, exactly whose manhours should be 
included in the equation, ie direct and indirect operatives, has to be 
determined. On the output side, the work must be broken down into 
small but realistic and relevant detail, and the manhour content 
established by application of the norms. By this means it is possible, 
simply and with some accuracy, to measure the progress of work within 
each activity. The summation of work within each activity can then be 
carried out across the entire construction network and progress on the 
project for the period under consideration accurately measured.4 

For accurate measurement of progress throughout the entire period 
of the project, accurate estimates of the original work scope manhours 
are an essential prerequisite. The second requirement is that the work 
scope should be accurately, quickly and regularly updated to reflect any 
changes made. The third requirement is that the volume of work remain­
ing to be completed is regularly updated to reflect the progress and 
productivity achieved and that which is required for timely completion 
of the project. 

The measurement of progress is often a contentious point between 
the client and his contractor, since it may have commercial implications 
if progress payments have been agreed. For this reason, and also 
because it is fundamentally important to project control, it is desirable 
that it should be carried out on a regular basis by independent sur­
veyors who are able to report impartially to both parties. 

Progress is usually plotted on what have become known (in the UK at 
least) as 'S' curves. The shape of the curves (Figure 13.1) reflects the slow 
start up and 'learning curve' process in the early stages of the project, 
after which progress accelerates and is reflected in the steeper slope of 
the curve. Finally the curve flattens out, reflecting what is known as the 
'five per cent problem ', where the final five per cent of the work, which 

4 For further information regarding this system of progress or output measure­
ment, see Chapter 19, Project Planning and Control by A. Lester, Butterworths. 
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incorporates the minutiae of the construction process, takes perhaps 15 
per cent or more of the project duration. The flattening may also reflect 
the fact that for much of the workforce, redundancy draws near. Progress 
curves of this shape are by no means inevitable, and project teams 
should aim instead for curves such as the one in Figure 13.2 where after 
a minimal build-up period, a more or less constant rate of progress is 
achieved throughout the project. (Both curves are from actual projects.) 

Figure 13.1 
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Illustration to demonstrate actual against planned progress on a large chemical 
plant project completed in the 1970s. Apart from the considerable lateness of 
completion, the famil iarS shape of the progress curve shows the slow beginning 
and an extended completion period. 

Figure 13.2 
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This illustration demonstrates an on-time completion of a smaller chemical 
project, but note how after a relatively slow start-up, progress accelerates and 
maintains an upward rate to the end of the project. 
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INDUSTRY-WIDE PRODUCTIVITY 

It has been suggested earlier that some of the preconditions for achieving 
good productivity on construction projects are laid down at industry 
level. These include appropriate and satisfactory training; the industrial 
relations framework; and possibly means of retaining skilled and valued 
labour through a registration scheme which will at the same time reduce 
some of the insecure and short-term employment factors which are so 
costly to productivity. Productivity should also be measured on an 
industry-wide basis. Whether the industry is improving or otherwise re­
mains a matter of subjective opinion. 

Fundamental to industry measurement is a single data bank of norms 
appropriate to all manner of work undertaken by the industry. Such a 
data bank has been produced by NEDO and remains available, but so 
far has not been adopted by the industry. More recently NEDO has pro­
posed a Standard Productivity Measurement System which reduces 
all work to 1 0 categories and produces standard norms for these 
categories. Adoption of the NEDO system will allow measurement 
between projects of different types carried out by different contractors 
and will indicate whether efforts to improve productivity are being 
effective. 
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14 INDUSTRIAL RELATIONS 

SIR PAT LOWRY 
National ]oint Council for the Engineering Construction 

Industry 

It is a truism that good industrial relations are vital for two reasons -
first to enable management to achieve its business objectives, eg the 
profitable completion of a construction contract on time to the require­
ments of the client; and second, to provide employees with better job 
security and improved terms and conditions of employment. Good 
industrial relations do not just happen; as in every other area of man­
agement activity, they require dedicated forward planning and meticulous 
attention to detail. 

Maintaining good industrial relations is not just the responsibility of 
the industrial relations manager. Every manager must accept that it is 
his task to lead and motivate those under his command, to ensure that 
grievances are promptly handled; and that essential disciplines, including 
those relating to health and safety, are observed. 

