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PREFACE
This Guide describes the processes and procedures of
construction project management, with emphasis on their
use in developing countries. Good project management is
essential because of the importance of capital projects to
the development of a young nation. In many developing
countries construction alone accounts for about 10 per
cent of the gross national product, and 50 per cent or
more of the wealth invested in fixed assets. The import-
ance of construction work in providing the physical facili-
ties for development activities is indicated in figure 1.

The Guide is not intended as a manual; it does, how-
ever, describe the general principles of construction pro-
ject management, and it emphasises many of the vital

Figure 1. Construction work in developing countries.



requirements for the successful execution and completion
of projects. There is especial emphasis on the need for
careful planning in the early stages of projects, as well as
during the activities intended to prepare the users to take
over, use and maintain the facilities provided.

The conditions in which construction projects are
undertaken differ from one country to another, but the
principles advocated herein are of a general character and
are based on internationally accepted procedures.

Figure 1 also shows that the word "construction"
covers both building and civil engineering work and that
some construction projects, notably complex buildings,
may include both. Many of the principles described apply
to all construction projects; but where the processes and
procedures relevant to building and civil engineering work
differ significantly, they have been given separate expla-
nations.
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I
Managing a project is quite different from managing a
"steady-state" organisation. A project has a distinct be-
ginning and end, whereas steady-state organisations run
continuously. Examples of the latter are hospitals and
mass-production factories. In a hospital the basis of medi-
cal care changes slowly, despite technological advances,
and the administration works to a routine. In mass-
production industries the routine of production proceeds
continuously, except when new models are being intro-
duced.

Figure 2 shows the main elements of the project man-

Figure 2. The elements of project management.
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agement process which result in an end product. The cycle
of activities to achieve the project goals is shown in figure
3. Since changes, often unforeseen, occur during the life-
time of a project, figure 3 represents continuous action
aimed at achieving the best possible result.

Because the construction industry supplies the basic
requirements of shelter, water, sanitation, roads, schools
and hospitals, its performance has a marked effect both
on the economy and on social conditions. This is especially
true in developing countries, where much of this infra-
structure is lacking. It follows that the efficient manage-
ment of construction projects is vital if scarce resources
are not to be wasted. This Guide seeks to improve mana-
gerial effectiveness by describing the way in which a con-
struction project works and how it can be controlled. It
does not claim to describe ideal solutions, because these
rarely exist in the real world; but it offers a rational and
logical approach to the management of construction pro-
jects.

Figure 3. The managerial cycle.
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The Guide covers the stages from the time when a
decision is made to implement a construction project until
the project becomes a reality in the form of a house or a
road that has to be maintained. It does not describe the
social, economic and engineering analyses which precede
or result in that decision. The five stages used in the Guide
are shown in figure 4. Their scope may differ from one
project to another, but their content should be clearly
described for each project.

The main parties involved in a construction project
are—

U the client;
El the users;
U the designers;
o the executors;
El public authorities and agencies.

The link between them is often provided by a project
management team created for the duration of the project
(see figure 5). Such a team is unlikely to be a static or
permanent body. Its membership may change during the
course of the project. At any one stage it should include all
persons or parties involved in the work at that stage, such
as designers and specialists, user representatives, contrac-
tors, suppliers and managerial staff. It will normally be
headed by a project manager, who is responsible to the
client for the execution of the project. The Guide
describes how this way of managing a construction project
works, with particular reference to developing countries.
It is hoped that it will help those who manage construction
programmes to evolve solutions suited to their natural
circumstances.

A glossary of terms used in this book appears as
Appendix C.

Figure 4. Stages of a construction project.



Figure 5. The project management team.
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BUILDING PROJECT 2

participants

The five major groups of people (client, users, designers,
executors, public authorities and agencies) participating
in a building project can be defined as follows.

THE CLIENT

The client may be an individual, such as someone wishing
to build a house. The word is more generally used for the
organisation which needs the end product and has the
authority (and the money) to order and approve it. For
government projects, the client is usually a ministry or
department. For example, a Ministry of Health wishing to
I-S. —
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the Ministry of Works. In the private sector the client is
often a company. A manufacturing company wishing to
build a new factory is the client of the architects it employs
to design it and to supervise construction. When a min-
istry or a company employs a firm of architects, it must
pay a fee, so that it is natural for the firm to regard the
ministry as its client. A Ministry of Works undertaking
work for another ministry does not usually receive a fee,
and therefore tends not to regard the other ministry as a
client. Nevertheless, it should do so, and this is why the
word "client" is retained throughout the Guide.

• THE USERS

In many respects the users are the most important party,
5 yet often they are the most neglected. They are the people



who must operate and maintain the facilities which have
been provided. Although the same organisation may
be both client and user, the individuals involved may be
different. The planners and administrators of a Ministry of
Health may determine how many health centres to build,
where they should be located and what facilities should be
provided. Although the doctors and nurses operating the
centres may belong to the same ministry, they have prob-
ably not been involved in any of the early decisions. Con-
versely, the planners and administrators suffer little incon-
venience if the provision of some basic amenity, such as
water, has been overlooked; but to the users its provision
would be vitally important.

THE DESIGNERS

These are the architects and specialists responsible for
translating the client's requirements into reality. In a build-
ing project, the architect has a leading role, but he
requires support from many other people—

El draughtsmen to produce working drawings from the
architect's sketches;

structural engineers in the design of the structure;
electrical engineers in the design of power and lighting
supplies;

LII civil engineers in the design of access roads, earth-
works, water supplies;

LI quantity surveyors in the preparation of estimates and
tender documents.

Not every project requires all these people, but very
few require only the services of an architect. On the other
hand, large and complex projects may require additional
specialists. For example, the design of an industrial plant
will require considerable expertise in occupational safety
and health. However, all those involved at this stage can
be classified as designers.

THE EXECUTORS

These are the people who undertake the physical con-
struction, who in many cases will be private or parastatal 6



contractors. Some ministries have their own labour
forces, and work carried out in this way is said to be done
by "direct labour" (the expression "force account" is also
used). Chapter 6 explains this more fully. For simplicity,
the word "contractor" is generally used throughout, and
is deemed to include all organisations which actually
build.

Chapter 6 also explains that the client may place or-
ders for specialised items of equipment directly with a
supplier. Examples are medical equipment for a hospital,
or desks for classrooms. Such items are as essential to the
completion of a project as the buildings themselves. These
suppliers are therefore also executors of the project, and
must be co-ordinated by the project management
team.

IPUBLIC AUTHORITIES AND AGENCIES

All buildings must fulfil statutory requirements regarding
construction standards and safety. For example, roofs
must be able to withstand specified wind loadings, and fire
regulations must be observed. Responsibility for ensuring
compliance with requirements rests with such bodies as
town councils, ministries of planning, water authorities,
and so on. The health and safety of people who work or
dwell in the building are usually closely safeguarded by
legal regulations, and these may have a substantial effect
on the shape of the building and the facilities provided.

In some cases a ministry may be simultaneously a client
and a statutory authority. A Ministry of Labour which
commissions a new labour exchange may also be the
authority responsible for ensuring that site conditions of
work satisfy employment regulations.

stages and aspects
The major stages of a project, together with the various
"aspects" which must be considered during each stage,
form the framework of the construction process. These

7 aspects can be divided into four main groups—



functional: general concepts, operational patterns, depart-
ment and room programmes;
location and site: climate, topography, accessibility, infra-
structure, legal formalities;
construction: design principles, technical standards, avail-
ability of building materials, building methods, safety of
operations;

operational: project administration, cash flow, mainten-
ance needs, operational safety and health.

The examination of each aspect should start during
the briefing stage and continue in greater detail during the
subsequent stages until each has been dealt with. Each
aspect, or group of aspects, will be attended to at different
points during the various project stages. To reach a con-
clusion, it is preferable to follow a formal survey, analysis
and recommendations process as shown in figure 6.

When the functional, site, constructional and opera-
tional aspects are considered, the degree of detail re-
quired should be carefully weighed. Each factor should be
examined and its content developed, but only to the

Figure 6. Aspects of a construction project.
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extent needed to fulfil requirements at that particular
stage. For example, there is no point in wasting resources
on producing a complete room data programme during
the briefing stage, since the work during the following
stages will significantly influence finishes and installations,
and may make much of the early work irrelevant.

Figure 7 shows the sequence of work throughout the
different project stages and the people involved.

In many respects each project stage can be considered
as an entity, although there is often a degree of overlap
between them. The purpose and decisions of each stage
should be clearly defined, so that the completion of the
stage can be coupled to a commitment or decision by the
client.

The work done in the early stages of a project is very
important. The relationship between the expenditure and
the degree of design influence at the various stages is
particularly worthy of note. Once the project has reached
the constructing stage, when funds are being spent at a
very high rate, it is almost impossible to influence the size
and shape of the building. This is illustrated in figure 8.
Clearly, the crucial period is when the project brief is
being reviewed by the client for final approval. This is the
time when substantial savings can be made.

It will be observed that the tendering stage creates a
gap in the project process. This is because the call for
tenders and their evaluation is frequently handled by an
independent Tender Board, over which neither the client
nor the project management team has control.

Descriptions of the five stages—their purposes, activi-
ties and major participants—are now given in detail.

Figure 7. Participants at each stage of a building project.



Figure 8. Relationship between design influence and cost.

IACTIVITIES

At this stage many factors of the project are unknown or
not clearly defined. Therefore there may be a temptation
to postpone the issue of how it is to be managed. As this is
probably the most important decision to be reached and
one which will contribute to the clarification of other
issues, it should be the first task of the client.

The organisation of the management function is de-
scribed in a later chapter, but a first step is the appoint-
ment of a project manager or project co-ordinator who
will have a continuing responsibility to the client through-

detomirie4 deterinked

briefing stage

IPURPOSE
0
C

8To enable the client to specify project functions and per-
missible costs, so that the architects, engineers, quantity
surveyors and other members of the design team can
correctly interpret his wishes and provide cost esti-
mates.
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out the whole of the construction process. This person
may come from inside or outside the client's own organ-
isation, but during the briefing stage he should—

El set up a work plan and appoint designers and special-
ists;

El consider user requirements, location and site condi-
tions, planning designing, estimated costs, quality re-
quirements;

LI ensure the preparation of—
— the department data programme;
— the room data programme;
— a time-schedule;
— sketches at scales of 1:1000, 1:1500 or 1:2000,

illustrating the layout and principles of the pro-
ject;

— cost estimates and implications;

— a plan for implementation.

Alternative courses of action should be given extra
emphasis during this stage.

In some projects the initial user requirements may be
unclear, the location uncertain and the cost limit not
decided. In such cases it may be helpful to prepare the
project brief in steps, first clarifying the major aspects of
the project and outlining alternative courses of action and
their consequences. Those alternatives that appear most
feasible may then be studied further. Such a study should
clarify the various aspects of the project in enough detail
to enable the project management team to prepare prac-
tical recommendations. The details required are given in
the briefing stage checklist (Appendix A).

The health, safety and general well-being of the
people who will work or dwell in the building should be
given careful consideration at the outset. The major
influences on design are usually finance, speed, aesthetics,
prestige and the available time and knowledge of the
designers; occupational health and safety needs are often
not considered until the building has been constructed.
But diligent attention to these important requirements at
the outset will lead to adequate provision at minimum
expense. Occupational health and safety are discussed in
more detail in Chapter 8.

11 It is worth stressing that a careful appraisal of user



requirements at the briefing stage makes substantial cost
savings easier.

IPARTICIPANTS

The main participants at this stage are the client's repre-
sentatives, the project manager and those responsible for
providing technical inputs for the brief.

Depending upon the nature and the complexity of the
project, the following should be included:

LI architect;
o structural, mechanical and electrical engineers;
LI quantity surveyor;
LI specialists such as health or school planners, organis-

ational planners, health and safety officials;

LI user representatives.

See also Appendix A.

designing stage

(PURPOSE

To complete the project brief and determine the layout,
design, methods of construction and estimated costs, in
order to obtain the necessary approvals from the client
and authorities involved.

To prepare the necessary production information,
including working drawings and specifications and to com-
plete all arrangements for obtaining tenders.

(ACTIVITIES

Activities at this stage include

o developing the project brief to final completion;
o investigating technical problems;
LI obtaining the client's final approval of the brief;
o preparing-

- a scheme design, including cost estimates; 12
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Figure 9. Design-stage activities for building projects.

— a detail design;
— working drawings, specifications and schedules;

— bills of quantities;
— a final cost estimate;
— a preliminary production programme, including

time-schedule.

These activities are shown in figure 9.
In most projects the designing stage is divided into

several substages: outline proposal, scheme design, detail
design, and production information. The first two sub-
stages are sometimes referred to as "sketch plans", and
the latest two substages as "working drawings".

An adequate basis for a realistic cost estimate of the
project should be possible from the scheme design sub-
stage. Any modification of the project brief after this stage
is likely to be expensive.

Regular contact should be maintained between the
project management team and the design team, prefer-
ably through a series of regular meetings at which pro-
gress reports can be considered and any outstanding
issues discussed and decided.

PARTICIPANTS

The main participants in the designing stage are the pro-
ject management team and the design team. Depending



on the nature and the complexity of the project, the
design team should include the following:

LI project manager;
LI architect;
LI quantity surveyor;
LI structural, mechanical and electrical engineers;
LI specialists such as health or school planners, organ is-

ational planners, health and safety officials;

El user representatives.

See also Appendix A.

stage o o o o 0
=
O—4 —i

PURPOSE o i .1

To appoint a building contractor, or a number of con- 0 )

tractors, who will undertake the site construction
work.

ACTIVITIES

To obtain tenders from contractors for the construction
of the building and to award the contract.

During this stage the client enters into firm commit-
ments for most of the project expenditure, and so the
procedures and processes are carefully and closely de-
fined.

Government tendering procedures are particularly
closely controlled to ensure that national contracts are
awarded in an equitable and uniform way. In many cases
tendering is the responsibility of a central Tender Board
which is independent of either the client or the executing
agency, although both may be represented on it. Mem-
bers of the project management team may be required to
provide the basic documentation to the central Tender
Board and generally to provide technical assistance.

For simplicity, this Guide describes the management
of projects where the construction work is done by a 14



contractor. In some cases a government agency, such as a
Ministry of Works, will do the work directly. There may
then be no requirement for formal submission to a Tender
Board; nevertheless, the executing agency should be
required to prepare a detailed cost estimate for budgetary
control purposes.

PRE-QUALIFICATION

Some clients will allow any contractor to tender for a
contract, provided that he has sufficient financial re-
sources to purchase the tender documents and to give
some form of financially backed guarantee that the con-
tract will be accepted if offered. The client then relies on
the adequacy of the contract documents and the skills of
the project management team to ensure that the building
is constructed as required.

To increase the probability that the client will get what
is required, it is usual tointroduce some procedure to
ensure that only experienced and competent contractors
are allowed to tender. This procedure, known as "pre-
qualification", involves an investigation of the potential
contractor's financial, managerial and physical resources
and of his experience of similar projects, and an assess-
ment of the firm's integrity.

Contractors who satisfy the client's requirements are
then placed on a list of approved contractors. Govern-
ment agencies and other organisations who award many
contracts for a wide variety of work may also classify the
contractor. For example, a Ministry of Works may have
seven categories ranging from Class 7 contractors, who
may undertake only very small and simple jobs, to Class 1
contractors, who may undertake any contract regardless
of its value or complexity.

CONTRACT DOCUMENTS

It is vital that the contract documents be prepared with
extreme care by experienced people, because they will
form the major basis on which the project management
team exercises control during the construction phase.

The contract itself will be defined in a legal document
15 which describes the duties and responsibilities of the par-



ticipants who are parties to it. For construction work,
standard forms of contract have evolved in most
countries, and it is usual for the central Tender Board to
require the use of one of these standard forms, with
perhaps minor modifications to suit the circumstances of a
particular project (see below).

Other contract documents are those necessary to
define in detail the building required by the client: draw-
ings, specifications, schedules, bills of quantities, time-
scale. These documents will have been prepared during
the design stage, as described previously.

Standard forms of contract

The use of standard forms of contract is recommended
because—

their contents will be well known and understood by
the parties involved;

El their wording embodies much experience in resolving
difficulties of interpretation and enforcement;

El they will usually have been tested in law;
El the preparation of new forms of contract is expensive

and time-consuming.

Most standard forms of contract also include the neces-
sary tender documents.

PARTICIPANTS

In the case of government projects the project manage-
ment team does not usually participate, although the Min-
istry of Works or its local equivalent will be represented
on the Tender Board. The project management team may
be expected to give technical support by—

El providing the necessary contract documents;
El providing a basis for pre-qualification of tenderers;
El checking that the tenders are arithmetically correct

and conform to tender requirements.

Government Tender Boards usually award the con-
tract to the lowest bidder. In the case of private projects
the final choice of contractor rests with the client, acting
on the advice of the project management team.

See also Appendix A. 16



constructing stage 0 0 o oO
0—'--'

PURPOSE

To construct the building within the agreed limits of cost
and time, and to specified quality.

ACTIVITIES

To plan, co-ordinate and control site operations.

Production planning includes the formulation of—

Eli time-schedules;

El site organisation;
El a manpower plan;
El a plant and equipment plan;
El a materials delivery plan.

Site operations include—

El all temporary and permanent construction works, and
the supply of all built-in furniture and equipment;

El the co-ordination of subcontractors;
El general supervision.

The constructing stage consists of a number of inter-
related activities. The failure of one activity can disrupt
the entire production schedule. Therefore, careful pro-
duction planning is important.

The constructing stage is usually the most expensive,
intensive and difficult of the project stages. Later chapters
on the organisation of management functions, planning,
procurement, control, and health and safety, describe the
necessary managerial activities in detail.

PARTICIPANTS

The main participants are the project management team
and the contractor.

Normally, direct responsibility rests with the contrac-
17 tor. It is also usual for subcontractors to be directly re-



sponsible to the contractor, even if they have been nomi-
nated by the client. The project manager and his team
must arrange for adequate supervision of the work to
ensure adherence to quality standards and to statutory
requirements, especially as regards safety and welfare.

See also Appendix A.

1 commissioning stage

PURPOSE 0—' —'
—*;4

To ensure that the building has been completed as speci-
fied in the contract documents, and that all the facilities
work properly.

To provide a record of the actual construction,
together with operating instructions.

To train staff in the use of the facilities provided.

