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ABSTRACT

TIME AND COS'T RELATIONSHIPS OF PUBLIC HOUSING

CONSTRUCTION IN THE NORTHERN PARTS OF NIGERIA

The successful implementation of public housing policy
hinges on the affordable cost and the timely completion of
construction work. Literature survey suygests that there are
staggering differences between the initial and final project
cost and the initial and final construction times. A need
therefore arise for systematic studies to be undertaken into
time - cost relationships of housing construction projects in

Nigeria.

Data on construction cost and time of 240 bungalow units
of same guality and design were collected on a random basis
from certified final valuation certificates, On the cost
aspect, the data collected were:- Initial contract cost,
Final contract cost, Variation cost and Fluctuation cost and
on the time aspect, the following:- Initial Time, Final Time,
Total Delays, delays due to the execution of variation,
payment and other factors. The instrument for analysis was
simple correlation and regression. Testing of data was at

.05 significant level.

The following were the outstanding features of the
findings:- (a) the final cost had no significant relationship
with the Final Time, (b) Fluctuation cost had significant

relationships with Final Time, Total Delay Time, Payment



LA

Delay Time and Variation Delay Time - as well as Delay Times
due to (administrative, climatic and other) factors, (c) both
Variation cost and the Initial Cost each had no strong
relationships with any of the time components, (d)
considering the components of delays, payment delay times had
the strongest relationship with Fluctuation Cost, (e)
significant increase 1in Payment Delay Time gave rise to

significant decrease in cost - time efficiency.

It was recommended that :-= (1) the following data be
assembled on past projects:- Total Floor area, height, Final
Cost, 1Initial Cost, Variation Cost, Fluctuation Cost, Final
Time, Initial Time, Time Expended in the execution of
variation, delays due to payment, and delays due ¢to
{management, climatic and other factors), (2) the formulation
and use of suitable statistical packages based on the above
could assist in forecasting of likely increases in both cost
and time, (3) the statistical model for ranking contractors'
tenders should be based on studies of simple regression and
correlation co-efficients obtained by correlating Cost
Performance i.e. (Final Cost/Initial Cost) against each of
the following:~ Final Time, Total Delay Time, Payment Delay
Time, Variation Delay Time and delay time due to other

factors.

Topics for further research were suggested, the
outstanding being the studies on:- (a) time - cost relation-
ships of labour cost and final time, (b) the relationship
between the loss in profit of contractors and the

prolongation of projects.
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CHAPTER ONI

INTRODUCTION

PUBLIC HOUSING IN NIGERIA

The acute shortage of houses in Nigeria necessitated the
formulation of a policy whereby the government had tec design
and construct different types of housing units toc accommodate
its officials who serve in many rural and urban centres of
the country. That policy was first formulated by the British
colonial government and was continued by the Nigerian govern-
ment whose post civil war reconstruction and development pro-
gramme incorporated an enormous volume of expenditure on
public housing schemes which had never been known in Nigeria.

In many parts of Nigeria, there exist in the o0ld
European quarters (now called Government Residential Areas),
some old colonial types of residential buildings. However,
they are being replaced by more modern West-European modelled
housing. The common c¢contemporary designs for the senior
staff are in the following categories:- (i) three and four
bedroom bungalows, {(ii) three and four bedroom duplexes in a
bungalow or in two storey formations, (iii)} for the Junior
and intermediate staff they vary from two bedroom apartments

to one bedrcom apartment.

Contractors were Nigerians or foreigners who were selected
on tenders based on bills of quantities and the British Joint

L3

Standard Form of Contract {(with some amendmentg). = "0 .7 ",



Fluctuation and variation clauses were always honoured. The
payment of fluctuation claims helped to ensure the smooth
progress of work distortions in the market prices, Funding
of the various projects were from public funds which depended
principally on the fluctuating oil revenues of the Federal
Government. So, once, there was a shortage‘of cash, the pro-
gress of work was impeded. However, the slow down of work
may also be due to non-availability and improper management
of labour, extra time devoted to execute variation, adminis-
trative and climatic factors. Therefore, what featured
prominently in the construction scene was, (a) increase in
the initial contract sum and (b) increase in the initial

contract time.

BACKGROUND OF THE PROBLEM

At the time of entering into a contract to build a house
for a client by a contractor, it is normally agreed that the
contract sum is to be a given amount and that the work is
expected to be completed within a given time period. Cost
and time are therefore two important elements in a

construction contract.

Under the JCT Form of Contract, payments are due to a
contractor within thirty days of the issuing of a certified
valuation. The JCT Form of Contract, generally provides that
money shall be paid for all work properly executed and for
materials on site as well as variation and fluctuation.
Thus, in ideal situations, work-flow is usually designed to
match the cash-flow pattern. In such cases, once the cash-
flow pattern is distorted, the work-flow pattern and the
timing of the project may be affected.

Public housing is funded largely from public finance.

The complex of problems that c¢entre around the revenue -




.expendiﬁure process of government is referred traditionally as
"public finance". ,Authoritieé*on the public finance of developing
countries argue that the revenue, expenditure and money supply
bases of different countries lie on unstable bases. Importantly,
also, they suggest that the financial planning of projects in
develeping countries often do not recognise the effects of
unstable financial resources and thereby fail to take into
account, the adverse side effects of time lags or time over-runs
on projects.

Musgrave (1959) obined that public and private demand draw on
the same total endowment of resources and share in the same
cutput. Therefore, they jointly determine relative prices of
products and factors, the uses to which resources are put, and the
way in which income is distributed. Similarly, the flow of public
and private expenditures and receipts join to determine aggregate
demand and hence the state of employment and the general level of
prices.

Chellal (1969) explained that underdeveloped countries are asg
much subject to economic fluctuations as advanced industrial
countries are. But the major fluctuations do not originate in
underdeveloped countries themselves. They originate in the more
advanced countries and are then transmitted to the less advanced
through foreign trade transactions. As is well known, many of the
underdeveloped countries are export economies and a substantial
part of their national income are derived from the export of a few
primary products. In this situation, the state of foreign demand
for exports determines to a large extent the state of the economy.

Fluctuations in foreign demand immediately set up inflationary or

* Chellal, Mc Queen, Priegt, Adede]ji, Okigbo




deflaticonaxry movements. fThus a sudden boom in exports, through
the coperation of the foreign trade multiplier, leads to a rise in
national income and prices; the converse happens when there is a
fall 1in exports. On.monetary instability also, Chellal (126%2)
pointed out that many developing countries indulged in
considerable amcunts ¢f deficit financing, first for prosecuting a
war, and later for purposes of reconstruction. This resulted in a

good deal of inflation and monetary instability.

The.above explanation by Chellal (19269) appears to be true in
the Nigerian situation because the national income rose
appreciably during the o0il boom period of the early and mid 19702
and the converse was the case when export earnings from oil fell
in the late 1970's to the 1980 - 90'S. Chellal's opinion also
appeared to be illustrative of the Nigerian eccnomy which faced
the trauma of a ¢ivil war (1967 - 70) and which mounted a

considerable volume of construction work during the post war period.

