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CHAPTER I 

INTRODUCTION
1.1 GENERAL

The Construction Industry accounts for about half the annual 
fixed investment of the country, hence their national productivity 
is a key factor in raising annual efficiency® During recent years 
the importance of achieving productivity in the Building Industry 
has been frequently referred to in the technical press and also at 
public meetings® Research into the construction industry is being 
conducted by several research organisations and in the universities*
A research team sponsored by the Department of Scientific and 
Industrial Research (now Ministry of Technology) is working in close 
collaboration with several Professors at The Manchester College of 
Science and Technology to look into the Structure and Economy of the 
Building Industry (SAB*!*)® Among other Government sponsored 
organisations conducting research into the building industry are 
B®R„S. and NoBJU

The magnitude of the industry and its significance to the 
National Economy is Illustrated by the fact that nearly if million 
operatives were employed by the building industry and the value of 
output exceeded &3&J4 million in 196^*

The output of the construction industry has increased by 6l*4$ 
since 1958(in the last 6 years}* To keep up with this the construction 
industry is faced with an enormous and challenging task®



A study carried out by the National Economic Development 
Council estimated the demand figures for 1964 and 1966 (the Study 
report was published in 1964). They estimated that if the estimated 
output of 1966 has to be met* the output must increase by 2i$ over 
the level of 1963o The labour force must be increased by 8JS over
the level of 1963® The required increase in labour productivity will

be about 15^® Most of the increases in labour should consist of 
craftsmen and should include a high proportion of skilled men.

If output through improvements in productivity is to increase 
more rapidly than in the past* changes which have been taking place 
over a number of years will have to be accelerated® These changes 
should be in the following four directions.

1) Improvements in the organisation of demand.
2) Improvements in management techniques.
3) further mechanisation and introduction of new techniques.

4) Increase in research into operational methods and in 
the quicker dissemination of research results and 

information.
The complexity has increased in the construction Industacy* 

as more of the professions and specialists are involved. *«v* * 

(S.B.B.I. Table).
The whole process of building from conception to completion 

can be broken down into the following phases^
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Phase 1 ™ Client deciding to build®
Phase 2 - Client consulting Architect or Building Team 

Sponsors
Phase 3 Architect investigating and preparing the brief0
Phase 4 «* Preparing and getting Client9s acceptance of

Sketch plans.
Phase 5 m Preparation of the Bills of Quantities and making 

the Contract Document®
Phase 6 ™ Selection of Main Contractor®
Phase 7 - Selection of Subcontractor and setting up a

complete construction team.
Phase 8 ~ Construction to completion. The complete activity 

on the site®
Phase 9 m Handing over and settling Pinal Account#
Thus these nine phases in the building process consist of 

three main stages§~
1) Brief and Design Stage®
2) Construction Planning Stage®
3) Actual Construction Stage®
It is felt that there is scope for improvement in management 

techniques at every level of th© building process* particularly in 
the actual construction stage® A building site with good organisation* 
good equipment and effective oommmication system may still be inefficient* 
because it does not make effective use of its resources* i®e® due to 
lack of operational control® This is obtained by efficient decision
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making by those who manage the operations* particularly the full-time 
Site Manager®

Study of the effective utilisation of economic resources is 
a well-established domain of interest to the sub-group in economics 
which concerns itself with Micro-Economics and Econometrics. 
Concurrent with this development there has been another which deals 
with the broader class of resources and consequently with a wider 
variety of organisational decision problems. This broader inter­
disciplinary approach to Operational Control is called Operations 
Research.

The essential characteristics of this interdisciplinary 
activity lies in its methodology. Out of the study and analysis 
of operations it seeks to develop a measure of Performance ,P* of 
the system. It then seeks to develop a Model of the system in the 
form

P = f  (c± , u±)

where “ Management controls

Th s Aspects which are beyond management 
control

Unfortunately* in many cases* such a model of a system cannot 
be constructed because of lack of existing measure of performance* 
and lack of evaluating the “management control" factors. As a 
result such a model has to be based on observations* scientific 
analysis and intuition or subjective judgments.



By virtue of nonwrap©'tittv© characteristics of work at the
building site, the problems of managing i0eD planning, control and
co-ordinating of the work at the building site involves more complex
decision making mechanics© The management control factors are more
difficult to evaluate©

Techniques have been developed for planning and control of
building site operations and are already being used in some of the
more advanced and larger units of the industry© In a study carried

1out by A 0T© Pollock at The Manchester College of Science and 
Technology to find out the Applicability of Q©P©M© Techniques on the 
Building Site*, he found that only on one building site out of 
thirteen*, the network diagram was used all through the construction 
stage© Xn the remaining twelve sites , the network was given up

r;'
during the constxTOtion stage, and they reverted back to conventional 
Bar«ohartsp This was due to the fact tjaub at certain stages of the 
construct ion*, the original Network became so far out of the actual 
progress on the site*, that a new Network became e§ssentialP It is 
therefore necessary to study the management control functions before 
any of these sophisticated techniques are used on the site© This 
involves the study of problems at the site*, their priorities*, causes 
of delays, distribution of authorities at the site©

The logical plan would be to study the problems at the building 
site, where the work is actually being done© This above decision 
also dictates that in a study of this type, the site manager, who

A© T© Pollock « unpublished M©So© Thesis » Manchester College of 
Science and Technology©
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plays an extremely important role ©n the building site should be 
included,, His views and opinions ought to be ascertained and 
incorporated in a study of a model of the type mentioned above0

lo2 SURVEY OP PUBLISHED WORK
Considerable research has been done by professional and non- 

professional research organisations and individual research workers 
into the different facets of the Industry0 A detailed bibliography 
has been provided at the end0 A very brief resum® of the work which 
is relevant to this work is given belowQ

!I?he functions of the Site Manager on the building site have 
only recently become the object of systematic* study* and even£so* 
to a limited extentp In the X9bQ°s Pr0 Mejse Jacobsson was the first 
to make some fundamental researches in this field with the help of 
conventional work study techniques*

In the middle of the 1950°s in the United States of America* 
application began to be made of frequency study techniques with 
reference to observational work as such and which were particularly 
suited for the site manager0® highly diversified activities^

Q?h© first attempt to classify the tasks which site manager 
carry out* was made by Building Research Council of Sweden,, In their 
publication entitled functions of Supervisors in the Building Industry*1 
by Hans Wirdemus and Sterner Bonusjo they studied the work pattern of 
site managersp £he report contains a description of work sampling



methods as applicable to the building sites® They also give an analysis 
of the working requirements for constructional supervisors and also 
provide a basis for recruiting and training of site managers0 
Similar research was carried out by Raynaud® In his unpublished 
thesis entitled “Building Site Managers'® ho discusses the roles and 
responsibilities of the site managers in relation to the time he has 
to spend on various activities®

In a study carried out by the Institute of Builders*> they have 
discussed the need to improve the quality of site management® The 
report entitled "Construction Management in Building** Present and 
Future" was published in January 1965® The report seems to be more 
concerned with the contract management rather than with management 
on the site® This report appears to be biased because the responsi~ 
bilities which have been laid out for the sit© managers are based 
on the opinions expressed by the central management of the firms®
No attempt was made in this study to relate their findings with the 
actual 'conditions on the building site® No attempt was made to study

9
from the site managers point of viewp the relative importance of 
those aspects of his work which he sees as contributing most to an 
effective end result, neither have they tried to measure the distri^ 
bution of control between the sit© management and central manage^ 
mento

Research is also being conducted in B9&e3e to Study the 
decision ryfeas for more effective site control® The first attempt
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to use the concepts of operations research in the Building Industry 
was made by Tavistock Institute of Human Relations0 Their report 
entitled "Building Industry Communications Research Project^ Reali­
sation Report" was published in August 1965o In this report they 
have dealt with the general problems of communications in the 
Building Industry0 They have mad© an attempt to determine the nature 
of non-technical factors which determine the present division of 
responsibility between the roles of all those responsible for the 
building process and how it affects the overall performanceo They 
have discussed the effects of interdependanoe between the different 
members and the existing uncertainties in construction process on 
the design process in an attempt to devise decision rules for design 
methodso

In none of the above mentioned publications has any attempt 
been made to study an important organisational input into the industry 
which is the experience^ judgement, wisdom and the skill of the men 
who are in fact in charge of the construction process on site©

The importance of this particular organisational input in 
improving the overall performance of the industry was mentioned by 
Lickert Renats in his book "New Patterns of Management"© Professor 
R0 W0 Revana devised statistical methods for measuring these Inputs 
quantitatively in order to determine the causes of wastage in hospitals«
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lo3 OBJECTIVE
In this study which was carried out on projects which wer© 

also investigated hy DpS0I«R<> Research &roup, an attempt has been 
made

1) to develop the techniques of measuring the extent 
of site control of the building operations exercised by 
the full-time site manager*

2) to study one of the organisational inputs which is 
the escperienoe, judgement, wisdom and skill of the man
in charge on the building site in order to develop 
indices of performance* 
3) to devise m  indm  of operational control bused on 
the fluctuation in the labour force employed m  site* 

and to incorporate the Indices In a model of building sits1

activity with a view to studying the problems arising on the 
building sit© and make suitable recommendations*
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CHAPTER 2

This Chapter deals with the methods used in this Studyo 
The Study was cari'ied out in two distinct phases0 They are 
discussed below<>

2*1 Phase!
It was realised from the outset that any study which deals 

with the activities on the building site must he started with an 
intensive study of site© It was obvious that a research of this 
kind could not encompass the whole of the building process (9 
phases discussed in the previous chapter) from conception to 
completiono With this view in mind two firms were approached 
to seek their permission for such a study0 The two building 
sites were chosen because they offered the opportunity to do an 
intensive study of the construction operations going on on the 
site® Both the projects were fairly large (£!$: million and £Q®8 
million) and it was expected they would give quite an extensive 
picture of the activities on a building site®

As it was essential to get the permission of all the 
parties concerned, i®a® the Architect, Client, Main Contractor 
and the Quantity Surveyor, letters were written to them seeking 
their co-operation® This was done through the SPE®BPI0 Research 
Project®
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In undertaking the field work it was understood that contacts 
with all the persons and organisations were to be treated in the 
strictest confidence© It was made plain to the parties concerned 
that no information would be passed on to anyone else* even to 
the members of the same building team©

The response was very good and both the firms agreed to 
such an investigation being carried on their siteso Both firms 
accorded the author full access to all written records (including 
daily correspondence)© Permission was also given to sit in at any 
meetings and to be present during discussions between parties*

The intensive study was carried out in an attempt to get 
firsthand information of day to day problems, set backs, improvis­
ations, and solutions in the construction phase "as it was happening"© 

Throughout the study a diary of ©vents was kept, which recorded 
physical progress of the job, conversations with the personnel, and 
with the visiting consultants and subcontractors, details of 
correspondence and telephone calls to and from the site and the 
minutes of the site meetings© Interviews and discussions were held 
freely during the stay at the sites© Most members of the building 
teams were found to be eager to help whenever their collaboration 
was sought© Prequant visits were mad© to the Head Office, whenever 
it was found necessary to extract certain information© Among 
typical events that were observed were the daily state of work in 
progress, the arrival and departure of plant and equipment, the
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movement of labour and materialsp methods and decisions taken to 
overcome difficulties as they occurred In the course of the 
day’s worko

As it vms not possible to be present personally through 
the briefing stage9 information was collected wherever possible 
by looking through site records, correspondence, and by interviewing 
and discussing the points with persons who were involved In the 
briefing stag©0

Four* and two months were spent on the first and second 
sites respectivelyo Both were visited when work had already 
commencedo

Site Noo 1 was visited when work had already been In 
progress for one year*, The second site was visited when work had 
just commenced and the Main Contractors had spent about three 
months on the site* Xn both the detailed studies considerable 
time was spent with the Site Manager, to find out the process 
of decision making and the distribution of authorities a

These studies have been described in considerable detail 
in Chapter 3o Extracts from the diaries and correspondence have 
been given where it was considered relevant0 

2*2 Phase XIui—inm»i*wii|jtmifcnipim iiij i

When the first phase of the study was completed, the author 
decided to change from the M0Sc0 course to the Ph«Da coursea It 
was realised that the information which had been collected at this
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stage needed amplification over a larger sample* which would be more 
representative of the building site activities as a whole0

This was achieved with the help of the D0S0IoRo Research 
Project© Two factors were taken into account for the selection of 
Projects©

(1) Limiting the choice of projects to those due for 
completion in the latter months of 1964 or early months of 1965o

(2) Rejecting contracts of under £25p000 value©
It was decided to approach firms* asking them if they would 

©cooperate in the study* and requesting a list of projects conforming 
to sample control© Organisations ware to b© graded by siie and thus 
the approach was made through the regional offices of the Federation 
of Building Trades Employ©rs© Assistance from firms within the 
London Master Builders0 Association cam© by direct approach and 
through the good offices of the members of the Do8©I©R© Research 
Project© From the Southern Federation of Building Trades Employers 
the Research Director of D0S©X0R© Research Project arranged to 
speak to meetings of Local Associations and so solicit support©

It was clear that in the Public Authority building sector* 
particularly where samples of Oonsortium^built schools and housing 
were concerned* requests for similar lists from recommended 
authorities would probably lead more directly to suitable contracts© 
A parallel request was thus made with the advice from appropriate 
Ministries©



Altogether 1X8 replies were recorded* from which 
selections were made© It was realised that in order to carry 
out the study* the participation of all the parties concerned was 
essential© With this view in mind the principal parties were 
approached* to seek their permission and establish the final sample© 

This above sample* was also used for the Study C (Project 
Study) of the D0S0IoRo Research Project and 533 projects were 
listed© Table No© 1 gives distribution of projects by sisseo The 
Table also gives project reference numbers© Fig© 1 give a histo™ 
gram of distribution of projects by sise©

After the selection of the projects which were to be 
included in the Study* it was decided to visit these sites©

The Sites were divided into two groups© The first group 
consisted of 26 sites* out of the total number of 118 in the sample© 
The division was completely at random© This first group was chosen 
for the ranking study discussed in Chapter 5« Letters were written 
to the Architects and firms concerned seeking their permission for 
such a visit© The list of the 26 projects is given in Table No© 2 
It was made clear to them that these visits would last about two 
hours or in exceptional cases a little longer© It was also realised 
that the success of such visits would depend largely upon the volun­
tary co-operation of all grades of staff* mainly the Bite Manager and 
Project Manager* and upon a guarantee that the information offered 
was both confidential and anonymous* if so desired© Adequate 
attention was given to these points in the present study© A letter
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Size o f Project
^imu10, iMiitiiwmi m>wniini rraii M̂Mf w H irm ^irnniim  wn iiw nal^irw uw iii^M M ini'M W ii lirniTiriniiiii.W ii—T tm mr-rrnir>»

Project Refo No0 Total! 
Noo 1

£50,000

£50,000 to 
£150,000

P/301, P/281, P/67, P/372, P / W 8, 
P/510, P/518, P/443, P/531,

traiJi8ciO^OT»#>»rt»ffC^i^Bwn i m*  n,T>i*r,i m w caw w rtW iX -tw  *r»i»i \ «»tr*pfcnn*

P/80, p/356, P/8, p/229, P/l88, 
P/46, P/230, F/361, p/54, p/290, 
p/456, P/493, P/435, P/520, P/98, 
P/152, P/517, P/393, P/516, P/353, 
P/519, P/184, P/197, P/343, P/62, 
P/333, P/373, P/530, P/467 P/481, 
P/527, P/87, P/268, P/82, P/l7, 
P/16, P/101, P/2, P/232, P/487. 
P/288, P/521, P/364,

9

43

£150,000 to 
' £500,000

P/323, P/359, P/24, P/38, P/491, 
P/I83, P/369, P/212, P/14, P/44, 
P/170, P/205, P/36, P/42, P/7, 
P/526, P/166, P/484, P/209, P/529, 
P/392, P/81, P/329, P/328, P/384, 
P/122, P/207, P/221, P/l9, P/3, 
P/6, P/1,

32

£500,000 to 
£1,500,000

£1 ,500,00(^.

P/56, P/3550, P/334, P/11, P/28 
P/29, P/198, P/339, P/119,

P/294

9

1

wwWjyftiuKaia.i î iilii*.li iMpa,i

TOTAL n

TABLE I
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TABLE 2 Showing the Reference Numbers of Projects

participating in the different parts of the
Study

Projects which 
took part in 
the Ranking 
Analysis

Reference Numbers of the Projects Total Nqo 
of

Projects

P/301, R/281, P/205, P/405, P /l6 ,
P/17, P/44, P/372, P /3, P/166, P/294, 
P/56, P/356, P/369, P /8, p/4 3 5 , P/355o,
p/230, P/6, p /36, p/ao, p /229, p /323, 26

Projects taking 
part in 

analysis of 
response ©f 
Site Managers

P/56, P / l l ,  P/34, P/24, P/28, P/25, 
P/54, P /6, p/87, P/188, P/191, P /207, 
P/232, P/250, P/335, P/355, P/467, 
P/451, P/520, P/527, P/525, P/520, 
P/36, P/435, P/323, P/456, P/254, 
P/516, 28

Projects which 
took part in 
the ftludy of 
Labour return

P / l l ,  P/28, P/25, P/36, P/87, 
P/323, P/335, P/355, P/491, , 
P/516, P/517, P/520, P/527, P/528 14

TABLE 2



was written by the Director of the DoSoXoRo Research Project to 
each of these firms ©plaining the purpose of the study and to the 
Site Managerso The recipients were invited to talk in confidence 
about any matters which were concerned with the work situationo 
The persons to be interviewed were Sit© Managers, Project Managers 
and if possible some of the tradesforemenP

The purpose of the visits were as follows s**
(x) To get a picture of the Sit© organisations the

general outlook of the responsibilities and authority 
of the Site Managers e

(2) The age, qualifications and e&perlenoe of the full** 
time sit© supervisors©

(3) The position of the full-time site supervisors in 
the hierarchy of the firm, i©<3© how far he is removed 
from the Directors©

(4) A general picture of the type of activities being 
carried out on the sites and the major causes of 
delays 0

The Site Managers of these 26 sites ware invited to take 
part in the "oard game” described in Chapter 5 to estimate the 
ratings of the delegated site authority©

The interviews carried out on the sites were usually non® 
directive0 They were encouraged to give their opinions on a 
variety of matters dealing with building management© Each Bit© 
Manager was interviewed separately so that there was no danger of



- 18 -

his being influenced by his Head Office representative or by the 
Architects representative© The interviews usually started from 
the card game0 While they were sifting and sorting the cards they 
were encouraged to discuss their particular arrangements of cards© 
This inevitably resulted in spontaneous comments on the problems 
of site control and site management0 These interviews were used 
for the compilation of a questionnaire which was used for an atti™ 
tude analysis discussed in Chapter 7o Questionnaires were also 
designed for the developing of rating index of delegated site 
authority and index of exercised site authority© This is described 
in Chapter 6©

The remainder of the sites were invited to take part in the 
Attitude Analysis (Chapter 8) and questionnaires were sent to them 
for determining the different indices mentioned above© To make sure 
that these questionnaires were clear to the Site ManagerSj, it was 
decided to visit the sites© The rest of the sit© visits were mad© 
in conjunction with the 3)0S0IoB.0 Research Group© These visits were 
also used for getting the questionnaires of Study G of the DoS©X©R© 
project completed© The site visits were essential to find out if 
there were any particular points which otherwise would have been 
missed© The site visits obviously helped in increasing the parti­
cipation ratio© Out of 40 questionnaires sent for attitude analysis 
only 28 were completed and returned© Work was already completed on 
some of the sites and it became very difficult to locate the Site 
Managers to get the questionnaire filled in© The list of sites which
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completed the questionnaire for determining the indices of delegated 
and exercised sit© authority is given in T&bX© 2©

During these visits a "brief study of the type of programme 
used and how the programme was being following was discussedo

Figs© are given which show the distribution of Sit© Managers 
by age* experience and academic qualificationso

Twenty-eight projects were asked to give the weekly labour 
return figures which were used to develop an index of operational 
control of the building site and to find if there was any general 
pattern in labour utilisation* Only 14 sites could supply the 
information©

The Table No© 2 gives the reference numbers of the different 
projects which took part in the different studiesP

In general the methods used were intensive site invest!** 
gation studies, brief site visits9 Interviews and questionnaires© 
These were done in a logical sequence to utilise the information in 
a model of Building Site Activity©
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CASE STUDIES

3 ol Case Study A 
£en®ralg”

This is a large firm ©f Bsliding and Civil Engineering 
Contractorso The yearly turnover in recent years is of the 
order of <S8 milXiono The number of hourly paid operatives is 
more than l^OOOo

The minimum value of contracts undertaken is of the order 
of £10j,000o This sis© of project is usually taken for the sake 
of continuity of work0 In many cases these contracts are taken as 
a matter of policy9 where they expect to get some bigger contract 
in futureo The smaller contracts also give them an opportunity 
to train their sit© staffP There is no upper limit of contract 
sometimes only limited by the available resources0

The work done by the firm falls mainly under the following 
categoriesg~

(l) XNDUSTKXAL BUILDING- Factory buildings constitutes 
the major part*
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(2) OFFICE BUILDINGS - Mainly related to factory ’buildingss, 
also includes laboratories ©to0

(3) ”PRESTIGE8f BUILDINGS - which include diversity and 
other educational buildingso

The firm has five Directors© They are all executive directors 
and are in charge of the respective departmentSo The Chairman of 
the Board of Directors is not a working director© The organisation 
chart Figo 2 gives the duties and responsibilities of the working 
directorso

The Project Managers ware responsible for day to day running 
of site and co-ordinated the different service departments„ which 
include Buying^ Plantp Personnels Planning and Design and Stores©
This is one of the few building and civil engineering firms who had a 
Personnel Department© The Personnel department is headed by a 
Personnel Officer who is a member of Personnel Organisation©

The site was first visited in the second week of August., when 
the work was already in progress for about one year©

Preliminary discussions between the Client and the Architect 
took place in early I960© The proposed site was visited jointly by 
the Architect and ClientDs representatives© The Architect had begun 
to form ideas on the position and layout of the building© The
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important considerations that the designer had t© take into account 
wares*83

(1) The new building had to fit into the extension scheme 
©f the whole university campus0
(2) The building had to b© designed so that it provided 
for the extension of the building0
(3) The Architect had to take Into account the desigxi of 
the existing buildingso
The preliminary brief prepared by the Architect was accepted 

by the Client in early X9&U The Bill of Quantities was prepared by 
the Quantity Surveyor within two months 0

The site on which the investigation was carried out was 
part of a major educational development programme e The building 
consisted of three different functional blocks © The details of the 
buildings are as follows8̂

a) Superficial Area
b) Cubic Feet
0) Nqo of Stories

Over I503000 fto
Over 2^500p000 ©uQ ftp 

9

The Bchem© consisted of three blocks©
a) Black A
b) Block B 
e) Block Q

Nine stories

Single storey
Seven stories
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There were six staff members who represented the Main Contractor 
including the Site Agento The work ©n the site was distributed between 
them, and all were answerable to the Site Agent0 In addition to these 
were the representatives of the Sub^contraotors and the Specialist 
Consultants,, The Architects decided to appoint a Clerk of Works as 
their representative at the sit©0 The organisation chart of the Main 
Contractor at the Site is given in Fig© 3©

A brief description of the natures of the work and responsi­
bilities and authorities of the permanent staff is given belowo 
Site Agent
WMMW J PUT!"'»)

