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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



27

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




28

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
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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
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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



45

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.




S

“UAL CONSTRUCTHION THAE AS FURCIIE OF SPECHT

¥ 2
- i
'] I 4
L ] I i i R .Y
a-1——— —
- e
— ..!’
n A S |
\ o \ ;i
:;. (] r. ,‘,,‘;" i
- s
= s . llf.." i
5 ’ ‘.
ool '
i |
[ H
-~ [ - | )
o O -
- "y |
- i
8 |
Pl I z
s P |
= s |
- o 7
""-‘: o) ;
o . :
£ [ i N
b~ i D OCN
o 4 !
- B ] |
|
4 l
V' |
y :
_ i ot i i i o i SRR T ey G s [ S5 i s o b
ML | s 1 i
fa SS2v) L0 160 200 1000
SPECIFIED TME[in working days)
ACTUAL & SPECIFIED TIMES
[ OHLY PRIVATE SECTOR NEGOTIATIONS AND PACHEAGE
o i
3 . F
I Pl |
* -
s
! A 4 -~ I
o o S !
= - |
— o ! /‘/ // i
. ! // |
: | g F '
[ %] i i Va I
& ‘f_,r‘Ll }

0 LRSTRL(

r i 4
At TRELD
SHECH D Y041
ALTUAL 141
B CORTRACTS
e X
| ke Cof

T1IEed il

= o { IKE Y
- e lll 1 T [ ' r
W L/ i --'EE'“”‘ ITRENHD
Z w7 B ‘_j'.wl CiFIED TIME ECQ
b o 79 I | ACTUAL TimMi

J r QASED DN 1B CONTRAL
-y v, I

] ’/ r
. 7
b4 . 7 a

o = p |

CRIG!N

1000

SPECIFIED TIME (inwoarking doys |}

k=

“




52

ACTUAL £ SPECIFIED TIMES
- Fig. 2.3
({ ONLY PRIVATE SECTOR COMPETITIVELY ORIAINED CONTKACITS)

o >

O A

<

:1 g

& -4 # A

O
2 ; .
&
(o} {40 ]
f s O -
= )
-
o
3 1 ;
L T TREy ]
s x—_wlmmu IRCHD Ty _m(‘xlm'
z SPUCH LED VIME EQUALS
" <y z--
S 2] TUlacTuaL TME
< 4 | BASED ON 16 CONTRACTS -
= i T e At oot R YD SR ¢
2 24

g i

' T rTrrTrr X

CRIGIN. "4p 100 390 100G

© SPECITIED TIME {in working doys )

Source:

Soeterik«s et 3l (100,

ACTUAL 2_SPECIFIED TIMES Fig. 2.4
( ONLY PUBLIC SECTOR COMPETITIWELY ORTA!NED CONTRACTS |
=
a _Jf____,_________,___ o :‘\'
.
=
]
o -4
21 ;
g\ H
© U !
e 3.
n; m
c 3
z i S
& . y [ KEY n
= / E:_xli-:.m TREND y=371xU8}
- i |, SPECIFIED 1iME EQUALS
= e / T acTuslL TIME
4" BA A {BASED ON 32 CONTRACTS |
B 9 y !
O o a? . i
< 0 7
-1 // Source: Soeteriketal
B gy T I i | T T S T X (100)
"ORBINT 0 100 300 ' 1000
SPECIFIED TIME [i1n working deoys)



- ene e Ao . mia,

53
! ' --.: ]
Fig. 2.5
£ 30— - I
g T=1.87C {1572
‘jg o : 383
- r 2037 . ‘ .
=25 Sy mreen e I
2 o I L
g (- . X
8 201 __ - J_--':"—- oG ; ¥ SN e el
%g
Sis L= T e — L Meypd
o 0-Q 50% ¢f projects lip
'a' between | these  Lines
E .
<10 l S
0 ) ] . 2 L _3_ L
Final cost of poject 'C' (g RMillion) Sources: Singh at al (25
(Adjusted 1o bass — First G arter of 1970)
Figure 9: Adtual complelion time as a functicn of
. final project cos (edjusted) - 14 storcy
corfstructisn ’
E;;g-....-..-..._ e ———— e s i —— Fig.. 2.6
é T=130;1?23 J .
— ¢ 294 .
- : 039
Fasp—cee | | -
a0
2 I -
=z L —— , K
gzo == l _,..:-—-:“"7—/ fo
——— N— e va —— . . S e O T
L] ——
g‘l X J ! J ® ®
ot —2"" | | XX Meon wwd !
E 0 R fiegs, e
Q
<ol | - P
0 ! . 1 t_- B L _-.L
Fincl cost of Froject 'C' (3 Miltion)

(Adje

Figure 10: ACLual complat jon time 5
; fing) project cost

Consiruction

A,1.52

*13d to bagy — Firy quartsr cf 1970)

A Tunct jon or
ladjust - gy

sl 'y

Source: Singh et al (9

5)



7 5 '

§3 ]\-—-- e e e emr e 6 e s e rem e i e

o T=131C+i8.29

g c =210

}_25 r 041 o B . L - __‘3_.._-—':"0
. . -—

D

E

R

Actual ¢
o
i

ompletion

|

Flga 2-7
Source:Singh at al (95)

)

iEBO T — e . : SRR s

£ ol

O T=I—.’320+l7-39

..g T o182

- r 044 °

1_25.-——_.____ o - - - N o el i - B -~ _~Jo

R i

£ T
=~ e ..‘-_.___..—ﬂ""'

" e R
R I R
G o & —|—7"% .

& X e

o Qe

£

8 54 s _ . X-X Meon frend o !

Q-0 509, qf Froects e

.C_J. between these fineg

(&}
<

J —_—
100—-—————-_. ———— =

| S o ! W (e
Final cost of project ‘¢ ($ tiltion)
(Adjusted fo bac- — First quarfer of 1870)

Actual completion time as a function of
final project cost ledjusten) - 2p
construction

X-X _Mean tring

Q-Q 509, ¢t rojects lie
between| these lines

| ? 3
“inal cost of project 'C' (g Million)
(Adjusted to bace — Firgt quarter of 1970)

?2: Actual cumpletion {ime as

fina) project cos
Construction

3 function of
t (adjusten) - 25 Slorey

28 inch Ak a1 faey
£ L i

—

sterey

/‘i’

|

\
\

!

|

{

h

i

i)

i

[

i

—|

[ |

I

i\

|

l

I

L

Fig. 2.8



Cumulative Percentage of Completion

Distribution of completions

CLMULATIVE PLRCENTAGE OF COMNGLETIGID

Fig. 2.9

: S
: e
1/ o
: / -

i //

- -
]

.

3 - ®
Sourens

e

i'{ptq A Sl 4



56

The equation shows that the rate of increase in time
required for construction decreases as the project increase
in size. The effect of this characteristic, the cost
sensitivity constant is shown more clearly when the above
relationship is plotted on linear scales as in Fig, 2). (£)
the variability in the time performance ratios of the dif-
ferent types of buildings shown in table 4 may be seen as
the result of varying but characteristic degree of optimism
in fixing the expected construction times in the contract,
it is not normally the result of characteristic differences
in construction performance. For example, under open tender
conditions, school construction and miscellaneous works de-
mand time performance in which the reality is wunderstated
by 30%-50%.(g) also, results show that writing in construc-
tion times known to be inadequate in hopes of spurring the
contractor to greater endeavours has little influence on
the times that are actually taken in practice. On the
other hand, there is yet, no clear evidence that writing in
a long construction time will result in great improvement
over one already conforming to reasonable standards unless
at the same time control procedures are improved. Improve-
ments in realism result when the contractor is selected on

something more than the lower price.

Beru- Building Economics Research Unit, University
College, London, (1974), reported on the investigation
carried out on a study of the significance of duration of

activities in the building process. Fig. (2) G1/1 shows a
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typical relationship between the duration and cost of a set of
schools and housing project. The average contract intensity is
given by dividing the cost of the contract by its duration. The
relationship is characterised by a relatively shallow slope.
This means that smaller contracts proceed, on average at a lower
intensity than larger contracts. In the 1light of these
observations, rules of thumb governing maximum contract size in
relation to firms' turnover should be expressed in terms of
intensity rather than absolute size. This may seem to be basic
common sense, but few contractors mention intensity as a
limitation on the amount of work they take on. Indeed, many of
the lists of pre-qualified building firms used as a guide by the
Client department still classify firms by the maximum size of
project they can cope with, but not how many Jjobs they can
accommodate in a given period.

Another set of publication by BERU (1974) on the Public
sector building time-table in the United Kingdom, outlined
some important conclusions zg follows:- (a) on the average,
about half of the total time between commissioning an architect
and taking possession of a new building is spent on construction
itself, (b) durations of contracts are more predictable than
pre-construction durations, (c) for similar types of building
(e.g. schools, houses, and hospitals) of the same size, contract
durations can vary in the ratio of about 1:4 (as compared to
(1:10) for pre-construction work, (d) difficulties attributable
to site management and shortages of labour and materials account
for over a third of all delays, (e) in contrast only about one

fifth of all delays are due to bad weather, (f) neither the type
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and size of building nor the proportion of work sub-let have any
significant effect on the incidence of delays, (g) the only
contract characteristic which seems at all revelant is the type
of tender used, (h) negotiated tenders result in fewer delays
than any type of competitive tender.

Fig. 2.10 shows the relationship between Intensity and
Contract sum. Although 1individual data points have been
suppressed for the sake of clarity, the relationship is typified
by the best fitting regression line together with its 95%
confidence limits. The relationship 1is of the form. Log
intensity = (m log Cost + a) for schools and housing = 0.74.
For intensity to be proportional to the sguare root of cost,
m = 0,5, Within the scatter of intensities, for similar sized
jobs taken on by different sized contractors, the larger
contractors work at a faster pace. Other findings in the report
were:- (a) durations increase with cost, (b) durations are not
perfectly correlated with cost. In general, the distribution of
building contracts by value is approximately log normal. This
is true of national figures. From a cross-section nearly 4,500
projects comprising housing, schools, commercial and industrial
buildings and for which information on total duration was
available, it was concluded that in the late sixties, the median
duration of a fairly typical selection of building projects
(excluding civil engineering) was approximately 2.7 years and
that over 2/3 of them took 1.8 and 4 years designing and building

Dallas (1974) studied the time/cost relationship through an
experimental study with the use of regression analysis to

determine whether or not a statistical relationship existed
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between time and cost at the pre-construction planning stages of

major hospital building projects. The study was based on the

master networks which had been prepared for a number of those
projects. His conclusions were as follows:-

(a) good regression correlations had been recorded for the
activities for which regression equations had been derived.
It demonstrated excellently that for projects up to £7m,
linear regression could provide equations which give
accurate information.

(b) beyond that point, duration times can be derived from a
different type of equation, i.e. one which is not 1linear.
Experiments provided that those equations c¢ould be used
over the whole range and not only the top and where linear
regression had become less accurate for projects over £7m,
particularly good result were obtained by using power

equations:-

(y = time, x = Cost, ab = Co-efficients calculated by regression
co-efficients). Over the whele range of costs, this equation
gave a regression co-efficient of 0.978 to 0.98m, (c¢) from the
result which have been obtained, it was stated that accurate
duration times can be calculated from regression eguations
provided that 'both in the projects used to establish the base
data and the projects on which regression equations are being
used to derive activity duration, - (i) the work content of
activities is similar (ii) the projects, are using the same type
of contractual procedure and (iii) if split activities occur on

the critical path, the duration of the split sections are



aggregated, (d) finally, regression analysis can be used with
confidence to establish activity durations from cost parameters.
‘ Turney (1975) studied the time-lag from housing start to
completion in the United Kingdom. From his-studies he suggested
that house building construction times were lengthening. At the
beginning of 1974, the estimated time lag from start to
completion was 21.3 months for public sector dwellings in Great
Britain compared with 14.5 months in the equivalent period five
years previous. The chart illustrates these trends and compares
them with privates sector dwellings which although they take
less time to build, have also suffered from increasing construc-
tion times. The longer time taken to complete public sector
schemes is partly due to the greater number of flats built by
Local Authorities which took about 24 months to complete
compared with 18 months for houses, But part of the explanation
is the fact that Local Authority schemes are built to higher
standards at higher densities and tend to have more complex
designs and a larger variety of housing types within a single
scheme. To a large extent, the general increase in construction
durﬁtions was a response to the excess demand placed on the
industry's capacity. The threefold increase in house improve-
ment work since, 1970 resulted in acute labour and material
shortages during 1973 in all house-building work particularly in
the finishing trades. During that period, contractors were so
heavily committed that many local authorities particularly in
the London area had a great diflficulty in obtaining tender;. As
a result of the seriousness of the situation, an investigation

was commissioned by the Department of the Environment to
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ascertain the causes. It was found out that public
authority work was less attractive because of the decline

in the work load of the government.

Singh et al. (1975) reported on the investigations on
some high rise residential buildings in Singapore based on
the actual completion of past projects as well as their
final costs. The following were outstanding points in
their findings:- (a) for. a given gross floor area, there is
a significant increase in completion time with the increase
in number of storeys. However, for a given number of
storeys of construction, there 1is considerably less in-
crease in completion time with the increase in gross floor
area, (b) although the accuracy of the formula and charts
developed in the paper was limited by the sizes of samples
considered in the investigation, they give a better predic-
tion of completion time than the optimistic evaluations
being made presently, (c¢) the results of the investigation
presented may not be applicable in every country but the
methodology adopted can be applied in this research work to

establish similar relationships.

Soeterik et al. (1976) investigated the possible
relationships between time and cost of New Zealand
Commercial building contracts. The following were the

main conclusions drawn from that research:-
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{a) contract cost is a poor indicator of ceonstruction time
compared with methods already in use. Although those methods
may be subljective, they are more consistent, and had already
taken into account, the effect of contract cost, (k) effects
such as sector, contract type and building type are significant
variables in determining c¢onstruction time. The separate
effects could not be isolated and estimated in the sample of
contracts so far, {(c) the time required for government projects
as a whole averaged 22% longer and private projects averaged 10%
longer, (d) values of B have not changed significantly
indicating that the rate of change of time reguirements as
projects get bigger is still much the same as it was previously.
The extent to which projects tend to vary above and below the
trend lines has not changed significantly, (e) it 1s suggested
that the industry should take note of the reported changes but
the high degree of industrial instability over the observed
period suggests that their practical use calls for some
care in their interpretation, (f) most of the projects completed
after January 1974 would have been caught up in the over-heated
economy of 1973 with its shortages of materials, skilled labour
and managerial expertise and its extensive delays arising from
disputes on labour matters. The observed fiqures are consistent
with this. In the 1late 1970s the extent of shortages and
disputes on most work has 1lessened, and a new investigation
would probably reveal a fall in the observed values of"K', (g)
the constant guoted in the paper are in terms of June 79 prices.
When using the figures, adjustments of contract sums from prices

ruling at current dates to June 1979 prices using a recognised

"gY = constant indicative of the sensitivity of time
performance to cost level.

WgE" = constant characteristic of building time in Australia-
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index is necessary, (h) further periodic surveys would provide
a valuable service to the industry as a whole.

Grimm (1977) studied the method of estimating the time
lapse for real estate development in the United States. He
presented a mathematical model for preparing preliminary,
deterministic, pre-design estimates of time lapse for real
estate development activities. A computer programme was
written to facilitate electronic calculation of development
time lapse estimate by the method. Some important points in
his studies are as follbws:- construction some lapse for
buildings may be accurately estimated given a complete set of
construction documents. However, development time lapse may
be estimated from some appropriate equations which are based
on building cost versus construction time data on 4,080
projects in 37 states modified by building cost versus
building area data and a climatic factor developed by Grimm
(1977). The resulting building area versus construction time
data compare favourably with that used by U.S. Corps of
Engineers for predicting Military construction time as a
function of building area. Accurate pre-design prediction of
the time lapse for these activities are essential to the
financial success of any project. Neéotiated fast track
construction contracts reduce development time by the time
required to produce construction contracts.

A (19?8) published study of the Orange County Housing
Committee in the U.S. concluded that for every month that a
residential project is delayed beyond its planned construction
start date, the cost per dwelling unit increased by at least,

1.1% of the planned selling price. This is rather significant
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for example, it was found that in 1975, it took an average of
2% years to complete the planning, environmental review and
'permit process to build a particular house.

Bromilow et al. (1980) published the research findings of
a study sponscored by the Australian Institute of Quantity
Sur?eyors. 1t was to survey the building contract time
performance of Australian c¢ontracts for building projects
completed between 1970-1976. the following are the summaries
of some of the findings:s (a) the egquation of the general
form, T = KCB identified previously by Bromilow (1980} as
giving the relationship between construction +time T and
project cost C in the 1960s were still valid, (b} general
levels of time regquired as measured by values of K have
increased markedly from an average of 248 working days before
1969 to 288 during 1970-1976 where C is measured in millions

of dollars at June 19879 prices.