RECORDS

During construction, difficulties may arise which result in
changes to the original design. Records of these changes
will be kept during construction, mainly for financial
reasons. These must be brought together to make a com-
plete record of the actual construction.

ACTIVITIES

The activities will be to—

E prepare "as-built" records;
El inspect the building thoroughly and have defects rem-

edied;

El test for watertightness;
El start up, test and adjust all services;
El prepare operating instructions and maintenance man-

uals;

El train staff.

The test for watertightness is important in areas
where rain occurs only at certain seasons. Failure to test at 18
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the commissioning stage might result in leaks not being
discovered until rainfall occurred—perhaps many
months, or even a year, later.

The commissioning stage is the transition period be-
tween the construction and the occupation and use of the
building. For large and complicated buildings, or groups of
buildings, it is not uncommon for the commissioning to be
done in several stages.

Commissioning must be planned well in advance so
that the recruitment and training of staff and deliveries of
furniture and equipment can be co-ordinated with the
commissioning schedule.

PARTICIPANTS

The participants are—

fl project management team;
o operating staff;
o designers and specialists;
El building services suppliers staff;
El the contractor.

See also Appendix A.





A CIVIL ENGINEERING PROJECT 3

It was stated in the preface that this Guide applies to both
building and civil engineering projects. It is difficult to
define these two categories of construction, but a general
understanding of the difference may be gained from fig-
ure 1. Broadly, buildings are construction works in which
people will work or dwell; civil engineering works are
more concerned with controlling the natural environment
to provide what is sometimes called the "infrastructure":
for example, roads, dams and airports.

It was also stated in the preface that many of the
management processes and procedures described in this
Guide may be applied to both building and civil engineer-
ing projects. It has been assumed—in order to avoid
repeating this common material—that the reader has
read Chapter 2 on building projects. This chapter will
therefore concentrate on civil engineering.

characteristics of civil engineering
projects

Because civil engineering work is concerned with changing
the natural environment, it is highly susceptible to the
unpredictable forces of nature, whereas building works
are not so susceptible. For example, the building of a dam
may be seriously disrupted by a sudden storm causing a
flash flood. But once the foundation of a building is com-
plete, the elements cause minor interference to the erec-
tion of the superstructure.

Civil engineering works thus require a more flexible
approach as well as an increased contingency allowance

21 for unexpected costs.



Most civil engineering schemes are large, extensive
and expensive, obvious examples being road and irriga-
tion developments.

These characteristics often require a high rate of
expenditure during the construction stage and a high level
of managerial expertise. This may in turn require a high
level of investment by the contractor. In developing
countries these characteristics have resulted in much civil
engineering work being funded by international develop-
ment agencies, designed by international consultants, and
constructed by major international contractors using
plant-intensive methods.

CONSTRUCTION TECHNOLOGY

The major civil engineering construction activities are: the
excavation, transport and compaction of earth and rock;
construction in steel and concrete; and the excavation
and laying of pipelines. These activities are generally on a
large scale. They are frequently complex and difficult,
requiring high levels of engineering skill and expensive
modern plant and machinery.

On the other hand, there are many civil engineering
projects in developing countries where the technological
demands are low. This has led to some successful experi-
ments in the use of low-technology, labour-intensive con-
struction in recent years, particularly in road construc-
tion. (Some of the publications on the ILO's work in this
area are listed inside the back cover of this Guide.)

This method of civil engineering construction is often
more appropriate in developing countries than the system
which relies on machinery and complicated processes.
Some advantages of labour-intensive methods are—

El a reduced level of investment;
El the creation of employment;
El a reduced need for foreign exchange;
El the development of national technical and managerial

skills.

In most countries managerial practice in building and
civil engineering has developed separately, and therefore
many of the differences between the two categories of
construction are merely those of historical development. 22



Thus architects often regard the management of building
projects as their prerogative, and engineers take the same
attitude towards civil engineering works. Yet many pro-
jects involve both disciplines. Fortunately, it is becoming
more widely recognised that construction project man-
agement is an interdisciplinary art requiring professional
services as dictated by the needs of the project. It is this
form of project management which is described in this
Guide.

participants

The main participants are—

LI the client;
LI the users;
LI the designers;
LI the executors;
LI public authorities and agencies.

The size and scope of civil engineering projects mean
that the client is nearly always a government depart-
ment—often called the "promoter"—or agency, or a
major industrial undertaking. Examples are a Ministry of
Water Resources or a mining corporation.

THE USERS

The users usually fall into two groups: the operating staff,
and those who may be called the "beneficiaries" because
they benefit from the scheme although they do not oper-
ate it, in the way in which farmers benefit from an irriga-
tion or land improvement scheme. The operators should
of course be consulted, but it is perhaps even more
important to consult the "beneficiaries". One has only to
consider a road being constructed through the rural
countryside to realise how much topographical knowl-
edge the local inhabitants can offer to the designers, and
how difficult the problems of landownership may be-
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THE DESIGNERS

The civil engineer will usually play a leading role in the
design team; traditionally he has led it. He will be sup-
ported by a number of people, such as-

U draughtsmen/detailers who make the working draw-
ings;

U specialists, such as hydrologists, geologists and water
treatment chemists;

U quantity surveyors, or-more usually-"measure-
ment" or "cost" engineers, who are civil engineers
who have specialised in this branch of the profession
and are involved in the preparation of estimates and
tender documents.

THE EXECUTORS

It was explained above that the physical construction will
usually be undertaken by a major contractor unless steps
are taken at the design stage either-

U to design the works in such a way that they can be
constructed by a large number of smaller contractors
working on separate parts; or

U to design for labour-intensive methods, which will be
applied directly by the client or by local contrac-
tors.

PUBLIC AUTHORITIES AND AGENCIES

The size, scope and nature of civil engineering work mean
that public authorities and agencies play a major, perhaps
dominant, part in the project.

stages and aspects
A civil engineering project may be divided into stages
similar to those described for a building project, and the
aspects to be considered are generally similar also. Thus,
the managerial framework given in figure 7 also applies to
civil engineering projects, with minor changes, as shown in
figure 10. These stages will now be explained in more
detail. 24



Figure 10. Participants at each stage of a civil engineering project.
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IPURPOSE

To enable an objective decision to be made on the
feasibility of the project, and to examine alternatives.

To specify the client's requirements in detail so that
the designers may correctly interpret his wishes and esti-
mate the likely costs.
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A civil engineering project should begin with a thorough
investigation of its technical and economic feasibility. The
characteristics of civil engineering projects described
earlier require extensive investigations, such as hydro-
logical and geological surveys, in order that alternative
solutions may be evaluated sensibly. Even so, the final
outcome of these analyses is often that several, perhaps
widely different, solutions are equally attractive. Water
supply, for example, may be obtained from boreholes or
by building a dam, and it may be difficult to weigh the
advantages and disadvantages of each scheme, particu-
larly in the long term.

jinvestigations and analyses

The following investigations and analyses may be
25 required:



El non-technical investigations: these include economic
and social factors which may define what the nation
and its people require of the project;

U analysis of existing information and plans: for ex-
ample, reports of previous investigations, maps,

charts, official records, seismic records;
U decisions on standards: all construction work will be

subject to standard procedures by which the design
methods and materials requirements will be specified;
these may be national or international standards, or a
mixture of both, and the choice of standards may have
a profound effect on the design;

U general technical investigations: these will include
land and geological surveys, and may include specialist
investigations by hydrologists, agronomists, or
others;

El detailed site investigation: for example, soil samples
and ground water levels from boreholes; access; ser-
vices;

El materials: most civil engineering materials (such as
earth, rock and concreting materials) are heavy and
bulky, and so the proximity of good local supplies may
dramatically reduce transport costs;

El models: models are extensively used in civil engineer-
ing to investigate proposed designs in some detail,
particularly in schemes involving water.

The Report

Thus the outcome of the first stage of a civil engineering
project is the Report, which describes the investigations
and analyses that have been done, describes the possible
solutions and evaluates them. The Report should also
include recommendations to help the client make
choice (see figure 11).

PARTICIPANTS

It is important that a project manager be appointed at the
outset in order to ensure that the briefing stage is well
managed: the analyses made at this stage, and the solu-
tions and decisions reached, will determine the project's
final cost. 26



Figure 11. The briefing or report stage.
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In addition, the project manager's ability to manage
the remaining stages of the project efficiently will depend
in part upon the extent of his knowledge of the funda-
mental requirements and difficulties of the project.

Depending upon the nature and complexity of the
project, the other participants at this stage may include—

El civil engineers;

El mechanical, electrical, agricultural and other engin-
eers;

El non-technical experts such as economists and sociol-
ogists;

El measurement engineers or quantity surveyors;
El user representatives.

See also Appendix A.

desk5nina stage 0 0 0 0 05 5 5
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PURPOSE

To design the works in detail, obtain the necessary
approvals, estimate costs and prepare the necessary
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ACTIVITIES

Activities at this stage will include—

deciding which solution to adopt;
o undertaking further investigations, if necessary.

The following must also be prepared:

0 a scheme design, including cost estimate;
El a detail design;
o working drawings, specifications and schedules;
0 bills of quantities;
El final cost estimates;
El a preliminary production programme, including time-

schedule.

These are shown in figure 12.
In the briefing or report stage, the dimensions and

materials to be used in each element of the scheme will
have been decided by a combination of approximate
analyses and the engineers' experience of similar schemes
in the past. This is why consulting engineers with a particu-
lar expertise are often employed. The engineering sound-
ness of the chosen outline proposal is then examined in
detail, and the design is amended in the light of these
analyses.

As the detailed design proceeds, more information
becomes available on which an estimate of cost may be
based. The accuracy of the estimate will depend upon the

Figure 12. Design-stage activities for civil engineering projects.
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nature of the project and its location. The cost of a small
water treatment.plant to be built in an urban area may be
estimated with reasonable accuracy, because the work
will be well understood, and the market prices of most of
the required resources will be known. On the other hand,
the cost of novel methods of construction to be used in a
project in a remote area may be almost impossible to
estimate.

When costs are estimated, it is important to make
some allowance for the unexpected, because the earlier
investigations cannot have covered every possibility. Un-
less they are done in great detail, and consequently at
enormous expense, engineering investigations will be
limited in their extent. The project management team
should therefore plan the project in such a way that unex-
pected events do not cause chaos and disruption.

PARTICIPANTS

The main participants are the project management team
and the design team. The design team should include the
following:

1J project manager;
o civil engineers;
o engineers from other disciplines as necessary;
0 specialists;
0 draughtsmen/detailers;
o quantity surveyors or measurement engineers;
U user representatives.

See also Appendix A.

tendering stage o o o 0 0

0
0

(PURPOSE

To appoint a civil engineering contractor, or a number of
civil engineering and other contractors, who will under-

29 take the site construction work.



ACTIVITIES

To obtain tenders from contractors for the construction
of the works and to award the contract.

PRE-QUALIFICATION

The nature of conventional civil engineering work usually
requires some form of pre-qualification of tenders. The
pre-qualification procedures will be similar to those de-
scribed in Chapter 2. The particular objectives of pre-
qualification for civil engineering projects are to ensure
that those contractors invited to tender have—

0 adequate engineering skills and resources to do the
work safely and efficiently;

El adequate financial and managerial resources to sup-
port a project of the scale required;

El some knowledge of local conditions;
0 integrity.

Where the works have been designed for execution
by local contractors, the need for pre-qualification of
tenderers is reduced.

See also Appendix A.

constructing stage

PURPOSE

To construct the civil engineering works within the agreed
limits of cost and time, and to specified quality.

ACTIVITIES

To plan, co-ordinate and control site operation.

The activities are basically similar to those of "A build-
ing project" (see Chapter 2) except that the characteris-
tics of civil engineering projects place more emphasis on

0000(
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the amount and scale of the temporary works. Require-
ments of health and safety are also more difficult to
ensure; paradoxically, these requirements may be more
often met in civil engineering than in building because
the hazards are more evident to both managers and
workers.

PARTICIPANTS

The participants are—

o the project management team;
o specialists and specialist engineers involved in the

designing stage;

o the contractor;
El general and specialist subcontractors.

Most civil engineering projects will require part of the
project management team to be resident on site to super-
vise the construction work in detail.

DOCUMENTS

Standard forms of contract have been developed for
general civil engineering contracts, together with special
forms of contract and subcontract for specialist engin-
eering work. For example, specific standard forms of
contract exist for piling and marine dredging. Standard
forms of contract should be used wherever possible, for
the reason given in Chapter 2 under "Standard forms of
contract".

Government contracts will usually be awarded under
procedures controlled by a Tender Board, and many of
the private clients who commission civil engineering works
will be substantial corporations which adopt similar pro-
cedures.

The project management team may be required to
provide technical support.

See also Appendix A.



commissioning stage

I
JPURPOSE

.

To ensure that the civil engineering works have been
completed as specified in the contract documents, and
that all the facilities work properly.

To provide a record of the actual construction,
together with operating instructions.

To train staff in the use of the works.

IACTIVITIES

The commissioning stage of a civil engineering project is
essentially concerned with testing the engineering per-
formance of the works. Works that are buried as the
work proceeds (piling and pipelines, for example) are
usually tested before they are covered. Other works can
be tested only when complete; water tanks are an ex-
ample of these.

The commissioning activities for most civil engineering
projects will include the following:

LI testing the engineering performance and safety of the
whole of the works;

LI searching for non-operational defects, e.g. those that
affect only the appearance;

0 remedying all deficiencies;
o preparing "as-made" drawings and other records;
LI preparing operational instructions and maintenance

manuals;

O training staff;
o monitoring performance of works against original

requirements.

IPARTICIPANTS

The participants are—

o the project management team;
LI the operating staff; 32
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designers and specialists;

El beneficiaries;
El the contractor.

See also Appendix A.





ORGANISATION OF 4
MANAGEMENT FUNCTIONS

objectives
The main objectives of the project management team
should include—

El the production of construction works which satisfy
the client's functional requirements;

D the completion of the project within specified cost
limits;

El the completion of the project within specified time-
limits;

El construction to specified standards;
o the preservation of the health and safety of the people

involved.

Within these main objectives there may be subsidiary
objectives for each stage. It is important not only that
overall and subsidiary objectives should be clearly stated
and accepted by all parties but also that ways of evaluating
whether or not objectives have been achieved should be
determined at the outset. This is discussed in detail in
Chapter 7.

project management team
The need for a project management team is stressed in
this Guide, and reference is made in Chapter 1 to the
differences between the management of steady-state
organisations and that of projects. The team needed will

35 depend on the kind of project to be managed. Many



clients, especially those to whom the construction of a
building is an unusual activity, underestimate the time,
money, skill and effort required. Technical simplicity does
not always imply managerial simplicity. For example, a
school building programme where the buildings are single
storey and of simple block construction may involve the
following parties:

El Ministry of Education-to specify requirements;
El Ministry of Works-to design the building works and

supervise their construction;
0 Ministry of Natural Resources-to supply water;
El Ministry of Power-to supply electricity, gas or other

energy;

El Municipal Council-to ensure that planning and safety
requirements are met;

El Ministry of Labour-to grant work permits and en-
sure compliance with labour ordinances;

El contractors-to put up the buildings and provide
access;

El suppliers-to provide specialist equipment.

There have been health clinics that were unusable
because there was no water supply, and bridges that could
not be opened because the guard rails had not been
ordered.

Project management obviously becomes much more
complex as projects increase in size and scope.

TEAM FUNCTIONS

In order to achieve the objectives given above, the man-
agement team must exercise the functions of planning,
procuring and controlling. These functions will exist
through all stages of the project. They are described in
detail in later chapters.

TEAM ORGANISATION

Project manager

The first important management decision to be taken by a
client is the appointment of a project manager. Few clients 36



understand the need to ensure that their construction
projects are properly managed from the start by the right
people with defined responsibilities. The work is very dif-
ferent from general administration or production man-
agement. When a steady-state activity is being managed,
much of the work is routine. The best way to do a par-
ticular job has gradually evolved, and so the management
task is to facilitate it and to manage the relatively few new
circumstances, which may be quite limited in their extent
or importance.

In marked contrast, a construction project starts from
nothing, builds up to an intense level of activity in the
middle of the site construction, and then dies away again
to nothing when the buildings or works are taken over by
the client. During this time the project manager has to
recruit a team of people with the necessary skills to man-
age the project, a team whose membership will change
because of the demands made on it as the project pro-
ceeds. This team, and all its supporting offices and facili-
ties, will then be disbanded as the project concludes.

Thus the project manager must be able to deduce the
managerial requirements of a new project very quickly
and to manage an often intensive and changing series of
activities. A specimen job description for a project man-
ager is included as Appendix B, and could be used to
formulate terms of reference for his recruitment. When
appointing a project manager, the client should consider
the following factors:

the qualifications and experience required;
El the person or persons to whom he is responsible;
El his terms of reference;
El the limits of his authority;
El his personal qualities, including leadership skills.

As shown in figure 13, the project manager is involved
in all stages of the project. The point has been made
previously that he should be appointed as early as possible
with a view to seeing the project through to completion.
Savings resulting from his appointment at a later stage are
likely to be offset by increased costs at some critical point
caused by his lack of background knowledge of work
carried out earlier.

The project manager must thoroughly understand the
37 project. This knowledge should not be limited to its



• physical features, but should also extend to the client's
underlying intentions and policies. He must be able to
make logical, impartial and fair decisions so as to achieve
the objectives of the project. He must make sure that he
has the confidence of his team, so that they, in turn, win
the full support and co-operation of their own depart-
ments.

No attempt is made in this Guide to specify who the
project manager should be, since great diversity is a
characteristic of building and civil engineering projects.
The project manager might be: the architect responsible
for design; an engineer (from the Ministry of Works); a
quantity surveyor; or, especially for a civil engineering
project, a qualified civil engineer. In exceptional circum-
stances, such as the construction of a modern hospital or
an extensive civil engineering scheme, the services of pro-
fessional management consultants may be used. The client

Figure 13. Steering committee and project management team.
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must consider each case on its merits and act accord-
ingly.

Steering committee

In government projects particularly, a client ministry or
department may have difficulty in fitting a project man-
ager into its organisation. A solution may be to set up an
ad hoc steering committee representing the various par-
ties involved. This committee will normally have as chair-
man a senior official of the client ministry and will include
representatives of such other ministries—for example,
Works, Finance, Economic Planning—as may be appro-
priate. The project manager should be a member of the
committee, from which he will derive his authority.

