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ABSTRACT

In Kenya, the time required to complete a construction project is estimated using
the estimator’s personal intuition which is based on his skill and past experience.

There are no hard and fast rules for such estimating (Mbatha 1986).

This method of predicting construction period is very likely to produce unrealistic
time estimates because the method does not consider, objectively and accurately, all
the factors that influence the construction time of a project. Underestimating
construction time is a major factor that leads to time overruns in construction

projects (Bromilow 1969, Mbatha 1986, Mbeche 1996).

The aim of this study is to develop a mathematical model for predicting the
construction period. The prediction model is developed by regressing actual
construction period on the variables that normally influence construction time in any

building project. The variables are: project scope, complexity and environment.

Each of the variables has been measured in terms of three different surrogates and
each surrogate treated as an independent variable by itself. Out of the nine surrogates,
five of them are found to have a significant correlation with the construction period.
The period is therefore regressed on the five significant surrogates. All the five
surrogates are entered into the regression equation at first and then by the

backward elimination method of regression, the least significant of the surrogates are

removed from the equation.

The multiple regression analysis produces a prediction model that is formulated

as follows:
T = 18.064 + 0.858C - 0.001C? + 1.871H

Where:

- T is construction period in weeks (date of site possession to the

date of practical completion);



- Cis construction cost measured in millions of Kshs, adjusted to
December 1997 construction cost index;

- His building height measured in number of storeys;

In this expression the independent variables account for 73.96 % of the variability in

the construction period.

The study recommends that the model above be employed in the Kenyan building
industry, by consultants and contractors, to estimate the construction period of

building projects.
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Chapter 1

THE PROBLEM AND ITS SETTING

1.1 Introduction

The goal of the parties in a given construction project is to obtain a constructed

facility within the specified time, budget and specifications.

While the priced bills of quantities show in detail the cost and quality standards
expected they simply state the contract period that a contractor normally quotes
during tendering. In practice, there is no specific requirement in the building contract
that contractors submit their detailed computations of plant and labour times and

contents used in the project scheduling.

Mbatha (1986) and Wachira (1996) observe that adherence to the contract period
estimated at the tendering stage of a project has been rather elusive in the
construction industry in Kenya. Others like Baradyana (1996), Bromilow (1969),
Hughes (1989) and Mbeche (1996), have made a similar observation about the
Kenyan construction industry and other construction industries abroad. The

difference between actual and planned construction periods is termed as a delay or

time overrun.

The researchers mentioned above have generally observed ten major causes of project

delays:

1. Material shortages;
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Unexpected subsoil conditions - underground water, rock etc;

Variations in design;

Financial problems — unrealistic project budgets, delayed payments, poor
contractors’ cash flow etc;

Poor organizational/ managerial forms — ineffective communication and control,

bureaucracy etc;

Shortage of plant and equipment;

Unrealistic (too optimistic) estimates of construction period;
Inclement weather;

Industrial disputes — mainly wages, workers not paid as per agreement, leading to

strikes or go slows;

10. Others e.g. contractual claims, shortage of skilled/unskilled labour etc.

They conclude that project delays are a persistent problem in the construction

industry today, and suggest five possible measures that could be taken to solve the

problem:

1.

Training all construction industry participants on the most appropriate managerial
skills, e.g. planning, scheduling and control;

Employing better ( highly skilled and more experienced) construction project
managers,

Improving on the realism of construction period estimating;

Drawing realistic project budgets that consider, interalia, inflation and

availability of funds before indulging into a project.
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Abu-Hijleh and Ibbs (1989) and Stukhart (1984) add that inclusion of schedule based
incentives (preferably bonus and bonus/penalty schemes) in a construction contract
would highly motivate contractors to complete works on or before the target date.

Project delays cause significant cost overruns either in terms of revenue lost for not
being able to use the facility for productive work in time, or by way of price
escalations and contractual claims (Baradyana 1996). A study of delays on projects
executed between 1988 and 1995 in Tanzania shows that the coefficient of correlation
between the delays and cost overruns is 0.5256, indicating existence of a relatively
strong positive relationship between time and cost overruns (Baradyana 1988). The
coefﬁciemiof determination is 0.2762 showing that 27.62% of the variations in cost
overruns could be explained by project delays. The study also shows that project
delays average 184.7 % while the corresponding cost overruns average 152.3 %. In
Kenya, project time performance is also worse than project cost performance.
Mbatha’s (1986) study of government projects executed between 1966 and 1984
reveals that 73 % of the projects are normally delayed while only 38 % of them have
a cost overrun. These observations imply that either cost estimates are more realistic

than contract period estimates or project participants manage costs more carefully

than they manage the contract period

In spite of the strong correlation between time and cost overruns, time estimating and
evaluation are given less importance in the construction contract administration.
Predicting the contract period is usually based on contractors’ or consultants’ past
experiences and therefore the reliability of their prediction is difficult to assess

(Mbatha 1986). Preparing bills of quantities and estimating cost are given a more

specific and clearer approach.
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The realities of time performance are usually well removed from expectation mainly
because the estimated contract periods tend to be too optimistic (Baradyana 1996,
Bromilow 1967, Mbatha 1986, Mbeche 1996). The implication in this observation is
that factors that disturl\i the regular progress of construction works resulting in delay
can be realistically considered in estimating construction period, their likely
interference on the project schedule be incorporated in the period estimate and the

necessary precautionary measures be taken well in advance to avoid the expected

Interference.

Wachira (1996) gives the main reason for the ‘too optimistic’ contract periods as
being lack of sufficient data on productivity of labour for accurate analytical
estimation of activity times in the project schedule whose ‘sum’ gives the
construction period. Muli (1996) attributes the ‘optimism’ and poor time performance
to the attitudes of project participants towards the project schedule. He observes that
clients and consultants, more often than not, fail to appreciate the full importance of
the schedule. He observes that in the traditional approach to project implementation,
there are no stringent requirements for scheduling specifying important things like the
level of detail required, the metﬁod to be used and the frequency of schedule updates.
He also observes that most contractors view the requirement for the schedule as an
unnecessary expense and waste of time and fail to invest sufficient resources in

preparing the schedule. He argues that these poor attitudes highly reduce the chances

of achieving the targeted completion time.
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Atkinson (1991) observes that in Britain, for a variety of re/asons, pressure is now on
to reduce the design and construction period for most projects. A very likely reason
for this may be that construction finance is getting more expensive; the longer a
project takes the higher the cost of financing it. Before a developer commits himself
to the terms of a loan agreement, he really needs to be quite certain that the proposed
project could be completed within the stipulated time to avoid cost escalations
(Halperin 1974). Atkinson (1991) also warns that it is becoming more difficult to
hide design mistakes in the contract period. Contractors are more claim conscious
and hence likely to pursue claims arising from design mistakes. Similarly, in
situations where the performance of the design team adversely affects the quality,

cost and timing of a project, it is now more likely for the client to seek redress

through the courts.

Accurate pre-contract determination of the construction period is very essential

because of the following reasons: -

(a) It facilitates proper cash flow forecasting for both the contractor and the client
(Chan and Kumaraswamy 1995).

(b) It provides a sound basis on which detailed project scheduling using methods
like bar charts, Programme Evaluation and Review Technique (PERT)/Critical

Path Method (CPM) etc can be done.

(c) It helps the client and consultants structure effective incentive schemes to
encourage contractors to complete the construction works in a shorter time than

the stipulated contract period (Abu-Hijleh and Ibbs 1989, Stukhart 1984)
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(d) It makes a sound basis for evaluating the success of a project and the efficiency of

the project organization. (Ahuja and Nandakumar 1984, Chan and Kumaraswamy

1995).

Unless a realistic estimate of the contract period has been made at the start of the
project, it becomes rather impractical for the project team to establish an effective

time management approach for proper project execution.

The aim of this study is to develop a model for predicting the construction period of
construction projects. It is expected that the model will give a realistic estimate of the
period (at or before the tendering stage of the construction project) because it
sufficiently takes into account key factors that influence construction time. This

approach could form a reasonable basis for establishing a time check system that

could evaluate construction time.

1.2 Problem Statement

The estimation of construction period in construction projects.in Kenya still remains
rudimentary. In practice, the contract completion time is often estimated using the
estimators’ past experiences. There have been no hard and fast rules for such
estimating (Chan and Kumaraswamy 1995, Mbatha 1986). This approach does not

sufficiently consider the key factors that influence contract periods.

The unscientific approach to construction period estimation has resulted in the

following consequences:

(1) Difficulties in estimating time-related project costs such as cost of finance,
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insurance, water, electricity and telephone.
(2) Difficulties in assessing and justifying extension of time.
(3)Difaculties in managing the estimated contract period efficiently to ensure that a

construction project is completed on time (Baradyana 1988, Mbatha 1986,

Wachira 1996).

At the time of tendering, a contractor is normally required to state the construction
period, which becomes the contract period after the tender is accepted. After the
tender accepted, the contractor then submits a project schedule. This requirement for
the construction schedule does not specify any obligation for contractors to show how
they calculate activity times. There is nothing that shows in detail computations of
times for the various operations. More often than not, the programme submitted by
the contractor is approved albeit with a few alterations where necessary. The
schedule is then used for monitoring the progress on site and is updated from time to
lime as necessary. However, lead consultants are not able to pinpoint accurately
critical activities that may deter the regular progress of the works. Consequently,
efficient coordination of (lie project team to meet the time target satisfactorily may be

very elusive. Thus, this system of managing project time has proved inefficient as

already noted.

An efficient time management system would be one that starts with an accurate
estimate of the construction period followed by a detailed schedule of the
construction activities most preferably a network programme (e.g. CPM, PERT etc).
A realistic incentive scheme can then be introduced in the contract to motivate the

contractor to work most diligently to complete the works earlier than scheduled.
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1.3 Objectives
The objectives of this study are to:

1. compare the pre-contract estimate of contract period with the actual completion
period;
2. establish the correlation between construction period and the surrogates of project

scope, complexity and environment; .

3. develop a mathematical model for estimating construction period.

The model is developed by regressing the construction time actually taken in
completed projects, on three variables - project scope, complexity and environment-

that normally influence construction period in any building project.

1.4 Hypotheses

The hypotheses of this study are:

1. The actual construction period is significantly greater than the construction period

estimated at the tendering stage.

If realistic planning, design and scheduling of a project are done, the difference
between the actual and the estimated construction periods should be insignificant.
Ideally, a time estimator should foresee all the factors that influence the contract

period and factor in their likely influences in order to get a realistic estimate of the

construction period.

The construction period is usually estimated and fixed before commencement of
construction works and therefore underestimating the period is very likely to render

time management in the project rather ineffective. The effect of other factors such as
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delay occasioned by shortage of materials, plant etc leading to non- completion on
time, sets in after the works have started. This effect is significantly influenced by
managerial control (Sidwell 1984). All the same, underestimating the construction
period may be the initial error in most construction projects that is likely to affect

time management during construction.

2. The larger the scope ofaproject the longer the construction period.

Project scope refers the physical size of a project. A big project is likely to require
relatively more time to execute than a small one. Scope can be measured in terms
of the following surrogates:

» cost value (Kshs)

» floor area of the building (square metres)

» height of the building (number of storeys)

Construction period has a statistically significant correlation with the cost value,

floor area and height of a building.

3. The more complex aproject is the longer the construction period.

Project complexity is the state of being difficult to handle. A difficult project is
likely to require more time to execute than a simple one. Complexity is highly
related to the type (functional use) of the building as explained in section 2.4. The
following surrogates can be used to measure complexity irrespective of the
building type:

 irregularity of the building plan shape (total area of walls, windows and doors per

unit of floor area)
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° quality of finishes and services (cost of internal finishes and mechanical &
electrical installations per unit of floor area).

® potential for conflicts among teams in the project (number of the interactions
among the teams).

Construction period has a statistically significant correlation with the irregularity

of the building plan shape, quality of finishes and services in the building and the

potential for conflicts amongst the teams in the project.

4. The more aproject environment interferes with the planned progress, the longer

the construction period.

Project environment is defined as the circumstances under which a project is

executed. The circumstances normally interfere with the planned schedule tending to

increase the construction period. The environmental interference can be measured in

terms of the following surrogates:

* risks in the project (cost of insurance and contingencies per unit of floor area).

» ambiguity of works at tendering time (cost of provisional sums per unit of floor
area)

» managerial efficiency in handling factors that may disturb the regular progress
of the works.

Construction period has a statistically significant correlation with the risks in a

project, ambiguity of the works at tendering time and the efficiency of the

management function in the project.
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Construction period is directly proportional to all the six surrogates of scope and
complexity and the first two surrogates of environmental interference above. It is

however, inversely proportional to the third surrogate of environmental interference -

managerial efficiency.

1.5 Significance

The results of this study have practical implications in the construction business. The
time prediction model developed here is more objective than the non-mathematical
method mainly used in the Kenyan construction industry today and is likely to give a
more accurate contract period estimate. Using the prediction model, project
participants (client, consultants and contractors) can easily but realistically estimate
the contract period as early as the proposal and sketch design stages of the project
before detailed project scheduling. This is important because there is usually

insufficient time, data and money available at these stages to allow for a detailed

schedule (Lock 1973).

Based on a realistic contract period estimate, a detailed and practical project schedule
(most preferably a network - PERT/CPM - programme) can be prepared. The
scheduler considers the productivity of the resources (labour, equipment etc)
available to get the units of each resource required to complete the works within the

contract period. Time related costs e.g. cost of finance, water, insurance etc can also

be accurately estimated.

The realistic contract period (and schedule) will enable the client (and consultants)

introduce an efficient schedule-based incentive scheme in the contact to motivate the



24

contractor to produce a system that will complete the works on or before the target
date. Incentive schemes are designed to reward contractors for early completion and,
possibly, penalize them for late completion. If the planned project is one for which
early completion produces a sizable and early return on investment, the client can
afford to share a portion of the expected benefit and create an incentive for the

contractor (Abu-Hijleh and Ibbs 1989, Stukhart 1984).

1.6 Scope of the study

The scope of this study was limited to the following categories of construction
projects:

1. Residential buildings- bungalows, maisonnetes and flats;

2. Commercial buildings- shops, offices and warehouses;

3. Institutional buildings- schools, colleges and hostels;

4. Industrial buildings- factories etc;

5. Others- archives, hospitals, hotels etc.

In addition, only private construction projects were considered. The rationale for this
decision was that there is a general economic trend towards privatization of industries
in Kenya including the construction industry. Hence, findings of this study have

theoretical and practical implications in a more liberalized construction market.

Another consideration that defined the scope of the study is the geographical location.
In this regard, only projects in Nairobi were included in the sample. The justification
for this decision is that construction work in Nairobi accounts for up to 62% of the

cost value of the private buildings completed between 1991 and 1995 in the main
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towns of Kenya (Republic of Kenya 1991-95). This allows generalizations to a

reasonably large population of construction projects.

Only buildings started and completed in the last seven years (1991 to 1997) were
included in the sample. This period was considered long yet recent enough for

generalizations to be made to the majority of building projects in Kenya.