The summaries of some previous work on time-cost relation-
ships as discussed in this subsection can be stated as fcllows:
(1) Time Performance can be affected by the type of building
and the mode of contractor selection. Time Ferformance can
always be more than unity (1.00), that is, Final Contract Time
are always more than Initial Contract Time, (2) the final cost
of a project reflects the complexity and guality as well as the
physical size, (3) the rate of increase in time required for
construction decreases as the project increase in size, (4} the
determination of a Contract Intensity 1is the best way of
expressing the contract size, (5} about one-third of all delays
are attributable to deficiency in (i) site management, and (ii)

shortages of labour and materials, (6) about one fifth of all
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delays were due to bad weather, (7) good regression
correlations .had been recorded for the activities for which
regression equations had been derived. Also, beyond certain
points, duration times can be derived from a different type of
equation which is not linear, (8) for a given gross floor area,
there is a significant increase in completion time with the

increase in number of storeys, (9) The constant "“K" as

contained in the equation T = Kéa previously identified by
Bromilow on Australian buildings, have been found to be
subject of significant changes when:- (i) the period of that

study was changed (ii) the country of study was changed from
Australia to New Zealand, (10) the results of the
investigations presented may not be applicable in every country
but the methodology adopted can be applied on any research work
to establish similar relationships, (11) effects such as
sector, contract type and building type are significant
variables in determining construction time.

The discussions held in this chapter on the various
resource components can be summarised as follows:- (1) Initial
Contract Cost and Initial Contract Time are always unreliable
due to organisational problems, (2) Variation and fluctuation
are always inevitable since there are changes in demands and
tastes; also, prices are always rising and falling, (3)
climatic, administrative and other factors affect the speed of
construction. Therefore, it became relevant to measure the
extra time due to:- (i) delayed payment, (ii) the execution of
variation and (iii) delays due to climatic factors, (4) the
cost and time of construction can be affected by the type of

tender, the mode of selection, geographical location and type



of building. It was therefore relevant to bring the study to a
common base in order to view the analysis as a homogeneous unit
by assuming that the type of tender, the mode of contractor's
selection, geographical location and type of building were the
same.

The lessons drawn from the literature reviews of both the
construction resources as well as of the previous research on
time-cost relationship, were found to be useful in:- (i)
formulating the hypothesis, (ii) the adopting of a suitable
research methodeology (iii) providing some guidelines for
marshalling out the assumptions to be applied and the local
factors to be considered in the Nigerian situation, and (iv)
interpreting the results as well as in providing appropriate

recomnmendations.
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CHAPTER THREE

RESEARCH METHODOLOGY

METHOD STATEMENT

(1)
(2)

(3)

(4)

(5)

The following were the procedures taken to establish
the research methodology:-

The hypothesis was developed.

Some pilot surveys were undertaken to determine the
types and locatioﬁ of residential houses all over the
state headquarters and the federal capital territory
of Nigeria. The main purpose was to determine the
suitable type and location of the samples that would
be examined in the main research.

For the pilot surveys the research obtained the
following data which were collected (through gquestion-
naires) on some completed buildings:- (floor area,
Initial cost, final cost, Initial Time and Final Time)
Relationships between areas and cost, areas and time,
time and cost, Time performance, Cost performance and
Cost Intensity were calculated and plotted on graphs
in to order examine the graphical characteristics of
various forms of the data.

General Inferences were drawn up on studies enunciated
above in (1), (2), and (3). From the inferences and
other studies, simple Regression and correlation were
considered to be on appropriate tool for analysis.

The method of measurement was discussed showing the
merits and demerits, general features, and interpret-

ational methods as well as the methods of testing.
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{6} The design ¢of the guestionnaire was explained based
on the experience drawn up from the pilot surveys and
of other researches on similar issues which were
discussed in chapter 1. .

(7) The data collected were presented and the compositian

and extent of the data were also discussed in chapter 4

3.2. THE HYPOTHESIS

In building contracts based on both the SMM of
building works and the JCT Form of contract (1963

edition}, the following assumption obtain:-

Fe = Ic + (Ve + PL) cuceevvnnsanansll)
Ft = It + Dt P -8
Dt = @dvt + dp + dO teevecscansaaeal3)
Ft = 1I¢ + (dvt + dp 4+ do) ...c... 08
’ where, Fc = Final cost, I¢ = Initial cost.
Ve = Variation cost, FL = Fluctuation cost.
Dt = COverall Delay Time (Extension of Time)
dvt = Delay Due to execution ¢f variation.
dp = Delay due to payment
) do = Delay due to other factors {(e.g. climatic and

adninistrative).

Ft Final Time, . It = Initial Time.

From the above equations, the following hypothesis were

developed by inspection:-

(A) When each of the following cost components, viz Final
cost, Fc), Variation cost (Vc), fluctuation cost (FL)

are correlated with the Final Time, {(Ft).

{a) Fluctuation cost (FL) has the strongest significant



correlation co-efficient with the Final Time (Ft) than any of

the other cost components have with the final time.

(B) When fluctuation cost (FL) is correlated with each of the
time components in equation (4), then fluctuation cost (FL)
has the strongest significant correlation co-efficient with
payment delay time (dp) than with any of the other time
components in equation (4).

(C) From A and B above, it can be argued that
(a) Fluctuation cost FL }ncreases significantly when there is

a signjficant delay in payment.

(D) Referring to equation (1),

If FL==VC,

It was " hypothesised that:-

Fluctuation cost (which contributes significantly more than

variation cost in the total increase in the Initial contract

cost), increases significantly as the delay in payment is
significantly increased.

ItYwas appropriate to examine the fluctuation cost and also
payment delays not only in relation with any of the cost or time
components but also in relationship with "efficiency" parameters
used in other studies.

"Efficiency" parameters can be defined as follows:-

Final Time
Initial Time

1l

Time Efficiency

Cost Performance = Final Cost
Initial Cost

Final Cost
Final Time

Final Cost Intensity

0

Initial Cost
Initial Time

Initial Cost Intensity




Relative Cost Intensity = PFinal Cost Intensity
Initial Cost Intensity

The following 'had to be hypothesised in relation with

fluctuation cost and payment delay time.

ENCY PARMMETE

(1) Fluctuation cost {FL) has stronger relationship than variation
costs (Vc) has with each of the following:-
"Time performance", “Cost*performance" and "Cost Intensity".

(2) Fluctuation cost increases‘as the efficiency parameters also
increased.

{3) Delay time due to non-payment to £Ee main contractor (dp) has
strong relaticnships with each of the following: "Time perfro-
mance" and "Cost Intensity".

(4) Delay time due to other factors {e.qg weather, and administra-
tive) has no strong relationships with each of the following

"Time performance", "Cost performance"” and "Cost Intensity".

INFERENCE

To significantly curtail fluctuation cost, the fcllowing have
to be significantly curtailed - (i) delay time due to non-
payment to the main contractor (ii) Time performance, {(iii)

cost performance {iv) and Cost Intensity.

Final cost
Initial Cost

Cost performance (CP)

Final Time
Initial Time

Time performance (TP)

Final Cost
Final Time

fl

Final Cost Intensity. (FCI)




PILOT SURVEYS

Pilot surveys of houses chosen on a random basis were
undertaken in all the state capitals and Abuja to study the
patterﬁ of house types constructed for the senior sexrvice
cadre between 1970 and 1985. The results of the sampling are
shown in table T2/1, For the Southern States, it was
ohserved that bungalow house types constituted an average of
12.50%, two storey types, 45.13%, while three storey types
were 42.38% of the total sample. For the Northern part of
Nigeria bungalow house types constituted an average of
83.55%, two storey types 8.91% and three storey height 6.64%
of the total sample. On the national level, it was found out
that bungalow house types constituted 48.37%, two storey
types 24.16%, and three storey types 21.68%. It was there-
fore decided to concentrate the main research on bungalow
house types and to chocse the Northern part of Nigeria as the
area for the case study since about 88% of the bungalows
sampled were from that part of the country.

Some preliminary studies were alsc undertaken ﬁn the
relationship existing between cost and duration of project.
cut of 100 guesticnnaire sent out for the ascertainment of
project cost and time, only 15 were responded to. All the 15
were from Kane State Government projects. Information on:-
areas, final cost; initial cost, initial time and final time
were supplied while the data on variation and fluctuation
costs were not supplied.

Based on the available data, the following relationships
were studied by plotting graphs in order +to visvalise any

trends:- (1) Area Vs Final Time, {(2) Area Vs Delay Time (3)




Area Vs 1Initial Time, (4) Area Vs Final Cost, (5) Area Vs
JInitial Cost, (6) Area Vs Final Cost Intensity, (7) Final cost
Vs Final Time, (8) Final Cost Vs Delays (9) Initial Time Vs
Initial cost, (10) Final Cost Vs Final Cost Intensity, (11)
Final Cost/m Vs Final Time/m (12) Final Cost/m Vs Delay/m ,
(13) 1Initial Cost/m Vs Initial Time/m (14) Final Cost/m Vs
Time Performance (15) Final Cost/m Vs Cost Performance, (16)
Final cost/m Vs Final Cost Intensity.

Graphs No.Fiq..3.la.to.F}g:§:}55how the behaviour displayed
on each study. Table.?ﬁ?i.?:?..summarise all the results
obtained by visual inspection of the graphs.

The results are as follows:- (a) the size is
directly proportional to the final time, the final cost and
total delays, (b) the final cost is directly proportional to the
final time, (c) the final cost/m2 is directly proporticnal to
the time performance, (d) no relationships existed between
Initial cost and the Initial Time.

The following were the general summaries obtained from the
entire pilot surveys:- (a) the sources of public finance for
housing works was subjected to seasonal variations. There was
no predictable relationship between finance and time. (see
chapter 1) (b) on the national level bungalow residential unit
types constituted 48.37%, two storey types 24.16% and three
storey types 21.68% of the surveyed samples. They were found to
be concentrated in the Northern States and the Federal Capital,
territory Abuja. So, bungalow types in the Northern States were

chosen for the main research, (c) in some cases, floor areas of
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Table-TF3.1

SURVEY OF HOUSE TYPES BUILT WITHIN 1970-85 IN NIGERIA

State Bungalow Two storey‘ Three storey

* Lagos 16 44 40
* Ogun l? 34 53
w Qyo 10 43 47
* Bendel 8 29 63
* C. River 25 54 21l
* Rivers 12 47 41
* Anambra 9 62 29
* Imo 7 48 45
Kwara 82 10 8
Niger 90 7 3
Kaduna 95 3 2
Kano 85 4 11
Scokoto 84 10 6
Plateau 76 15 9
Abuja 70 15 5
Borno Bb 8 12
Bauchi .80 11 9
Gongola B7 9 4
Benue 90 6 4

* §., States Av, 12.50 45,13 42,38

N. States Av. | 83.55 8.91 6.64

National Av. 48.37 24.16 | 21.68

2

Orido State returns was not received.




Table ."3.2
TYPE OF BUILDING : 1 STOREY BUNGALOW RESIDENTIAL

COMMISSIONED IN 1%?1 : KANO STATE

COST & TIME GOMPGNENTS
‘.
)
REF. AREA INITIAL FINAL INITIAL FINAL  DELAYS
m2 COST COST TIME TIME

( MONTHS ) (MONTHS) (MONTH]
01 225 63,000 97,650 5.50 12.50
02 ais 70,875 152,381.25% 4.75 16,50 31 3/
03 " 408 016,080 233,376 6.25 18 11 3/4
04 286 71,500 228,800 4 28 24
05 275 82,500 371,250 4.25¢ 36 11.75 |
06 313 - 109,550 230,055 6 24 18
07 384 130,650 417,792 3.50, 32 28.50
08 362 104,980 398,924 3 45 4

»

09 287 63,140 107,338 3% 17.50 6.50
10 269 * 91,729 20,272.09 9 25 1t
11 417 158, 460 499,149 10 31 2!
12 408 89,760 376,992 4.25_ 42 .37.50
13 390 76,050 205,335 5 25 20
14 285 62,700 94,050 4.25 9.50 5.25
15 186 64,356 70,791.60 6
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Table 3.3 EXPLORATORY STUDIES ON TIME COST RELATIONSHIP: SUMMARY

Figure Relationship studies Results 8§ Explanations

Ref. X Axis

3.1 Final Cost Final Time Linear:- As the Final Cost increased, the Time Increased
also., Extra work and fluctuction cost are related
to extra time.

3.2 Final Cost Delays Linear:- As the Final Cost increased, the delays increased
also. Delay is costly.

3.3 Initial Time Initial Cost No relationships. Both are unreliable

3.4 Final Cost Final Cost Curvelinear: Final Time may not be related to

Intensity Final Cost.

3.5 Final Cost/m2 Final Time/m2 Linear:- As the final cost/m? increased, the Final Time/m2
also increased. Extra work and flucturtion cost
are related to extra time.

3.6 Final Cost/m2 DElay/m2 Linear:- As the ¥inal Cost/m2 increased, the Delay Time/m2
also increased. Delay is costly.

3.7 Initial Cost/m2 Initial Time/m2 No relationship. Both initial cost and
Initial Time are unreliable.

3.8 Final Cost/m? Time Performance Linear:— As the Final Cost/m? increased, the time
performance also increased; Final time and
Final Cost are reliable.

3.% Final Cost/m2 Cost Performance Linear:- As the Final Cost/m2 increased, the cost

performance also increased.




B Table 3.3 EXPLORATORY STUDIES ON TIME COST RELATIONSHIPS: SUMMARY

Figure Relationship studies Results 8 Explanations

Ref. X Avis Y Axis

3.10 Area Initial Time No relationship; Initial time not reliable

3.11 Area Final Time Linear:- As the size increased, the final time also
increased. Final Time - reliable.

3.12 Area Delay Time Linear:- As the size increased, the delays also
increased. Extra work needs extra time.

3.13 Area Final Cost Linear:- As the size increased, the final costs
also increased; size is an important
factor.

3.14 Area Initial Cost No relationship - Initial Cost not reliable

3.15 Area Final Cost Curvelinear: Final time may not be related

Intensity to Area.
3.15a Area Final Cost Curvelinear.

Intensity
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building had some statistical relationships with time and cost
components while in some it had none. It was therefore decided
that in the main research, all inputs should be divided by floor
area to reduce the effect of ambiquity and to assure homogenity.
(d) because there was a poor response to the questionnaire which
of course affected the number and quality of data, the
questionnaire for the main research was re-designed and a new
field strategy* was mapped ouvt for collecting the relevant data
for the main research.

During the pilot surveys, the following points were noted
on the field data:- (a) lack of properly stored information of
the type needed, (b) the reluctance of public servants and
contracting firms to provide the reguired information, {(c) lack
of information on the summaries of some important events like
delays and disruptions. The feedback on data matters are
supported by the literature views of some scholars who had
undertaken some researches on Nigeria's business sector.

Harris (1970) noted that the members of Nigeria's bureauc-
ratic, political, business and professional elites were
considered to be generally speaking, quite busy individuals who
were always on the go and difficult to see. Harris (1970)
assumed that even if an interviewer was fortunate enough to find
them in their offices, he would be interrupted by the constant
flow of telephone calls and personal visitations which these
individuals daily endure. Under such circumstances, lengthy
interviews were considered impossible, as were self administered
guestionnaires with open-ended questions requiring written
answers., Therefore, it seemed necessary to select a

survey instrument which could be easily and quickly

* See Chapter 4.
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The views of Harris and Akeredolu-Ale as well as the
reports from the field suggest that a practical as well as
a comprehensive system has to be adopted in obtaining the

field data of the type required in this study.

THE _DESIGN OF THE QUESTIONNAIRE FOR THE MAIN RESEARCH

It will be recalled that the information needed as
contained in the hypothesis were as follows:-
(A) Cost Parameters: (i) Initial Contract Cost.
(ii) Variation Cost.

(iii) Fluctuation.

(iv) Final Contract Cost.
(B) Time Parameters: (v) Initial Contract Time.
(vi) Final Contract Time.

(vii) Year Project was Commissioned

(viii) Year Projected was completed

(C) pPelay Parameters: (ix) Due to payment.
(x) Due to Variation Orders.
(xi) Due to other factors.
(D) Area (xii) Total floor Area.

Data on all the cost and time '"parameters" stated above
were extracted from final account certificates. However,
the Delay "parameters could not easily be extracted from
past project information. Total floor areas were extracted
from drawings. During the summer vacation periods of 1987
and 1988 as well as the Christmas, and Easter periods of
1987 and 1988, the assistance of practising quantity
surveyors, as well as building, quantity surveying and

estate management students were used in obtaining inform-
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ation from public service representatives, consultant quantity
surveyors and architects as well building contracting
organisations.