The functions of this committee include—

o determining the terms of reference for the project
management team;

El approving the project management team;
El monitoring progress of the project;
El removing obstacles to progress of the project.

Assistants to the project manager

The composition of the team will change as the project
progresses through its various stages. The minimum con-
tinuous requirement through the life of the project is the
project manager, who will require supporting secretarial
services. For large and complex projects there may be a
need for full-time specialist assistance to the project man-
ager. For example, the construction of a new airport may
require a planning engineer to install and run a compu-
tensed management information system. A quantity sur-
veyor may be needed to install and run a budgetary con-
trol system.

TEAM MEMBERS: BUJLD!NG PROJECTS

Briefing stage

39 The team would include the following:



O a client representative;
o the project manager and supporting staff;
El specialist assistants to project manager (if any);
0 architects;
El structural, mechanical and electrical engineers;

0 quantity surveyors;
o specialists;
El user representatives—especially if the client is not the

final user.

Although most of the team members will not be
assigned full time to the project, and may come from
different departments or ministries, the project manager
should endeavour to instil a team spirit. His ability to do
this will depend more on authority derived from a su-
perior grasp of the total project and his human qualities
than from paper authority bestowed by, say, a steering
committee.

It is an axiom of architecture that form, function and
structural integrity must be harmoniously combined in
order to produce a wholly satisfactory building. The
mechanical and electrical services will also have a signifi-
cant effect on the form of the building, again demanding a
team effort from the designers.

The roles of the team members would be as fol-
lows:

o client representative: explanation of the purpose of the
buildings, their desired locations, the funds available
and any other requirements;

El project manager: general co-ordination, preparation
of a work plan, securing client's approval of brief;

El architect: assessment of client's functional require-
ments, design for pleasing aesthetic appearance (in-
side and out), constructional soundness of building
materials and methods (although the structural en-
gineering analysis will usually be done by a structural
engineer);

0 structural engineer: working closely with the architect
to determine the most satisfactory combination of
functional requirements and structural form;

0 mechanical and electrical engineers: principally con-
cerned with maintaining a satisfactory environment
within the building (heating, cooling, ventilation, light- 40



ing) and with the equipment required for the build-
ing's function: for example, welding equipment in a
workshop or lifts in an office building;

D quantity surveyor: estimates of cost based on previous
cost data from similar buildings, assessment of extra
costs due to special features, formulation of a method
of cost control;

o specialists: investigation and specification of special
requirements such as provision of X-ray equipment in
a hospital, or acoustics in a lecture hall;

o user representative: specification of user requirements
in detail, supply of background information.

Designing stage

The team would include the following:

o the project manager and supporting staff;
0 specialist assistants to project manager (if any);
D architects;
0 quantity surveyors;
o structural, mechanical and electrical engineers;
o specialists such as health or school planners;
El user representatives;
o (contractor).

At this stage, the architects and the quantity surveyors
would normally be full-time members of the team. The
engineers may or may not be, depending on the size and
complexity of the project. The specialists and user repre-
sentatives would be part-time members. For the contrac-
tor to be a member of the team implies that he has been
selected. There are strong arguments for being able to
draw on a contractor's experience at this stage. He could
advise on construction methods so as to influence the
design and thus effect considerable overall cost savings.
This would mean using either the "early selection" or the
"design and construct" approaches to appointing con-
tractors described in Chapter 6 below. This is a very
controversial issue.

The roles of the team members would be as fol-
lows:

o project manager: co-ordination of the design stage
41 activities shown in figure 9 (this is very important, as it



is often wrongly assumed that design work cannot be
planned), elaboration of work plan, securing client's
agreement to final drawings and estimates;

El architect: translation of client brief into, first, outline
proposals, and second, working drawings;

El quantity surveyor: costing of outline proposals, prep-
aration of bills of quantities and tender documents,
costing of working drawings;

El structural engineer: design of structure and preparation
of working drawings based on architect's plans;

El electrical engineer: design and preparation of working
drawings for electrical power and distribution sys-
tems;

El mechanical engineer: design and preparation of work-
ing drawings for heating, ventilating, air conditioning,
lifts and other mechanical services;

El specialists: information regarding special requirements
for such items as occupational health and safety, medi-
cal equipment, teaching aids and workshop equip-
ment;

o user representatives: information regarding such
matters as room layouts, access, environmental con-
ditions;

El contractor: advice on construction materials and meth-
ods.

I Tendering stage

On government projects using the standard approach, the
project management team would not normally be in-
volved in this stage. It is usual for an independent Tender
Board to invite and award tenders. It-would be the re-
sponsibility of the project management team to supply the
Tender Board with the necessary contract documents,
this being the final activity of the designing stage. After
award of the contract, the quantity surveyors would
check the documentation for arithmetical errors before
formal notification to the successful contractor.

In the case of a non-government contract, the project
management team would include the following:

El the project manager;
El quantity surveyors;
0 (contractor). 42



jConstructing stage

The team would include the following:

D the project manager and supporting staff;
D specialist assistants to project manager (if any);
D clerks of works;
o quantity surveyors;
0 the contractor;
0 (resident architects).

At this stage, the efforts of the project management
team should be directed towards construction within time
and cost limits, to standards all as specified in the contract
documents, and within a basic humanitarian framework of
health and safety. The contractor plays a major role, since
it is he who is legally responsible for the building work.
Nevertheless, the project manager should endeavour to
create a team spirit so that all members are working to a
common goal. Dissension between the members will not
be in the interests of the client.

The roles of the team members would be as fol-
lows:

0 project manager: agreement with the contractor on
site organisation and production schedules, monitor-
ing of progress, co-ordination with designers and
statutory authorities, co-ordination with quantity
surveyor in preparation of cash flow charts and valu-
ations, information to client regarding progress and
costs;

0 clerk of works: supervision of contractor to ensure
achievement of quality standards in accordance with
specifications, technical advice to contractor on inter-
pretation of drawings and specifications, liaison with
architect on design matters, recording of variations
from original design;

0 quantity surveyor: periodic (usually monthly) valuation
of work to date, preparation of certificates for interim
payments to the contractor, preparation of cash flow
statements for client, measurement and valuation of
variations, preparation of final account;

0 contractor: construction of the building (including all
temporary and permanent works), co-ordination and

43 payment of subcontractors, preparation of pro-



duction schedules to the satisfaction of the project
manager, general supervision, provision of infor-
mation as required under the terms of the con-
tract.

The internal management and organisation of a con-
tracting company are separate subjects which are not
dealt with in this Guide.

I Commissioning stage

The team would include—

O the client or his representative;
o the project manager and supporting staff;
0 specialist assistants to project manager (if any);
O users;
D designers and specialists;

0 the contractor and subcontractors.

This is an important but frequently neglected stage.
The client must be satisfied that he has received what he
has paid for. The users must understand how to operate
and maintain the facilities. In a complex building, this may
require special training; but even for a simple building,
such as a rural health centre, the users must know what
the various rooms are intended for and how, for example,
the water supply works. The contractor must obtain a
formal handing-over certificate because he will be re-
sponsible for making good any defects found during a
specific period (usually six months or a year) from this
date. A sum of money will be withheld from him until the
end of this period to ensure his performance.

The roles of the team members would be as fol-
lows:

o client: liaison with project manager to ensure that the
building has been satisfactorily completed, contractor
payments;

O project manager: co-ordination of commissioning ac-
tivities;

O users: training of operating and maintenance staff,
acceptance of buildings and installations;

O designers and specialists: checking that buildings and
installations conform with contract requirements, in- 44



forming users of special features regarding operating
and maintenance;

o contractors and subcontractors: remedying defects,
submitting final financial statements and receiving pay-
ments.

TEAM MEMBERS: CIVIL ENGINEERING

PROIECTS

A project management team for a civil engineering project
functions in very much the same way as that for a building
project. This section of the Guide describes the main
differences, based on the following general list of team
members:

o client representatives;
D the project manager and supporting staff;
El specialist assistants to project manager (if any);
o civil engineers;
El other engineers;
o experts from non-engineering disciplines;
El user representatives.

I Project manager and supporting staff

The civil engineering client may be very knowledgeable
about the functional requirements of the project. For
example, the client for a water supply scheme will usually
be a government ministry employing enough qualified and
experienced people in all relevant disciplines to manage
the project entirely "in-house". Thus the client's repre-
sentatives may play a large part in the management of the
project; indeed, it is quite common for the project man-
ager to be a member of the client's permanent staff.

Civil engineers

Building project managers may be chosen principally for
their managerial abilities. The nature of civil engineering
projects usually demands a technically competent civil
engineer as project manager. The technical demands of
civil engineering projects will also be reflected in the pre-

45 dominance of civil engineers in the project team.



Figure 14. Progress of a civil engineering project based on a possible
water supply scheme.
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d&tn

Other engineers and non-engineering experts

The investigations and analyses that may be required for a
civil engineering project were described in Chapter 3.
Consideration of these will give some indication of the
co-ordination difficulties that a project manager and his
team may face in a large and complex project. As an
example, figure 14 illustrates the investigations needed to
decide on a water supply scheme. Much of the work to be
done is technically difficult; it may be time consuming;
subsequent changes may be delayed until results of the
investigations and analyses have been carefully studied.

User representatives

It may also be necessary for the project management team
to consult with user representatives, and this may result in
unpredictable and time-consuming delays. 46



the reality of management
The processes and procedures described in this Guide
form a basis for good management of construction pro-
jects, but they cannot in themselves manage a project.
Projects are managed by people who have to make deci-
sions and enforce procedures that affect other people.
Project management must be seen as a dynamic, difficult
and often abrasive art, based on well-proven principles
but not solely devoted to their slavish or rigorous appli-
cation.
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1PLANNING 5

Planning, as shown in figure 15, is the spine of the whole
project, and must be based on clearly defined objectives.
With proper planning, adequate resources are available
at the right moment, adequate time is allowed for each
stage in the process, and all the various component ac-
tivities start at the appropriate times.

Planning should include—

LI forecasts of resource requirements of people, ma-
terials and equipment; analyses for their most efficient
use;

LI forecasts of financial requirements;
LI provision of "milestones" against which progress can

be measured.

Figure 15. Planning throughout the project.

participants
The project manager will be responsible for the planning
process during all stages of the project. He and his team
will be assisted during briefing, designing, tendering, con-
structing and commissioning by others, as described in the
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principles
Planning techniques range from simple bar charts to corn-
puterised network analysis. Some reference is made to
these later, but all the techniques are based on certain
important principles—

El the plan should provide information in a readily
understood form, however complex the situation it
describes;

El the plan should be realistic. There is no point, for
example, in planning a building to be completed in six
months if the delivery period for cement is five
months;

El the plan should be flexible. Circumstances will almost
inevitably change during the constructing stages. It
should be possible to alter certain elements without
disrupting the entire plan;

El the plan should serve as a basis for progress monitor-
ing and control;

El the plan should be comprehensive. It should cover all
the stages from briefing to commissioning. It is a com-
mon misconception that planning is necessary only for
actual construction. Even on a small project, the time
between the decision to build and the taking-over of
the completed works is often two or three years. Out
of this period, only nine months or a year may have
been spent on physical construction. On a large and
complex project the proportion of total time spent on
building may be as low as 20 or 25 per cent. The rest of
the time will have gone on planning permissions, com-
pliance with statutory requirements, financial author-
isation, design tendering, and so on. It is therefore
essential to plan the total project period.

technig ues
The main techniques used for planning building projects
are—

El bar charts, sometimes known as Gantt charts; 50



El network analysis, sometimes known as critical path
methods (CPM) or programme evaluation and review
technique (PERT). The diagrams may be "activity-
on-arrow" or "precedence", and follow the same
principles.

More detailed descriptions of these techniques are
given in Chapter 10, but an outline is given below.

BAR CHARTS

Most projects, however complex, start by being depicted
on a bar chart. Even when a more sophisticated technique
is necessary for detailed planning, the results are often
shown in bar-chart form. The principles are very simple,
and were illustrated in figures 9 and 12.

The following steps are taken:

El a list of project activities is prepared;
O the time and resources needed for each activity are

estimated;

0 each activity is represented by a horizontal bar drawn
to a time-scale;

El activities are plotted on a chart with a horizontal time-
scale. It is then possible to see when they are planned
to start and end.

CRITICAL PATH ANALYSIS

METHOD)

As with bar charts, the first step is the preparation of a list
of project activities. However, an important difference
from bar charts is that estimates of the time and resources
needed for each activity are not usually made at this stage.
Instead, each activity is represented by an arrow, but not to
a time-scale. The tail of the arrow represents the start of an
activity and the head its end. The arrows are then
arranged to depict the logical sequences of activities, thus
producing a network as shown in figure 16. It is only at this
stage that estimates of duration and resources for each
activity are added. It then becomes possible to calculate
the shortest time needed to complete the project, and the
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Figure 16. A simple network planning diagram.

O bnefin* , > >/
known as the critical path, A fuller explanation of this tech-
nique is given in Chapter 10.

OTHER PLANNING TECHNIQUES

Time-chainage charts are used extensively for the plan-
ning and control of linear construction works such as
roads and tunnels. This technique is also described in
Chapter 10.

There are other techniques which can be employed,
but many are adaptations or refinements of those men-
tioned above. None has gained wide acceptance, how-
ever, and so they are not described in this Guide. Project
managers in developing countries will be more effective if
they concentrate on understanding the fundamental ob-
jectives of the project, and apply simple techniques for its
planning and control rather than trying to find "magic"
techniques to solve their problems.

activities
The planning of project activities should cover the follow-
ing:

o time;
LI briefing and design capacity;
o constructing and commissioning capacity;
LI supply of equipment and materials;
o allocation of funds and estimation of costs;
LI staffing and services. 52



TIME PLAN

The most important task in the planning process is the
preparation of a realistic time-schedule. A basic time-
schedule should be worked out at a very early stage and
should serve as a framework within which all key activities
can be indicated.

A series of time-schedules will be prepared during the
different stages of the project. During the initial stages the
time-schedules will be less detailed but, as the project
proceeds, more and more information will be available
and details in the time-schedules can be refined and com-
plemented.

Some of the activities, such as financing, approvals by
the client and the procurement of furniture, plant and
equipment, are not always covered in the above sched-
ules. In such cases it is the responsibility of the project
management team to make sure that these activities are
given proper attention. The project management team
should maintain a time-schedule clearly showing the ac-
tivities that the team is controlling.

Briefing stage

The interval between the decision to build and the actual
taking-over of a completed project is seldom less than two
to three years, even for small projects. Therefore, during
the briefing stage it is necessary to prepare a time-sched-
ule which, apart from indicating the major project stages,
provides for such activities as obtaining planning per-
mission, financing and the procurement of plant, equip-
ment and furniture. The time-schedule should also allow
adequate time for any appraisals and approvals between
each project stage which are required by the project man-
agement team, the steering committee and the client.
Unfortunately, such provisions are not often made, and
this results in delays and shortages of funds.

Designing stage

During the first part of the designing stage, the designing
team should prepare, in collaboration with the project
management team, a time-schedule covering in detail the

53 activities up to and including the proposed tender action.



This time-schedule should also indicate the activities to be
undertaken by the different designers and specialists in the
designing team, and the activities required from the pro-
ject management team, clearly showing where activities
are dependent upon each other. Working drawings and
tender documents are prepared during the second part of
the designing stage. The time planning during this stage
should also cover the tendering activities and the con-
structing stage.

Tendering stage

The time-schedule should include such activities as calls
for tenders, the evaluation of tenders, and the award of
the contract. It should also include the overall plans of
construction and commissioning.

Constructing stage

During the constructing stage the contractor should pre-
pare a detailed time-schedule based on the time-limits
stated in the contract. This time-schedule should indicate
how the construction will proceed, including such activi-
ties as the installation of plant and equipment, and the
advance procurement of any materials.

The project manager must ensure that any materials
or equipment that have not been included in the construc-
tion contract are obtained in time. He should also ensure
that the provision of facilities such as roads, water and
electricity is considered during the preparation of the
time-plan at the constructing stage.

Commissioning stage

In the commissioning stage the project manager will be
responsible for planning activities which take place after
the work has been completed and handed over.

BRIEFING AND DESIGNING CAPACITY

One of the first things the project manager should con-
sider is the available briefing and design capacity. A public 54



client must consider the available capacity and compe-
tence within his own organisation before employing any
external resources. The selection and employment of
designers and specialists are discussed in the next chap-
ter.

ICONSTRUCTING AND COMMISSIONING

jCAPACITY

The size and organisation of the construction industry
vary from one country to another. Smaller projects are
often constructed on a self-help basis or through direct
labour schemes. Larger projects are normally constructed
using more permanent agencies such as construction units
or contractors. Whichever method is selected, it is the
responsibility of the project manager to consider the
capacity of the selected agency, and to take this into
account when the basic time-schedule is prepared. It
should be noted that the choice of construction method
may have a significant impact on the way in which the
production documents are eventually prepared.

A project is not complete until it is operational. The
project manager must therefore also consider require-
ments for such activities as the testing and commissioning
of water supplies, mechanical and electrical services, com-
munication facilities, and so on.

SUPPLY OF EQUIPMENT AND MATERIALS

Many projects are not completed on time owing to a lack
of, or delay in the delivery of, vital materials. In many cases
these delays could have been avoided if the procurement
of material supplies had been properly planned. During
the designing stage the project manager should go
through the list of major materials and items of equipment
in the project, and check whether these will be available. If
there is a likelihood that any may be difficult to obtain, the
project manager should act to avoid possible delays.
When shortages of key materials cannot be avoided, the
project manager should ensure that the schedules reflect
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JFUNDS AND COSTS

Whether funds for the project are being provided by an
aid donor, private capital, a bank or a government min-
istry, it is necessary to draw up a total budget showing
what funds are needed and when. Funds must be made
available not only for actual construction but also for the
payment of the managers, designers and specialists, and
for plant, water, electricity and equipment. Figure 17
shows these requirements. The time-schedule will pro-
vide the first indication of when funds should be made
available, and the designing team will be able to assist with
an assessment of how much money should be made avail-
able at the different project stages. Project funds are
further discussed in the next chapter.

Figure 17. Requirements for funds.
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ISTAFFING AND SERVICES

Planning for use of the building should start during the
briefing stage. A list of the staff, staff quarters, infrastruc-
ture and services needed for the effective use of the
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completed works should be prepared, and this should
form part of the briefing documents. Using this list, the
management team should make plans to ensure that ade-
quate staff and services will be available. If it is found that it
will not be possible to obtain these by the time the project
is completed, alternative measures may have to be con-
sidered. The completion date for the whole project could,
for example, be put back; or it might be possible to
complete the project in phases.