The Site Agent holds a University Degree in Civil Engineering®
H© started his career with the firm as Junior Site Foreman, and was 
gradually promoted to the position of Senior Site Agent0 Ha is 
directly responsible to the Diraotor^in-Charge of Contracts0 He bad 
worked with the firm as a Senior Site Agent for about ten yearsQ

The Sits Agent acts as the main co-ordinator between the site 
and other external systems in the building process0 Although he 
believes in informality of an organisation, he insists that all commun-* 
ioations from outside the site must be formally recorded® The Site 
had a complete record of correspondence which came in very useful in 
the investigation© Once the contract was awarded to the Main Contractor 
he worked in close co-operation with the planning department at the 
Head Office to prepare the contract programme© He was also present
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in the preliminary site meetings between the Architects Client and 
Main Contractor before work started on site0 He has strong views 
regarding participation in the preparation of the initial contract 
programme 0 
General Foreman

He was in charge of the eons true* tion work on the sit©i9 
helped by different trades forem©n0 He acted as a co-ordinator 
between the different trades foremerio His responsibilities included 
general labour distribution and checking whether th© work was 
progressing according to schedule and to report back to the Site 
Agent on day to day progress9 esp@ci.ally those eases where delays 
had occurredo He worked in close c©“Operation with the Site Engineer 
to find out the specifications and variations and inform the foremen 
concerned in advance so that any alterations could b@ replanned0 His 
responsibilities included unloading and placing of materials arriving 
on site„ including subcontractors materials0 Quality control was 
also part of his duties0 
Materials Progress Clerk

He was appointed on the site because of the size of the contracto 
Generally in a smaller contract (below about £50^,000) his work would 
b© done by the Site Agent or General Foremanp as the case may be0 
His job was to order the materials required for the Site through the 
chief buyer at the Head Office9 He studied the main contract programme 
and with the help of the Sit© Agent and Planning Department prepared
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a Materials Requirement Programme for major items of materials like 
bricks, precast concrete eteQ In the case of shortage of materials 
or non-availability at the required time he chased them to make sure 
that they were delivered at the earliest possible time0 In most cases 
he talked on th© telephone to the supplier, but all the formal notes 
ware sent through th® Site Agent0 It was the Site Agent who was 
ultimately responsible for the decisionso

In oases of alterations of the drawings or wrong specifications 
in the drawings, the foreman concerned reported the matter through the 
General Foreman to the Materials Progress Clerk0 A formal letter was 
sent by the Materials Progress Clerk to the Architect through the 
Site Agento

The Site stox’e was also under th© Materials Progress Clerk®s 
controlo The Storekeeper kept a regular record of all the materials 
delivered to th© site and the amount consumedo The inventory of th© 
materials was very approximate and in most oases figures ware put in 
after a visual approximationo 
Site Surveyor and. Clerk

He was responsible for keeping daily records of labour including 
the overtimeo Every Friday he measured the work done by different 
trade gangs t© calculate the bonuse He was responsible for the 
valuation of the work dona0 In cases of disputes regarding bonus 
he worked in close conjunction with the Sit© Agent to settle all 
disputeso
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He was mainly responsible for the erection work at the sit@0 
All the drawings and specifications provided by the Architect were 
first sent to the Site Engineer to be checked by him0 In eases of 
wrong specifications or alterations desirable he contacted the 
Architect through the Site Agento The tower cranes were the responsi­
bility of the Sit© Engineer<>
Sequence of Events^Tnarxrsti ormal meeting between the Architects ̂ Main
Contractor9 and the Client°s representatives was held in mid-196lo 
The Contractors were represented at the meeting by the Contracts 
Director9 Contracts Manager and Site Agent0 It was decided at the 
first meeting that the co-ordination on site would ba maintained by 
formal and informal me©tingso All the major decisions would be taken 
at the formal meetings which would be held in the first week of ©very 
montho The meetings would be chaired by th© Architecto It was decided 
that the following should attend th© metingo

1) Architect
2) Representative of the Client
3) The Clerk of Works
4) The Representative from Head Office of the Main Contractor
5) Site Agent
6) Representatives of all the Sub-Contractors and Specialist 

Consultantso
The meeting would b@ convened and minuted by the Architect**

At this meeting the Architect decided that a Clerk of Works (C„0oWo)
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would be appointedo The Go0oWo could be queried for direction but
could not instructo His instructions would only be valid if confirmed
in writing by the Architecto

Th© meeting would usually be classified under the following 
headings ,

1) Progress of
a) Structure
b) Internal brickwork
e) External brickwork
d) Services, e0g0 heating and ventilation, boilers, 

electrical fittings etc0 
©) Plastering, Finish

2) General Summary
5) Programming and revaluation of the Contracts 

Programme 
4.) Labour position
5) Materials position
6) Information regarding the availability of the 

different drawings
7) General points
8) Site tidiness
9) The date of the next meeting would be decided*.

At this meeting decisions ware taken regarding the appointment
of Consulting Engineerso General points regarding th© construction
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programme, availability of drawings were discussedo The 1st March 
1962 was decided as th© tentative day for the Contractors to start 
work on site# This depended on getting clearance from th© Town 
Planning Authorities# Th© Contractors made it clear that they wou3,d 
be finishing a few existing contracts by the middle of February, and 
would like assurance from th© Architect about the exact date for 
commencing work on sit©# The Main Contractors were asked to submit 
to th© Architect their draft working programme# The Architect gave 
the names of the Sub-contractors who were to be nominated#

Th© seoond preliminary formal meeting was held at the Architect5s 
office on 26th February 1962# The meeting was attended by the 
representatives of the Architects, Main Contractor, Client and Consulting 
Engineers.

Th© Architect informed th© Main Contractor that owing to 
circumstances which had arisen with the Town Planning Authorities, it 
would not b© possible to start th© work on 1st March as planned# It 
was hoped that a start would be possible on 1st April, all being well#
In the meantime, the Main Contractors wore told that nothing should ba 
done on the sit© until further notice#

The Contractors tabled their draft working programme and It was 
agreed in principle by th© Architects# The Main Contractors put forward 
the idea of using Fre-oast Techniques in th© construction of the 
reinforced concrete frames instead of in-situ concrete operation# The 
Agent complained that if they used in-situ concreting methods, there
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would be about 500 labour on the site at one time # They would have 
to depend to a vary large extent on the availability of lab our0 In 
the winter this could be a great haaard because the whole work could 
com© to a stand still in the case of a bad winter# In-situ construc­
tion would also mean complications in handling of large amounts of 
aggregate and pouring of the concrete# This would mean introducing 
more uncertain factors which could cause delays#

The Architect and the Client both agreed to the suggestion 
in principle and asked th© Contractor to provide them with greater 
detail at the next meeting#

The Contractors were asked to prepare the preliminaiy drawings 
showing the site accommodation and the general layout of the site officesp 

major plants# etc#
In the third week of March 1962, the Contractor formally 

complained to the Architect that they were eager to start work on site 
as soon as possible# An abstract from th® letter is given to show the 
feelings of the Contractor###oo#,rWe are now in a position where we have 
an abundance of labour which we cannot afford to maintain# W© had hoped 
that there would be a logical transfer of labour from one of our sites 
which is closing, to this new contract, and in fact w® have been carrying 
these men for sometime# In the absence of a fixed starting dat®, we have 
to dispose of them, as we are doubtful about recovering th©mGoo#o#Hopeful 
if you could see it fit to allow us on the sit© with boarding and 
temporary offices # # #«# # #"#
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Th© Main Contractor submitted preliminary drawings showing 
the site accommodation and general layout of the site drawn hy th©
Site Agent with the help of th® Planner,, Th© drawing was submitted 
to th© Architects on 27 March 1962 for their approval„ Under the 
contract document th® layout has to b© confirmed by th© Architects*

The Architect asked the Contractor to make minor changes in 
the layout drawings and changed the main access to site from the 
main street, to one of the side streets to avoid th© traffic problem0 
The revised layout was approved by the Architect on 13th April 1962*
A copy of the layout drawings is shown in Pig* 4*

The Main Contractors were perturbed by rumours about the 
decision by the Town Planning Authorities regarding th© building 
site, and the reasons for the delay* They complained to the Architects 
for not being able to start work at the site on 2nd April as previously 
decided*

I n  th© third week of April the Architect reviewed the drawings 
for the basement plan*. This enabled th© Main Contractor to order the 
bulk of cast iron drains in th© basement© The Consultants for Civil 
Engineering works were appointed by th© Architect in consultation with 
the Main Contractor,,

In May at the formal meeting the Architects discussed with the 
Main Contractor the question of information to be provided and they 
told the Main Contractor to put the lat©st dates for arrival of the 
drawings and incorporate this in th© programme and send copies to th® 
Architect and Specialist Consultants*
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In th© middle of May th© Contractors had received th© 

provisional drawings for the substructure and some of the siAper- 
structure planso

Th© first meeting on site was held in early JtxnOo Formal 
approval was given by th© Architects to use pre-oast concrete beams 
instead of in-situ construetion0 Th© Contractors suggested that it 
would be better and advisable to use pro-cast structural members in 
the staircase areas of Research Blocks<, This was accepted by th© 
Architects in a formal letter0 They wera prepared to sxibstituta 
pre-cast structural units9 common brickwork and plaster decorated 
with emulsion paints as specified for facing brickwork and superfine
finished structure0 The Contractors were asked by the Architect to

\t

supply revised construction programmes incorporating t^e various 
items of nominated Sub™contraotorso

Th© Sub-contractors for painting^ polishing and mastic asphalt© 
were approved by the Architect in the second week of July* Th© formal 
letter of approval by the Architects to the Main Contractor was sent 
in the third week of August0

The Contractor sent the revised copies of the construction 
programme to the Architect© This incorporated th© various items for 
nominated sub-contractors*

An alternative schema was suggested for substituting foam slag 
Is3is8ilfS thick in place of hollow clay pots as described in th© Bill 
of Quantities, which was originally accepted by th© Architect *



The Plastering Contractor's name was suggested by th© Main 
Contractor to th© Architect on 13th October 1962 and approved on the 
22nd October* There was quit© a controversy regarding the appointment 
of the Plastering Contractor* Th© Architects wished to nominate a 
firm with whom they had had previous dealings with and had found 
quite satisfactory* The Main Contractors absoluately refused to have 
them nominated and after much discussion the Architects agreed to the 
Contractor's decision*

At the December site meeting the Contractors suggested a change 
in the method of installing windows* This was an incident where prior 
consultation between the designer and the Contractors could have saved 
a lot of unnecesaxy delays* The Contractors had a subsidiary firm 
making windows and the Architects informed them to send written memo* 
explaining in detail the changes suggested*

In a letter to the Architects, the Contractor suggested that to 
avoid reorganising the whole system of window installation the following 
course of action could be taken

"(a) Windows manufactured and prepared for polishing
and painting in on© of their subsidiary companies*

(b) Delivered on the site in Pantechnioan*
(o) Stored on sit© in a specially prepared room 

at ground floor level in the Research Block*
This room to be completed and kept weathereproof©d? 
and at a suitable temperature and moisture constant*



(&) Primer coat and one undercoat to be applied in this 
room, to th© painted surfaces and one coat of clear 
catalyst lagging to the polished surface0 

(e) Windows fitted in position 
(*•) Olazing fixedo
(g) Pinal coat of lacquer and final coats of paint applied 

at final decorating*"

This was accepted by the Architects and a formal approval 
letter was sent in early December*

Although the dimensions of the windows were mentioned in th© 
drawing supplied by th© Architect and in the Bill of Quantities9 

dimensions (top and bottom) were taken at th© site and sent to the 
Joiners’ shop* Th© manufacture of the windows only started when the 
site dimensions arrived* All windows delivered to the sit© were 
stamped with the respective floor and window numbers* Th© Agent 
felt very strongly about this as it increased their work load on the 
site* On manyjoccasions he complained that although the right 
dimensions with proper specifications were sent, th© windows arrived 
in the wrong order and had to be stored on th© site for a long timeo 
This was due to bad liaison and inadequate authority in his possession* 
He could send the dimensions straight to the window manufacturers, but 
he was required to send all th© dimensions through th© Architects who 
were short staffed and consequently it took a long time to get th© 
information moving*



3$l»43

He mad© a formal complaint to th© Architects and to his 
Head Office and it was decided that in future all the dimensions 
would he sent straight to the manufacturers, with a cojjy to th© 
Architects and Head Office0 This should also contain the delivery 
note*

Complaints were made by the Main Contractors and the Sub- 
Contractors to the Architect, at the December meeting, regarding 
non-availability of information* Dither the drawings were not 
available at the proper time or the information given was not elear<> 
Both th© Main Contractor and the Sub-contractors said that thair work 
was suffering and they were already four weeks behind the schedule * 
This is an extract from a letter sent to the Architect by th® Main 
Contractor00oooo"W© are quite prepared to do our share of sifting 
and sorting information, but it would be far easier and certainly 
more beneficial to us all if this ii^ormation was clearly recorded 
either on tha drawings, or on written instructions* W© would like 
your consideration in this matter and whatever help you can, giv©op*pH»

In December 1%2 the Architect gave his approval to using 
Pre-oast concrete beams instead of irr*situ construction for reinforced 
concrete structural frames* Tenders for pre^casts were opened on 
Ath January 1963 o A schedule was prepared by the Materials Progress 
Clerk with tbs help of the Site Engineer and Bite Agent* It contained 
the specifications for the pre-oast concrete beams and th© dates on 
which they would be required* The Contractors also decided that it
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was essential to hire two tower cranes $ on© for erecting the pre­
casts on the Teaching Block and th© other for the pre-oasts on the 
Research Block0 The Site Agent realised that these pre-casts were 
very heavy (some of them weighing 3 tons) and Big in sise, therefore 
storage on site would be a great problem* Storing them also meant 
double handling* A very accurate preparation of schedule and a 
close liaison between the site and the suppliers was essential to 
avoid this problenu Th© pre-oasts on arrival at the sit© could be 
easily lifted by th© tower crane straight to the place of erect!on9 

from the lorryo After oareful consideration and discussion between 
the Architects, Main Contractor and the Consulting Engine era* a firm 
near London was appointed as suppliers0 This firm is an associate 
company of the Main Contractoro In this decision making mechanism 
the Site Agent played a very important part*

Another complaint was made to the Architect by th© Main 
Contractor regarding the unavailability of th© working drawings 
leading to the complete stoppage of internal brlekwork in th© Research 
Block* f o r sometime the bricklayers had no works The Agent decided 
to switch work to get over this probleme While the bricklayers were 
kept Idle, they were not only being paid their basic wages, but also 
the bonus* This was essential to keep them on th© site, as there 
was an acute shortage of lab our« Th© Bit© Agent switched th© work 
from internal brickwork to facing bricks«

In th© third week of January 1963, formal intimation was sent 
to th© Architects, informing them about stoppages and delays in work
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due to inclement weather conditions and lack of information* No 
formal request was made to th© Architects to ©acfeend the completion 
date0 The Site Agent decided to bring this up at the February site 
meeting*

The Contractors were having trouble keeping the labour on 
th© site ©specially bricklayers and plasterers* This meant payment 
of extra bonus just to keep them on site* Though th© payment of 
bonus to the workers was based on actual measurement of work don© 
in a week, and not on the basis of spot bonus, th® Contractors had 
to keep a minimum level of bonus* This was increased in the middle 
of February from 20% ©f basic wages to 26%0 Th© Architects were 
informed of this decision by the Site Agent* In the ©pinion of th© 
sit© staff the incentive scheme was fairly good and effective* The 
workers did not agree* They complained that the incentive schemes 
were all meant for management and the workers did not gain at alio 
They seemed to get the same bonus every week, irrespective of output 0 
This was found to be th© major cause of discontent among the workers 
and no measures were taken to explain to them th© incentive scheme*
This resulted in lower output as the workers refused to work beyond 
a certain minimum pace*

There was a delay in supply of bricks, both facing and common 
bricks * Although a programme was mad© by the Materials Progx^ess 
Clerk for brick requirements giving th© dates and sent to the suppliers 
in advance* There was a national shortage of bricks at the time and th©
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Site Agent decided to order well in advance and store the extra bricks 
on the site* The Site Agent got over this problem by switching works 
and redistribution of work* The decision had to be made instantly and 
this meant a change in th© contracts programme*

The Site meetings were of two kinds0 The formal meeting which 
was held eveiy month and was described earlier and the informal sit© 
meeting which was held ©very week* This meeting was chaired by th® Sit© 
Agent* No minutes were kept and all representatives of sub™contractors, 
the General. Foreman, Trades Foremen, Site Engineer and th© Materials 
Progress Clerk attended* Th© meeting was primarily held to sort out 
the problems which occurred on site* If any delay took place due to 
th© fault of any member th© reasons were discussed and if possible a 
solution was arrived at* They also discussed the progress of th© job 
and it helped th© Site Agent to send his weekly report to Head Office*

A formal, letter was sent to th© Architects in th© second week 
of February by the Main Contractor requesting an extension of th© 
completion data© The following reasons were givens™

(a) Non-availability of information
(b) Inclement weather conditions 
(o) Labour shortage

This roquest by th® Contractor was discussed at th© March 
Site meeting* The Architects agreed to an extension of 2 weeks and 
3 days, due to inclement weather conditions© Regarding the request 
for an extension due to non-aval lability of inf ormation, the Contractors 
wore requested to redraw the programme, with arrows showing the latest
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dates for arrival of information* Copies of this were to be forwarded 
not only to th© Architects and Engineers, but also to the Co0oW o, 
Heating and Electrical Engineers and all the Sub-contra®tors* The 
Architects advised that all the drawings should be sent through th© 
Main Contractor* The Contractors were requested to keep a record 
of all th© drawings issued* Though this meant more work for th®
Main Contractors the Site Agent agreed that this resulted in a 
smoother flow of information* The Sit© Agent also knew exactly what 
information was available*

Work was held up again in May in© to non-availability of 
duct-cover drawings* The Sit© Agent wrote to th© Engineering works 
concerned explaining to them that the work on the sixth floor could 
not be started* This was another incident of misdirection of drawings* 
Th© drawings and the specification details wore sent to the Architects* 
They wer© finally traced to th© Architects0 office whore they had been 
delayed for more than a month* The delay resulted in an exchange of 
letters and telephone calls and a great deal of time could have been 
saved if the drawings had been sent direct to the Contractor with a 
copy to th© Architect*

The Contractors were having trouble getting aggregates feu? 
concrete mixing* Th© Site Agent decided to switch to ready mixed 
concrete against th© alternative of high priced aggregates* Thor® 
was no time to consult Head Office so th® Site Agent made the decision 
Informing the Architect later* The Hoad Office objected to the Sit®
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Agent making such a decision but his reply was that the organisation 
and control in the Building Industry should b© more flexible and be 
centralised on the site* Belays due to late decisions were extremely 
high and he believed in formal delegation of responsibilities and 
authority9 but with more flexibility in the organisation*

There was an a out© labour shortage during July 1963* There 
were also minor labour troubles, the? main complaint being Insufficient 
bonuses * The Site Agent found It extremely difficult to recruit labour0 
on site as the shortage of bricklayers and plasterers was nationwide*
The work was put about 2 weeks behind schedule and the Architects refused 
to extend time on the basis of industrial disputes* They felt that an 
extension of time in respect of industrial dispute® was only allowable 
when these were general to the locality* Bisputes which were related 
to one particular sit© were a matter of faulty management technique So 

At a working site meeting held th© same day, th© Contractors 
announced that du© to certain factors not envisaged whan the original 
plan was developed, and to subsequent delays, a new programme was to 
bo made* Certain operations had to be condensed if the target date 
was to be attained* The Site Agent suggested that the critical events 
were 0pre-cast erection progremme0 and 0heating data80 A new programme 
was drawn out by the Site Agent with the help of the Site Engineer and 
a oopy was handed to the Architects for approval, with a request that 
copies be issued to all corns erned*
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Th© first visit to the site was mad® In the first week of 
August X9&3, several days were first spent getting familiar with 
the work in progress 0 This was done by compiling a brief note of 
th© state of all the work on site and various building op©rations in 
progress*

The first Impression recorded during discussions with the 
Site Agent and foramen was their dissatisfaction with the available 
drawings and instructions * In several Instances, they have been 
provided with -g" scale drawings (^M ss 1 foot)* They said that this 
scale was too small and caused them to work slowly to avoid mistakes*

The new programme was duly approved by the Archil;acts* At 
this time work was already four weeks behind schedule *

The Consulting Electrical Engineer asked for details of the 
Client8s electrical requirementsp so that the Electricity Board had 
ample time to obtain a suitable transformer* He also reported that 
the main intake pan©! would ba brought into the building via the 
staircase e A doorway was to be widened to give easier access *

One of the Foremen noticed that the sand arriving at the sit® 
contained small stones* The mortar made from this sand was not suitable 
for bricklaying* The Agent decided to us® Pan Mill instead of an 
ordinary mixer which grinds the stoneso He wrote a formal letter to 
the Headquarters seeking their approval for suoh a change* A week80 

time was lost in this negotiation and this resulted in complaints 
from the bricklayers who refused to work unless the quality of,the



mortar was improv©&0 This was another incident wher® matters would 
have been improved and delays considerably reduced9 if the Agent was 
allowed to take decisions on his own and get the Pan mill from the 
Plant Hire f i m 0

Bricks had to be broken into halves for facing walls, which 
resulted in considerable wa&tag© of bricks and also took more tim©0 
The Site Agent decided to get a supply of smaller bricks 0 This was 
approved by th© Architects0

The Contractors received a telephone call from th© suppliers 
of th© pre^oast structural members0 The production schedule had beon 
delayed by on© week due to difficulties in their firm© Three days 
later th© Contractor received a latter from the suppliers regretting 
that ’’owing to unforeseen difficulties*, th.© deldvoxy date could not 
b@ m©t”o The Sit® Agent was vary perturb®do It was already explained 
to th© suppliers that th© creation of the pro-^cast columns was the 
critical ©vent in the programme0 Formal letters wore written to th® 
Architect and the Hoad Office explaining th© situationo

At about this time th© largo central hooting boilers were 
delivered to the sit© 0 It was found that owing to a draughtsman^ 
error, the brief bases for th© boilers had boon mad© too small p and 
there was a delay of a few days while th© base® were demolished and 
then rebuilto Considerable confusion and delay was caused because of 
lack of co-ordination and understanding between the Main Contractors 
and th© Plastering sub«*oontraotorso The Plastering sub«oontraetors



requested the Site Foreman to use the mortar from the pan mill for 
th© first coat if possible0 The capacity of the pan mill was ©nough 
to supply both the bricklayers and the plasterers© Th© Site ^foreman 
refused, as be was not sure of th© Headquarters reaction to suoh a 
request© The matter was finally brought up at the next site meeting0 
Th© Main Contractors agreed to such an arrangement©

In the first week of September labour trouble flared up again©
Th© bricklayers steward reported that "work to rule” was in operation 
because of the poor bonus earnings0 The Site Agent instructed him that 
normal, working should b© maintained until an attempt was made to remedy 
the situation© The Contractor0a Work Study Offloor and other site staff 
checked some of the work sheets to try and discover the reasons for th© 
poor bonus results0 The neact day the bricklayers ohargehands wore 
advised that th® bonuses had been correctly calculated, but th© targets 
would b© revised© On th© following day there was a meeting at the site© 
Th© spokesman demand©! a guaranteed flat rat© bonus per hour instead of 
new bonus targets, but it was pointed out that this was agalnst th© 
Federations agreement and could not b@ considered© A local area organiser 
for th© Union was contacted andp after investigation, he declared that 
he was satisfied both with relationships between th© Contractor and th© 
tradesmen©

In early September th© sit© ran out of nails© The suppliers 
w©r@ expecting delivexy at their local depot later that day from their 
central depot, but explained that the nails could not be sent to th©
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sit® until th© next day "because of th© time needed to unload the 
delivery and reload it on to the local lorry 0 The central depot 
lorry was not allowed to deliver to sites even thoiagh in this case 
5 cwto of nails ware requiredo

The Electrical sub-contractors wer© urged to set up the 
transformerso The dalay in setting up the transformers was 
holding up the work of Heating and Ventilating Engineers o

The timber supplier telephoned the Contractor in connection 
with the provision of timber for floor boardingo The Contractor had 
ordered 4” x Igf” nominal floor boarding*, but the suppliers had now 
received a preliminary sketch from the Architects which showed the 
floor boarding to 4” x iJ/l 6” f ini shed 0 The supplier informed the 
Contractor that -g®’ is lost in planning both sidesp and that if 1 /l6” 
finished timber is definitely required* then tha timber used would 
have to be 4" ^ if”* This would cost the Client approximately 8% 
inor©o The Contractor raised the question with the Architects at a 
site meeting the following day and after investigation th© problem 
was resolved by using the iimbex* originally ordered*, The timber 
supplier was asked to send the best consistent finished sia© that he 
could manageo Some time was wasted later in sorting out th© loads 
of timber*, most of which measured 1 /l6M but with the occasional load 
of lf!lo The finishing trades were already moving on to the site0 
The Site agent asked the Heating Engineers to speed up the provision



of heating to at least a part of the ‘building so that the finishing 
trades would start worko The Heating Engineers complained that they 
could not do anything further unless the Electrical Engineer set up 
the trans former * as far as they were concerned they had finished their 
part of th© worko