Before the assistants were sent out to obtain data, they
were properly briefed on the methods of collection and
classification of data. They were divided into groups and each
group was headed by a group leader who returned the forms to the
researcher at Kaduna. Anonymity was promised to those who
provided the relevant information from project files and also to
those who responded to questions,

1650 guestionnaires were sent out (i.e. 150 for each
Northern States and Abuja). Each state had three assistants
allocated to it with a maximum of fifty questionnaires per
assistant. On a careful inspection, it was found out that 240
questionnaires were answered as required. On a further
examination, it was found that the breakdown of the selected 240

projects were as follows:-

(a) The Civil services 104 * 43,33%
(b) Public Corporations 29 12.08%
(c) Universities 31 12.92%
(d) Other Higher Education 76 31.67%

40 100,00%

*(tligher Education <comprise : Polytechnics, Colleges of
Education, Vocational Centres).

Table T3.7 (Completed Questionnaire Sectorial breakdown)

From Table T3.7 it appeared that civil service and Higher

education projects were more than the public corporations and

University Housing projects, Also from Table T3.9 the projects

located in the new Abuja Federal Capital Territory scored the

highest percentage of 40.4% followed by Gongola and Kaduna States
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with 11.7 and 9.6 percent respectively. The differences in
percentage distribution may be attributed to the number of
projects executed, the availability of information, the skill,
enthusiasm and efficiency with which the gquestionnaires were
administered, of the questioners, and the eagerness of the
respondent. The data were then classified into tables as shown in

chapter 4.

3.5 INSTRUMENTS FOR ANALYSIS AND INVES’

REGRESSION AND CORRELATION ANALYSIS\*

Freund et al. (1979) explained that e use of a linear
regression model to analysis a set of data 1s subject to a number
of assumptions and limitations. Failure of these assumptions and
limitations may require the modification of the model or the
placing of restrictions on the inference to be made by the
analyses. Occasionally, it may even lead to the abandonment of a
regression analysis. It is therefore appropriate to examine these
assumptions and limitations before proceeding to the estimation
and inference procedures:-

(1) The most important condition is of course, that the
model has been correctly specified, i.e. the model adequately and
correctly describes the behaviour of the data,

(2) The linear regression model must be linear in the
parameters. However, the model may be non-linear in the in-
dependent variables and yet remain within the framework of linear
regression.

(3) The model statement makes no mention of statistical
properties of the independent variables, This is intenticnal

since they are not random variables. They are specified to be
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fixed, predetermined and/or chosen at will. No inferences are to
be made about the independent variables and the independent
variables are not influenced by the dependent variable. The focus
of all inferences is on the dependent variable.

(4) The independent variables must be measured without
error. If the independent variables are subject to error, the
estimated regression co-efficients may be biased, This bias is a
function of the ratio of the measurement error to the random error
of the model; if this ratio is small, the bias is small.

{5) The stated purpose of the regression model and analysis
per se,are to estimate Ux, the mean of the dependent variable for
a specific set of values of the independent variables. Normally
such estimation is performed within the range of the observed
sample data and extrapolation is not encouraged.

(6) Another purpose for performing regression analysis is to
study the partial regression co-efficients. Under certain
conditions, the regression co-efficient estimates are quite
unstable and not subject to meaningful interpretation.

(7) The fact that a regression relationship has been found
to exist does not imply a cause-effect relationship, although it
may exist.

(8) The data on which the regression analysis is performed
is assumed to be a random sample. However, regression analysis is
often used in situations where this is not strictly the case.

Weisberg (1980) opined that Regression is used to study
relationships between measurable variables. Linear regression is
used for special class of relationships, namely, those that can be
described by straight lines, or by generalisations of straight

lines to many dimensions.
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- The most common reasons are description of a relationship and
prediction of future values, To study a relationshilip between a
number of variables, data are collected on each of a number of
units or «cases on these variables. A hypothesised model
specifies, except for a number of urnknown parameters, the
behaviour of the response for given values of the predictors. The
model generally will also specify some of the characteristics of
the failure to provide exact £fit, through hypothesised error
terms, Then, the data are used to obtain estimates of unknown
parameters, The next, and equally important, phase of a
regression analysis is called "case analysis™ in which the data
are used to examine the suitability and usefulness of the fitted
model for +the relatioconship studies. The results of ‘"case
analy=sis" will often lead to modification of the original
prescription for a fitted medel, and cycling back to the aggregate
analysis after modifying the data or assumptions 1is often
necessary essentially, what are needed 1in regression and
correlational analysis are the establishment of the equation of a
straight line, the iﬁtercept, the standard error of regression.
Three tests c¢an be carried out: Analysis of Variance {(ANOVA), the
F Test for regression and the Co-efficient of Determination R2. R2
is easily computed from quantities that are available in the ANOVA
tables. It is a scale-free one~number summary of the strength of
the relationship between x, and y, in the data. It is very
pepular statistic since it generalises clearly to multiple
regression, depends only on the sum of squares, and appears to be
easy to interpret. Relationship to the correlation co-efficient
and thus RZ is the same as the square of the sample correlation

between x and y.
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Levin {1981) claimed that regression analysis tends to
show the relationship between variables. He argued that Chi-

Square tests determines whether a statistical relationship existed

bhetween two variables. The Chi-square test tells if there is
such a relationship, but it does not tell what that relation-
ship is. Regression and correlation analysis will show how to

determine both the nature and the strength of a relationship
between two variables. It is possible to predict with some
accuracy., the wvalue of an unknown variable based on past
observations of that variable and others. The known variable is
called the independent variable. The variable that is to be
predicted is the dependent variable. Frequently, there is a
causal relationships between variakbles, that is the independent
variable “"causes" the dependent variable to change. Essentially,
the relatiouships found by regression are relationships of
association but pot necessarily of causes and effect, Unless
there are specific reasons for believing that the values of tle
independent variable are caused by the values of the independent
variable, it is not safe to infer causality from the relationships
found by regression.

The first step in determining whether there is a relationship
between two variables is to examine the graph QY chart, called a
scatter diagram. Visually, there can be patterns that indicate
how the variable are related. Then, if the variables are related,
the kind of line or estimating equation which describes this
relationship can be formulated. The following are common:~ Direct
linear, Inverse linear, direct curvilinear, and inverse ¢urvili-

near. The next step 1is to measure the reliability of the
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estimating eguation by the "standard error of estimate" is
symbolised by (Se) and is similar to the standard deviation;
both are measures of dispersion. The standard error of
estimate measures the variability or scatter of the observed
values around the regression line. As in the case of the
standard deviation, the larger the standard error of estimate,
the greater the scattering of points around the regression
line.

Conversely, if Se = 0, it is expected that the estimating
equation is a "perfect" estimator of the dependent variable.

In that case, all the data points should be directly on the
regression line and no points would be scattered around it,
Correlation analysis is the statistical tool that can be used
to describe the degree to which one variable is linearly

related to one another.

Frequently, correlation analysis is used in conjunction with
regression analysis to measure how well the regression line
explains the wvariations of the dependent wvariable Y.
Correlations can also be used by itself to measure the degree

of association between two variables.

The general positive results of some of the essential
tests to which the data were subjected signified a greater bias
for the use of regression and correlation analysis. The
analysis were carried out with aid of (SPSS package) on a

mainframe computer.
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SCOPE AND LIMITATIONS

MARK - OP - No measurement was undertaken of any
possible mark-up due +to corruption or shady deals.
Increases in costs which were measured, were simply,
certified payments on wvariations and fluctuations. The
verification of such mark-ups is outside the scope of the
study for it would be very difficult to obtain the
relevant data and also to test such data due to the secrecy
associated with them. ’

EXTENT OF FIELD DATA -~ Data were collected from the

Northern parts of Nigeria. The Northern parts of Nigeria
were chosen as an area of the field study because, (i) 88%
of the bungalow units sampled in the pilot studies
existed in that part of the country, (ii) as the contract
practices in the Northern areas are cof the same as in the
south, the ensuing results and recommendations can be of

general application to the whole of the Federation.

BUILDING TYPE - Three and four hedrocom residential bungalow

buildings constructed in the Northern parts of Nigeria were
used for data collecticon and analysis. The guality of both
the design and construction were not measured. They were
assumed to be the same as government pelicy on senior staff
were of general application to the senior cadre of public
servants. The effects on cost and time of construction of
the following factors:- (Shape, height, construction

pattern, geographical location, type and size of
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construction firms and sub-contracting) were not considered
since they may likely involve various types of statistical
modelling which is outside the scope of this study. The effect
of area on the cost and time was eliminated by dividing all
inputs by the floor area.

FINANCE - No updating of the Naira to any base datum.
There was no available national price indices on which to refer.
No interest was paid by the client for the money owed to a
contractor, so interest was not calculated. The Final cost
excludes the cost of furniture, equipment, professional fees,
land <c¢ost, and commissioning. The Naira is the official
currency.

TIME FRAME The number of working weeks measured included

all normal working days, public heolidays, Sunday, Saturdays,
because a contractor's initial construction time 1is always
assumed to include all such periods. The period of study
covered was between 1975 and 1985. Care should be taken in
applying the conclusions drawn from this study on other periocds
because of possible changes in economic, social, political and
administrative factors.

INTERPRETATION This study does not cover other types and

qualities of residential buildings. Therefore, care should be
taken in applying the results and conclusions to other types of
buildings. This study would however also provide some
scientific guidelines for analysing and understanding the
existing relationships between cost and time of other

construction projects.
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CHAPTER 4

DATA, ANALYSIS & DISCUSSIONS

DATA: COLLECTION & CHARACTERISTICS

Fig. T2/8 tabulated information on the sectorial
and geographical distribution of the field question-
naire, on {a) the states that were selected for the
study (b) the sample distribution, (c) the response,
(d) the selection pattern and (e) the sectorial
classifications. The highlight from Fig. T2/8 were as
follows:i-

A total of 1650 guestionnaire were sent out for
the main study. 370 (representing 22.42% of the total
guestionnaire were regponded to and returned. Abuja
FCT had the highest of the respondents (141 - which
represented 38.10% of the total respondents), while
Plateau State had 13 (which represented 3.5% of the

total respondents).

The returned guestionnaire were closely scruti-
nised as to the degree of completion of the required
information. Those that were not fully completed were
found to be adequately completed., FCT Abuja had the
highest number (97 - which represented 40.42% of the
total 240 selected questionnaire), while Plateau State
had the lowest number (8 which represent 3.3% of the
240 selected guestionnaire),

Sectorialy, there 104 selected Civil Sexrvice
projects (which represented 43.3% of the 240 selected
units) while the public corporations had the minimum
(constituted 12,08% of 240 selected units}.

240 housing units were therefore used for the
main study. The recorded poor response 1in the main
study were due to the reasons already provided the
poor response in the pilot surveys which were reported

in chapter 3. However, there was a higher deqree of
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TABLE T2/8
REF. STATE TOTAL NO, TOTAL NO. TOTAL RO, % SELECTED Breakdown in
SAMPPLED RESPONDED SELECTED Sectors 1975 - 85

Ccs e UN HE

i. ABUJA
(FCT) 150 141 57 40.4% 73 6 - 18
2. Bauchi 150 30 13 5.4% 4 1 2 6
3. Benue 150 i 16 9 3.8% 3 4 - 2
4. Borno 150 25 15 6.3% 4 2 3 6
5. Gongola 150 36 28 11.7% 11 3 2 12
6. Kaduna 150 33 23 g.6% - & 14§ 58
7. Kano 150 17 11 4.6% ° - 2 5 4
8. Kwara 150 23 14 5.7% 2 4 3 &
9. Niger 150 21 12 5.0% 3 4 - 5
10. Plateau 150 X3 8 3.3% - 2 1 5
11. Sokoto 150 15 10 5.2% 2 1 1 4
TOTAL 1,650 370 240 100% 104 29 31 76

Key - €S = Civil Service, PC = Public Corporations, UN = Universities, NE = Higher Education.
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response in the main study than in the pilot surveys.
The highest percentage of selected project use at the
FCT Abuja. That could be due to the fact that the FCT
was a new area for development. Sectorialy, the

civil service had more selected projects than the
other sectors. That may suggest that more emphasis
was given to the construction of housing units for
that part of the public sector.

DATA: PRESENTATION

Figg4.2..t0. 4. 3showed samples of the information
on the 240 selected projects. They were serialy
numbered for easy identification and all the inputs
were properly checked. (3 Tables are 1included as
samples in this chapter, all others are shown in the

appendix).

The inputs were were then divided by the floor area

and then recorded in Fig. No.{.jJ.. which is a sample.
(The remainder are contained in the appendix).

ANALYSIS

About 40 experiments were undertaken in order to
(a) prove or disprove the hypothesis, (b) show why the
data had some characteristics.

The first phase was to inspect and describe the
graphs obtained when any two selected resource
compenents are both correlated. Information recorded
and reviewed were: the correlation factor, R, the
standard error, the shape of the graph, the intercept,
and the level of significance.

After reviewing the whole experiments undertaken,
the summaries of the results were provided and
discussions were held. The benefits relationships and
non-relationships obtained were explained in the

discussions.
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. . 4.2 The Dats
DELAY BREAK DOWN
PROJ FLOOR INITIAL VARIA- FLUCT-  FINAL FINAL INITI- DELAY NG VAR, YEAR
TION UATION aL MENT
NC  AREA COsT  COST COST COST TIME TIME TIME TIME TIME COTHER INITI- FINAL
AL
(M2) {N) () G iN)  {WKS} (WHES) (WKS) [WKS)} (WKS}
Fa ic Vo L Fe Fe it DE dp __ dvt do Iy Fy
001 135 89,173 10,247 35,640 135,080 049 i0 015 ai9 10} 066 85 BS
npz 135 848,155 09,256 41,433 138,844 038 i2 026 g1é ohe po4 85 85
003 135 03,983 08,222 um.mmm 135,081 043 15 028 012 004 012 gs * B
004 135 84,375 05,914 37,125 131,414 o050 18 032 023 Q0lio 017 g4 89
003 140 78,418 D%,408 50,175 138,002 117 20 097 057 2z 018 83 85
4 H ] 140 79,800 11,571 37,506 128,877 136 25 111 058 n12 041 83 BS
007 144 80,51% 13,283 34,615 128,358 084 15 063 042 01z 01s 83 85
008 140 72,100 11,176 mu.qmu 146,003 154 15 138 100 018 020 B2 85
co9 147 * 79,380 11,510 50,G0% 140,859 117 10 107 052 027 628 52 B4
010 147 0,560 07,762 54,331 132,653 100 15 085 045 025 Qs Bl g3
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4.3 - The Data

DELAY BREAK DOwN
' PROJ FLOOR INITIAL VARIA- FLucT- FINAL FINAL INITI- DELAY PAY- VAR,

YEAR
TION UATION AL MENT
NO  ARpa COST cost COST  cosp TIME TIME TIMg TIME  prus OTHER INITI- FINAL
AL
(M) (N) (N) (N) (N) (WKS) (WKS) (WKS) (WKs) (WKS)
Fa £L c ft It Dc d dvt do I

-

011 149 64,680 07,76, 32,340

142 61,770 09,883

60,350 10,561
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4.4 - The Data

DELAY BREAK DOWN

PROJ FrLOOR INITIAL VARIA- FLUCT- FINAL FINAL INITI- DELAY PAY=- VAR, YEAR
TION UATION AL MENT e e
NO  AREA COST cosT COST COST TIME TIME TIME TIME TIME OTHER INITI- FINAL
. AL
(M) (N) (N) (N) (N) (WKS) (WKS) (WKS) (WKS) (WKS)
Fa Ic Ve fL Fe ft It De ép dvt do Iy Fy
021 125 42,500 2,019 38,675 -082,194 120 14 106 68 027 011 78 81
022 125 40,625 2,234 34,938 077,797 136 14 122 073 023 026 78 81
023 135 32,400 3,240 25,920 061,560 140 20 120 054 024 042 76 81
024 135 35,100 2,808 28,782 066,690 153 21 132 077 039’ 016 77 BO
02s 135 37,125 3,248 29,329 069,702 185 17 168 105 051 012 TE 80
026 135 37,125 2,784 33,413 073,322 180 19 161 093 awu 007 77 80
027 135 37,125 05,198 39,724 082,047 221 21 200 094 030 076 76 80
028 135 35,100 03,335 43,173 081,608 160 16 144 060 015 069 76 80
029 135 35,100 02,720 34,749 072,569 150 15 135 045 023 058 T4 80
030 125 40,625 04,367 16,250 061,242 040 14 026 0l1s 007 004 78 78
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572 .54
63.5C
Ti.44
67.2C
32.65
 FL.83
76,871
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52.8C
§2.30
69 .60
74,37
53.05
25.83
22,13
29.15
3510
26.10
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1787
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267450
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343,860
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337.00
10125
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13%9.20°
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31950
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126,75
267.75%
202.1C
175.18
233.00
220,30
297.T0
257.40
295.C0

T.4.5 The Data Divided by areoca

Fe

108044
1022.47
18C0. 47
07344
835.732
924595
917.13
1642,32
952,53

. 952,470

712,38
A30.°5
389.13
875495
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5 & B
43013
B b
455,33
424,15

" $55.55

622,12
£546.33
LEL, 5c
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543,132
BT .7
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SS9.%%
527425
T73.52
832.23
475.53
328,2¢
530.55
84,83
L23.95
829,92
AL5,.33
754,33
§23.7C
632,23
213.50
743.17
235.32
863.02
951414
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«35
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43
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1.C4
67
1.00
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Te 7
«25
.26
223

‘e 18

W



DISCUSSIO0NS

Graphs G5/3, G5/5 and G5/6 all indicated that the Initial
Cost, the fluctuation cost and the Final Cost signifi-
cantly increased as the years increased. However,
fluctuation cost had stronger relationships with the

growth of the years than Initial Cost and Final Cost.