Shoup (1969) argued that if prices have beén rising at, say,
50, 75 or 100 per cent a vear for a good many years, better
results may be obtainedr paradoxically, by a shorter period of
transition than that allowed when checking a rise of 20 or 30 per
cent a year. The pressure of a very rapid rise in prices tends to
break down the structure of the economy, and to liguefy it. The
fortunes of various sectors fluctuate widely, as it becomes more
difficult for anyone to foresee the changes in receipts-costs
relationships. Resource transfer to the stable-price pattern is

easier. The public finance measures for a transition from very




rapid inflation to price stability may accordingly be somewhat
less selective, somewhat more uniform and general; they would be
appropriate for transition from a substantial but not exceedingly
rapid inflation, Shoup (1969) also argued that the simplest way
to avert a decline in the domestic price level is of course
devaluation, assuming the relevant elasticities are appropriate.
The question remains whether public finance measures can maintain
internal price stability or at least slow down the rate of
decrease of the internal price level if the currency 1is not
devalued. It seems that this is not possible with any public
finance measures that are not themselves covert devaluations: for
example, a subsidy on exports and tax on all imports. The role of
public finance in preventing or reducing the rate of decline in
the domestic price level of an underdeveloped country therefore

appears to be a minor case.

Shoup's (1969} argument may be controversial, but his ideas
appear to be applicable to Nigeria. The wvarious governmental
measures taken to control the rising prices of construction
resources, have always failed for example, the price control
decrees established in the 1970's could not succeed. The
devaluation of the naira since 1986 could not steady the rising

cost of construction resources.

Bromilow (1971), observed that a characteristic complaint in
building is that payments to the main contractor by the client are
often slow and uneven because of late valuation or honouring of
certificates. This in turn causes delays in payments to suppliers

and sub-contractors., In consequence, both the c¢lient and the



obliged to use more sh@grt-term finance than should be necessary.
The period from the time a builder or a sub-contractor firs
acquired a piece of material from a supplier to the time he
receives money generated on account of that specific purchase can
be far longer than one month or even two or three months, The
scope for delay at any stage is considerable for reasons which may
be guite unconnected with the particular 1item and is sometimes
exploited ruthlessly. In the long run, failure to pay at the
agreed date has disrupted the stability of the whole industry and
sometimes even caused technically competent operators to go
bankrupt,

Mc Queen (1973) reviewed the structure of government revenues
in underdeveloping countries and emphasised that the obvious
feature of government revenues 1in those countries 1is the heavy
reliance on indirect taxes, typically accounting for 60 to 70
percent of revenues, compared with a proportion of 40% in the U.K.
He cited a U.N., study which found out that between 15% and 40% of
total tax revenues of developing countries came from import tax

revenues with a generally much smaller proportion coming from

exports. Once income growth slows down or falls, then the growth
of tax revenue will decline as imports fall. This source of
revenue will also be on a shrinking base if the economic growth is

constrained by shortage of foreign exchange.

Myint (1974) reviewed the instability of revenue and
expenditure of underdeveloped countries via the concept of market
mechanism and eccnomic development theories. He opined that there
is a widespread and influential belief that the underdeveloped

countries should rely less on the automatic market forces and more




on deliberate state action to promote economic development. The
distrust of the market forces in many underdeveloped countries
arises so much from considerations of economic growth as from
considerations of economic equality and security,

Prest (1975) also pointed out that some investigations over
a twenty four-year period (1930-53) in the Carribean area showed
that there were large errors of estimating with a strong tendency
to under-estimate both revenue and expenditure and the former
relatively more so than the later. A study of Columbia's case
also showed substantial errors in the direction of over-
estimation on the expenditure side. The large discrepancies
between these sorts of findings and those for a country like the
U.K, can be explained either in terms or deliberate policy, or the
difficulties of accurate forecasting in the light of frequent

unexpected changes or incompetence.

Prest (1975) strongly argued that the public finances of
underdeveloped countries are liable to suffer severe short-term
embarrassments. These may take the form of reductions in the
proceedgntaxes levied on the profits of exporters, or taxes on the
exports leading to a reduction of imports. This may also cut
government revenue severely if it is heavily dependent, as so
often is the case, on import duties. Fluctuations in export
prices are common in developing countries. These fluctuations may
be due to changes on the supply side or the demand side, or a
mixture of the two. On the demand side, there are twoc reasons for
violent fluctuations; first, exports are frequently a high

proportion of GNP and secondly, one or two commodities often bulk
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large in export. Therefore, changes in demand conditions for one
or two commodities may be sufficient to generate large changes in
incomes. He explained that an important consideration in budget
planning in developing countries is the time horizon. There are
several sub-questions:- the length of any one budgetary period
(twelve months, or more or less), the number of such period
considered in any one budget and methods of linking one set of
estimates with another. It is sometimes argued that one can avoid
all problems of expenditures straddling different periods by
extending the length of a given period. This 1is clearly not so;
however long the period one takes, one can still have projects
being started at the end of it and overlapping into the next one,
Different projects need very different lengths of time for their
execution.

Okigbo (1981) showed that there was seasonality in the move-
ment of money in Nigeria between 1970 to 1979. April to September
seemed to be the slack season while October to March appeared to
be the busy season, with the trough resting between May and June
and the peak between December and January of each year. What
accounted for the increase in money supply in the busy season was
two-fold. Firstly, the buying season for a number of agricultural
commodities fell within the period; October to April, and, there-
fore required substantial holding of cash resources to enable the
licensed buying agents to pay the farmers and the agricultural
merchants. Secondly, public construction works were usually
undertaken in the dry season leading to substantial outlays of
public funds for work done. It was also the time when merchandise
trade was mostly suitably carried out; this accounted also for the

growth in demand deposits within that period.



Okongwu (1984) reviewed the unstable pattern of Nigeria's
public finance for the period 1978-82. He observed that there were
discountinuities induced by changes in the rescurce picture which
was dominated by income which are principally, federally collected
revenues from oil proceeds. He further noted that those changes had
impacted virtually cyclically every year on the economy directly and
indirectly through the annual federal budget and its complex problem
of direct and indirect controls.

Figure 1.1* shows the fluctuation trend in the money supply
pattern. From 1970 to 1972, there was a decline which roge and
dropped dramatically in 1974. At the end of 1974, it rose again and
it reached a peak in 1977 at the end of which it maintained a
trough. |

Figure l1.2% showed the profile of Crude Petroleum, Construction
and Housing measured as GDP at current cost facteor 1978-82. Revenue
on Crude Petroleum dramatically rose between 1978 to 1980 and
dropped steeply between 1980-~-82. Also, construction rose almost
steadily from 1978 to 1981l with a slight decline between 1981 to
1982, It is however interesting o note that although crude
petroleum rose sharply and fell sharply between 1978 to 1982, within
that period, construction maintained a steady increase. That
phenomencon may be due to the priority given to the housing sector
and also for the fact that external lovans might have beesn used to
finance the housing projects within that period.