This was 'brought up at the next meeting at the site0 The 
Electrical Engineer was asked by the Contractors about th© delay in 
setting up the transformers0 Th© Electrical Engineers explained that 

they had already ordered the transformers and it was due last month 
but in the m@an.tim© th© Clients changed their mind and decided to 
use the same transformer for another building which was going to be 
built in the near future0 This meant that the sp@oi.fications of th© 
transformer had to be changodo The Electrical Engineer could not give 
any particular date for the delivery of the transformer©

The pre-cast units delivered to site were found to be arriving 
in the wrong order© Confusion was caused by the supplier having a 
different sp@oifioati.on in the delivery schedule provid©d0 The 
Contractor asked the suppliers for th© delivery schedule to be 
corrected so that the subsequent delivery could be mad© in correct ord©r0 
November 1963 s-

Th© Head Office of the Contractor told the Sit© Agent that as 
they are corning to the finishing stage it would be advisable to hold 
more frequent meetings0

mailto:sp@oifioati.on
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The roofing contractors put forward a revised specification 
for the method of roof construction0 This was considered by the 
Architects but finally rejected because it meant higher costs0 The 
decision was recorded in th© minutes at the sit© meeting held early in 
Novamb@r0

No site visits were mad© after this but th© author kept in 
touch with the progress made on this projects Th© Contract was 
completed three weeks after the scheduled completion date* although 
a part of the building was handed over to th© clients in tim©0
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3*>2 Case Study B
This Case study concerns the construction of a residential 

block for studentso The contract was let on the basis of a 
selective competitive tender, and was to the value of approximately 
£800,000© The firm of General Contractors wore at this time handling 
a few other contracts of a comparable nature0

The construction period for this project was planned to be 
78 weeks© The involvement in the project started at week 16© Full 
access to all previous correspondent,?© and records and minutes of site 
meetings was however afforded to the author© Th® site was visited 
regularly for 3 months© Subsequent visits were made frequently to 
get th© progress reports and collect information which was considered 
relevant for this study© Many of the site meetings and special meetings 
that were held up to the time of writing this report, were attended©
Th© sit© meetings were held in the Contractor°s office at th© site©
The Chairman at each meeting was the Architect, who recorded th© 
minutes of the mooting© Copies were distributed to all th© parties 
concern©do
DESCRIPTION OP THE CONSTRUCTION PHASE

Weeks1-4
Th© first site meeting was h@ld0 The Contractors decided to 

use a hired or an© to assist in th© pouring of concrete for th© sub­
structure walls© The crane w m  served by two dumper trucks which 
ferried th© concrete between th© mixing plant and the crane '’skip9©
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Th© Site Agent explained that this was faster than other methods, because 
the wall? when being poured, stands isolated from th© surrounding ground 
formation and it is difficult to get the concrete into th© top ‘ of the 
shuttering© Th® Agent also explained that without a ©ran®, th© constant 
dumping and shovelling of th© concrete tends to spoil th® mix and 
requires at least one more labourer to be in attendanceo The crane 
owned by th© Contractors was th© wrong sis®, but Headquarter® insisted 
that the same crane be usado This controversy was ultimately settled 
by hiring a crane, but as a result, th® pouring of th® concrete started 
a week lat©e

Th© suppliers of window frames were nominated.0 
Weeks 8*13

The Sit© Agent queried th© number and type of structural steel 
baaa-plat© that had been delivered during that tlm®0 After various 
telephone) colls to the suppliers it became clear that the drawings from 
which the Contractors had scheduled th® baseplates ware not th® earn© 
as th© ones held by th® suppliers Th® Subcontractor who was erecting 
the structural steelwork had already grouted some of th® baseplates, 
according to th© Contractor5a drawing a It was discovered that the 
Architect had issued amended drawings, but had omitted to sand the 
Contractor a copyo Th® Contractor had planned the eiwitural ©tool 
erection programme on th® assumption that th® Subcontractor erectors 
should make a start 3 weeks afterwards © This mix-up over the base™ 
plates and failure by th© suppliers to sand th® cleats and fixing bolts 
put the Contractor5s programme out of gaar0



Th© CoQoWo and the Site Agent examined a recently delivered 
load of structural steel which was rusty0 After discussion the 
GoOoWo instructed that it was not adequate to paint over the rust, 
and that the steel would have to he wire^brushed and then paintedo 
Numerous telephone calls passed between th© Site Agent and the Steel 
Suppliers in an attempt to hold a meeting at th© site with a 
representative from th© suppliers to discuss this point and also to 
try and clarify the position concerning slow and wrong deliveries© 
Letters were written from the Head Office of th© Contractora, both 
to the Architect and the Suppliers to this effect0

The Contractors were a site© & by the Suppliers of the window 
frames to provide them with a schedule for delivery of window frames© 
It was stated by the Sit© Agent that th© tower cranes used for the 
conorating operation could be used to lift the windows straight to 
the floor cone ©mod 0 This would not only save the cost of s ter age 
and reduce th© possibility of damage, but also save the cost of double 
handling© The suppliers war© provided with th© schedule© This gav© 
the exact dates and th© specification of the frames requlrecU 
Weeks 17r2X

It was noted that the labour turnover of carpenters was running 
at a high level©

Th© Architect’s progress report to th© Client at this time 
referred to th© work being two weeks behind programme, but indicated 
that th© time would be regained where the more repetitive areas of
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the building earn© under construction as the program© allowed for 
this flexibility 0 Th© programme referred to was a vexy broadly 
based bar chart which differentiated between the Contractors arid 
Sub-contractors stem of worko The Sit© Agent complained that ho was 
not consulted during the initial preparation of program meo He also 
suggested that quite a few improvements could have bean made in the 
present construction programme0

The Contractors complained to the Architects regarding the 
non-availability of the specifications for the staircaseso They 
oould not prefabricate staircases in time, so that they could b© 
lifted floor by floor0 This meant

a) Stairs could not be provided for the labourers and open 
ladders had to be used insteado

b) Space had to be left to lift th© prefabricated staircase 
from the groundo This proved to be very uneconomicalo

The Site Agent was vexy critical of th© use of table scaffolding 
for th® floor0 In his opinion they are very unstable Q far too many 
jacks have to be operated, which makes it w r y  time-consumingo

The Contractors received a telephone ©all from the suppliers 
of the window frameao Th© production schedule had been delayed by 
one week owing to difficulties with machinery © Three days later th© 
Contractor received a. latter from the suppliers regretting that "owing 
to unforeseen difficulties, th© delivery dat© oould not b© mef'o No 
estimate of th© possible length of th© delay was given 0
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The Contractor telephoned th© window suppliers about this 
latest developmento The Contractor, who bad already placed the 
scaffolding in position9 informed the other Sub-contractors who 
were to follow the window fixing of the latest position®

Letters passed between the Contractor and the Architect for 
two weekso The Contractor outlined the seriousness of the disruption 
to his programme* and the high costs involved in keeping scaffolding 
idle, and. indicated that he might well he forced to apply for an 
extension of time® The Architects replied that the consequence of 
any disruptions were purely a matter for settlement between the 
Contractor and the supplierso A further letter from the Contractor 
stated that, having taken all practical stops to ensure delivery, 
he could not accept that is was a matter for settlement between 
himself as the Contractor, and the suppliers0 
Weeks 21-25*?U)*TK]H.&iUe£3j srar&untf £*15

The second crime for pouring concrete arrived, after being 
cancelled the previous day© Once again the crane was not quitebig 
enougho Tha Sit© Agent explained that though he gave all th© 
particulars of the crane needed for th© sit© the Ho&dquartorfl ordered 
th© wrong one®

A special meeting was held between tho Contractor, Architect, 
Quantity Surveyor, Structural Stool Suppliers and Structure! Stool 
Erectorso The meat lag was called by tho Architect, at tho r aqua at 
of th© Site Agent, to clarify tho pact problems of (scheduling, delivery
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and the erection of structural steel and to reach agreement by all 
parties on future arrangementso The main conclusions reached wer© 
that th© supplier would in future make every effort to keep to the 
programme of delivery dates drawn up by the Contractor and that, if 
practical, a delivery note would be posted direct to the Site to 
warn of a load in transit,, Th© Suppliers also agreed that any 
inconvenience caused to the erectors by way of double handling 
or standing time would be paid for by his company*

Th© Site Agent was also concerned that the rat© of concrete 
pouring was less than half the rat© that the mixer set-up was capable 
of producing. This was du© to th© shortage of labour (Carpenters)*
The rat© at which formwork was being erected was governing th© rat© 
of pour.

Th© Consulting Electrical Engl**©or called for a statement from 
the Client of his ©lactrical requirements, so that the Electricity 
Board had ample time to supply a suitable transformer®

Th© Sit© Agent decided to pump up tho floor screeds instead 
of using th© vertical hoist* A request was placed through the Head 
Office to th© plant hire firm for a suitable pump® The Project Manager 
on his site visits discussed this with the Sit© Manager and decided 
in favour of such an arrangement®
Weeks 2ft-2g

The Contractor reported that there were discrepancies in some 
of th© bending schedules, and that on© re-issued schedule had not had



the amendment number added® Consequently the wrong one had been 
sent to a supplier® The Consulting Engineer agreed to check that 
all schedules were complete0

The progress of work was discussed in the Site Meetings®
It was agreed by the Contractor and the Architect to draw a new 
construction programme, taking into account the latest work situation® 
They also discussed the Contractor’s claim for extra payment in respect 
of the overtime and extra labour costs involved in catching up some 
of the time lost earlier in the contract as a result of events which 
were outside his control®
Weeks 29-33

The Plumbing Sub-contractor asked for more information on th© 
sanitary and waste installations, since the isometric sketches were 
insufficient* The Architect reminded the Sub-contractor that he had 
stated at the beginning of the job that his firm were experts and 
would need only isometrics. The Architect regretted that the Sub­
contractors’ statements had not been put into writing at the time®

Due to labour trouble the supply of pre-cast panels was 
delayed® The Site Agent rang up the supplier, but he could not get 
any definite date of delivery® This meant that one crane was completely 
idle* The Architect promised to contact th© suppliers and do his best 
to get the panels at the site as quickly as possible*

The Sit© Agent complained about the drawings* There was no 
standard method of putting the instructions and this meant a giro at
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deal of searching and sorting, to get the desired inf or mat i on o The 
Contractors decided to bring this matter up in the next Site Meeting** 
Weeks 35°a37

Difficulties in recruiting and maintaining labour were becoming 
more acute«, It was noted that the labour turnover of Carpenters was 
running at a level equivalent to a "half life" of less than 4 weekso 
This meant that only half of the original batch of carpenters were 
left after ^ weeksP Regarding the shortage of general labour, the 
Site Agent got over the difficulty by recruiting labour at the sit© 
officeo

One of the concx’ete mixers was out of order? The Site Agent 
rang the plant maintenance department? In spite of frantic telephone 
calls from the Site the plant maintenance department took 3 days to 
repair a minor fault in the mixero

The Site Agent also had to deal with the problem of a lorry 
driver sent to the site by the Structural Steel Suppliers to collect 
surplus material? A check showed that although there were about 100 
beams surplus to immediate requirements it was not clear how many would 
b© needed for later blocks? After contacting th® supplier it was decided 
to send th© lorry away empty, and to clarify the position before th® 
next load arrived? Any surplus material would be taken away at that 
time?

Th© site was not visited after the 37th week, because the author 
got involved after this stage with the second phase of the study? The 
Sit® Manager informed later on that although there were many hasards
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during the construction process the “building was handed over to 
the Clients just two weeks after the accepted completion date?
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CHAPTER A

SALIENT POINTS FROM CASE STUDIES 
In Chapter 3» examples of incidents drawn from the case

studies have been described in considerable detail? Th® impression
of confusion, delay, error and conflict gained from the studies, is
by no means a false one, nor is it untypical? In the beginning it
was decided to select those projects which seemed likely to go
reasonably well, to study good building practice so as to gain
knowledge of the essentials of building aperations from which to
create the "modal"® However it has been confirmed that the practice
that is described earlier is normal, and that the contracts described
were regarded as "good" by th© people concerned? While poopl© regard
this as good it is solely on a comparative basis from their past
experience, but they do not moot th® conception of a satisfactory
management process and that w© are unable to us© them as reliable models
but as a basis for an analysis of the operational control of the building
process?

In, the case studies described, each time a decision was taken 
at any level, it set in a train of consequences? The timing and level 
of the decision had a marked effect on the progress of the work at the 
site? In many instances the delays could have been avoided or at least 
reduced if decision was tali on at right time and by the right person?
The causes of delays which the author came across during his stay at 
the site, and from the existing records could b© classified under the



« 56 =

following headings
1) Information ah out work to he done 

This Included the following
a) Lack of information and uncertainty of town planning 
authorities
b) Clients uncertain of their final needs
c) Shortage of drawings
d) Late arrival of drawings
e) Drawings not always clear
f) Men on site do not understand incentive schemes

2) Organisation of work” Including use of Plant 
This included
a) Bad communication between the different members of 

the building team
b) Working conditions on the site
c) Job executed in wrong order
d) Poor utilisation of the plant
a) Improper storage of material on site 
f) Mechnical breakdowns9 wrong plants etc*

3) Delivery of Matexials
a) Lat© arrival of material
b) Material not available (those which have been 

specified)
c) Materials specified wrong



a) Unavailability of labour
b) Labour disputes and strikes

5) Inclement weather conditions

In the description of the case studies no attempt has 
been made to represent the delays in quantitative form0 The 
difficulty of suitable cscales of measurement is well illustrated 
by the problem of trying to put a figure to consequential effects 
of a delayQ A job takes longer than was planned « but how 
realistic was the plan? The next job starts late, but what scope 
had been provided for replanning to minimise the effect? If 
replanning had been done,, would shortage of materials, incomplete 
specifications and wrong plant have bean revealed whan it would 
otherwise have gone undetected? It is difficulties of this sort, 
which would have made it inappropriate to report the case study 
material in a quantitative form© Any quantitative measure of the 
effect of an incident would have been subject to a host of condi­
tional statements and assumptions ©

It is clear from the case studies that there is a factor of 
uncertainty^ Uncertainty about the availability of materials and 
1 about* upset any attempt to plan an orderly flow of worko Late, 
faulty, and misinterpreted information are other sources of 
uncertainty©



Th&; persistence in unreal assumptions of certainty about the 
construction process could often lead to uncritical and inappropriate 
applications of techniques of scientific management0 This can be seen 
particularly in some applications of network analysis where a critical 
path or other technique based on precise time estimation is applied©
The same can also be true of detail bar chart applications0 In most 
of the sites visited the time for revising the bar charts was usually 
monthly or fortnightly, but even in such short"time planning w© have 
to see such techniques working as true planning tools0 Usually, they 
are abandoned in the face of uncertain circumstances encountered© In 
most cases they are kept up to date after the event as a form of record0 
It is worthwhile to mention here that out of 70 sites which were visited 
during the course of this study, all the sites were using bar charts 
except one where critical path method was used for programming© None 
of these sites could use the programme as an effective method of 
planning and control© All these techniques assume a level of accuracy 
in anticipating uncertain future events that cannot be realised in 
practice and which is beyond the capacity of updating to contain 
within th© recognisable boundaries of the original plan© The 
situation becomes even mors complicated when the Site Manager is not 
even consulted or not given the chance to participate in the original 
preparation of the programme© This not only results in an unrealistic 
programme but a programme which in many cases is not acceptable to 
the man who is responsible to carry it out, i©e© the Site Manager©
This will be discussed in greater detail later©



In spite of these one Is however Impressed by the fact 
that the construction projects in which either the original 
programme has been completely abandoned due to uncertainty or 
has been updated so many times that nothing of the original plan 
exists , have not lagged behind to anything like the extant that 
such techniques would suggest they should0 This situation has 
been brought about by the use of crisis management or unscien­
tific management techniqueso These practices call for a day 
to day* almost hour to hour, redeployment of work and resources 
on site by a constant stream of decisions which are taken by the 
Site Manager who in this way, keeps the job going without undue 
delayo Here it is not being suggested that the unscientific 
management practices are most appropriate at the building sites, 
on the contrary they have many disadvantagea0 It reduces the 
time scale of planning and makes th© Site Manager suspicious of 
the utility of any long term planning0 The Sit© Manager becomes 
unwilling to accept any form of planning that is not short ter»ip 
open and completely flexible0 One must accept at this stage the 
existence of uncertainty In the building process and consequently 
the necessity of informal or unscientific management practices« 
This makes it all th© more important to study the decision-making 
mechanism at the building sitoo Nothing has been mentioned in 
the available literature so far about the responsibilities of a 
Sit© Manager, or the authorities that are delgated bo himP



Attempts hare been made by several Resea,roh Workers 
(] )and He search Committee ? to assess the duties of the Site Managers o 

These studies are one-sided and based upon, managements8 attitudes 
to what they expeat of the Site Managers$ and are not a realistic 
study of the pattern of management which exists on the building 
siteso With this view in mind it was decided to make a further 
study of the duties and responsibilities of the Site Managers from 
the Site managements point of view and to make a. realistic study 
of the authority which ought to be delegated to the Site Managers 
so they could be more useful in the type of management which exists 
at the building site® There tends to be a difference of opinion 
between site and higher managemento for instanceas to the exact 
scope of responsibility, consequently too detailed an approach could 
well lead to difficulties in grouping and analysis and a simpler 
form of analysis is essentialo

Figure 5 gives a model of project management, it is clear 
that the Site Manager plays a very important role of a decision™ 
maker and a co-ordinator at the sit@Q He forms the co-ordinator 
between the site and the other external systems which are linked 
with the site, ePgo the Architect, Material Suppliers, Sub«contrac-* 
tors etc„ etco These external systems which are beyond the control 
of the Site Manager are at times responsible for the uncertainties

CO "Construction Management in Building, Present and Future” l0Qc,Bo Report 
"Functions of Supervision in the Building Industry by
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which affect the progress at the site? and results in the pattern 
crisis management which seems to exist at the building sites® One 
can, however, visualise clearly how a site manager has to work in 
such circumstanceso His main job is that of a deoision'-maker 
He has to take a constant stream of decisions to overcome the 
orisis and also to avoid any forthcoming crisis® This brings one 
to the importance of authority, which a Site Manager must possess, 
so that not only he can take deoisions but also execute them® Thus, 
any study of the operational control of building sites necessitates 
a study of the pattern of the distribution of oontrole

The example of the incidents which have been desoribad in 
considerable detail earlier and from the interviews of Site Managers 
a list of ten authorities were chosen (given below) for a detailed 
disoussion and analysis®

(a) Authority to oall for materialso
(b) Authority to negotiate interpretation of 

drawings ®
(o) Authority to oall for type of plant®
(d) Authority to recruit men on site®
(e) Authority to discharge men on site®
(f) Authority to negotiate with union on ’bonus 

rates1®
(g) Authority to negotiate with union on ’welfare 

conditions * ®



(h) Authority to negotiate with union on disputes®
(i) Authority to be present during initial

preparation of programme <»
(j) Authority to negotiate with sub-contractorso

Measures were taken to make sure that the3© ten headings 
take into account all authorities which are of any consequence 
to the Site Managers® A series of interviews were carried out 
and also a check was introduced in the experiment which is 
described later* The list could be confirmed from the study of 
the delays which occurred at the two building sites disoussed 
earlier* It appears that approximately of the delays were 
accounted for by lack of information or improper planning at the 
site level* This meant that the Site Manager had to get the 
necessary information from the external systems so that he could
take proper decisions regarding the redeployment of the available
resources or otherwise he had to make the resources available at 
the site# In many instances the Site Manager could not execute 
his decisions because of the lack of delegated authority and the 
formality of communication system between the Site and the Head­
quarters# This resulted in increased delay of the building 
operations at the Site*.

The above discussion makes it clear that to study the 
activities at th© building site one has to study the authorities 
whioh are delegated to the Site Manager in relation to Headquartex's*



It also dictates that it is not enough to study the delegated 
authorityp hut also their priorities, which reflects to a 
certain extent the problems which are most often faced by th© 
Site Manager®

In the next few Chapters the factors mentioned have 
been amplified so as to determine the exact scope of responsi 
bilities of the Site Manager and an attempt has been made to 
analyse them in a way that it makes it possible to develop 
indices which not only measure the delegated authority but 
also the exercised authority by the Site Manager®



RANK ANALYSIS OF DELEGATED AUTHORITY

In the previous Chapter, the authorities which should he 
delegated to the full-time site supervisor so that he can run 
his site properly and efficiently have been discussed® It is 
clear that to measure the delegated authority to the Site 
Manager and its distribution between the sit© and Head Office, 
it is not only important to find out the type of authority to 
be considered, but it is also essential to establish some index 
of rating, to get the order of priorities® The ten authorities 
which should be delegated to the full-time Site Manager ares-

(a) Authority to call for materials
(b) Authority to negotiate interpretation of 

drawings
(c) Authority to call for th© type of plant
(d) Authority to recruit men on site
(©) Authority to discharge men on site
(f) Authority to negotiate with union on "bonus rates'*
(g) Authority to negotiate with union on "welfare 

conditions"
(h) Authority to negotiate with union on disputes
(i) Authority to b© present during initial preparation 

of programme
(j) Authority to negotiate with subcontractors



RANKING- EXPERIMENT
This Chapter describes in considerable detail the study

which was undertaken to establish the rating of these ten 
authorities mentioned above, and also the qualitative analysis 
which was carried out, which gives statistical validity to the 
established ratings® To find out whether there is a general 
agreement between the sit© managers regarding the order of 
importance which they give to the above mentioned authorities 
and to find out whether the list given is exhaustive, a method 
of rank-analysis was used® This is described in the next 
paragraphs ®

Twenty-six Site Managers took part in this study® They 
formed a part of the original sample of 97 firms who agreed to 
co-operate in the Research work® The site visits lasted from 
on© to two hours® These interviews which were of the non­
directive type were used for the compilation of the questionnaire 
which was used for an attitude analysis described later® A list 
of the firms who took part in this study Is given earlier®

Ten cards printed with th© t©n headings mentioned earlier
were given to the Site Managers® They were also given some blank 
cards® They were then asked to put the cards in rank of importance® 
It was made clear to them that if they were to be put in charge of
a site and could have certain of these responsibilities, while the
remainder would be exercised by the visiting managers, then which 
of these would be considered the most important to retain, putting



them in order of preference © The advantages of giving them ten 
printed cards rather than a list of ten headings are as followss-

1) it is much more interesting for them to handle 
and re-arrange these cards as they wish than to 
make marks on a single printed pageQ

2) There was no bias introduced by giving them a list in 
a certain orders, since the order of the pack on first 
presentation was always variedo

The reason for giving the blank cards was to give them the 
opportunity of putting any factor which was missing in the initial 
list of ten on one of the blanksD This was carefully explained 
to the Site Managers during the preliminary interviewo But in 
none of the 26 cases was any new entry madeQ This is ample 
reason to assume that the list of ten was quite exhaustive0 Th© 
cards were lettered a,b,o,d,e,f,g,h,i,j, at the back* The same 
combinations of letters and authority headings were used as given 
earlier, i0e© the card with "Authority to call for materials" 
printed on it had 'a® at the back of it©

The ranks, as put down by the Site Managers, were noted0 
Thus, if the Site Manager put down "Authority to call for materials" 
as first choice and "Authority to be present during initial prepara­
tion of Programme" as second and so on, this was noted down as ’a”, 
?i? etc0 While the subject was rearranging the cards it enabled the 
author to ask him why he put the cards in a certain order and this
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usually was the start of the non-directive interview and brought 
forward many spontaneous comments from the Site Managers regarding 
their work situationse

Table App© 1 gives the results of the above study© As there 
are 10 cards9 the ranks are from 1 to 10o The table gives the 
reference number of the sites., and the ranks given by the Sit© 
Managers© Say^ if the Site Manager at a particular site puts 
the card printed "Authority to call for Materials" third from the
top, 3 was put in front of °a0 and so on0
ANALYSIS . ,the Table there are 26 independent judges vi©0© the 26
Site Managers) the number of items they are ranking is ten© The 
first thing to be found out is whether there is a significant 
measure of agreement between the judges as a whole or in other 
words th© communal!ty of judgements between 26 independent 
observers© So the hypothesis to be tested is "There is general 
agreement between the Site Managers in the building industry 
regarding the authorities needed to run a building sit© efficiently"© 

