B Loughborough
University

This item is held in Loughborough University’s Institutional Repository
(https://dspace.lboro.ac.uk/) and was harvested from the British Library’s
EThOS service (http://www.ethos.bl.uk/). It is made available under the
following Creative Commons Licence conditions.

@creative
ommon

COMMONS D EE D

Attribution-NonCommercial-NoDerivs 2.5
You are free:
» to copy, distribute, display, and perform the worl

Under the following conditions:

Attribution. vou must attribute the work in the manner specified by
the authar or licensar,

Noncommercial. vou may not use this work for commmercial purposes.

Mo Derivative Works. vYou rnay not alter, transform, or build upon
this work,

« For any reuse or distribution, vou must make clear to others the license terms of
this work.

o Any of these conditions can be waived if you get permission from the copyright
holder.

Your fair use and other rights are in no way affected by the above.

This is a human-readable summary of the Legal Code (the full license).

Disclaimer £

For the full text of this licence, please go to:
http://creativecommons.org/licenses/by-nc-nd/2.5/




CONSTRUCTION CONTRACT INFORMATION
MANAGEMENT: AN INTEGRATED SYSTEMS APPROACH

A Thesis submitted in partial fulfilment
of the requirements for the award of
the Degree of

DOCTOR OF PHILOSOPHY

by

ISSAKA, E. NDEKUGRI B.Sc. (University
of Science and Technology, Ghana), M.Sc.

(Loughborough University of Technology)

SUPERVISOR: PROFESSOR RONALD McCAFFER
B.S¢., Ph.D., C.Fng., MICFE, MCIOB.

Department of Civil Engineering
Loughborough University of Technology

Loughborough 3

»

¥

APRIL, 1986 o

@ by ISSAKA E. NDEKUGRI



(11)

DEDICATION

This Thesis is dedicated to the memory of

James Marshall Ramsey, great teacher and greater friend.



(111)

ORTGINALITY

All the work presented in this thesis has been

carried out by the author except where acknowledged,
and has not previously been presented for a degree at

any institution.



(iv)

ACKNOWLEDGEMENTS

This research was inspired by Professor McCaffer's
long-standing keen interest in total integration of
construction contract management information. Not only
did he help with arranging contacts with the construction
industry and obtaining funds, but he also offered invaluable
advice throughout the research and in the writing up of
this thesis.

CAMIC Ltd provided funding for part of the research
and contributed immensely to the research by bringing
contractors to evaluate the software developed through the
research. Through CAMIC many contractors made their
experience, expertise and methods of operating available
to me. John Walkerdine & Son and the Gilbert Ash Group
were particularly helpful,

Professor Pickford, Head of Department, was very

kind in making departmental funds available when it was needed.

Mrs. Ayebo has been most encouraging and supportive
throughout the entire research. She not oniy provided
'tuon zafi' (a Ghanaian dish) to keep the spirits high on

a reqular basis but also supported me financially on count-
less occasions.

Some of my colleagues as well as some members of the
academic staff kindly shared their experiences and expertise
with me whilst all the administrative staff were eager to
help my research in whatever way they could. I must mention
Mrs. June Robson, my supervisor's secretary.

Mrs. Movva Brooks: she typed (re-typed) the thesis

with great patience, enthusiasm and cordiality.

To all, thanks.



ABSTRACT

Even by 1980 it was observed that software for
construction management comprised many independent packages
with different programming languages and hardwdre. By and
large, not only were these packages stand alone systems but
they were also not suitable for their individual functions.
Not only do construction projects increase in complexity
but competition and volatile markets also generate pressures
for better management and that requires integrated and
effective systems.

The hypothesis 0of this research has been that computer
technology and systems concepts can be used to develop the
necessary tools that will make integration possible and

effective., To that end, the following research has been

undertaken:

* an investigation of the causes of the lack of
inteagration,

* a survey of the operations of the management
functions,

* the specification, development and testing of a

computer-based system called PLUS VAL to demon-
strate the viability of integration,

* an assessment of PLUS VAL.

Causes of lack of integration revealed include:
* segregated education, training and working of
functional groups,
* development of software by people without the

relevant expertise,



* inadequate research and failure to apply research

findings due to the structure of the construction

industry.

A survey O0f the operations showed:
* the various methods of carrying them out,
* the flow of data among them,

* their interdependencies.

The major features of PLUS VAL are:
* it assists valuations, purchasing management
and cost control,

* it can be linked to estimating, planning and
accountina,

* it allows quick access to contract information.