Figure 1.3* describes the factors affecting money supply and
1976-1879 and indicate the rise and fall of net foreign exchange
assets o©of the bank credit to private sector and net credit to

government. It is important to note that between 1973 to 1976

* The views held by Priest, Okigbe & Okongwu are being supported by
information contained in figs 1.1, 1.2 & 1.3. !f

oy
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the net credit to government was in the negative. That is an
indicator that between 1973 to 1976 there must have been some
difficulty in the funding of public housing projects without
external loans.

The discussion so far held in this chapter can be summarised
as Eollows:- (1) the wvarious government measures to control the
rising prices of construction resources have always failed, (2) a
great deal of deficit financing was always used to prosecute
public projects, (3) underdeveloped countries are as much subject
to economic fluctuations as the advanced industrial countries, (4)
failure to pay at the agreed date has disrupted the stability of
the whole industry, (5) the structure of government revenues in
underdeveloped countries is the heavy reliance on indirect taxes
which falls as 1imports falls; they usually face short term
financial embarrassments, (6) there are large errors in the
estimating of income and expenditure (7) Nigeria public finance,
like that of other underdeveloped countries, exhibits a reasonable
measure of instability, and, (8) there is seasonality in the
movement of money in Nigeria, the rainy season and the dry season
form the peak periods for expenditure on agriculture and
construction respectively.

1.3. Statement of the problem: From the foregoing the statement

of the problem can be deduced as follows:-

(1) Cost and Time are two important elements in a construction
contract.

(2) The Form of Contract allows for the payment of fluctuation
charges as well as wvariation which are added to the
initial contract cost.

(3) Fluctuwation charges may rise with the elongation of a

project.



(4)

(5}

(6)

(7}
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The elongation of a public project is primarily caused by
lack of funds as at when due.

The lack of funds is due to unstable public financial base
Efforts made to control the cost of construction resources
by state action or public finance measures have always
failed.

Initial Contract Time 1is always not equal to Final
Contract Time because of the prolongation of a contract.
The errors in the estimation of project duration and cost
of construction in developing countries may be due to

incompetence or lack of planning.

THE NEED FOR THE STUDY.

The various problems enunciated above have given rise
to the desirability of reviewing the need for the study of

those problems.

Housing is one of the basic necessities of life, It
borders on the social, economic, political and technological
aspects of any community. Housing in general and public
housing in particular are always a sensitive national issue.
Various studies have been undertaken and are still going on
in the social, economic, political and technological aspects
of both the public and private housing in Nigeria in order
to provide scientific explanations to some of the problems
on design and construction. The provision of houses for the
public involves high capital outlay and there is always a
pressure from the general public on “"when will the building

be available?", apart from the general bewilderment on the
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excessive cost of housing projects. Therefore, from the public
view, there are two essential points always raised in the housing
question: "Cost" and “Time". As discussed ealier from the
contractual view point, the two important components are "“Cost"
and "Time". As the general view is that the source of funding of
public projects lie on unstable financial bases leading perhaps to
the elongation of project time with the probable compensation for
fluctuation, it becomes evident that scientific studies be
undertaken of relationships existing between Cost and Time of
construction.

The following literature opinion also support the idea of
mounting some scientific studies into the relationships existing
between time and cost of housing projects in Nigeria,

According to Goodacre, (1974), in the execution of public
housing programme in Great Britain, some of the highlights in the
post construction scene are the staggering differences between
initial and final contract costs as well as the marked differences
between initial and final contract times. Goodacre called for a
concerted effort to explain scientifically, the patterns of
differences into those construction resources. That calling
provided a base line for this study.

Perry et al.(1977) noted that the time value of money assumes
greater importance in the long duration projects common to the
construction industry and it is essential to establish and apply
sound time-money principles. This will reduce the likelihood of
ill-founded decisions based on inaccurate predictions of the
outcome of the project or contract. Some of the disadvantages are

that it is comparatively new and tends to create organisational




empires and to over-produce paper work. Also, the system is a
decision maker instead of being an aid to decision making.

Parker et al. (1972) highlighted the importance of resource-
time studies in construction. They found out that the use of
mathematical models based on cost-time relationships helped to
improve and optimise operations particularly in the manufacturing
industry. They suggested that cost-time studies should be
extended into construcqﬁon operations.

A World Bank Report (1984) highlighted the need for cost
studies in the construction industries in developing countries so
that improvements can be made on the efficiency, timeliness and
quality of construction and maintenance. From the World Bank's
Report, therefore, there is a need to mount studies to establish
how to improve the cost and timeliness of projects.

Giwa (1988) identified the causes and magnitudes of excessive
escalations in contract sums of some building projects in Nigeria.
He established the fact that various final account statements
attributed the increases to fluctuations 10.20%, variations 8.43%,
PC sums 5.98%, Remeasurements 0.50%, Provisional sums 1.37% and
others 73.52%. His studies became a very important contribution
to knowledge of the pattern of increase in contract costs.
However, his studies of cost patterns were not related to
construction time patterns, He also admitted that his analysis
did not extend to the excessive time overruns being experienced in
project completion and he then recommended that the question of
time over-runs be further looked into.

Husseini (1991) strongly argued that because the Nigerian
construction industry has faced the problems associated with a

traumatised economy, there is a need to adopt an effective
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strategic planning of projects particularly with respect to
financial allocation. He suggested that for all major projects,
feasibility studies must be carried out to ensure their viability
and funding. He warned that the rush-approach to project
implementation should be stopped and that reasonable time must be
provided for the design and construction of all projects. In
essence, Husseini (1991) was suggesting that there is a need to
properly cost a given project and to undertake a thorough review
of the time constraints before commissioning the project.

The discussions in this sub-section held by Goodacre, (1994)
Perry et al. (1977) and Parker et al. (1972) suggest that, (a)
there is a need to study the patterns of differences existing
between the initial and final contract times as well as Lthe
differences between initial and final contract sums, (b) it is
essential to apply a sound time- money principle on long duration
construction projects, (c¢) mathematical models based on cost-time
relationships assist in the optimisation of operations,

As well, in this sub-section, the reviews held by a World
Bank Report, Giwa (1988) and Husseini (1991) can be summarised
as:- (i) there is a need to mount studies to establish how to
improve the cost and timeliness of projects of developing
countries, (ii) the guestion of excessive time over-runs should be
subjected to further research, (f) cost and time constraints are
two important factors for strategic planning in construction.