Here th© tools of non-par&metrl© statistics com© in very 
useful* since th© measurements are being taken on a ordinal scale 
and statistics for continuous variates oannot be used©

To test the above hypothesis Kendall0s coefficient of con­
cordance was used which is given by

W js 12 S ^
2 / 3  \ra tnr^n;



where m = number of judgeso Xn this particular case 
it is the number of site managex^s who took 
part in the study » 26

n = number of items which were ranked = 10

S = the sum of squared differences between 
observed and expected rank totals0

The Table No0 3 gives the details of the breakdowno



c-_=, 5 <2 ^

pTable giving details for calculating of °3£“fi for 
testing the significance of general agreement between Site 
Managers0

26 (of the corres” 
S* (ponding factorNo

101

128
129
166
209
221
227 84

12810

Total 32888

28 xd'
m s  26
n « 10

TABLK NOo 3
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Por S
1It can be shown that for n » 26 the significance of 

W can be determined from the conversion to X' * distribution,

X 2 == m (n-l) W
for (n~l) degrees of freedom 

therefore X 2 = 10 (26-0.) 0»59
ss 138

and degrees of freedom ~ = 10-1
* 9

for “ 9

w n n j o a i M t u a w i n

P (s ignifi c ance 
level)

o01
o001

2x y 
2? e 9

Prom X 4 - distribution table 
2In this particular case X  - 138 thus the significance 

is overwhelminge 
Remarks

5o3 the following conclusions can be drawn from this statistical
analysis of the data in Table Appendix Ip

a) It can be asserted with absolute confidence that there is

m*0*W*Mr0**ajr2hiE1Rank correlation methods - by Mo G-e Kendal!*, Chapters 6 and Ye
astywATWO^gOfc-̂ atr t Jwr tMiwaatT^gnrtsMrancjcmxjiaTuitffr
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a high degree of agreement “between the site managers in their 
preference of authorities that they need to run a site effici­
ently 0 This agreement could not have arisen by chance and this 
judgment is a result of their long experience in the building 
industry*. This result could be confirmed from Table 2 in 
Appendix, which gives the correlation matrix (26 x 26) of the 
ranks given by each pair of judges out of 26 sit© managers to 
the 10 different site authoritiess This table was obtained from 
App0 Table 1 by finding the correlation coefficient between 
each two columns0 For this Spearman's renk correlation coeffi­
cient was usedo

Spearman's rank correlation coefficient
p  - i -  6a2v 1

m ' -in
where d a difference in ranks given by the two 

judges under consideration 
m a number of item a 10 

So in this case
p  = i -  6a2

990
and thex*e would be (26 x 26) correlation coefficients* It is 
clear from th© tabl© that the number of statistically slgnlfl™ 
cant values of 'P' are considerable* This is a further proof 
of the hypothesis*
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b) Th© first two items are of great interesto The first item 
which deals with the *'Authority to be present during initial 
preparation of programmeM is concerned with the planning statee 
The second item concerns ’‘Authority to negotiate interpretation 
of drawings” and as such determines the manager®s authority to 
deal directly with any situation concerning information to sit©p 
from which stems site planning0
o) There is a pattern of concordant opinion within the 
building industry which would suggest a basis for action where 
inefficiency may be suspected and also how problems may be 
approachedo
Having established that there is a significant measure of 

agreement between the sit© managers, one is at liberty to estimate a 
11 true ranking" which is based on the combined estimates of the judges® 
To do this the obvious method of ranking th© items would be to rank 
them in order of rank totals® Final rating of items was chosen as

v w s a iia m z iB w n M

NO a Authority Rating
1 a - T ’ ?
2 b -S'-
3 0 6
A d 5
5 e 4
6 f 2
7 6 2
8 h 2
9 1 10

10
t io « iig y r* jiz9 ie M e y i

i 6
ffl. 3



INDEX OF EBLBSjgBD AND ASSUMED AUTHORITY

In the previous Chapter the ten different authorities which 
the Site Managers would like to have, in order to run their sites 
effectively have been discussed© It has been made quit© clear that 
the ten different headings discussed earlier, were agreed by th©
Site Managers themselves to be exhaustive* since no Site Manager 
suggested any additions to th© list© To develop a model of th© 
building site dealing with site control*, it is essential to establish 
some kind of index*, to measure th© extent of the authority which is 
delegated to the full-time Site Manager* and how much of it is retained 
by the headquarters of the firm© This Chapter deals with the establish­
ment of suoh an index, and an attempt has been made to measure th© 
extent of "authority which is actually exercised by the Site Manager" e

It is clear from the previous Chapter that the ten authorities 
are not equally important and as suoh some kind of rating must b© used 
to calculate the above mentioned indices, The obvious solution would 
be to use th© ratings derived from the ranking study. Therefore, to 
deal with suoh indices the tools of non-parametrio statistics were 
used again. When the measurements are taken on an ordinal scale it is 
extremely difficult to say how much more important one factor Is than 
another* For example, in this particular case on© cannot say that



"authority to interpret drawings'0 is 8 times mor© important than 
"authority to deal with Trade Unionso" In order to discover 
whether the ratings are being distorted a smaller sample of ten 
sites was chosen and tested with different ratings. This is 
mentioned elsewhereo Two qu©s tiorrnair ea were designed for the
establishment of the indices0 The tan items of authorities discussed 
in the previous Chapter were included in this questionsmir©,
INDEX OF DELEGATED AUTHORITY

The first questionnaire was designed so as to measure th© 
extent of authority which was delegated to the Sit© Manager and th© 
Index was called the "Index of Delegated Authority", The form of the 
questionnaire is shown in Appendix la, The ten headings were further 
subdivided to get a mor© exact picture of the distribution of authori­
ties between Headquarters and the site level.

The authorities which deal with making plant and materials 
available at the site have been subdivided* so as to ascertain whether 
the Site Manager had the authority to go straight to th© Plant Hire 
Firm or the suppliers when plant and materials were required* or 
whether he had to go through th© headquarters of the firm. In th© 
detailed case studies it has been shown that incidenta have arisen 
where considerable time could have been saved by going stright to 
the suppliers* rather than asking headquarters to take appropriate 
action. If the Site Manager had th© authority to go straight to



th® suppliers for calling forward materialsp the extent of delegated 
authority was rated as 7o In the ease of the Site Manager haring to 
go through th© headquarters it was rated as 3® In the ease of plant;v 
if th© Sit© Manager oould go straight to the Plant Hire Firms it was 
rated as 6* but In case he had to apply to the headquarters of the 
firm it was rated as 5° This means that If th© Site Manager was 
given full authority to deal with th© suppliers9 whenever a materials 
shortage occurred at the site th© delegated authority got the full 
rating of 7j allocated for authority dealing with the 50calling forward 
of materialse"

In th© case of authorities dealing with recruitment and discharge 
of m©ns the differences were limited to a choice of three headings

(1) Absolut®
(2) limited
(3) None

Th© subdivided ratings in th© ©as© of "authority to recruit 
men" were 3$ ŝ> ®s> depending on whether the Sit® Manager had complete# 
limited or no authority to recruit men at th© site© Thuss if the Sit® 
Manager of a particular site had no authority to do this4, In oases of 
labour shortagep without prior consultation with the head officey th© 
extent of delegated authority was rated as Q0 If he could recruit 
a certain number of men without consulting th® head officep it was 
rated as % 9 and If th© Sit© Manager had complete freedom to appoint 
men on his site It was rated as 5« Similarly the subdivided ratings
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for ’’authority to discharge men” were 2, 0*
The authorities dealing with labour relations and union 

matters (f, g, h) were also subdivided to a choice of three headings
(1) Absolute
(2) Limited
(3) None

The subdivided ratings were 2, 1, 0, so if the Site Manager had no 
authority to deal with union matters, it was rated as 0. If he 
had limited authority he gets 1 and if he had absolute authority he 
was rated as 2.

In the oase of (i) which deals with the ”authority to be 
present during initial preparation of programme” the actual fraction 
of time spent in the preparation of the programme was to be given, so 
there were six subdivided headings* As the total rating was 10 the 
actual fraction (0, 2, 6, 10) is the subdivided rating*

The authority dealing with the "Interpretation of drawings” (b)
has been subdivided to find out whether the Site Manager could go 
straight to the Architect or whether he had to go through the head­
quarters of the firm* The subdivided ratings were 8 and 3 depending 
upon whether he could go straight to the Architect or if he had to 
extraot the desired information through headquarters.

, a„) Mid
ft**

(bn, b9) eto* where a, b, c, etc# represents the main headings, theJL
Table No#5 gives the table of the subdivided ratings*

If the subdivided headings were lettered as (eu



SUBDIVIDED RATIN6S

Main
Authority

Total
Ratings

Subdivided headings with 
the ratings

a 7 a2
7 3

b 8 bI b2
8 3

0 6 °2
6 6

d 5 d! d2 d„3
......... ... .

5 2 0
© 4 el e2 e

if 2 0
f 2 fi f ? f32 1 0

& 2 gi $2
2 1 0

h 2 hn h.X 2 3
2 1 0

i 10 il d2 i3 V ±-5 H
10 8 6 if 2 0

*3 8 ■’l ^2 j3

f----
31111!j

-4
■Q

8 6 if. 0L_ _ _ _
TABLE HO. 5
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The final form of the questionnaire is given in Appendix No0 la* 

and it includes all the items with the subdivisions discussed earliero 
The questionnaire was designed to he filled in by the Project Manager 
or the representative from Headquarters* The total of rating score 
was taken as a measure of the "delegated authority to the site"#
This score is a measure of the extent of authority which ®as delegated 
or thought to be delegated to the Site Manager for carrying out his 
responsibilities as such*

To find out the existing position on the building sites which 
were being investigated, the questionnaires were sent to the persons 
conoerned. The questionnaires were either sent by post, with a 
oovering letter explaining the purpose of the study, and in those 
oases where visits wore made to tho oitos soon after the compilation 
of the questionnaires, they were completed during* the course of the 
site visits. Where the Project Managers were not present at the 
site the questionnaires wero sent to the headquarters. The Project 
Managers or the representative of head office were asked to indioato 
the proper subdivided classification. The scores for evesy firm 
were recorded and Table No. Jain the appendix gives the results*

Table No. 3a is a Matrix of (69 x 10). The horizontal rows 
give the reference number of the projects, and the columns give the 
different classifications of the authority. The scores on this Table 
give the extent of th© authority which is delegated to the Site 
Manager by the Head Office. Thus, for example, if the score under



column (b) of a particular project is 8, it means that the Site 
Manager is authorised to go straight to the Architects in th® 
case of any queries which arise from the drawings or instructions 
provided on the site* The last column, which gives the sum total 
of th© rows, represents the Index of Delegated Site Authority*

The maximum value of the Index of Delegated Authority 
(say 1^) can be (10+8+7+6+6+5+4+2+2+2) » 52 i.e. the sum total of 
the ratings. The range of I.j for the above sample of 69 building 
sites varies from 14 to 52o 
INDEX OF ASSUMED AUTHORITY

Th© next questionnaire was designed to establish an Index 
for the measurements of authority which the Site Manager actually 
exercised® One can argue that the head office may delegate the 
authority, but there may b© confusion in th© minds of the Site 
Managers, as to the actual control they can exercise* To find out 
th© exact distribution of Control between headquarters and the site 
level it is not enough to know the Index of delegated authority, 
but also th© control actually exercised by th© Site Manager® This 
meant, that on© has to find out from the Site Managers themselves 
how frequently they utilised th© delegated authority for decision 
making and operational control at th© site* Th© questionnaire 
given in Appendix No* lb was designed for th© ©valuation of such an 
index*
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i
The questionnaire was based on th© sane ten headings 

mentioned earlier in the Chapter* The headings were further 
subdivided, to find out how frequently th© Site Managers had 
to exercise the authorities0

The subdivided headings were
I® Frequently 
2* Seldom 
3* Never

Same ratings as used for the computation of the "Index of Delegated 
Authority" were used again*

The questionnaires were filled in by the Site Managers 
during site visits® If the site had already been visited, the 
questionnaires were sent by post® The Site Managers were asked to 
put a circle round the sub-headings which they thought nearest the 
actual conditions at that particular site* Thus, if the Site 
Managers put a circle round "frequently" under the item "calling 
for plant direct from Plant Hire Firms", it meant that quite 
frequently he had to exercise that authority® In the second 
questionnaire, th© item dealing with "th© discharge of men" was 
omitted; in this oase the ratings obtained from the item for "the 
recruitment of men" was used* A total of 6l Site Managers filled up 
the questionnaire*

Table No* Jfb in the Appendix gives a Matrix of (61 x 10)* The 
horizontal rows of the table give the reference number of the project,



and the columns give th© different classification of authorities<»
The scores on this Table give a measure of the different authorities 
actually exercised by the Sit© Manager0 The last column which gives 
the sum total of the rows represents the "Index of exercised 
authority" of the different sites0 This index will be referred to 
as I p

COMMENTS ON 1^ M b

(1) The rang© of is from 14 to 52 o Th® Fig© 6 gives the 
distribution of project by is greater than 35 in 42 projects
out of 69 projectso Which shows that there is growing realisation 
among the firms to decentralise the control0 Th® sites are being 
given considerable freedom to decide on their course of action©
(2) Table 6 gives the two-way classification of contract value of 
projects as against 1^©

Contract
Value < 3 0 30 <40 9 40

<£150,000 12 14 7

^£150,000 4 16 15
•3l*t»4epfcTS»*r&Wg»

TABUS- NO© 6
FffD w w  t f ly  'nm pnr n rVT-iwu v jiJMiffBrja

2 9Th© X test was performed on th© above Table9 Th© X value of 6 ©90
with 2 degrees of freedom is significant at more than 5% level©
This suggests that there is significant association between the
contract value and X^© It appears therefore that firms tend to
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delegate more control to the site level in bigger contracts 0 No

is Oo731 (Spearman”s correlation coefficient)*) This means 
that 510 value

This value of H® with 54 degrees of freedom is significant at 
0o5% level*, This suggests that the general boundaries of delegated 
authority between central management and site management were usually 
recognisedo It is noteworthy though that except in two cases where 
I2 was greater than 1̂  the index I™ was consistently greater than
I2o This suggests that site management was exercising a lesser 
degree of control that they were expected too
(4) It is significant that 30 out of 68 Site Managers had no 
part in th© preparation of th© construction programme and only one 
in twelve reported full participation*)
(5) Nine Site Managers out of 68 had complete authority to deal
with Union matters, but in most cases partial control was exercised 
from the site, but this was not resented by the Bite Manager*.
(6) ?rom infoimtion gained concerning the responsibility

such association was found to exist between 1^ and building type 
or method of contract selections
(3) The correlation coefficient between the indices 1̂  and

since 54 contracts were compared 
®t® « 7o71
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delegated to the raan^in^charge on site it appeared possible 
to apply a method of classification by rank ordero In order to 
discover whether the ratings were being distorted a smaller sample 
of 10 sites was chosen and ratings valued from 20 to 10 but this 
did not bring any significant changes in the ranking order*.
(7) The detailed survey of the existing position on the 
building sites of delegated authority and assumed authority is 
given as mentioned In Appendix Tables 3& a»d 3b Q
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0DESTXQMHAIRE FOR ATTITUDE ANALYSIS
iwif r - - . n » n  ' 1 n  " 1 >

7ol PROCEDURE USED FOR FRAMING THE QUESTIONNAIRE
This Chapter deals with the framing of the questionnaire

(mentioned earlier in Chapter 2) to find out the attitude of the
Site Managers on the interrelationships in the model of Building
Site activity <> From Fig0 5 it is quite clear that the Site
Manager holds a very central position in the pt'Qject &dndnistration0

(l)(2)Attempts have been made by Research Woxfcers 7 to study the work 
pattern of Site Managers, but it was during study of th© site activity 
and the study of the pattern of distribution of control vested on the 
site in decision-making mechanism that it became quite apparent that 
the recording and analysis of observable behaviour of Sit© Managers 
gives only a part of the picture? what they felt and believed is no 
less important than what they were observed to be doing with this 
in mind, a questionnaire was framed to systematically study the 
attitudes of the Site Manager0

It could be suggested that excessive attention is being 
given to the analysis of subjective opinions of Site Managers but 
the majority of Site Managers included in the sample had over 10 
years experience in that position and were well acquainted with the

(!) C„ Reynaud ** A Study of Site Manager* An unpublished thesis»
(?)v"/ Functions of supervisors in the Building Industry« By Hans Wirdenius

and Sterner Lonnsjoe
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problems of effective control on the site# Pigo No0 9 gives 
the distribution of Site Managers by type of (Technical education 
It is quite clear that although a very small fraction had formal 
education but the very fact that they had been working on an 
average of ten years as full-time site supervisors, they had 
extensive knowledge of th© problem of the site managemento

The objective and disinterested recording of subjective

to reveal to the higher management impressions concerning 
environment likely to affect performance, how these factors 
interact and how they might possibly be changed or modified to 
produce desirable improvements on performance0

Two method most frequently used in studying responses 
consisted of

(a) Questions (put either directly or written 
questionnaires) apparently admitting of 
unambiguous replies about the way subject 
thinks, feels and is disposed to respond 
towards working conditional the results 
are classified under the headings already 
built into th© enquiry, and

opinions has been developed in industry by psychologists^^

Thurston©, Louis Leon * The Measurement of Valueso 
Lickert Rensis, Hayes, Samuels P., - Some Applications of 
Behavioural Sciences#
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(b) Non-directive interviews in which intei^viewer 
merely records whatever opinions, feelings 
and requirements relative to the work 
situations are spontaneously expressed by the 
subjects, who volunteer both to attexid and 
disclose their opinions.

It is important that all questionnaires, whether verbal 
or written, must pose specific questions, and their compilers 
must ensure not only that questions are relevant but also that 
they are comprehensive in such a way that the answers can be 
given explicitly0

In this study both the above methods were usedo The 
method of non-directive interview was used to compile the questions* 
In this the interviewer does not ask questions, except to 
encourage the subject to explain or to amplify something which 
has been said spontaneously about the topic# The assumption 
is made that points raised spontaneously by the subject are for 
him those features of work situations which are at that parti1* 
cular time are most important# By collecting a large number of 
replies it is possible to identify those problems which are 
commonly experienced# The success of non-directive interviews 
depends, of course, upon the voluntary co-operation of subjects 
and upon a guarantee that th© information offered is both 
confidential and anonymous# It was realised from the outset



that two important points were to "be kept in mind in compiling 
the questions for the questionnaire

(1) the questions should he of significance 
to the Site Managers, and

(2) It should include all the relevant points 
which seem to affect control on sites©

This meant that the questionnaire is compiled as a 
result of our interview with the Site Manager© As mentioned 
earlier in Chapter 2 the information from 26 site visits 
was used for the experiment discussed in Chapter 5© The 26 
site visits and consequent interviews with Site Managers in 
conjunction with the detailed study of two building sites 
were used for the compilation of the questionnaire© The 
picture of the problems faced by Site Managers obtained by 
interview of 26 Site Managers and other members concerned 
with building sites including the Project Managers and Trades 
Foremen, seem both clear and intelligible© It certainly 
suggests in what directions there is room for Improvement,,
The results of these interviews each of which lasted about one 
hour and which raised on average about four main points of 
interest, which were

(1) Information and communication
(2) Organisational Management
(3) Training courses in Site Management
(A) Labour welfare and labour relations
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The interviews were held at the same time as the Site
Managers were taking part in the experiment of ranking study©
As the subjects were placing the cards (with headings of
authority printed on them) in order, they were asked th©
reasons for placing the cards in that particular order© This
resulted in voluntary discussion of problems concerning work
situations0 They were encouraged to amplify points which were
considered to be relevant©

In spite of all these precautions and preparations,
it could hardly be possible to compile questions which were
always unambiguous and pertinent to Site Managers© Forth™
coming this a preliminary questionnaire was compiled which
consisted of 24 questions and was sent to twenty Site Managers
who had already been interviewed© Guidance was received from
studies which were carried out in The Manchester College of

(l)(2)Science and Technology , and which gave very definite
results© Some of th© questions, especially under the heading
of organisational management, were chosen from these studies©
It was found that this preliminary questionnaire still contained
ambiguities and therefore needed further modification©

The final questionnaire consisted of 34 questions© The
questions under the different headings were placed in random
order to remove the possibility of any bias introduced© The
questions can b© divided into two broad categories©
W m © I. Hussain - Ph©D© Thesis, Discriminant Model for the Analysing 
of Factors Influencing Innovation in Industry© dan© 1965<>

(2)m . p . Srlvastava, Ph©D« Thesis, A Study of Wastage and Sickness© 1939©
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(1) Those questions which were concerned with 
the particular site they were working at the 
time and have been called ffJ° items0

(2) Those questions which are general to the 
Building Industry and have been called 
flB(l items o

A number of questions were duplicated in a different form to check 
the validity of the repliea0 These 3k questions were printed in 
four sheetso Although the sheets were numbered 1 to k for identi­
fication,, the questions were not numb©red0 Th© k sheets war© 
stapled at random to form the questionnaire0 The questionnaire 
is given in Appendix 2 0 

7o2 SALIENT POINTS NOTED DURING* INTERVIEW
Th© k main headings of classification have been described

in the following paragraphse In th© next Chapter the validity of
*

qualitative estimates of opinions and attitudes as indicators of 
probelms at the building site la dlscussade 
Labour Relations and ‘Welfare

Th© Sit© Manager and some of the Project Managers considered 
that the pay of labourers and Craftsmen was the main source of 
damage to the image of th® building Industry, being a serious 
hinderanoe to recruitment and retention of competent operatives in 
the industry® In their opinion an all round improvement In welfare 
facilities would solve the problem of labour relations at th©
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building site, and consequently achieving higher product! vitye 
Another Site Manager suggested that the workers are paid far 
too much for their responsibility0 It wag. found that this 
comment was reflection on his own salary0 On the other hand, 
a Site Manager insisted strongly that the payment was not 'the 
main source of dissatisfaction! it was the hostile relation­
ships that ware the main cause of labour troubles at the 
building site*. Another Site Manager suggested that the high 
labour turnover made if difficult for them to control the sits* 
At one of the sites the labour turnover was 60fo in a four week 
period? this meant that every time a new workman arrived at the 
site there was a loss of output, because they took several days 
to get acclimatised themselves to conditionsP One or two Site 
Managers and a few Trades Foreman felt that there should be 
regular exchange of opinion between the site management and 
operativeSo
Information and Communication

Some of the Site Managers complained that the main cause 
of trouble on the site is that information is lacking or not 
available at the right tiroeP They suggested that most of their 
time was spent in chasing information and they had hardly any 
time left for future planningP A few Site Managers considered 
that the Architects ought to be more concerned about the flow 
of information to the siteP They suggested that the drawings 
and specifications should be standardised*



At one of the building sites visited the Site Manager 
received 300 drawings when only thirty drawings were neededo 
A lot of time was spent in sifting and sorting informationo 
This meant that the ordering of materials was delayed by six 
weekso One of the Site Managers complained that the Architect 
often specified materials which were not available or in great 
shortage0

The case studies also suggest that about 60fo of the delays 
that occurred on the site were either due to wrong information 
or lack of informatione

The Site Managers held very strong views about the useful­
ness of planning and programming techniques at the building site0 
Though most of them agreed that it was essential to have a 
detailed programme9 some of them had grave doubts as to the 
practical implementation of these programmes? due to the very 
nature of the information flow and the accumulation of so many 
uncertainties arising in the course of construction process0

It was soon apparent from the interviews that the basic 
problems of site control were bound up with the interrelation­
ships between the different members who contribute towards the 
building process» Some of the Site Managers felt that the 
performance on their site could have been considerably improved 
if the central organisation taokled the problems promptly®
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Some Site Managers considered that the performance of a particular 
site depended largely on the extent to which the individual members 
felt that the nature of the central organisation created and 
maintained a sense of personal wortho Other Site Managers stressed 
the need for a kind of organisation structure which takes into 
account the uncertainties which affect the progress at the different 
stages of construction®
Training Courses on Site Management

Mixed opinions were expressed by Site .Managers on matters 
dealing with problems of site management* One Site Manager 
suggested that technology in the building industry is changing so 
fast that it becomes difficult for them to cope with the situation 
unless they are sent on short terra courses at regular intervals®
A few Site Managers expressed views which were contrary to this 
attitude, in their opinion site management is not a teachable 
subject® They firmly believe that it is only experieno© and 
intuition which makes a good Sit© Managers It was felt during the 
interviews that this is a matter of great concern to all the people 
concerned with the building industry® One Site Manager said that 
his whole approach to the problems on the site had become much more 
rational since he attended a course which was based on case methods®