(1) Fluctuation Coeff = .9895 G5/3
{ii) Final Cost Coeff = .9876 G5/5
(iii) Initial Cost Coeff = .9766 G5/6

Graphs G65/7 showed that as the Increase in Initial Cost
(Variation + Fluctuation Costs) VcFc Significantly

increased, cost performance also significantly increased.

Graph G5/8 showed that as the Time Performance Signifi-
cantly increased, the cost performance also significantly

increased.

Initial Time has no significant relationship with Cost
Performance (.052). Also Initial Cost Intensity has no
significant relationship with cost Performance (.132) as
shown in co-relation co-efficients between Time Y(Axis)

and Cost Performance X(Axis) Reference Table T5/4.
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However, the following have significant relationships with

Performance.

Total Delay Time .830
Payment Delay Time .776
Variation Delay Time 512
Other Delay Time .499
Final Time » 737
Time Performance : 639
Final Cost Intensity .412
Relative cost Intensity .429

The mean cost Intensity (Cost/Week) were as follows:-

3503.83

1387.41

0.42

for the Initial Cost Intensity

i.e Initial Cost
Initial Time

for the Final Cost Intensity

i.e Final Cost
Final Time

for the Relative Cost Intensity

1.2 Final Cost Intensity
Initial Cost Intensity

cost
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From Graphs AG/33, AG/34, AG/35, it was shown that when Fluc-
tuation Cost was correlated with delay parameters, the following

were the results:-

A Axis Y Axis R

Fluctuation Cost Payment  Delay .5950
i Variation Delay . 363
5 Other Delays .269

The above showed that Payment Delay period was more significant

with fluctuation cost than Variation Delays and Other delays. It
is also important to note that variation delays and other delays

had significant relationships with fluctuation cost.

The above was supported by the results provided in Table T5.4
which showed that when Cost Performance was corrected with

Time parameters, the following were the results:-

X Axis Y Axis R

Final Cost Initial Time .0562
Initial Cost

Total Delay .830
Payment Delay «T78
Variation Delay +512
_Other‘ Delay .499
Time Performance 639
Final Cost intensity 412
Initial Cost Intensity «132

Relative Cost Intensity .429
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From the above, it was clear that Initial Time and Initial Cost Intensity
were unreliable and had no significant relationship with the Cost

Performance.

Inspecting Table T5/8, it was found oul that Relative Cost Intensity
had significant with Inital Time, Final Time, Total Delay Time, Payment

Delay Time, Variation Delay Time and Other Delay Time.,

Also, from Table T5/8, it was found out that the Final Cost Intensity
had no significant relations with the Initial Time but it had significant
relations with the Final Time Total Delay Time, Paymenlt Delay Time,

Variation Delay Time and Other Delay Time,

Table T5/8, also showed that the Initial cost had no significant rela-
tionships with: Initial Time, Final Time, Total Delay Time, Payment

Delay Time, Variation Delay Time and Other Delay Time.

On inspecting Table 7T5/8, it was observed that when the various
delays parameters were correlated with the various efficiency para-
meters, that Payment Delay Time co-efficlents were always higher

than the various co-efficients of Varlation Delay and Other Delay.
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INCREASE 1IN INITIAL CONTRACT COST (VCFC) (X AXIS) Vs COST

PERFORMANCE Y (AXIS)

i

REF. FIG. 4/1

EXPERIMENT NO. 1

The following were the results obtained after plotting 240

values:-

(1) There was a high correlation (0.56909)

(2) The standard error of the estimate was (0.19743)

(3) The slope was 0.0013

(4) The intercept was 1.37637

(5) The level of significance was zero.

(6) Some co-efficients could not be computed.

(7) Graphical characteristics - The points were scattered
approximately equal on top and bottom of the line.

(8) Inference - As the error was small, and R is significant,
it can be concluded that the cost performance increased as

the Increase in Initial Contract Cost increased.
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INCREASE IN INITIAL CONTRACT COST (VCFC) X AXIS Vs TIME

PERFORMANCE Y AXIS

FIG. 4/2

EXPERIMENT NO. 2

The following were the results obtained after plotting 240

values:-

(1) There was a high correlation (0.37967)

(2) The standard error was 3.27458

(3) The slope was 0.01114

(4) The intercept was 2.49885

(5) The level of significance was zero

(6) Some co-efficients could not be computed.

(7) Graphical characteristics - points were scattered almost
throughout the graph.

(8) Inference - as the error was large, and the points

scattered almost throughout the graph, it can be concluded
that although R 1is significant, the relationships are

doubtful because of possible errors in Initial Times,
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INCREASER IN INITIAL CONTRACT COST (VCFC) X AXIS Vs

FINAL COST INTENSITY Y AXIS

FIG. 4/3

EXPERIMENT NO. 3

the

not

The following were the results obtained after plotting 240

values:~-

(1) There was a low correlation (0.10526)

(2) The standard error was 935.19271

(3} The slope was 0.82022

(4) The intercept was 1148.99221

(5) The level of significance was 0.05190

(6) Some co-efficients could not be computed.

(7) Graphical statistics - points were scattered round
graph indicating no defined character.

(8) Inference - As the error was large and R is

significant, it can inferred that the Increase in Initial

Contract Cost has no relationships with the Final

Intensity,

Cost
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INCREASE IN INITIAL CONTRACT COST VCFC (X AXIS Vs

INITIAL COST INTENSITY (ICI)

FI1G. 4/4

EXPERIMENT NO. 4

The following were the results obtained after plotting 240
values:-

(1) There was a high correlation 0.43877

(2) The standard error of the estimate was 1547.754

(3) The slope was 6.262

(4) The intercept was 1729.444

(5) The level of significance was zero

(6) Some co-efficients could not be computed.

(7) Graphical characteristics - The upper part of the graph

(8)

shows a different character from the downward part of the
graph.

Inference - The error was large and the correlation
co-efficient was high. The graph displayed no defined
character. 1t may be inferred that due to possible errors
in Initial Cost or Initial Time, there is no relationships
existing between Increase in Initial Contract Cost and the

Initial Cost Intensity.
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INCREASE IN INITIAL CONTRACT COST VCFC (X AXIS) Vs

RELATIVE COST INTENSITY Y AXI1S

REF. F1G. 4/5

EXPERIMENT NO. 5

The following were the results obtained after plotting 240

values:-

(1) There was a low and negative correlation - ,20484

(2) The standard error of the estimate was ,24152

(3) The slope was - .00042

(4) The intercept was 0,53686

(5) The level of significance was 00071

(6) Some co-efficients could not be computed

{7) Graphical characteristics - the points were scattered but
portrayed a curvlinear characteristics.

(8) Inference - Increase is Initial Contract Cost has no

direct relationship with the Relative Cost Intensity.
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INCREASE IN INITIAL CONTRACT COST VCFL (X AXIS) Vs

VARIATION COST Y AXIS

REF. FIG. 4/6

EXPERIMENT NO. 6

The following were the results obtained after plotting 240

values:-

(1) There was a high correlation .46233

(2) The standard error of the estimate was 30.77449

(3) The slope was 0.13295

(4) The intercept was 11.673

(5) Many co-efficients could not be computed.

(6) Graphical characteristics - the points appeared to be
spread out evenly along the graph.

(7) Inference - As the error was large, it may not bes reliable
to infer that there is a direct relationship between the
two components although the R is significant and the

graph showed a defined character.
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INCREASE IN INITIAL CONTRACT COST VCFL (X AXIS) Vs

FLUCTUATION COST Y AXIS

REF. F1G. 4/7

EXPERIMENT NO. 7

The following were the results obtained after plotting 240

values:-

(1) There was a very high correlation 0.95937

(2) The standard error of the estimate was 30.77449

(3) The slope was 0.86705

(4) The intercept was 11.67341

(5) The level of significance was zero.

(6) BSome co-efficients could not be computed.

(7) Graphical characteristics - the points were arranged
almost in a defined straight line,

(8) 1Inference - Despite the large errors which were caused
possibly the inclusion of the variation cost, there is a
direct relationship between the fluctuation cost and the

increase in the initial contract cost.
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INCREASE IN INITIAL CONTRACT COST VCFL (X AXIS) Vs

FINAL CONTRACT COST Y AXIS

REF. F1G. 4/8

EXPERIMENT NO. 8

The following were the results obtained after plotting 240

values:-

(1) There was a high correlation (0.85021)

(2) The standard error of the estimate was 123.792

(3) The slope was 1.657

(4) The intercept was 227.252

(5) The level of significance was zero

(6) Some co-efficients could not be computed.

(7) Graphical characteristics - The points appeared to form a
curvlinear graph as well as a straight line.

(8) Inference - It may not be reliable to infer that there is
a direct relationship between the Final Cost and the

Increase in Contract Cost.
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FINAL COST (X AXIS) Vs TOTAL DELAY TIME Y AXIS

REF. FIG. 4/9

EXPERIMENT NO. 9

The following were the results obtained after plotting 240

values:-

(1) There was a low correlation 0.1954

(2) The standard error of the estimate was 0,3797

(3) The slope was 0.00032

(4) The intercept was ,.3461

(5} The level of significance was 0.00118

(6) Some co-efficients could not be computed.

(7) Graphical characteristics - The points were scattered all
over the graph.

(8) Inference - There was no existing relationship between the

Final Cost and the Total Delay Time.
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FINAL COST (X AXI1IS) Vs PAYMENT DELAY TIME Y AXIS

REF, FIG. 4 /10

EXPERIMENT NO. 10

The following were the results obtained after plotting 240

values:-

(1) There was a low correlation 0.1862

(2) The standard error of the estimate was .3014

(3) The slope was 0.00024

(4) The intercept was .2156

(5) The level of significance was 0.00189

{6} Some co-efficients could not be computed

(7) Graphical statistics - The points were scattered all over
the graph.

(8) Inference -~ There was no existing relationship between the

FFinal Cost and Payment Delay Time.
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FINAL COST (X AXIS) Vs VARIATION DELAY TIME Y AXIS

REF. FIG. 4/11

EXPERIMENT NO. 11

The following were the results obtained after plotting 240

valueg:~-

(1) There was a low correlation 0.10821

(2) The standard error of the estimate was 00,0781

(3) The slope was 0.00004

(4) 'The intercept was .07176

(5) The level of significance was 00,0472

(6) Some co-efficients could not be computed.

(7) Graphical characteristics - The points were scattered all
over the graph.

(8) Inference -~ There was no existing relationship between the

Final Cost and Variation Delay Time.



140

N: ONT - Fr e . -
* 342,954 . 431,143 319,38

t ot s e L s A Ot

STE2 L 7RI.952. $73.1%1  WES.3f1 1982.551 113e.750

s I ——

—— o o

652 - . H - - - . . 852
53 1 . > 29 i - - 3 . ® .- ) SR | ..
- : Fig. 11 griation Delay Time Vs Final Cost 1 a
e, ] = i = - - e W i i = ¥ =
- i - - = - | SE——— - o e < — - — e - - - S e =3
"L .4D7 - B g S 5 o e — ame a ] = =k ¥ S g - ~ind ——— T 1 d - <EO? -
:. R S ——— — E— BN SRS e 3
JoRive o oiesxy - S Y By Tis BB e v - A X s P J il - . 4
- t A 1 B s = L - = R - E .
4o 1w === LT R FeadodP T i LT r “r — B
- w383 . - - mm e —— e - . 223
. ; N . =
2 H i S i e 2 o s T - - . 1
- 1 — e H . - H
b 1 - 1 - . I s |
- i - H H e
= - 5 . 1 . ey . =112 .
1 H ol | i
- 1 L L — - - 1
! {y ' 1 . Y7
o =! H ' i b
S . H 1 - 2
=i i * ! - y
: - H } - 1
Bl - ! ' i .
< v
- .
s =
o it e
e e e s i s e s S . s i o e Fmail R e i i _ o
2 E P —
O
- g
y =t T 2= 2 =~ i .
c RN e * e - e - .3i% 2
al wiw *
: T — ey - -y y - 5 - = b
=<i "
Vn ¥ > - r w.mired 1 ED e o - i
33 - = ) - * - . - SIS -
1 " Rw ow == = 1 i
1 = - . . 1
1= * - - ]
1 * =1
== «168 . r - - - «Tho 2
t » - - 1
1 T * w- * ® 0w - % R "
* 1 oy - . 1 =
| it S S i — — . ., - . 1. e
. . . : - . . -C9s =l
1 -T2 = - - - - - X -
1 . - A . . - o1 =
1 P e g - ® . e 5 1 i lnulu
i . ._ - e ow . . sw 1 . -
- g “t = - - - . - 0% =
o H . . i = 2 ]
Lot~ i 2 2 * e . - 1 o]
= 1 i wlle . v ow - - - 1
Iy 1 s A g T ] - = 1 =
. +3CA F e - - v =l . - -

£93.2854 327.0513

UIT B9 Quantity_Survey_ s ragE 10 ..
38147 *OQDY. .. : Final Cost

-n bl e b - v
X . 4o
2 E 10121 B SIUARED - CYI7Y Stenie P eane -

Tt 0PI INTEECERT (a) = a7 TLEeE (1) -

LOTTED varuEs = < b2 ? EXCLUDED wvapLus [+ HISSINS VALLES - <




141

FINAL COST (X AXIS) Vs OTHER DELAY TIME (Y AXIS)

REF. FIG. 4/12

EXPERIMENT NO. 12

The following were the results obtained after plotting 240

values:-

(1) There was a low correlation 0,0310

(2) The standard error of the estimate was .0855

(3) The slope was .0001

(4) The intercept was .0778

(5) The level of significance was .31639

(6) Some co-efficients could not be computed.

(7) Graphical characteristics - The points were scattered all
over the graph.

(8) Inference - There was no existing relationship between the

Final Cost and "Other Delays" Time.
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FINAL COST (X AXIS) Vs FINAL TIME Y AXIS

REF. FIG. 4/13

EXPERIMENT NO. 13

The following were the results obtained after plotting 240
values:-

{1) There was a low correlation (0.1244)

(2) The standard error of the estimate was 0.1244

(3) The slope was .00020

(4) The intercept was .5423

(5) The level of significance was 0.02716

(6) Some co-efficient could not be computed.

(7) Graphical characteristics - The points were scattered ali

(8)

over the graph.
Inference - There was no existing relationship between

the Final Cost and the Final Time,
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FINAL COST (X AX1S) Vs COST,PERFORMANCE

REF. FIG. 4/14

EXPERIMENT NO. 14

The following were the results obtained after plotting 240

values:-

(1) The correlation R was low (0.1515)

(2) The standard error of the estimate was .2373

(3) The slope was 0.00015

(4) The intercept was 1.5894

(5) The level of significance was .0094

(6) Some co-efficient could not be computed.

(7) Graphical statistics - Scattered all over time whole graph

(8) Inference - no established relationships.
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FINAL COST (X AXIS) Vs TIME PERFORMANCE (Y AXIS)

REF. FIG. 4/15

EXPERIMENT NO. 15

The following were the results obtained after plotting 240

values:-

(1) The correlation R was low (.09368)

(2) The standard error of the estimate was large (7.817)
(3) The slope was (.00313)

(4) The intercept was 3.925

(5) The level of significance was (.074)

(6) Some co-efficients could not be computed.

(7) Graphical Statistics - Scattered all over the graph.

(8) Inference - No established relationship.
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FINAL COST (X AXIS) Vs FINAL COST INTENSITY (Y AXIS)

FIG. 4/16

EXPERIMENT NO. 16

The following were the results obtained after plotting 240
values:-

(1) The correlation R was high .4163

(2) The standard error of the estimate was high 855.07

{3) The slope was 1.665

(4) The intercept was 221.667

(5) The level of significance was .000

(6) sSome co-efficients could not be computed.

(7)

(8)

Graphical Statistics - Scattered all over with no defined
shape.

Inference - The R is high, no relationship can be
established because of the high error and the graphical

character.
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FINAL COST (X AXIS) Vs INITIAL COST INTENSITY (Y AXIS)

REF. FIG. 4/17

EXPERIMENT NO. 17

The following were the results obtained after plotting 240

values:-

(1) The correlation R was high (.2621)

(2) The standard error of the estimate was large (4806.47)

(3) The slope was 5.551

(4) The intercept was 64.54

(5) The level of significance was .00002

(6) Some co-efficient could not be computed,

(7) Graphical Statistics - No defined character; clustered
around the X Axis.