PROCUREMENT 6

objectives

59

A construction project requires technical and managerial
know-how, manpower, materials, plant and equipment. If,
as is usually the case, the client's own organisation cannot
provide these resources, they have to be procured (i.e.
bought). Although the acquisition of all the resources
needed is the ultimate responsibility of the client, he may
employ agents for this purpose. The objective of procure-
ment is to ensure that the resources for the project are
acquired in the most effective way. Consideration must be
given to quality and completion time as well as cost. Figure
18 shows the resources to be procured.

However, decisions on procurement are not based
solely on economy, efficiency and quality. Some clients,
particularly public clients, consider other objectives, such
as the development of local contractors, the use of local

Figure 18. Procurement: the acquisition of project resources.



materials or the provision of training for their own staff.
This may increase the cost of the project but in the long
run may help the development of the local construction
industry and the national economy. If objectives other
than those related to the efficiency of the project are to be
considered, the client should provide the project manager
with clear guide-lines.

participants
It is a requirement of many government contracts that
client ministries wishing to build should first approach the
Ministry of Works or its equivalent. If the Ministry of
Works is unable to provide the architects, engineers and
other specialists from its own resources, it may procure
them from private consultants. Either way, the Ministry of
Works is in effect the consultant of the client ministry.
Alternatively, the Ministry of Works may authorise the
client ministry to employ its own consultants directly.

It is the responsibility of the project manager to ensure
that all resources are procured as needed. He may be
required to advise the client on the appointment of con-
sultants, and he may also assist the Tender Board in the
evaluation of tenders from contractors and suppliers.

methods
The resources required for a construction project fall into
two major categories. First, technical and managerial
expertise are needed; and second, construction labour,
plant, equipment and materials must be provided.

These resources may be acquired in various ways
which are described below.

THE STANDARD APPROACH

The standard approach to a building project (see figure
19) is described earlier in the Guide. In this process the
client procures external resources on just two occa-
sions—once at the appointment of consultants, and once 60



• Figure 19. The approach.
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at the tender action for appointment of a main contractor.
Normally separate contracts are negotiated with each
consultant, but the co-ordinating function is entrusted to
one of them. The main contractor is responsible for the
implementation of all construction work, including the
work of subcontractors.

The standard approach is characterised by the prep-
aration of complete working drawings and production
information before seeking tenders. This facilitates the
tender procedure'and administration of the contract. This
approach has proved generally successful and is used on
most government projects. However, the need to shorten
the project implementation time has encouraged the
development of several other approaches, some of which
are now described.

THE EARLY SELECTION APPROACH

This enables site operations to be started earlier than
traditionally possible, through the overlapping of the
designing and constructing stages, as shown in figure 20.
One possibility is by early selection of the main contrac-
tor. However, as production information is not complete
when the main contractor is appointed, it is difficult to
obtain a fixed price for the works. Alternative forms of
payment are more complicated and will increase the risk
of disagreement between the client and the main contrac-
tor. This approach may be useful for a project consisting
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Figure 20. The early selection approach.
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THE DESIGN-AND-CONSTRUCT APPROACH

In this system, sometimes called a "package deal" or
"turnkey" project, the contractor is responsible for both
design and construction, and thus better co-ordination is
possible (see figure 21). This approach may, however, be
difficult to combine with a competitive tendering pro-
cedure, and the client has to rely heavily on the integrity
and competence of the contractor.

Figure 21. The design-and-construct approach.
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THE DIVIDED CONTRACT APPROACH

In the divided contract approach (see figure 22) a sep-
arate contractor is appointed for the earthworks so that
site operations can be started earlier than would normally
be possible. The number of contracts may be increased; 62
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Figure 22. The divided contract approach.

and procurement will then be phased between several
different contracts, such as for the building frame or
installations. However, by using the divided contract
approach the project manager will face greater problems
of co-ordination than with a standard approach, since
responsibility on the construction site will be divided
between several contractors.

THE DIRECT LABOUR APPROACH

Smaller projects in developing countries are often ex-
ecuted by means of direct labour. This approach is par-
ticularly suitable for technically simple projects located
in remote areas. Since there is no main contractor, the
required production information and "bill of quantities"
may be simplified. This approach is normally unsuitable
for larger projects, as construction capacity is often lim-
ited by a lack of plant and skilled staff.

Certain clients regularly involved in construction pro-
jects have found it useful to establish their own permanent
construction units. If these are well equipped and staffed,
they may also under-take larger or more complex pro-
jects.



appointing consuftants
Many client ministries do not possess the expertise
necessary for the direct supervision of a construction
project. For the technical expertise (architects, engineers,
quantity surveyors), it will often be a requirement that the
ministry should first seek help from the Ministry of
Works. If that Ministry is unable to carry out the necess-
ary design work, it may authorise the client ministry to
engage consultants. The acquisition of managerial expert-
ise by the client ministry may be by the appointment of an
existing staff member with appropriate knowledge and
experience, by recruitment from outside the ministry, or
by the appointment of project management consultants.
Once selected, the project manager should be involved in
the procurement of design resources.

If the Ministry of Works is able to provide the necess-
ary design services, its staff must identify with the aims and
objectives of the client ministry. The role of the project
manager in ensuring that a proper brief is provided to the
Ministry of Works, and in planning the whole project,
remains the same.

The selection of consultants is an important and diffi-
cult task. Experience from earlier projects is a decisive
factor in this choice, and a contract may often be con-
cluded after negotiations with only one firm. One recom-
mended method of appointing consultants is to ask those
being considered to provide the following information,
thereby allowing comparisons to be made between them
(see also figure 23):

El the capacity of the firm, which should be large enough
to undertake the projects;

El earlier experience from a similar kind of project, and
references;

o a proposal of the methods which would be used to
carry through the project, including methods for co-
ordination and control;

o the proposed project organisation, including the
names and qualifications of key staff.

Using this comparative information, and after check-
ing the consultants' references, the client should be able to
make a suitable choice. For projects for which a team of 64
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Figure 23. The selection of consultants.

consultants is to be appointed, it is important to obtain a
combination of firms which can show that they have
worked together successfully on previous occasions. The
entire project management team could be appointed at
the same time or, alternatively, one consultant could be
appointed to assist the client to select and appoint the
remaining members.

ICONTRACTS BETWEEN CLIENT

lAND CONSULTANT

Even with a confident relationship between the client and
his consultant, it is advisable to establish a formal contract
between them. This contract can normally be based on
one of the standard of agreement prepared by the
various professional institutes, e.g. the IGRA, or Interna-
tional Genera! Ru!es for Agreement between client and con-
sulting engineer (1976), prepared by the International Fed-
eration of Consulting Engineers (known as FIDIC, after its
French acronym).

PAYMENT OF CONSULTANTS

Normally payment is based on scales of fees, which are
determined as percentages of the final construction cost,
or part of it. The actual percentage varies with the services



provided and the type of project. The methods of calcu-
lating the fees are defined by the various professional
institutes. However, a disadvantage of fees related to
construction cost is that a consultant who puts extra
effort into the design work in order to find a less expen-
sive solution will receive a smaller fee.

appointing contractors
The recommended procedure for the appointment of
contractors is through competitive tendering by a selec-
ted number of pre-qualified tenderers. Sometimes public
organisations use a register of contractors who are con-
sidered suitable for various types and sizes of project. It is
also possible to select tenderers from those contractors
who respond to an advertisement inviting tenders for a
particular project. In any event, pre-qualification is desir-
able to eliminate unacceptable contractors and to en-
courage serious prices from others. The tendering pro-
cess is shown in figure 24.

It is advisable to select prospective tenderers well
before the tender documents are to be sent out. It is also
important to give sufficient time for the preparation of
tenders. The time needed depends on the size and com-
plexity of the job, but generally about four weeks will be
required.

Figure 24. The tendering process.
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Competitive tendering is governed by strict rules, the
general aim of which is to guarantee fair competition and
unbiased tender evaluation. In many countries, tenders
for government projects are usually submitted to and
evaluated by a Tender Board which is independent of
client and executing ministries, although the Ministry of
Works is normally represented on the Board.

When all the tenders come from a selected number of
well-known contractors, it is normal to accept the lowest
tender. However, an evaluation should also be made of
other information such as—

D percentage additions to prime-cost items;
El the amount of liquidated damages per day or other

specified period;
El cash advances required;
El time for completion;
El quality of contractor's past workmanship.

quantities of work done are used as the basis for
calculating the price, the project management team
should examine the priced "bills of quantities" of the con-
tractor who has submitted the apparently most favour-
able tender in order to determine any errors or abnormal
prices.

Arithmetical mistakes should be corrected and the
tender modified on this basis. If, however, there is an
obvious mistake in the unit price for an item, the tenderer
should be given the opportunity to withdraw the tender,
but not to correct the price.

NEGOTIATED CONTRACTS

When it is difficult to specify the scope of work, it may be
necessary to negotiate a contract without competitive
tendering. Since this implies a higher price, and does not
guarantee the same objectivity, it is not so often used for
contractor appointment. In certain cases, however, it may
offer advantages: for example, when a similar project has
recently been successfully completed. Time and effort are
then saved if a new contract is negotiated directly with the
same contractor on the basis of the earlier one. A nego-
tiated contract may also offer advantages if a contractor in
whom the client has confidence can offer the special

67 competence required to undertake a project.



(CONTRACTS BETWEEN CLIENT

lAND CONTRACTOR

In many countries different standard forms of contract are
available, depending on the type of project or the form of
payment. These can include—

o standard forms of building contract with or without
quantities included;

El standard forms of contract for civil engineering
works;

El cost reimbursement contracts;
0 contracts for electrical and mechanical works.

International conditions of contract for civil engineer-
ing works, and for electrical and mechanical works, have
also been established by FIDIC and other international
organisations and contractors.

The contract will normally include the following
items:

El an agreement between the client and the contrac-
tor;

o the tender;
El standard conditions of contract;
El particular conditions of contract;
o bills of quantities;
El a schedule of prices;
o drawings and specifications.

(PAYMENT OF CONTRACTORS

Payments to contractors are normally made on a fixed-
price basis in one or other of the following forms: either a
schedule of prices giving unit prices for most items in the
bill of quantities; ora lump sum for the complete works as
defined by drawings and specifications.

When the payment is based on a schedule of prices,
the total price is determined by the actual quantities,
measured on the site, multiplied by the unit prices in the
contract. During the construction works interim pay-
ments are normally made monthly according to valuations
of the work completed. This procedure is described in the
next chapter. The use of a "schedule of prices" makes 68



interim valuations and the pricing of variations easier and
more accurate.

In the event of early contractor selection, a complete
bill of quantities cannot be prepared since the design of
the project is not finalised. An approximate bill of quan-
tities must be used instead. The final price is calculated
from the actual quantities and unit prices included in the
bill. When the prices are incomplete or not applicable,
new prices have to be established by a rather complicated
process of negotiation.

For smaller projects, or for projects where it is difficult
to break down the work into units, the price is often in the
form of a lump sum. This form of payment is not advisable
when the quantities of work are uncertain, because, for
example, of the lack of information on soil conditions. In
such cases either the client or the contractor has to take
the risk of increased costs. With a "lump sum" payment
the contractor takes the risk, and to cover himself against
this possibility he increases his tender price accordingly.

A "fixed price" contract is not suitable for all kinds of
project. It may, for example, be necessary to appoint a
contractor before the scope of the work can be defined
satisfactorily. The only choice will then be a "cost reim-
bursement" contract, where the contractor is paid for his
verified costs plus a predetermined additional fee. This
additional fee normally covers a defined part of the con-
tractor's overheads, and his profit. The fee can be either
in the form of a lump sum or as a percentage of the
verified cost.

The danger of uncontrolled cost increases when a cost
reimbursement form of payment is used may be reduced
with a form of target contract. The additional fee is then
determined in such a way that the client and the contrac-
tor share the difference between the actual cost and the
agreed estimated cost.

In times of high inflation, or for projects with a con-
struction time exceeding one year, tenderers normally
require some form of compensation for price escalations.
If there is no fluctuation clause in the contract, the ten-
derer will increase his initial tender price. If an official
system for indexing construction costs exists, it is often
advisable to accept a fluctuation clause in the contract. If
no such indexing system exists, it will be necessary to

69 calculate actual increases in material costs, wages and



overheads, which is often a contentious and time-con-
suming activity.

appointing subcontractors
When the main contractor is appointed by the client
according to the standard approach described earlier, he
assumes total responsibility for the construction works.
As he usually cannot undertake the complete work with
his own labour, he will need subcontractors. The installa-
tion of plumbing and electrical services are examples of
work often done by subcontractors.

There are two main procedures for appointing sub-
contractors—first, for those appointed directly by the
main contractor without the involvement of the client;
and second, for those nominated by the client before or
after the main contractor is selected.

In both cases the main contractor is responsible for the
ordering, and for the satisfactory completion, of the work
by the subcontractor.

Nomination of a subcontractor gives the client more
control over the choice of materials and components, and
over the quality of the work. Certain design work may also
be undertaken by the subcontractor. Time can thereby be
saved where certain components take a long time to
make.

A frequent disadvantage with the nomination of sub-
contractors is lack of competition. This may be overcome
if subcontractors are nominated through competitive
tendering. Nomination often involves unclear responsi-
bilities. It is therefore for all parties involved to understand
the contractual relationships, and for the lines of com-
munication to be clearly stated.

CONTRACTS BETWEEN CLIENT. MAIN

CONTRACTOR AND SUBCONTRACTOR

Irrespective of which procedure is used for appointing a
subcontractor, it is always the task of the main contractor
to place the formal contract. There are separate standard
forms of contract for nominated or non-nominated sub-
contractors. 70



The client's nomination of a subcontractor implies an
instruction to the main contractor to make a formal con-
tract with the subcontractor.

As the main contractor is not responsible for design
work carried out by the subcontractor, a special agree-
ment between the client and the nominated subcontractor
may be needed.

PAYMENT OF SUBCONTRACTORS

The main contractor is usually responsible for paying all
subcontractors, including those nominated by the client.
The same principles as were outlined earlier for contrac-
tors in general could be applied to the payment of sub-
contractors.

appointing suppliers
Most suppliers to a construction project are appointed by
the main contractor, since he has the contractual re-
sponsibility for obtaining all the necessary materials for
building. If the client wants a certain make of product, he
may nominate suppliers. The same principles as for the
nomination of subcontractors will then apply.
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are shortages of basic materials such as steel and cement,
the client ministry may supply these direct to the contrac-
tor. If this is the case, the terms should be clearly defined
in the contract documents so as to avoid subsequent dis-
putes. The client ministry may also wish to order directly
certain specialised items, which are subsequently to be
installed by the contractor. (An example would be sluicing
sinks for a health centre.) Since such items usually have to
be imported, government procedures may be lengthy.

It is one of the functions of the project manager to
ensure that such items are ordered early enough to be
available when required.
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CONTROL 7

objectives
Control is an integral part of the project management
process. It aims at the regular monitoring of achievement
by comparison against planned progress. When devia-
tions from planned progress occur, plans may have to be
changed. Time is all-important, and the control process
should aim at the early discovery of any departure from
the planned course, so that adjustments can be made in
time to be effective (see figure 25).
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Figure 25. Control means monitoring progress and taking appro-
priate action.
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Figure 26. The cycle.

The control cycle is shown in figure 26. It is a con-
tinuous process throughout the life of the project, since
it is very rare for any project to proceed exactly as
planned.

Control information provides a basis for management
decisions, and the following requirements should be satis-
fied by an effective control system:

o it should draw immediate attention to significant
deviations from what is planned;

El true and meaningful comparisons must be possible;
El the information should indicate what corrective action

is necessary, and by whom the action should be
taken;

El it should be expressed in a simple form, so that it is
readily understood by those who have to make use of
it;

El key areas of control must be chosen with care, so that
the results of control are worth the time and effort
expended.

role of the project manager
The project manager is responsible for overall control of
the project. On a project large enough to justify a full-time
management team, he may be assisted by a quantity sur- 74



veyor, dealing with financial control, and a clerk of works,
dealing with site progress and quality control. It may also
be necessary to have specialists to help with the control
of complex electrical installations or mechanical equip-
ment.

The project manager often has to control by per-
suasion rather than by direct exercise of authority. This is
one reason for the formation of management teams
whose composition changes at each stage of the project.
For instance, during the designing stage the architects
working on the project may be in the Ministry of Works,
while the project manager is in, say, the Ministry of Health.
If the production of drawings has slipped behind schedule,
the project manager cannot instruct the Ministry of
Works to allocate extra resources to catch up. What he
can and should do is demonstrate the effect of this par-
ticular delay on the overall project. If the architects have
been involved in planning the project as part of the brief-
ing and designing teams, the chances of a favourable re-
sponse are greatly enhanced.

time, cost and quality control
There are three elements to be controlled in a construc-
tion project—progress against time; cost against tender
or budget; quality against specification.

JTIME CONTROL

As described in Chapter 5, the project manager should
have prepared a time-schedule for the whole project
during the briefing stage. Although lacking in detail, this
will provide basic control information, such as the planned
completion dates for each stage, as shown in figure 27. As
the project progresses, information will become available
from which a more detailed plan can be prepared. Thus,
by the end of the briefing stage it should be possible to
prepare a detailed work plan for the designing stage,
showing not only when activities are to be completed but
also the resources required.

Similarly it should be possible to prepare a more
75 detailed schedule for the constructing stage well before



Figure 27. Outline control plan.

completion of the designing stage, as shown in figure 28.
Although the illustrations show bar charts, for large and
complex projects it may be necessary to use network
analysis. The required completion times for the construct-
ing stage should be written in the contract document since
they may have an important bearing on the tender
price.

Figure 28. A construction programme.

During the constructing stage it is the contractor's
responsibility to prepare a detailed work plan which meets
the requirements of the contract. The project manager 76

0
0.a—

0a

a

0

'-
-.

L
a
z

a
L

E
0) r

BRIEFJN6 —

TENDERING —

.

-

z 3 4 5 6 S 9 I0

—. J
core. j
blockwork

roof
rooF c i

£

pL&iteril\g

—
i

work5 — —
c(ea$.



should assess the realism of the contractor's schedules,
especially as regards availability of resources. It is the
responsibility of the main contractor to co-ordinate the
work of his subcontractors; but there may be suppliers, or
indeed other main contractors, whose activities the pro-
ject manager must co-ordinate.