CHAPTER 8

This Chapter deals with the analysis of the questionnaire 
described earlier0 The statistical methods used to test the 
validity* as indicators of m-site performance* and. to indicate the 
problems existing on the building site©

The questionnaire was dispatched to 40 Site Managers* from 
whom 28 completed returns were received before the final analysis 
was carried out0 

8ol SCORING OP QUESTIONNAIRE
The Site Managers were asked to indicate the opinion they 

thought accorded with their experience as Site Managers© They 
were asked whether they

(1) Strongly agreed with
(2) Agreed with
(3) Were undecided about
(4 ) Disagreed with
(b) Strongly disagreed with 

the opinions expressed in each statement© The answers were scored 
8* Gs 4S 0 according to order quoted above® In ease the state™ 
ments were framed to represent negative views they were scored the 
other way round© The answers given by 28 Site Managers are recorded 
in the rows of the matrix in Table Noc 4 (Appendix) in respect of 
each of the 33 questions®
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8o2 ANALYSIS OF VARIANCE OF RESPONSE MATRIX
Before any attempt is made to assess the attitudes of the 

Site Managers, it is important to test whether the answers (which 
included alternative methods of expression) for each reply was 
consistent, thereby indicating it had been completed with forew 
thought and not at random* An analysis of variance was carried 
out to test the significance of the variances between che sites 
and between the items*

The 33 items in the questionnaire was sub-divided into 
two categories

(1) Those items which concerned only individual, 
sites9 and will be referred to as flJ! items0

(2) Those items which are generally applicable to 
the building industry and will ’be referred to 
as 5 Bitems 0

The second category was further sub-divided into two classes
(a) Those items which dealt with the largely 

personal attitudes of the Site Managers to the 
Building Industry and will be referred to as 
B^ items*

(b) Those items which represented the general 
opinion towards the Building Industry and will 
be referred to as Bg items*



The table gives the item numbers and the categoxy into which 
they fall*

Category

J B1
omry—ii

B2

4 2 1
5 3 6
10 7 8
12 11 9
17 14 13
18 15 16
27 19 £1
28 20 23
29 22 26
31

____________________

24
2,5
33

30

The analysis of variance was carried out separately for 
the different categories
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Results of the Analysis of Variance on 9J 9 Items
i i in  mmwDi mi  11mi im — i.i i n i uni iirTiMfc^m m iw h ik m h u h i i i  ilnin iiw~iBMn iir i n fiii«'ii'>iiinir» n fir -iiTiiBii in inni mmmnii i— ni ii im i rn n  rwn m — i ——in i f i i

Here we want to test whether the variation in the 
responses by the Site Managers to 9J* items was too great to 
be accounted for by random variationse The results of the 
analysis of variance are given in Table 80

Estimate of 
Variance

Sum of 
Squares

Source of 
Variation Value

Between
Sites 11 o 5

Between
Items 270

2X61206Residual

Analysis of variance of 9J9 Items
Between Sitess- The 9F9 value of 2o05 withV^ ss 27, IT2 53 ^16 
is significant at more than Q01% level i®@<» the variance between 
the sites is very highly significant®
Between Items;- The *F9 value of 6e06 withV^ ^ > ^ 2  

is significant at more than Q0lfo level®
The analysis of variance of the 9J* items suggests that 

the variations between the sites and between items are very highly 
significant and this could not have occurred by chance®
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Analysis of Variance - 0B10 Items

The Table below gives the results of the analysis of 
variance on B1 Items0

cwiroiM— if u O iU M w f

Source of 
Variation

Sum of 
Squares

Degrees of 
Freedom

iw iip im a w iiH w iu m i ■ ■ M iK w im iiM  w w

Estimate of 
Variance

i iW in i iW  a  w w w rr m .  n .1

BFB 
Value

Between
Sites 280 27 10.37 2.27

Between
Items 888 11 80o71 17.73

Residual 1353 297 4*55

TABLE NO o 9

Between Sites g- BF* value of 2027 forty’̂  » 27 and Vg 297 is 
significant at Qo'lfo level.
Between Itemss- BFtt value of 17.73 fori),, ~ 11, V Q w 297 isn,Tn "IIM ■1 1 "" ,mmm 4, d

significant at 0oGlfo level o
The results of the analysis variances on BB^B and BJ? 

items clearly shows that responses of the Sit© Managers are very 
highly significant, in other words the variances in the responses

A .could not happen due to random variations <. This indicates that 
the questionnaires were completed with forthoughte
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8o3 CORRELATION MATRIX
The analysis given above clearly shows that the items 

included in the questionnaire ax*e discriminating in nature i<>e0 
these items could he used to differentiate between the sites, hut 
no further information is provided by the above analysis® It does 
not, for example, show which of the items are responsible in the 
main for th© variation, or which group of items cause the highest 
variation® The items in the questionnaire were not independent, 
in order to determine which items are responsible for the variation 
and to determine the interdependency of the items, it was found 
essential to carry out a further analysis0

To test the interdependency between th© items, it was 
decided to calculate the correlation coefficients between the differ­
ent items and construct a correlation matrlxo Since there are 
33 items the number of correlation coefficients in the matrix would 
be 33 sc 33 » 1089® They were calculated on the Atlas Computer*.
The correlation matrix is set out in Table No® 5 in the Appendix® 

Table NodO indicates those items which ware found to be 
significantly correlated® This table is an extract from the cor­
relation matrix set out in the Appendix, Table No® 5«
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Item Noo Correlated with Item No0
i a w m x m a w K ^ '

X
■jijn»wjMW»KTi?jwr.»‘«ogrocreoer»ar.jwwrgvTOrar^wci^iUTi*a!«>**OTJ3.TOa*rtcrai^ 

22, 25*
2 19
3 5*, 7, 16, 18, 24, 2?
4 5, 7% 18*, 26*, 17, 29
3 3*, 4, 1.8*, 27, 29
6 16*, 21, 32

7 3, 4-*, 20, 27*, 29*, 30*
8 10, 11*, 18, 21
9 13, 24*

10 8, 18, 24, 29*
XX 8*, 17*, 33
12 13, 27
13 9, 12
14 21
13
16 3, 6*, 18, 19
17 11*

-
H* CO 3, 4*, 5*, 8, 10, 16, 27*, 29*

Table continued,, o o
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Item No0 Correlated with Item No«

19 2, 16, 30

20 ~j 9 ysj!

21 6, 8, 14, 22

22 1, 21, 32

23
24 3, 9*, 10

25 1*, 26, 31, 32
26 4*, 25, 2?* 31
27 k r k 7# to ism on# 26# 29 21#p ^ 9 9 9 $ p  ̂ faW £ *r»V# £ d̂/ £
28
29 4, 5, 7*, 10*, 18*, 27
30 7*, 19
31 25, 26, 27*
32 6, 22, 25

33
m mm mhpwwi* *mWWW iWMnw*

11

HBo r£he asterisk mark in th© table signifies those items which 
ar© negatively correlated»
Table 10 shows quite clearly that correlation exist® in a consider* 
able number of oases.



COMPONENT ANALYSIS
The analysis of variance shows that th© variance of the

Response Matrix, when considered between the items and between
the sites is significant at 00ifo levelo The correlation matrix
shows that certain items are significantly correlated0 The next
step in the analysis will be to determine the items which are
responsible for maximum variation and if possible to express the
data in terms of fewer than 33 items 0 This can. be achieved by
introducing now and uncorrelated v&riates with as large a variance
as possible* In other words to perform a Multivariate analysis of
the response matrixo

This was achieved by determining the principal components,
and extracting the latent roofs of the correlation matrix® The
theory involved in this method has been discussed in Appendix Jjc

(l)(2)There are several methods 7 by which the operation can be
(*)undertaken but in this particular study Householder0s '  method 

was us©do A programme written in Atlas authoood© was used for this 
purpose® Since the correlation mati'Ix is of the order of (33^33), 
there must be 33 latent roots, but the programme was developed in 
such a way that the roots with very small variance are Ignored 
(9 were Involved)0 Th© Table 11 gives the latent roots0

(1)'M® G*. Kendall « Multivariate Analysis®
(2)Richard Bellman « Introduction to Matrix Analysis
(3)A® So Householder - The Approximate Solution of Matrix 

Problems« J.Assoc® Comp# Maoh® 1958©
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The programme used, is given in Appeiadfa 4*

No* latent RqoT A ;-3 Percent age varl a no e

O&OBI 1 R A PO'i
o
t„-

*•■*?& V ^  v f

3*815
■(*-■• ‘. .  0 . . - • w , , -

11*39/
3 3*242 9*0,56
4* 2*914 8.859
3 2«?Q8 7 0623
6 2.025 8 7195
•. r

t X*8ia4 5 0 667
S' 1*753. 5*324
9 X *337 4*064
£0 1*195 5 &' 6.52
II 1*014 3*032
12 0*913 2,776
13 0*746 2 f> 264
14 0^644 1,958
15 0*577 17755
16 $*483 1 *467
17 0*382 1*163
18 0*322 0*977
19 0*295 0*091
20 0*242 0*763
21 0*170 O.517
22 0*143 0*433
2-3 0*120 0,364
24 0*110 0*334

f » w^,wtrrra-f'^ ft-n'to - n ^ t  ft tv ■ ̂  *t #£> fjj«, kj?wj£ rth--j«51 < ■ t ;

 J 2 KOvp. id
NBc For the component analysis the scoring of the Items have 
been changed from 0, 2„ 4, 6„ 8 to 0, 1, 2* 3, 4»



The principal component matrix is set out in Table 6 in 
the Appendix for the components of the new variates in terms of 
the original 33 items*
DETERMINATION Of FACTORS

It is clear from Table 11 that the variance due to the 
first three “new variates“

andA 2 are first 3
second and third latent roots 

<S (6.087 + 5.815 + 3.242)
= 13.144

and the percentage variance due to these three variates is 39*936* 
In other words the 33 original items have been transferred into 
new variates, such that the first three factors account for 
39*936^ of the total variance.

It is also quite clear from Table 11 that the variance due 
to fourth, fifth, eto* etc. factors are fairly constant, and so 
they were not considered as significant factors.

Table 12 gives the major components in terms of the 
original items, of the first three new factors as obtained from 
the principal component matrix*

(A  i whereX^Ag
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Factor X Faotor XX Factor III

4 6 1
5 8 19
18 11 23
27 17 23 1

29 21 32

TABLE) NQo 12

Factor Ig~ Is thus identified by th© analysis as being strongly- 
loaded into the five items 4., 5$ XS, 27 and 29 o These are 
manifestly concerned with matters of site organisation This faotor 
has been referred to as S©0© Factor©
Factor IIg- This faotor would be referred to as A^Faotor#
Factor III g- This factor would be referred to as IHfaotor*

Th© Interpretation of the items included in these factors 
would b© disoussed in Chapter 10©

806 SIGNIFICANCE OF THE THESE FACTQBS
Th© ©pinions of the Site Managers have been classified into 

three separate groups of factors© The methods used to test the 
level of significance of these factors and the inter^faotpr signifi^ 
canoes are disoussed below©



4.
laouiuftzujKzra..;

8

29

17
21

nxrrsiT.TTv. rrrf

23

32

FACTOR

r=r;c.‘si,mA3tixEsxc

670 571 697
771 ^98 503 
„ 58O 681 

o 59?

HirXIfOf ULUS

FACTOR II
6 8 -11 17

i j t j i  rtXTUJt&ctrj i t  w t ja n tto ry . -  ;n .n*acit^a^tii^.an*«i«rtrm ic^

286 -173 -235 -015
222) -283 “195 064 “077
070 *414 -239 “042 “159
060 -073 164 174. 122

-112 338 180 165

FACTOR III
!3 25 32

12)8 398 282+ 2+51 

O 427 253 493
400 341 

° 359

'-055 -206 -133 “20?
338 036 016 068 -031 
190 02+5 -077 ~1?6 »1?0 

+168 “ 275 “ 068 -141 “188 
“085 -223 -079 -252

000 199 010 237 2+09

085 -097 017 037 -024 
076 24-6 014 061 -115 
-026 -007 024 -186 -217 
■114 -295 -143 078 084

:toJCjdif fc..~»ica»eTrtfm occj».~Liiw i.^i>TTOA->ct.rara«« .j r .TiKiMmnrof,ic*yS3Tas«-2V.vm ^q.aw j; r;m hm iw jn 'a iir ra«mTiirfiiTaforj'*j»qMa**«iroM-cwresenYJ

262 302 4-82 000 
096 073 295 

332 36c
o 6̂*31

iSH.u UJLaifflt i a p m i sCstaacrsteti

TABIiE ETOo 13



The correlation coefficients between the items included 
in the three factors hare been set out in Table 13s which the 
decimal points are omitted*

Negative signs have been used for the items 18, 11, 1 and 
19, this is in order to take into account the direction of scoring 
of the itemso

The level of significance of the factors could be determined 
by using th© concordance test*,

Factox” Is- Th© sum of the correlation coefficients in the correlation 
coefficient triangle (Table 13) under Faotor 1 is

10
6*175

1

mean correlation coefficient Y' « 0*6173*
The coefficient of concordance W « V* « 0*6173^
The significance of °Wtl could be tested by conversion to "X?»

2X  ss w x m x (n«l) j here m » 5 n = 27

= .6175 x 5 x 27 s 83,56
Th© X  value of 83 *56 with 27 degrees of freedom is significant
at more than 0*01$ level*

Factor II g- 10
« 5*35^



“ 106 “

o ° o x 2 = W x m x (n ~ l)
» 0o3554- x 5 x 27 
- 4-7 o96

2The X  value of 47 <>98 with 27 degrees of freedom is 
significant at ISfo level e

2 o6$3

W s „2633 
W x m x (n-l)
Q02633 x 5 ^ 27 
35o55

The 1C value of 35<>55 with 27 degrees of freedom is 
signifleant at about 105$ level0
The results of these concordance tests are set out in Table 14-q 
The Table 14- also gives the mean values of the correlation 
coefficients between the factors a Thus the mean values of 
correlation coefficients between

Factor I and Factor XX « ft* 12 ra «<)*QQ27 
Factor X and Factor XXX h-^13 » ™0oQ591 
Faotor II and Factor I H »  A 25 a -0,0141

Faotor IIIs-

™2



Faotor II Faotor III

Faotor I
W
H  3 83o36
P a o UJU70

Faotor II

«0,o067
^ 1 2  s “O0OQ27

Not significant

ujkj jaw lap w i

w

A y

P

3o334 
0p3534 

W o  98

Faotor III

3I o477 
A 13 = -0.0591
Not significant

ps0 q353
u23 » -OoOXifl

Not significant

■ff̂ C?yayriSHr.jyj5CT  ̂ 1

S L1"
W

P

2.633 
0.2633 
35.55 
1C$ level

TABLE NO. 3A.
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In order to test the interfactor significances* t«*test
was used to show that the ̂  -values are not significantly
different from &er©0 Xt was found that none of the value a Al2^

^ 1 5  9 and ̂ 2 3  are significantly different from m ro 0 This
suggests that the three factors are independent,, (it has been
proved in the discussion of th® theory involved in the extraction
of the factors that the new components are uncorrelated) 0

8o7 PERFORMANCE INDEX Px
The above results show that the first and second factors

are significant at 0 D01J? level and 1fo level respectively «> The
third factor0 although it exists is not highly significanto
This eould be due to the lack of discriminatory power of the
items loaded into the third factor0 The results of the analysis 

*of variance of So0o factor are given in Table 15 o

Source of 
Variation

Sum of 
Squares

Estimate of 
Variance

Between
Items

108

TABLE NO* 1.5

*The scoring of items has been changed from 09 2, Zh, 6# 8 to 
~Z9 ~1& 0S +1, +2 in the analysis of variance«
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Between Site Managersg The 0F0 value ©f 9p1.9 
is significant at 0 O01fo level „

V, a 27.

Between Items g™ Th© °F° value of 1103 with V^ ss 4 ? \)^ m 108
is significant at 0o01% level0

This shows that the Sit® Managers express consistent 
©pinions within the SoOo 'Factor and, this when taken. in conjunction 
with the fact that the S o0o factor is independent of °A° and tfId 
factors3 we can conclude that the Site Manager is most likely 
judging some actual state of affairs as he sees ite One could 
regard his attitude towards the job as objective „ The S0Q« Factor 
determined above could therefore be used as an index of performance 
on the building sit@0 The S«0<> factor would be referred to in 
future as Performance Index P^o The Table 16 gives the values 
for th© different sites included in fche study*

KOo

1
2
3if
56
7
8
9

10
IX
12
13
14

Project 
Refp Ho,
P/56 
P/ll 
P/14- 
P/24. 
P/28 
P/29 
P/54 
P/6  
P/87 P/188 
P/198 
P/207 
P/232 
P/290
-TT.‘j j î>r««4T a'anyy/TUT.T 134:

8 oO oFactor 
Index Ho 0

Project 
Refo Noo

S pQ of actor 
P1« Index

*t>a -UtKira:! 3tP 4T-«fc:wftjrifSi J *.»«aui*_. it * .t«4.4*'is,i.vw.KFR.
<4i

30 18 P/339 30
32 1$ P/359 5422 17 P/467 40
XO 18 P/491 6
30 19 ! P/520 12
22 20 P/527 8
24 21 P/529 16
8 22 P/,928 34
38 23 P/36 24
36 24 P/435 20
16 23 P/323 26
24 26 P/456 8
12 27 P/294 8
22 28 P/516 8

Jl

rCABI® HOo 16
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8 08 COMMENTSg~
The problems arising on the building site as seen by th©

Sit© Managers could b© classified under three distinct headingsg«
(X) 8 o0 o Factor
(2) °AC Factor
(3) c&° Factor
Th© factors derived, are responsible for variances in the 

response matrix, which are in descending order of magnitudee This 
could be interpreted to mean that the problems arising out of these 
factors are also in descending order ©f priority 0 Th© factors would 
b© discussed in greater detail in Chapter X0o
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CHAPTER 9

OPERATIONAL CONTROL IN RELATION TO "ON SITE" VARIABLE

In an earlier chapter an index was developed to measure 
the efficiency of sit© organisation® This index was based on the 
subjective ©valuation of th© site managers. Attention is now 
turned towards studying the process of operation control on the 
building sites in relation to the 11 on site'1 variables* such as 
labour input* materials input* etc. In this chapter one such 
"on site” variable has been studied.

9.1 Ideal System
Any system* in a perfect world follows the natural laws 

of evolutione The rate of growth or decay of the system, tends 
to have a distribution which follows th© biological growth curve. 
The same could be said to be true on the building site. If the 
assumption is made that the building site is perfectly organised 
and perfectly adaptable to the external Influences* then it follows 
that the activity rate* day by day* will follow the biological 
growth curve. The mathematical logic of the above argument is 
developed in the following manner.

Take that on a ideal building project there are altogether 
’N® units of work to be done, and at a particular point of time 
,t*. n units have already been completed, then (N~n) remain to 
be done® Assume that the rate at which work is possible on the
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remaining units depends upon the amount to "be done*, then

6 n An , (9q1)
and the pressure to finish the projects depends upon the amount 
of work still left (N™n)
or &V\ ~  (9o2)
where A and yU are two constants«
From the equations (9<>l) and (9o2)

dn s K (N~n)n (9o3)
at

where K is another constant,,
In the argument given above it has been assumed that during the 
construction process the external influences remain unalteredD 
From equation (9o3) we get

nr, dn + dn * NK dt 
T  (lHn)

Integrating the above equation
logn - log (N-kl) = NKt + G

Where * C * is the constant of integration
log n B NKt + C (9ok)

N-n
Let 2T be the construction time, and the job is planned in such
a way that when t -> T5 the job is half done

ioe0 when t = T9 n = N
2



-  1 1 3  -

With these initial conditions, from equation { 9 ok)

log 1 a 0 s NKT + C 
or C as ~ NKT

constant C = «* NKT

or log n * NK (t * T) (9o5)
N “33,

Consider the case when t >  T
4* NK (t*T) /Q .Nthen n - e * (9©6)

N-n
and when t^T

fcS (9,7)
n

Let us assume that the labour input is an ”on site” variable 
and the man week is a unit of work© In such a case* if the site 
is perfectly planned and organised the weekly labour return 
figures on the site should follow the above mentioned distribution* 

9o2 Real System
The conditions mentioned above do not represent the true 

picture of the construction process on the building sites0 The 
external influences which are beyond the control of the site 
management are changing all the time0 This is reflected in the 
rate of change of the activity rate on the building site* which 
in response to changes in the external factors deviates from the 
expected growth pattern0 Because of th© unexpected changes in 
the external factors there are all too frequent occasions when 
actual progress to date differs from the programme0 Whenever
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such a situation arises on the building sit©* the Site Manager 
has to take decisions* in order to redeploy the available 
resources in such a way so as to strike a compromise between 
the programmed and the actual situation* using his experience 
and intuition as his guide0

It is obvious that whatever method of control Is employed 
on a building site* it must be dynamic in the sense that it should 
take account of the actual situation rather than the x r r o g r a m m e d  

situation* whenever a group of men is ready to start a fresh
piece of work* and there is more than one operation ready to be 
started* the Site Manager must decide whether to employ a greater 
labour force or to perform the separate operations in sequenceo 
Conditions may also arise when* due to inclement weather* non-3 
availability of information or non-availability of materials* 
there is insufficient work for the men on the siteo Under such 
conditions the most appropriate decision that th© Site Manager 
can take may b© to transfer a proportion of his labour fore© to 
some other sit© when there is labour shortage© Failure to take 
the right decision can lengthen the(total contract period or it 
may be reflected in the form of unproductive labour time© It 
could be said* therefor©* that the efficiency of operational 
control on the building site depends upon th© rat© at which the 
resources on that site are readjusted to take into account any 
changes in the external factors o In other words if we can develop
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an index which is sensitive to changes in the external influences^ 
then the same index could be used fox'’1 measuring the operational 
control on the building sites©

9 o3 Index of Operational Control - Po
The weekly labour returns on the selected building sites 

were studied and the figure ( 5Ldn x N) was chosen as the abovev“y  ̂aaecKrxagRSCtiu 8T
mentioned index© It will in future be referred to as Prt0

thus P« = dn. x N
T

in *  ©hasp in to© labour
I b total sumbta? ©f nmn®w©§l§i§ involved on 

to® iito 
T a ©©niteueiios tlffl© In wmlm

Uif The labour return figures wore obtained for 12 building
sites and Fg values calculated*, They are given in p?abl© No*,

w w w a w w i t i w  m

No© Project 
Reference No©

P2

i p/ii 5.89
2 P/28 5.21
3 P/29 4.52
4 P/36 4.41
5 P/87 3.87
6 P/323 5.94
7 P/339 10.8
8 P/359 7.81
9 P/491 2.14

10 P/516 3.75
11 P/517 6.01
12 P/527 7.44 TABLE NO*, 17
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S>„5 Pj Vs Pg
■'-O.'WOWSeWlPlSTr.SSj'tisrt

Table No* 18 gire3 the and P9 values ana also the rank 
orders of 10 different pt-ujects which were considered to 'be 
similaro They were all residential buildings© It la assumed here 
that similar jobs have similar external forceso It is also 
assumed that changes in local .factors effect equally the external 
f ac tors o

.''■TracrtTtr.‘T r ‘T73,r ir^ it :f 'i:" '.’:eru«xu-Tac'i,-^t£X^nx;^'r'^ r:.-if7  .(K«*.n*rstr<

NOo P.1 Order
iwvsjvnniK.'Enaffi.'v. ; ' c  •*~u n o -  i* Jau1.-. t  &■ J  ixnn-ejg^gn n»j:

1
2

3
if
5
6
7

8 
9

10

■p. #n*J  -V.t; H h

O r d . 6 :