From the above, it is evident that there is a need to go into

a research on time-cost relationships of construction in Nigeria.
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Some studies on time-cost relationship had been undertaken
and published in the following countries:- the United Kingdom, the
U.S.A. New Zealand, Australia and Singapore. It was therefore
expedient that similar studies be undertaken of construction in
Nigeria. The outcome of such research work would contribute
immensely to the growing pool of knowledge of time-cost
relationships of the world in general Nigeria and Africa in

particular,

1.5. 'THE OBJECTIVE

The obijectives of this study are to:-

(1) Survey the literature to determine the state of the art
of time and cost relationships existing in different
countries.

(2) Design suitable mathematical models of study into time
and cost relationships during post-contract.

(3) Identify the factors or causes of change in time and
cost.

(4) Promote management understanding of various components
of time-cost relationships.

{(5) Establish some scientific basis for the effective
control of time and cost resources available in the
construction of housing projects in Nigeria,

(6) Recommend areas for further studies on time-cost

relationships.
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CHAPTER 2

LITERATURE REVIEW

INTRODUCTION

From the provisions in the JCT Form of Contract, the
total cost of a project at the end of a contract is a
summation of the following:- (i) Initial cost, (1i)
variation cost and, (iii) Fluctuation cost. The
total time for the completion of a project is a summation of
the initial time and extension of time. The following
literature reviewed each resource component as well as some

previous work undertaken on cost/time relationships.

INITIAL CONTRACT COST

Initial contract cost can be defined as the proposed
cost to a client for executing a project within a
given time and under certain technical and legal terms agreed
to by parties to a contract.

Stone (1966) reviewed pricing theory in relation to
bidding situations and stressed the fact that bid situations
resemble bargaining situations in that the price 1is being
fixed for a particular supplier - customer deal. The
existence of an invitation provides the information that the
buyer is unlikely to settle for the alternative of not making
a deal. However, the seller also knows that the publication
of the invitation to tender will bring other firms into the
market. The seller is at a disadvantage in that he has no
exact information about the prices guoted by competitors, but

he does know exactly what has to be supplied in order to be
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able to supply it. Stone  (1966), further argued that
unfortunately, this knowledge creates the opportunity for
collusion. Quotes on particular bids may be arranged as part of a
series of quoteslfesigned to ensure that business is shared out in
a particular way. If no conclusive arrangement is possible, then
the individual firm may try to predict the bids of its competitors
by relating bids to past bids in similar situvation.

Broster (1968) noted that modern theories recognise that
businessmen may not be interested in profit alone but also in the
extent and growth of their sales, market share, inventory
position, liguidity, prestige, and labour relations. Also, the
customer's choice 1is influenced by a multiplicity of factors,
including the social standing and the opinion of friends
advertisement and shop displays. Not all management would wish
to maximise profits by optimising among them for example, in
state-owned industries, like the British Post Office, the object
of pricing policy is not much to maximise profits but essentially
to serve the best interest of the community. To ensure that, the
pricing policies of the nationalised industries are subject to
some measure of government control.

Samuelson (1970) explained the principles of supply and
demand in relation to the initial cost of projects. He observed
that when the price of a good is raised (at the same time that all
other things are held constant), less of it is demanded. The
demand schedule reflected market prices, He opined that there
could be more flexible pricing in the building industry than in
manufacturing. He also pointed out that uncertainty may enforce a
lower level of investment than the volume of work actually

available would warrant in a manufacturing kind of industry.
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The discussions held by Stone (1966), Broster (1968} and
Ssamuelson (1970) above, indicate that in arriving at the initial
contract cost, some social and economic factors like supply and
demand as well as the level of competition and social benefits are
considered.

Southwell (1971) said that the Vbuilder‘s price is the
building owner's cost and that most of the data provided in cost
analysis are based on the cost to the client in respect of
projects.

Seeley (1972) argued that the process of arriving at the
initial cost of a project is not only a personal process but it
also reflects the varied approaches and policies of different
organisations. He also pointed out that estimating and pricing
may not always truly reflect the actual costs on a site.

According to Pilcher (1973), an investment can be constantly
under risk in the more unstable overseas territories where large
assets can virtually be stopped or shelved overnight because of
political instability and nationalisation.

Neo (1974), held the view that apart from the fear of
political uncertainties there is the likelihood of an outbreak of
war, civil disturbances, insolvency or default by the employer,
devaluation in currencies, exchange losses, inflation and
fluctuating interest charges.

Landsell (1975) pointed out that the cost of a project may
include professional fees, land acguisition expenses, payments to
the contractor, furniture and equipment, commissioning and
bringing into use and the interest charges for finance.

Goodacre (1876) explained that cost incurred by the client

are not necessarily the same as those incurred by the contractor
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executing the work. Initial contract cost comprises the summation
of a contractor's cost of materials, labour, plant, finance, over-
head and profit. X

Mogbo (1978), noted that in arriving at the initial cost of a
housing project, there are two principal technical problems that
face the contractor, the client and the consultant. The technical
problems are, (a) information and (b) risk assessment. There are
two types of information necessary for assessing the initial cost
of a house:- technical specifications and legal obligations. A
major technical information is a quantified specification (often
call bill of guantities). Sets of legal obligations are normally
contained in any contract document. The type, guantity and
gquality of technical information are often in-exact because of the
level of preparedness of design information. Also, the analysis
of the rates to be applied to some work items may be difficult to
assess because as discussed above, they may carry with them, some
social economic¢ and administrative factors which may be difficult
to quantify. The assessment of the cost of carrying out some
imposed legal obligation may as well not be guantifiable.

The discussions held by Southwell, Pilcher, Landsell, Good-
acre and Mogbo (1978) point to the fact that the determination of
an initial contract cost of a project is a personal process which
may be linked also to the policies of different organisations.

The assessment of legal obligations as well as of risk due
to political instability may have no basis for guantifiation.

Morrison (1980) pointed out that estimators tend to use
historic costs from projects of which they have personal

experience, This generally means that he data considered for
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pricing a new project is very limited. Consequently, unrepre-
sentative information is often used. Also, estimates are often
produced in which a substantial proportion of the value lies in a
very small percentage of the items priced. This tends to reduce
the accuracy of the estimate as a whole to that of a few high
value items.

Bennett (1983) pointed out that research findings undertaken
at Reading University in the United Kingdom showed that accuracy
of pricing data could be increased by isolating reasonably evenly-
sized packages of work. About 100 such packages should be
isolated for pricing.

Kolawole (1985) studied the pre-bid construction process in
the light of venture profiles and suggested that the assessment of
risk in construction contracts in developing countries can be
successfully carried out using the method of utility theory,
simulation, subjective probability and the use of microcomputers.
He argued that the use of single value estimate of the various
factors to assess risk which is highly stochastic in nature is
grossly unsatisfactory. He showed that for a complete assessment
of risk, it is necessary to perform sensitivity analysis so as to
provide answers to certain naughty guestions, improve the
assessment and guide the management of risk. 'Thus, his findings
are very important to the realisation of a realistic Initial
contract cost.