It is sometimes not clearly understood that the project
manager does not usually have direct authority over the
resources of men, materials and equipment needed to
build the project. For example, if a brick wall is being built
too slowly because the contractor has not employed
enough bricklayers, the project manager cannot give
instructions for the employment of more bricklayers.
What he can and should do is point out the consequences
of this slow building on the project as a whole. The prin-
ciples and techniques of site management for those who
do have direct control of resources would justify a sep-
arate volume, and are outside the scope of this Guide.
However, a brief description of what is involved is given.
below under the heading "Site control".

The tools for progress control are the bar charts or
critical path networks described in Chapter 5. Whichever
technique is used, the project manager should take the
following steps:

El establish "targets" or "milestones"—times by which
identifiable complete sections of work must be com-
pleted. One such target would be the completion of
sketch plans during the designing stage, or the com-
pletion of all works to render a building watertight so
that equipment may be safely installed;

El as each target event occurs, compare actual against
targeted performance. For example, were the sketch
plans completed on the date planned, or two weeks
before, or one month after?

o assess the effect of performance to date on future
progress;

El if necessary, re- plan so as to achieve original targets or
to come as near as possible to achieving them;

El request appropriate action from those directly re-
sponsible for the various activities.

Planning and control techniques achieve nothing un-
less they are translated into action, and it is the respon-

77 sibility of the project manager to see that this happens.



COST CONTROL

The aim of cost control of a construction project should
be the active control of the final cost to the client, not
merely the passive registration of payments. As shown in
figure 8, the possibility of influencing the final cost is
greatest during the briefing stage and falls away rapidly
when the constructing stage has been reached. The tool
used for control is the project budget, and the principles
shown in figure 29 apply to its use.

Figure 29. The project budget.
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The project budget

A carefully prepared budget is vital for the effective con-
trol of project costs. It is also essential that it should be
consistent with the aims of the project, and the required
functions and quality standards. A decision on the project
investment costs should be taken only after the prepar-
ation of a reliable cost estimate.

The project budget should be prepared according to
an accounting plan. The choice of accounts and the level
of detail will depend upon the client's information needs
and the control requirements.

When the project is being executed for a private
client, the budget should cover the complete project
costs, including costs for the briefing and designing stages
and general costs, such as service connection charges. The
accounting plan serves as a check. The budget for each
account is based on the estimated cost, with an addition
for contingencies. The sum of individual budget accounts
gives a total which is exclusive of price escalations and
contingencies. 78
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Price escalations can be dealt with in an account for
"index costs" with a separate budget based on the net
total, and a forecast of the likely percentage increase for
inflation. The sums in the index budget are transferred
step by step to the various accounts as resources are
procured. This system allows budgets in individual ac-
counts to be based on constant prices and so assists in
realistic cost control.

To deal with general contingencies, a reserve fund
may be budgeted for at the discretion of the client. This
fund would cover such things as changes in the conditions
upon which the budget was based, and would be used only
with the client's specific approval.

Ideally, a government project should also observe the
principles described above. However, government ac-
counting procedures are designed for "steady state"
activities and are generally ill suited to the control of
projects. For instance, the services of architects and quan-
tity surveyors may be provided by the Ministry of Works
during the briefing and designing stages without any
charge to the project. The same may apply to supervisory
services supplied during construction. In such circum-
stances the project manager can do no more than set up a
budget for those items over which he can exercise some
control, which probably means the building works only.
The way in which cost estimates are built up is now
described. Since this Guide is concerned only with the
project stages after a decision to build has been taken, no
attempt is made to discuss how the initial "global" esti-
mate is prepared.

Cost estimates

Several estimates of "cost" are prepared during the stages
of a project. Care must be taken to distinguish between an
estimate of "cost" and a "price": for example, a contrac-
tor may prepare an estimate of the cost to him of a
project, but the tender price he submits will be his assess-
ment of the highest figure that will secure him the con-
tract. His price will then be the client's cost.

The reliability of any estimate depends on the infor-
mation which is actually available at the stage when the
estimate is prepared. Three categories of information are
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LI information about the project and its components. In
the briefing stage information is normally restricted to
rough estimates. Only when the sketch plans have
been prepared is it possible to estimate costs with any
degree of accuracy. A full knowledge of the quantities
involved is available only when the working drawings
have been finalised. Prior to this, however, it is poss-
ible to compile approximate "bills of quantities";

LI information about resources. Only when the contrac-
tor starts planning site operations is information avail-
able about the manpower and other resources;

LI information about prices. The contractor normally
has a good knowledge of the actual prevailing prices
for different materials and other resources. It is often
more difficult for the designers to obtain reliable price
information for the estimates prepared during the
designing stage. Prices in "bills of quantities" from
earlier projects can provide some information. During
the briefing stage, the price information is normally
limited to such data as the cost per unit of floor area,
or unit length of road, as established from previously
completed projects.

The choice of estimating method depends on the qual-
ity of the available information. An estimate of total con-
struction costs proceeds through four main stages—

LI preliminary estimates used in the briefing stage and
based on cost records of broadly similar projects;

LI detailed estimates, prepared by the project manage-
ment team prior to tender, based on accurate quan-
tities measured from working drawings and prices
from previous project documents;

LI contract sums, which may be a very good guide to the
client's cost in the case of a fixed price contract, but
less so in other circumstances;

LI operational estimates, usually prepared by the con-
tractor, based on the planning of site operations.

A cost estimate can never be more accurate than the
information it is based on. Only an "operational estimate"
or a fixed price contract sum can provide a really accurate
cost estimate. The accuracy of earlier estimates is inevi-
tably lower, with those at the briefing stage the least
reliable. However, if one starts to produce estimates of 80



final costs at this very early stage, their accuracy can be
progressively improved (see figure 30).

The forecast of the likely level of contractors' tenders
will also require an assessment of the keenness of the
competition, which will in turn vary with general econ-
omic conditions.

When submitting an estimate to the client at any
stage, the project management team should always add a
note on the probable degree of accuracy that has been
achieved.

Cost control

Cost control should aim at ensuring that the final cost of
the project does not exceed the budget. The greatest
possibility for influencing the final project cost is in the
briefing and designing stages. Regular cost checks should
therefore be carried out on the developing design. A good
aid in this work is a cost plan, based on an approximate
cost estimate, indicating the quality, quantity and unit

Figure 30. As estimating accuracy increases, deviation from "goal"
decreases.
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price for major cost elements such as earthworks, floors
and roofs. When the design is developed in further detail,
it is possible to check that the design of each element is
kept within the framework set out in the cost plan.

An essential aid to cost control is a forecast of the final
cost, which is regularly revised to reflect the current state
of the project. If deviations between this forecast and the
project budget are observed, corrective action must be
taken.

A good aid to keep the cost forecasts up to date is a
"cost diary" for each account, in which all events influ-
encing the final cost are noted. These diaries should in-
clude such information as—
El cost checks prepared during the designing stage;
El contracts with consultants, contractors, suppliers and

other organisations;

El variation orders, and variations foreseen;
El expected cost changes due to disturbances in the

planned progress of the works;

Figure 31. The structure of cost monitoring and prediction.
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El differences between the actual and the indicated
quantities and price fluctuations.

These elements are illustrated in figure 31.

Control curves

Once the contracts have been awarded, it is a fairly simple
matter to estimate the "value" or expenditure on each
activity shown on a detailed bar chart, such as that shown
in figure 32. By analysing the nature of each activity, one
can estimate the way in which this value will be distributed
on, say, a monthly basis. These amounts may then be
summed to give the total estimated monthly value, and the
figures plotted in graphic form, as shown in figure 33. It is
well known that the rate at which useful work is done is
slower at the beginning and end of a project than in the
middle, and thus these curves have a characteristic "S"
shape.

Figure 32. Detailed bar chart.
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If the work is valued as it is actually done, a second
curve (shown as a broken line) may be drawn to indicate
the cumulative value of the actual progress. In this way
financial value may be used as a single, general measure of
the progress of a project. This is shown in figure 33, where
the "underspend" and overall delay are shown to be
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Figure 33. 'S" curve showing planned and actual values.

The continuous curves shown can of course be drawn
only if it is possible to estimate the value of work done in
detail. This implies a contract based on a bill of quantities.
Where the contract payments are based on some other
method, the project manager's ability to obtain a single
and reasonably objective measure of overall progress is
diminished.

84

Figure 34. "S' curves, applications and cash payments.
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Cash flow

It is important to note that the S curves described above
relate only to the value of work done, not to cash pay-
ments. The common system is that contractors are paid
periodically, usually monthly, in a way related to the value
of the work completed. The contractor submits an appli-
cation for payment on a particular date each month. This
is then checked and the project manager approves an
amount which the client has to pay within a specified
period. Thus the client's cash flow may be derived from
the value S curve, as shown in figure 34.

QUALITY CONTROL

Quality control in a construction project should aim at
satisfying the client's stated needs and requirements.
Quality control must be exercised during all stages of a
project, as shown in figure 35.

During the briefing and designing stages, a step-by-
step decision-making process, incorporating "control sta-
tions" at which developing design is formally reviewed,
makes the necessary overall control easier.

Quality control during the constructing stage is usually
exercised on site by a clerk of works. He is responsible for
seeing that the daily activities of the contractor result in an
end product which satisfies the contract
For example, he will ensure that the materials used for
making concrete are up to standard, that they are mixed

Figure 35. Quality control throughout the project.
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in the correct proportions, and that tests are made on
samples of the mixed concrete. It may also be necessary
for designers and specialists to carry out site inspections
and checks. It is often useful to establish a control plan, as
shown in figure 36, showing when, where and by whom
checks are needed.

Figure 36. Use of control plan.
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SITE CONTROL

The principal participants at the constructing stage are the
project manager and the contractor. On a large contract'
the contractor may appoint a supervisor whom he may
also call a project manager, so there is often confusion
regarding the roles of these two main participants. As
used in this Guide, "project manager" refers to the client's
representative with overall responsibility for managing all
stages of the project. "Contractor" refers to the person
responsible for the construction works only. However, it
is important that the project manager should understand
the way in which a contractor manages a building pro-
ject.

The project manager

The project manager can control site operations only
within the conditions of contract. In the "standard ap-
proach", this means that he should record progress and
notify the contractor if he is behind schedule. He can also,
through the clerk of works, control quality against the
specification. His control over the client's cost is limited to
ensuring that variations from the contract drawings and
specifications are minimised and that valuations are cor-
rect. Where a variation is unavoidable, it should be for- 86



mally ordered on a standard form. The principles for
pricing the variation order should always be agreed with
the contractor beforehand. A fixed price is preferable.

Despite the apparent restrictions on his authority, the
project manager can exert a considerable influence on site
operations. Even on small projects there are many ac-
tivities carried out by agencies and persons other than the
main contractor. These activities should be included in the
project manager's overall work plan, and he should co-
ordinate them. He may also need to give technical advice
to the contractor regarding the way in which the work
should be carried out. This may be especially important on
a small project where the contractor is inexperienced.

An important but often neglected aspect of site oper-
ations is that of safety. It is the prime responsibility of the
contractor and other organisations working on site to
ensure the safety of their employees. However, the pro-
ject manager should see that the various regulations are
being observed, and he should encourage the contractor
to take common-sense safety measures such as keeping
the site tidy. The next chapter describes safety in more
detail.

The main site responsibilities of the project manager
are as follows:

D ensuring the overall co-ordination of contractors,
suppliers and other organisations working on site;
obtaining the necessary statutory permissions. These
may include site entry, building permits, work permits,
notifications to safety inspectors, and so on;

fl arranging for services such as water, electricity and
gas;

E ensuring compliance with safety and fire regula-
tions;

monitoring progress and quality;
El checking periodic valuations and facilitating payments

to the contractor.

These controls cannot be effectively exercised in an
office remote from the site. On a large contract the pro-
ject manager and his team must therefore be located on
site. On smaller projects where the project manager may
have a number of sites to look after, his site visits should
be frequent and long enough to enable him to grasp fully
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The contractor

The word "contractor" is used to denote the organisation
which actually erects the building and associated works.
The principles of site control described here apply equally
to parastatal contracting organisations, private contrac-
tors and direct labour forces, but the word "contractor"
is applied to them all, for convenience.

The contractor directly controls the construction
works. He assembles and organises the necessary re-
sources of labour, materials and plant and equipment.
Implicit in the supply of these is the need for a fourth
resource: money.

The principles to be used by the contractor in manag-
ing these resources are exactly the same as those used by
the project manager and shown in figure 26—

El gather facts;
El analyse the facts;
El predict the likely outcome;
El take corrective action.

Labour

The tender prepared by the contractor should have been
based on his estimate of the work-hours of labour
required to execute the project. Usually this estimate is
built up from estimates of the required numbers of car-
penters, masons, labourers, and so on. If he is to make a
profit, the contractor must ensure that the productivity of
his tradesmen and labourers is high enough to enable the
work to be completed within the estimated work-hours.
This can be done by measuring the work-hours for each
activity or group of activities and comparing them with the
estimated amount. If they exceed the allowance, the con-
tractor must investigate the causes and take corrective
action. If they are fewer, he must still check that the cost
of these hours is not more than his estimate.

For example, the building of a roof may have been
estimated to take 80 work-hours of carpenters' time, the
rate for a carpenter being US$1 per hour. The total esti-
mate is therefore US$80. If the work is completed in 74
hours, the contractor should be content—unless, in the
period between the estimate being prepared and the roof 88



being built, wages for carpenters have increased, say to
US$1.40 per hour. The total cost will then be 1.4 X 74 =
US$103.60. Whether or not the contractor can claim
extra payment from the client depends on the conditions
of the contract he has signed.

Materials

In the same way as the contractor estimates the cost of
labour needed for the building, so he estimates the cost of
materials. An important difference is that, apart from
authorised variations, the quantity of materials is fixed.
Whereas in the example given above the amount of
labour needed to build the roof varies according to pro-
ductivity, the quantity of timber, nails, roofing sheets and
other materials is fixed by the drawings and specifications.
It is still essential for the contractor to control closely his
material usage, as building sites are very vulnerable to
losses through wastage, theft or (in the case of such items
as cement) deterioration.

Plant and ecluipment

These include items temporarily needed during construc-
tion, such as lorries, concrete mixers, hoists, adders,
buckets and shovels. The provision of these is the respon-
sibility of the contractor and is included in his tender price.
His responsibility does not include permanent building
installations such as air-conditioning units, lifts, heating
and ventilation units or generators.

Since all but the very large contractors cannot afford
to own major and expensive items which may only be used
for short periods on any one site, most contractors hire
these as they are required. The same principles of meas-
uring cost against estimate apply. Like labour, maximum
plant productivity must be secured, and the hired items
should be returned to the plant owner as soon as they are
no longer required.

In the case of many government projects carried out
by direct labour, plant is supplied from a plant pool which
charges only the cost of fuel, maintenance and operators'
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optimise productivity. Nevertheless, a good manager will
release such scarce and expensive resources as soon as
possible so that they can be used elsewhere.

Money

From the contractor's point of view, money is the most
important resource of all. Without it he cannot acquire
the other three resources he needs. That many contrac-
tors underestimate their need for this resource is demon-
strated by the fact that in most countries they head the
league table of bankruptcies.

What follows is not about profit, but about the work-
ing capital necessary to run a contract.

Even before building operations start, money is

needed for—

U hire of supervisory and administrative staff;
El statutory fees, such as building permits;
El service connections;
El materials;
El hire of transport.

Many suppliers regard contractors as poor risks and
are willing to accept orders only against a cash deposit. On
some government contracts it is possible for a contractor
to obtain a cash advance to help with these costs.

Many contractors underestimate their need for work-
ing capital. The fact that a certain value of work has been
completed by a certain date does not necessarily mean
that payment will be made soon after. On government
projects particularly, bureaucratic procedures may delay
payment for periods of three months or even longer. The
contractor should be aware of this when preparing his
tender. What this means is that he must have enough
capitaF' to continue paying wages, purchasing materials
and hiring plant during the gap between a valuation of the
work and actual payment. He must also bear in mind that
it is usual for the client to retain 10 per cent or same
similar figure of the valuation, to be placed in a special
fund as an insurance that maintenance will be properly
done. The effect of these delays and deductions is shown
in figure 37. The working capital requirement is shown
shaded. 90



Figure 37. A contractor's control curve showing the need for work-
ing capital.
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This need for working capital places a particularly
heavy burden on small contractors, and so the project
manager should do all he can to facilitate interim pay-
ments. A number of governments are taking active meas-
ures to deal with the financial and other problems of small
contractors.

t is the usua practice for the contractor to be re-
sponsible for maintenance of his work for a fixed period
(often six months) after it has been completed. To insure
himself against failure to do so, the client retains 10 per
cent of each interim payment up to a fixed amount. Dur-
ing the maintenance period the contractor must remedy
all defects, which means that he may have expenditure but
no income. This should also have been foreseen in his
tender price.

The final certificate will normally be prepared by the
project manager to certify that the work has been satis-
factorily completed in accordance with the contract.
Sometimes on government projects a technical audit unit
prepares the certificate.

With the certificate there should be a final account
which shows variations, including changes in quantities
and price fluctuations, for which allowance has been made

91 in arriving at the final contract sum. Only then can the final



settlement be made with the contractor. This process
sometimes takes several months, but it can be shortened if
the project management team has kept proper records of
all changes which occurred during construction.
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HEALTH AND SAFETY 8

objectives
High standards of safety should be an objective pursued in
the same way and with as much vigour as other manage-
ment objectives.

The aim of most development projects is to improve
the general well-being of the inhabitants of the country
concerned. It is a reasonable humanitarian aim to ensure
that the well-being of the people engaged in the project
itself is preserved and perhaps enhanced.

In a construction project careful thought must be
given to the health and safety aspects of the completed
works, and the methods of site construction.

artici Dan

Health and safety should be important considerations in
all stages of a project, and so the project manager and the
whole of the project management team are concerned.
Indeed, they should encourage a general awareness and
commitment from all parties involved in the project.

principal factors
The principal factors involved in the effective manage-
ment of occupational health and safety are shown in
figure 38.
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Figure 38. Principal factors in effective health and safety manage-
ment.
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LEGAL FRAMEWORK

Most countries have a legal framework to ensure some
degree of occupational health and safety. This legal
framework usually lays down basic requirements of good
employment practice, such as a minimum age for the
employment of children. There may, in addition, be speci-
fic technical requirements relating to construction: for
example, restrictions on the use of blue asbestos in build-
ings because of its detrimental effects on human health; or
a simple technical construction requirement that the top
of a ladder must be secured.