T. O j£

30

22
os

26
30

34
8
28
6

Tn̂ TT-irr—f~nr-Yt.mhnTTH-»rirniiTiKwir<

9 I 5 * 89 6

74 5o21 5

3 1 4,52 4

4 4o41 3

5 5® 94 7

74 10o8 10
oO 7o81 Q
2 3o7 5 2

6 6o0i 8
l 2.14

*j Cneaarggiw»i*ipuca > tm  t j’.̂ c JuXJ«>~

1
« — J

TiSBIE NOo18
ywgw*CT:niy.trnw.inaacfnwg^T>.u3t«^scc5J

The Spearman0 rank correlation coefficients between 
and Pg values » 0o80o

(1)
T  -  1 6 S d i d ,, o x  32*5 ~ 0c80jj 4«iAnnwwsuF̂Arra\sv̂ii&Si990t-h*
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(2 )The student's 9t0% y value » 3o77 with 9 degrees of freedom*
This is significant at about 0*2$ level0 This suggests that 

there is a high association between the two indices and P^0
In other words9 the sites which are considered to be well 

organised hy the Site Manager also have a relatively high Pg value. 
Therefor© we can conclude that both and are measuring some 
aotual state of affairs on the site* Pg is a measure of th© 
sensitiveness of site control to changes in the external factors 
and we shall call it the Index of Operational Control*

s a w t t i m w i

3*77 with 9 degrees of freedom«



CHAFEER 10

BUILDIN& SITE ACTIVITY - INPUT/OUTPUT CONCEPT
A building j ,  however large 9 however smalls demands for 

its erection several Inputs* T^iey include physical ones9 which
i

ar© land, drawing details9 building materials and craftsmen© 
Another organisational Input which is equally important is the 
©xperience j, judgment 8 wisdom and the skill ©f the man in charge 
®n the building site© In Chapter 8 we studied the latter Input 
in gx°eat depth and have shown that there is a definite structure 
in this Input factor* But no 11 Output11 index has yet been 
developed in the SoEoBoI© Study that is sufficiently consistent 
for us t© employ as correlate with our highly significant indices* 
Factor analysis ©f the response matrix described in Chapter 8 has 
shown it quite clearly that in the view of the Site Managers the 
three major problems ©f the building site in order of priority 
fall under the following factors* 

lo SoOo Factor 
2* °A9 Factor 
Jo 9L° Factor
We shall now study these three factors separately in

order t© find out what in fact these factors consist of©



10ol SoGo Factor<ra ^ ia-otrTOg?^Tr«oe«qtt3ta£«cijag.inTa

The items which were included in this factor were* in brief, 
the following

Availability of the Architect for decisions©
Speed with which the firms management attended to 
the Site Supervisors problems©
The availability of drawings and other details at 
the time require&o
The availability of materials when neede&o 
The specifying of particular suppliers or products 
and their availability at the time required©

The five items deal with the interdependence of the site 
activities with actions or inactions of parties external to the 
sit ©9 The building §it§ §am®t b@ isolated f i w  the mwk of 
dssip^rsp suppliers p sub®@ontiPucitas,s and tto  fin rfs  §m  higher 

m&mipssmt e The Bit® Manager §§@§ the role of 
all those engaged in supplying the physical inputs on the sit® 
a® the key to effective site performance©

Th© problems of co-ordinating become ©van more aggxavated 
because of the presence of yet another central characteristic 
which is a commonly shared experience of all those involved in 
the construction process i0eo uncertainty© Those who plan and 
control operations on the building site cannot know beforehand 
if the resources they must include in their plan will materialise 
at the time assumed or even accord to the specification© Certain

an
Item 8

Item 18

Item 27 
Item 29

tias=jaoaaDea^Tsx*G3&a
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instances and problems which were actually mentioned by the 
Site Managers during the field studies are given below0

On one of the sites visited, the Site Agent complained 
that the drawings provided by the Architect were either incomplete 
or incorrecto Measurement had to be taken on the site before 
orderizig the window frames and the electrical fittings, and get 
them confirmed by the Architect© No single architect was appointed 
for this particular site ©id tiia© was wastsd before h©
got the confirmation from th© designers© Th© effeet of the delay 
in making the decision was cumulative in the sans© that the 
materials were also ordered later than the anticipated date© The 
contract was completed two months after the scheduled completion 
date© It is wrong to assume that this delay was purely due to 
the lack of capacity of the designer to take a prompt decision, 
but it is true that considerable effort would have been saved if 
the architect was available when needed© This is a problem of 
lack of effective co-ordination between design and construction0

On one of the sites the contractors had received provisional 
substructure drawings, and some of the superstructure plans© All 
of the 9system0 drawings were available, but some confusion had 
arisen in relating the appropriate drawings to the Architects 
plans© The 9system9 drawings contained a lot of redundant inform­
ation; there were, for example, many more types of window detailed 
that would be required for this particular job0 Due to complexities



of coding, the contractors found it difficult to locate the 
corresponding details on the 0system9 drawings© There was 
also difficulty in relating the superstructure elevations on 
the Architect's drawings to the appropriate substrueture elevations 
on the structural engineer0s drawings© The QoS© also provided 
a bill of quantities which made no reference to this particular 
site© The central management of the firm also did not help 
very much to solve this problem0 They tried to settle the matter 
without bringing the Site Manager into the picture© This contract 
was completed one month after the scheduled completion date©

During the investigation, we came across a site where the 
contract was finished before the scheduled time in spite of the 
fact that some of the ©pooiflod by th© dosifne*8 wore
in acute shortages This was achieved by maintaining a very ©lose 
co-ordination between the designer, contractor, quantity surveyor 
all through the oontra@ts Partitionings wtr© In shortage, they 
got over It by specifying an alternative material which was 
available in the market© The Architect was always prepared to 
co-operate and so were the central management of the firm© During 
the planning stage of the contract some very concrete suggestions 
were made by the Site Agent regarding the structural construction 
which were accepted by the designer and the design was modified 
accordingly©
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On© Sit© Manager complained that although he sent his 
weekly reports regularly to the department concerned, with such 
information as manHhour s, actual progress as against programmed 
situation, material usage, he was never informed about his relative 
performances ©n the site© There was lack of confidence in the 
ability ©f the site management© This was revealed in the interviews 
with the Contracts Manager© No attention was given to the suggestions 
mad© by the Sit© Manager regarding the possibilities ©f improving 
th® performance ©n the site® This was a case where there was no 
proper feed-back ©f information which created an atmosphere of 
mistrust and instability o 

1002 A~Faet©r
The items included under this heading were in brief the 

followingg“
Item 6 Genfiden©® in workers Integrityo
Item 8 Admission that planning @t©0 demands more than experience P 

Belief In his own need for training0 
Item, 11B©3d©f that Architect understands problems of site agent 0
*fn  ►•jn'Tni r v'iW iV “»

Item 17 Recognition ©f need for new thinking in himself*
XtemZL Belief that bonus systems are not briberyP

Factor II, at first sight, appears to be loaded with items 
that have little relation to each otherP Three elements seem to 
b@ Involvedo Firstly, items 6 and 21 suggest the attitude of the 
Site Agent towards an important aspect of his operatives, namely, 
whether they are prepared to do a fair da/s work for a fair day°s p$y0
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Th© first suggests how far th© Sit© Agent sees th® men as concerned 
mainly t© Increase their wages and diminish their hours of workg 
th© second suggests how far he believes that bonus schemes do not 
so much reward th© men for their work as prevent them from leaving 
th© jdbo Agreement with these propositions indicates an uncharitable 
or ©v©n cynical attitude to the work people 0

Items 8 and 17, ®n the other hand, suggest how far th©
Sit© Manager is aware that, in order to handle successfully a complex, 
modem Job ho himself needs other than mere experience0 They measure, 
as it were, how far th© Sit® Manager will acknowledge his own need 
for training and additional qualifications0 It is interesting to 
m® that those two sets of ideas are significantly associated0 Sit© 
Agents who admit their mm need for new skills or technical knowledge 
arc significantly less inclined to a@e their own mtn as Interested 
only in th© mount ©f their wages, and, thus prepared to earn them, 
than ax0© Sit© Agents who feel they have little need for other than 
their past experiencee

But It is of great interest to see that th® Site Agents 
who hold these more flexible attitudes are those who acknowledge 
that their Architects have understanding of th© Sit© Manager0® 
problems o W© therefore denat© this five item factor by the symbol A« 
This may be taken t© moan either Architect, or Authority, for it has
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fx) (2)?©a<3y been shown both in Factories' 1 and Hospitals' s that 
subordinate managers are both more ra&dy to admit their need for 
constant learning and more sympathetic towards th® needs of their 
subordinates when their own superiors ar© perceived as b©ing 
©oncomcd to h©Xp them with their own problems 0

Factor 11$ then9 or our A«Faetors is both more homogeneous 
and mor@ intelligible if w© mate® this examination of its elements0
It is th© factor @n th© building sites that illustrates the general

(5)thesis'1 9 that win conditions of uncertainty middle managers tend
t© pass f© their subordinates th© attitudes they detect in 
their superiors®o

Th© Bit© Manager9 in other words9 will try to help himself 
by learning 9 and also will try t@ help his work peoplea by soaing 
that they may have ambitions other than th© desire for higher pay„ 
if9 in turn, h© m®& th© Architect as trying to understand the
problems of the Bit® Manager0 (W© not© that this conclusion is
significant at lj5$ It is therefor© undeniable®)

(1)w  Mo lo Hussain ~ PhoDo Thesis 9 Discriminant Model for the Analysing 
of Factors Influencing Innovation in Industxy 0 Jan0 196,5 0

(2)w  Eo ffo Revans <* Standards of Morale^ Cause and Effect in Hospltalso 
1964 O

(3)x J Ro Wo Revans Theery of Practice in Management <> 1966 0
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10 o3 IHFactor
Faster III has b@en shown to b@ only significant at lOfa levelo 

This faster Is loaded into th© five it©ms X9 199 239 25 and 32® Th© 
low level of significance of this factor is probably due to th© lack 
of discriminatory power of items and thus reflects @n th© limitations 
of the questionnaire o However9 it Is important to study th© impli­
cations of th© items involved in this factor® Th© items in brief 
are as follows8̂
Item 1 Belief that men &© not ©xp®ot high standards ©f sit© 

accommodation and welfare®
Item Ig Admission of th© fact that because of to© many uncertain factors

too much time and capital can be spent In planning and programming® 
Item .23 Belief that casual employment discourages keen©as and efficiency® 
Itom 25 Recognition of th© need for mor© ©©^operation between sit©

■ management ami operatives 0 
Item 32 Belief that the builders should keep same men from m,® job 

t© another®
Tw© elements seem to be Involved ® Firstly 9 th© It ©to 1„ 23, 25 

and 32 suggest the attitude of th© Site Managers towards th© working 
conditions 0x1 th© sit© and labour turnover0 Secondly9 th© item 19 
suggests the attitude towards planning and programming in the conditions 
of uncertainty inherent in th© building Industry® Th© Item 19 is net 
significantly correlated to any ®f the other four items in Factor III 
in spit© of th® fact that this factor is leaded into item 190 This
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could be accounted for by th© assumption that this factor falls in 
the fringes between Factor II and Factor III® However* all the other 
four items included in this factor deal with labour and we therefore

6 ifdenote this factor by th© symbol Lc
It is ©f great interest to see that the Sit© Managers who 

believe that working conditions on site need to b© improved also 
believe that the knowledge and experience of th© operatives should 
b® appreciated by sit® management0 During the field studies we cam® 
across several instances where Sit© Agents relied upon the experience 
of his operatives with very beneficial results® These Sit© Agents 
also believed strongly in the necessity for improving working conditions 
©n building sites in order t© keep labour turnover low®

During th© field studies high labour turnover was found to 
b© one of th© main factors affecting labour costs * For ar\y job which 
is not just unskilled labouring* this inevitably means a loss of time 
while th© new individuals adjust themselves to the task in hand® On 
on® of th© sites visited 4 out of 12 carpenters left in one afternoonD 
Th© steps that were taken by the contractors to ensure adequate labour 
on the sit© were as follows

(i) To pay more directly to labour in the form of wages* 
bonuses or special allowances®

(ii) To encourage labour to join the permanent staff with 
special pensions* sick pay and holiday benefits®

(ill) To retain the labour in the firm in spite of th© fact 
that th©r© was no work available for them® This was



particularly true In cases- of skilled labour«■ ,
Th© methods which were suggested by th© sit© managers to

overcome this difficulty are summarised below?«
1) Th© use by contractors of more mechanised equipment 0
2) Usisxg more prefabricated oomponents0
3) Improving the working conditions) on the building sites 

and a general improvement In th© image of the Industry®
4 ) Using the X&beur more produotlvelyo This means that

a scientific study of the labour utilisation on the 
site should b© carried out in order to Introduce those 
conditions which, would give higher labour productivity0

5) Better planning methods so that the labour required 
during th© different stages of the contract are for©** 
oaated more a©ourat©ly0

6) More comprehensive training of the operatives to enable
\

a man to carry out more than o m  trad© should th© 
occasion arise® On one of th© sites considerable time 
was saved when* because of serious shortage of tilers* 
the contra©tors suggested that th© bricklayers lay tiles 
under th© supervision of one or two more experienced 
tilers® Th© co-operation from both trades was sought 
and granted* and expensive delays were avoided0

7) By Introducing Incentive schemes which are acceptable
both to management and th© operatives® This could be 
aohiovod by «piataing th© aim and tht method ©f the 
laaoma&lw© @©h©m© m d  mmmisig m w  m d  doubts
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CHAPTER 11 
CONCLUSIONS AND RECOMMENDATIONS

After a study of the background of the Industiy and an 
examination of the results obtained through this investigation* 
the following conclusions ar© drawn and recommendations made®

lf The study has shown that there is a presence of crisis 
management on the building sites. Although this type of manage­
ment is a symptom of an organisational malaise it is likely to 
continue as lpng as uncertainties endemic in the present system 
persist*. Its cause lies in the general lack of co-ordination 
either ^ithin the firm or due to the fragmentation of the roles 
of the parties involved in the building process® It is clear 
that there is no on© person able to control or co-ordinate the 
activities in the entire building process*

2* The study of the building site&.has.indicated that delays 
on the sites stemmed predominantly from lack of clarity or non** 
availability of information • Non-availability of materials at the 
desired time and plant breakdown etc, were the other causes of 
delays *

Delays arising from the information flow fall into three 
groups, viz, those which are due to inadequate information, those 
which are due to faulty information, and those cases where the 
information is channeled to the wrong party® The first requires 
standardised procedures and format sp that by the up© of check
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lists this can be resolved® The second failure could be legislated 
against, but requires experience and skill on the part of the designers 
to move towards perfection® However a number of aids could be 
used, especially with complex structures, which may be represented 
by a model® Alternatively, the acceptance of the principle that 
certain aspects of design are best determined at the construction 
stage* However this acceptance necessitates the integration of 
design and production, and the involvementof the designer in 
site management. The third is due to lack of co-ordination between 
the different parties contributing to the building process® It is 
suggested that a random sample of typical delays observed on the 
building sites should be thoroughly investigated and not merely 
shrugged off as unavoidable®
3® The study has shown that the site managers seem to feel 
strongly the need for continuous personal involvement during 
programming and personal control on matters dealing with the 
designers® Factors which were regarded as most important by the 
site managers weres

a) Presence during initial preparation of the programme®
b) Negotiation for the interpretation of drawings®
The important aspect involved in the first of the two

factors, is the classification of the roles and responsibilities 
pf the persons concerned with the construction, when a * planner* 
as such is employed. This involves a policy directive to define



whether planning is a service to the site or a directive to
the site® In the latter case the planner must accept the
responsibility of events on th© site© If the former policy 
is adopted the plan ought to have the approbation of the sit© 
manager and to do this his participation is essential®

It is noteworthy that 30 of 68 site managers who 
provided the information had no part in th© preparation of th© 
programme, and only 19 reported full participation# Those who 
were not involved in the preparation of the programme felt 
frustrated, as they could not contribute their own knowledge
and experience# It was found that BOfo of the sit© managers who
took part in th© attitude analysis believed they could have 
beneficially influenced overall performance had they been 
consulted#

Some of th© site managers were suspicious of the utility 
of detailed formal planning techniques| these suspicions could 
have arisen from fear and ignorance of formal planning techniques 
as much as from uncertain conditions existing in the building 
process| to overcome this they felt the need for secure and 
formalised backing from the firm® This could be achieved by 
actively and continuously engaging the sit© manager in th© 
planning of th© construction programme, as this would not only 
giv© them a good background into the problems involved in th© 
construction but also help them In learning new methods of 
planning and control#
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The second factor is necessary because often during the 
course of the construction work when the interlocking effects 
of decision and drawings etc* produces a situation of incompat** 
ability, they have to be resolved speedily if progress is not 
to be interrupted®

The authority to deal with the union on matters relating 
to labour disputes and welfare is regarded as the least important 
by the site managers 0 This may be due to the fact that they a re­
conditioned by the general practice of the higher management to 
retain control of this aspecto
ko The study of the authority delegated to the site manager 
as against what he actually assumed shows that there is conflict 
existing between the central managementstatement of the area 
of control of site managers and the degree of direct control 
exercised by the site manager® The conflict is studied by 
examining the extent of agreement and disagreement between these 
aspects®

The Table No„ 19 gives the distribution of projects where 
disagreement was observed® Three aspects (a, b, c - refezttence 
Chapter 5) of control were studiedo This table Is obtained from 
Appendix Tables 3a and 3b®
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NOo Projects

Aspect
of

control

Control exercised 
by Site Manager in 
excess of authorised

Control exercised 
by Site Manager 

less than 
authorised

Where
differences
are

marginal
a 3 21 30
b 0 24. 30
c k 19

i.T l.

31

It would, appear from Table No© 19 that on a considerable 
number of sites which were included in this study, the extent 
of authority delegated to the site management was not fully 
exercised,,

This could be due to two reasons
1) Although the central management delegated authority 

to the site they resent it if it is assumed by the site
2) Problems where clarification of information is 

needed;may lead to a deterioration in the firms relations 
with the designer where the site manager effects a decision on 
his own initiative, without prior consultation with the central 
management; the detrimental effect of this may also trace 
itself back to the site manager© This is most likely to arise 
where a solution may involve financial considerations which may 
subsequently have to be subject of monetary plaim with a 
possibility of apportioning the blame for lack of foresight *
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It is suggested that the definitions of the roles and

responsibilities of the site manager needs setting out in very
clear terms after a study has 'been made to ascertain whether
productivity can he affected by location of control.
5* The study 1ms shown that the factor most affecting the
performance on the building site arises out of the interdepend- 

(l)ence of the parties contributing towards the construction process 
and their inability to take action promptly and effectively.
This is caused by their lack of understanding of the problems 
on the site. It is therefore suggested that those involved in 
the construction should form a interdisciplinary research team* 
This would enable them to perceive the problems more clearly and 
arrive at an agreed conclusion.

It is suggested that junior members of the professions and 
junior management and experienced site managers should be given 
the opportunity to study the problems together, in collaboration 
with disciplines available in academic institutions. The most 
practical move towards the co-operation between industry and the 
universities would be the invitation from industry to the 
universities and the colleges tp join in the study, both long 
tern and short term, of real management problems in the setting 
where they exist. Such a study should have a two way feed-back.

(l)Similar conclusions have been drawn by Tavistock Institute of 
Human Relations in their report ‘'Communication in the Bu5,lding Industry" Realisation Report, (available only to limited circulation)
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Research
Team

The following advantages would flow from a well-organised 
research project of this kind
1) The personal involvement to some degree of potential 
management, and this will provide them with a learning opportunity©
2) This will give them an opportunity for a realistic 
examination, appraisal and treatment of the operational problems 
encountered, during the course of the research*
3) In consequence, this will create a desire among th© senior 
management of the parties represented in the team for further 
self-development, out of which proposals for continued study would 
originate and would he made more specific in the course of discussions 
with the mamheps of the academic staff*
4.) Group collaboration of this kind will lead to a better
understanding not only of techniques involved in the building process9 

but of the roles and responsibilities of the parties involved*
3) The opportunities they would get during the investigation 
of collecting, recording and interpreting information would give 
them a better understanding of the information flow in the building 
process and thus a chance to improve upon it*
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A study o f this kind needs the active support of all the
parties involved in the building process®

During the course of the investigation it was found that
progress on certain sites was delayed by shortage of materialsD
The situation was made worse by the increase in the number of
orders placed by the users, because of rumours that certain
materials were in short supply® This problem could be tackled
effectively by forecasting the demands for building materials and

(l)studying the stability ' of the supply and demand systemo This
is a case where research undertaken jointly by suppliers,
contractors, designers and universities along the lines suggested.

(2)by G*o Bayley would be of great help to the industry®

r^pKnMdMi^inw^ m n .m iyuui« i ii.niiw jm w n iw >wi  h w p w t w w i f i m t t wj umwii . u ai.i iim ■ ,111 r' r 1 ti

(1)7 Industrial Dynamics - J® W0 Forrester
(2) Work Load and the use of Materials, Builder 14th May 

1965* “ Gordon Bayley
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APPENDIX lea

Site
Is the site agent/foreman delegated 
auth.oxd.ty to t
a* Call for delivery of materials:
be To negotiate the interpretation 

of drawings:

EDirect
Direct

to
Architect

Co To call for type of plants Direct Direct
from from
Depot Plant

Firm

Through
Through 
Others

Through HeQ

d. Is his authority to recruit men Abs olut© Limited
on site:

e. Is his authority to discharge Absolut© | Limit ©d|

Nil

Nil

e*

Is his authority to negotiate 
with the unions on:
a* Bonus rate -
be Welfare conditions -
Cc Disputes -
Between the award of th© contract 
and the start of th© work on site, 
did th© site agent/foreman take 
part in preparing th© Initial 
programme (Jin time)

h» Has h© authority to negotiate 
with sub "-contractors on:

Absolute]
Absolute
Absolut©

Limited
Limited
Limited BJ

!GC$ 80$ 60fo kOfo 20$ 0$

All matters 
inol* finance

All matters 
©xol» fimnce

Limited TSfone"
i# No, of apprentices on site:
j# Safety Officer responsible for

this site has overall responsibility 
for sites



-  137 -

APPENDIX l0b

2 *

3*

6.

8#

Did you call forward materials 
aa direct from supplier 
b* through HoQ*

Did you recruit men
a0 on site
ho through H0Qo 

/
Did you negotiate on drawings

a, direct with Architect 
h* through

Did you call for plant 
af direct from HeQ,
b, direct from Plant Hire firm

Did you negotiate direct with unions
a* on bonus rates
be welfare conditions
c* dispute

or did you request HoQ» to deal with 
unions
Did you negotiate with sub-"contractor 
(except finanoial matters)

Frequently
it

a«
b.

direct 
through H.Q,

Did you participate in planning of th© 
works
or were you only consulted
Did you receive a programme of th© works 

a<> before start on sit© 
b0 after start

Seldom

Yes / No 
Yes / No

Yes / No 
Yes / No

Never
rt

IS
It

tl
It

tt
It

ft
tl
II

II

It
ft
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APPENDIX 2

Building as an out of door activity is suoh that th© men do 
not expect high standards of site acommodation and welfare.

SA A UD DA SDA8
The task of the supervisor of a building contract today calls 
for experience, judgment and training of high order®

SA A UD DA SDA
8

An Agent or General Foreman who has had plenty of practical 
building experience would gain very little help in his work 
from training courses in site management.

SA A UD DA SDA
8

One of the noticeable features of this present job is the ready 
availability of the architect for decisions.

SA A UD DA SDA
8

In our firm management attends to the site supervisor's problems 
so promptly that he has no cause for complaint.

SA A UD DA SDA8
If you paid the operatives more than at present they would 
simply work shorter hours•

SA A UD DA
Contractors should handle all disputes at top managerial level,

SA A UD DA SPA
8 A Sit© Manager trained in traditional building practices would 

find no difficulty with th© programming and control procedures 
at this sit©.