A total of nine explanatory variables i.e. three surrogates for each of the three major
constructs - project scope, complexity and environment - that influence construction
time. This number of explanatory variables nine was considered large enough to
provide a significant explanation of the variation in the dependent variable-
construction period. The surrogates chosen for measurement of project scope were
those factors in a building project, which had been considered by past researchers to
have influence on construction period. The surrogates chosen for measurement of
project complexity and environment were those factors in a building project, which
the researcher had conceptualized as possible determinants of construction period,
from his experience in the construction industry and from review of literature related
to time management in building projects. The surrogates selected were those that are
normally easy to measure with reasonable accuracy at the tendering stage of a

project.

Finally, the scope of the study was limited to statistical analysis of the data collected.
The analysis was applied to the data to create a model for predicting construction
period and to compare the model created with two other models developed in the

past, using the coefficients of determination (R2values) obtained in the models.
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Definition of Terms

Construction Period - time between the date a contractor takes possession of
site to the date he completes the construction work i.e. date of practical
completion.

Contract Period - Construction period which has been agreed on between the
contractor and the client as the time within which the construction work
should be completed. Contract period is legally binding and is normally based
on the estimate of construction period.

Project Period - construction period plus the design period. The design period
starts from the time a building client conceives the idea to develop up to the
time the contractor takes possession of site.

Construction Cost - Cost of putting up the building - normally associated with
the materials, transport, labour, equipment and plant. It is the cost incurred in
respect of contractors and sub-contractors.

Project Cost - All the costs involved in a building project, including cost of

acquiring land, cost of finance professional fees.

Outline of the Study

The study is organized in five chapters. Chapter 1 discusses the problems of

construction delays and the inefficiency of the time management system in the

construction industry, particularly in the prediction of the construction period at the

pre-contract stage. The need to establish a defined method of estimating the

construction period is discussed, and the objectives and hypotheses stated.
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Chapter 11 discusses the different methods of estimating the contract period and the
works previously done in the field of estimating the period as well as factors related
to project delays in Kenya and abroad. In this chapter, factors that -inﬂuence
construction time performance of projects are discussed. The intuitive and
mathematical approaches to time prediction are explained and a critique is made of
previous work done in the area of mathematical time prediction models.

Chapter III discusses the methodology employed in conducting the study. The target
population, sampling technique applied, data collection procedures, measurement

criteria for the variables and data analysis procedures are discussed.

Chapter IV presents the analysis of the data and chapter V covers conclusions,

recommendations based on the study findings and areas for further research.
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Chapter I1

LITERATURE REVIEW

2.1 Methods of estimating the construction period.

There are two methods of estimating the construction period: non-mathematical
method and mathematical method. The non-mathematical method has no hard and
fast rules applied in the estimating process. The mathematical method on the other
hand uses mathematical models in the process of estimating. Once the period has
been estimated (mathematically or not) and the contract is awarded, the project
schedule is done in detail using scheduling techniques such as Bar charts, Critical

Path Method, Programme Evaluation and Review Technique etc.

2.1.1. Non-mathematical Method

In the non-mathematical method, estimators use their own intuition, based on skill
and past experience, to estimate the time it would take to execute proposed projects.
The task of estimating the construction period is take mostly by people with quantity
surveying background or experienced contractors. The contractor relates the project
scope to the expected expenditure per week to come up with the number of weeks

required to complete the works (Mbatha 1986).

The Ministry of Public Works has some guidelines of estimating contract periods
based on experience in past public projects. The guidelines attempt to match the
contract period with the contract value (Republic of Kenya, 1986.) The guidelines

may not help to produce a reasonable estimate of construction time because most of
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the public projects tend to have both cost and time overruns (Kaka and Price 1991,
Mbatha 1986, Mbaya 1984, Talukhaba 1988). Experience with past public projects

may therefore not give a sound basis of estimating the construction period.

The private sector does not have any such guidelines. In this sector, the contract
period is a component of tendering. Contractors are therefore expected to somehow
estimate the construction period and include it in the tender documents. Private

clients tend to use the construction period estimate as a factor of competition between

tenderers.

Bromilow (1969) and Mbatha (1986) observe that using the non-mathematical
method more often than not produces unreasonably optimistic estimates and gives
time targets that are hardly ever met in executing the works. The method is unrealistic
not necessarily because it relies on rules of thumb and experience based knowledge.
The importance of experience is not disputable. Expert systemslwhich employ both
quantitative analytical data and heuristic experience based knowledge have proved
realistic and applicable in, interalia, analyzing and evaluating construction schedules

(Chin 1991, De La Gaza and Ibbs 1991).

+An expert system can be defined as a computer program in which the
knowledge and experience of one or more experts are captured and stored in
a computer and are incorporated in solving problems that typically require
human judgement. Expert systems rely on rules of thumb and other heuristic
methods. They are not yet widely used in industry though serious research is
going on in the field. (Frenzel 1987, Ortolano & Perman 1987). The
application of expert systems in scheduling has mainly been researched on in
the developed countries but has a lot of application in the developing
countries (Chin 1991).
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It seems that the factors that influence construction time are too numerous and
interrelated for time estimators to consider intuitively and accurately, their influence
on a proposed project at the tendering stage. For realistic time prediction, experience

should be combined with quantitative analytical data (De La Gaza & lbbs 1991).

2.1.2. Mathematical method

In the mathematical method the estimator uses mathematical formulae, in predicting
the construction period, in which there are hard and fast rules for the use of the
formulae in estimating. Researchers have previously developed mathematical
formulae. Three of the researchers who have used the mathematical approach to

modeling the construction period are Bromilow (1969), De Leeuw (1988) and Walker

(1995).

These researchers have developed formulae that express the construction period as a
function of both scope and non-scope factors. This approach yields more accurate
estimates than the intuitive method (Chan and Kumaraswamy 1995, Kaka and Price
1991). On average the factors considered in the three formulae explain construction
time up to 73.87%. Practical application of these models has not been attempted in

Kenya. Therefore, one can not assess the success or otherwise of using the models in

Kenya.

From 1967, when Bromilow (1969) produced his time prediction model, researchers
worldwide have been considering more and more variables and approaches in

formulating their time prediction models, and in effect improving their models.
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2.2 Variables affecting time performance

Bennett (1985) and Walker (1995) identified scope, complexity and managerial
effectiveness as the key factors affecting the construction time performance. Ireland
(1983) and Sidwell (1982) investigated the impact of managerial action and client
decision making upon time performance, and both of them identified influences of
these factors on time performance from inception to completion. The performance of
a construction management team has been found to be influenced by internal and

external factors that could be classified as project environment factors and

management related factors (Chauhan and Chiang 1989).

These researchers seem to suggest that construction time performance is determined
by numerous factors which can be grouped into two main categories: Project related
and environment related. Of the three key factors identified by Bennett (1985) and
Walker (1995) two of them, project scope and project complexity, can be termed as
project related factors. On the other hand, factors like weather, money market,
shortage of materials, skills of workers, etc which impact on the construction time

and tend to increase it, can be termed as environment related factors.

Managenial effectiveness can also be categorized as an environment related factor and
seems to depend on the client’s decision making process and the appropriateness of
the project organization structure adopted. Ireland's (1993) work indicated that non-
traditional procurement methods e.g. design and build and project management are
likely to lead to better managerial performance than traditional ones. For this reason a
construction time prediction model can be reasonably formulated in terms of three

key variables: Scope, Complexity and environment.
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2.3 Project Scope

Project scope (size) has been found to be a useful predictor of construction time
(Bennett 1985, Bromilow et al 1980). There are several ways of measuring the size of
a building. These include: cost value, floor area, number of floors, volume above and
below ground, etc (Bromilow 1969). Unfortunately, no single one of these provides a
perfect indicator of scope; the best so far is the cost value (Bromilow 1969, Chan and

Kumaraswamy 1995, De Leeuw 1988, Kaka and Price 1991, Walker 1995)

The cost value, as a measure of scope, has the following advantages: -

1. It reflects the design complexity and target quality as well as physical size
(Bromilow 1969). The value includes the cost to be incurred due to the intricacy of
the work, which is usually implied by the difficulty variables expressed in the item
descriptions in the bills of quantities. The contractor's prices are expected to vary
with these difficult variables.

2. The effect of the environmental variables that can be reasonably defined during the
feasibility and design stages of a project is usually included in the cost value e.g.
costs associated with access to site, security for the works, underpinning, water,

power, telephone, insurance and contingencies.

Project scope seems to be the most important factor influencing construction time.
Results of a study of factors affecting construction time performance in Australia by
Walker (1995) suggest that other than the project cost, many project characteristic
factors have no significant impact upon construction time performance. He reasons
that these factors are subject to management planning and control. He argues that

many environmental factors can be planned for and the risks that are beyond the



33

control of the contractor e.g. weather, national industrial disputes or political events
be considered by the client or construction management team which should be

adequately compensated for any risks accepted.

It is due to this reasoning that most time prediction models have considered scope as
a significant predictor of construction time. Bromilow (1969), Chan and
Kumaraswamy (1995), De Leeuw (1988) and Kaka and Price (1991) considered
construction period as a function of scope only. Bromilow (1969) established a
mathematical relationship:
T=KCB
Where:
T = construction period in days from site possession to practical completion
C= final project value in millions of Australian dollars, adjusted to a cost
index
K = a constant describing the general level of duration performance for one
million Australian dollar
B = Constant describing how the duration performance is affected by project
size as measured by value.
K was found to have a value of 350 working days

While B had a value of 0.30

He established this model in a research study done in Australia in 1967. The model

was later tested in Britain and in Hong Kong and was found valid (Kaka and Price

1991, Chan and Kumaraswamy 1995).
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This model however, only partially explained the vanability in construction time

because the impact of many non-scope factors that impinge on time could not be

reasonably represented by the cost value. The coefficient of determination (Rz) in
the model (for both private and public buildings) was found to be 0.5233 in Hong
Kong (Chan and Kumaraswamy 1995), indicating that only 52.33% of the variability
in construction time could be explained by the project scope. This implies that non-
scope factors not incorporated in this model e.g. environmental interference,
complexity of the project organization structure, type of project etc, need to be

incorporated in the model to make it more valid and reliable.

Mbatha (1986) and Talukhaba (1988) also attempted to derive a time prediction
model postulating a linear relationship between construction period and construction
cost. Mbatha (1986) observed that the relationship between the construction period
and the construction cost was not actually linear, confirming Bromilow's (1969)
observations. He concluded that a construction period estimate that is based solely on
a linear relationship between these variables was bound to be erroneous. Talukhaba
(1988) had a similar observation to Mbatha's (1986) and concluded that in estimating
construction period, the effect of other factors - unforeseen circumstances, which
normally influence construction period - need to be considered alongside the

construction cost, in estimating the construction period.

De Leeuw (1988), a South African researcher, derived a formula for determining
the building period which shows that there are identifiable differences among

building periods of different building groups. Though the key factor in his model



was the building cost, the formula also contains parameters, which the researcher
generated on the basis of the building groups he defined using five different
criteria as shown in Table 2.1. The group code digit was used to make a code for
each building group for use on Table 2.2. For example, a private office
development, mainly built of reinforced concrete, with minimal mass excavation
and no precast concrete external facades, would be in a certain group of building

whose code would be 22100. Atotal of 32 different building groups was generated

using these criteria.

Table 2.1 Grouping criteria for buildings
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Criteria Group | Category
code
digit
(a) Sector 1. Public sector
2. Private sector
(b) Building Type 1. Housing schemes with individual
Houses, factories, hospitals,
Warehouses, halls, shops,
and other.
2. Offices, churches,
hostels, schools and flats.
(c) Structure 1. Concrete, brickwork and other
2. Steel
(d) Precast concrete external | 1. With
facades 0. Without
(e) Mass excavation 1. With substantial mass excavation
0. Without substantial mass

excavation

Source: De Leeuw (1988), page G16-5

The building period formula derived was as follows: -

T=0.9(10%)
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X =a(log ba) P

Where:

T= Building period in calendar days from handing over the site to the

contractor to the practical completion of the building work (excluding

builders holidays)

* ba = Ba/3.3309065

» Ba = Building cost as adjusted to the Pretoria region costs (Gauteng) and
to the third quarter of 1995. The regional tender price index for Gauteng
for the third quarter of 1995 was 100, and was taken to be the base, for
the purpose of this model.

e Ba=(100/IS) x ( X B

B = actual building cost in SA Rand on a given date

I"a = average tender price index for all regions in the third quarter of 1995

(estimated at 876.9).
[}, = average tender price index for all regions at the date applicable to B.

Isregional tender price index for the third quarter of 1995, which ranged

from 94.799 in Free State to 114.495 in Western Cape.

De Leeuw 's (1988) formula was derived using data from 333 building projects
erected in the period 1977 to 1986. The model that actually resulted from the analysis
of this data was: -

T = (10x) X=a(logha)P
The researcher notes that construction techniques are continuously improving. This

increases the likelihood that a building project would take a shorter period today than
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it took in the 70's and 80's. He therefore arbitrarily introduces a factor of 0.9 to make

provision for the shorter period, altering the model to: -

T =0.9 (10%) X =a(logb,) P

De Leeuw (1988) categorized buildings into 32 groups based on the five criteria
described on Table 2.1 and derived the values of alpha () and beta () for each of
the groups. Both Bromilow's (1969) and De Leeuw's (1988) models were based on
logarithmic transformation of their data. Table 2.2 shows a comparison of the two
models. While Bromilow (1969) performed a single logarithmic transformation, De

Leeuw (1988) performed a double logarithmic transformation of the data.

Table 2.2 Comparing Bromilow's (1969) and De Leeuw's (1988) models

Bromilow's (1969) De Leeuw's (1988) model
Model

Model
T=KCB T =10 «leety’

Logarithmic notations
Log T =log K + BlogC logT = a(log b,) B
log (logT) = loga

+ 3 (log by)

Note: 1. The B, a and p are the regression coefficients of the logarithmic models
2. The variables C and b, refer to the final cost value of the project.

Source: Own Survey 1999

The average coefficient of determination (R2) was observed to be 0.69415 for all the

32 building groups, which is higher than Bromilow's (1969) R2 value (0.5233). In




38

De Leeuw's (1988) Model, 69.415% of the variability in the building period could
therefore be explained by the two factors (cost and building group) considered. De
Leeuw's (1988) model gives a better prediction of construction time than Bromilow’s
(1969) model. This is probably because De Leeuw (1988) not only did more
transformations of the data - in order to ensure that the basic assumptions of
regression were met by his model (see section 3.5) - but he also grouped the buildings

into various types, giving the coefficients a and [3 separately for each of the groups.

Logarithmic transformation of construction time and cost was also employed in
Walker's (1995) model. However, Walker (1995) considered more non-scope based
factors and established a more elaborate model. The model could estimate
construction time in workdays from the following variables: -

1. End value (V) - Construction cost in $000s indexed to January 1990, taken at the

midpoint of construction period.

2. EXT/ACT - ratio of extensions of time granted to actual construction period.

3. Work Type (F) - (applicable if the project is a fit out)

4. Objective quality (Q) - the data for the client's representative's objective for high
quality of workmanship, on a 7 point scale, where 1 = very low and 7= very high.

5. People Orientation (PO) - the data for the client's represen‘tative's people oriented
management style measured on a 1 to 7 point scale where 1= very low and 7= very
high.

6. Communication management for decision making (CD)- the data for the
communications management for decision making between the construction and

design team measured on a 1 to 7 point scale where 1 = very low and 7= very high.
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7. Information technology (IT) use - the data for the effective use of information
technologies by the construction management team measured on a 1 to 7 point

scale where 1 = very low and 7 = very high.