Bennett (1986) suggested that each Q.§‘Practice could build
up its own data based on known projects and also prepare its own
cost analysis. The two could be transmitted to the central data
base which would match each new analysis with all the others. The

centre would produce sets of unit rates in a form which makes it

0.5 = Quantity Surveying
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easy to choose the right one for any particular item on a new
project. Unit rates would be transmitted back to individual Q.S,
as needed. At each stage, data would be handled and calculations
made by the computer. Bennett (1986) advised that statistical
tests and wide range of estimating methods would enhance
decisions,

Griffiths (1987) also provided explanations on the prepara-
tion and processing of data on construction costs in the U. K.
Quantity Surveyors constantly need to refer teo building price
indices for a wide variety of purposes, and that one of those
available for use in housing is the price index of public sector
house building. The new index provides a measure of the change in
tender prices for the construction of new public sector housing in
England and Wales. The price data are extracted from the BQS of
successful tenders for dwelling of traditional constructicn in
blocks up to four storeys. Each item is selected to represent all
the work in a particular work section or subsection, so that price
movements of the other items in that work section are assumed £o
be broadly similar to those of the representative item. In order
to previde anonymity, the returns do not include any means of
identification to a particular contract. Weighted indices are
later produced,

The discussions held by Morrison, Kolawole, Bennett and
Griffiths postulate that the application of historic costs and
weighted price indices have limited uses. The
performance of sensitivity analysis 1is necessary for the
assessment of various types of risk, Also, the carrying out of
other various types of statistical tests would help in the
determination of the initial contract cost.

The discussions held in this sub-section, show that the

various Initial Contract Cost toc be obtained on Nigerian
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construction projects may show some marked differences be-
cause of (a) different pricing policies of various organisa-
tions, (b) the varied approaches used 1in the assessment of
risks and, (¢) the pricing techniques of estimators who may
use different approaches.

VARIATION COSTS

The term ‘Variation' as referred to in construction
means sums of money added to or subtracted from an initial
contract sum for adjusted physical works and/or adjusted
compliance of some legal obligations in a ccntract.

Variation is always inevitable in most construction contract
because of the ever-changing nature of the design and
construction processes.

The Banwell report (1964) noted that it would be to the
benefit of the whole industry if the impact of <claims of
variation were substantially reduced for it cannot be totally
eliminated. g

According to Wainwright (1968), the first of the special
and difficult cases is for works of emergency of peculiar
nature where a different procedure is used. The use of "day-
work" rates are often applicable and it is based on published
data (issued by the National Joint Industrial Council) or
such other rates that may be agreed to by both parties, The
second case is the determination of values not directly rela-
ted to productivity but on time, like "extension o¢of time
claim®. In such cases, values are obtained principally by
examining variocus facets of the "preliminaries" affected by
time and perhaps, relating them to some substantive work ex-

ecuted. The third case is the claims for "Legal Obligation”
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like loss in turnover, penalty clause, liquidated and ascertained
damage, The determination of loss in turﬁover is based on
business consideration of profit, loss, changes in overhead and
interest charges.

Emden et al. (1969), observed that the matters in building
and engineering contracts which are most frequently changed are
the making of additions, omissions and variations, the dispensing
with or varying of stipulations as to the time for completion and
as to the claim of ascertained and liguidated damages against
contractor for delays. Building and engineering contracts usually
contain provisions giving power to the employer or his architect
Or engineer in some specified manner to vary the works embraced by
the contract.

Bromilow (1970) concluded from his studies that the client
generated approximately half of the variations involved in the
construction of Australian buildings based on competitive tenders.
He suggested that the use ofF package deal of contracting may
restrict clients' use of variations, It could well mean that
competitively tendered projects are subject to a higher proportion
of delays due to variations instigated by the client.

Lucas (1974) pointed out that probably the most abused device
of all the contractual procedures is the variation order, In
theory, it is simple enough and seems eminently practical. After

contracts have been made, the architect may decide to change the

design in some way - the intention is clearly to cover quite minor
variations - and a procedure for modifying the contract sum
accordingly isg defined. However, some projects hardly pass

without more variation orders, some of minor nature but some

seeking to change large sections of the work. There is no doubt
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that competitive tenders have been obtained against drawings,
bills and specifications which it was known would bear little
resemblance to the completed building. The cumulative effect of
this large number of variations is that a considerable extra cost
is incurred and also a considerable extra time is needed to
execute the extra works. d

The preparation and processing of data for variation are in
almost all aspects the same with that of the initial contract sum.
This is because additional or adjusted work are normally worked
out on pro-rata the BQ rates.

Goodacre (1974) suggested that the volume of variations can
be controlled if the client maintained a closer contact with
operations on site and be aware of the problems both being
encountered and foreseen and thus integrate his own cost control
with the progress on site. Also, special attention should be paid
to alteration contracts. As well, emphasis should be laid on
forecasting interim payments, cost of anticipated variations and
the final account. They are actions to be take before cost are
actually incurred.

Thompson et al. (1977) explained that by their nature,
construction projects are subject to variability and change. The
changes might be unavoidable or due to deliberate management and
economic policy.

Thomposs, et al. (1977) also contended that one of the
most significant effects of changes in construction was upon the
pace of work. Variations can cause changes in the rate of work
and also, may have a significant effect upon the cost. For
example, a small change made to an earth dam during the earth -

moving operations caused a 1% increase in cost. A cost model of
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the contract would have made no significant difference to the
cost, Barnes (1977) also noted that other effects of a change
in the pace of work was upon cash-flow. He demonstrated that an
increase in cost during period of construction of 5% could cause
a three-fold increase in the capital employed although
compensated for in the final account. The return on turn-over
remained the same, but the return on capital employed, a better
measure of profitability, was reduced to one third.

Carpenter et al. (198l1), argued that a project is only a
means to an end. The end may be a public service or a
commercial market, but the predictions of either may change,
perhaps, because of economic or administrative reasons and
therefore, require changes to design or programme.

Barry (1984) explained the methodology for an effective
control of the volume of variation in the construction of
Heysham Power Station in the U.K. It followed the procedure of
the Board. 1t was effected by the identification of all changes
and potential changes at the drawing board stage. This allowed
both the designers and the client the opportunity to consider
alternative strategies, The key to this successful operation
has been the location of a cost control surveyor in the design
engineer's offices. He incorporates design changes when they
occur and potential design changes as soon as they are
identified.

The reviews held in this subsection pointed out that
variation cost is always inevitable due to deliberate management
and economic policies. The wvalue of wvariations can also
effectively affect the initial speed of work,. it is therefore
important that the relationship which exist between variation

and final time be of interest in this study.
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FLUCTUATION COST

"Fluctuation" cost refers to a sum of money paid by
either party to a contract to compensate for the rising or
falling in prices of some principal construction resources
like labour, material, plant or overhead. Fluctuation cost
is therefore a bye- product to inflation and deflation.