In some industrialised countries this legal framework
has become extensive and detailed. In many developing
countries it is rudimentary. Regardless of its level of
sophistication and comprehensiveness, a legal framework
can provide only a technical basis from which a coherent
safety policy may be developed. Accidents and ill-health
are not, as is so often believed, the result of straight-
forward technical failures; they result from a combination
of social, organisational and technical problems. 94



THE NEED FOR KNOWLEDGE

Most people will take steps to reduce risk if they have
sufficient knowledge of its existence. They need to know
not just that the risk exists, but where, when and with
what ferocity it will emerge. The key element is knowl-
edge. The distribution and effective use of knowledge is a
major management contribution to safety. With better
information, instruction and training, most health and
safety problems could be avoided. The ILO publication
Accident prevention (Geneva, 2nd ed., 1983) provides
valuable guide-lines in this respect.

The difficulty faced by managers is in making people
fully aware of the need for safety. The key feature is the
direct personal relevance of the information provided.
General warnings, such as statutory warning notices dis-
played in works canteens, seem to have little effect. The
project management team must take a positive approach
to providing relevant, concise and clear information to the
people involved, and do their utmost to ensure that this
information is assimilated and acted upon.

Communication is considered in more depth in the
next chapter.

IRESOURCES

It is obvious that accidents and illness mean additional
costs, and perhaps disruption of a project. It is, however,
difficult to quantify these effects in financial terms, and
equally difficult to quantify the financial benefits that may
arise from the effective management of health and safety.
Any measures taken which require the use of resources
additional to the minimum required for "production" may
therefore be seen only as additional expense. This ex-
pense may be significantly reduced if health and safety are
given careful thought at the outset; but any safety policy
must accept that some resources must be expended in
achieving purely humanitarian objectives.

SENIOR MANAGEMENT COMMITMENT

Only senior management has the influence, power and
95 resources to take initiatives and set standards. Positive



attitudes of senior managers will be reflected in a high
degree of health and safety awareness throughout the
project. The converse is also true, and the lack of demon-
strable interest by senior management in the welfare of
the people involved will have a strongly detrimental effect
on general morale and team spirit.

activities
Occupational health and safety can be considered under
two headings—

o the completed (permanent) works, i.e. the activities in
the briefing, designing and commissioning stages;

O the methods of site construction, i.e. the activities in
the constructing stage.

The activities in the tendering stage provide some link
between these two headings.

BRIEFING. DESIGNING AND

COMMISSIONING STAGES

The relationships between occupational health and safety
and the final form of the permanent, completed construc-
tion works are shown in figure 39.

Figure 39. Occupational health and safety and the completed
works.
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Lega/ requirements are made in most countries to
ensure that the works are designed and built to minimum
standards. Some of these are shown in figure 39, and
examples may be given as follows:
E structural safety may be ensured by specifying the

minimum dimensions and materials to be used in each
structural element, or by requiring that the design
conforms to a number of specified design standards
and codes of practice;

0 safety in the event of fire may be ensured by require-
ments relating to special fire exits and the use of
specified non-combustible materials in important
parts of the building, such as stairs;

El toxic substances may have to be stored in certain
prescribed ways;

El hygiene requirements may specify a minimum number
of lavatories for a building of a certain size intended to
be used by a certain number of people, and may also
require that these facilities be separated by some
specific means from places where food is prepared or
consumed;

El the requirements for the design and construction of
large dams are usually very demanding, because their
failure may have a catastrophic effect on the commu-
nity down river.

Human requirements are also shown in figure 39 and
need no further explanation.

CONSTRUCTING STAGE

Accidents on construction sites may occur in any of the
following ways:

El through the collapse of walls, building parts, stacks of
materials, masses of earth;

El through the collapse or overturning of ladders, scaf-
folds, stairs, beams;

o by falls of objects, tools, pieces of work;
El by falls of persons from ladders, stairs, roofs, scaf-

folds, buildings; through hatches and windows; into
openings;

o during loading, unloading, lifting, carrying and trans-
97 porting loads;



LI on or in connection with vehicles of all kinds;
LI at power plant and power transmission machinery;
LI in the operation of railways;
LI on lifting appliances;
LI on welding and cutting equipment;
LI on compressed-air equipment;
LI by combustible, hot or corrosive materials;
LI by dangerous gases;
o during blasting with explosives;
o when using hand tools.

Occupational diseases of construction workers in-
clude—

LI silicosis (stonemasons, sandblasters);

LI lead poisoning (painters);
LI diseases of the joints and bones (workers operating

percussive tools);

LI skin diseases caused by such materials as cement.

SAFETY AND LABOUR-BASED

TECHNOLOGY

Large construction projects in developing countries may
lead to a disruption of a traditional way of life for tem-
porary employees. Problems of transport, living, working,
training and safety may be accentuated. There will be
problems in giving new workers an understanding of the
more elementary principles of safety in this new environ-
ment, particularly in the use of machinery. Many of these
problems may be avoided if the works have been designed
to permit the use of traditional practices and tools with
which the workers are already familiar.

During the briefing, designing and commissioning
stages the project manager and his team can control the
occupational health and safety aspects of a project closely
and directly. They are in direct control of the parties
involved, and their main task will be to ensure that diligent
attention and commitment are given to this aspect. The
main problems are likely to be cost, and complexity of
requirements. 98



causes of accidents
There are as many possible causes of accidents as there
are occasions. Among these are technical defects in equip-
ment and methods of work, defects in organisation and
dangerous acts by workers. To these have to be added
those causes that come from the nature of construction
operations themselves: defects in planning and construc-
tion; constant changes in workplace and task; and the
friction often found when workers from different trades
are working in close proximity to each other. In the fol-
lowing list, the causes of accidents have been grouped
according to their nature.

Planning, organisation

defects in technical planning;
G fixing unsuitable time-limits;
LI assignment of work to incompetent contractors;
LI insufficient or defective supervision of the work;
o lack of co-operation between different trades.

Execution of the work

LI constructional defects;
0 use of unsuitable materials;
U defective processing of materials.

Equipment

o Jack of equipment;
0 unsuitabJe equipment;
o defects in equipment;
U Jack of safety devices or measures.

Management and conduct of the work

Li inadequate preparation of work;
O inadequate examination of equipment;
U imprecise or inadequate instructions from super-

visor;

O unskilled or untrained operatives;
99 0 inadequate supervision.



Workers' behaviour

U irresponsible acts;

O unauthorised acts;
o carelessness.

project management team functions
During the construction stage the directness of this con-
trol will depend upon the contractual arrangements. If the
construction is to be done by direct labour, the project
manager and the construction team will have direct con-
trol, and the only problems will be financial and techni-
cal.

If the construction work has been let to a contractor,
the responsibility for site safety passes to this contractor.
Some control may be exercised, if safety requirements are
included in the contract: it is usual, for example, to state
that the contractor shall comply with all relevant local
legislation. In addition, the contractor is usually required
to take out insurances to protect the public, as well as the
people employed on the site. Insurances, however, merely
compensate for injury—they do not prevent it. Where a
workers' union exists, the contractor should consult with
the union in implementing safety measures.

It is important that the contractor be made clearly
responsible for practical health and safety provisions on
site. If the project management team intervenes and issues
direct instructions for the specific provision of safety
measures, the client may be held liable for their cost, and
also may be held responsible if they are inadequate and
cause injury. The project management team can influence
safety on site beyond the contractual minima only by
means of persuasion.
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COMMUNICATION AND 9

REPORTING

Management relies on clear communications, and the abil-
ity to pass thoughts, ideas, information and instructions
quickly and effectively between people with different
technical skills and interests.

managing people

Management is about translating objectives into reality.
This can only be done through people. The main character
in this Guide is the project manager, and it is therefore
important that he should understand how to deal with
people. He operates in different ways as the project pro-
ceeds through its various stages. His direct authority does
not extend beyond the full-time members of his team. His
authority over those who join the team from time to time
is moral rather than absolute. The success of the project
therefore depends a great deal on the personality of the
project manager, and on his ability to persuade others to
perform their functions as and when required.

Good communication between managers and staff of
the various organisations involved in the project helps to
create enthusiasm where it is most needed. In this con-
nection it is the responsibility of the contractor to estab-
lish good communications with his workers; and where a
union exists, there should be full consultation at the start
of a project. Bad or inadequate communication produces
indifference and even antipathy. Much valuable staff
effort is then directed towards overcoming this break in
communication, instead of being spent more productively

101 on solving more important problems. To achieve good



communication it is necessary to create an appropriate
and workable administrative organisation.

In any administrative organisation it is necessary to
define the limits of each person's (or group's) responsi-
bilities. Each tier or position in an administrative hierarchy
(see figure 40) has a frame of actions to perform, and
certain limits of responsibility. One common misappre-
hension is that this hierarchy also defines the system of
communications, and this, in turn, leads to a mistaken
belief that direct communication between people not
directly linked in the hierarchy is somehow bad.

Figure 40. Formal communications work through the organisational
hierarchy.

I

For simplicity we may say that effective communica-
tions occur in two ways: informal and formal. Informal
communications are valuable for establishing good per-
sonal relationships, for the speedy and effective resolution
of problems and for deciding upon courses of action.
Formal communications are required to ratify a decision
made informally, to record briefly the main reasons for
this decision, and to communicate the relevant informa-
tion to people who were not involved in making the deci-
sion. Formal communications are also necessary for the
orderly conduct of a project: applications for funds,
certification and payments; and periodic reports and
accounts to aid donors or government agencies. 102
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INFORMAL COMMUNICATIONS

Good relations between people are the core of effective
management. The ability to handle human resources
properly will be reflected directly in staff morale, team
effectiveness, productivity and project efficiency. Much
more can be achieved by a few people with a sense of
common purpose than by a large organisation lacking
drive or effective management.

The management approach must be adapted to the
size and complexity of both the project and the adminis-
trative organisation. In a small organisation informal com-
munications are easier, since people find their own ways
to keep informed. In a large organisation formal com-
munications are more necessary so that everyone who
needs to keep in touch is able to do so. This is shown in
figure 41.

Figure 41. Formal and informal communications.

con

There can be no doubt that the most efficient way to
communicate information from one person to another is
orally, face to face. This form of communication is more
efficient because it does not just rely on words: gestures,
eye contact and other forms of "non-verbal communica-
tion" contribute to establishing the true meaning and
intention of the people taking part (see figure 42). In
addition, the communication process relies on interaction
between the parties, and in the case of oral communica-
tion this may be instantaneous, resulting in speedy action.
Other forms of informal communication include tele-

103 phone conversations and handwritten notes, both of



Figure 42. Face-to-face communication.

which are very effective. Typewritten notes appear more
formal, so that many managers use them only when they
wish to formalise communication.

FORMAL COMMUNICATIONS

Financial accounts are the most obvious example of for-
mal communications. Their purpose is to show that the
financial affairs of the organisation have been soundly and
honestly managed. To avoid ambiguity and to reduce the
risk of dishonest manipulations, financial accounts are
prepared and checked according to a set of well-estab-
lished and publicly available procedures. Nevertheless,
there is scope for simplification in most such systems.

Many of the formal reports and procedures used in a
project exist for similar reasons and are prepared in a
standard way. They are necessary and should be done
diligently and efficiently.

The drawings, specification and other contract docu-
ments used to define the project are other necessary
forms of formal communication. The purpose of these
documents is to define the work clearly and simply, in such
a way that—

D the people involved in producing the physical end
product can understand what has to be done, and by
when; 104



o the people supervising the work can easily understand
whether the end product is satisfactory or not.

Unfortunately, most of the project documents used in
developing countries are far from clear and simple. This is
because they have been derived from models used in
industrialised countries, with little or no adaptation to
local conditions. Contract documents, which are legally
enforceable, should not be difficult to understand; but in
many countries there is room for a great deal of improve-
ment in this important respect.

STRIKING THE RIGHT BALANCE

The ability to control communications is one of the skills
required by a project manager. Although oral communi-
cation is effective, there is danger in placing too much
reliance on the spoken word, especially where the re-
percussions of a spontaneous remark have not been
thoroughly thought through, and no record exists. Con-
versely, flexibility and time may be lost if every action
or decision is delayed until a written communication or
confirmation is received.

meetings
Meetings and minutes are an important link between
informal and formal communications. They enable a num-
ber of people to be informed, to exchange information,
and to reach decisions simultaneously.

Meetings range from simple conversations and get-
togethers to conferences, subcommittees, working par-
ties and project meetings.

When he calls a meeting, a senior manager will (if he is
wise) encourage a free expression of views. However,
when all has been said, he alone must take the final deci-
sions, and he will be held responsible for them. In contrast,
the chairman of a committee is charged with the efficient
running of the meetings. It is the members of the com-
mittee who reach the decisions and who are responsible
for these. All the members of a committee bear equal

105 responsibility for the decisions reached, and individuals



can dissociate themselves from majority decisions only by
resigning.

Conducting and taking part in meetings of all kinds is
itself an important management skill. For meetings to be
successful and effective, highly developed social skills must
be brought into play, sound administrative arrangements
made, and a proper attitude to participation cultivated.
Three phases can be identified for every meeting or com-
mittee: planning, conduct and follow-through.

THE MEETING

First, if it is to be effective, the precise purpose of the
meeting must be clearly stated. This must be done in
advance, so that those who are to take part understand
what contributions are expected, and therefore come
prepared to make them. Second, there should be a policy
of "no business—no meeting". Third, when the purpose
for which the meetings were convened has been outlived,
the meetings should be abandoned.

The number of people at meetings should be as few as
possible, with proper use made of subcommittees and
working parties. Advisers, experts and observers should
be involved as necessary, but they need not be recruited
as members. All these people must be brought together,
on the same day, at the same time, and in the same place,
to talk about the same things in the same order. This
means giving adequate notice and making suitable ar-
rangements. In order that decisions may be based on due
reflection, it is also helpful if material which is to be con-
sidered at the meeting is circulated beforehand, and not
tabled during the course of the meeting.

CONDUCTING THE MEETING

The key man in any meeting is the chairman. He should be
positive in his approach, he should know the business of
the meeting beforehand, and he should hear and be heard
by everybody. His role is to—

El put propositions and points for deliberation, explain-
ing clearly the topic to be considered; 106



LI adopt a systematic approach, allowing full discussion
but avoiding irrelevances and meandering;

LI listen for what is not said, stimulating members to
brisk performances within an allotted time;

LI ensure that any resolution put to the meeting is clearly
worded so that it will stand the best chance of securing
general understanding; and

LI summarise what has been agreed, and the action to be
taken, and by whom, before moving on to the next
item.

At the end of the meeting, there must be no doubt
about what has been decided, what subsequent action is
required, and by whom. Much of the value of a meeting
may be lost if steps are not taken to ensure that decisions
are properly implemented.

IFOLLOW-TH ROUGH

It is always necessary to confirm what was agreed at the
meeting by circulating "minutes"—taken by an appointed
secretary—as soon as possible afterwards. Ideally,
everyone present should also take notes. Minutes should
include a record of all decisions made during the meeting,
together with supporting facts. A précis of the discussion
should be avoided. Minutes should be issued as final, and
subject to correction of any error of fact and to any
agreed amendment.

To ensure that the responsibility for the action which
is to be taken is clear, an "action" column can form part of
the minutes. In this the initials of the person concerned can
be noted.

Communication, it should be remembered, is a two-
way process, and its form must be modified to suit the
circumstances and the size of audience.

summary
We may summarise project communications as fol-
lows:

LI informal, oral, face-to-face communication is effec-
107 tive and quick. However, any decisions reached should



be confirmed in writing and other interested parties
kept informed;

o the organisation chart (figure 40) does not depict a
system of communication; but anyone communicating
across the hierarchy must observe the limits of his
authority and responsibility—and must also inform
people further down the hierarchy;

o drawings and other documents that define the physi-
cal work must be clear, direct and immediately rele-
vant to the conditions and environment in which they
will be used;

o formal communications such as financial reports must
be done as efficiently as possible. These systems
should be designed to be as simple as possible, par-
ticularly at the operating level;

0 meetings, even simple meetings between two or three
people, serve as an important link between formal and
informal communications.
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PLANNING TECHNIQUES 10

This chapter describes three planning techniques: time-
chainage charts, network analysis, and bar or Gantt
charts. The techniques are described by using examples to
demonstrate their application to construction projects in
development programmes.

The planner's first task is to select the right technique
for the job. Figure 43 illustrates a selection procedure.
The job may be a whole project or a part of that project.
For example, a complex project may be planned and
controlled using network analysis; but a road, which may
be represented by a single activity ("build road") in the
network plan, may be planned in more detail using a time-
chainage chart. Similarly, a very straightforward, simple
project may require no more than a bar chart for overall
control but some small parts may benefit from network
analysis at the detailed level.

Figure 43. The selection of planning techniques.
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time-chainage charts
Time-chainage charts are simple graphs of the project
plan, where distance (or "chainage") is plotted on the x
axis and time on the y axis. The x axis thus represents the
linear job being planned.

Figure 44. Construction of a simple earth road.

0
Clear trees, bushes and
Clear trees far enough to keep
road in sunshine.

©
Strip off topsoil for at least
8 metres from centre of road

Dig wide ditches and dump
sub-soil towards centre line
to raise road level.

Complete the ditches and
roll, compact the formation
using minimum slopes and
widths shown.

Check the slopes and levels
on formation and along ditch
to make sure that water can
run away.

©
Lay the topsoil on the ditch
slopes to encourage grass to
grow again.

Source. N. Allal and G. A. Edmonds, in collaboration with A. S. Bhalla: Manual on the
planning of labour-intensive road construction (Geneva, ILO, 1977).



A good example is that of the construction of a simple
earth road. The basic construction is illustrated in figure
44, and a plan and section of the proposed road are shown
in figure 45. It will be seen that a stream crosses the line of
the proposed road, that this is to be conducted through a
new culvert, and that the small rise to the west of the
stream is to be lowered and the excavated material used
to fill the ground to the east. The stream carries water
only during the rainy season.