The model established is as follows:

Log T= 0.481logV + 1.188EXT/ACT - 0.489F + 0.105Q - 0.125PO + 0.080CD

+0.104IT
where:

T = Workdays (actual days worked).

The formulae can be transformed from the log form as follows: -

T=y0-481EXP (1.188 EXT/ACT - 0.489F +0.105Q - 0.125PO +0.080 CD +0.1041T)

The model had a very high R2 value of 0.9987, meaning that the coefficient of
alienation (1-R2) was 0.0013. This indicates that the model could be used with
confidence since only a negligible percentage 0.13% of the variability in construction
time was not explained by the independent variables in the model. Walkers (1995)
model was therefore a better model in predicting construction period than Bromlow's
(1969, 1980) or De Leeuw's (1988) models. This suggests that inclusion of a

reasonable number of non-scope variables in a model results in a more plausible

prediction model.

However, some of the measurement criteria for the non-scope factor influences in

Walker’s (1995) model can only be identified in a completed project but not in a
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proposed one e.g. EXT/ACT. This is because Walker’s (1995) research was aimed at
explaining the variance - between actual time performance and the performance
represented by the model he formulated - in terms of the managerial effectiveness of
the project team in responding to challenges posed by factors outside the control of
the construction management team: if the response was highly efficient the vaniance
was very low, and vice versa. This model can therefore not be considered usable for

prediction at the pre-contract stage of a project.

Bromilow (1969,1980), Chan and Kumaraswamy (1995), De Leeuw (1988), and
Walker (1995) considered the complexity of projects in their prediction models
though each of them approached project complexity from a different perspective.
Bromilow (1969,1980), Chan and Kumaraswamy (1995) and De Leeuw (1988) seem
to have mainly considered the physical complexity inherent in the design and the
execution of the works, while Walker (1995) mainly considered the managerial
effectiveness of the client's representative in the execution of the works. However,
none of the researchers seems to have considered the influence of people and group
(team) interactions on the construction schedule. Unresolved conflicts between
teams, which are likely to increase as the number of teams increases, are likely to
prolong the construction period. The greater the number of teams, in a project the
higher the possibility of conflict amongst the teams and therefore the greater the
managerial burden of the client's representative. This conflict potential may be
termed as the managerial complexity of a project, and seems easier to define during

the feasibility and design stages, for use in time prediction, than managenal

effectiveness.
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Bromilow's (1969), De Leeuw's (1988), Mbatha's (1986) and Talukhaba's (1988)
prediction models do not consider the influence of project environment, which
Bennett (1985) observes to be a very important factor influencing construction period
as explained in Section 2.5. Environmental effects are likely to be more marked in a
developing country, like Kenya than in a developed one. A study by Farzad (1984)
suggests that coarse economic indicators - gross national product per capita,
proportion of employment in services and the proportion of exports comprising
machinery - provide a good guide to the extent to which the environment will allow

projects to relatively proceed as expected.

24 Project Complexity

Project complexity (difficulty in handling a project) is best understood by analyzing
the various factors within the construction process and their interactions (Bennett
1985). In a construction project two aspects of complexity can be identified: physical
complexity and managerial complexity. Physical complexity refers to the
complication arising from design parameters (plan shapes, storey heights, partitions

etc) while managerial complexity refers to the difficulties of co-ordination and

efficiency within the project.

2.4.1 Physical complexity

Bromilow (1969, 1980), Chan and Kumaraswamy (1995), De Leeuw (1988) and
Kaka and Price (1991) incorporated physical complexity in their time prediction
models by considering project types. They categorized projects using several

criteria: civil engineering or building works, commercial or housing projects,
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factories or offices, etc. This is probably because the functional use usually
determines, interalia, the quality specifications and the intricacy of various items of
work in the construction process. They established that the type of buildings, defined

in terms of functional use, had a significant impact on the construction period.

Grouping building projects into different types seems a reasonable way of
representing the physical complexity of projects. The more complex a project is the
longer it is likely to take (Bennett 1985). Of the three time prediction models
previously described, De Leeuw's (1988) model is perhaps the only one that most
clearly shows the effect of building types, in predicting construction period. He
groups public or private building projects into two types: type I and type Il as
explained in section 2.2, each type comprising buildings which he considers to be of

the same level of physical complexity regardless of whether they are commercial or

residential.

Type | category comprises buildings which usually involve more complicated shapes,
a greater extent of internal walling and a greater variety of finishes and fittings than
type II. It is shown on Table 2.3 that type I buildings generally take longer than tvpe
II and should therefore be considered to be of a higher physical complexity. Using De
Leeuw’s (1988) model, a building costing SA Rand 10,000,000 (Kshs. 130,000,000

approx.) would take 505 days (84 weeks) to complete, if it is type I, and 420 days (70

weeks) if it is type II.
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Table 2.3 Building periods for type I and type II building costing SAR

10,000,000 (Kshs. 130,000,000 approx.)

TYPE

(I) Housing scheme with
individual houses, hospitals,
warehouses, halls, shops and
others.

(IT) Offices, churches, hostels,
schools and flats.

Building cost (B,)

SAR 10,000,000

SAR 10,000,000

b, = B,/3.330965

SAR 3,002,185.70

SAR 3,002,185.70

Log b, 6.4774376 6.4774376

Alpha (average

from De Leeuw's | 0. 5526325 0.6362625

model) ‘

Beta (average

from De Leeuw's | 0.8587025 0.7673775

model))

X =a (log by)? 2.7490992 2.6686334

T=0.9 (IO)X 505.05853 419.63906

Building period 505 workdays (84 weeks) 420 workdays (70 weeks)

NB: 1.00 Rand = Kshs 13.00

Source: Own Survey 1999

2.4.2 Managerial complexity

Bromilow’s (1969) and De Leeuw’s (1988) prediction models did not consider

project managerial complexity but Walker’s (1995) model considered it. He

considered a ‘people factor’ by incorporating the clients’ representative's ‘people

orientation’ in the representative's management style. This factor was measured on a

7-point scale to reflect the client’s representative's objective and ability to establish

and maintain a high people orientation in his project management style. It was found

that a high people-orientation reduced the construction time. Perhaps a highly people-

oriented management style motivates the people, establishes effective communication

and facilitates prompt resolution of conflicts that may arise within the project team.




44

Walker's (1995) approach seems to concentrate more on measuring client's
representatives’ effectiveness in managing the people in a project than on measuring
the difficulties involved in managing them. The representatives’ managerial
effectiveness is very likely to be influenced by the degree of difficulty inherent in co-

ordinating different teams of people in the project organization structure.

A team can be defined as a formal group of people performing a separate role that
requires a particular kind of knowledge, skill and/or experience (Bennett 1985).
Some of the teams involved in a building project include: client, architect, quantity
surveyor, engineer(s), general contractor, specialist subcontractors and nominated

suppliers. These teams interact in various ways and are interdependent in their work

in a given project organization.

The greater the difficulty in co-ordinating different teams in a construction project,
the lower should be the expected managerial effectiveness of the client’s
representative. The difficulty is likely to increase as the number of teams increases
because the greater the number of teams, the more the number of team interactions
which need to be co-ordinated to facilitate the execution of the works. Every
interaction has a potential of producing conflict that could slow down the work
progress.  The interactions should therefore be well managed to prevent and

overcome inter-group conflict.

Project managerial complexity could be conveniently measured in terms of the teams

in a project organization structure (Bennett 1985). Bennett (1985) argues that this

for? LB ne

LIBRARY only
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complexity increases linearly with the number of teams in a project. However, this
may not be the case in real life, perhaps because complexity is more likely to be

directly proportional to the number of team interactions than to the number of teams.

In a project organization, there are bound to be more team interactions than teams,
since all the teams are interdependent in their work. Every two teams will pose an
interaction that has a conflict potential. Table 2.4 shows how the number of

interactions increases as the number of teams increases.

It can be seen that the relationship between the number of interactions and the
number of teams is not actually linear. The number of separate team interactions is a
measure of the conflict potential in a project or the difficulty in preventing and

overcoming inter-group conflicts that may arise from differences between people and

groups.

Table 2.4 Separate interactions between teams in a project
Number of
Teams (n) 2 3 4 b 6 7
Number of

Interactions
I =nC; 2 3 6 10 15 21

Source: Own Survey 1999

It is almost impossible to have a project without differences between people:

differences of opinion, values, objectives etc. These differences can lead to
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discussion, argument, competition and conflict. Discussion and argument are
constructive whereas competition can be both constructive and destructive, but
conflict is always destructive (Harrison 1985). The client's representative must
therefore constructively prevent and overcome this destructive inter-group conflict to

maintain an effective mixed project team.

2.5 Project Environment

Project environment refers to anything outside the boundaries of the project
organization system. In practice only things likely to influence the system need to be
regarded as making up environment. These things constitute the circumstances in
which the project is executed. The construction project environment comprises many
variables which are dynamic, uncertain but predictable: cultural, economical,
political, social, physical, aesthetic, financial, legal, institutional and technological

factors (Ahuja and Nandakumar 1985, Bennett 1985, Hughes 1989, Walker 1995).

Project environments interfere with the planned progress and the causes of
interference in a project change as the project moves through its separate phases. In
the early stages, political, bureaucratic and special interest groups (e.g.
archaeologists, environmentalists etc) are important while in the construction stages,
weather, design information and material procurement problems tend to dominate the

environmental influence (Bennett 1985)

Variations that tend to occur during the construction stages should be considered with
environmental factors (Bennett 1985). Given that projects move through a flexible

strategic phase which brings objectives, end product and organization into balance,
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and produces a set of clearly defined roles required to complete the project, then
variations should arise from changes in the environment. The effect of variations
tends to be an interruption to planned progress. This implies that variations generated
entirely from within a project organization should be seen as a failure. As Bennett

(1985) notes, interruption of the progress of construction is expensive and wasteful.

Interruption of the progress of work may cause work to slow down or to stop
completely. Slowing down progress of work or total stoppage add time and
consequently extra costs to projects. The influence of the environment can be
modelled by assuming that teams make no progress in a proportion of the time units
in which they are participating in a project. Results of studies in U.K. reveal that
environmental interference extends construction period by about 15% during the
construction phase (Bennett and Ormerod 1984). This suggests that the project
environment could explain about 15% of the variability in the construction period in
U.K. This figure may be higher or lower depending on the site location and the

variables in the environment considered.

Though the results of Bennett's and Ormerod's (1984) study are specific to the
projects, which formed the subject of the case studies, they do suggest that the
influence of the environment can be modelled. In network scheduling, to forecast
project duration, the impact of environmental variables is usually considered

intuitively, by allowing a contingency time in the schedule (Ahuja and Nandakumar

1985).
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For more reliable forecasts of project duration, it would be beneficial to develop a
model that could represent the expected occurrence of uncertainty environmental
variables, explicitly analyze and quantify their combined impact, and incorporate it in
the project duration estimate. Environmental factors that influence construction time
can be prioritized and their likely impact on the time be assessed explicitly from
project information (Ahuja and Nandakumar 1985, Baldwin et al 1971, Hughes 1989,

Nkado 1995, Ogunlana et al 1996).

2.6 The Literature Gap

1 The review of literature shows that the non-mathematical method of time
prediction used in Kenya has been considered in past researches and found
wanting. However, none of the researches has developed a reliable mathematical

model for predicting construction period in the construction industry in Kenya.

2 Past studies in this area have developed prediction models in Australia, South
Africa and Britain, but the approaches adopted in these models may not be
suitable for the Kenyan construction industry. Before application in Kenya they
should be tested and the necessary adjustments be made in the formulae to account

for the difference between Kenya and the foreign countries in the construction

project environments.

3 The prediction models established so far have mainly considered scope factors but

aiven little emphasis on complexity and environmental factors that also influence

construction period.
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Chapter III

METHODOLOGY

3.1 The Research Design

This study is a survey that aims at establishing the relationships between:
e actual construction period and the construction period estimated at the tendering

time,

e actual construction period and the factors that influence it.
The outcome of the study is a mathematical model for predicting construction

period. The model takes into account three variables (scope, complexity and

environment) that influence the construction period.

3.2 Population, Sample and Sampling Technique

The target population in the study was defined as: all the professionally designed and

managed private building projects executed in Nairobi, between January 1, 1991 and

December 31, 1997. The study only considered new works.

A two-stage cluster sample of 75 projects was targeted. The sample was limited to
this size by budget constraints. The amount of money to be spent on data collection
increased drastically with increase in the sample size and therefore 75 cases was the
maximum size affordable. However, it was borne in mind that ordinarily a sample

size of less than about 30 cases provides too little certainty to be practical (Alreck &

Settle 1985). In Talukhaba's (1996) study of delays in building projects, a response
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rate of about 40% had been achieved. Assuming the expected response rate in this
study would be about the same -since the method of data collection was similar- a

target of 75 cases would ensure at least 30 cases.

Projects handled by every quantity surveying firm listed in the sampling frame were
considered to be clusters of the cases to be studied. Quantity Surveying firms were

selected for the study because much of the information required involved
measurements of the works, which are usually the domain of the quantity surveyor,
and were likely to be in his records. The choice of quantity surveyors (but not any
other participant in the construction project) as source of data was not expected to

introduce any bias in the study results because the information required was found in

their existing records but not in their personal opinions.

A list of 76 Nairobi-based quantity surveying firms was compiled from two
existing records:

67 quantity surveying firms that were members of the Architectural Association
of Kenya. This record was obtained from the Architectural Association of Kenya
— AAK - list of members as at February 18,1998.

58 quantity surveying firms (some of which were not members of the AAK)
published in 2 local construction magazine. This record was obtained from the

Construction Review journal, March 1998, Vol. 9/No.3.

Every firm that occurred in either of the two records was. selected. Firms that

occurred in both records were counted only once to avoid overlap in the list

compiled.
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‘le firB* 5,98e °f (e Sampli"« «"»* «*m25 d-fers (quantity Wrveylog firms) . .
sdlected randoly from tre list of & In tte seood dafie eech of the 25 fi™
selected was requested to give a list of projects (of the nature described in the

population definition) which the fim, had been involved in. From this list three

projects were randomly selected, giving a total of 75 projects as the target sample

size.

3.3 Data Collection

The data was collected from the existing records (bills of quantities, project files,
final account documents, etc) in the quantity surveying firms using a checklist (data
sheet). Two research assistants were engaged to collect the data between May 28
1998 and July 17, 1998. The research assistants had a background in construction and

were also trained on how to search the information from project documents and how

to enter it in the data sheets.

Information like contract sum, contract period, parties involved in the project etc was

collected. Appendix B shows the format of the data sheets used and the kind of

information sought.

3.4 Variables in the Study

Dependent Variable: Construction period

Construction period is defined as the time from the date a contractor takes possession

of a site to the practical completion of the project. It is normally measured in weeks
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In practice, the project architect certifies the date of practical completion after th
e

construction work is complete. It is possible that an architect certifies the completion

date weeks after the actual practical completion, creating a difference between the

actual completion date and the certified completion date. A basic assumption in this

study is that this difference is not statistically significant.

Independent Variables

The constructs - project scope, complexity and environment - that influence
construction time, are rather latent in nature and can not be measured directly
However, they can be measured in terms of various measurable surrogates that

indicate them. Each of the constructs was measured in terms of three surrogates

1

3.4.1 Surrogates of Scope
Cost value, floor area and height of a building are the three main attributes of a

construction project that are normaly used to express scope.