Furness (1975) observed that a developing country which
is committed to rapid growth and which is still at an early
stage of industrialisation inevitably has a rapidly growing
demand for capital goods, specialised services, intermediate
goods, raw materials and sophisticated consumer goods which
cannot be produced domestically at an economic cost. The
rise in import costs (implying a corresponding reduction in
the real income of that country's residents) is liable to set
in motion, cost inflation, particularly if the exchange de-
preciation is not accompanied by adequate deflation of inter-
nal demand. There are undoubtedly many dangers and problems
in a regime of flexible or floating exchange rates. All too
often, the benefits of exchange depreciation have proved to
be temporary, the competitive  advantage being eventually
eroded by the spiral of demand and cost inflation.

Perry et al., (1977) stated that inflation has become an
acceptable fact in the current commercial work and seems
likely to remain so. It is hoped that such pessimism 1is
unwarranted but nevertheless, it emphasizes the need for a
serious reconsideration of financial and contractual manage-
ment procedures. At a time of high and variable rates of
inflation, it is expedient to review the implications for

project and contract finance. The final contract sum is



33

affected by extra works and variations which are magnified in an
inflationary situation.

Allen (1984) asserted that in recent years, inflation has
had a major effect on the profitability of many long-term
contracts. The risk involved with fixed-price contracts is
greater than with inflation - adjustable contracts, given other-
wise similar circumstances. The greater the period which the
contract covers, the greater too will be the risk of variation
in contract profitability due to inflation. But whether the
price has been established as fixed (i.e. not price - adjusted
for inflation) or has been adjustable (in line with pre-agreed
formulae) inflation can significantly reduce contract profits if
not handled carefully.

Perry et al. (1985) also noted that the "Baxter" formulae
used in civil engineering work or other price adjustment formula
are approximate - reimbursement is independent of actual cost
escalation and there is no consideration for non-recoverables.

In the absence of price adjustment formulae, cost escalation
is processed by scrutinising the various vouchers and claims
submitted by contractors. This is a tedious operation and
always 1involved disagreement between the contractor's and
client's representatives. But it's inherent advantage is that
it is not per se, the average claim but not the real claim.
This is the method prevalent in Nigeria.

It stands to reason then that short term fluctuations on
labour, materials and equipment can have a disastrous impact on
the economic wviability or delivery of a project. The

stabilisation of some of these resources is difficult under the
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present structure of the construction industry. Construction
is a service 1ndustry which is geared to respond to cyclic
fluctuations in the economy and which depends on a transient
labour force. It also exerts 1little control over the
production of materials and egquipments.

Farrow et al. (1986} explained that a good method of
controlling fluctuation cost was {(a) to maintain a good and
close monitoring system, and (b} the liberal use of cost
studies, often in consultation with the contractor.

Revay (1985) pointed out that the cost due to fluctuation
can be influenced by changes, late or inadequate supply of
infermation, active interference con the part of the owner (or
his agent), <c¢hanged so0il conditions, or acceleration and
strikes, inclement weather, shortage of labour and material, or
unavailability of construction equipment. Which o©of these
factors are compensable by the owner would of course depend on
the terms of the given contract. The costs flowing from those
causes may be classified in two broad categories:- (a) time-
related, and (b)) productivity - related. Time-related costs
are normally not compensated by the client while productivity
related are usually, the risks assumed by the contractor.

Osemenam (1987}, argued without any empirical evidence
that in Nigeria, periods of contracting is extended because of
technical problems associated with changes in the desires of
the client, insufficient technical drawings and details at
various stages of work, paucity of co-ordination of the works
of wvarious consultants delays in payments of certified

valuations.



The reviews in this sub-section highlight the facts
that, (a) inflation has a major effect on the profitability

of a contract, (b) the payment of fluctuation claims has

become inevitable due to inflation and the structure of the

construction industry. Also, inflation has a major effect
on the overall cost of a contract, (c) fluctuation can be
influenced by the volume of variation as well as delays due
to:~ inclement weather and the unavailability of construc-
tion resources. .

From the above inference, it 1is therefore expedient
that in the study of cost-time relationships, appropriate
investigations should be undertaken on the effects that:
(a) final construction time has on the fluctuation cost,

L]
(b) delay time has on the fluctuaticn cost.

FINAL CONTRACT COST

"Final Contract Cost" is a summation of the values of
the initial contract sum, variations, and fluctuation costs
paid toigontractor by a client for work executed within a
given time. Therefore, all the discussicns held on initial
contract cost, variation and fluctuation costs, in this
chapter apply in all aspects to the "Final Contract sum".
The completion of work in whole or in part gives rise to
Final Contract Sum. It is always a welcome event to all
parties when completion is achieved and Final Contract Sum
is agreed to and honoured. It needs a lot of goodwill and
determination from all parties to a contract,

Brett (1969) argued that the length of time allocated

to the construction of a particular building can be
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economically critical and discussed a logical method of arriving
at an economically correct decision. He argued that conventional
building methods may at first sight, appear to cost less than an
alternative and faster non-traditional method. In fact, the
industrialised method which would normally resulft in a shorter
construction period and so incure less interest charges could be

the most economical solution.

Morris (1977) stated that cash-flow is significant because
of the usual delay between the time the contractor renders
requests for payment and the time that he receives his
reimbursement form the owner or financier. In addition, there
is a customary retention of a portion of the funds by the owner
to guarantee the work., This final payment is made after the
last inspection, often several months after the completion of
the project. Both the periodic reimbursement for extra times
and retention of funds until project completion tend to burden
the contractor with the finance charges or act as a drawdown on
funds otherwise usable for investment purposes. As such, the

cash-flow has direct effect on the recovery cost.

Moreledge (1978) stressed the importance of records of
costs and expenditure. The contractor 1is required to keep
records of certain costs in the form of labour and plant, time,
and material costs. This requirement is either specifically
required by the contract, or may be inferred from the document.
Such records include daywork expenditure, costs related to claim

situation and details of varied work. The failure to keep
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accurate records of this type results in unnecessary argument as
to the costs actually involved.

Brandon et al, (1985) opined that "political expediency"
was responsible for the completion of Sydney Opera House. "The
original estimate was £2.5m... the final cost was E£56m largely
paid for out of government lottery", The polificgl will over-
shadowed all other problems including the astronomical cost and
then produced a building of outstanding quality and profit to
the community.

Moore (1987) illustrated the importance of data processing
to final costs when he described the project management
strategies adopted in the conversion of an unfinished hotel into
prestige offices in the U.K, Full budget and cost control
systems were used together with overall and short-term pro-
grammes, which allowed for continuous detailed monitoring of
construction events and expenditure. PM1I (Project Management
International) summarised progress and events, and made analysis
of the performance of the consultants in relation to their
agreed design programmes and fee expenditure, in regular reports
to the client. The main bottlenecks were highlighted ahead of
requirements to ensure minimal adverse effects to the works on
site.