This does not mean that every manager has complete freedom to 
operate as he sees fit. The pay and conditions of employment of the 
workforce as a whole may be determined by higher management, 
perhaps as a result of negotiation with recognised trade unions. The 
negotiations may indeed be carried out on a multi-employer basis 
leading to a national agreement between an employers' association and 
a trade union or a number of trade unions. Every employer who is a 
member of that employers' association is then under an obligation to 
observe its terms. 

It is fashionable today to criticise multi-employer agreements on the 
grounds that they are inflexible, and that they place unnecessary con­
straints upon employers individually to pay whatever wages and to 
apply whatever conditions of employment the business can afford. In 
some industries, tightly-controlled multi-employer bargaining has certainly 
outlived its usefulness: elsewhere (and the engineering construction 
industry is as good an example as any) there are sufficiently sound 
historical reasons for keeping it in being . One of the key aspects of the 
forward planning to which I have already referred is the need to keep 
under constant review the nature of the agreement which is likely to 
serve the needs of the industry best. 

Collective agreements, whether applicable to a single employer or to 
a whole industry, contain a number of common elements, eg rates of 
pay, conditions of employment and a procedure for handling claims and 
grievances. But if there is one issue more than any other that is likely 
to cause disputes between an employer and his workforce it is the way 
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in which productivity and efficiency are to be measured and rewarded. 
Some employers prefer to pay their employees on a fixed rate basis and 
to depend on their managerial competence in maintaining the required 
level of production. Employees are paid their share of any improvement 
at those times when the agreement is open for renegotiation. Other 
employers, perhaps under pressure from their employees, prefer to 
reward productivity improvements more immediately, through an incen­
tive bonus arrangement. 

If serious disputes and a consequential inability to meet the commit­
ments to the clienUcustomer are to be avoided , it is vital that there are 
clear provisions as to how output is to be measured and improvements 
in output rewarded . 

However clear the terms of an agreement and the provisions of any 
supplementary rules prescribed by the employer (eg in relation to time­
keeping and discipline), it is almost inevitable that from time to time an 
employee will feel that he has been harshly treated. To ensure that 
these grievances are promptly and fairly handled the collective agree­
ment will require a grievance procedure of which the essential elements 
are: 

.A. A number of stages which enable unsolved grievances to be 
promptly handled at higher levels within the managerial and 
trade union structure . 

.A. Prescribed time limits within which each stage of the procedure 
must operate . 

.A. Provisions which clearly specify the obligations imposed upon 
the employer before he is free unilaterally to vary terms and 
conditions of employment. 

.A. The peace clause under which industrial action of any kind is 
ruled out until the grievance procedure has been fully carried 
through. 

When all negotiations have failed, some grievance procedures permit 
the registration of an inconclusive failure to agree. But others are of a 
kind which at the end of the road require a decision to be reached which 
both sides are then under an obligation to accept (the engineering con­
struction industry is a case point). Procedures of the first type open the 
way to industrial action once a failure to agree has been recorded at the 
final stage; procedures of the second type produce decisions which 
avoid a failure to agree and thereby make industrial action unnecessary. 
Nobody calls them no-strike agreements but they are certainly 'no need 
to strike' agreements. 

In negotiating the grievance clauses in their agreements, employers and 
trade unions must be very clear as to what kind of procedure they prefer. 
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Employee grievances, if they are not to fester, require prompt handling. 
More than that they demand managerial firmness (not to be confused 
with inflexibility), fairness and consistency. Of these three qualities it is 
perhaps consistency that is the most important. The management that 
reacts to an unofficial employee walk-out by refusing to negotiate on day 
one, but subsequently engages in 'talks about talks' or makes positive 
concessions while the strike continues, does little or nothing either to 
preserve the credibility of the negotiating procedures or to discourage 
further walk-outs. But the management that always reacts to an un­
official employee walk-out by refusing to negotiate until work has been 
resumed is likely in the long run to enjoy more peaceful industrial 
relations. The management that handles disciplinary issues on the 
basis that the same offence is likely to incur the same penalty is more 
likely to secure compliance with essential disciplines than the manage­
ment that blows hot and cold. 