(8) 1Inference - No established relationship due to the error

and the graphical character.
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REF,

rIrag., 4/17a

EXPERIHENT NO. 17a

The

following were

the resultg Obtaineq after plotting
Valueg,-

240

(1) The correlation R wasg low -

00225
(2) The Standarg error of the estimate was large 24797
(3) The Slope was 0000
(4) T'he Intercept was (.4187}
(5) 7The leve) of signlflcance was (.486)
(6) Some co~efflcients Could not be Computed
(7) Graphlcal Statietlcs - Scattered
(8)
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FINAL COST (X AXIS) Vs VARIATION COST (Y AXI1S)

REF. FIG. 4/18

EXPERIMENT NO. 18

The following were the results obtained after plotting 240

values:-

(1) The correlation R was .42043

(2) The standard error of the estimate was large (31.490)

(3) The slope was .0621

(4) The intercept was 6.118

(5) The level of significance was .0000

(6) Some co-efficient could not be computed.

(7) Graphical Statistics - showed a straight line
characteristics,

(8) Inference - Because of the large errors, the linear

relationships cannot be relied upon.
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FINAL COST (X AXIS) Vs FLUCTUATION COST (Y AXIS)

FIG.

4/19

EXPERIMENT NO. 19

The

values:-
(1) The
(2) The
(3) The
(4) The
(5) The

(6)
(7)

(8)

following were the results obtained after plotting 240

correlation R was high (.80696)

standard error of the estimate was large 64.42
slope was .3743

intercept was - 26,751

level of significance was .0000

Some co-efficient could not be computed.

Graphical Statistics - Tended to.behave both like a curve

and a straight line.

Inference - It could not be concluded that there is

relationship because of the large errors and the graphical

character.
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VARIATION COST (X AXIS) Vs FLUCTUATION COST (Y AXIS)

REF, FIG. 4/20

EXPERIMENT NO. 20

The following were the results obtained after plotting 240

values:-

(1) The correlation R was low .1934

({2) The standard error of the estimate was large (107.014)
(3) The slope was .608

(4) The intercept was 204.02

(5) The level of significance was .,00131

(6) Some co-efficients could not be computed.

(7) Graphical Statistics - Not defined

(8) 1Inference - Variation cost has no relationship

with fluctuation cost.
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VARIATION COST (X AX1S) Vs FINAL COST (Y AXIS)

FIG. 4/21

EXPERIMENT NO. 21

The following were the results obtained after plotting 240

values:-

L)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

The correlation R was high .4204

The standard error of the estimate was large 213,35
The slope was 2.848

The intercept was 556.077

The level of significance was .000

Some co-efficients could not be computed.

Graphical Statistics - Not defined

Inference - No relationship because of the large errors

and graphical character.
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VARIATION COST (X AXIS) Vs FINAL TIME (Y AXIS)

REF. FI1G. 4/22

EXPERIMENT NO. 22

The following were the results obtained after plotting 240

values:-

(1) The correlation R was low - 0.1109

(2) The standard error of the estimate was large .3693
(3) The slope was - .00119

(4) The intercept was .73783

(5) The level of significance was .04318

(6) Some co-efficients could not be computed,

(7) Graphical Statistics - Not defined,

(8) Inference - No established relationship because of the

graphical character and the low value of R
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VARIATION COST (X AXIS) Vs INITIAL TIME (Y AXIS)

F1G. 4/23

EXPERIMENT NO. 23

The

following were the results obtained after plotting 240

values:—

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

The correlation R was low .079%47

The standard error of the estimate was .0431

The slope was .00010

The intercept was .12595

The level of significance was .10998

Some co-efficients could not be computed,

Graphical Statistics - No defined character.

inference - No relationships existing between Variation

Cost and Initial Time.
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VARIATION COST (X AXI1S) VS PAYMENT DELAY TIME (Y AXIS)

REF. FIG. 4/24

EXPERIMENT NO. 24

The following were the results obtained after plotting 240

values:-

(1) The correlation R was low ( - .1341)

(2) The standard error of the estimate was .3040

(3) The slope was - .00119

(4) The intercept was .4434

R The level of significance was .0189

(6) Some co-efficients could not be computed.

(7) Graphical Statistics - not defined; points clustered
around the left side of the graph.

(8) Inference - No relationships exist between Variation cost

and payment delay time,
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VARIATION COST (X AXIS) VS VARIATION DELAY TIME (Y AXIS)

REF. FIG. 4/25

EXPERIMENT NO. 25

The following were the results obtained after plotting 240
values:~

(1) The correlation R was low ( - 0.,0804)

(2) The standard error of the estimate was low ( .07832)

(3) The slope was - .00018

(4) The intercept was .10592

(5) The level of significance was .10737

(6) Some co-efficients could not be computed,

(7) Graphical Statistics - no defined character

(8) Inference - no relationship exist between Variation cost

and Variation delay time,
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VARIATION COST (X AXIS) AS OTHER VS OTHER DELAY TIME (Y AXI1S)

REF.

FIG.

4/26

EXPERIMENT NO. 26

following were the results obtained after plotting

correlation R was low - .06319

standard error of the estimate was ( .0854)
slope was - ,00016

intercept was .09330

level of significance was .1648

Some co-efficients could not be computed.

Graphical Statistics - not defined

The
values:-
(1) The
(2) The
(3) The
(4) The
(5) The
(6)

(7)

(8)

Inference - no established relationships between

Variation Cost and and "Other delay" Time

240
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VARIATION COST (X AXIS) VS COST PERFORMANCE (Y AX1S)

REF. FIG, 4/27

EXPERIMENT NO. 27

The following were the results obtained after plotting 240

values:-

(1) The correlation R was low - .1034

(2) The standard error of the estimate was low .2388

(3) The slope was - ,00072

(4) The intercept was 1.732

(5) The level of significance was 0,055

(6) Some co-efficients could not be computed

(7) Graphical Statistic - not defined

(8) Inference - no established relationship between Variation

Cost and Cost Performance,
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VARIATION COST (X AXIS) VS TIME PERFORMANCE (Y AXIS)

REF. FIG. 4/28

EXPERIMENT NO. 28

The following were the results obtained after plotting 240

values:-

(1) The correlation R was - .1109

(2) The standard error of the estimate was 3.518
(3) The slope was - .0113

(4) The intercept was 6.212

(5) The level of significant was .043

(6) Some co-efficients could not be computed
(7) Graphical Statistics - not defined
(8) Inference - no relationships between

Variation Cost and Time Performance.
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VARIATION COST (X AXIS) VS FINAL COST INTENSITY (Y AXIS)

REF. FIG.,

4/29

EXPERIMENT NO. 29

following were the results obtained after plotting 240

The
values:-
(1) The
(2) The

(3)
(4)
(5)
(6)
(7)
(8)

The

The

The

correlation R was high (.2674)

standard error of the estimate was bery high 906,162
slope was 7.247

intercept was 1023.81

level of significance was .00001

Some co-efficients could not be computed

Graphical Statistics - not defined

Inference - no direct relationship because of large

errors and dgraphical character.
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VARIATION COST (X AXIS) VS INITIAL COST INTENSITY (Y AXIS)

REF.

FIG. 4/30

EXPERIMENT NO. 30

following were the results obtained after plotting 240

correlation R was high .2594

standard error of the estimate was large (1663.441)
slope was 12,87

intercept was 2868.51

level of significance was (.00002)

Some co-efficients could be computed

Graphical Statistics - not defined

The
values:-
(1) The
(2) The
(3) The
(4) The
(5) The
(6)

(7)

(8)

Inference - no direct relationship existed between the

Variation Cost and the Initial Cost Intensity.
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VARIATION COST (X AXIS) VS RELATIVE COST INTENSITY (Y AXIS)

REF. FIG. 4/31

EXPERIMENT NO 31

The following were the results obtained after plotting

values:-
(1)  The
(2) The
(3) The
(4) The
(5) The
(6)

£7)
(8)

correlation R was low 0.1268

standard error of the estimate was low (.2448)
slope was .0009

intercept was .3747

level of significance was .025

Some co-efficients could not be computed

Graphical Statistics - not defined

240

Inference - no direct relationship between Variation Cost

and

Relative Cost Intensity.
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VARIATION COST (A AXIS) VS VARIATION + FLUCTUATION

cosT (Y AXIS)

REF. FIG. 4/32

EXPERIMENT NO. 32

The following were the results obtained after plotting 240

values:-

(1) The correlation R was high .4623

(2) The standard error of the estimate was 107.01

(3) The slope was 1.608

(4) The intercept was 204.021

(51 The level of significance was L0000

(6) some co-efficients could not be computed

(7) Graphical Statistics - not def ined

(8) Inference - no direct relationship between vVariation Cost

and Increase in Initial contract cost




£ 2.209 TT.0AT 121,285 185.32) 29,781 - -
. -t - - fmmm—- ———m -
) 615,350 . 1 1 - - . A1%5.1%0
" I 1 T 1 ]
ik ! .. 1 o ' 1
3 e Py e . o - H - -
™ - 3 _4/32 (V§riation ‘= Fluctuation) VS Variation Cost -
C gt Sa1. 088 " 4 7 1 T . 41,88
___P- 1 . 1 - . 1 -y !
. 3 I = — T g ok ) 1 - : 1
1 - 1 ) “ o w
- ettt H = -
507,426 o . - T x ! AG/32 * 3
o 1 s ~ 1 x 1 1
1 . 1 1 1
. 4 7 : : :
B
v 433.324 o7 e - 1 1 !
a . = 1 1 1
== -— . ———] .
8 | - -} = w - 1 1 1 —
.. - 1 1 1
vy w ® . . 1 1 . 399,11
1 1
= 1 :
<l 1 1 1
s mp 2 1 “ “
1 H
saes3e U - 1 1 + 3ak,919
. wq 1 1 1
' [R] 1 1 1 1
; ; : S S .
H = 1 .
iE me0.TsT e e . . 1 : I — 4 s — 2005747 .
3 Fiestzes . - 1 22 1 : '
= al 2% sess » - 1 1 I- —_——
N - - a— - 1= : "
v <! - L L — 1 —ai —— * 1 - i 4
218,575 Mo asss s .. - g _ 1 = I E x - 238,478 -
. M“ a7 2es @ 1- ] . ’ 1 -
o Bl TRes .- d §'s E = 1 = €
= el & ma¥ae ] " n 1 1 1
! . I- % 2 & b ™ 3 3=, ! | ’ =% 1 3 == :
182,30} + n 27w ma w - 182,393
= L il L B bR e s — ey

rei e Rt B
3 ===y

E = === = ey 3
. = - - - < “

. = =T = - =3 1 :
m.. e u ST, == g = .
‘ﬂ.. ’ x = — = - - - ﬂ

- 74,029 S A — . - 76,029
= - - . . - D e ¢

= 10,490 T 54928 7.8 142,408 B7.842 231,38 274,119 L5 ¥ g T44,.59% (11 P8 5 3. Ass. 0
i 112 CEC B9 Quantity Survey - == 2 TRy =3 T J : " PAGE

T 11118162 Rogbo R Variation Cost
S sTarisTies,. ) ’ ) ot
o -~ CORRELATICN ¢ : J68233 R SOUARED T 21378 SIGNIEICANCE - 00000

ST0 Exz QOF EST -~ % 10701604 gk INTERCE?PT £) = 206,.0212) JLOPE (B) - 1.80789
i PLCTTED VALUES - 240 . TiET EXCLUDED VALUES= 0 ®ISSING VALUES - 0 21



185

FLUCTUATION COST (X AXIS) VS PAYMENT DELAY TIME (Y AXIS)

REF. FIG. 4/33

EXPERIMENT NO. 33

The following were the results obtained after plotting 240

values:-

(1) The correlation R was .5950

(2) The standard error of the estimate was .247
(3) The slope was .0017

(4) The intercept was - .0068

(5) The level of significance was .0000

(6) Some co-efficients could not be computed

(7) Graphical Statistics
(8) Inference - Tended to show a straight line formation with
approximate equal points scattered around the top and

bottom parts of the line.



B6

L~

. . o ity Fegy
[ L ETY
-vu
» . $to.2ry
1
r
1
1
i5 . i _
! _ H “
1 : H ﬂ
¢ ! - = _ ) .
: : . _ u
ota}l - : .__ u
r n- “ "
“ " : AG/33 .
1 h ® -I -
. u “ ﬂ
l-r.-b - .q H »
1 : : .
’ m ’ — "
i .
1
g S e L e T
:: : e S
«fe1 . - ] - ]
29 . 1 . : !
<) B " h
ol p “ :
ar 1 e : ’ . . H
- .
T - 1 - : : :
o2 Eat . ¢ ) & ! ) - " !
W". : . ) I " 1
: . - ¥ me . - '
Wm - . 1 - :
. < “ . ! | .
v . il = v 2. L Yl !
! - i = - "o :
illl|'||’ll|ll'llllll|ll - 2 l.l
o - e e i A
N ; : - T
: - - I )
; -
“ . . - _ﬂni .- aw - l'-l
' ; _
o . i * .
. -
1 e - 2 s 1 >3
! X 1 . .
. . 3 H )
- Jesw i SR "
. 2 . M :
: i Tr A 7 .
. 1 » ~ e
. ¥ 4. s
*a
.
"
. .
- * = o .

814 3.0

ity Suivey | 130-023 O
.

Fluctuatio

atme a3 fruagEn

Py

<133




187

FLUCTUATION COST (X AXIS) VS VARIATION DELAY TIME (Y AXIS)

REF. FIG. 4/34

EXPERIMENT NO. 34

following were the results obtained after plotting 240

correlation R was high .3632

standard error of the estimate was low .0732
slope was .00026

intercept was .3572

level of significance was  .0000

Some co-efficients could not be computed.

Graphical Statistics - no defined character

The
values:-
(1) The
(2) The
(3) The
(4) The
(5)  The
(6)

(7)

(8)

Inference - no direct relationship between Fluctuation

Cost and Variation delay time.
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FIG.

4/35

EXPERIMENT NO. 35

The

following were the results obtained after plotting

values:-

(1)
(2)
(3)
(4)
(5)
(6)
(7)

(8)

The

The

The

The

The

correlation R was high .2694

standard error of the estimate was low .08237
slope was .00021

intercept was .03618

level of significance was .00001

Some co-efficients could not be computed

Graphical Statistics - not defined character.

Inference - no direct relationships existing between

fluctuation cost and other delays time.

240
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FLUCTUATION COST (X AXIS) VS OTHER DELAYS TIME (Y AXIS)

REF. F1G. 4/35

EXPERIMENT NO. 35

The following were the results obtained after plotting 240

values:-

(1) The correlation R was high .2694
(2) The standard error of the estimate was low .08237
(3) The slope was .00021

(4) The intercept was .03618

(5) The level of significance was .00001

(6) Some co-efficients could not be computed

(7) Graphical Statistics - not defined character.