The salient points raised in the discussions held in this
sub-section on Final Cost can be summarised as follows:-

(a) the length of time allocated to a project can be economi-
cally critical, (b) retention money which is released at the end
of a project can adversely affect the financial capability of
the contractor as well as the contractors overall performance

efficiency, (¢) costs actually involved on a project can be
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obtained by keeping the records of various resources and

events.

From the above, it was necessary to examine the effect
that the Final Time had on the Final Cost. The data for
such studies c¢ould be obtained from recorded project

information.

2.6. TIME |

’n

The time for the cénstruction of a project is the per-
iod aqreed to by parties to a contract within which a com-
pletion is to be achieved. Because of the complexity of
building operations, the proposed time of construction is
hardly-ever achieved. The construction time on any given
housing project is therefore divided into two major parts:
the initial time and the final time. Extra time is the

difference between final and initial contract times.

Benwell's report (1964), pointed cocut clearly that
insufficient regard is given to the importance or value of
time and its proper use in all aspects of a project, from
the client's criginal decision to build, through the design
stages and up to final completion. Time well spent can mean
time and money saved. It suggested that modern techniques
of programming should be used to provide an overall discip-

line for all concerned.

Bromilow®'s (1970), research into contract time perfor-

mance on some professionally designed Australian building

r
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projects showed that on the average, the time for construction
originally allowed in the contracts was only 68% of that
actually taken (i.e. over-runs averaged 47%). He showed that
this was mainly the result of over-optimisjm in stipulating the
construction period in the contracts.

Lowe (1970) held the view that package deals are more often
than not, chosen when time is short, and @8 is thought that the
normal method of using consultants is too time-consuming.

Calvert -(1970) said _that the precise form in which a
programme is set down on p;per may depend to some extent on the
type of work being undertaken. Graphs showing guantity against
time are simble to understand, and may be inconvenient for
individual operations such as concrete output. Complicated
sequences like the finishing trades in multi-storey building can
be explained by isometric drawing and other pictorial strategies
may be devised for special occasions but the commonest and most
satisfactory method is the Gantt or Bar Charts. Charts of this
nature are very versatile. It is usual to list the items to
work one below the other on left-hand side and show time
horizontally. Bars may be suitably hatched or coloured to
distinguish trades or left blank for the future recording of
progress.

Saunders (1971) observed that the cost of building
factories and plants is still plagued by massive over-runs and
suggested the use of project management to accelerate the pace
of work. He asserted that "Project Dynamics"” stresses that
engineers are often unaware of the financial implication of late
completing and do not appreciate that the construction of a new

production facility is not the final goal, but only the first
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stage in a larger project.

Pilcher (1973) advised that it is an important function to
balance the ideal requirements of the client against the cost
curves of the contractor in order to produce an optimum project
period the also pointed out that net work analysis covers a
range of slightly varying techniques known by different names;
the three most common in use are the Critical Path Method, PERT
and Precedence Networks. All of the three use similar
principles and similar approaches. Network of activities are
drawn, a duration is then assigned to every activity. The
length of all possible continuous paths through the network are
added up to give the total duration for each path. The longest
path through the network represents the minimum overall duration
in which the work can be completed using the plan represented by
the network and is known as the critical path. Network analysis
methods when used for controlling projects may be said to have
some of the following advantages:- (a) the systematic approach
to planning encourages a logical discipline in the overall
process, (b) it allows the practice of management by exception,
inasmuch as it concentrates attention on critical activities

rather than those which have an abundance of float.

Bromilow et al. (1974) contended that at the times of high
inflation rates, the project time is more critical because of
mounting construction costs. In a study of some Australian
building projects, they showed that on the average, the lowest
tender leads to the lowest contract sum, but additional costs
brought about by delays in construction can be and often are in
excess of the differences between the lowest and the next

tenders. They argued that the lowest tender may not result in
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the cheapest overall cost to a client unless considerable care
is taken to include time performance and financial reliability
of tenders. :

Harris (1978) suggested that a prudent client will manipu-
late the costs and benefits asscciated with alternative time
scales in order to produce the optimum project control, He
pointed out that the important date to the client 1is the
contract c¢ompletion date, and an early start on the site, in
some cases, have a negative effect in that a premature start
together with a lack of pre~blanning leads ultimately to delayed
completion times and claims for extras.

Smith (1980) illustrated the processing of data for the
construction of Canadian project. "The first task of the
management team was to establish a schedule o©of anticipated
construction activities and then relate those to the budget.
This was done and 29 work sections were identified, later
increased to 30 by the inclusion of commissioning. Monies were
allocated to each of these work sections to form section
budgets. This figqures were extracted from the masterplan and
adjusted where necessary to reflect the information current at
the time. Timelines were then allocated to the activities and
plotted on to a bar chart which, produced by a computer, was
easily updated cn a monthly basis. The original schedule for
each activity was the lower bar. Progress was monitored
continually and the project management team held meetings to
assess design, constructicn and financial status.

Bennie (1980} reviewed the control procedure for development
projects in the United Kingdom. He noted that this is a broad
measure of agreement between architects, quantity surveyors,

builders and clients that the main reasons for the delays and



42

excessive costs are:- (a) planning delays, (b) changes required
by the client after the contract has commenced, (c) poor site
management, (d) industrial disputes (e) delays in delivery of
plant and materials. Also, he asserted that more responsibility
for the problem of delay lies with the client than most would
admit. He further suggested a management appraisal of the delay
problem, an attempt at all times to anticipate problems and to
be prepared for them, and, finally, a realisation by all senior
partners of the professional team and by the executive of the
client that only by total commitment at the top can all other
personnel be motivated to succeed.

Whatley (1981) highlighted the factors that were successful
in creating a balance between cost and time on a big London
project which lasted seven years. (The refurbishment of London
Chamber of Commerce and Industry buildings). The factors were:-
(a) the budget cost was linked-up to the clients' decision to
fund the work as far as possible, (b) track of records of costs
were kept, (c) a very flexible system of cost reporting was
developed, (d) phases were modified to produce "economic
packages" of work for both the client and the contractor, (e)
nominations of sub-contractors were avoided where necessary. On
completion, the final result was not so very different from the
original plans.

Piesold et al. (1984) reported of how a big dam project was
executed in Kenya. They explained that the project was
completed four months ahead of schedule and within seven years
of the launching of the pre-feasibility studies. According to

them, that was possible because the client quickly perceived the
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rates, the project time 1is more critical because of

mounting construction costs, (d) the time available for a
project may have significant relationships with the cost.

The above suggest that in this st%dy, the magnitudes

of initial and final construction times should be determined

and that there is a need to relate the cost to the con-

struction time as well as investigate the effect of extra

time on the cost of a project.

2.7. SPEED

The speed of construction is the rate at which work is
performed. It can be represented by the value of work done/ i
Time taken. Studies undertaken on field productivity of
work force con construction sites are in themselves studies
of speed of construction. Such studies normally express
the volume of work produced (which can be qguantified in
terms of money) and also construction time.