Prompt and consistent grievance handling is therefore essential, but 
far more than this is required if management is to secure a high level 
of employee commitment. A vital element is good communication. 
Employees are entitled as a matter of right (not of managerial whim) to 
have answers to the following questions: What do you want me to do? 
How am I doing? What are my prospects for the future? 

Increasingly, too, employees expect to be told how the work they are 
doing fits into the wider framework of the employer's activities. How is 
the current contract proceeding? What are the problems? What does 
the future order book look like? 

It must never be forgotten that the one person who can make the most 
constructive suggestions as to how the job might be carried out more 
effectively is the employee himself. This is just one reason why employee 
communication is a two-way process. Managers must certainly com­
municate but they must also be prepared to listen; and they must do it 
regularly. Good communication cannot be casual or irregular. It must be 
methodical and organised to a prescribed system so that all managers 
right down the level of first-line supervision know what is expected of 
them on a regular basis. 

The ability to lead, to motivate and to communicate is so vital today 
that technical competence on the part of managers, important though 
it is, is no longer enough. Increasingly their training must include human 
resources management as well. Indeed their initial selection as managers 
increasingly requires this vital aspect to be taken into account in the 
recruitment process. 

Employers thus have the responsibility to communicate about those 
matters on which they wish to keep their employees fully informed. This 
is not a trade union responsibility. But a good management communi­
cation system and trade union recognition are not incompatible. There 
is no law today which compels or pressurises an employer to recognise 
a trade union. But where it is clearly the wish of the majority of the 
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workforce to be collectively represented, he would be unwise to decline. 
Where trade unions are recognised, they are entitled to reasonable 
facilities to enable them to report back to their members on the outcome 
of negotiations with the management. They must also carry their share 
of the responsibility for ensuring that their members comply with the 
agreements negotiated on their behalf, including in particular the 'peace 
clause' in the grievance procedure. 

And just as shop stewards or site stewards are entitled to reasonable 
'report back' facilities, so too is the workforce entitled to decent facilities 
in which to prepare for work, to eat and to attend to the needs of nature. 

Working life on a construction site will never be a bed of roses but if 
workers are to give of their best, they are entitled to a management 
which caters properly for their creature comforts. It is all part of the 
motivation process. The acceptance of filthy conditions at the place 
of work almost inevitably leads not just to shoddy work but to poor 
discipline as well. 

Industrial relations in the UK are currently in a state of flux. New ideas 
abound. We must always analyse these carefully and determine their 
relevance to our work situation. But, as much as anything, improve­
ments in industrial relations will depend on better planning and our 
ability to carry out just a little better all those things on which we have 
traditionally concentrated. We must continue to aim for better trained 
managers, clearer and more comprehensive agreements, more effec­
tive grievance procedures, better employee communication and improved 
'welfare' provisions. 
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15 COMMISSIONING 

TREVOR LANE 
Foster Wheeler Energy Limited 

In process plant construction, the commissioning phase has always 
been recognised as a vital part of the project. However, with the increasing 
sophistication of services in buildings in recent years, this sector of the 
construction industry now needs to adopt a similarly rigorous approach 
to this aspect of the work. 

This chapter is intended to address the commissioning phase of both 
types of construction projects. 

Commissioning is a process which can take a matter of weeks on 
a well designed, well constructed plant, but many months on one 
poorly designed and constructed eating substantially into the end user's 
financial return. 

Commissioning personnel can themselves only marginally influence 
the length of time the activity takes. However, the earlier the .commis­
sioning manager and senior staff are involved in the project, the less 
likely it is that their influence will be adverse. It is a false economy to 
involve commissioning personnel only when construction work is 90 per 
cent complete. 

Professional commissioning personnel , in the absence of experi­
enced client operators, have much to offer during the process design 
phase in identifying potential operation economics, and their advice 
should be obtained at this stage. 

In order to achieve the objective of a rapid start-up certain actions and 
procedures must be implemented long before commissioning starts. 
This chapter contains salient guidelines for a commissioning philosophy. 
They need to be expanded to suit individual projects. 