Its assessment which involved demonstrating it to and
interviewing potential users, and comparisons with similar
packages commercially available showed that:
* Tt provides all the facilities that the users wanted .
* Tt covers all the methods of operations of companies
contacted .
* It is more comprehensive than those surveyed -
* Integration 1is possible and provides such benefits
as:
. reduced costs of data capture,
. better use of computer storage,
. reduced turn around times of data processing,

. increased data consistency.



The results of the research show that the application
of computer technology and systems concepts can produce

effective integrated systems which not only assists

contractors in carrying out their obligations but also

provide reliable information for decision-making.
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CHAPTER ONE

INTRODUCTION

This Chapter contains:

* a description of the background to the research,

* the justification of the need for the research,

* a summary of the research undertaken and its
main conclusions,

* a guide to this thesis

1.1 THE NATURE OF CONTRACTORS® OPERATIONS

The following functions are identifiable in

the management of contracting organisations:

* Fstimating,
* Planning,

* Cashflow Forecasting
* Valuations,

* Cost Control,

* Flant Management,

* Accounting (general and payroll).

An examination of the operations of these manage-
ment functions reveals the following common tasks:
* the storage and retrieval of large volumes of

data and information,
* a high degree of repetition of many types of

calculations,
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* the preparation and printing of numerous reports.

These common tasks make the operations of contractors prime

candidates for computerisation fog’according to

McCaffer (3), they are the tasks for which computers

are best suited.

THE USE OF COMPUTERS IN CONSTRUCTION CONTRACT
MANAGEMENT

Surveys (4) reported in 1980 showed that most

of the computer programs available covered the

following areas:

* Estimating

* Planning/Network Analysis,
* Cashflow Forecasting,

* Valuations,

* Accounting,

* Fayroll,

* Plant control,

* Costing.

Most of these packages were implemented on main-
frame computers and/or minicomputers with their
use being limited to the larger construction
companies which could afford their prices of the
costs of developing them.

New additional areas of application include

(6 )¢

* Cost Control,




* Taking off Quantities,

* Management Accounting-

and a lot more software packages are available on

microcomputers. Even though some 0f the smaller
firms now also use computers,only 17% of the 88,000
construction establishments in Europe use computers

to any degree (6).

1,3 SHORTCOMINGS OF THE SOFTWARE

The main shortcomings of the software are:

* they are not suitable for their individual

functions:

* they are not integrated.

1.3.1 LACK OF SUITABILITY FOR FUNCTIONS

One of the reasons why Baldwin (46) designed
a computer-based system for estimating between 1979
and 1982 was that none of the systems then available
for estimating adequately reflected the manner in
which estimators worked. Harrison (26) writes that
some of the systems produce piles and piles of
data printout and very little information for manage-
ment,

According to McCaffer and Sher (2) most of the

estimating systems available in 1979 had been
developed by the larger construction companies. FEven

now the most cursory examination of any directory
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of construction management software will show that
many of them are owned by the larger companies. AsS
systems developed by individual companies are likely
to be tied to their own operational methods, they
may not be of universal applicability. This 1is
supported by Gobourne (160) who writes that the
operations of the management functions vary from
company to company and that even within the same
company they could vary from year to year and from

project to project.

LACK OF INTEGRATION

By and large, the software in existenc~ are
independent systems in the sense that they do not
share common data files or pass data amongst them-
selves (4). In computer jargon they are said to
stand along (39). This lack of integration 1is as
surprising as it is undesirable, considering the
inter~related nature of the individual functions
they support. For instance, the construction program
of a project has a great influence on the estimate of
costs as well as its cashflow forecast whilst the
basis of any effective cost control must be the
figures which are prepared by the estimator before
submitting the tender (177). Unintegrated systems are
undesirable for they suffer from the following dis-
advantages which are discussed in detail in Chapter

12:
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* costly data capture,
* long turn around times,

* poor management of computer resources,

* inconsistency,

* inflexibility.

Geary (1) and McCaffer (3) advise that this

'piece meal' approach be abandoned for total systems.

NEW DEMANDS

Apart from the disadvantages of stand alone
systems changes in the nature of projects have
created a demand for integrated software.

According to Morris (22), increasing size and
complexity of projects also accompanied by increas-
ing competition and volatility of markets and other
environmental factors have generated demands for
more efficient management of construction projects
in the 1980's. This implies a demand for effective
and integrated contract management information
systems for Harrison (26) writes that a key
prerequisite for effective management of projects
is the availability and use of such systems.