Figure 45. Plan and section of a simple earth road.

pose4

The contractor's time-chainage chart is illustrated in
figure 46. The culvert will obviously be built at a fixed
chainage and must be completed before the rains come,
so that construction work is done before the stream
floods. The main earthworks will not begin until the cul-
vert has been completed, because the dry stream bed is
very rough and has steep banks. When the culvert is

111 complete, excavation will begin immediately to the west
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of the culvert and the excavated material will be placed
and compacted immediately to the east of it. In this way,
the animal-drawn carts moving the spoil will always be
travelling on the relatively flat gradients of the new road,
and so will work more efficiently. The excavation line is
curved because the excavation is deeper in the middle of
the cut, and progress along the road is therefore slower.
The depth of fill is, however, fairly uniform.

Work to the west of the cut area will be unaffected by
the progress on the culvert, and so can start immediately.
It is planned to complete all work on this section before
the rains, so that the grass sown in the ditches may benefit
from the water.

Figure 46. Time-chainage chart for road shown in figure 45.
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Figure 44 shows that clearing trees and bushes, and
stripping the topsoil, takes place across the road, and this
also is therefore unaffected by the culvert. Two teams will
be employed on both these operations, starting at the
ends of the road and meeting in the middle.

network analysis

OR

I("PRECEDENCE" METHOD)

The example chosen for network analysis is of a type of
timber truss bridge that has been developed in Kenya. A
typical bridge is shown in figures 47 and 48.1

The objective was to provide relatively cheap bridges
to carry light commercial vehicles in rural areas. The

Figure 47. The Kenyan low cost modular timber bridge.

Source. J. D. Parry: The Ken yan low cost modular timber bridge, TRRL Laboratory
Report 970 (crowthorne, Berkshire, United Kingdom. Overseas Unit, Transport and
Road Research Laboratory. 1981). © crown Copyright 1981. Transport and Road
Research Laboratory. Reproduced by permission of Her Britannic Majesty's Station-
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Figure 48. Cross-section of typical bridge.

board5
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Source. Parry. op. cit. © Crown Copyright 1981. Transport and Road Research
Laboratory. Reproduced by permission of Her Britannic Majestys Stationery
Office.

bridge comprises a number of identical timber frames that
are assembled into trusses of the required span. Two or
more parallel trusses are supported on conventional abut-
ments, and the timber deck rests on top of the trusses.
The erection procedure is shown in figure 49. This design
has the additional advantage that the bridges can be

Figure 49. Erection of a bridge.
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erected quickly, and can be dismantled and re-erected at
another site if required.

The provision of the bridge is simple, and planning
could be done quite well with a bar chart. It is, neverthe-
less, a useful project on which to demonstrate network
analysis because the sequence of the activities is fairly
clear.

As the "activity-on-arrow" method was explained
earlier in the Guide, this more detailed explanation of
network analysis will begin with the "activity-on-node" or
"precedence" method.

Activities

The first task in planning is to identify the activities necess-
ary to complete a project. The advantage of network
analysis over other techniques is that this may be done as a
preliminary process, unrelated to considerations of re-
sources, durations and inter-relationships between activi-
ties.

In precedence networks the activities are depicted by
boxes, usually rectangular, as shown in figure 50. The
activity is briefly described within the box, and may be
given a number for ease of identification.

r I I I

E.&st

Ii
Note that if the network becomes too long for the

page it may be stopped at some convenient point and
re-started elsewhere. The links are provided by repeating
the activities (in this case 9 and 12) and emphasising this
with an extra line round each box.

Constraints and activity relationships

The logical constraints and the relationships between
activities may now be considered. These are expressed as
arrows as shown: for example, it is impossible to start

115 activity 5 ("cut and form timber for frames") until activity
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4 ("obtain materials") is complete. Another example is
that it is impossible to construct an abutment wall foun-
dation before the necessary excavation is complete (i.e.
activity 14 depends upon the completion of activity 13).

By following reasoning of this kind it is a relatively simple
task to prepare a diagram similar to figure 50.

It is possible to develop these logical constraints fur-
ther. Taking the example of activities 13 and 14, it may be
possible to begin the foundations before the excavation is
100 per cent complete—perhaps after two days' work.
Thus activity 14 may start two days after activity 13 has
started; this is known as a "start-to-start" relationship
and is drawn as shown:

I I I

1

I I I

II H
1

-

I I

I I I

14 a-butrnent

I I

1

2
H

a.buitrnent

I I

In order to complete the foundations it may be that the
excavation must be finished in time to allow one complete
day for foundation work. This would be a "finish-to-
finish" relationship.

These devices allow the network diagram to reflect
reality more closely, but they result in more complex
analysis. In many cases it is doubtful whether this extra
effort really gives better planning and control, and there-
fore their use is not generally advocated in this Guide.

Duration of activities

When the network diagram has been drawn, the ex-
pected duration of each activity may be added. At this117



stage the durations should be those expected from the
resources commonly employed on the particular activity,
o'perating at an average efficiency. The argument for this
is that the critical path analysis which follows identifies
those activities where a reduced activity duration will
result in a corresponding reduction in project duration. It
is on these critical activities that additional resources and
intensive working should be concentrated.

The duration of each activity should be estimated by
people who have experience in managing activities of that
type. In most cases they will rely on records of the pro-
gress of similar activities in the past, and they will use their
own judgement and experience to apply these data to the
activity under consideration. For example, a senior archi-
tect would estimate the time it would take his staff to
produce the drawings for a new building by examining his
records of the number of drawings that were required to
describe comparable buildings in the past, together with
records of the time taken to produce drawings of various
types. The estimated activity duration would be the result
of the largely arithmetical process; but the architect
would then adjust this estimate to reflect his own assess-
ment of the design difficulties likely to arise, and the ability
of his staff.

Critical path analysis

When the durations have been added, it is possible to
calculate the "critical path": that is, the sequence of
activities which determines the overall job duration. Any
delay in any activity on the critical path will result in a
similar delay to the whole job. This analysis will also ident-
ify by how much each activity may be delayed before it too
results in an overall delay in the completion of the job.

There are three parts to the analysis—

El the forward pass, which determines the earliest times
that every activity may start and finish;

El the backward pass, which determines the latest times
that every activity may start and finish;

El the calculation of "float", i.e. the time available to
each activity for delay before other activities become
affected. 118



The forward pass

This begins by establishing the time for the job to start.
This may be a calendar date, or a week or day number if
the project calendar is expressed in that way. In figure 50
the job (in this case a complete project) begins at the
beginning of day zero with a general analysis of the needs
for the bridge and a decision upon its approximate loca-
tion. This first activity has a duration of 20 days; therefore
its earliest finish is 0 + 20 = 20, i.e. the end of day 20.
This activity is followed by activity 2, which cannot begin
until the first activity is complete. i.e. day 20. With a
duration of two days, activity 2 will have an earliest finish
time of 22 days. (These calculations obviously refer to
working days, and so rest days and holidays must be
included before calendar dates can be determined.)

eadte.5t
5t rttime fin's

I 20
crf need5l

I

>

1201
I 5ite

I I

2 122.
I

Iji '

I I II II
The forward pass proceeds through the network in

this way, but there is a complication if the activity under
consideration is preceded by more than one activity; for
example, 8 is preceded by both 5 and 7. Activity 5 has an
earliest finish time of 40 days, whereas activity 7 finishes
after 42 days. Since the logical relationships expressed by
the arrows show that both 5 and 7 must be complete be-
fore 8 may start, the rule is to take the latest time on the for-
ward pass when there is more than one preceding activity: in
this case, 42 days.
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At the end of the forward pass the estimated time
required to complete this project, according to the plan
expressed in the network, is established: in this case, 58
days.

IThe backward pass

The latest times for activities to start and finish may now
be established by means of the backward pass. This is an
essential step in establishing how critical the timing of each
activity is to the overall duration of the project. If an
activity's earliest start date (i.e. the earliest time when it
can start) is the same as its latest start date (i.e. the latest
time by which it must start), this activity is critical.

The backward pass is simply a reversal of the forward
pass, and calculations begin at the last activity. Complica-
tions again arise when several activities are related, but in
this case a difficulty arises when an activity has more than
one succeeding (that is, dependent) activity, as in the case
of 5 followed by 6 and 8. Working backwards through the
network, 6 has a latest start time of 41 days and 8 has a
latest start time of 42 days. The logic of the diagram says
that both 6 and 8 are dependent upon the completion of 5,
so 5 must be complete by the ear/iest of the two times, i.e.
41 days, not 42. The rule is to take the ear/iest time on the
backward pass when there is more than one succeeding
activity (this is therefore a direct reversal of the forward
pass rule).
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This analysis proceeds backwards through the net-
work, and should result in the earliest and latest start
times for the first activity being the same.

Float

"Float" is the time available to an activity for it to "float"
between the earliest time that it can start and the latest
time by which it must start if the completion date of the
job or project is not to be delayed.

Total float is the total float time available to an activity:
that is, its latest finish less its earliest start time, less, of
course, its duration. This means that it is its latest start
time (or finish) less its earliest start time (or finish).

Float is an important means of controlling projects.
When resources are inadequate for all available activities,
those with float can be temporarily suspended without
delaying the overall project time.

For activity 13 the total float is 33 — 22 = 11 days.
Thus, if activity 13 starts on any of the 11 days between
these two dates it will have no effect on the overall project
completion date. If this total float had been zero, the ac-
tivity would have been critical and a "C" would have been
entered in the box. The "critical path" is this chain of
critical activities, and it is this chain which will be the focus
of the project manager's attention. (There may, of course,
be projects with more than one critical path.)

1221
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The calculation of total float includes the time by
which any subsequent activities may be delayed (without,
of course, extending the overall job duration). For
example, the calculation of total float for activity 13 used
the latest start time (33 days) from which was deducted its
earliest start (22 days). However, if activity 13 does not
start until 33 days have expired, it will not be complete
until the end of day 38 (i.e. 33 + 5). Activity 14 will then
be forced to start at its latest start time (day 38) and in this

121 case it has lost its float to activity 13. Similarly, activities



16, 17 and 18 have 12 days total float, but it can be seen
that they are all part of a "chain" of activities. A "chain" is
a simple string of activities with single "finish-to-start"
dependencies, and they have this characteristic that all the
activities in the chain "share" the total float.

This may be emphasised by comparing activities 13, 14
and 15, which all have a total float of 11, with activities 16,
17 and 18, with a total float of 12. It is obvious that both
these chains contain similar activities, except that less
excavation is required for the west abutments and activity
16 therefore takes one day less than activity 13. This
"extra" day nevertheless appears in all total float of all the
activities in the chain.

It is clear, therefore, that total float is an important
part of planning analysis and is easy to calculate. Its inter-
pretation does, unfortunately, require some care.

Free float provides a partial solution to the problem. It
is the time by which an activity may be delayed beyond its
earliest start time without delaying any subsequent activity
beyond its earliest start time. It is clear from figure 50 that
activity 13 has no free float, because if it is delayed beyond
its earliest start (22) it would not be complete by its
earliest finish (22 + 5 = 27) and consequently would
delay activity 14 beyond its earliest start (27). Similar
arguments apply to 14/15, 16/17 and elsewhere. Activity
18, however, is at the end of its chain and could be delayed
by one day without delaying activity 12 beyond its earliest
start (35 compared to 36). Thus activity 18 has one day
free float. Because the use of free float has no effect on
succeeding activities, it is a most useful facet of critical
path analysis. 122



METHOD

"Activity-on-arrow" is an alternative method of drawing
the network, and it has been described in general terms
earlier in this Guide. Figure 51 shows an "arrow" form of
the precedence diagram shown in figure 50. The advan-
tages and disadvantages of the two methods are fairly
evenly balanced, and the decision which to use is often
based on the system with which a majority of the project
staff is familiar.

The principles are fundamentally similar. The main
difference is that the arrows in the activity-on-arrow
method represent both activities and the activity relation-
ships. The maximum number of activity relationships
therefore becomes related to the number of activities.
This is clearly impractical, and additional logical relation-
ships therefore have to be introduced in the form of
"dummy activities" (shown dotted). These are not re-
quired to represent actual project activities, but serve
solely to represent activity relationships in a similar way to
the arrows in a precedence diagram.

The activities are linked by circles, called "events".
These signify that all the preceding activities have been
completed and that all subsequent activities may start.
The critical path analysis is based on exactly the same

123 principles for both arrow and precedence diagrams, but
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the arrow diagram causes some difficulties of understand-
ing that the precedence diagram avoids.

I

I Ii
Cut

I

I I I

NETWORK ANAL'i'SiS iN PRACTiCE

Network analysis should not be seen solely as an analytical
technique. Its great power is that it can form a disciplined
pictorial focus for project management team discussions.
The first draft of any network diagram should evolve
during the discussions of the people concerned; it should
not be produced by a specialist planner working in isola-
tion. As the team works through the plan and draws the
network, all members of the team gain an understanding
of the attitudes of the other members of the team, and of
the problems they are likely to encounter. A specialist
planner may be present at the meeting to help with the
mechanics of the network, but he should not be central to
the decision-making process.

Another advantage of this approach to network analy-
sis is that continuing control of the project becomes

125 easier. When a problem arises, the team members can

I 1

Cut I

I

I I

I



quickly comprehend its likely effects on the whole project
and re-plan accordingly.

All this implies a simplified approach to network analy-
sis, and it is for this reason that the explanation given in
this Guide is much more simple than that given in many
academic textbooks. For example, no suggestion has been
made that float should be calculated by listing all the
activities and their relevant timings, and then performing
the calculations using mathematical formulae. Instead, a
basic description of what "float" means has been given.
There is not time in a management meeting to list all the
activities, and in any case this is unnecessary because the
attention of the members of the team will be focused on a
few activities only. What is required is the ability to cal-
culate quickly the total float available to the relevant
activities, to understand what this means (e.g. are they in a
chain?) and to decide whether or not it is wise to allow the
activity to be delayed. -

bar or Gantt charts
Bar charts were described earlier in this Guide. It is also
possible to draw a bar chart from a network diagram.
Figure 52 shows the network of figure 50 in bar-chart
form. This has been prepared simply by plotting the
earliest start time of each activity, followed by a bar to
represent its duration. If the latest finish time is also
plotted, the total float may be obtained graphically, as
shown. Free float may also be obtained graphically,
because it is the difference between the end of the activity
bar and the beginning of the bar of the succeeding activity
with the earliest starting time.

In figure 52 the relationships between the activities are
also shown, and this results in a "linked-bar chart". In
many ways this is the ideal planning technique because it
combines the analytical strength of network analysis with
the clarity and ease of comprehension given by the bar
chart.

Note
See J. D. Parry: The Ken yen low cost modular timber bridge, TRRL Laboratory

Report 970 (Crowthorne, Berkshire, United Kingdom, Overseas Unit, Transport and
Road Research Laboratory. 1981). The bridge was designed by J. E. Collins. of the
Forest Department of the Ministry of Natural Resources in Kenya, and was subse-
quently developed under a project sponsored by the United Nation Industrial
Development Organisation (UNIDO). 126
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CHECK LISTS A

briefing stage

CLIENT

El Set up a project steering committee, if necessary.

El Appoint project manager/management team.

El Prepare project brief, time schedule and budget.

El Appoint consultants.

El Give instructions for further action.

USER

representatives of operational staff

El Consider user's requirements.

El Provide all information necessary for briefing team.

El Consider operating and maintenance factors.

El Consider occupational health and safety.

El Consider staffing, recruitment and training.

El Agree on project brief.

PROJECT MANAGEMENT TEAM

project manager and supporting services

El Establish a project organisation.

El Prepare detailed work plan and timetable for brief-
i ng.

131 El Advise client on choice of consultants.



D Advise client on terms of appointment for consul-
tants.

o Determine statutory and other constraints.

O Maintain and co-ordinate progress of briefing work.

0 Arrange briefing team meetings and maintain min-
utes.

o Pass on information to briefing team.

0 Make necessary inquiries with authorities.

0 Determine site ownership, boundaries and rights of
way.

0 Present reports with recommendations to client and
obtain client's decisions.

0 Prepare programme for further action.

DESIGNERS

architects, engineers, quantity surveyors and other
specialists

o Examine site location and land use.

D Examine environmental implications.

o Examine user's requirements.

o Examine local planning regulations.

o Examine regulations, code, by-laws, their relationship
with requirements of client/user and their implications
for project cost and efficiency.

0 Prepare statement of functional requirements (for
civil engineering projects).

El Prepare department and room data programme (for
buildings).

O Prepare floor space programme (for buildings).

o Examine site topography, including soil conditions,
mining activities, access, drainage, water supply,
sewerage and electricity.

0 Assess type of foundation, structure, technical stan-
dards and services.

o Assess local availability of construction materials, im-
port restrictions, means of transport and so on. 132



Eli Assess availability of labour (skilled/unskilled).

U Appraise level of local construction costs and price
trends.

U Evaluate cost consequences of client's require-
ments.

LI Prepare approximate cost estimate.

U Evaluate alternative solutions.

D Prepare sketches to illustrate alternative solutions.

PUBLIC AND OTHER AUTHORITIES

U Provide information on land-use plans, water supply,
electrical connections, access roads.

U Give necessary advance approvals, permits, licences.

designing stage

CLIENT

U Make final decisions on design, site, location, for-
mat.

U Provide funds necessary for site acquisition and design
work.

U Take all appropriate action for site acquisition.

U Consider and approve scheme design.

U Proceed to production and approval of tender docu-
ments.

USER

representatives of operational staff

U Provide all information necessary for design team.

o Consider operating, safety and maintenance factors.

U Consider and approve full scheme design.

o Prepare programme for recruitment and training of
133 personnel.



PROJECT MANAGEMENT TEAM

project manager and supporting services

El Prepare detailed work plan and timetable for de-
signing.

El Maintain and co-ordinate progress of design work.

El Arrange design team meetings and maintain minutes.

El Pass information to design team.

El Present reports with recommendations to client, and
obtain decisions.

El Maintain control of costs and payments.

El Apply for all necessary permits and approvals from
public authorities.

El Prepare outline construction programme and budget.

DESIGNERS

architects, engineers, quantity surveyors and other spe-
cialists

El Make investigations, analyses and other design studies.

El Prepare outline proposal.

El Prepare cost plan.

El Complete user studies and interviews.

El Complete outstanding technical studies.

El Prepare scheme design including full design of project,
and preliminary design of site works, structural plans,
foundations, drainage runs, design and routing of ser-
vices.

El Undertake comparative cost studies.

El Provide cost checks and review cost plan.