WORK SCOPE AND PRIORITIES 

Long before construction is finished it is necessary to establish the 
commissioning scope of work, ie: 

A identify the fluid content of each and every system, the major 
items of equipment, the pipe lines, the instrument loops and so on; 

A identify which systems require chemical cleaning and its extent; 

A establish the extent of water flushing and steam blowing required; 

A identify the valves, instruments etc that need to be removed to 
enable the filling of the above to be implemented; 
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.._ source and have available temporary piping, spool pieces, 
silencers and the like; 

.._ prepare schedules for initial charges of lubricants and greases 
and define clearly the extent of systems that, after cleaning, will 
require to be preserved, ie nitrogen purged; 

.._ identify and quantify all raw materials , intermediates (and where 
necessary final product - sometimes required for systems 
testing, seal filling etc) required for start up. 

Normally early construction activities are carried out on an area basis. 
Through construction testing into precommissioning this will change 
to completing by systems. Common logic will usually establish the 
sequence in which the main systems are completed and tested, eg 
large bore before small bore, water systems before steam or process 
fluids. However, it is a key responsibility of the commissioning team to 
define the priorities of all other systems and sub-systems. 

Ideally the commissioning 'system orientated' plan should be estab­
lished early in the design phase when it can most usefully influence 
design and construction programmes. One particular benefit of th is is 
that any additional isolating valves needed for discrete area commis­
sioning can be incorporated at the appropriate early stage. 

In addition to defining the work scope, the commissioning team is con­
cerned with collecting all documentation related to plant eg purchase 
orders, radiographs, mill certificates, hydraulic test records etc. An 
effective OA system will of course ensure the orderly collection of these 
documents for commissioning purposes. 

WHEN TO START 

Experience shows that an early start on commissioning does not neces­
sarily mean or ensure early programme completion. What is important 
is the proper phasing of work based on the project's start-up priorities. 
This will normally mean first commissioning the electrical and water 
systems. With these two complete, motor rotation and vibration checks 
can be carried out and pumps made available for system flushing . Early 
completion of permanent lighting not only aids construction but also the 
precommissioning activities. These, by their very nature, are disruptive 
to the construction workforce and are therefore usually carried out after 
construction has finished for the day. 

Long duration activities such as instrument loop checking and lube oil 
flushing associated with large rotating equipment should be identified 
and programmed in at the appropriate time. 

Precommissioning always starts before construction is finished. It is 
therefore important to recognise and implement those activities that 
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can be carried out without unduly prejudicing the completion of con­
struction. 

PLANNING AND MANPOWER 

Having defined the work scope and system priorities, the precommis­
sioning and commissioning plan must be made and resource loaded. 

This plan must be the document for driving the starts and finishes 
of all of the phase priority tasks requir.ed to meet the overall start-up 
sequence. 

Resourcing the work will almost certainly involve instrumentation 
and control systems manufacturers' engineers on site during the pre­
commissioning and commissioning stages, as well as those from the 
makers of large rotating equipment. Manufacturers must be advised 
in good time if they are to ensure availability of their personnel when 
required. Early consideration must also be given to the rigging, pipe­
fitting, instrument and electrical trades personnel required for com­
missioning work in addition to construction completion. It is not realistic 
to expect construction personnel to be available on an unscheduled 
basis. 

COMMUNICATIONS 

It is essential that regular action meetings are held during commis­
sioning stages of a project. 

A meeting should be held at the beginning of each working day and 
should involve project, commissioning and construction managers. If the 
project is being run on shifts, meetings should be held at the beginning 
of each shift. 

Structure the meetings. Briefly review progress achieved. More par­
ticularly search out, identify and anticipate problem areas and possible 
delays. 

Ensure that people attending the meeting are those responsible for 
getting work done. The meeting is for co-ordinating all areas of work and 
ensuring that efforts are directed towards the critical activities. Should 
delays manifest themselves, action is needed either to provide more 
resources or to reprogramme subsequent activities. 

This should be a dynamic meeting not a technical discussion. It 
should not be a forum for resolving technical problems, but should 
contain the correct mix of people to identify problems and appoint co­
ordinators for them. 
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PERMITS AND SAFETY 

When dealing with steam, nitrogen, hydrocarbons, process chemicals, 
etc. all commissioning activities must be actioned under a 'Permit to 
Work' system with appropriate procedures for obvious safety reasons. 

When dealing with electric systems an 'Isolation Certificate' must also 
be obtained, together with the relevant work permit. 