3.4.1.1 Actual Cost

Cost has a direct bearing on scope. For projects of the same type such as flats or
maisonnetes, executed during the same time, the higher the amount of money a
project consumes the greater the project is likely to be. In this survey the total cost
value (final account sum) is used to represent scope. The value excludes claims for

interest on delayed payments or liquidated ascertained damages (which may not be

reasonably related to the extent of the works).



53

Though the other indicators of scope (floor area and number of storeys) are likely to
be highly correlated with the cost value, cost value may give a better representation
of the scope associated with some items of work e.g. foundations, demolitions and
external works, which may not be easily related to the gross floor area or the number
of storeys. The cost value per unit area of a building varies with time. Factors like th

. e
strength of the local currency in the international market, rate of inflation, and the
level of taxation in the construction industry influence the cost per unit of floor area
To remove the influence of time (year of construction) from the cost value project.

costs in this study are given in Kenya shillings adjusted to the December 1997
cost

index.

The construction cost indices used are shown in Appendix C. The cost index f
: index for

every project is taken to be the index in the quarter immediately preceding the date of
eo

the tender opening.

3.4.1.2 Floor Area

The total area, in square metres, occupied by a building represents the physical extent
of the works to be executed in the building project. The larger the floor area, th
, the
greater the volume of work in the building project, and also the longer the project i
is

likely to take, holding all the other factors constant.

One major assumption is that the influence of floor area on construction period is not
: no

affected by changes in the eco
ost value on the period. Therefore, a prediction model based

nomy such as rate of inflation, level of taxation etc

unlike the influence of ¢
on floor area is likely to be more stable than one based on the cost value, asouming
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that the technique of construction (technology) does not change considerably.
Innovations in the building technology, management approaches, and type of
materials etc are likely to decrease the construction time per unit of floor area. For

example, systems building normally takes a shorter time per unit of floor area, than

the traditional insitu construction.

In this study it is assumed that the construction technologies employed in the projects
studied are similar. They will have involved prefabrication of some components such

as doors, windows and fittings and insitu concrete work, stonework, structura] timber

or structural steel in the building fabric.

3.4.1.3 Height
The height (number of floors/storeys) of a building also indicates the physical extent

of the works to be executed in a project. For example, in reinforced concrete
construction, the greater the number of floors, the greater the volume of concrete
likely to be required for beams, columns and slabs. The number of floors represents
scope in terms of the repetitions of concreting operations and the waiting times of the
carpenter (formwork fixer) and the concretor. Concrete in every floor level needs to
be given enough time (normally 28 days) to set. The concreting crew has to wait for

the concrete to set, so that one floor level acts as the support for the formwork for the

upper floors. This process, therefore, has a bearing on scope.

As the number of floors increases, the extent of substructure works is also likely to
increase because Stronger foundations are required to support the building, If

bstructure work is extensive the uncertainty of the project execution js relatively
su
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higher because unexpected underground conditions are likely tO occur. These

conditions for example underground water, rocks and antiquities, normally interfere
with the planned project schedule, and their extent and interference is likely to

increase as the extent of the substructure works (especially excavations and earth

works) increases.

In this study, the number of storeys has been used to represent scope, irrespective of

the storey height. Basements, mezzanines, ground floors and suspended floors have

all been taken to mean storeys.

3.4.2. Surrogates of Complexity

Project complexity can be expressed in terms of three characteristics: the technical
difficulty in constructing the building, the quality standard of the building works and
the difficulty in co-ordinating the members of the project team. The technical
difficulty can be indicated by factors such as the: irregularity of plan shape presence
or absence of substantial mass excavations, kind of foundation systems, complication
of roof system and level of prefabrication in the works. The irregularity of the plan

shape was selected in this study to indicate the technical difficulty

The quality standard of works may be indicated by the materials and workmanship
specified for finishes. The specifications of the workmanship, fittings and fixtures of
the building services (mechanical & electrical installations) may also indicate the
quality expected. The difficulty involved in co-ordinating members of a project team

can be expressed in terms of the potential for conflicts amongst the parties in the

team.
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3.4.2.1 Irregularity of Plan Shape
The more irregular the floor plan of a building the greater the complication in the
construction of the building. Irregularity in the floor layout normally results in a

relatively high quantity (per square metre of floor area) of items related to the length

of the walls e.g. strip foundations, walling and plaster.

Roof construction is also likely to be more complicated for irregular building plans
than for regular ones. Similarly, buildings with a large extent of partitioning, like
most residential buildings, have more complicated layouts and are likely to take

longer than godowns, offices etc which normally have a smaller extent of

partitioning.

Floor plan usually determines the design of the vertical enclosure of a building,
which comprises walling, windows and doors. The area of the vertical enclosure

(walls, windows and doors) per unit of floor area therefore gives a reasonable

indication of the complexity associated with the plan shape.

3.4.2.2 Quality of the Finishes and Services

Though the quality standard of a constructed facility may be indicated by other
factors (such as the quality of concrete, roofing materials and joinery fittings),
internal finishes and sanitary fittings are the two major elements that one would

normally check in a building to tell the quality of the building.

For example, high quality finishes such as wood parquet, coloured ceramic tiles,
or ’

ble tiles, granite tiles and acoustic ceilings require a high leve] of workmanship
mar ’
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which is likely to require a relativ i
ely longer time to achiev i
e. The high level isi
V precision
and intricacy in these works is likel
y to need relatively more ti
me and requires closer
monitoring than simple cement-sand screed floor finish, plaster and paint. Th
» . The quality

of finishes can be indicated by the cost of the finishes per unit of floor ar
ea.

Building services comprise power, air conditioning, lighting, telecommuni
s unications,
computer services, lifts and escalators, water su i
, , pply and drainage. The ki
. nd of
services to a building and the extent thereof depend on the building’s functional
onal use,
which in turn depends on the socio-economic class of the intended users. In high-ri
. In high-rise
and/or high class residential buildings the cost per square metre of fl
oor area

allocated to building services is likely to be higher than in low-rise and /or low ¢l
w class

buildings.
The difference in the elemental cost of services (i.e. cost per square metre of f]
oor

area) for different buildings may arise from the quality of the pipe-work fittings and

fixtures specified or the magnitude of user consumption dictated by the functions of
the buildings. In industrial buildings, the elemental cost of building services
y electrical power) is likely to be higher than in hostels and schools. In the

(especiall
mainly meant to provide power to operate high energy

former the electricity system is
¢ a steel miller, but in the later the system is mainly meant to

consuming plant, lik

ting and power for lower energy consuming machines like computers

provide ligh
fridges, TVs and cookers.

e requirement and use of building services, the more complex is the

The greater th
e building. Combining the fabric with a complex network

network of the services in th
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of services requires a careful co-ordination of the works of various teams. This is

likely to increase the need for time to complete a project in which such services are

required.

In this study the cost of internal finishes plus mechanical and electrical installations

per unit of floor area measure the quality of the building.

3J.2.3 Potentialfor Conflicts among Teams
The teams (client, consultants, and contractors) involved in a construction project
interact with one another because they are interdependent in their work. Differences

that may arise among these groups of people may result in conflicts, which, if

. i;w., m slow down the progress of the works. The greater the
unresolved, are ||IX¥3|y prog g

t ntial for conflicts the greater the managerial burden of establishing team spirit to

facilitate fast progress of the works.

i * i » measured in terms of the number of interactions between
The conflict potential is measured
i riient architect, quantity surveyor, engineer(s), general
-very two teams.
ntractor(s) and nominated supplier(s) are considered as
contractor, specialist con
e any given project, each of these parties has one main
different teams because 1
ah whom communication with the other parties is
serson in authority, througn
th time prediction model reasonably simple, the different
facilitated. In order to keep
asons and painters in any one of the teams above

*angs of tradesmen e.g. m

3 , subcontractors) are not considered as separate teams,
esnecially in contractors an
N H . ._nh nf one contractor on site are considered to be

irking under supervision
MI gangs working

one team.
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The total number of interactions is obtained by considering all the teams and

selecting two at a time as explained in section 2.4.2.

3.4.3 Surrogates of Environmental Interference
The building env.’rBW‘QHE 3R BS vigwed in terms of the

risks in the project
ambiguity in the works

of .I> project "h*"d“nS
economic, famci.l. W * ot yde

regular progress of the works.

t live the weather in which the job is done may indicate the
The physical environmen
, 0,, ako be indicated by the political and economic

risk involved in a project, tm
stability of the region in wHich {Hs Brﬂiect is located, the nature of the client and the

: ,,» wars and industrial strikes occurring during
possibility of problemati€ events such a

the execution of the works

orks (especially at time of tendering, when construction

Ambiguity in tlie meminted by the detail of the drawings used in
. e N mav be indicaieu u}//
v estlmatedg m j

period is normally A of work measured provisionally (except

preparing the bills of qua rovisionally), and the general level of detail
m iwavs measur r

substructure which i jn a project is highly dependent on the
3 anageQ03l e
rks.

in describing the wo
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organizational form adopted and is indicated by the amount of time and cost overruns

and the quality of the building (Sidwell 1984).

3.4.3.1 Risks in the Project

The degree of risk involved in the project as viewed by the contractor and insurance
companies generally could be reflected in the cost of insurance for the works. The
risk may arise from the likelihood of occurrence of factors that may cause damage of

the works during the construction period. The occurrence of the factors is likely to

. ior of the works and dictate an extension of time. Such risks
disturb the regular progress Ui

are normally transferred to an insurance company. The more a project is exposed to
L , . hiaher the contractor is likely to be charged by the insurance
this kind of risk, Me nignci y g y
. fanmiums for insuring the works against the risk. The contractor
company in terms ot premiums

sfers the risk to the client and is therefore likely to price the preliminaries

| 1 <MpK,n,i—  )e«“m -

) ) r ovcmnle where there is likelihood of tribal land clashes
In risky environments, for examp

nclement weather, as it has recently been in some parts of Kenya,

ece relatively higher for insurance. He is also likely to

the contractor is likely to p

execute the works probably because the risky job

. latively longer time to
require a re ] o )
demanding co-ordination of the teams in the contractor’s

requires a relatively more

organization.

iv renresents the risk that is transferred to other
pr ~ cost of insurance on
However, absorbed in the project is reflected by the

de the project team- The
parties outsi consultants in the bills of quantities. Though

. sum that is allowed
contingency
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the contingency sum is a measure against cost risk (likelihood of additional project
costs arising from variations, statutory requirements, etc), it forms a reasonable
indicator of the time risk because there is a significantly high correlation between
project delay and cost overrun, as explained in section 1.1. The cost of insurance plus
allowance for contingencies per unit of floor area were used in this study as the

measure of the risks expected in a construction project.

s 432 Ambiguity of Works at Tendering Time
This refers to the uncertainty of works at the time when the estimate of the execution

f me thereof is done. It may arise either from incompleteness of the design work or

. -~w.ion of the works in the bills of quantities. The two factors of
inadequate aescripuul

b'guity are indicators of the potential for variations. The more the ambiguity the
h | kelihood of variations and the more the construction period because the
tup contract period has been estimated and agreed on. Their

variations occur alter uic

. . amund for extension of time. As the design becomes more
occurrence provides a firm gro

i Hone becomes clearer, the likelihood of major variations
complete and the work to be

occurring in the project reduces.

ks can not be established with reasonable certainty,
When the extent o wo
. . . measured or provisional sums estimated and allowed in the
provisional quantities are m
cost of provisional sums per unit of gross floor area was used

bills of quantities. The co
d ~ hQW ambiguous the work in the project was at the time of

in

tendering-
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3433 Managerial Efficiency

An effect,ve managerial approach to contract adm.nistrat.on provides an env.ronmem

Wh'Ch deC1S,0n makm8' CO0-°rd,natlOn and « * * * resolution are done effectively

facl,taring a relarively faster execut.on of the works. Time and cost overruns are
normally used to gauge the perfomtance of construction projects (Baradyana 1996
Mbatha 1986). A high percentage rime or cost ovetxun ind,cates a relarively poor
project performance with respect to the spec,fled contract period or contract sum.
respect,vely. Low percentage time and cost overruns indicate a relatively more

successful project performance. Project success depends on the efficiency f h

management function in a project setting.

Time and cost overruns may therefore be used to indicate the efficien f
management function in handling factors that normally occur in the project d
to disturb the regular progress of the works. The disturbance factors compri
variations, shortage of materials, delayed payments, contractual claims accidents
site etc. Sidwell’s (1984) study shows that non-traditional conltb%re/l
procurement
methods such as design & build, management contracting and project management
normally lead to a relatively higher project success than the traditional (design-then
build) one. The expected time and cost overruns are likely to be lower (and the
expected managerial efficiency higher) in the non-traditional organizational forms

because the forms provide an environment in which project communication co-

ordination and control can be done more efficiently than in the traditional one.

In this study, each of the efficiencies of the management function in controlling cost

and inmanaging time was measured separately on a 10-point scale, where

10
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represented very high efficiency while 1represented very low efficiency. The scale is
shown on Table 3.1. A semantic scale is also included to give a verbal description of
the scaling. The measures of the two efficiencies were added up for each project to
give an index that measures the overall managerial efficiency. According to Neuman
(1994), adding the two measures to get a combined measure would enhance the
reliability of the overall measure. Therefore, the index for measuring managerial

efficiency would have a maximum value of 20 units and a minimum value of 2 units.

T hi 31 Hypothetical scale for measuring managerial efficiency in
Tab C ’ controlling cost and managing time.
X = Percentage cost Level of efficiency- Level of efficiency-
. Numerical Scale Semantic scale
overrun or time overrun
10 Very high
X< to
9
10<x<20
8 High
20 <x <30
7
30 <x " 40
6 Average
40 <x " 50
5
50 < x <60 4 Low
60 <x £ 70 3
70 <x " 80 2 Very low
g0 <x<90 1
90 <x
L e *
1999
Source: WIWTF*

lop#(J m,t uftlic researchers personal experience in
gv\xlas liy|'uthelkal V L

A u was tnc

the building industry- «

Tills sca' Ihc circumstances in absence of any other
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reference that could have been done as a measure of managerial efficiency. However,

the scale needs to be tested and developed further with the input of the industry’

stakeholders.

The higher the managerial efficiency in a project, the shorter the time it is likely to
take to complete the project. This is because the efficiency determines the total
productivity of all the parties in the project. A relatively higher efficiency implies that
the project team was relatively more vigilant in avoiding the occurrence of the

disturbing factors and mitigating their impact on the project schedule if the factors

were inevitable.

Where the level of managerial efficiency is to be considered in predicting
construction period at the pre-contract time, the efficiency cannot be estimated on the
basis of time and cost overruns the way it has been done in this study. However, the

expected level of managerial efficiency in this case can be estimated using the skill

and experience of the estimator in construction projects.

The following are perhaps the key factors that the estimator would consider to help

. m . A gxnected managerial efficiency in a future project with reasonable
him estimate the expco

accuracy:
f the client (private or public, individual or co-oporate etc)
1. the nature

2. the clarity ofthe client’s brief

onivational form to be adopted

3. the project orga
4 the degree of completion of design at the tendenng rime
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Construction period can therefore be expressed in terms of the nine surrogates
described in Section 3.4.1.1 to 3.4..3.3, as follows: -

T=po+PLXI+ P22+ ............ + PnXnt e

W here:

T is the Construction period (weeks)
posp,, P2 ... and pn are parameters; ft * o

NX2 and Xn are the measures of the surrogates of project

scope, complexity and environment (n = 9).

is the random error term, whose characteristics are described in

Section 3.5.