(8) Inference - no direct relationships existing between

fluctuation cost and other delays time,
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FLUCTUATION COST (X AXIS) VS TOTAL DELAY TIME (Y AXIS)

REF. FI1G. 4/37

EXPERIMENT NO. 37

The following were the results obtained after plotting 240

values:-
(X) The correlation R was .683
(2) The standard error of the estimate was .302

(3) The slope was .362

(4) The intercept was .052

(5) The level of significance was zero
(6) Some co-efficients could not be computed
(7) Graphical Statistics scattered all over the graph; no

defined relationships
(8) Inference - There is no direct relationships between

Fluctuation Cost and Total Delay Time.
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INCREASE IN INITIAL CONTRACT COST (VcFc) CORRELATED WITH VARIOUS FACTORS.

b}
Lup]
i
Graph X Axis Y Axis Corr R 5td Error Graphical Inference
Ref, Statistics
T s VCEFv CP L5691 L1973 Appears Error is small, R is
Variation + Cost Per Scattered at Significant. VcFc
Fluctuatinn formance top and bottom increases as CP
) of graph. increases.
= " TP .3797 3.274 Appears to Error is large, Although
£/2 Time Per- show no R is significant,
formance relationships Relationship is doubtful
: because of unceliable
_ time constraint,
- " FCI L1053 ©35.193 Ditto Error is large, R is
£/3 Final Cost not significant. No
Intensity relationship confirmed.
o " ICI L4388 1457.754 Scattered Error 1s large, It is not
4/4 Initial across the reliable to infer that
cost graph VCFC increasegs as ICI
_ intensgity increases.
7 " RCI -.2048 .2415 Scattered Although error is small,
/5 Relative across the R is not significant
cost graph but No straight line
Intensity appears toa relationship.
: give
curulinear
- shape.
" v .4623 30.774 Shallow shape Exrror is large, many
Variaticn co-effs could not be
175 calculated there is no
reliability in
relationships,
hﬁxw " Fluctua- .95%4 30.774 befined Although error 1is large,
tion (FL) __.straight line relationship is defined.
Jh\w " Final cost .8502 123.79 ditto ditto,

{FC)
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._.-4,.0q
FINAL COST (FC) CORRELATED WITH VARIOUS FACTORS.
Graph X Axis Y Axis Corr R Std Error Graphical Inference.
__Ref. Characteristics
Yk Final cost Total Delay .1954 .3797 Scattered across No significant
FC Time the graph relationship.
DT
ran " Payment .1862 .3014 ditto "
o Delay Time
DP
4749 " Variation .1082 .0781 ditto !
Delay Time
DVT
4/12 h Other Delay .0310 .0855 ditto "
Time
DO
2217 e Final Time 1244 .3687 ditto "
Ft
4/14 " Cost Per- .1515 .2373 ditto "
formance
CP
4/15 ke Time - 0937 7.817 ditto " (larye
_ Performance error - shows
TP

,fﬁnﬁf
unreliability
in Time
components.
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4.5

COST CORRELATED WITH VARIOUS FACTORS

t. - FINAL
Graph X Axis Y Axis Corr R S$td Error Graphical Inference
Ref. Statistics
£/45 Final cost Final cost L4163 855,069 Scattered top Though significant, no
o FC Intensity and bottom of clear relationship is
FCIT graph established
4717 . " Initial L2621 4806.473 Very shallow Error is too large. No
Cost shape relationship can be
Iintensity assumed.
4/17=2 .0 " Relative -.0023 2480  Scattered and  Error is small but no
Cost no relation- defined relaticnship.
Intensity
RCI
, " Variation L4204 31.490 Shallow shape o relationship can be
A/12 v assumed. Error is also
/0C<MF
4/19 " Fluctuation .8070 64.419 Shows defined  As Fluctuation cost
_ FL character increases, Final cost

also increases.
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.. VARIATION (V) CORRELATED WITH OTHER FACTORS. -

Delay time
DvT

Graph X Axis Y Axis Corr. R Std. Error Graphical Inference.
Ref. Characteristics
a/20 Variation Fluctuation L1934 187.014 Shallow shane No significant
v Cost relationship,
FL largye errors.
T " Final Cost .4204 213.353 Not defined Althcugh there is
4721 FC a significant
relationship.,
character is not
defined
unreliable
because of error.
A)0P " Final Time 1109 .3693 ditto No significant
relationship
A/23 " Initial Time  .0795 .043 ditto ditto
2 /244 " Payment -.1341 . 304 ditto ditto
Delay Time
Dp
. 4775 " Variation -.080 .078 ditto ditto
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OTHER FACTORS

Graph bt T = Corr td Graphical character-
Ref Axis Axis R Errer istics
|
] Yariation| (Do) -.0831 0852 Not dafined Na significant
&/ <2 - . .
g5t ther Relaticnship
¥ Delay
2137, - ana 1R
= Cost -.1034 2388 » = .
Performance
(TP)
s .5._ = Tim -.1109 3.518 " " ; e
Perfarmance Large errors
(TP)
_ " ] L= | -~ - 3 =3
Gy Final Cost 2574 5CE. 162 " = Significant but large
/23 Intensit) : errors.
F&l
4750w = Initial Cest 28347 | 1633.441 " " Ditsa
_ Intensity
TcT
|
4/311 . Relative cost] .12%3 .2343 » i Net Reliasle
) Hnnmnnnnwmhn
o " Variation 48231% 107014 " " " "
Fluctuaticn .
VeFe {
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Inference,

|
i Fluctuation Payment Delay mv_nnnf 24 /

by -

8red top & bottom of Significans Defined

1t

Cost FL raph

ll.lllllsl.lllll.llllllll /
. Variation Delay |.353+ .073 Shallow slope Significant Not well

Time DVT defined.
.'lll.lllll.llllll-lllllilllll - = |I|l|l|.|'l|ll|ll|'ll|-|l|l|lll|"l|"ll-ll|ll[l|ll
‘iher Delays .269* 073 " "

. (D0)
—tee b e
4/38 - ;

PP . Variation g -9573* | 34,05 .
* Fluctuation

Cost (vere) .

e T | e

= 3 MN-IPP

4/%8 Fund cost 0314 139,958 Not Defined L,

Hﬂmaﬂc‘ Tex

y -
Flue+

Not defined

Defined straight line "

i Fluctuation Initial Cost L4030 1576.39 - Not Defined Large errors g
S oY
Cost FE Intensity (1c1) ignificant
a5 _ .
4740 - " Relative Cost 0833 "

Intensity Re
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, CUST INTSNSITY (COs ﬁ\ﬁ.ﬁ.:& C OMPONENTS
DESCRIPTION INITIAL COST FINAL DOST RELATIVS CCST
INTENS ITY INTRVSTTV INTEFSITY
IcT FCI RCI
Obs Ko 240 240 240
Minimum 908,33 302.63 .10
Taximum 9920.00 5127.50 1.19
Mean 3503 .83 1387 .41 .42
S.8. Mean 110.95 60.58 .016
Range 9011 .67 1824.97 1.09
Sum 840,919 .42 331,5%7. 68 100,77
Skewness 1.19 137 1.33
S. B, Skew .16 16 .16
Kurtosis 1.61 1.42 1.25
S. E. Kurtosis « 31 51 o351
Variance 2,954,282.08 880,684.09 061
Std. Dev 1,718.80 983.45 246
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CORRBIATION CO-GFRICTRNTS

. . .4.13
L cosT PERPORMANGR IN (X Axis) (Pinal Cost)
)
Initinl Ccecst

SURJECT MATTER Corr R | RZ Arror Slope | Intep Sig
in Y AXIS A
Initial Time

It —052 L00% .04% .009 147 20
Total Delay ;¢ H30% L6830 216 1.%49 | =1.702 .000
Payment Delay

Dp 776* .60% .193 .992 | =1.299 .000
Varintion Delay

Dyl 512 262 068 267 | =187 .000

W oty

Other Delay n, 499 * 249 074 478 | ~.216 .00C
Final Time gy T3 ¢ 543 75 1 1,141 | =1.257 .000
Time FPerformance

Tp L6739 # LA09 2,722 9,425 1 =10.342 .000
Fin1]1 Cost
Intensity pay JA412% 70| ns6.86 | -1614.010] 4120.678 | .000
Initinl Cost
intendity yet -.1%2 017 | 1707.%3% | -947.242 | 5111.472 ] 020
Relative Cost
Intensity gerp - 497 R 277 | 444 1,167 | .07
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" CORREIATION CO-EFFICIENT

(FINAL TINE)
IVITIAL TIME

T.4.14 TILE ‘PERFORMANCE
T TRRORMANCTR $ g i
SURJECT MATTSI TING PERFORMANCE (in X AXIY) n _240 .
in Y Axis 9
(n=240) CorrR R” Error Slope Intecp Sim
Initial Time
HQ CUQOI .ﬂn.l.._ﬂ .Oéﬂ Iloaﬁw ld\ﬂv OOOO
rotal Delarny 366 .17 360 019 160 .0000
Payment Delay
Dp 321 103 .291 .0125 .308 . Q000
Variation Delay
DVT 306 .094 075 0031 .078 . 0000
Other Delay
Final Time
Ft « 584 * 147 . 3473 .0182 568 . 0000
Final Cost
Intensity
FCI -.278 .077 903,28 =37 327 1584 .8%6 .0C001
Cost Performance
CP 28B4 * .081 « 230 _=0087 1.6442 .0000
Ilnitial Cost
Intensity ICI 872" .760 2441.53% 552.897 427.920 .0000
Relative Cost
Intensity -.440 193 223 -.0179 «H02 0000




T.4.15 =
SOMBTAPTON Q=RRATOTE TS

5

0

o |
A

REIATIVH) COGT  INTRMSITY(RDJ) in X axis, n = 240
SURJECT MATTH! o s os
in Y Axis is 5 S1imnifi
(n = 240) Corr R R Rrror Slope Intercent cants
Initial Time
it H16% 266 . 038 .092 092 . 0000
Totnl Delay Time
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Literature reviews suggested that both the initial contract
cost and initial contract time are generally unreliable due to
organisational problems, the execution of variation, delayad
payment, climatic factors, mode of contractor selection, shortages
of resources, geographical location, the size, shape and height of
congtruction., It also suggested that variatien and fluctuation
are 1inevitable due to changes in tastes, policies, technical
factors and the unstable international market. Previous studies
on time-cost relationships suggested that good regression
equations can be exhibited when cost and time parameters are
plotted graphically. Also, they pointed out that the sector,
contract type and building type are significant variables in

determining construction time,

From the pilot studies, it was found out (a) that bungalow
units situated in the Northern part of Nigeria formed a suitable
study sample, (b) the time-cost studies displayed a bias towards a
simple regressional analysis. A suitable questionnaire for the
main study was formed based on the past experiences of other
researchers and the lessons drawn from the pilot surveys. The
gquestionnaire was structured to obtain information for the main
research on the following:- area of building, final cost, Initial
cost, variation, fluctuation, delays due to: (payment, execution
of wvariation and other factors), year of commencement, year of
completion, initial contract time, final contract time. The theme
of the hypothesis was "fluctuation cost (which contributes
significantly more than variation cost in the initial contract
cost) increased significantly as the delay in payment wa s

significantly increased, To significantly curtail fluctuation
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cost, the following have to be significantly curtailed, (i)
delay time due to non-payment, (ii) Time Performance, (iii)
Cost Performance and (iv) Cost Intensity". The above

hypothesis was proved to be correct.

CONCLUSION

1t could be inferred from the foregoing analysis in
chapter 4, that the following statistical facts have been
established:
(A) Initial cost (Ic) has no significant relationship with:-
Initial time, final time, total delay time, payment

delay time, variation delay time and other delay times.

(B) vVariation cost has no significant relationship with
Initial Time, Final Time, Total Delay Time, Payment

Delay Time, Variation Delay Time and Other delay Time.

(c)y (1) Fluctuation cost has no significant relationship
with Initial Time.

(2) Fluctuation cost has significant relationship with
Final Time, Total Delay Time, Payment Delay Time,
Variation Delay Time and other delay time.

(3) Considering the components of delays, Payment
Delay Time Dp has the strongest relationship with
fluctuation cost than DVT and Do each have with
Fluctuation cost.

(4) Total Delay Time has a stronger relationship with
Fluctuation Cost (.623) than Final Time has with

fluctuation cost (0.492).
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Total increase in Initial Contract cost i.e. (Variation +
fluctuation) cost has no significant relationship with
Initial time, and Other Delay Time.

Total Increase in initial contract cost had significant
relationship with final time, total delay time, payment
delay time and variation delay time. It should be noted
however that as was shown in B above, variation cost also
has significant relationship with any of the time

components.

Cost performance (Final Cost/Initial cost) had no signifi
cant relationship with Initial Time.

Cost Performance had significant relationships with the
following:- Final Time, Total Delay Time, Payment Delay
Time, Variation Delay Time and other delays.

Examining the delay time components, Payment DFlay Time
(.776) Co-efficient was greater than Variation Delay Time
co-efficient (,512) as well as other Delay Co-efficient

(.497) in relationship with Cost Performance.

As the Final Time significantly increased, the f{luctu-
ation cost also significantly increased.

As the Total Delay Time significantly increased, the

of luctuation cost also significantly increased.
-

As the years increased (1975-1985), the fluctuvation cost

significantly increased (.99).
As the years increased (1975-1985), the years increased
(1975-1985) the Total Delay Time significantly increased

(+BE&TE .,
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(3) As the total delay Time significantly increased, the

fluctuation cost significantly increased.

RECOMMENDATIONS

The following are recommendations focusing on data,

planning, research, design, execution, and policy.

Data
Project information should be collected on all public
housing projects and the vital information to be assembled
are areas, height, type, initial cost, variation, fluctuation
initial time, final time and analysis of delays. It should be
mandatory on all projects managers and consultants engaged on
public housing projects to supply such related information to
a central or national data bank. Other information to be
supplied are details of cost and characteristics of labour,
materials, plant overhead, profit, and productivity times.
These type of data would help in the formulation of
national price indices. This recommendation is evidenced by
the discussions held on the subject of Research Methodology
which portrayed the difficulties encountered in this study.
The problems encountered centred on the non-availability of
data on construction resources and the general wunwillingness

of executors of projects to release such information.

Planning

With the available statistical information as suggested

above, it could be possible to:- (a) properly plan the
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financing of a project, (b) select contractors on the basis of
accuracy of their initial cost and initial time, (c) forecast the
likely final cost and final time, (d) relate the available and not
the anticipated financial resources to the actual number of

housing stock that can be constructed at a given time,

Research

It is strongly suggested that similar researches be under-
taken into various housing projects in Nigeria. The study of
time-cost relationships on housing projects should be carried out
on some on-going, past, and future projects. More detailed
studies can be made on relationships between, (a) the frequency of
payment and the progress of the work, (b) time and labour
utilisation, (c¢) time and material utilisation, (d) time and plant

utilisation, (e) time and profit.

The framework of this research thesis was evolved by studying

the wvarious published works of different countries: The United

Kingdom, the United States of America, Sweden, Singapore,
Australia and New Zealand. It is therefore of essence that
suitable links be maintained with appropriate overseas

institutions to compare research findings, co-ordinate researches
and possibly obtain technical and financial assistance on the

subject of time-cost relationships of housing projects.
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Design

It may be necessary to review the design of the three and
four bedroom types of housing units used as a subject of research
in this thesis. It can be done by reducing the floor area because

it was shown that cost increased as areas increased,.

As it was established in this study that the variation delay
time had significant relationship with the Final Cost, it is
expedient to minimise the volume of variation by satisfactorily

completing pre~tender documents.

Execution

1f at any time it becomes expedient that some housing
projects must be completed within a given period and it later
became obvious that the client was not in a position to effect
timely payment, the following steps could be taken:-

(a) arrange for contractor - financed contract

(b) seek local, foreign or international assistance;

(c) authorise the contractor to borrow money from the bank

with an understanding that the client would pay later

including bank charges and interest.

As the analysis showed that delays due to other factors (like
climatic and administrative) had significant relationship with the
Final Cost, it becomes imperative that efforts should be made
towards (a) minimising the degree of public "red-tape", and (b)
ensuring that construction is planned to coincide with the period

of good weather.
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Policy

The policy of erecting residential buildings for the Nigerian
Public Service may be reviewed in the light of escalating cost of
construction and the proven inability of the government to honour
payments when due.

The options left to the government may be:-

(a) provide basic superstructure of the houses for the
servants and request them to complete them at their own

expense.

(b) enter into association with housing societies to con-

struct such houses for the public servants.

It should be noted that fluctuation cost as defined by the
JCT does not include adjustments for the rise and fall of a
contractor's profit-margin as well as cost of finance which may be
affected as the initial time is significantly prolonged because of
significant delays in payment. It is therefore equitable that
serious dialogue be entered into between the client and contractor
to arrive at a fair means of compensations for the losses in
finance cost and profit. A contractor who is principally in
business to make profit and whose profit level is drastically
reduced may take any of the following steps, (a) reduce the
quality of the work, (b) abandon the project at any stage, (c) pay
low wages and possibly, cause disruptions in the industrial

relations system, and (d) frustrate the contract.
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IMPLEMENTATION

The research findings in this thesis should be passed
on to (a) the general public by way of mimeographs and
publications, (b) Tender Boards, (c¢) professional institu-
tions, (d) individuals responsible for the award of
contracts, and the administration of housing project and,
(e) the research institutions.

Policy makers should be instructed to abide by the
policy of work flow equals cash flow and not to over-
stretch the government unduly.

Professional advisers like Quantity Surveyors should
be more scientific in their analysis of tenders. Oon
receiving tenders based on open competition, all the vital
information should be extracted from each contractor's
bill of gquantities e.g. Floor Area, Initial Time, Initial
Cost. All the inputs should be fed into the computers. The
computer would be able to compare +the Initial Time and
Initial Cost with statistical packages of past project in-
formation and be able to recommend which would likely
satisfy the general requirements. The formulation of such
statistical packages should be encouraged. Such statis-
tical packages would be able to provide early warning
signs of the Final Time, Delays due to payments, Delays
due to variation, Delays due to other factors, Final Cost,
Variation Cost and Fluctuation. With the above informa-
tion, the client would be better advised on how to phase
out the construction programme., Special training programme
on such procedures should be devised for practicing

quantity surveyors and undergraduates.
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The study of time-cost relationships of construction
resources has to start from the school. School curriculae
should emphasise on that study. Also, books on building and
censtruction economics have to devote more spaces for that
topic. Having received adeguate institutional training on the
topic, graduands would be well equipped to enforce its mode of

operation in the field.

The funding of studies intc time-cost relationships could
be assisted by the Nigerian government, private establishments
and external bodies like the World Bank such studies shall be

of immense national and international interest.

Government organisations in particular should be informed
through seminars of the need to adopt effective strategies for
housing programmes. They should be educated on the need to
plan housing construction works strictly in relation to the
available but not anticipated revenues and to relate allocated
project cost to both the time of execution as well as the time

for the generation of the revenue.