All electrical systems should be locked off prior to energising and all 
valves should be tagged for open/closed position. The permit system 
must be controlled under a central authority and must identify the 
persons responsible for the werk. 

The permit system must be established early, co-ordinating con­
struction commissioning and, where appropriate, any existing plant 
procedures. The workforce must be trained to follow the system prior to 
its implementation. As the plant is progressively brought on stream a 
register must be maintained, and site notice boards displayed, to 
ensure that everyone is aware which parts of the plant are live. 

PEOPLE IN COMMISSIONING 

Because of the long hours required, commissioning places great demands 
on everyone involved. The commissioning manager will be on call 24 
hours a day often for weeks on end. His team will often work 12 hours 
a day plus the time spent handing over between shifts. It is a chal­
lenging and satisfying period, providing a stimulus that largely over­
comes the problem of unsocial hours. 

Commissioning appears fraught with potential industrial relations 
problems - different working practices side by side, wage differentials, 
requirements for shift working, stringent safety requirements and the 
prospect of imminent lay-offs. The fact that disputes rarely occur is 
probably due to the morale and momentum developed in this phase of 
the project, to the awareness by the workforce that safety is paramount, 
and to the extra effort which goes into communications. 

BUILDING SERVICES 

In recent years major changes have occurred in the design of new 
buildings. The requirement to ensure that the internal working environ­
ment remains constant in terms of lighting, temperature, humidity and 
air flow even though the outside conditions are varying by the minute, 
together with the need for complex communications and information 
transfer systems, have put a high priority on building services. Building 
services like other facilities have therefore become more complex. 
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TIMING/PROGRAMME 

Commissioning must commence early. Indeed commissioning must be 
considered as early as the design stage. Immediately a contractor is 
appointed and the sequence of construction/completion agreed the 
following should be considered: 

• parameters for commissioning should be set. For example if 
phased construction is to be adopted, consideration should be 
given to ensure that all systems are compartmentalised and can 
be commissioned separately and in the same sequence as the 
phased construction; 

• a detailed commissioning programme should be produced in 
conjunction with the main contract finishing requirements; 

• a detailed method statement should be produced; 

• agreement on the specialist personnel who will be responsible 
for carrying out commissioning operation should be reached. 
Consideration should be given to employing independent 
specialists. 

TESTING 

The success in achieving completion of the comm1ss1oning of any 
project is initially dependent on the careful monitoring of the installation 
as the works proceed. 

Upon completion of manufacture, or before despatch in the case of 
stock items, all materials, apparatus and equipment to be incorporated 
should be tested. 

The results of each and every test carried out should be accurately 
and comprehensively recorded on a form and a test certificate signed 
by the person in charge. 

Every test certificate should include full details of the item including 
reference numbers, the date and time of the test, the ambient condi­
tions, a fully detailed description of the tests carried out, the results 
obtained and any relevant performance curves. 

All test certificates should be collated on-site and related to the 
location of the installed item. 

As the majority of any service installation is usually hidden by either 
the building fabric or the internal finishes, checks should be made to 
ensure that the correct equipment is being installed in the correct 
position and that each item is in working order. 

119 



This will ensure that: 
.&. any problems can be resolved at an early stage; 

.&. standards and quality are maintained; 

.&. the need to remove finishes to gain access and the disrupting 
affect this has on other trades is avoided; 

.&. works are completed cost effectively. 

Similar test certificates/reports to those produced for off-site testing 
should be completed for on-site checks. Again these must be collated 
with the previous records in order that complete records are available. 

PRECOMMISSIONING 

Following the continual process of checking and testing throughout the 
installation period, precommissioning must take place. This phase of 
work takes into account the activities necessary to advance the instal­
lation from static completion to the commissioning phase. 

At this time the permanent power, fuel and water supplies must be 
available. 

Electrical Installation 

During a pre-commissioning phase the following tests should be carried 
out: 

1. Cable Testing 

• Insulation resistance test 
• Voltage withstand test 
• Earth continuity test 
• Phase rotation and phase-correspondence 
2. Low voltage switchboard tests 
3. System and equipment earthing 

Mechanical Installation 

During precommissioning the following tests should be carried out: 

1. All hydraulic systems should be thoroughly flushed to remove any 
residual matter within the pipework systems. 

2. All ventilation systems should be cleared of any obstructions and 
debris. 
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3. All fire dampers should be checked in the open position. 