35 Data Analysis
the Statistical Package for Social Sciences - SPSS for
The data is analyzed using
p nllency tables have been used to present the types of
windows version 6.1. ireq
nf contracts employed in the projects. The nine

projects studied and the typ

. .. have all been treated as variables themselves.
: mdeQendent vanaoies
surrogates ot the mu

median, mode, minimum, maximum, standard deviation,

Descriptive statistics (me
ch numerical variable are computed to show the most

ijs and skewness) of o )
kurtosis anu — deviation from the observation and the form of the

tion, the amount ol
typical observa » Nams have also been drawn to show the shapes of

distribution of the variable.

. Jliaurainmatieaby-
the distributions diag
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*m |[to" °ffc WMe ““ «* »™ g 0M Image ,,
appropriate in distributions which are veiy ‘asymmetrical’ or where there

“ ra,J.er
fewoutliers on the ftr extreme. The Shape of a distribution is mdtcatec

are a
SKewness and kurtosis. The skewness and the kurtosis of the belJ-shaped

distribution are both equal to zero. The greater the amount of skewness the lower ,s
the appropriateness of the mean as a measure of the most typical case The mod
the best indicator of the most typical case when the distribution is skewed and has
high peak, indicated by a positive kurtosis. This is because a la,™ .

ai& portion of the
cases is very close to the mode in such a distribution. When the distribution is slight]

skewed and relatively flat so that the kurtosis is negative, or when it is near norm 1

with only a few extreme values far to one side, the median is the most appropriate

average to indicate the most typical case (Alreck and Settle 1985).

The minimum, maximum and standard deviation are the statistics used to indicate the

observation. The minimum value

spread of the data around the ‘most typical

indicates how far the spread extends towards the lower direction while the maximum
value shows the extent of the spread towards the upper direction from the average.
The maximum and minimum values are very important in regression models. They

define the range of the values of an independent variable within which the use of a

regression model (developed osing «* del.) is nros, .,lid end ,eli,b,,. The

I "o lof (1211 (L fun "o « S'«:

deviation

1985).
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Bivariate cottons among a, the vanabies have been contputed to show the
degree, direct.on and significance of the relationship between eveiy two variables.

F.ve variables that show a statistically significant correlation with the actual

construction time are selected for regress.on analysis. A t-test is used to evaluate the

relationship between actual construction period and estimated construction period
Scatter plots of actual construction period against the selected variables and the

correlation coefficients are inspected in order to find out the best model to define th

relationship between the period and each of the variables Thg i i
ine actual construction

period is then regressed on actual cost and floor area separately in order to show th
degree to which each of them could explain variability in the period because the t\

variables have been considered to be most readily obtainable for time prediction in a

proposed project.

Initially, the relationship between the construction period (y) and the independent

variables area (x’s) - cost or floor - is formulated as a linear model:

Y=a+px+e
where, a and P are the regression coefficients and e is the error factor.

The significance of the regression coefficients is tested at an alpha level of 0.05.

Linear regression analysis assumes that y is approximately a linear function of x and

cures the discrepancy in this relationship. The e s are normally distributed

that € measures
, »»IN and a variance of 02 and are independent of the x’s and

with a mean ot zeiu
independent of each oH?QanOWdy 1991). If these basic assumptions are violated in a

model is considered to unreliable. Violations of the basic

regression model,
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assumptions of regression are tested by examining plots of the standardized residuals
of the regression against the independent variable. Where the violation of any of the
basic assumptions is evident, the data is normally transformed as appropriate in
order to ensure that the relationship is formulated as precisely as possible. The kind

of transformation - logarithmic, square root, quadratic etc - necessary is indicated by

behaviour of the plots of the standardized residuals of the regression (Chatteriee

1977).

The range of the standardized regression residuals (Z residuals) is used to test
whether the data has any outliers or not. If the Z residuals range between -2 and +2
(approximately), this indicates that none of the observations in the data can be

considered to be an outlier (Chatteqee 1977, Neter er al 1996).

Finally the actual construction period is regressed on all the five independent

variables that have been observed to have a significant correlation with the period, at

i . o see how a combination of all of them can explain the
the same time in order w

.inn
variability in consfruction p

neriod A multiple regression model is formulated as

follows:
Y = a+PIX| + P2R+ p3X3+P4AX4+p5X5+ e

o multiple regression equation depends on the

Usually. * « * " . . k
variables are not very strongly related to each other.

assumption that the .ndependent
, A this condition is referred to as multicolhnearity and

s™ongly related,
presence of multicolhnearity in data is

If they are very )
* ,, results ambiguous,

makes the regression
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indicated by the instability of the regression coefficients. The coefficients exhibit
large changes when a variable is added or deleted or when a data point is altered or
dropped. Once residual plots indicate that the regression model has been satisfactorily

specified, multicollinearity may be present if:

a) the algebraic signs of the regression coefficients do not conform to prior

expectation;

b) coefficients of the variables that are expected to be important have large standard

errors (Chatteijee 1977).

In this study, multicollinearity is therefore detected by examining the regression

coefficients and the correlations of the independent variables in the multiple

. urw e two independent variables are found to be so strongly
regression equatton. Where two T

related that the regress.on coefficients is distorted as explained above, this

problem is solved By 88'8“98 one of the two variables,
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Chapter IV

ANALYSIS OF DATA AND RESULTS

4.1 The Projects Investigated

Out ofthe 75 projects initial* targeted for this study, only 31 projects were obtatned.
This represents a response rate 0f41.33 %. This satnple size is sufficient because it is
larger than the minimum - 30 cases - recommended by Alreclc and Settle (,985).

Also, in a stmilar research study by Walker (1995), a sample size of about this size

(i.e 33 cases) was used.

A larger sample could not be obtained from the cluster of the 25 quantity surveying
firms selected, of which only 11 responded positively. Most of the others could not
give relevant information because the jobs they had handled between 199, and 1997
had been mainly refurbishments that fell outside the definition of the populati

the study. Others would not give information because the projects (relevant to the
study) which they had been involved in had been started but not completed. Three of

the firms selected had closed down. Table 4.1 shows the numbers of various types of

building projects studied.

Residential buildings featured as the most common project type followed

by institutional buildings accounting for 35.48% and 29.03% respectively No

industrial building was observed.

FOP USE IN TMF
LIBRARY ONLY
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Chapter IV

analysisofdata and results

4.1 The Projects Investigated

Out of the 75 projects initially targeted for this study onlv 71
y projects were obtained.

This represents a response rate 0f41.33 % This wmnio
,S Samp'e Slze IS sufficient because it is

larger than the minimum - 30 cases - recommended by Alreclc ,, ,, €
y Alreck and Settle (1985).

Also, in a similar research study by Walker (1995) a sample * f

size

(i.e 33 cases) was used.

A larger sample could not be obtained from the cluster of the 25
quantity surveying

firms selected, of which only 11 responded positively. Most of the
others could not

give relevant information because the jobs they had handled between 199
and 1997

had been mainly refurbishments that fell outside the definition -
“o" of the population in

Others would not give information because the nm.Vot / ,
Fiujects (relevant to the

the study.
study) which they had been involved in had been started but not completed
0 ¢ Three of

the firms selected had closed down. Table 4.1 shows the numbers of various

building projects studied.

Residential buildings featured as the most common project type followed
and 29.03% respectively

by institutional buildings accounting for 35.48%

industrial building was observed.
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Table 4.1 Building project types studied
Project type Numbers Percentage
1 Residential (bungalows, maissonetes & flats) 11 35.48
2. Commercial (shops, offices & warehouses) 8 25.81
3. Institutional (schools, colleges & hostels) 9 29.03
4. Industrial (factories) 0 0
X others-hotel, hospital and archives 3 9.68
TOTAL 31 100.00

" observations imply that residential building was a most common development
K between 1991 and 1997 and that commercial building projects were almost
mon as institutional ones. The observations also imply that residential,

.liL a institutional building development accounts for about 90% of the
commercial ana insiuu

building projects in Kenya.

The total cost value /(a'frE)'ééEnqr?r 1997 overall construction cost index) of the 31

, 9 21 billion which is 28 % of the Kshs 7.81 billion (approx.)
projects is about Ksns I.

worth of the private budding Brojiects completed in Nairobi between 1991 and 1997

(Republic of Kenya 1991-97).

contracts were 74.19% of the projects in the sample while
Lumpsum fixed price

contracts were 22.58%. Only 3.23% were based on a

fluctuating price
lumpsum

hi S{IOWS that the lumpsum fixed price contract is the contract
schedule of rates. 'S
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pe most frequently used in Kenya. This is perhaps because clients are normally
quite keen to avoid cost overruns that may arise from fluctuationg in the materia]
prices and labour costs during the contract period. They transfer the price risk
associated with fluctuations to the contractor. The traditiona] approach to contract

procurement (i.e. architect being both designer and project Manager) was the one

adopted in all the projects in the sample.

Where a surrogate was defined in terms of cost, the cost was adjusted to the
December 1997 overall construction cost index and wag given in Kenya shillings,
Appendix C shows the overall construction cost indices from 1997 to 1997. Appendix
D shows the dates of tender opening for each Project and the cost indices used to

adjust the costs. The adjusted data is shown in Appendix E. All the variables were

measured as explained in section 3.4 before.

4.2 Descriptives
This section presents the main characteristics of each variable: the most typical valye

the amount of deviation from it and the form of the distribution, The most typical
value is indicated by the mean, mode or median depending on the form of the
distribution as explained in section 3.5. The amount of deviation from the most
typical value is indicated by the standard deviation while the form (shape) of the
distribution is indicated by the kurtosis and skewness of the variable. The minimum
and maximum values are also given to show the spread in the data, Histogramg (with

the normal curve imposed on them) are also presented to show the distributiong

diagrammatically. Most of the variables are skewed and leptokurtic (more peakeg

than the normal bell-shaped distribution).
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4.2.1 Adual construction period (weeks)

The distribution is positively skewed and leptokurtic as shown on figure 4.1.

Table 4.2 Descriptives of Actual Construction Time

Mean 66.903 Median 64.000 Mode 32.000
Std Dev 66.90 Kurtosis  7.930 Skewness  2.465
Minimum 18.000 Maximum  252.000

Figure 4.1 Histogram of Actual Construction Time

Std. Dev =46.51
Mean = 66.9
N =31.00

250 75.0 125.0 175.0 225.0
2 ' 50.0 100.0 150.0 200.0 250.0

Actual construction time (wks)

h t'n the population from which the sample was obtained, most projects

., .Up mean of the periods. The mode is therefore the best
took a shorter period than

skewed and leptokurtic showing that most of the
The distribution is Qlks% Bosmvely

st vailUe than the mean. This is perhaps a
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Table 4.3 Descriptives of Actual Cost

Mean 71.338 Median 46.281 Mode
Stddev 110.051 Kurtosis 15.640 Skewness
Minimum 2.643 Maximum  575.676

* Multiple modes exist. The smallest value is shown.

Figure 4.2 Histogram of Actual Cost

2.643
3.746

Adjusted actual cost in millions of Kshs

confirmation of the natui

The demand is characterized by most of the building projects

construction industry.

ature The cost range of the projects studied (Kshs 2.64 - 575.68

tative of all the construction projects executed in

million) is therefore a good represe

Kenya.

Floor Area (square metres)
4.2-3

The distribution
as the distribution or me

ositively skewed and leptokurtic and can be interpreted

nf the actual cost because the two variables are

in the same way

of scope and are very
indicators

of demand for construction service in the Kenyan

highly correlated as is shown in the next section.
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Table 4.4 Descriptives of Floor Area

Mean 2731.226 Median  2133.000 Mode 160.000
Std dev 2677.925  Kurtosis  8.468 Skewness  2.442
Minimum 160.000 Maximum 13645.000

Figure 4.3 Histogram of Floor Area

4.2.4 Height (number ofstoreys)

S . to the normal distribution than the distributions of the other
The distribution is closei

described before though it is slightly positively skewed. Most

surrogates of scope
two 9 P

-storeyed but the sample comprises both low-rise and high
Of the projects were two

rise buildings {fouf SfgFyS and above),

Descriptives of Height
Table 4.5 006 Med - Mode 2.000
. lan
Mean © . 9 Skewness .836
1621 Kurtosis  .046
Std dev

1.000 Maximum
Minimum
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Figure 4.4 Histogram of Height

Std. Dev= 1.62
Mean = 2.8
N = 31.00

42 5 Area ofwalls +windows + doorsper offloor area- WWDPA

of the irregularity of the plan shape and indicates the physical
This is a measure g y P P phy

1 4y s explained in section 3.4.2.1. Note that the measure is unitless because

it is a ratio of two areas.

Descriptives of Area of walls + windows + doors per unit of floor
Table 4.6

area
Median Uus0 Mode 1.150

Mean 1.145 _ 113
Kurtosis -144 Skewness '

Std dev -461 ]
Maximum 2.080

Minimum -170

H7”ai distribution because its kurtosis and skewness are

This is ~IMON a ] .
] the mean, mode and median are almost equal. This
tely zero. Also?

apploX1 . olirP/external & internal walls, windows & doors) of a

_-- S * 7 n 1
Kuillnf's 'Y COEY
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Figure 4.5 Histogram of Area of walls + windows + doors per unit of floor

area

10

Area of walls windows and doors per SM of A

4?7 6 Cost Offinishes + mechanical & electrical installations per unit offloor

area (Kshs/squaremetre)

L mmnlexity of a building associated with the quality of the
his is a measure ol tne cun F

materials and workmanship specified as explained in section 3A2.2.

Descriptives of Cost of finishes + mechanical & electrical

installations i»er unit oUloora,<a
Median 6860.000 Mode  6860.000

Mean 6861,0

T a’\C{'Q 253 Skewness .759
Stddev 3314.431 Kurtosts .25

1850 000 Maximum 14930.000
Minimum I»5u.u

distribution meaning that most of the values of the measure

It is a ositively skewe
P The mode (Kshs 6860.00) is therefore the best indicator of

,ess than the mean
were

ica| value observed.
the most typ
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of Cost of fi,ishes

Histogram
+ mechanical .
& electrical

Figure 4.6

installations per unit of floor area

Std. Dev = 3314.43

Mean = 6861.6
N =31.00

cost of finishes, M & E in Kshs per SM of A

4.2.7 Interactions among teams (number ofinteractions)

This is a measure of the potential for conflicts among teams in a proect

Table 4.8 Descriptives of Interactions among teams

Median 28.000 Mode 28.000

Mean 41.839
6.790 Skewness 2.531

Std dev  40.346 Kurtosis

Minimum
Multiple modes exist. The smallest value is shown.