SA A UD DA SDA
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9 If a minute to minute study were made of how most Agents spend 
their time on site, we shotild discover that a great deal too 
much of that time was given to chasing and interpreting the 
designers instructions, drawings, specifications etc0

SA A UD DA SDA
8

10 On this particular job the output could have been considerably 
increased if the Site Agent was brought in at the initial 
programming and planning stage*

SA A UD DA SDA8
11 Whatever Site Agents may not know about the work of Architects 

it is clear that many Architects know very little about the 
problems of Site Agents*

SA A UD DA SDA
8

12 Proper warning of requirements was given to the suppliers of 
materials to this site but a significant number failed to meet 
delivery datesp

SA A UD DA SDA
8

13 The important thing about a delay on a building job is not 
that it may postpone the occupation of the building, but that 
the causes for the delays should be clearly identified®

SA A UD DA SDA
8

1A The job of planning and programming any building work should
be left to the experts in the Head Office0

SA A UD DA SDA8
15 Disputes on a building site are best settled by independent 

third parties who do not need to live with whatever solution 
is agreed»

SA A UD DA SDA8
16 Any average man with site experience can organise building 

work providing he is given the time®
SA A UD DA SDA8



- 12|J0 -

17 The problems of scheduling and control arising on this 
particular job are such that practical experience of 
traditional methods9 however extensive would be of them­
selves insufficient qualifications♦

SA A UD DA SDA
8

18 It is rare for work to be held up on the job through lack 
of drawings or information*

SA A UD DA SDAo
19 Because of too many uncertain factors in the Building Industry* 

too much time and capital can be spent in planning and 
programming*,

SA A UD DA SDA
8

20 Regular meetings between Operatives representatives and the 
sit© supervision would be a waste of time,

SA A UD DA SDA
8

21 Bonus systems are a disguised form of bribery to make recruit­
ment possible without infringing the basic wage agreements*

SA A UD DA SDA
8

22 Higher standards of site accommadation and welfare are 
essential to encourage men to meet current demands upon 
the industry,

SA A UD DA SDA
8

23 Taking on men for the duration of a job only discourages 
keenness and efficiency®

SA A UD DA8
2A Modern building requires modern techniques and continuous 

training for site managers during their oareer.
SA A UD DA SDA8
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25 Unless the operatives feel that site management is concerned 
and is anxious to have the benefit? of their views for improving 
productivity, then progress will be unfavourably affectedo

SA A UD DA SDA8
26 Workers in the Building Industry are paid far too muoh for 

the amount of responsibility they have*
SA A UD DA SDA

827 Significantly more progress could have been made on this particular job if materials had been available when needed*
SA A UD DA SDA

828 The bonus scheme on this site really rewards men for their individual effort*
SA A UD DA SDA
829 The designer of this building clearly did not enquire if the materials he specified could be obtained in time to complete the contract within the period allowed*
SA A UD DA SDA

8
30 "Every responsible manager must from time to time referproblems to his superiors"* The majority of Sit© Agents or General Foremen today do this but seldom get a prompt decision*

SA A UD DA SDA
8

31 There have been few occasions during the course of this particular job when Industrial unrest could not have been handled with complete success by those on site*
SA A UD DA SDA
832 The best builders are invariably those who keep the same menfrom one job to another*

SA A UD DA SDA
8

33 To make the most of the limited resources available to the industry too muoh emphasis cannot b© placed on planning and programming*
SA A UD DA SDA

8
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In this Append!^ an attempt has heen made to explain 
certain principles involved in the analysis of the correlation 
matrix in Chapter 80

In the Matrix No* 3 in Appendix one is concerned with 
the set of ft, individuals each of which bears the value * jb> different 
variates* The multivariates characteristics lie in the multi­
plicity of the variates not in the size of the set *

The * f t variates are dependent among themselves so that one 
cannot split off one or more from the others and consider it by 
itself* In this particular case the responses vary considerably 
between each individual for the different items, and yet possibly, 
there are certain vague similarities which run through groups 
of individuals, or groups of items, not very well marked off from 
one another, but merging into neighbouring groups at their margins* 
There is a tendency for the variates to fall into groups* In the 
analysis an attempt has been made to recognise these groups (if 
they exist) and if possible to extract them*

A % 1  Suppose there are*|o* variates  each observed on
' "flv ffvindividuals* Let Jĵj represent j observation on theL variate, 

so that the observations may be arrayed in a Matrix*

* Mr* G-* Kendall - A course on multivariate analysis.



The object of the analysis is to economize in the number 
of variates* To do this one has to seek for linear transform- 
ations of the type

%  i *  d i j  U : jWhex1 e /(A,--./a (2)
J 3 f

In practice, when the variation is obviously non-linear it is 
best to try to transform to linear variation before embarking 
on an analysis

It may be possible that the data could be expressed in 
terms of fewer number of variates of * In such a case a 
genuine reduction in the complexity of the problem has been 
achieved* But this is exceptional* Where such a reduction is 
not possible9 the dimension of the problem could be reduced by 
choosing the coefficients so that the first of the new variates 

has as large a variance as possible* The second new variate 
2%^ could be so chosen that it is unoorrelated with the first 

and it has as large a variance as possible* In this way, one can 
transform to new uncorrelated variates which account for as muoh 
of the variation as possible in descending order* In such a case, 
it is possible to say that first few variates are responsible for
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the largest variation and the rest could he neglected®
Let us take each ^  measured about its mean^ so that

n
-  o  J I  = tj 2 b, (3)

alee let up standardise sp that g S  have unit variance* Then
-jpj' ItfE. jjj'lj 3S I J i  ** t ) & } •<  f * /? •

d ’ 1
(4)

/ L. U \the the  ̂pxp; matrix whose i j J term is

^ ot/ L^i ■>%) *  l

is a factor in h  times the produot of (^/ and its transpose, 
$xoppt for a factor V) this is the correlation matrix, which 
could he written as

I V/* *
w

Y&

* * n * t n ii Y%f<

y>i %x t o t  D I »  I

i* #  (I *  0  * (5)

All the diagonals of such a Matrix would he 1,
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li1Consider the V) points in th^ space of p dimensions when
t

the y 5 are expressed in standard ineasurp* Consider the line in 
such a space with current co-ordinates V

'— T ™ "  “ — ■ *----    S. .* - * (6)
Ct <-% I f ,

Where i  $ are direction posli^ and are therefore subject to the 
conditions

----------------------  (7)

The sum of squares of the distances from the h points to this 
y\ S line is given by

i

n  5' *  2  \i Y  "  "tf- f s  4 & IJ  - ™<)f 7* • • • (8) 
^»// *»/

If this is a stationary value the partial differentials with 
. /.respect to vanish and henqe
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where < ^ $ ' ' " ~

Since 2L — 0 this leads to
£  rd

~ 4 i

Hence, the origin lies on the line (6) and without loss of

~ constant

generality one can take all the -§,0,then since, 
2E, =■ ^  j  we have

ft rf"*- /b jj fc> o
n  ^  '  J  [ i *  t y  ~ ^  l i f y )

*

& J

* " f L  ( i t

■jyo m

n (10)

We then find the stationary values of § for variations In ̂ subject 
to 7* If A  is an undote^ninod multiplier this leads to

n«<E j A 0;  ̂4 -
<£ S?/

■■ m  ( f *  w  • «  « * >  i w  ^ j j)

or the set of ̂ equation given by
&t I — A) Yj % "h ~  ̂ W  /?» *f 0 I

$*t ( -4 — — - «. « ^  *(* 0

A  fy./ 4 . >/>A 4.
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If the X & are eliminated thp equation no^ 12 oould be written in 
the Matrix form as

| V1' —  X  j[ | ~ ° ~ ~ r- *   (i3)

vtfhioh represents the characteristics equation of the correlation 
matrix* When V* is known this equation (lj) gives p> roots of A* 
corresponding to each root of A  there is a 8* for which S has a 
stationary value* Moreover from (ll) and (10)#

J) a f —

which shows that A  oannot have negative values*
Furthermore, it follows from equation (14) that the root whioh 
gives the minimum ^  is the one with the largest A* Choosing the 

largest root of (13) therefore gives us the line required* The 
sum Qf s w r e a  of distance of the points from it is a minimum and 
the varlqte measured along it has the maximum varianoe * The now 
variates are given by

% i -  t y e t j  -------- USJIy

Where with the subsoript J, represents the sets of^s related to 
the root A/

Variance of £g is equal to A  /
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let eori'esponding to any twp different rpots
A^and then $ $  are orthogonal, that is to say

/j
^  bi * =* O  J y  Oi ^  /$ - -r- 1-!---- ^
c *i

^pw from equation (12)

*/*/

» d  £  ^  = W

multiply the f|ret by^gt and the second by subtract*
then

1 ^  1 ^  Ax ^  <4/

—  ^ * ̂ Au ̂ )̂ — (17)
pruning over x th© equation 17*

AJ  'yt y ) -  A ” V )  • i p i - ' — O t )

Now since Vy^Jftthe left-hand side of equation no* 18 vanishes 
and hence

( A x  - X@) 2 L  x  0
c
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p

henpe z  L t l  • t e l  =  O  
( - ■ i r

unless A *  — X̂ s

That shows -t & are orthogonal
Thus if Sy^ correspond to the roots Xij X* r~ X̂ * the lines
fqâ n an orthogqnul set* In geometrical terras one could say that 
the §xps of oorordinates have be©11 changed from set to set* 
As

% t  «  f  e‘t»s
Then is given by 

also
Cev£3y4j ^ K % . )

^  4 a  • K**>
&41V) '̂ J'hrs

I'M

—f O *6 *■ A"
M  ^henoe the variates *h are statistically unoorrelated

■ w i i i wqi i m — — >1 amm  h — p— — «p»»ih «  | W> IMI e m w ^ iiw T«w ^ i^ » w w p ^ i n ie i iM[w>«M»i* F««» F f i i i i i m M «i iie m      

Ll̂Thus the original p variates have now been transformed into a new 
set of variates which are unoorrelated and have variances 
X#^V~"vAj, in decreasing order, also

If it is assumed that the variates are normally distributed 
then may be regarded as constituted of independent components 
of variances X^Aji-X^from the total
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APPENDIX NUMBER 4

COMPILER AB 
UED/L4

upper case delimiters 
BEGIN
INTEGER m,n
ROUTINE SPEC corrmax (INTEGER m,n)
select input(1) 
read(m,n) 
corrmax(m,n)

ROUTINE corrmax (INTEGER m,n)
ARRAY f,corr(l:n,1 :n),w(l:2,1 :n)
INTEGER ±9j 9£ ' 9t "
REAL s
ROUTINE SPEC mscabldev (ARRAY NAME c, INTEGER m,n) 
ROUTINE SPEC householder (ARRAY NAME a,w,z, INTEGER n,k) 
ROUTINE SPEC varimax* (ARRAY NAME x,w, INTEGER m,n) 
ROUTINE SPEC (ARRAY NAME x, INTEGER m,n,a,b)
mscabldev (corr,m,n)
householder (corr,w,f,n,1)
s«0| f *~0; £* f=0
CYCLE i=l,i9n
~>l8 UNLESS w(l,i)<0*9
->19 UNLESS w(l,i)<0 .1
->17

l8:ff=sff+lj £,,=£,t+l 
»>l6 

19:f•=£*+1 
l6js=s+w(l,i)

CYCLE j=l,l,n
f(j,i)=corr(i,j)sqrt(w(l,i)>
REPEAT
REPEAT

175S=100/s
CYCLE 1=1,1,f* 
w(2,i)=w(l,i)s 
REPEAT
newlines(£); spaces(10)
CAPTION principal^oomponents 
ptm*f * (f,n,f*,1,3 )
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newlines(3)| spaces(10)
CAPTION row^one£==^latent#roots^;̂ row^two^=^percentage^varianc© 

(w ,3 , £ #, 3 ,3 >

varimax*( £,w,n,£f,>

ROUTINE mscabldev (ARRAY NAME c,INTEGER m,n) 
INTEGER al,b,fct,i,j 
REAL r,mf ,mf *
ARRAY x,me(l:n)
a#5=adr(x(l)>
b*^addr(c(l,l)) 
c'^nddrOiied)) 
n-n-l; m=m*-l
1 0 1 , ± 3 , cm 
101

131. 21 . 13.0
121. 23 . 13.0 
131,35d3?0
101,11, “,oia#
101. 13, - , ab f
101.14, ",0!O *
131.30 . 13.0
346.11.21.0
15356.30.32.0  
2 0 3 ,1 3 7 ,2 2 ,1 s  
1 3 4 ,3 0 ,1 3 ,1
1 2 1 .3 2 .1 3 .0
3 5 6 .1 4 .2 1 .0  
2 0 3 ,1 2 7 ,2 1 ,1 s
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3 s121, 33, 0,0
131.3 0.1 2 .0

CYCLE 1=1, l,n-Kl 
read(x(i))
REPEAT
3;131,3 1,13,0
122. 31.3 3 .0
121.3 0.3 1 .0

324.11.3 5 .0
300.14.25.0
3 5 6 .1 4 .2 5 .0

4 :3 2 4 ,11, 33, 0
131.39.3 3.0
1 3 4 .3 9 .2 0 .0
3 4 3 .1 1 .2 9 .0  
300>3°>3°,o
3 5 6 .3 0 .2 0 .0  
203,137,20,4?
13 4 ,2 3 , o, 1
1 2 4 ,3 0 ,1 3 ,3
2 0 3 ,1 3 7 ,2 5 ,3 s
131.3 5.13.0 
20 3,127,3 7,3 :
131.3 5.1 3 .0
5 :3 2 4 ,1 4 ,2 5 ,0
1 7 6 0 .0 .0 .0
3 5 6 .1 1 .2 5 .0  
2 0 3 ,1 2 7 ,2 5 ,5 :

101,2 7 ,",
134.3 7.0 .1  
113,37,-,am
131.3 0 .1 3 .0
131.3 3.1 3 .0
131.33.1 1 .0

6:324,0,-,am
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3 4 2 .0 .3 0 .0
3 0 1.0 .3 3 .0
1 7 1 1 .0 .0 .0
1 7 1 5 .0 .0 .0
356.0.30.0
134,3 0,1 3 ,2
1 2 4 .2 3 .0 .1  
303,127,2 2,6 :

CYCLE 1=1,l,n-l 
CYCLE j»i+l,l»n 
r= c < i, j ) m-ine ( i ) me ( j ) 
c(i,j)=c(i,i)c(j,j)r 
c(j,i)=c(i,j)
REPEAT
REPEAT
m^l/m; m’,«i/sqrt(m*(m-l))
CYCLE
m©(i)=me(i)m,

f/c(i,i)
REPEAT
newlin©s(6); spaces(5) 
121,23,0 ,2
1 0:CAPTION variable; spaces(7) 
CAPTION mean; spaces(9) 
CAPTION sd; spaces<4) 
203,127,23,102

17!newline; spaces(9) 
i=0
162print(j,3,0); spaces(3) 
print(me(j),3,3)| spaces(3) 
print(c(j,j),3,3)
©(j.j)"l 
i=i+l; j=j+l
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™>15 IF j=n+l 
->17 IF i~3 
spaces<8)
->l6
15snowlines(a); spac©s<!0) 
CAPTION correlationjftnatrix 
ptm# f *<0,11,11,1,3)
END

ROUTINE householder (ARRAY NAME a,w,z,INTEGER n,k>
ROUTINE SPEC householder tridiagonalisation( ARRAY NAME a,b,c,INTEGER n) 
ROUTINE SPEC tridibisection (ARRAY NAME c,b,w,INTEGER n,REAL NAME norm) 
ROUTINE SPEC tridiinverse iteration (ARRAY NAMEc, b, w, z,INTEGERn,REALnorm) 
ROUTINE SPEC backtransformation (ARRAY NAME a,b,z, INTEGER n)
ARRAY b,c(l:n)
INTEGER!,j 
REAL norm
->2 UNLESS n=l
w(l,l)Ba(l,l);a(l,l>si; RETURN 
2lhouseholder tridiagonalisation (a,b,c,n) 
tridibisection(c,b,w,n,norm)
RETURN IF k=3
tridiinverse iteration (c,b,w,z,n,norm)
->1 IF n=&
backtransformation(a, b, z, n)
1 tCYCLE 1=1,1,n 
CYCLE j=l,1tn 
a(i,j)=z(i,j)
REPEAT
REPEAT
RETURN
ROUTINE householder tridiagonalisation (ARRAY NAME a,b,c,INTEGER n)
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INTEGER i, j,lcREAI» ai, sigmash,bjf bigk, bi 
ARRAY q(l:n-l)
~>4 IF n=#
CYCLE i^np-lfS 
sigma=sO
CYCLE i“l
sigma-sigma+a (i 9 k )
REPEAT
~>1 IF ai>0
bi=sqrt(sigma)
-> a
1 sbi~-sqrt(sigma)
£:b(i™l)~bi 
~>3 IF bi«0  
h” sigma -ai *bi 
a ( i, i-1) =sai ™bi 
CYCLE jei-1,-1,1 
b j“ 0
CYCLE j
bj-bj+a(k»j )a (i, k )
REPEAT 
->10 IF j=l 
CYCLE k==j -1, **>1 p 1 
bj“bj+a(j,k)a(i,k)
REPEAT
lO s q C j^ b j/h
REPEAT
bigksO
CYCLE >1-1,-1,1 
bigk=;bigk+a (i t j ) q ( j )
REPEAT
b ig k = b ig k /(a h )
CYCLE >1-1,-1,1 
q(j)«q(,j)-bigk*a(i,j)
REPEAT
CYCLE >1-1,-1,1 
CYCLE k»J,-lfl
a(j,k)=a(j,k)-a(i,j)q(k)-a(ifk)q(j)
REPEAT
REPEAT
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3:REPEAT
4:CYCLE iwn,~l,l
c(i)«a(i,i)
REPEAT
b(l)=a(a,l)
b(n)=0
END

ROUTINE tridiinverse iteration (ARRAY NAME c, b, w, z,INTEGER n,REAL norm) 
INTEGER ipj
REAL bi,bi*9k *9lambda,u,s,v,h,ops,©ta
ARRAY m,p,q,r,int(:Ljn),%(l ;n4-3 )
lambda-norm; © ps~nor m*JLa-l1
CYCLE > 1,1 , n
1amb da™1amb da-ops
lambda=w(1 , j) IF vi\\'(1, j)<lambda
uc=e(l)-lambda
vsb(l)
vs=ep& IF v=0 
CYCLE i=l,l,n-1  
bi=b(i)
biceps IF bi=0 
bi f=b(i+l) 
bi*~©pe IF bi*-0 
»>1 IF |u j >|bi1 
m(i*t-l)e=u/bi
m(i+l)«l IF m(i+l)aO AND bi«eps 
p(i)=bi
q(i)==e(i*hl) “lambda
r(i)~bi*
u«v-m (i+l)q(i)
vs=-m(i+l)r(i)
int(i+l)=l
->35
1 sm(i+l)sibi/u 
p(i)s=u|q(i)j=v|r(i)s!0 
uac(i-!*l) “lambda-m(i+l )v 
v~bif| int(i+l)«-l 
%%REPEAT
p(n)su$q(n)=0|r(n)==0
x(n-fl )s0 ;x(tv!-2.)-0;h“0; ©ta~i/n
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CYCLE i ~ n . - 1 ,1

->3 IP p(i >5̂ 0
x(i)^u/©ps
™>4
3 Sx(i)=su/p(i)
4shwhH*|x(i) ]
REPEAT
h~i/h
CYCLE ia=l,l,n 
x(i)«x(i)h
REPEAT
CYCLE i-R.j 1 , n 
~>5 IF int(i)<0 
ws=x(i“l) 
x(i-l)srx(i)
3C<X )“ U~m(l ) x < i - l )
«>6
5sx<i)»x(i)™m<i)x(i~l)
6sREPEAT 
h~0
CYCLE i«nj,-!,!
u=x(i)-q(i)x<i+l)-r(i)x(i+3)
~>7 IF p(i)^0 
x(i)s=u/eps 
»>8
7nc(i)=su/p(i)
8;hsh-{-x(i )ta 
REPEAT 
h~l/sqrt(h)
CYCLE isl,l,n 
z(jpi)«x(i)h 
REPEAT 
REPEAT
END

ROUTINE tridibisection (ARRAY NAME c,b,w, INTEGER n,REAL NAME norm) 
ROUTINE SPEC sturms sequence 
REAL l,g,h,lambda,p,,q*,y
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INTEGER i,j,k,at,a,f 
ARRAY p(lsn) 
norm=|c(l)|+|b(l)|
CYCLE 1=3 ,l,n 
l=|b(i~l)|+ic(i)f+|b(i)| 
normal IF l>norm 
REPEAT
CYCLE 1=1,1,11-1 
»>1 IF b(i)=0 
p(i+l)rsb(i)td 
->3
11 p(i+l )= (normf2 )*la--33 
asREPEAT 
CYCLE k=l,l,n 
gsnorm; h=-nonn 
CYCLE j=l,l,39  
lambda=08 5(g+h) 
sturms sequence 
->3 IF af>k

«rcaag=lambda 
-> 4
3 5h“lambda
4;REPEAT
v/(l jk)sO„ 5<gM-h)
REPEAT
RETURN
ROUTINE sturms sequence
p,s=0|q,=l|a,=0
CYCLE i=l,l,n
y=(c(1)-lambda)qf-p(i)p’
p’- q^q’-y
a ^ a ’+l IF (p’>0 AND qf>0> OR (p#«0 AND q*<0)
REPEAT ^
af2=a*“l IF q*=0 AND p9>0
END
END

ROUTINE backtransformation(ARRAY NAME a,b,z,INTEGER n)
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INTEGER i,j,kREAL &
CYCLE j=d,l,n 
CYCLE k=3 ,l,n 
->1 IF b<k-X)=0 
s“0
CYCLE i=l,l,k-l 
s=s+a(k,i)z<j,i)
REPEAT
s=s/<b(k-I)a(k,k-1)) 
CYCLE i=l,l,k-l 
z(j,i)=z(j,i)+8*a(k,i)
REPEAT 
ISREPEAT 
REPEAT 
END 
END

ROUTINE varimax' ( ARRAY NAME x,w, INTEGER m,n) 
REAL a,b,c,d,Q,f,g,h,x,,y,z 
INTEGER i,j,k,bb,cc,dd
CYCLE 
w(l,j)=0 
REPEAT
CYCLE i=l,l,m 
CYCLE j=l,l,n 
v/<l,i)=w(l,i)+x(i, j)t2
REPEAT
w(l,i)=sqrt(w<l,i))
CYCLE j=l,l,n 
x(i,j)=x(i,j)/w(l,i)
REPEAT
REPEAT
n@vrli.ne

bb=0; dd=0 
10scc=0
> 1
7sk=j+l
5*e=0
d=0| ©=0; f=0| 1=1

mailto:n@vrli.ne
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22a=x(i, j)t3-*x(i,k)f3
b=3x(i,j)x(i,k)
c~c+a| d=d+b| ©se-fa^^-bf^
f=f+a*b
->1 IF i=m
i=i+l
->3
l;f=3f
g=©~(c f3-df2)/m
h=f~2c*d/m
y=arctan(g,h)
y=0#25y
-> 3  i f  y>o.01745 or  y < -0 e01745
CC5SCC+1
8 s->4 IF k=n 
k=k+l
->5
4 : -> 6  IF jsm-l 
j*j+i
->7
3 sa=cos(y) 
b=sin(y)
CYCLE i=l,l,m
w(3,i)=x(i,j)cos(y)+x(i,k)sin(y) 
x(i,k)=x(i,j)*(-sin(y))+x(i,k)cos(y)
xdp j)=w(3 ,i)
REPEAT
bb=bbtl->8
6sdd=dd+l
™>9 IF ce=n*(n-1 ) /2  
->10
9:newlines(3 ); spaces(10)
CAPTION rotated#factors 
newlines(3 )? spaces(10)
CAPTION cycles####rotations 
newline| spaces(13) 
print(dd,3,0); spaces(8) 
print(bb,4,0)
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CYCLE 1=1,l,m 
xf=0
CYCLE j=l,l,n 
x(i,j)=x(i, j)w(l,i) 
x#=x*-f*x(i, j)f2 
REPEAT 
x(i,n+l)=xf 
REPEAT
newlines(3 ); spaces(10)
CAPTION last#column#=#sum#of#sqs 
ptm* * *(x,m,n+l,l,3> 
z=Oj a=100/m 
CYCLE j=l,l,n 
x9 =0
CYCLE 1=1,l,m 
x ’̂ x'+xCl,j)t3
REPEAT
w(l,j)=x*; w(3,j)=a^xf 
z=z+w(3 ,j)
REPEAT
newlines(3)$ spaces(lO)
CAPTION row#one#=#latent#root s#s #row#two#=#percentage#variance 
ptra*# '(w,3 ,n,3 ,3 ) 
newlines(2); spaces(io)
CAPTION perc©nt#variance#in#signifleant#factors# s### 
print(z,3 ,l)
END

ROUTINE ptm,,# (ARRAY NAME x, INTEGER m,n,a,b> 
INTEGER i,j,k,u,v,w
w=intpt(o*o83333n)
~>6 UNLESS w=0 
u=l| v=nj w=lj k=l
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->lo
6:CYCLE k=l,l,w
u=13k“ll; v=13k 
lOsnewlinesQ); spaces(4)
CYCLE i=l,l,m
print(1,2,0); spaces(3)
CYCLE j=u,1,v
print(x(i,j),a,b); spaces(7-a-b) 
REPEAT
newline; spaces(4)
REPEAT 
-> 7 IF kjtfw 
*>8 IF n-v?S0
—>9
8:u=v+1; v=n 
“>10
7 :REPEAT 
9 SEND

END
END OF PROGRAM



-  1 6 3  -

BIBLIOGRAPHY 
1* Organisation of Building Industry

2# The Building Industry© «> © © 1962 
Onwards

3© Communications in the Building 
Industry (Preliminary Report)

k* Communications in the Building 
Industry (Realisation report)

5© The Construction Industry

6© Construction Management in 
Building, Present and Future,
Jan# 1965f

7# A Stujy of Contract Planning and 
Building Operations, unpublished 
M#Sc#(Teoh.) Thesis 1960#

8# An Investigation of Waste 
Performance in the Building 
Industry (unpublished M.So. Thesis 
1964)

9# An enquiry into the Contractual 
Relationships between General 
Contractors and Specialist Sub­
contractors in the Building Industry 
Post-Graduate Research Project#

10# A Study of the Application of 
Network Analysis in the Building 
Industry, unpublished M#So# Thesis 
1965.