The 1980's have also been characterized by
improvements in hardware and systems development
techniques. These improvements are discussed in

some detail in Chapter 2.



1.4  HYPOTHESIS AND JUSTIFICATION FOR THE RESEARCH

Arising from the background described the
hypothesis that computer technology and systems
concepts can be used to develop the necessary tools
that will produce the effective and integrated

systems needed was formulated. The justification

for this stem from the following:
* there is an established need for more effective

integrated systems anda lack of software to meet

this established need:

* computer technology has improved a great deal

in recent years;

* falling prices of hardware may make the proposition

viable.

1.5 THE RESEARCH UNDERTAKEN

With a view to verifying the hypothesis the

following investigative research, software development and

testing were undertaken:

* an investigation of the possible causes of the
lack of integration and their significance for
success in integration,

* a survey of the operations of the management
functions of cqnstruction companies,

* the specification, design, development and test-
ing of a computer-based system called PLUS VAL,

* an assessment of PLUS VAL.



A research team under the leadership of

Professor Ronald McCaffer in the Civil Engineering Depart-
ment of the Loughborough University of Technology

had produced a computer-aided estimating system

called INTEREST which, not only meets the require-

ments of most estimators, but also makes provisions
for total integration of contract information (46).

Ndekugri and McCaffer (5) write that a computer-

aided valuations system is a logical follow-On to

such systems. For that reason and also because the

valuations function can provide data to other

functions such as cost control and accounting it

was decided that the system should address itself

mainly to the valuations function and hence the

name for PLUS VAL (INTEREST plus valuations).
Sub-systems for cashflow forecasting (named

CAFLARR but now called PLUS CASH (to indicate INTEREST

plus cashflow) (24) and, time analysis and resource

balancing (TIANAREBA) (25) have also been developed

to link to INTEREST.
The research involved the undertaking of the

following tasks:

ti) The structure and nature of the construction

industry were studied.

(ii) General organisational theory was studied.

(iii) A literature survey of typical organisation
structures existing in construétion firms was

undertaken.



(iv) A review of how organisations in general
assimilate Electronic Data Processing
(EDP) was carried out.
(v) Based on the findings of the work already
mentioned a suitable methodology was designed

to govern the development of PLUS VAL.

(vi) The procedures and processes involved in
carrying out the operations of the various
functions were studied. Particular emphasis

was placed on valuations, purchasing manage-

ment and cost control.

(viz) The interrationships, interdependencies and
the flow of data among the functions were
analysed.

(viii) From the results and findings of the work

mentioned so far the specification for PLUS VAL

was drawn up.
(ix) PLUS VAL was designed and developed.
(x) The System was tested by checking that
* the arithmetical calculations were correct

* the tasks were being carried out according

to the specification and the design

* the System as a whole is acceptable to its

intended users.
(xi) The system was assessed by:
* comparing it against its specification
(testing the system as a bléck box) ,
* inviting feedback from individuals and

firms to which demonstrations of the
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System had been given,

* comparing it against the findings of a

survey of similar software currently

available commercially.

(xii) Possible enhancements to the System and of

desirable additional work were examined.

MAIN FINDINGS

The main findings of the research carried out

are summarized below.

LACK OF INTEGRATION

The causes 0f the lack of integration are:
* technical limitations such as:

. lnadequate memory and speed of micro hardware,

. cost and lack of transportability of mainframe

computers;

* segregated education, training and experiential
exposure of the functional groups involved in
construction work leading to professional
divisions and rivalries;

* development of software by people who do not
possess the relevant expertise; \

* jinadequate research and/or failure to apply
research findings due to the following
attributes of the construction iﬁdustry:

. competitive bidding,

. Size and number of firms,
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. fragmentation,
. conservatism,

. Preponderance in management of people from

trades' backgrounds.

The significance of these causes 1s that

developers of software for construction management

should:

* select systems analysts who have adequate under-
standing of construction management;

* adopt systems development methodologies which
reflect the ill-defined nature of the problems
as well as the diversity of operational methods

employed in the industry.

THE OPERATIONS OF THE MANAGEMENT FUNCTIONS

The main findings are as follows:

(i) The methods of carrying out the various
functions vary from firm to firm and from
project to project.

(ii) In many cases the operations of the management
functions share common sources of data and
provide data to each other.

(iii) In practice the effort required to carry out
the manipulations and transfers of data
necessary for integration 1s great.

(iv) The valuations function 1is important for the

following reasons:
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* it controls the firm's cashflow,

* it provides data for financial accounting

information,.