10.000 Maximum 190.000

that
Uldr most of the

nting

This distribution is also positively skewed and leptokurtic showin%
observations are less than the mean. Because the measure was computed by cou

all the teams and selecting two at a time the mode (28 interactions) indicates that

most of the projects had s separate teams (sCz2= 28).
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Figure 4.7 : f i
Histogram of Interactions among teams

4-28 Costofinsurance &contigenciesper unit offloor area (Kshs/s :
This variable measures risks in a building project and its distribution is 1

highly skewed and peaked as shown on Figure 4.8

Table 4.9 Descriptives of Cost of insurance & contieenri.. ,, )
urgencies per unit offloor

area

1247.419 Median
Skewness 2090

9S7.313 Kurtosis 5.764
Maximum 4900.000

Mean

Stddev
Minimum 220.000
* Multiple modes exist. The smallest value is shown.
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Figure 4.8 Histogram of Cost of insurance & eontigeneies per unit of floor

area

Cost of insurance & eontigeneies in Kshs/SM of A

4.2.9 Costo fprovisional sumsper unit offloor area (Kshs/sg.metre)

This is a measure of the level of uncertainty in the definition of the works at the time
of tendering as explained in section 3.4.3.2. The results show that most of the projects
had their provisional sums less than their mean. Only three of the projects did not
have any provisional sums at all. This shows that provisional sums are almost always

allowed for in building projects and suggests that projects are rarely fully defined at

the time of tendering.

Table 4 10 Descriptives of Cost of provisional sums per unit of floor area

Median 1160.000 Mode .000
Mean 2109.355

Kurtosis .680 Skewness 1.270
Std dev  2352.013

Maximum 8320.000

Minimum 000
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Figure 4.9 Histogram of Cost Of provisional

— _ ums per unitof f]l0or area

Std. Dev= 2352.01

Mean =2109.4

a°n 2°00.0 4000.0"6000~(ros)N 3100

1000.0 3000.0 5000.0 7000 o

Cost of provisional sums in Kshs/ SM of A

4.2.10 Managerial Efficiency

This is measured on a 20-point index computed on the basis

. . ) °f the project
perfoz-mance as explained in section 3.4.3.3.

Table 4.11 Descriptives of Managerial Efficiency
Mean 15.645 Median 17.000 Mode 20 001
Std dev 4.461 Kurtosis 1.324 Skewness -1242

Minimum 2.000 Maximum 20.000

The distribution is negatively skewed unlike the others. The mean Mp
0 5.645 out of

20.000 UNits) is rather high suggesting that the managerial efficiency in

projects was above average. The measurement of this variable »
Was based on the

performance of the projects in teims of time and cost. It was meant
to indicate the

overall efficiency of the managerial function in the project in _
responding to the
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« " — ff, ., ,teM10mwferewittihe

aw®“ “ f* » » » « pro*“ s »f »'

F'fiure 410 HW.s, m

managerial efficiency in the project

It was observed
variations in design, delays m payments to contractors , »

d shortage of bti, 'ldin,,
materials for the main contractor’s work Their relate a-

6 frequenci'es of occurrence
were 80.65%, 45.16% and 32.26 respectively. These are the f

estimator should therefore consider when rating the exn”~t a
C manaSerial efficiency

for a proposed project. Using his experience, he should evaluat
e toe ability Of the

project team to mitigate the likely interference of these environment ]

proposed project. A most efficient team would be one that
eitt»er avoids the

occurrence of these factors or nullifies their impact on the project sch d
edu,e and cost if

the occurrence of the factors is inevitable, as explained in section 34 3 3

me ejects were:

» K>
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For example, variations are likely to be minimal or not to occur at all in a project if
the architect clearly understands the client’s brief from the very start of his design and
the design is practically complete at the time of tendering. Where variations are
inevitable, a project team thereof can still be very efficient if the client’s decision

making process and the communication system in the project organization are highly

efficient.

4 3 Testing Hypothesis about the Mean Actual and Estimated Construction

Periods

This section compares the actual and the estimated contract period to determine
whether the difference in them is significant. Table 4.12 shows the test of the

. r at a = 0.05. The p-value (2-tail significance) is 0.002 whic
equality of the meaua a

. TLio nllll hvnothesis (mean actual time = mean estimated time) is
is less than a. 1he nun Iryp

reected The difference in the two means is statistically significant.

. Test of the equality of the mean times
Table 4.12 quality

t-tests for Paired Samples

2 -tail

XxTnmher ot Mean SD
66.9032 46.513
T 3t 0.535 0.002 41.9355 18.081
TE
- this variable is shown in Appendix E

TE- —



84

™ Stod, I. ft. CdCtoto ft, ft ,,e pop,,>fcn fcm wh.ch thjjdm ~

ObI " Id — = * « " ft,, 7 M [ 7
ofCi 1 uon 1313 TI* 113 » "o « * » » 6 » a ./. 0 fte " e”1
H M «» »« » .» esiima.ed
A“'” “ %ef mi'C ««W 1i,p,yins ip |[Ms
population, ptpto, delays are the ,, ,,,, ,, ler ts,, A

observations confinn Bromilow’s (1969) and M batha’s (1986) observations
that

the realities of time perfonnance are usually well removed from expectation

A rule ofthumb, used in investment appraisal of construction projects, is to alio

an extra 10 - 15 % cost to cover the risks and uncertainties associated with the

cost prediction. If the same rule were to be applied in time estimaf o
Mimaung, which is

equally important, the above deviation of the time estimate from the actu 1

not be considered acceptable.

The deviation of the actual construction period from the estimated one has bee
viewed in two different ways by researchers. The first view takes the estimated
construction period to be realistic and considers the deviation from it to be a del
and (// indication ofthe inefficiency o fthe managementfunction in aproject
(Baradyana 1996, Mbeche 1996, Mbatha 1986, Wachira 1996). The second view

takes the estimated construction period to be unrealistic and considers the

deviation from it to be normal indication ofthe degree ofoptimism in

estimating the contractperiod (Bromilow 1969). Both views seem reasonable.
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The deviation can therefore be considered to be a combination and an indication
of both managerial inefficiency and the time estimator's optimism. This
characteristic of the deviation has two major implications: -

* In developing a prediction model, the actual construction period - but not the
estimated construction period - should be used in the regression analysis
because "writing in construction times known to be inadequate in hopes of
spurring the cotractor to greater endeavours has little influence on the times
that are actually taken in practice” (Bromilow 1969).

A predicted construction period, whether realistic or not, requires an efficient
management function for the time target to be achieved. This calls for use of
non-traditional contract procurement methods - project management,

management cotracting, design & build etc (Mbatha 1986, Sidwel 1984).

4.4 Testing Hypothesis about the Correlations

] ) tests of hypotheses about the correlation between
This section presents

) . i a mrh of the surrogates of scope, complexity and
construction period and

. T A Correlation coefficient (r) indicates the degree and
environmental interference. A

,  relationship between every two variables. Table 4.13 is a
the direction ot tne
matrix ofthe correlations among all the variables.



Table 4.13

TA
CA
A

H

IWWD
\PA

\FMEPA \0.2166 10.3081 1-0.0185

u

\INCOPA 1\0.2449 10.2225 10.0614
\PROV

\PA
1IME

Note:-
1.

2.
3.
4

Pearson’s product moment correlations among the variables.

'rA CA A H WWD FMEPA I INCO PROV ME
PA

PA PA
1.0000
0.7361* 1.0000
10.8350* \0.7142* 11.0000

\ 0.4263* 10.2405 |0.4457* 1.0000 1

\ -0.0751 \ 0.1437 -0.0749 0.0893 1.0000

10.0802 -0.1066

1.0000
\ 0.3180 10.1888 10.1818 | -0.5224*

-0.2318 0.5989* 1.0000

-0.1811 -0.1289 0.4692* -0.0890 1.0000

\ 0.4733* 10.3988*  0.3745* -0.1933  -0.0903  0.2013 -0.0784  0.4501* 1.0000
1-0.7900* 1-0.5394% 1-0.5290i -0.1527

0.1772 0.0842 -0.1218 -0.1284  -0.4318* 1.0000

* means that the correlation is statistically significant at 95% confidence level (see Appendix G).
Five of the independent variables exhibit a significant correlation with T.

11 out of the 36 correlations among the independent variables are significant.
T- actual construction period,;

Surrogates of Project Scope: CA - actual cost; A - floor area; H- height
Surrogates of Project Complexity.

WWDPA - area of (walls + windows + doors) per unit of floor area; FMEPA- cost of
finishes, mechanical & electrical installation per unit of floor area,

Surrogates of Project Environment: INCOPA - cost of insurance and contingencies per unit of floor area; PROVPA - cost of
provisional

sums per unit of floor area;

ME-managerial efficiency.
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4.4.1 Correlation between Construction Period and Surrogates ofScope

Each of the three variables indicating project scope exhibits a positive and
significant correlation with the construction period. The null hypothesis (r = 0) is
rejected in respect of all the three surrogates of scope. It can be concluded that in

the population from which this data was obtained, the larger the project scope, the

longer the construction period.

4 42 Correlation between Construction Period and Surrogates of Complexity

None of the variables indicating complexity has a significant correlation with the

. . 95 % confidence level. Interactions among teams in a
construction period at

oot ] the most significant complexity factor that influences construction time.
project IS

Its correlation with time is statistically significant at an alpha level of 0.10.

The null hypothesi.s ér—— (r)rg Kk Rg& reJeCted in respect of all the three surrogates of

ests that in the population from which this data was
complexity. This sugg

_ . defined and measured in this study does not have any
obtained, complexity as a i

fl ence on the construction period. The suggestion contravenes the

conceptual framework in 9@6“8” 14 Possible reasons for this result are: -

none of the projects investigated was complex;

f all the projects investigated was almost equal and
i) the complexity o
' .. :n this sample was more of a constant than a
therefore complexity

variable;
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iii) the surrogates used in measuring complexity do not sufficiently capture

the concept - complexity.

4 2.3 Correlation between Construction Period and Surrogates of
Environmental Interference

Two of the surrogates have a positive correlation with construction period

meaning that time is directly proportional to them. One of them, managerial

efficiency has a negative correlation with time indicating that time is inversely

proportional to this variable. This is in line with the conceptualization of the

relationship between the variables, explained in section 3.4.3.3.

Two of the variables indicating environmental interference -managerial efficiency

- n\/[:ngr unit of floor area- exhibit significant correlations with the
& provisional sums pér uim

construction period k& AUH hypothesis (r = 0) is rejected in respect of the two

r xrimnmental interference. However, the null hypothesis (r = 0) is
surrogates of environment

d ' respect of the third surrogate of environmental interference - cost

) . ffloor area. It can be concluded that in the population from
of insurance per unt o

was obtained, the more the environmental interference in a

.cnge,*.— - tan,*"0d

4.2.4
112 /in that only five (Cost, Area, Height, Provisional
from Table 4.u,
It can be seen

sc Managerial efficiency) out of the nine independent

unit of floor
sums per
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variables, have significant correlations with construction period. Therefore, each
of them can explain a reasonable amount of the variation in the period. The other
four variables (area of walls + windows + doors, cost of finishes & services and
cost of insurance & contingencies) do not have any significant correlation with

the construction period, meaning that none of them can explain a reasonable part

of the variation in the period.

The coefficients of determination ( r2) between construction period and the five
significant independent variables are shown on Table 4.14. This coefficient
indicates the percentage of the variability in the period that can be explained by

ch of the variables. While plinth area alone explains 69.72% of the variability in

construct?on”poerrii%, nsight of building can only explain 18.17% of it.

n ffirients of determination between Construction time and the
Table 4.14 Coeint

_lg,ificant independent variables
five si

Key: -
CA actual cost
* floor area
of provisional sums per unit of floor area
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These results suggest that floor area is the strongest factor in explaining construction
time. It is interesting to note that managerial efficiency (an environmental variable)

can explain more of the variation in construction time than cost.

4.5 Regression Analysis
In this section, the statistical relationship between construction period and the five

significant explanatory variables is presented. Floor area and cost are two major
characteristics of a construction project that are normally known very early (as early
as the sketch design stage) in the development of a project. For this reason, the period
was regressed on each of the two significant variables separately before it was

regressed on all the five significant variables simultaneously. All the regressions are

shown in more detail in Appendix H.

451 Actualtime andActual cost
The scatter diagram of actual time versus actual cost suggests that the relationship
between time and cost is not linear but quadratic, shown on Figure 4.11. Time seems

. s tn ~maximum and then decreasing with further increase in cost,
to be increasing 10 a
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The relationship between the variables can therefore be expressed as follows:

T=a+p,C+p2l2+e Where C is cost

Regressing actual time on actual cost and the square of actual cost shows that cost

explains 73.65% of the variability in time in this model as shown on Table 4.15.

Table 4.15 Regression of Construction Time on Cost

Dependent Variable - Actual construction time (wks)

Independent Variable gce)gl[?iscsiieonnt p-value
Actual Cost - Kshs 00Q2QQ---- - e 0go00
Actual Cost squared---- _------------ 71 950310 00077
Constant == —-eemmmmeme s ' :

= 0.73647 = ceeeeeeeeeeee-

_StandardE n -
-1,9220 < reSTUUKEAJATT]mmmmmsmmsmemmmmemceee

d rdized regression residuals (Z residuals) does not show any
A study of the standa

f the basic assumptions of regression as shown on Figure 4.12. That is,

Is are randomly distributed around the zero axis, and do
the standardized resi ua

attem They also range between -2 and +2 (approximatel
not show any noticeab e p L g W (approxi y)

_ observations can be considered to be outliers. All the
that none or tne o

indicating AN statistically significant meaning that both C and C2
regressio ortiOn of construction time in this model. The relationship
eXP'a,n 3 Segnlfiz | can therefore be given by this equation:

between time and

+0.9045C- 0.0011C

T 21.2593
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Figure 4.12 Residuals versus Cost

This equation means that the increment in time for every increment in cost decreases
as the cost increases. This is probably because the number of construction activities
that can be executed simultaneously increases with project scope. Added work arising

from increased scope may be executed in parallel with the other activities in the

smaller-scope schedule, hence reducing the net effect of the increased scope on the

overall construction period.

The R2value in this model is 0.7365 and is higher than in Bromilow’s (1969) model.
He observed the relationship between time and cost to be of the form:

T=KCb (i.elogT = logK + BlogC)
where C is cost as shown on Table 2.3.

rniiow’s (1969) model on this data gives an R value of 0.5532 as shown

on Table 4.16, whtch {5 1BWer than the R2value in the quadratic relationship.
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Table 4.16 Regression of log (Time) on log (Cost)

Dependent Variable - logarithm of construction time

Independent Variable Regression p-value
Coefficient

Log (Actual Cost - Kshs'000,00) 0.362302 0.0000

Constant 1.183393 0.0000

Rz = 0.55315

Standard Error = 0.17205
-1.7476 < Z residuals > 2.5777

The R2value in the quadratic model is also higher than the average R2 (0.6942) in De

Leeuw's (1988) model. Testing De Leeuw's (1988) model on this data gives an R2

value 0f 0.4697 as shown on Table 4.17.

Table 4.17  Regression of log(log Time) on log(log Cost)

Dependent Variable- log of (log of construction time)

Independent Variaole Regression p-value
Coefficient
TTTnT~ArATuuarCosi®  =mmememe ] 0.248329 0.0000
0.197631 0 0000
Constant
p2= 046967

, , taiitheprojects in this study belong to one De Leeuw's (1988)

gro:up bgcagagént%% sample is [((g wduce many sufficiently large groups.

within De Leeuw's (1988) range (0.4269 - 0.9614) of the Rz
Though this value

32 building groups,
values for

it is still lower than the R2 value in the quadratic
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relationship. These observations imply that CA explains more of the variability in T

in the quadratic relationship than in the power relationship.