El Carry out detail design.

El Prepare production information drawings. specifica-
tions, schedules.

El Prepare bills of quantities (if required).

El Prepare estimate of project cost. 134



PUBLIC AND OTHER AUTHORITIES

0 Give final approvals: permits, licences and so on.

tendering stage

PROJECT MANAGEMENT TEAM

project manager and supporting services

LI Obtain quotations from nominated subcontractors
and suppliers for prime cost items.

LI Prepare tender documents.

LI Submit documents to Tender Board.

LI If requested, assist Tender Board in the selection and
approval of tenderers and in the checking and evalu-
ation of tenders.

PUBLIC AUTHORITIES

Tender Boards

LI Call for tenders

LI Issue tender documents.

0 Evaluate tenders.

LI Award contract.

LI Notify client and successful contractor.

CONSTRUCTION TEAM

contractor or direct labour unit, subcontractors and sup-
pliers

LI Prepare and submit tenders.

LI Assess alternative construction methods, cost and
time implications.

LI Devise construction programme.

LI Obtain information on special techniques or ma-
terials.

135 LI Obtain quotations from subcontractors.



CLIENT

LI Sign contract documents.

LI Release funds necessary for this stage.

LI Make any necessary insurance arrangements.

LI Honour interim certificates.

LI Note progress and approve justified increased
costs.

LI Honour certificate of practical completion.

USER

representatives of operational staff

LI Appoint operating and maintenance staff, and under-
take training.

constructing stage

PROJECT MANAGEMENT TEAM

project manager and supporting services

o Check contract documents and submit for client's and
contractor's signatures.

LI Examine contractor's programme and negotiate satis-
factory solutions to any problems.

0 Appoint site inspectorate.

LI Check client's insurance.

LI Arrange handover of site to contractor.

LI Arrange site meetings.

LI Authenticate daily work records of materials, labour
and plant (only as required).

LI Maintain control of final costs, client's cash flow and
payments.

LI Prepare regular progress reports.

LI Issue interim certificates and variation orders and
expedite payments.

LI Issue certificate of practical completion at appropriate
time. 136



I DESIGNERS

architects, engineers, quantity surveyors and other
specialists

o Provide necessary detailed production information.

0 Review contractor's programme.

o Prepare programme for quality control, including
special tests.

o Make regular inspections and establish (if necessary)
site inspectorate.

LI Prepare periodical site reports.

LI Check drawings on-site in advance of work.

U Authenticate daily work records of materials, labour
and plant (only as required).

o Examine and adjust priced bill of quantities.

o Prepare valuations.

LI Inspect works prior to practical completion.

cONSTRUcTION TEAM

contractor or direct labour unit, subcontractors and sup-
pliers

o Check contract documents.

LI Appoint site staff and project workforce.

LI Appoint subcontractors and procure building ma-
terials.

O Prepare construction programme.

O Prepare materials, plant and manpower schedules.

o Prepare cash flow budget and forecast.

O Prepare site layout.

o Arrange contractor's insurance coverage.

LI Arrange production meetings.

o Direct and co-ordinate construction work, subcon-
tractors, and deliveries.

137 0 Collaborate in inspections prior to final completion.



PUBLIC AUTHORITIES

health boards, water boards, municipal authorities, fire
authorities, and any others

LI Make periodic checks that all statutory requirements
are being observed.

commissioning stage .

D

CLIENT

Approve works when ready for take-over.

0 Arrange insurance.

LI Collaborate in final inspection.

Eli Honour final certificate.

representatives of operational staff

o Take over works for occupation and operation.

o Receive operating manuals, as-built drawings, keys.

LI Undertake training of operating and maintenance per-
sonnel.

LI Report defects which require immediate action.

LI Keep record of defects occurring during "defects
liability period".

LI Assist in final inspection.

PROJECT MANAGEMENT TEAM

project manager and supporting services

LI Arrange hand-over meeting.

LI Maintain and co-ordinate progress of commission-
i ng.

LI Issue certificate of making good defects. 138



LI Issue certificate for release of residue of retention
fund.

LI Issue final certificate.

0 Prepare maintenance timetables and budget.

DESIGNERS

architects, engineers, quantity surveyors and other
specialists

LI Inspect construction works prior to practical com-
pletion; list outstanding works.

LI Take part in hand-over meeting.

LI Hand over operating manuals and as-built drawings.

LI Assist in training of operating and maintenance per-
sonnel.

LI Inspect construction works well before end of defects
liability period.

LI Prepare schedule of defects.

LI Prepare and agree final account.

LI Undertake final inspection.

CONSTRUCTION TEAM

contractor or direct labour unit, subcontractors and sup-
pliers

LI Provide client with records for as-built drawings.

LI Take part in hand-over meeting.

LI Hand over keys.

LI Assist in training of operating and maintenance per-
sonnel.

LI Complete outstanding works.

LI Start up and adjust mechanical and other systems.

LI Correct defects.

LI Prepare and agree final account.

139 LI Collaborate in inspections.



PUBLIC AUTHORITIES

D Certify that statutory requirements have been satis-
fied.

project administration

MANAGEMENT FUNCTIONS

El Steering committee: role and responsibilities.

El Work plan.

El Organisation chart.

El Staffing.

El Job specifications for responsible staff: duties, re-
sponsibilities and authority.

IPLANNING

El Time-schedules and resource plans.

El Degree of detailing during each stage.

El Planning methods.

El Responsibility for planning.

PROCUREMENT

El Procurement during each stage.

El Use of client's own resources.

El Procurement methods.

El Forms of agreement.

El Forms of payment.

CONTROL

control of work progress

Control methods.

Frequency of checks. 140



LI Responsibility for control.

quality control

LI Control plan.

o Instructions and variation orders.

LI Inspections.

financial

o Estimates and required accuracy.

0 Accounting plan.

o Project budget.

LI Cost control procedures.

LI Payment procedures and cash flow.

0 Valuations.

o Certificates.

ICOMMUNICATION AND REPORTING

meetings

LI Titles and purposes of meetings.

LI Participants, chairman and secretary.

LI Matters for discussion, standard agenda.

o Frequency, suitable days and places.

LI Distribution and follow-up of minutes.

LI Forms for requests for attendance, and minutes.

contacts with authorities

0 List of authorities and topics.

o Routines for processing matters.

LI Checklist for applications to authorities.

reports

LI Nature.

o Contents.

LI Frequency.

o Author, distribution.

registration, filing and distribution of documents

141 LI List of documents.



El Numbering system.

El Registration.

El Project records.

El Distribution lists.

El Bills of delivery.

El Address list.

El Incoming, registration and distribution stamps.

El Forms.

drawings

El Scales.

El Formats.

El Layout of drawings.

El Numbering, title block.

El Classification.

El Filing.

El Registration, drawing list, distribution list, bill of deliv-
ery.

El Copying, colours, folding, number of copies.

El Extra copy orders.

El Key drawings.

El Record ("as-made") drawings.

142



SPECIMEN JOB
FOR PROJECT

DESCRIPTION B

MANAGER

ORGANISATIONAL STATUS

The project manager reports directly to the client or to
the project committee appointed by the client and is
responsible for planning, directing and controlling the
project.

IDUTIES AND RESPONSIBILITIES

The duties of the project manager are—

U to establish relationships between all parties involved
in the project;

o to obtain the necessary resources to carry out the
r -

0 to organise, instruct and supervise subordinate per-
sonnel;

U to make all necessary contacts with statutory auth-
orities (including both inspecting and permit-
granting authorities);

o to inform subordinate personnel about decisions
taken;

U to set up and periodically review budgets for the pro-
ject;

O to ensure that cost control takes place in conformity
with established routines;

o to set up and periodically review time-schedules and
resource plans for the project;

o to recommend suitable briefing design and contract
143 procedures;



D to advise on the appointment of suitable consultants,
suppliers and contractors.

E to ensure that insurances and securities are adequate
and in force at all times;

D to brief the co-ordinating committee (if any) and seek
its advice when necessary;

EIJ to convene and chair project meetings, and ensure
that accurate minutes are kept and distributed to all
interested parties;

El to supervise the construction and defects liability
period;

o to prepare periodic reports for the client on progress,
cost and quality of work;

0 to expedite contract payments.

AUTHORITY

The project manager is authorised—

0 to use funds, personnel and other resources subject to
budgets and plans approved by the client;

D to lead project personnel and set work targets for
them;

LII to make decisions regarding variations to contracts
within limits approved by the client;

El to certify costs arising within the project;
0 to represent the client in relations with ministries,

consultants, contractors and suppliers.
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GLOSSARY C

1 Accumulated payments

The running total of payments which have been made by
the client.

I Approvals

An acceptance by local, statutory authorities that
the proposed construction project conforms to the regu-
lations of those authorities.

I Bill of quantities, approximate

An interim form of "bill of quantities", used to cost outline
designs, which uses approximate quantities.

I Bill of quantities, full

A document prepared from complete production infor-
mation which states the quantities of, and describes in
detail, all the building materials and components re-
q u i red.

Briefing stage

The initial stage in the construction process when a gen-
eral outline of requirements is prepared to provide the
client with proposals and recommendations, in order that
he may determine the form in which the project is to
proceed.

I Briefing team

The team of users, designers and specialists, and in some
cases the contractors and suppliers, involved during the

145 briefing stage of the project.



I Builder

See Constructor.

I Capital projects

Projects that require capital investment.

I Cash flow

The flow of cash funds to make the necessary cash pay-
ments during the course of a project, together with all
cash received.

Certificate, final

A form which sets down the amount outstanding (includ-
ing retention monies) to be paid to the contractor by the
client after the final account has been agreed and any
defects in materials or workmanship arising out of the
works, which have emerged during the defects liability
period, have been rectified.

Certificate, interim

A form which sets down the amount to be paid to the
contractor by the client for work done during a specific
period, usually one month. The certified amount is the
result of subtracting the retention money from the valua-
tion.

Certificate of practical completion

A form which, after a satisfactory inspection at the end of
the construction phase, is issued to certify that the work
has been completed. Once it has been issued, the client
pays the contractor a part (usually half) of the retention
money. The defect liability period then commences.

I Chainage

The distance from some fixed reference point along a
road or survey line.

Clerk of works

On large and many medium-sized construction projects,
it is common to have a clerk of works as the resident 146



superintendent of the works. He is responsible for check-
ing the quality of the construction work. He may be
employed either by the designer on behalf of the client, or
directly by the client. In either case he is part of the project
management team.

Client

The agency or individual requiring the construction pro-
ject. Where the government sponsors a project, the client
is usually one of its ministries.

Commissioning team

The team of users, designers, specialists, contractors and
suppliers involved during the commissioning stage.

I Competitive tendering

A form of tendering where invitations to submit a price
for the construction of a project are sent to contractors.
Stringent rules are usually attached to the related admin-
istrative procedures.

Construction team

The team of users, designers, specialists, contractors and
suppliers involved during the construction stage.

Consultant

One who provides professional or expert advice.

Contract

An agreement between two or more parties.

Contract, conditions of

Any condition or prerequisite written into a contract set-
ting out the obligations, rights and liabilities of the parties
to the contract.

Contract period

The time stated in the contract for completing the con-
147 struction work.



JContract, standard form of

Standardised conditions, arrangement and layout of con-
tract documents which are generally used and ac-
cepted.

Constructor/builder

The person or private organisation (usually a contractor
or direct labour force) responsible for the site construc-
tion work.

I Contingencies

Allowances for costs resulting from unforeseen circum-
stances.

I Co-ordinating committee

See Steering committee.

Cost

To the client, the cost is the price he pays the builder. To
the builder, it is the price he pays for the resources used in
executing the project.

Cost control

Active measures to ensure that the costs of the construc-
tion project do not exceed the project budget.

Cost diary

A record of events which have influenced project
costs.

Cost forecast

An estimate of the probable final costs of the project.

Cost plus fee

A fee which includes an additional payment based on a
percentage of the verified costs for a project. 148



Cost reimbursement contract

A form of contract in which the contractor or consultant is
paid for those costs that he can show have been incurred,
plus a previously agreed additional fee.

Defects liability period or maintenance period

A period following the completion of the project, during
which the contractor is responsible for remedying any
defects in workmanship or materials which may
emerge.

(Department/room data programme

A schedule outlining the functions and floor space re-
quirements of each department or room in a building.

I Design-and-construct company

A firm which undertakes the design and construction of
projects, i.e. providing a single source of responsibility.
Sometimes called a "package deal" or "turnkey" com-
pany.

I Design(ing) team

The group responsible for design of the project, ranging in
size from a single architect to a number of professionals
drawn from various disciplines.

Divided contract

A contract for which separate contractors are appointed
for different parts of the project, such as earthworks or
foundations.

I Feasibility study

A detailed investigation and analysis, conducted to deter-
mine the financial, technical or other advisability of a
proposed project.

Final account

A summary of the final construction cost of the project to
149 the client, excluding fees and interest charges. This



account includes the cost of savings, and of any variations
to the contract documents or alterations to provisional or
prime cost items.

Final Certificate

See Certificate, final.

Final cost (or price)

The actual cost or price of the project to the client,
including construction, consultants' fees, fitting-out, mov-
ing and occupational expenses, interest on monies, sal-
aries and overheads of client staff.

Fixed price contract

A contract defining precisely the consultant's or contrac-
tor's tasks and for which a fixed price or fee, irrespective
of external variations, has been negotiated.

Funds

Monetary reserves for undertaking the project.

Index costs

Index-linked allowances for costs due to price escalation
caused by general inflation during the course of the pro-
ject, as represented by some objective indices.

Infrastructure

The roads, sanitation, communications and water and
power supplies necessary to support community life.

Instructions

Directives issued to the contractor during the construc-
tion phase of a project and resulting from variations to, or
amplification of, the information contained in the contract
documents.

Interim valuation

An estimate of the value of the construction work com-
pleted. 150



(In

A

voi

bill

ce

for goods or services delivered.

I Liquidated damages

A sum specified in the contract to be paid to the client by
the contractor if he fails to complete the works within the
specified time. This sum is intended to compensate the
client for damages suffered; it is not a penalty.

Lump sum

A fixed amount payment.

(Minutes

A brief summary of the proposals and decisions made at a
meeting, and the action to be taken.

(Negotiated contract

A form of contract where a price for the construction
works is negotiated by the client with a contractor.

(Nominated subcontractor/supplier

Subcontractors or suppliers selected before appointment
of the main contractor, or who may be so selected.

I Operational estimate

A form of cost estimate based on a detailed operational
plan of the construction works.

(Owner

Another name for the client, usual in North American
terminology.

(Parastatal

Refers to a publicly owned but independent organisation
151 or company.



Payment report

A report summarising the payments which have been
made, and the present financial status of the projects with
regard to the project budget.

Periodic cost forecast

An estimate of current and estimated future costs, drawn
up periodically.

Prime cost items

Items of work included in bills of quantities or schedules of
rates, against which a price has been placed prior to ten-
der. These usually refer to items to be undertaken by
subcontractors or provided by suppliers who have been
selected, or nominated, by the client prior to tender.

Procurement

The acquisition of any kind of external resources needed
to carry out the whole or part of a construction pro-
ject.

Production information

Drawings, specifications, schedules and bills of quantities
prepared by the design team and describing what has to
be constructed.

I Project budget

The sum established by the client as being available for the
entire project, including land acquisition, construction,
equipment, professional services, interest and contin-
gencies.

JErQject management

The process of planning, executing and controlling a pro-
ject from start to finish in a given time, at a given cost, for a
given end product, using available human and technical
resources. 152



I Project management team

The team of specialists, such as planners, administrators
and supervisors, working under the direction of a project
manager, which is responsible for managing the pro-
ject.

manager

The person with authority and responsibility to manage
the project according to his terms of reference.

Provisional items

Items of work, usually given as provisional quantities or
provisional sums, included in tendering documents and
normally referring to items of work which may have to be
carried out as part of the project but which cannot
be determined with certainty before the work com-
mences.

I Quality control

Activities and methods aiming at ensuring that materials,
methods, workmanship and the completed project will
meet the stated requirements.

I Quantity surveyor

One who estimates the amount and cost of materials and
labour required for the construction of a building, and
advises the client on cost matters.

Resident architect/engineer

A person often employed on large construction projects
as the site representative of the architect, engineer or
client.

J Resource plan

A plan which summarises the availability and allocation of
resources, and enables their effective scheduling.

Retention money

The money subtracted from the valuation of the work
153 completed by the main contractor and subcontractors,



and held by the client to cover the costs of remedying any
defects in materials or workmanship.

Scale of fees

Approved graduated payments for various valuations of
work undertaken by specialists, and published by pro-
fessional bodies as a basis for ensuring quality of ser-
vice.

Schedule of payments/rates

An alternative method to payment by valuation of work
done. The number and value of payments are usually
agreed before the construction work commences.

Sketch plans

Drawings, often free-hand, to determine the general
approach to the layout, design and construction of a
building.

I Specification

A comprehensive description and explanation of the pro-
ject, its components and materials and the required stan-
dard of workmanship.

Steering committee

An ad hoc committee which may be established by the
client to direct the work and activities of the project
manager.

Target cost contract

A contract in which the difference between the project's
estimated cost, the target and the actual cost is shared by
the client and the contractor.

Tender

An offer made by a contractor to complete the site con-
struction work, as described in the contract documents,
for a specified sum of money. 154



Tender documents

The set of documents on which the tenders are to be
based and which are sent to the would-be tenderers. The
documents usually include the project description, speci-
fications, bills of quantities, plans and elevations and
working drawings.

Tenderers

Those parties submitting replies to the invitation to ten-
der, regarding their price and conditions.

Time plan/schedule

A time-based plan of the workto be undertaken indicating
the respective order, and time for start and finish, of the
activities in the project.

Two-stage tendering

A form of tendering used when the early selection of a
contractor is desirable and an approximate bill of quan-
tities is taken as the basis for price negotiations.

Type designs/drawings

Standard design proposals to a particular type of building
or parts of a building.

Variations

Additions to or subtractions from the production infor-
mation after the contract between the client and contrac-
tor has been signed. The additional or reduced costs of
these variations are negotiated with the contractor either
by the client himself or by the consultants.

Work plan

A statement indicating the sequence of work which has to
155 be undertaken, by whom, and its appropriate timing.



Working drawings

Drawings intended for use by the contractor or subcon-
tractor, which form part of the contract documents and
provide all the necessary detailed information for site
construction. Also known as production drawings.
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