Effort should be made towards designing residential
buildings within given cost and time limits. Statistical
modelling strategies incorporating due consideration to time

and cost should be encouraged.

At the policy levels, there is a need to phase out the old

planning systems of arbitrarily allocating money for public
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housing construction. In its place should be replaced,
some workable statistical models that would consider the
following parameters simultaneously:- the Gross National
Product (GNP), the present and past revenue trends, the
population for housing stock, the anticipated allocation
for public housing sector, labour and materials resources,
final cost/n? of previous project cost, final and Initial
times of construction. Scientific basis would thus be

established for taking sound management decisions.

5.5 SUGGESTIONS FOR FURTHER WORK

(1) It is essential to re-examine this study using the
same type of public bungalow buildings to cover a
period of 1986 to 1992 in order to find out whether
there have been significant departures from the
period (1975-1985) which was the time of study for
this work. The period 1986-1992 is relevant in that

it covered the time that the Naira was first devalued

(2) similar studies of private sector housing in Nigeria
should be studied 1in order to know the trends

existing in that sector,

(3) Comparative cost-time studies of both the public and
private housing construction could be undertaken to
find out the strength and weaknesses in the planning

and management in each sector.
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Cost-time studies are needed also on the construction of
other types of buildings e.g: (a) two storey residential
buildings, (b) three and four storey office blocks, (c)
hospital blocks, (d) schcocol blocks and, (e) "low cost"
housing schemes. The studies may provide some explana-

tions te the results obtained in this study.

Attempts should be made to study the relationships
existing between (a) Final Labour Cost and Final Labour
Time (b) Final Labour Cost and Final Construction Time of
building projects. This 1is because, labour has now
become a significant construction rescurce. It is also a
resource which is both difficult to manipulate and to

estimate.

The profit margin of contractors are not compensated on
building construction projects. There is a need to study
the following:- (a) volume of loss on profit due ¢to
prolongation of contracts (b) the effect that the loss in
profit of contractors had on the abandonment of projects
(c) the effect that the loss in profit of contractors had
in the prolongation of a project. The results may provide
guidelines for future reviews of the conditions of
contract and may assist in evolving appropriate clauses in

the JCT that wculd adequately compensate contractors.

Building and Civil Engineering operations have close
associations in the construction sector. There is a need

to carry out comparative time-cost studies in order to
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find out ways of improving planning and management in
appropriate cases, particularly when the two activities

are carried out simultaneously on common sites.

At a national level, it is necessary to develop suitable
cost-time models that would simultaneously take into con-
sideration, the following parameters:- (i) derived revenue
{ii) anticipated revenue, (iii) Gross National and Gross
Domestic Products (iv) previous allocation to housing
sector, (v) previous allocation to the housing sector,
(vi) population to be served, (vii) occupants, (viii) past
final and initial construction cost trends, (ix) past

final and initial construction time trends.

It was pointed out in the literature review that the
retention money which is always paid at the practical
completion of a contract is detrimental to a contractor's
performance. Research should therefore be undertaken to
study the effect of "retention" on the speed of con-

struction.

Work study techniques should also be wused in studying
time-cost relationships on housing construction sites
since the studies based on past project records may not
provide some vital information 1like labour productivity

and lapses in management.
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DELAY BREAK DOWN .

PROJ FLOOR INITIAL VARIA- FLUCT- FINAL FINAL INITI- DELAY PAY~ VAR. YEAR
TION . UATION AL MENT
MO AREA  COST  COST COST COST TIME TIME TIME TIME TIME OTHER INITI- FINAL
AL
(M) (N} (n) {(N) {N)  (WKS} (WKS) (WKS) (WKS]  (WKS} .
Fa 1c Ve fL Fc ft It (o] dp  dvt do Iy Fy

031 125 43,125 02,911 20,269 066,305 048 20 028 015 008 . 005 78 78
032 125 41,875 02,931 18,844 063,650 060 16 044 029 009 006 78 79 L
033 125 40,000 03,500 22,400 065,900 078 15 063 053 U1l 001 - 78 80
034 13D 44,200 03,315 53,040 100,555 195 25 170 119 034 017 78 82

: 035 130 49,400 04,446 54,340 108,186 210 10 180 162 010 608 79 82
036 130 50,050 05,756 32,533 088,339 140 28 112 085 024 003 79 81
037 © 130 48,880 04,766 53,768 107,414 225 15 210 178 021 011 73 23
038 130 28,600 01,859 34,606 065,065 215 16 199 153 01l 029 7% Bl

. 039 13¢ 33,600 04,368 13,104 051,072 063 14 049 031 - 013 005 76 77 .

040 140 34,300 03,430 21,609 053,339 08% 20 65 045  .010 010 76 78
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: S S : DELAY BREAK DOWN

PROJ FLOOR Hznahmr VARIA- FLUCT-  FINAL FINAL INITI- DFELAY  PAY- VAR, YEAR
TICN UATION AL MENT .
NO  AREA COST  COST cOsST cOsT TIME TIME TIME TIME TIME OTHER 1INITI- FINAL ©
. . . AL .
tm ) (n) (W) {®) (% (WKS) (WKS) (WKS)} (WKS} (WKS) =
Fa Ic Ve fL Fc fr It Do dp  dvt do Iy Fy
041 140 62,720 09,408 24,461 096,589 064 25 39 017 014 008 go 81
04z 140 58,100 06,101 26,145 @90,346 077 18 59 032 ol8 009 80 81 -
043 140 59,500 08,628 37,485 105,613 081 15 mm. 049 013 04 80 82 )
044 140 60,200 07,224 2B,2%4 095,718 060 20 40 024 011 005 80 81 :
045 120 55,320 05,532 21,022 081,874 058 12 46 035 010 001 Bl az
046 120 57,600 05,472 34,560 097,632 056 14 42 231 005 o0s 81 82
047 120 58,800 0%,145 27,636 091,581 (078 20 58 041’ 009 008 81 B2
048 120 59,400 05,198 35,640 100,238 125 30 55 0646 014 0ls 81 83
0453 125 70,000 06,300 32,200 108,500 084 13 51 033 006 012 81 84
050 125 69,125 10,369 118,895 125 35 90 040 012 018 B3 8s .

139,401
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DELAY BREAK DOWN

PROJ FLOOR INITIAL VARIA= FLUCT- FINAL FINAL INITI- DELAY  PAY- VAR, . YEAR
TIOW UATION AL MENT .
NO  AREA COST  COST COST COST  TIME TIME TIME TIME TIME OTHER INITI- FINAL ..
. AL -
i M} {N) (N} {1 {®) (WKS) (WKS) {(WKS) (WKS) (WKS)
Fa ic vc fL Fe £t It Dt dp dvt do Iy Ey
051 125 73,750 07,375 36,875 118,000 116 20 96 063 020 013 83 85
652 125 74,375 09,257 49,831 133,503 140 20 120 072 036 012 83 8%
053 1340 58,500 8,483 30.420 097,403 110 15 095 06l 021 93 81 83
058 130 58,500 10,233 26,325 095,063 052 15 037 025 006 006 81 82
855 130 78,650 14,157 33,820 126,627 061 " 16 045 032 00s 008 84 85
056 130 B1,900 13,104 31,941 126,945 041 16 025 014 004 oo7? 84 84
a57 140 92,400 11,550 23,100 127,050 062 20 D42 026 010 006 85 85
G5B 140 93,800 12,194 39,3%6 145,390 067 20 047 020 009 018 85 85
059 140 96,600 11,109 42,504 150,213 60 25 835 029 005 001 85 85

66l 153 g5.6s30 10,282 62,546 158,508 136 22 114 095 00% 014 83 g5
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. . DELAY BREAK DOWN
PROJ FLOOR INITIAL VARIA- FLUCT-  FINAL  FINAL INETI- DELAY PAY- VAR,

TION UATION AL MENT " YEAR
NO  AREA CGST . COST COST CosT TIME TIME TIME TIME TIME OTHER INITI- FINAL
AL

M} {n} {N) (N} {(¥) (WKs} (WKS) [WKS) {WKS) (WKS)

Fa Ic Ve £l Fc fr it De dp  dvt do Iy Iy
061 153 7,975 11,877 76,538 176.390 144 25 119 606 004 009 63 as
62 153 88,853 9,778 41,780 140,451 142 26 116 60§ 005 005 83 B4
063 153 90,270 9,478 35,205 134,953 091 23 068 655 G602 010 83 84
064 150 22,650 12,398 31,407 126,455 035 23 01z S8 003 D04 83 83
065 150 77,256 @,077 19,313 105,640 040 21 019 012 Q03 004 82 g2
066 150 78,000 - 9,750 61,620 149,370 176 20 156 112 029 015 82 85
P67 150 81,0060 13,770 74,520 169,290 17D 15 155 124 018 013 B2 85
068 150 77,850 12,456 73,958 164,264 185 25 160 120 032 Q0B 82 B5
069 150 69,235 8,334 55,560 133,344 150 18 132 N85 020 027 B1 84

070 143 93,235 12,121 37,294 142,650 43 23 020 Q12 oD4 04 B4 &5
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DELAY BREAK DOWN

PROJ FLOOR INITIAL VARIA- FLUCT- FINAL FINAL INITI- DELAY PAY- VAR,
TI1ON UATION AL MANT YEAR
NO  AREA COST COST COST COST TIME TIME TIME TIME TIME OTHER INITI- FINAL
AL
(M) (M) ({N) (N) (N) (WKS) (WES) (WKS) (WKS) (WKS)

Fa Ic Ve fL Fc fr 1t Dt ép dvt do Iy Fy
071 145 91,640 12,371 41,238 145,249 63 21 042 021 009 010 84 85
072 145 89,175 13,822 30,320 133,317 36 25 01l 007 001 003 84 B4
073 145 96,135 15,382 38,454 149,971 41 3o 011 007 002 002 85 a5
074 145 89,470 9,947 28,B46 138,263 35 30 005 noz2 002 0ol 85 85
075 152 32,680 4,575 21,242 058,497 129 22 107 076 0l2 019 76 78
076 152 33,440 3,678 22,739 059,857 116 15 101 079 011 011 76 78
077 152 33,440 5,016 19,395 057,851 110 16 094 076 0as Q13 76 78
078 152 33,440 6,019 13,042 052,501 96 18 078 060 007 011 76 77
079 152 37,240 4,841 16,013 058,094 084 22 062 039 018 005 76 17
asa 1413 36,465 5,834 19,326 061,625 86 24 062 036 025 0al 77 79




DELAY BREAK DOWN

PROJ FLOOR INITIAL VARIA- FLUCT- FINAL FINAL INITI- DELAY PAY- VAR.
TION UATION AL MENT YEAR
NO AREA COST COST COsST COST TIME TIME TIME TIME TIME OTHER INITI- FINAL
AL

(M) (N) (N) (N) (N) (WKS) (WKS) (WKS) (WKS) (WKS)

Fa Ic Ve fL Fc ft It Dt dp_ dvt do 1y Fy
081 143 35,750 3,933 13,585 053,268 074 24 050 032 009 005 77 78
082 143 35,750 4,469 31,450 061,669 109 19 050 054 022 014 77 79
083 135 25,650 2,565 23,855 052,070 144 20 124 100 016 ooe 76 79.
084 135 25,650 3,527 14,621 43,798 100 20 080 060 003 012 76 78
085 135 25,6590 1,524 21,290 048,864 122 21 101 073 012 016 76 79
086 135 27,000 3,275 19,980 050,355 117 16 101 c8o 012 009 76 79
LY 130 28,600 2,789 15,730 047,119 106 15 091 050 013 018 76 78
088 130 27,950 2,935 25,155 056,040 150 14 136 0ge 030 018 76 79
089 130 28,600 2,288 34,320 065,208 168 17 151 Q96 042 013 16 80
090 135 31,050 2,018 19,562 052,630 O0B6 16 070 050 014 006 77 79
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DELAY BREAXK DOWH
PROJ FLOOR INITIAL VARIA- FLUCT- FINAL FINAL INITI- DELAY PAY- VAR,

TION UATION AL MENT YEAR EERAS
NO AREA COS8T COST CosT cosT TIMEQ TIME TIME TIME TIME CTHER HMWHH
(M) (N} () [N) (W) (WKS) (WKS) {WKS) (WKS]) {HKS)
Fa 1c Ve fL Fe fr It Dt dp dvt do Iy Fy
09l 135 40,500 3,038 19,845 063,383 073 15 059 047 no9 003 77 78
092 135 43,200 2,484 149,008 064,692 075 12 62 42 12 9 78 79
ne3 135 37.800 2,268 25,326 065,354 060 10 50 3l 190 9 78 80
094 115 37,125 3,156 12,251 052,532 041 11 30 18 3 9 78 79
095 135 54,000 5,670 22,140 {81,810 063 40 23 13 5 -1 8¢ g1
; %6 135 56,025 5,603 26,332 087,960 050 30 20 12 4 -2 84 gl )
naz 140 58.800 31,969 22,344 (85,113 49 25 24 17 4 3 B0 840
nesd 140 56,700 8,789 28,354 093,839 051 20 31 24 8 -1 Q0 81
’ 0932 140 56,700 8,505 14,742 079,947 (48 40 o008 & 1 i 80 80 .

100 140 58,100 9,296 16.B49 084,245 Qad 13 025 12 5 1 80 81l

ke 4 by o =

e e+ -
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DELAY BREAK DOWN

PROJ FLOOR INITIAL VARIA FLUCT- FINAL FINAL INITI- DELAY PAY- VAR.
TION UATION AL MENT YEAR
NO AREA COST COoSsT COST COST TIME TIME TIME TIME TIME OTHER INITI- FINAL
AL
(M) (N) ({N) {N) (N) (WKS) (WKS) (WKS) (WKS) (WKS)
Fa Ic Ve fL Fc ft It Dt dp dvt do Iy Fy
101 140 56,560 3,959 26,018 086,537 064 16 048 37 8 3 80 81
102 140 44,100 3,969 17,640 065,709 058 25 033 25 4 - 79 79
103 140 44,800 5,264 17,024 067,088 061 30 013 23 4 4 79 B0
104 150 - 72,000 9,360 21,600 102,960 040 10 030 13 10 7 81 81
105 150 72,450 8.332 18,113 98,895 045 15 030 016 poa 006 B1 81
106 150 71,100 7,110 29,151 107,361 035 20 615 007 006 002 81 81
107 150 69,750 8,370 80,213 158,333 050 22 228 211 009 o008 81 8s
108 155 72,850 5,464 73,579 151,893 043 15 228 221 003 004 Bl 85
109 155 71,765 6,818 86,118 164,701 041 14 227 217 001 009 81 85
110 155 74,710 4,483 80,687 159,680 046 12 234 220 - 0l1l 003 81 85
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DELAY BREAK DOWN
PROJ FLOOR INITIAL VARIA- FLUCT- FINAL FINAL INITI- DELAY “PAY= VER. =
TION UATION Y AL MENT YEAR
NO  AREA COST cCosT COST  cosT TIMEG TIME TIME fTIME TIME  OTHER INITI- FINAL
: AL
(M) (N) (N) (N) (N) (WKS)  (WKS) (wkS) (WKS) (wWKs)
Fa Io Ve fL Fc ft It Dt dp dvt do Iy Fy
111 160 92,800 4,640 23,200 120,640 030 16 014 008 003 003 83 83
112 160 88,960 6,005 17,792 112,759 p3s 14 021 005 010 006 83 a3
113 160 94,400 10,856 34,928 140,184 040 13 027 003 00s 013 83 83
114 160 99,200 12,400 34,720 146,320 035 10 025 010 005 010 84 85
115 160 101,600 14,224 30,480 146,304 060 11 045 014 012 023 84 85
116 144 92,448 9,245 25,885 127,578 055 15 040 018 007 015 84 85
117 144 94,752 8,528 35,058 138,338 040 25 015 007 006 002 85 85
118 144 98,064 7,845 35,303 141,212 048 30 018 010 003 005 85 85
119 145 34,800 1,914 19,488 056,020 102 22 080 54 009 017 76 78
120 145 32,625 1,550 39,803 073,978 180 25 155 125 023 007 76 80
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DELAY