4.5.2 Actual construction time andfloor area
The scatter diagram gram of time versus floor area shown on Figure 4.13 suggests

that a linear model can represent the relationship between the two variables.

Figure 4.13  Time versus Floor Area

300

55— iSoTlooo 1000 10000 12000 14000

Floor area in sg.metres

] ) R2 value of 0.69722 as shown on Table 4.18.
time on floor area gives

. * A Hnec not reveal violation of any of the basic
of the residuals against A does

Regressing

A Pio ° r 2 yaJue in this case is lower than in the quadratic
~ of regression. mQA?
assumption Nygp the standard error in this linear relationship
. . nnd cost. Also,
. hit) between time o _ _
relationsn p relationship between time and cost observed in
is higher tlian ~ 1 . the Quadratic time-cost model is better than the

linear time- fl°or m°de
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Table 4.18 Regression of Time on Floor Area

Dependent Variable - Actual construction time (wks)

Independent Variable Regression p-value
Coefficient

Floor Area - Square metres 0.014503 0.0000

Constant 27.291824 0.0003

R2 = 0.69722

Standard Error = 26.03191
-1.7028 < Z residuals > 2.0598

Figure 4.14  Residuals versus Floor Area

3|

[l N

S8 3 285 Qggang
o

1
[y
1

5'80
INY
o

Floor area in sg.metres

The linear time-floor area model has a higher R value than the power time-cost

model showing that floor area explains more of the variability in time than cost. The

C

é . Rf)t relationship is however, more precise than the linear time-floor
quadratic time-

. o 'b" nse the standard error in the quadratic relationship is lower
area relationship because In



4.5.3 Multiple Regression
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Regressing T on the five significant variables shows that the variables together

explain 90.65% of the variability in construction time as shown on Table 4.19.

Table 4.19

Block Number 1. Dependent Variable -

Independent Variable

Actual Cost - Kshs'000,00

Regression of Time on all the significant variables

Regression
Coefficient
0.646133

Artual Cost squared

-7.41918E-04

-0.006179

Floor Area - Square metres
Height - No of storeys

6.227526

Cost of Provisional
i/riio/"miare m etre

Sums/Floor

Area
4.75199E-04

367.973225
2.060667

rnnstant —

€z = 0.9A067§ T
standard bam —it: L=

Constant—

—* —000645_

reciprocal oftn

Note that the

construction time

Actual construction time (wks)

Regression
Coefficient
0.667657
-7.70468E-04
-0.006417
5.964712
375.107021
2.821211

Actual construction time (wks)

p-value

0.0054
0.0239
0.0884
0.0154

0.7798

0.0000
0.7754

p-value

0.0020
0.0122
0.0641
0.0106
0.0000
0.6676

rial efficiency is used in this regression because

rtional to managerial efficiency, as evident from
s . isinyersely PAPOL
is IyFreeY
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the correlation analysis in section 4.4. Also, Actual Cost squared is included in the
regression because of the quadratic relationship between construction time and cost,
shown in section 4.5.1. Block 1 of Table 4.19 shows all the five independent
variables while Block 2 shows only the most significant independent variables, after

the insignificant ones have been removed from the regression equation in the

backward regression procedure.

In the final stage of the regression process (Block 2) the variable Cost ofProvisional
Sumsper unitofFloor Area has been eliminated from the equation meaning that it is
the least significant in the group. It can be seen that eliminating this variable reduces
the standard error from 15.87935 to 15.58442, and means that the regression equation

resulting from final stage is more precise than the one resulting from the first stage

(Block 1).

Scatter plots of the regression residuals against each of the independent variables do

not reveal violation of any of the basic assumptions of regression as shown on Figure

4 15 (i)-(iv). This means that the regression model is well specified. However, the

regression coefficients are somewhat distorted. The coefficient of Floor Area in

particular has a negative sign suggesting that Time is inversely proportional to Floor
rea This contradicts the results of the correlation analysis in section 4.4. It is

edence that there is multicollinearity in the independent variables. Examining the

. . ‘[shle 4 13 reveals that there is a very strong correlation (r =
correlation matrix ofi taoic

. rn.t and floor area. This, however, cannot be unexpected in
0.7142) between actual cost a

b use floor area is normally used to estimate the cost of a building. The

. are relatively weaker.
other correlations

FOf? USE IN THT
LIBRARY ONLY
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Figure 4.15 Residuals versus the independent variables

(i)Floor area

S)egesibselsy=t.nn

0 2000 4000 6000 8000 10000 12000 14000

Floor area in sq.metres

(i) Cost
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(iii) Height

8IS

296

Bams

Height in No. of storeys

(iv) Managerial efficiency (Reciprocal)

~ deleted from the equation and Time regressed
Floor Area IS

T 2Vold this problem, the R value but only slightly (from 0.90645
variables. ThiS reduces

on the rest of the
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to 0.89241) as shown on Table 4.20 meaning that the new mode, explains almost a
much of the variability in Time as the original one. Although the standard emor is

Slightly higher in the new model the regression coefficients thereofdo not seem to
give as much evidence ofthe presence of multicollinearity as in the original model.
This is because the correlations among the independent variables in the new model
are not vety strong (see the correlation matrix on Table 4.13) and they could be

assumed to pose no serious multicollinearity problem.

Table 4.20 Regression of Time on Cost, Cost Squared, Height & Managerial

Efficiency (Reciprocal)

Dependent Variable - Actual construction time (wks)

Independent Variable Regression Coefficient  _\aye

Actual Cost - Kshs'000,00 0.381799 0.0074
Actual Cost squared -3.85560E-04 0.0848
Height - No of storeys 5.077766 0.0305
Reciprocal of Managerial Efficiency  306.229579 0.0000
Constant 7.250201 0.2669
R2 = 0.89241

Standard Error = 16.38880
-1.6331 < Z residuals > 2.2643

From Table 4.21, the regression equation can be expressed as follows: -

T =17250+ 0.382C - 3.856C2+ 5.078H + 306.230
ME

W here:
T - Construction Period (weeks) - from date of site possession to date of

practical completion.

C - Cost value (millions of Kshs)

H -Building height (number of storeys)
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* ME - Managerial efficiency (measured on a 20-point index)

Although Managerial Efficiency has difficulties of measurement as explained before,
the fact that its reciprocal has the lowest p-value means that Managerial Efficiency is
the most significant ofthe three independent variables, in describing the variability in
construction time. However, the criterion used in measuring managerial efficiency in
this study -i.e. percentage time & cost overruns (see section 3.4.3.3) - can not be used
in a project at its pre-contract stage because at this stage, no time or cost overruns
have already occurred. The measurement criteria can therefore not be relied on. Until
further research establishes a better criterion of measuring managerial efficiency, this
variable can therefore not be used in time prediction. Deleting the variable from the

regression equation and regressing construction time on the remaining independent

variables produces the results shown on Table 4.21.

Table 4.21 Regression of Time on Cost, Cost Squared & Height

Dependent Variable - Actual construction time (wks)

, .nh,esc -0.001C + 1.871H
j = 18.064 + 0.850C
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All the independent variables in this equation can be measured at the pre-contract

stage of a project. The equation can therefore be used to predict construction

period at this stage.

The Standard Error -25.01992- in this regression is significantly greater than in the
previous equation - 16.38880 (see Table 4.20). This means that deleting Managerial
Efficiency from the equation significantly reduces the accuracy of time prediction.
However, the R2value in this model is 0.73959, and is statistically significant (F =
25.56075, p-value = 0.0000). It means that the percentage of variability in
construction time, explained by the two independent variables - cost & height

together - is still statistically significant. The equation is therefore comprehensive

enough to be used in predicting construction period.

The standardized regression residuals (Z residuals) range between -2 and +2
(approximately) indicating that none of the observations in this study can be
considered to be outliers. This implies that all the observations of the vanab.es - time,
cost & height - belong to the same population. A predicts mode, created from this
1 is therefore sufficiently we,, spectfied. The Rz2value ,s htgher than in

Bromilow's (1969) and De Leeuw’s (1988) formulae, winch were 0,233 and

, elv This mode, therefore explains more of the vanation in
0 69415 respectively.

. . interpreted as follows:
prediction equation can be

The
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e The greater the cost ofa project, the longer it takes to construct. Increase in cost
by Kshs 1 million increases the construction period by 0.858 weeks.

 The fact that the coefficient of C2is negative means that the increment in
construction period for every increment in cost decreases as the cost increases.

e The more the number of storeys, the longer the construction period. An increase
in building size by 1 storey increases the period by 1.871 weeks.

+ The constant 18.064 is the value of Construction time when the values of all the
independent variables are zero. The constant does not have any particular
meaning as a separate term in this equation because the scope of the equation
does not include a case where all the independent variable are zero.

The following are the ranges of the data in the sample used to formulate this

equation: -

e Cost:Kshs 2.643 million - 575.676million

* Height: 1- 7 storeys

Prediction using the equation would therefore be most reliable if it is done for

measures of Cost and Height lying within these ranges.
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Chapter V

CONCLUSIONS AND RECOMMENDATIONS

1.1 Conclusions

The objectives of this study have been achieved. The following conclusions can be

made concerning the study findings: -

1. Research hypothesis No. 1 was not rejected. In the population from which the
study sample was obtained, the actual construction period is significantly greater

than the contract period estimated at the tendering stage. On average, the actual

construction period is 1.595 times the construction period estimated at the

tendering stage. The frequency of project delays is more than 80%. The deviation

of the actual construction period from the estimated one and the frequency of

delays imply that : -

e The pre-contract contract period estimates in Kenya have hitherto been

unrealistic. This can partly be attributed to the non-mathematical method

of time estimating that is used in Kenya. The method seems to be rather

inaccurate in accounting for the factors that influence construction time.

Project time performance has been rather poor in the Kenyan building
industry. Project time overruns are large and are the norm rather than the

ption. This could partly be a
ional method, which is the one mainly used in

ttributed to the method of contract
exce

procurement, the tradit

h all the projects investigated in this study had used.

Kenya and whic
e is realistic or not, more efficient

Whether construction period estimat
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contract procurement systems - project management, management
contracting and design & build - are required in the mainstream building

industry in Kenya to increase the efficiency of the management tunc,ion

in building projects.

Research hypotheses NO. 2 & 4 were also not rejected. Construction period is
significantly influenced by project scope and environmental interference. These

two constructs can be measured in terms of the following surrogates: cost value
(millions of Kshs), floor area (square metres), height (number of storeys),

provisional sums per unit of floor area (Kshs per squaremetre) & managerial

efficiency (rated on a 20-point scale).

Research hypothesis NO. 3 was rejected. Project complexity, as defined and

measured in this study, does not have a statistically significant influence on

construction period. This observation contradicts both the initial

conceptualization in this study (see Section 3.4) and observations in past

researches, perhaps because: -

none ofthe projects investigated was complex;

e the complexity of all the projects investigated was almost equal and

therefore complexity in the population from which this sample was

obtained, was more of a constant than a variable;

the surrogates used in measuring complexity in this study do not

sufficiently capture the concept of complexity in building projects.
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3. A i i i -

52

follows:~

T =18.064 + 0.858C - 0.001C2 + 1.871H

Where:-

Ti . e
s construction period in weeks - from date of site possession to

date of practical completion.

C is cost (contract sum) measured in millions of Kshs:

H is building height measured in number of storeys

The R? value in this model is 0.73959, and is higher than in Bromilow’s
(1969) and De Leeuw’s (1988) formulae, which were 0.5233 and 0.69415

respectively. The model is therefore better because the explanatory variables

thereof explain more of the variation in construction time than the

explanatory in the two past models.

Recommendations
The prediction model developed in this study should be applied in the private

building projects in Nairobi by contractors and consultants. The model is
more objective than the non-mathematical method; applying it would

therefore reduce the subjectivity inherent in the non-mathematical method.
ntractor can use it to estimate construction period during tendering in

e AcCO

a project where estimating
onsultant can use the model to evaluate the

the period is part of the téndering process. On

the other hand,ac¢

period offered by 3 tenderer. If the period offered is

construction
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significantly greater than the estimate obtained using the model, then the
period should be considered unrealistic and unacceptable; the tenderer is
too slow for the job. Ifthe period offered is significantly less than the
estimate obtained using the model, the period should also be considered
unrealistic unless the tenderer gives a realistic and detailed method

statement showing how he would achieve his time objective.

0 consultant or contractor can also use the model to estimate the required
Extension of Time, especially where the need for the extension arises
from increase in the scope of the works. Inserting the estimate of the final
account sum and the number of storeys, at any stage of the construction

process, in the equation gives the estimate of the construction period for

all the work asat that stage. The difference between this estimate al

contract period fixed at the start of the construction work should be

considered the necessary Extension of Time.

The prediction model developed in this study could also be applied to private

building projects in the other ten maintowns of Kenya

Mombasa, Kisumu, Nakuru, E.doret, Kitale, Thika, Nyen, Kakamega, Embu

that significantly influence construction time in these
and Meru. The factors
differ significantly from the factors that influence

towns are unlikely to
Nairobi because the technology (quality of materials &

construction time in
tional forms, level of mechanization etc) mainly

workmanship, organiza
the one applied in Nairobi. Also, most of the

PpM in
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consultants, contractors and sub-contractors who execute building projects in

the main towns have their offices in Nairobi.

Through the Continuous Professional Development (CPD) programmes, the
local professional bodies - Architectural Association of Kenya, Institute of
Quantity Surveyors of Kenya etc- involved in the construction industry
should sensitize the industry participants on:-

e the benefits of accurate time prediction in construction projects,

0 the inaccuracy inherent in the non-mathematical method of predicting

construction time;

the principles and the advantages of the mathematical method of

predicting construction time.

A pre-contract est.mate of construction time that is judged realistic on the
basis of the mathematical model should be taken to be the contract period. It
should also be taken as the most realistic penod within which planning and
scheduling of the works can be done using the established methods - Gantt

charts PERT/CPM etc. The model simply gives a realistic estimate of the
Cji alpatH i,. the project penod in a PERT/CPM network - without
wiltl *"a :

practicable consimction schedule-
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5.3 Areas for further Research
A number of areas need research in order to refine on the prediction model developed

in this study and reinforce its reliability and validity in the construction industry. The

following are some of the areas:-

1. Establishing a method for measuring the environmental variable - managerial
efficiency in a proposed building project, considering factors that can be

objectively measured at the pre-contract period.

2. Establishing similar prediction models for public projects and refurbishment

works.

3. Developing an expert system that combines both numerical data and experience

based heuristic knowledge in the prediction of construction period.

Formulating schedule-based incentive schemes that could be applied in the

construction indushy to motivate contractors complete constniction works on or

even before the specified completion date.



110

REFERENCES

Abu-Hijleh F.S and Ibbs C.W (1989) ‘Schedule based construction incentives’
Innrnnl of Construction Engineering and Management ASCE Vol. 115(3) pp 430-443

Ahuja, H.N. and Nandakumar V.(1985) "Simulation model to forecast project completion
time" journal of Construction Engineering and Management

ASCE Vol.lll, No.4, December 1985, pp325-342

Alreck L.P. & Settle B.R (1985) The Survey Research Handbook
Homewood, Illinois IRWIN INC. p. ss

A R (1990 "Project management in construction professions™ Practice
rt- Mpw Pergpp”dves frxrthe Construction Professional London, E&FN Spon

Ltd pp220-230

t .. - an 984) "Project scheduling using fuzzy set concepts"” Journal
Awub B.M. and Haidar, A J g g y P
management ASCE Vol. 110, No.2, June 1984, pp 189

Wnns’tnictioangm@@ﬁWS .............