* it provide data for management accounting:

(v) Valuations can be grouped into six major

headings:

*

X

*

valuations by direct reference to the Bill

of Quantities (BOQ),
valuations of dayworks,
valuations of claims,

valuations of unfixed materials,

calculation of price fluctuation adjustment,

calculation of retention.

(vi) Valuation of work in the BOQ,

involves the determination of:

*

*

*

dimensions covering Bill items

quantities, values, percentages of:

. Bill items,
. portions of the BOQ,
. Pages of the BOQ,

. sections of the BOQ completed.

quantities, values, percentages of activities

completed.

THE REQUIREMENTS FOR EFFECTIVE INTEGRATION

The requirements are:

x

the establishment of a suitable Work Break-

down Structure (WBS)
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* the WBS 1s simple, and is understood and accepted

by all participants
* a reasonable number of work packages (about
15 1s the recommended range)

* all project functions use the same WBS

* consistent data for all functions.

1.6.4 SYSTEM'S SPECIFICATION

The main features of the Systems Specification

ares

(1) The System should provide facilities which

assist the carrying out of the following

functions:
* external valuations,
* internal valuations,

* the provision of information for the

control of materials, purchasing and

sub-contractors,

* the provision of yardsticks of earnings
against which corresponding costs
incurred or accruing may be compared,

* integration of project information.

(ii) The interface between the user and the
computer should be acceptable.
(1ii) 19 reports were identified as belng necessary
for carrying out the functions listed under
(i) above. The system should be able to

prepare and print them.
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(iv) Desirable features of input include:

* data entry by QWERTY Keyboard,

* free format entry of data,

* minimum data entry,

* simplicity of data entry procedures,
* all variable data to be verified and

confirmed.

(v) The System should store 15 types of contract

information identified as being necessary

to produce the required reports.

1.6.5 SYSTEM'S DESCRIPTION

The main practical achievement of the research

is the specification, design and development of
PLUS VAL which is essentially a computer-based

system for assisting valuations (internal and
external), purchasing management and cost control.
PLUS VAL is capable of being implemented as a stand
alone system or as a link to software for the other
management functions,

PLUS VAL is written in ANSI FORTRAN 77 and is
implemented on a PRIME 750 computer of the
Loughborough University of Technology. It comprises

17,000 of FORTRAN statements and its compiled

version takes 245 K of storage.
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1.6.6 TESTING OF THE SYSTEM

The System was tested by the author during
its development and by an M.Sc (construction) student

for four months. The testing showed that :

* all calculations were carried out correctly,

* the system complied with its specification.

1.6.7 ASSESSMENT OF THE SYSTEM

The following types of assessments were

carried out:

* a comparison of the System with its specification,
* monitoring of feedback from demonstrations of

the system to potential users,

* a comparison of the System with similar systems

commercially available,

The assessments showed that PLUS VAL:

* provides all the facilities for valuations,
materials control and the control of sub-
contractors that the potential users wanted;

* covers all the methods of operations of

companies contacted;

* ijs more comprehensive than any of the

packages surveyed;
* achieves integration of estimating, valuations,

purchasing management and cost control.
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1,6.8 INTEGRATION OF CONTRACT INFORMATION

The following features of PLUS VAL demon-

strates that integration of contract information

is possible:

* the System has one each of the following
which are used by the estimating, valuations,

purchasing and cost control functions:

. the BOQ,

. the Bill items' build-ups file,
. the resources' file,

. the activities file,

. the work packages file.

The use of common work packages means the functions use

the same WBS.
* The valuations function builds up activities

which are needed by the planning and cashflow

functions

* The valuations function proéides the stages of
completion of the various activities which are
required by the planning and cashflow functions

to update programs and cashflow forecasts

* The valuations function uses data provided
by estimating to produce earnings of work
packages against which actual costs collected
along work packages may be compared by the cost
control function. .

* The materials control part of PLUS VAL provides
all the data required by the accounts division

to settle the payments of materials' suppliers,
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* the valuations and estimating functions provide
the information on wastage of materials needed

by the cost control function.

1.6.9 THE SIGNIFICANCE OF THE RESEARCH

The research undertaken has produced a System

which:

* integrates estimating, wvaluations, purchasing

management and cost control;

* provides a framework for integration with the
operations of the other management functions;

* gatisfies the requirements of its intended
users contacted:;

* is more comprehensive than any of the similar
packages surveyed;

* has tremendous potential for commercial viability.

The System amplv demonstrates that computer
technology and systems concepts can be used to
produce the effective integrated management infor-
mation systems which a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>