. BREAK DOWN
PROJ FLOOR INITIAL VARIA- FLUCT- FINAL FINAL INITI- DELAY FAY- VAR.
‘ TION UATION AL : MENT . YEAR
NO AREA COST COsT CosT COST TIME TIME TIME TIME TIME OTHER INITI- FINAL
AL
(r ) (N) () {n) () {(WKS) (WKS) (WKS) ({WKS) (WKS)
Fa Ic Ve £l Fc fr it Dt dp . dvt do iy Fy
121 145 29,725 2,304 32,103 064,132 163 -20 143 112 025 005 16 80
122 145 32,625 2,121 40,781 075,527 210 15 185 156 029 n1lc 76 81
123 145 40,600 2,233 49,126 091,959 171 18 133 1314 a3l 068 37 gl
124 140 42,280 3,171 32,556 078,607 150 10 140 092 042 006 78 Bl
125 140 44,100 7.056 3,308 045,464 120 15 105 094 006 005 78 84
126 140 50,400 5,040 24,192 079,632 054 16 038 027 006 005 79 80
127 140 61,600 7,084 21,560 090,244 087 18 069 IEE! o1z 013 79 80
128 140 57,680 5,047 21,918 0B4,645 046 20 026 020 o03 003 79 79
129 140 58,8040 4,106 23,520 0B6,436 035 25 018 015 002 00l 7% 79
136 135 48,600 4,374 19,926 072,500 040 30 . 019 008 001 001 79 79
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DELAY BREAK DOWN
PROJ FLOOR INITIAL VARIA- FLUCT- FINAL FINAL INITI- DELAY PAY- VAR.
TION UATION AL MENWT YEAR
NO AREA COST COSsT cOsT COST TIME TIME TIME TIME TIME OTHER INITI- FINAL
AL
{n) (N) (N) (N) (N) (WKS) (WKS) (WKS) (WKS) (WKS)
Fa Ic Ve fL Fc Ft It Dt dp dvt do Iy Fy
131 135 49,275 08,377 21,681 079,333 048 32 D16 012 003 ool 79 79
132 135 51,705 07,756 25,335 084,796 055 20 035 028 004 003 79 BO
133 135 52,650 08,424 20,534 081,608 065 18 47 42 004 001 79 80
134 165 84,975 05,523 45,887 136,385 145 15 130 118 006 006 82 B4
135 165 84,975 06,798 75,628 167,401 185 10 175 136 027 012 82 85
136 165 88,275 08,165 77,682 174,122 162 12 150 127 016 007 82 84
137 165 88,27 11,917 50,317 150,509 141 13 128 104 005 019 82 84
138 160 87,200 08,720 68,888 164,808 189 11 1739 124 008 047 82 85
139 160 93,600 14,040 70,200 177,840 191 10 181 125 013 034 82 85
140 160 90,400 12,656 85,880 188,936 160 18 142 lo8 024 010 82 85
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DELAY BREAK DOWN
PROJ FLOOR INITIAL VARIA- FLUCT- FINAL FINAL INITI- DELAY PAY- VAR.
TION UATION AL MENT YEAR
NO AREA COST COSsT COST COsT TIME TIME TIME TIME TIME QTHER INITI- FINAL
a AL
(M) (N) (N) (N) (N) (WKS) (WKS) (WKS) (WKS) (WKS)

Fa 1¢ Ve fL Fe [t 1t Dt dp dvt do 1y Fy
141 160 86,400 10,368 61,344 158112 115 17 098 076 009 013 82 B4
142 150 84,000 10,500 42,840 137,340 151 19 132 85 036 011 83 85
143 150 86,250 06,463 34,500 127,219 072 12 060 048 009 003 83 84
144 150 87,000 07,613 54,810 149,423 119 10 108 086 022 003 83 8BS
145 150 87,600 09,855 42,048 139,503 126 15 111 076 022 013 83 B4
146 150 88,650 05,762 48,758 143,170 148 20 128 084 Q30 014 83 B3
147 150 B6,250 04,959 55,200 146,409 140 18 122 092 0013 017 83 BS
148 150 87,000 07,395 23,490 117,885 138 15 120 109 a0l oos 83 84
149 120 27,000 04,860 11,610 043,470 44 14 030 024 003 003 76 77
150 120 27,000 04,523 17,820 049,343 150 10 140 105 021 014 76 79
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DELAY BREAK DOWN
PROJ FLOOR INITIAL VARIA-~ FLUCT- FINAL FINAL INITI- DELAY PAY VAR.

TION UATION AL MENT YEAR
NO AREA COST COST COST COST TIME TIME TIME TIME TIME OTHER INITI- FINAL
AL
(M) (N) (N) (N) (N) (Wks) (WKS) (WKS) (WKS) (WKS)

Fa ic Ve 4 A Fe ft It Dt dp dvt do 1y Fy
161 130 28,600 04,290 10,010 042,900 45 16 029 015 006 008 77 77
162 130 27,950 03,913 6,988 038,851 48 14 034 027 004 003 77 78
163 130 35,750 03,575 27,170 066,495 140 15 125 103 013 009 76 79
164 130 29,250 03,218 35,978 068,446 180 12 168 159 a0l cos 76 80
165 163 40,261 03,825 17,312 061,398 54 12 042 23 0l0 009 76 17
166 163 41,239 03,093 15,671 060,003 47 15 032 014 005 013 17 78
167 163 41,239 02,784 16,908 060,931 50 18 032 022 006 004 77 78
168 150 54,750 02,745 16,470 064,965 49 20 029 011 006 012 78 79
169 150 47,400 05,214 26,070 078,684 55 15 040 020 006 014 79 81

170 150 47,850 04,187 19,619 071,656 40 10 030 019 . 005 006 79 BO
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DELAY BREAK DOWN
PROJ FLOOR INITIAL VARIA- FLUCT- FINAL FINAL INITI- DELAY PAY-  VAR.
TION UATION AL MENT YEAR
NO  AREA  COST COST COST  COST TIME TIME TIME <TIME TIME OQTHER INITI- FINAL
AL

(M} {n) {x) (M) (n) {WKs) (WKS) {(WKS) (WKS) (WKS}

Fa Ic Ve fL Fe |44 It Dt dp dwt do Iy Fy
171 147 59,976 03,299 29,388 09%2,663 0l4 12 029 011 609 009 79 B
172 147 61,152 03,669 26,295 091,114 0646 10 036 923 011 Q02 g0 81
173 147 64,680 04,851 39,455 108,984 0438 14 034 024 0a? 003 mo 82
174 145 60,9006 05,177 28,623 054,700 045 12 0331 021 006 iT4)Y 79 a6
175 . 145 60,175 04,212 136,707 101,094 042 10 032 017 208 007 79 81
176 143 61,204 05,508 26,930 093,642 040 11 029 gl2 008 009 80 Bl
177 143 61,204 09,181 35,4%8 105,883 03l 15 016 obm 00s 0013 79 80
178 143 62,2059 11,197 23,016 096,418 040 20 020 010 Qo4 006 79 80
179 142 62,20% 09,953 29,858 10z,0lé 041 22 Gis o035 gos o4 80 81
180 128 54,400 04,624 37,536 095,560 121 25 096 057 024 015 80 B2




235

DELAY BREAK DOWN
PROJ FLOOR INITIAL VARIA- FLUCT- FINAL FINAL INITI- DELAY PAY- VAR.
TION UATION AL MENT YEAR
NO AREA  COST COST COST  COST TIME  TIME TIME TIME TIME OTHER INITI- FINAL
AL
(M) (N) (N) (N) (N) (WKS) (WK5) (WKS) (WKS) (WKS)
Fa ic Ve fL Fc ft It Dt dp dvt do 1y Fy
181 128 54,400 04,080 40,256 098,736 115 20 095 0oé oll 014 B0 a2
182 128 53,760 08,602 37,094 099,456 120 15 105 068 021 00le 80 82
183 135 56,700 08,222 16,443 081,365 041 14 027 017 006 004 80 80
184 135 82,350 12,353 39,528 134,231 063 16 047 027 016 004 84 24
185 135 86,400 11,232 31,968 129,600 054 17 37 017 015 005 24 84
186 135 85,725 09,430 34,290 129,445 202 20 182 131 036 015 84 85
187 135 74,250 07,425 70,538 152,213 160 15 145 098 022 025 82 85
188 123 66,789 05,343 58,774 130,306 180 17 163 094 041 028 82 BS
189 1213 67,527 06,415 39,166 113,108 L1% 18 097 053 020 024 82 84
190 123 81,180 13,395 28,413 122,988 120 19 101 059 019 023 85 85




DELAY BREAK DOWN
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PROJ FLOOR INITIAL VAIRA- FLUCT- FINAL FINAL INITI- DELAY PAY- VAR.
TION UATION AL MENT YEAR
NO AREA COST COST COST COST TIME TIME TIME TIME TIME OTHER INITI- FINAL
AL
(M) (N) (N) (N) (N) (WES) (WKS) (WKS) (WKS) (WKS)
Fa ic Ve fL Fc ft it Dt dp dvt do 1y Fy
191 123 81,795 11,451 40,898 134,144 041 25 016 010 003 003 85 85
192 118 76,818 11,523 35,873 125,214 45 20 025 0lé6 005 004 85 85
193 118 65,018 07,802 47,463 120,283 113 13 090 078 eo7 005 B3 85
194 118 70,210 08,074 49,147 127,431 108 14 094 067 g12 015 B3 85
135 148 36,260 01,813 10,878 048,951 047 12 035 0lé oos 010 76 76
196 148 36,260 05,983 11,966 054,209 055 15 040 020 008 012 76 76
197 148 35,520 6,038 9,235 050,793 050 10 040 026 010 04 76 76
198 160 38,400 05,376 22,656 066,432 g70 12 058 031 021 006 76 77
198 155 39,525 04,743 33,992 078,260 066 16 050 g22 14 014 77 80
200 155 39,525 04,941 19,367 063,833 075 25 050 020 005 025 77 78
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) DELAY BREAK DOWN
PROJ FLOOR INITIAL VARILIA- FLUCT-  FINAL FINAL INITI- DELAY PAY- VAR,
TION  UATION AL MENT YEAR
NO  AREA  COST COST COST COST TIME TIME TIME TIME TIME OTHER INITi- FINAL
: AL
{4 ) () (N} (H) 438 {WXS) (WKS) (WKS) (WKS} (WKS)
Fa Ic Ve fL Fc ft It Dt dp dvt do Iy Fy
201 1%5 35,650 04,813 19,251 053,714 090 15 075 045 019 011 76 78
202 160 36,000 04,680 15,840 056,520 085 20 065 045 011 009 76 7
203 160 36,000 05,040 22,680 063,720 150 16 134 107 007 020 77 80
204 160 316,000 03,960 18,360 058,320 142 12 130 078 020 032 77 80
205 16D 52,000 05720 34,840 092,560 135 13 122 085 0té 021 78 80
206 145 45,675 (06,851 42,021 094,547 130 22 108 070 018 020 77 80
207 145 41,325 (07,025 37,606 085,956  L40 14 126 044 032 050 77 80
208 145 317,700 05,467 26,767 069,934 120 18 102 025 020 0%7 77 79
209 145 42,775 04,278 19,677 066,730 049 23 026 010 008 008 77 77
2lo 150 76,800 09,216 30,720 116,736 086 20 066 043 019 004 B2 83
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DELAY BREAK DOWN
PROJ FLOOR INITIAL VARIA- LUCT- FINAL FINAL INITI- DELAY PAY- VAR,
TION UATION AL MENT YEAR
NO  AREA  COST COST COST COST TIME TIME TIME TIME TIME OTHER INITI- FINAL
AL
(M) (N) (H) (N) (N) (WKS) (WKS) (WKS) (WKS) (WKS)
Fa Ic Ve fL Fc Ft 1t Dt dp dvt do 1y Fy
211 140 72,800 10,192 44,408 127,400 130 23 107 074 022 011 g2 B4
212 140 72,800 09,828 40,040 122,668 130 24 106 064 030 012 B2 84
213 150 74,250 11,138 34,898 120,286 086 18 068 037 018 013 Bl B4
214 150 74,250 12,623 63,113 149,986 148 15 133 093 016 024 81 84
215 150 74,250 08,168 46,778 129,196 142 14 128 075 028 025 81 83
216 155 71,145 10,672 36,995 118,812 138 13 125 087 025 013 81 83
217 155 71,145 08,537 50,513 130,195 101 8 . nase 064 009 006 g1 82
218 155 71,145 08,893 34,150 114,188 070 16 054 019 011 004 Bl B2
219 135 38,475 04,521 16,160 059,156 080 25 055 035 003 017 78 7%
220 150 75,750 10,605 40,905 127,260 114 19 95 060 024 011 82 84




DELAY BREAK DOWN
PROJ FLOOR INITIAL VARIA- FLUCT- FINAL FINAL INITI- DELAY PAY- VAR.

TION UATION AL MENT YEAR
NO AREA  COST casT COST  COST TIME TIME TIME TIME TIME OTHER INITIAL FINAL
(M) (N) (N) (N) (N) (WKS) (wKs) (wWKS) (WKS) (WES)

Fa Ic Ve fL Fc ft It Dt dp dvt do 1y Ty
221 150 73,500 08,289 53,655 135,424 108 21 087 052 630 oos Bl a3
222 155 74,400 09,672 48,360 132,432 136 24 112 066 033 013 8l 83
223 155 74,400 05,580 44,640 124,620 143 25 118 085 021 012 81 83
224 155 74,400 07.068 44,640 126,108 114 30 084 067 009 gos 81 B3
225 155 75,175 07,518 43,602 126,295 i24 22 102 091 006 005 Bl 83
226 145 65,250 05,709 41,760 112,719 115 16 099 0s8 031 010 8o 82
227 145 63,075 10,092 44,153 117,320 o070 14 066 038 007 021 80 82
228 145 64,525 11,292 28,391 104,208 as3 20 033 014 012 007 B0 Bl
229 145 61,770 09,266 18,531 089,567 040 30 010 004 004 002 80 80
230 140 44,100 04,851 16,758 065,709 045 23 022 015 004 003 77 77
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DELAY BREAK DOWN
PROJ FLOOR INITIAL VARIA- FLUCT- FINAL FINAL INITI- DELAY PAY- VAR.
TION UATION AL MERT YEAR
NO AREA  COST CoST COST COST TIME TIME TIME TIMEE TIME OTHER INITI- FINAL
AL
(M) (M) (N) (N) (N) (WKS) (WKS) (WKES) (WKS) (WKS)

Fa Ic v fL. Fe Ft 1t Dt dp dvt do 1y Fy
231 140 41,300 04.130 27,258 072,688 080 21 039 02% 006 004 77 78
232 140 40,040 06,406 19,620 066,066 042 16 026 018 005 o003 77 77
233 140 38,500 05,390 12,705 056,595 045 19 026 016 003 007 77 78
234 135 65,475 05,565 19,643 090,683 024 20 0c4 002 001 001 81 81
235 135 65,475 07,693 16,369 089,537 038 25 013 010 002 001 81 8l
236 135 65,475 08,348 32,738 106,561 070 15 055 033 01l 011 Bl 82
237 135 69,525 12,167 20,858 102,550 0z0 15 005 003 ool ool 82 82
238 140 72,100 04,687 24,514 101,301 031 14 017 0lo 004 ge3 82 B3
239 140 72,800 02,548 56,784 132,132 1480 16 164 114 027 013 B2 BS
240 140 72,800 06,188 50,960 129,948 172 20 152 080 048 024 82 85
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APPENDT X

The following tables AT/1.A1/5 are Cost and Time compoents
divided by the fFloor area, Refer to the raw Dat in the
main research, The treated date in AT/1to AT/5 uvere what

vEs usea in tre analysis contained in the main research

#2nd al=o for theose in the avpendix,
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TYPICAL FIELD OQUESTIONNAIRE

Ahmadu Bello University Zaira

Dept. of Building

Inquiry on construction of Public Residential

Bungalows

DLACC s sn s s s aw s aa s KA Edn e e s E6 s s s ssessssrenasass .

Name of Public OrganisationN...eececccscacasas B AR e
A Total Ploor ALBB.: . sudaseasi s e T § Ve ace W m2
B Initial Cogt Nuasiiees vansdeies § Velaiales s olaeiesas i Eae e .
C Variation Cost Wicess s sensaons sasbesns saly wwlaln & Viaie 4%
D Fluctuation Cost Neaevencenoenas TSR < paAs S ase NS " -
E Final Cost Nas o srawsmes s ae e cemns & o
F Initial TiMe isvweisesa EE A e S T T |
G PINAY TIO® o s sssnaas ¢ sie o evaiee ¥ i Enleaile 8 bnieeae i KD
H Delay Time .ccaccsrccccsgans sepsnsascagansenacases s NKS

Delays are caused by (i) Delayed payment (ii) Time for

Execution of variation, {(iii) Other factors.

Please assign percentages of Total delay due to:i-

(1) Delayed payment ...ccccceccccsas 3
(ii) Execution of variation ..... oo
(31ii) Other faACtOYB.:viesssvaissessis 3

Total 100%
1 Year Project Commenced 19......
J Year Project Ended 19,.:.40¢00-

Name & Signature of Officer

245 a.




ABU#DU  BEILO  UNIVERSITY,  ZARIA

Levartment of tytlding

-

Research Into Bousing Construction Costs

The enclaosed <questiomnaire is designed to cbtain

-

costs in MNigeriz. You are kindly requested to

cemr mm cmm oo 4 e 4 amemm e mm . - —— =t e - -

and pnalyse data on heousing construction

respond to the questions

Your co-cperation nw appreciated. The excercise is purely for academic purposes

only.

LN

245 b.

Dr., Tim .0, FHpsaku
Head of Departmept of Bullding
b ¥ wn H.—! NNH’HW.
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