4. All wiring in control panels should be checked for loose wires. 

5. All terminations to all control equipment should be checked against 
the wiring diagrams. 

Public Health 

Precommissioning checks on the public health installation should 
include the following: 

1. All underslab drain runs are cleared of all debris. 

2. Manholes are complete including step irons and correct type of cover. 

COMMISSIONING 

Commissioning unlike testing and precommissioning can only be car­
ried out when the other construction operations are virtually completed. 
It will normally be essential that items such as suspended ceilings, 
partitions and doors are all completed. The building should also be 
clean as dust in the air can affect sensitive sensors. Equally it is impor­
tant that access hatches and panels are available to gain access to the 
equipment being commissioned. 

Throughout the commissioning phase all measurements and details 
should be recorded as the commissioning proceeds and submitted as 
commissioning records. 

The commissioning of build services on major projects is often under­
estimated and the standard of building completion required to carry out 
this work has to be as near the finished project as possible. 

Commissioning throughout should be carried out in accordance with 
the Chartered Institute of Building Services Commissioning Codes. 

Electrical Installations 

Following the satisfactory conclusion of inspection and tests on each 
completed section of the work commissioning can commence. 

However prior to beginning the commissioning process a commissioning 
schedule should be produced. It should detail: 

.& plant to be commissioned 

.& operations to be carried out 
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.& time scale 

.& exact dates for specific operations 

.& details of the requirements for water and power. 

Commissioning should include: 

.& energising of electrical distribution circuits and equipment 

.& setting of electrical protective devices and systems 

.& starting up of all electrically powered plant and equipment 

.& confirmation of the performance of all plant and equipment by 
the carrying out of further tests and the making of all necessary 
adjustments to obtain optimum performance. 

Mechanical Installations 

A commissioning schedule providing the details as outlined for the 
electrical installation should also be produced to cover the commis­
sioning of the mechanical installation. 

Commissioning and performance testing of major items of equipment 
including boilers, air compressors, air handling plant etc should involve 
the manufacturer's personnel in conjunction with the commissioning 
engineer. 

Commissioning should include: 

.& all air systems should be balanced 

.& all hydraulic systems should be balanced 

.& all distribution systems should be balanced and optimum noise 
levels reached 

.& all dampers should be clearly marked when the system has 
been balanced 

.& all valves should have their final positions recorded and should 
be locked in their final positions. 

Public Health 

The public health system should be tested in accordance with the local 
authority's requirements with either an air or water test. 
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Controls 

Many installations now include BMS or Building Management Systems 
to control and monitor the entire operation of the services installation 
within the building. These systems are very specialised and require 
careful testing and commissioning. 

Generally the BMS System cannot be set into operation and commis­
sioned until the other commissioning operations have been completed. 

It is vital that the decision to utilise a BMS is taken at the design stage. 
Attention should be paid to all aspects of the BMS to ensure its total 
integration into the construction process. The release of information 
must be as early as possible and should be issued to the mechanical 
and electrical contractors for detailed planning. 

Lifts 

As with all other service installations, the lift installation should be 
checked as the works proceed and commissioned in accordance with 
the requirements of the relevant British Standard. 

Test results should be tabulated and submitted as records, and 
additional tests may be required for insurance certification. 

FINE TUNING 

Fine tuning of the entire building services installation cannot take place 
until the building is operational and time must be allowed for this 
process to be completed. It is basically the final adjustments to the 
system to compensate for items such as heat gain from equipment etc. 

CONCLUSION 

If commissioning is to be successful it is vitally important that clear 
records are kept throughout and the sequence and methods agreed at 
contract commencement are maintained. 

Record drawings of the 'as built' installation should always be pro­
duced identifying the various components of the installations and 
providing maintenance details. Consideration should be given to the 
involvement during the commissioning period of the building owners' 
maintenance department in order that they can become familiarised 
with the services installation. 
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It should also be noted that 'Practical Completion' of a project often 
cannot be achieved without the satisfactory commissioning of life pro­
tecting systems such as fire alarms, safety shutters, gas and other 
extingu ishing systems. The importance of commissioning building 
services is therefore at the forefront of the successful completion of 
major construction projects. 
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