As speed is a ratio of cost/time, the various factors:
social, economic, administrative and technical factors
affecting cost and time components discussed in this
chapter also can affect the speed of construction.

Parker et al. (1972) explained two important methods
of measurement of construction speed: the "time lapse
photography® and the “Standard Times". Time Lapse Photo-
graphy" although expensive, the method provides complete
permanent records which allow unlimited replays and de-
tailed analysis of the work including the relationships of
simultaneous activities and the cause and the effect of
delays. "Standard Times" - consists of accurately

recording the total man - hours per unit of work. The
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units are chosen so that uniform standards can be established
to permit comparison with similar structures previously built
or with published values. This system is based on studying
the work crew as a whole as opposed to examining the
activities of individual tradesmen.

Selfert (1974) reviewed ways in which work could be
speeded up and costs reduced on building sites. He explained
that the principal feature in the prolongation of time periods
has not been evolved from any arithmetical projection over the
last forty years, but has expressed itself more in the form of
a geometric projection of increasing construction time per
job. Selfert (1974) further argued that the reasons which
affect the time aspect of the industry are as follows:- (a)
lack of incentives in a workman's job, (b) the shortage of
craftsmen and skilled staff, (c) competitive tendering which
is the basis of the construction industry is in some ways a
cause of accelerating contracts sums. Keener building times
will only be achieved by keener pricing, (d) there are
pressures for additional time and cost increases on the basis
that this is beyond the main contractor's responsibility.

In 1976, the Slough Estate Report of the U.K, was
published giving the findings and recommendations arising from
a study on the high cost and delays of development in the
United Kingdom. Some of the conclusions arrived at were that:
(a) development in Britain was too slow and too costly, (b)
the large number of government regulations stemming from a
variety of agencies has a harmful and slowing-down effect on
the development process; they are too complex and often

obsolete, (c) communication between client and designer and
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co-ordination between designer and contractor were found to be
poor, (d) clients were always changing their requirements.

Morriss (1977) reviewed the economic analysis of accele-
rated construction in the U.S.A. He pointed out that the
potential economic benefits of increasing off-season construc-
tion activity are of such significance that the development of
more thorough plan analysis of accelerated work technigues is
warranted.

Laing (1979) briefly Eeviewed Britain's high cost and low
speed buildings. He pointéd out that some of the main causes
of high cost and low speed in buiiding operations in Britain
were due to:- (a) planning controls were excessively slow and
bureaucratic, (b) attitude to work was poor, (c) designs were
often not simple but too detailed and complicated, (d) poor
attitude of the trade unions, (e) workers are not well
adequately rewarded or motivated.

Bowness (1979) discussed the logistic adopted to complete
on time, one of U.Ks' biggest refurbishment projects. The
principle of, project management approach was used. Project
management, apart from representing the client from an
authoritative position, acknowledges the need to weld together
a variety of personalities and styles to create an atmosphere
conducive to producing a performance higher than the norm. He
notes that throughout the whole time span, communication was
vital to the efficiency, accuracy and smooth functioning of
the project. Close relationship between the project manager
and other members of the design team obviated the need for

lengthy referral systems and ensured a common
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awareness of the state of play. To cope with this, a system of
evaluation, agreement and authorisation was established and no

works other than those contained in the pre-letting agreement,

were accepted unless they, could be fitted into the contractor's

programme. He concluded that the logistics of completing the
building, precisely on the date agreed at the outset were akin
to a military precision.

Wakefield (1981) compared the speed of construction in the
U.K. and the U.S,A, - He emphasized that many papers had pointed
out that the speed of construction in the U.S.A. was relatively
more than that of the U.K. due to more efficient management
adopted in the U.S.A.

An important method is the "Productivity Delay Model"
recently devised by Adrian (1982) and it is similar to the time
study technigue in that it attempts to identify and optimise
cycle times for repetitive construction activities. A key
feature of this method is its emphasis on classifying and
documenting delays to construction operations, and statistical
analysis are utilised in interpreting filed data.

Thomas et al. (1984), noted that despite the recent growing
interest in measuring labour productivity, no ocne method has
become the standard in this field. The common techniques are
classified as work study methoeds, and aim to provide a
systematic approach to analysing labour productivity based on
scientific principles, accurate observations and measurements
and statistical methods. These methods were initially developed
to assist the manufacturing and service industries but in recent

years, have been applied to the construction industry.
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Discussions held on the speed of construction bointed
out that,(a) the development of an acceptable plan analysis
for accelerated work techniques is essential, (b) attitude
to work, complicated designs, trade union activities and
bureaucratic controls can seriously affect the speed of
work, (c) the adoption of a sound project management
principle could accelerate work, (d) the use of work study
techniques can assist in understanding how to improve the
speed of construction.

The above suggest that this study of the cost-time
relationship should, (a) endeavour to work out an
acceptable model for accelerating work, and (b) investigate
the effect on costs by delays due to bureaucratic controls,

attitude to work and trade union activities,

COST/TIME RELATIONSHIPS

Bromilow (1969) studied 329 contracts in Australia to
ascertain the degree of contract time performance, its ex-
pectations and reality. The following were some outstanding
points in his studies:- (a) for each contract, the ratio of
the actual construction time divided by contract time has
been calculated to provide a measure of time-performance
ratic. The major factors affecting this ratio were the
type of building and the mode of the selection of the buil-
der, (b) average time performance ratios for various types
of building regardless of the mode of contractor selection
ranges from 1.00 for the four private schools to 2.12 for
miscellaneous works, (c) the range of performance of in-
dividual projects is much larger than is commonly supposed.

Experiments showed that the reality is general far from
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expectations as defined by the original contract completion
date. In any case, the completion dates written into contracts
are often avoidably based on partial information, subsequently
they are subiject to a wvariety of unpredictable pressures which
ma;'affeét the realisaticn of the original stipulaticn. It is
therefore necessary to gquestiocn 1f any general standards of
pefformance are realisable in practice. Some light 1is thrdwn
upon this by analysing the actual construction ‘ times in
practice, to see if an explainable standard of performance can
be identified, (d) the final c¢ost of a project reflects the
complexity aﬁd quality as well as physical size. For the large
sample of building studied, the time actually taken to construct
is highly correlated with the size as measured by cost over a
range greater than a thousand- fold, (e) the most revealing way
of plotting construction time against cost (size) is to use
scales based on logarithms. This aveids a crowding of the
relatively large number of 10,000 to 1,000,000 and shows the
mean, trend line marked ({(xx) to have a simple cost-time
relationship,

T = KC o,

Where T

Actual construction Time in working days
C = Final Cost of Building
K = Consfant Characteristic of building time ;n
Australia.
B = Constant indicative of the Sensitivity of time
performance to cost level.
(Its value according to Fig. 1 is 0.30 when C =T
T = 350 so that X is in faect the average working time

for such a project.
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