11# Functions of Supervisors

Department of Scientific 
and Industrial Research 
Report# No# 29#
Builder Survey,
Published 1962#
Tavistock Institute of 
Human Relations, 1963o
Tavistock Institute of 
Human Relations, 1965.
National Feonomic 
Development Council 196A#
Institute of Builders#

J# D. Birch

S# A# Majid

Philip, J# Greenaore, 
Montreal 1961#

A# T* Pollock

Hans Wlrdonuis and 
Sterner Bonus jo



1

— 164 ™

12. A Study of Site Manager* 
unpublished M,Se, thesis

139 New Patterns of Management
14* Managing fpr Results
15* Standards for Morale,Cause and Effect
16 • The Theory of Praotice in Management#
17# The Hospital us an Organism* Proceedings of the Second Conference on Operations Research, organised by the 

International Federation of Q, R. Society
18, Measurement of Values
1J?* Some Application of Behavioural Sciences
20f Systems, Organisation and Inter­disciplinary Research - Systems Research Design
21, The Application of Operations 

Researoh Techniques to Building Operations, B.RfS, Note No, E.1132
22, Study of Deoision Rules for Sit© 

Control, Builder 20 August 1965,
?3* The Study of Operations andEconomies at The Building Researoh Station, The Chartered Surveyor, April 1%2#
24* Mechanisation and Building Process Structural Construction, March/ 

April 1962,
23, Incentives in Building Industry 

1959.

C, Reynaud

Xiiokart Rena is 
Peter Drucker 
R, W. Revans

R. W, Re vans

R. W, Re vans

Thurston©, Louis Leon
Llokert Renala Hayes, Samuels P,
R. L, Aokoff

J. P. Nuttal

J, F, Nuttal 

f, J, Reiners

D. Bishop 

D,S.X,R,



- 165 -

26. Building Economicsi Cost Planning, 
April 1958.

27# Cranes for Building,
December 1959*

28. Programming of House Building,
Digest No. 91,

29, Discriminant Model for the Analysing 
of Factors Influencing Innovation
in Industry. Ph.D. Thesis Jan. 1965*

JO. Rank Correlation Methods
31. Advanced Theory of Statistics

32. A Course in Multivariate Analysis
33* Introduction to Matrix Analysis
34* The Approximate Solution of

Matrix Problems, J, Assoc, Comp. 
March 1958.

35* Work Load and the use of Materials, 
Builder 14 May 1965,

36, Industrial Dynamics
37* Contract Management in the Building 

Industry.

B.R.So

B.RoS,

B.R.S.

M. I , Hussain

M, G-. Kendal
M. G> Kendal and 
Stuart
M, d. Kendal 
Richard Bellam&n 
A, S. Householder

Cordon Bayley

J, W, Forrester
London School of Economies





tiff



:tra

:Hb. iarcrfeD



..
;.TrTT r

TTTT .

j l   i±







r a  1 6 6  —

APPENDIX TABLE 1

X 2 3 4 5 6 7 8
*MCW«*ICKIMit
9

N o i

sr-
diatOBife>» P301 P281 P205 P456 PI6 P17 P44 P372 P3

1 a 3 3 5 3 4 4& 2 4
2 ft 3 2 2 2 X X 2 5 2
3 0 X 5 3 7 7 4& 6 6
4 cL 8 6 6 2 5 6£ 3 5
5 0 9 7 7 % 5 6 6& 4 7
6 £ 2 8 8 9 10 8 9 8 8
7 S 6 9 10 9 8 9 9 9 9
8 h 7 10 9 9 9 10 9 10 10
9 i 4 1 1 6 3 1 7 1

I Q j 10 A|* 4 5 4 2 3 X 3

10 11 12 13 14 15 rr- 17 18
N«

NI^KWttT
tiiBtimfcfc

P166 P294 P56 F356 P369 P8 P435 P355o P23Q
1 a 6 3 5 4 3 3 2 3 8
2 b 2 2 3 1 H|v 2 3 1 2
3 0 4 4 2 2 5 4 7 5 7
4 d 5 8 6 3 6 5 5 7 4
5 © 7 9 7 9 7 8 8 3
6 t 9 6 9 5 9 8 10 9 9
7 8 8 5 8 7 8 9 8 10 1
8 h 10 7 10 8 10 10 9 4 8
9 i 1 1 1 6 2 1 1 2 1

10 j 3 10 4 10 X 7 4 6 5
iiM S S ii t f ia i i iw w fe
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19 20mntcMfcgtnnmaiNJCi
P36

21 22 23wwhc—
P323

24 23 26
NO;

''•vfMJOJtCT
4ETH0Rny-v P6 P80 F229

1 0. 10 3 2 3 3
ffiftwotpaawwiT*
3

1WflUWL*n*>mtMUP
5 2

2 ■b 2 2 1 3 7 2 2 I
3 0 3 7 6 if 6 3 4 7
4 d 5 Zf. 3 2 1 8 7 5
3 0 6 5 4 7 2 9 10 6
6 f 8 8 10 9 if 6 8 8
7 S 9 10 9 8 9 10 6 9
8 h 7 9 8 10 8 7 9 10
9 i 1 1 7 1 5 1 1 3
10 j 4 6 5 6 10 4 3
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APPENDIX TABLE 3a

INDEX 03? DELEGATED AOTHOEITY

Project a b 0 d e £ g h i i
itef.No. 7:3 8:3 6:2 5:2:0 4 :2:0 2:1:0 2:1:0 2:1:0 10*0 6:4*2:0 >X 1

1 P/2 3 8 6 5 4 0 1 2 10 0 39
2 P/3 7 8 2 5 4 1 1 1 6 2 37
3 P/6 7 8 6 5 l(l 2 2 2 10 4 30
4, P/7 7 8 2 5 4 1 1 1 10 4 43
5 p/8 7 8 6 2 4 0 0 0 0 3 31
6 P/lO 7 8 6 5 4 1 2 1 0 /j* 38
7 P /ll 7 8 6 5 4 1 2 2 10 6 51
8 P/14 7 8 2 2 2 0 0 0 8 4 33
9 P /l6 3 8 6 0 2 0 0 0 6 4 29
10 P/17 3 8 6 5 4 1 1 1 10 4 43
11 P/24 3 8 2 5 4 0 2 1 10 4 39
12 P/28 7 8 6 5 4 1 1 1 2 2 37
13 P/29 7 8 6 5 k 2 2 2 0 4 40
14 P/36 7 8 8 5 4 2 2 2 10 6 32
15 P/38 7 8 6 2 2 0 0 0 0 2 27
16 P/42 7 8 6 5 4 1 2 1 - 4 38
17 P/46 3 3 2 2 2 0 2 1 0 2 17
18 P/54 7 8 6 5 4 1 2 1 10 4 48
19 P/56 7 8 6 5 2 0 1 1 10 4 44
20

21
P/62
P/67 7 8 2 5 k 0 0 0 0 4 30

22 P/80 7 3 2 5 h 1 1 1 0 4 29
23 P/83 3 3 6 5 4 1 2 1 2 k 31
24 P/87 7 8 6 5 h 1 2 1 0 4 38
23 P/98 3 3 6 2 2 0 0 0 10 4 30
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APPENDIX TABLE ^  (continued)

Project 
Ref. No.

a b 0 d 0 £
mnw»nm iiimw>

2 s 1:0

8
m»iEinini— iin — hmm

2sls0

1 man iij — linh
2:1:0

1 T  i c m
J-I7:3 8s3 6s 2 5s2sO

rr r nmtfn* t) n*rii 1 w  1 ■ n»w
4s 2s0 10 0

«rw»r« i.liu.'m u, w

6s4 a°2sO
26 P/119 7 8 6 5 4 0 1 1 0 6 38
27 p/152 3 3 2 2 2 0 0 0 0 4 16
28 P/166 7 8 5 2 4 0 2 X 0 2 32
29 P/189 7 8 6 5 4 2 2 2 10 6 52
30 P/197 7 3 2 5 4 0 0 0 4 0 26
31 P/198 7 8 6 5 4 1 2 1 1 38
32 P/205 9 8 6 5 4 Q 1 0 2 4 37
33 P/207 7 8 6 5 ; 4 2 2 2 10 4 50
34 P/212 7 8 6 2 1 1 1 4 36
35 P/229 3 3 2 2 2 0 0 0 Q 4 16
36 P/232 7 8 2 2 4 1 2 1 2 4 33
37 P/281 7 8 6 5 4 0 2 1 0 4 37
38 P/288 7 8 2 5 4 0 0 0 6 4 36
39 P/290 3 3 2 2 4 0 0 0 0 0 14
40 P/294 3 3 6 2 2 0 1 1 0 2 20
41 P/301 3 8 6 0 0 0 0 0 Q 0 17
42 P/323 3 3 2 0 0 0 0 0 10 0 10
43 P/328 7 8 2 5 l|*i 0 2 1 0 4 33
2lIi*11V  'I' p/329 7 8 6 5 4 1 1 1 2 4 39
45 P/334 7 8 6 5' /fs 0 2 0 10 4 46
46 P/339 7 8 6 5 4 1 2 X 0 4 38
47 P/343 7 8 2 5 2 0 0 Q 4 4* 32
43 P/3550 7 8 6 5 4 2 2 2 10 4 50
49 P/356 7 3 6 0 0 0 0 0 0 2 18
50 P/359 7 8 6 5 4 1 2 1 6 4
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APPENDIX TABLE 3a (continued)

Project
Ref.No.

a b c a © f & h i i

7:3 Bs3 6:2 5:2:0 4s2sQ 2sls0 2sls0 2:1;0 10 0 6;ifs2sQ 1 ,
51 P/369 7 8 6 5 A. 0 0 2 6 6 i(if
52 P/392 7 8 6 5 /j. vn ■w •W* 10 if 44
53 P/393 7 8 6 5 4 n? 0 if 34
54 P/435 7 8 6 5 4 2 2 2 8 if 48
55 P/443 7 8 6 5 l|f JL 2 X 0 if . 33
56 P/456 7 8 6 2 2 0 0 0 0 if 29
57 P/467 7 8 2 5 if 1 X 0 0 if 32
58 P/489 7 8 6 5 if 2 2 2 10 if 50
59 P/493 3 8 2 2 2 1 2 1 0 if 23
60 P/498 7 8 2 5 if 1 1 X 2 6 37
61 P/510 3 8 2 2 2 0 0 0 Q if 21
62 P/516 8 6 5 if 2 2 2 6 if 46
63 P/517 7 3 6 5 if 0 0 0 0 if 29
64 P/520 7 8 6 5 if m 0 6 36
65 P/521 8 6 5 if 1 2 X 10 if 48
66 P/526 7 8 6 5 if I 2 X 10 if 48
67 P/527 7 8 6 5 if 1 2 X xo 4 48
68 P/528 7 3 6 5 if X X X 6 if 38
69 P/529 7 8 6 5 0 2 0 0 if 36
70 P/530

7
8 6 5 4 1 2 X xo if 48
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APPENDIX TABLE 5.b

INDEX OP EXERCISED AUTHORITY

Project a. b c d e f 8 / h i ,1
•lef.No. 7 S.3 8:3 6:2 3 s 2 s 0 4:2:0 2:1:0 211 5 0 2:1:0 10*0

TOCBWKHiBOirtOtWDHuBft L33,

6:4s2s0 I *
1 P/2 5 8 4 if. 3 0 0 0 10

riiriui-mmiiTTMiiiiiw) hi n *

4 38
2 P/3 7 8 2 4 3 0 0 0 6 4 34
3 P/6 7 8 6 5 4 0 0 0 10 6 46
4 P/7 5 8 6 if 3 1 0 1 10 4 42
5 P/8 4 0 2 5 4 1 1 1 0 6 246 P/10 N,A. 0
7 P/ll 7 3 2 4 3 0 0 1 10 6 388 P/14 N*A. 8
9 P/l6 7 3 6 0 0 0 0 0 6 6 28
10 P/17 7 3 6 if. 3 0 0 0 10 4 37
11
12

P/§4
P/28

5
4,

0
3

I
3

3
2

4
2

0
0

0
0

0
0

10
2

6
3

36
21

13 P/29 3 8 6 9 4 % I 0 0 6 3414w r - p P/36 3 8 0 g 2 0 Q 0 10 6 3113 P/38 3 5 2 2 2 0 0 0 0 6 20
16 P/42 N # A # 0
17 P/46 3 3 I 2 2 0 0 0 0 2 13IB P/54 5 3 2 2 2 0 0 0 10 2 26
19 P/56 5 0 6 5 ija 1 1 1 10 6 3920 P/62 W.A.21 P/67 3 8 0 0 0 0 0 0 0 2 1322 P/80 7 X 1 5 4 0 0 0 0 6 24
23 P/83 3 0 2 1 1 0 0 0 2 2 11
24
25

P/87
P/98

5
3

2
3

_

3
6

3
5

2
4

0
0

0
0

0
2

0
10

4
2

19
35

«— tw w a i iw  M w a E ^ w a B f l M d w a a a a i ’gJ
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APPENDIX TABLE j^ t )  ( o o n tin u e d )

Project. a b 0 a e f
2:1:0

h i ___ j
■lef.No 7s3 8;3 6:2 5:2:0 4:2:0 2:1:0 2:1:0 10 0 6:4?2:0 l5I

2 6 
27

p/119
p/152 7 1 2 2 2

N*A0

0 0 0
0
0 2 16

28 p/166 5 5 6 5 4 0 0 0 0 2 27
29 P/184 5 8 6 3 4 0 0 0 10 1 39
30 P/188 4 8 6 3 4 1 1 0 3 6 40
31
32

P/198
P/205 4 3 4 3 2

NpA*
0 0 0 2 4 22

33 P/207 4 8 4 3 2 1 0 0 10 6 33
34 P/212 3 8 6 2 2 1 1 0 4 6 33
35 P/229 4 3 2 3 2 0 0 0 2 6 22
36 P/232 3 8 2 2 1 0 1 0 2 2 21
37 P/281 7 3 2 2 0 0 0 0 2 20
38 P/288 7 8 6 5 4 0 1 1 6 6 44
39 P/290 3 4 1 2 1 0 0 0 0 2 1340 P/294 3 2 3 3 2 0 0 0 0 3 16
41 P/301 3 8 3 2 2 0 0 0 Q N0A0 18
42 P/323 3 4 3 2 2 0 2 1 10 Q 27
43 P/328 5 8 2 3 0 0 0 0 4 26
44' r'l* P/329 3 4 6 3 2 0 0 0 2 Ijt 24
45 P/334 5 2 2 5 4 1 0 1 10 4 34
46 P/339 5 3 2 4 3 0 0 0 0 6 23
47 P/343 3 4 6 2 2 0 0 0 4 3 24
48 P/3550 3 8 6 2 2 0 0 0 10 6 37
49 P/356 3 3 2 2 2 0 0 0 0 2 14

36

O 
1 

—--
1

P/359 4 8 6 5 4 0 0 0 6 3



APPENDIX TABLE 3b (continued)
prsa-g*3g<ss") i— 'i—wm m m itti' miijW l>hm ■wmbiuibWEhw* * "

PjXjject a b
rjoayarifrrxx' ■ trmn 

0 d e f $ h 1
w<jtt*iwd5ra*3»ia*itet7?f«t'¥«ttttsaiJJ6i

3
Zl&k v,*CX OP

Bef.No.M - 3s3flrufUinoM )rH
5j 2 s0 4:2:0 2:1:0 2:1:0 2:1:0 xo 0

iOe# rjSS<eBWt$X91 tU13Mfl6l*UBk=* 1

6il\«z2iQ
•.zi&̂ KHvnsrtvjaSKZr.: j

51 p/369 3 4 6 2 2 0 0 0 6 3 56
52 P/377 7 2 1 3 3 0 0 0 0 N0A0 N0A0

53 p/392 4 4 2 3 3 0 0 Q 10 3 29
54 P/393 4 2" 2 3 3 0 0 0 3 3 17
55 P/413 5 6 6 3 3 0 0 0 0 4 2?
56 P/456 3 4 6 3 3 0 0 0 0 2 21
57 P/467 5 6 2 2 2 0 0 0 0 3 20
58 P/481 5 8 6 5 4 0 0 0 2 6 36
59 P/491 3 8 3 5 4 0 0 0 0 4 27
60 P/510 3 3 3 2. 2 0 0 0 0 3 16
61 P/517 7 2 6- 5 4 0 0 0 0 6 30
62 P/520 8 N. A#
63 P/521 5 6 2 4 3 0 0 0 10 4 34
64 P/526 5 8 2 3 3 0 0 0 10 4 35
65 P/527 3 8 3 4 3 0 0 0 10 6 37
66 P/528 4 0 2 1 1 0 1 0 6 0 15
67 P/529 7 8 4 4 3 0 0 0 0 6 32
68

hl—iQWIIWWJij

P/530
IlfX nuts h— MMWtliHM

4 6 4 4 3 0 0 0 10 
itHfc^NMWifH-YWi w

3
a w iw u a n H iin f ti ia ii 'i

34
■.l/IKiUAJiU IF*
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APPENDIX TABLE L

Project 
RefcNo. 1 2 3 4 5 6 7 8 9

1 PS6 6 6 6 6 6 6 2 6 2
2 Pll 6 8 8 6 6 6 6 2 2
3 P14 6 8 k 6 6 4 4 2 0
4 P24 6 8 8 2 2 0 4* 2 0
5 P28 2 6 0 6 8 6 0 0 0
6 F29 6 6 6 6 2 6 2 6 2
7 P54 2 6 6 6 6 2 2 2 4
8 P6 2 8 8 0 6 6 2 2
9 P87 8 8 2 8 8 8 0 2 0
10 P188 2 8 8 8 8 2 0 8 8
11 P198 6 8 8 6 2 2f* 6 2 2
12 P207 2 8 6 6 6 6 8 2 6
13 P2J2 6 8 8 6 2 6 2 0
14 P290 2 6 6 2 6 k 6 2 2
15 P339 2 k 6 6 6 6 2 2 2
16 P3S9 2 8 0 8 8 8 2 2 8
17 P467 2 8 8 8 0 0 0 0
18 P491 6 6 B 2 2 6 6 8 0
19 P520 2 6 8 2 6 2 6 2 2
20 P52? 2 6 6 2 6 6 4 6 2
21 P529 2 8 4 2 2 0 2 6 2
22 P528 6 8 6 8 8 4 8 0 0
23 P36 6 8 6 6 6 6 6 2 2
2k P435 2 6 6 6 6 6 6 2 0
25 P323 2 6 6 6 6 8 6 2 2
26 P45S 6 6 6 2 2 6 6 2 0
27 P294 2 8 8 2 6 6 6 0
28 F516 8 8 6 2 2 0 8 0 6
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APPENDIX TABLE U. (continued')
—' ~~*n i mi ~ hi fnnrfnfrmTiii'iTiiiriiiini»a"wV  ̂ '

10 ii 12

P87
P188
P198
P207
F232
P290
P339
P359

10
11
12

Items
14 15 16

rrT^»i1W1t[iPMiMH>i

17 18
tfj i 'iTrnryy.Tft .T l™~v>~fr  ** *p'*‘gi

6 6 6 6 6
6 4 6 6 2
6 8 6 0 6
2 if 4 6 6
0 6 2 2 2
2 8 2 2 6
4 4 8 2 2
8 8 8 6 8
8 0 0 8 0
8 8 0 8 2
8 6 8 0 6
6 6 2 6 2
8 4 6 6 8
2 2 2 6 2
8 2 4 2 2
6 & 2 6 2
2 6 8 0 0
8 & 8 2 8
6 6 6 2 6
$ 8 6 2 8
4 8 8 6 8
2 8 8 2 2
6 2 6 6 6
6 6 6 2 6
8 8 2 P. 2
6 6 8 6 8
2 6 6 4 a
8 8 a 0 6
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APPENDIX TABLE U. (continued)

Items
Project 
RefdNoo 19 20 21 22

irmKwmqmii
23

WŴPWJWIWlCJuJUi
24

HCW»g|4li»i>hJW.WCHl
25

mi m iww* atWBjjn jd 
26 27

1 P56 2 6 2 6 6 6 6 6 0
2 Pll 8 6 6 8 4 8 6 6 6
3 PX4 6 6 6 6 6 6 4 6 2
4 P24 2 0 0 8 8 8 0 8 0
5 P28 0 0 2 6 6 6 8 6 6
6 F29 2 2 6 8 2 6 2 2 6
7 PS4 2 5 0 2 2 2 6 6 0
8 P6 2 4 6 8 6 8 8 6 2
9 P8? 6 2 8 2 8 2 0 6
10 P188 8 2 8 2 0 8 2 4 8
XI P198 6 2 6 8 2 6 6 6 0
12 F20? 2 6 2 2 8 6 4 6 2
13 P232 6 6 6 8 2 8 6 8 2
14 P290 2 2 2 4 6 6 6 6 2
15 P339 4 2 2 8 6 6 S 2 6
16 P359 6 2 8 8 8 2 6 6 6
17 ?46? 8 2 0 0 8 6 8 6 8
18 P491 8 8 8 8 8 8 8 6 0
19 P520 6 6 6 6 2 8 6 6 0
20 P527 2 2 2 2 4 6 8 8 0
21 P529 8 0 6 4 6 6 6 6 6
22 P528 8 6 0 6 2 8 2 0 6
23 ?36 6 6 6 0 6 6 6 6 2
24 P435 6 6 0 4 8 8 6 4 2
25 P323 2 6 6 8 2 8 6 6 2
26 P456 6 8 2 6 2 6 6 6 2
27 P294 6 6 6 4 8 8 6 6 0
28 ?5l6 6 8 0 6 2

LsTMSSS'BMe1
4 2 4* 0
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APPMDXX TABLE k (continued)
MHALMfiM      I in I ■ n n r w r t i t i iH a r w jn t J M f l  ^  r

Items
Project 
Ref© No. 28 29 30 31 32 33

1 P56 6 6 6 6 8 0
2 Fll 6 8 6 8 8 0
3 P14 2 6 6 6 8 2
4 P24 8 4 2 6 4 2
3 P28 8 4 8 6 8 0
6 P29 6 6 2 0 8 0
7 054 0 6 0 4 6 6
8 PS 4 2 2 8 8 ©
9 Pi? 0 8 S 6 0 0

10 P188 8 8 8 0 0 0
11 P198 S 6 s 8 s 2
12 w m i a 4 0 2 4 %
13 m i 2 Z 4 6 8 0
14 P290 4 6 6 6 S k
15 P339 4 6 6 2 6
16 P359 6 6 8 4 8 4
17 P4S7 0 8 8 6 1|i 6
18 P491 0 2 6 6 8 8
19 P520 6 2 6 2 2 2
20 F527 2 0 6 6 6 0
21 P529 6 6 8 2 2 0
22 P528 6 6 6 0 6 8
23 P3S 2 8 2 6 8 0
24 P435 8 4 4 8 6 0
25 P323 8 6 0 6 6 2
26 P45S 2 2 2 6 2 0
27 P294 8 2 8 4 6 6
28 P51S 0 2 6 6 2 0
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