203

"Causes of Delays in the Construction Industry " Journal of the

Baldwin, J R- etal(l N(@ ,02. November 1971, pp 177-187

,DelayS: a major management problem for the construction

Baradyana, J-S.( study of Tanzania™ Paper presented in the

projects in the East ... nurti"" reject management - East African Context.

fit

November M
Machakos - 8?,¥a’ ovembe

» Cited in Baradyana J.S.(1996)

Baradyana, J-S--0988)

iecunanagenient London, Butterworths.

. CorTStnjction.

Bennett. J. (1985)

(1984): cited in Bennett J.(1985)

rod, R
Bennefl, 1 2nd Orme



Bromilow, F.J(1969) "Contract time performance: expectations and reality” Building
forum. Division of Building Research C.S.I1.R.O. September 1969, pp70-80.

Bromilow, F.J, Heids, M.F. and Moody, N.F(1980): Cited in Chan, D.W.M. and

Kumaraswamy, M.M(1995)

Chan, D.W.M. and Kumaraswamy, M.M(1995): "A study of factors affecting

construction  durations in Hong Kong" Construction Management and Economics

E&F.N spon Ltd., Vol. 13, pp319-333

Chaterjee S. (1977) Oppression Analysis by Example
New York. John Wiley & Sons, pp 143-172

and Chiang, W.C(1989): Cited in Walker, D.H.T(1995)
Chauhan, R-L.

_ (1991) “Some potential applications of expert systems in construction
Chin M. W. ement in West Indies” Managing Construction Worldwide New

engineering and
io"E & F.N . Spon Vol. 1PP 591-597

» HQW we should tell the time" Building Technology and

Cowel, A.S.T.(1974)

. .nt 10B, March 1974.
Manageirient

W (1990 ‘Issues in Construction Scheduling Knowledge

De La Garza & lbbs c . tjnn worldwide New York, E & F.N. Spon Vol 1pp

Representation Manage Caitspar—

543-553
AN qnrt Periods" The Building Economics Manual

Crrn«)"BUIND7 ™ ;v o ..9/9%pPGI6-.toG,6-,0.

De Leeuw,
g p, de Leeuw

South Africa,
New York, John Wiley & Sons pp 242-249

Dowdy, S (1990

.., in Bennett, JO " 5)
Cited I ’
Farzard, F(1984)'



112

Frenzel, L. E. peshCouseinArffc- |,
Indianapolis, USA,

Haiperin, D.A(1974)ConM ffl*ionF~ e
~ Yerk’John W'ey & Sons

H'T >RL" ,85t H« O
S G°Wer Pu>>'ishi,.,g Co. Ltd

Hughes, W.P (1989) "Identifying the env,intents ofc

SsmmmnM m sement and £&p Ng  °ns(ruct'®n projects"
spon Ltd, Vol. 7, pp 2g.40

Ireland, V(1983): Cited in Wafer, D.H.T.(199S)

Kaka, A and Price A.D.F.(1991) “Relationship between value and ,
constructionpro jects"”~taction A" of
9, pp383-400 22HCS.E&F.N. spon Ltd.. Voi

Lapin, L.L (1987)_Statistics for modem business rW 2/on”

New York, Harcout Blace Jevannovich Publications

Laufer, A and Tucker, R.L. (1987j "Is construction planning really doi

critical examination of focus role and process™ Constructs ju

J°b-
ann,gement (if,l’l
Economics E & F Spon Itd, vol. 5 pp 243 - 266
Lock, D (1973) Engineers’ Handbook of ManagemenfT~nj»

Hants, Gower Press pp 532 - 534

Mbatha, CM (1986): Buildinz contract performance a

projects in Kenya M.A thesis, University of Nairobi, (unpublished)

Mbeche, I.M and Mwandali, D.N. (1996) ""Management by projects”™ P
( ) J Y prol ~duer presenf™ o
the firstregnal conferences on constructing project management -

context. Machakos - Kenya, November 20 w23

Ministry of Public Building and Works (1964): cited Bromilow F.j (1%9)



113

Muli, P.M. (1996) Project schedule - why it is important” Paper presented in the first

regional conference on construction project management - Fast Africa context

JVlachakos - Kenya, November 20 - 23

Nkado, R.N. (1995) "Construction time influencing factors" the contractors perspective™

Construction Management and Economics.

E & F.N. Spon Ltd, Volume 13, pp 81-89

Neter et al (1996): Applied Linear Regression Models
Chicago, IRWIN pp 95-103

Neuman, W.L (1994) Social Research Methods: Qualitative and Quantitative Approach”

London, Allyn & Bacon pp 129, 147-148

Ogunlana. S.0, Promkuntong, K and Jearkjirm, V (1996) "Construction delays in a
fast-growing economy: Comparing Thailand with other economies” International journal

nfr-,j,w management, Elsevier science Ltd. 1996 Vol. No.l = 37 - 45.

Ortolano, L. & Perman, C. (1987): "Software for Expert Systems Development"
nfreputing in Civil Engineering, ASCE, Vol. 1, No. 4, October, 1987, pp 224

. T/ 9q6v "Ministry of works, Housing & physical planning - cost
Republic or Kenyat Y g &Py P g
hing contract values and contract periods" cited in Mbatha, C.M
planning unit

(1986)

Central Bureau of Statistics

C (1982) Cited in Walker D.H (1995)

Sidwwvell, A
Performance of Construction Projects’

s,d.* Vole 27 pp 85-91
AreliKQB».IS«W* Rt"I'



114

Stukhart, G (1984) "Contractual incentives" .Journal of construction engineering anH

management: ASCE Vol. 110 No. 1, March 1984 pp 34 - 42

Talukhaba, A.A (1988): An investigation into factors causing construction project delavc
in Kenya - case study high rise buildings in Nairobi.

Ph D thesis (Draft), University of Nairobi (unpublished)

Talukhaba, A.A (1996): Time and cost performance of construction prnjprtc

M.A thesis, University of Nairobi (unpublished)

Wachira I.N (1996) "Labour productivity and project management™ A paper presenter! in

the first regional conference on construction proiect management - East African context.

Machakos —Kenya, November 20 - 23

Walker D H.T (1995) "An investigation into construction time performance"

Construction “naanment and economics E & F.N spon Itd. vol. 13, pp 263 - 274.



115

APPENDIX A

Letter of introduction to firms

UNIVERSITY OF NAIROBI
Department of B. E. & M,

P. O. Box 30197,

NAIROBI.

4th June, 1998
TO WHOM tt MAY CONCERN

Th holder of this letter is conducting a research on the method of estimating the
construction period, for part fulfillment of a Masters degree in Building Management.

has been selected out of the construction consultancy firms practicing in
Your irm rovj"e the information needed in this study. Your experience represents

IheTxplriences of many others practicing in the construction industiy today.

We retluest  “ .nldhiEConstniction projects in Nairobi, which you have been involved
A “~commencement to completion, between January 1, 1991 and December 31,

(k?@?“rhe orojects listed gng&ld be in the private sector and be mainly new  works

but not mainly re ~ quantities, project correspondence file(s) and final account
* Access to %he Hi S s t listed, that will be chosen at random from the list
,nts for three of the project
above.
We will highly apprecate your asststance in facilitating this research.

m Ur used for research purposes only and your identity will
The information pven will
remain confidential.
o u ,u,rvou would like to get a copy of the research report.
Please indicate whethery

Yours faithfully.

[wITUS K1IVAA PETER

Research 1
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APPENDIX B

Data Sheet

Research on the Method of Estimating a Construction Period
Research on the Method of Estimating a Construction Period
erio

Detai 1di ,
ils of three building construction projects chosen at r. P
andom from one quantity

surveying firm

Firgt Second | Third
roje : ;
? Jec | project | project

No. | Information required

PROJECT PARTICULARS
A. Type of building project
1. Residential (bungalows, maisonnetes &
flats)
2. Commercial (shops, offices &

warehouses)
3. Institutional (sc
4. Industrial (factories etc)

b

hools, colleges & hostels)

5. Others (specify)

B Type of Contract
1. Lumpsum fluctuating price

2. Lumpsum fixed price
3. Schedule of rates
4. Other gspecifz)

s
2. PROJECT SCOPE
A. Contract sum Total on tender award) Ksh.
B. | Final Account sum Ksh.
C Plinth arca Squaremetres
No. of storeys

& Height
S
CT ORGANTSATION

QOJE

3 [ PROJECT OROS=-—===
A W
t being designer &

. 1. Traditional (architec
labour contract etc)

roject mana er, _ '
al (design & build, project
ting etc)

I =
2. Non-tradition
na ement contrac

mana ement, Ma a =
5. | Number of partics “nvolved in the roject
: agers

] .
1. Project man




w > &

.‘"',:Il_U(')
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8. Nominated suppliers
9. Others (specify)

CONSTRUCTION TIME

Date of tender opening

Contract period (as agreed on at time of
tender award)

weeks

Dflte nf possession of site by main contractor
Extension of time weeks

Date of practical completion

Factors that occurred on site to interfere with
the regular progress of the works and justify
the extension of time

ITshortage of building materials for the
. Work
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1 External & Internal walls SM
2. Windows SM
3. Doors SM

Total Cost of:-
1 Internal finishes to floors, walls & ceilings

2. Mechanical & Electrical installations (
plumbing & internal drainage, power,
lighting, air conditioning, lifts etc)

Ksh. — —
3 Provisional  sums (excluding

contingencies) A

4. Contingencies

K sh.
X toirance of the works (as per clause 18,
19 & 20 of the AAK conditions of contract

or other conditions)
Ksh.
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APPENDIX Cc

Overall Construction Cost Indices 1991-97

Year/Quarter  March June September  December
1991 915.80 933.00 951.90 961.80
1992 1013.10  1048.10  1048.10 1131.60
1993 1459.70 1641.60 1704.60 1704.90
1994 1751.40  1807.80  1829.50 Nrsis.oo
1995 1855.80 1950.00 1950.00 1973.80
1996 1975.00 2000.00  2025.00 2075.00
1997 2100.00 2125.00 2150.00 2175.00

Source: Republic of Kenya - Statistical Abstracts (1991-96)

NB- The construction cost indices for 1996 & 97 had not yet been published by the

time ortHis Sn,w Ihe}/ were therefore estimated by a linear extrapolation of the

1991-95 indices.



- —S '\

APPENDIX D

Dates of Tender Opening, Cost Value of Works and Cost

Indices Applied in the Cost Adjustment to Dec. 1997 Value

assumes that the price rates used in a tender are based on

The ¢ost adjustmen uarter immediately preceding the date of
verall construction cos das g yp 9

:r°Penmg’ cost jndex is applied on the final account sum.
, The overall construe 1 A many weeks after tender opening (i.e. after the
t e final account isnorm”Jj~  most of the price rates used in the final account
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APPENDIX E

Adjusted Data

* rEt Estima‘ed cor r miliions of Kshs adjusted to Dee. 1997 €Ost index
I cA- Actual cost value

%2I75) ;n sgaurernetres
loor area m sq
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H- Height in number of storeys

WWDPA- Area of walls, windows and doors per unit of floor area

FMEPA- Cost of internal finishes and mechanical & electrical installations

per unit of floor area in Kshs/sm.

I -Number of interactions amongst teams

INCOPA- Cost ofinsurance & contingencies per unit of floor area in
Kshs/sm.

PROVPA- Cost of provisional sums per unit of floor area in Kshs/sm.

CSTO- Cost overruns in %

TMO- Time overruns in %
ME - Managerial efficiency measured by an index
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APPENDIX F

Factors that caused delay of the works

Factor

1 Shortage of building materials for the main

contractor’s work
2. Delays in payments to main contractor and

specialist conicagtars —
3 Shortage of building materials for spemallst

SuiFConTEIinIc” Work/

4. Exceptionally inclement weather
5, Variations in design
6. Unexpected subsoil conditions

7 Industrial disputes
1 Delays ofwork and material approval by

o

11 Delays by local
Cqun£|||EE£2ysL2£"28ItH£f|2'|"y

79g75dtotlonjite_

No. of
occurrences
10

14

8

2
25

% No. of
occurrences
32.26

45.16

25.81

6.45
80.65
19.35
6.45
9.68

6.45
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APPENDIX G

Correlation Analysis

Coefficients of correlation among all the variables

T CA A H WWDPA  FMEPA
T 1.0000 7361 .8350  .4263 -.0751 2166
P=. P= .000 P=.000 P=.017 P= ess P=.242
CA 7361 10000 7142 2405 1437 3081
P=.000 P=. P=.000 P=.192 P=.441 P=.092
A .8350 7142  1.0000 4457 -.0749 -.0185
P=.000 P=.000 p=. P=.012 P=.689 P=.921
H 4263 .2405 4457 1.0000 .0893  .0802
p= 017 P=.192 P=.012 P=. P=.633 P= 668
WWDPA -0751  -1437 -0749 .0893 1.0000 -.1066
P= .4 P= 441 P=689 P=633 P=. P=.568
EMEPA 2166 -3081 -0185 .0802 -.1066 1.0000

p= o4p P=.092 P=.921 P= s6s P=.568 P=.

.1888  .1818 5224  -.2318 .5989

J 3180
p= 081 P=.309 p= 328 P=.003 P=.210 P=.000
INCOPA 24;49 2225 0614  -.1811 -.1289 4692
P.- 184 P=.229 P=.743 P= 330 P=.490 P=.008
PROVPA 4733 3988 3745  -1933 -.0903  .2013
. p= .026 P=.038 P= 297 P=.629 P=.277
= 007 P=-
p -5394 -5290 -1527 1772 -.0842
. o p= .002 p= 002 P=.412 P= 340 P= .652

p= .000
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Coefficients of correlation among all the variables (cont’d)

I  INCOPA PROVPA ME

T 3180 2449 4733 -.7900
pP=.081 P=.184 P=.007 P=.000
CA 1888 2225 .3988 -.5394
p=.309 P=.229 P=.026 P=.002
A 1818 .0614 3745  -5290
p= 328 P=.743 P=.038 P=.002
H 5224 -.1811 -.1933 -.1527
pP=.003 P=.330 P=.297 P=.412

WWDPA -.2318 -.1289 -0903  .1772
p=.210 P=.490 P=.629 P=.340

FMEPA .5989 4692 2013 -.0842

p=.000 P=.008 P= 277 P=.652
1.0000 -.0890 -0784  -.1218

I
p=.634 P=.675 P= 514

P=.
[NCOPA -.0890  1.0000 4501 -.1284

p=634 P=. P=.011 P= 491
PROVPA -.0784 4501 1.0000 -.4318

p= 675 P=.011 P=. P=.015
ME -1218 -1284 4318  1.0000

p= 514 P=.491 p=.015 P=.
(Coefficient! Ziaile? Sifgﬁn;g:natnz;;not be computed

n_wig printed if 3 €0



126
APPENDIX H

Regression Analyses

Appendix HI Regression of T on CA

Dependent Variable. T Actual construction time (wks)

Independent variables.
1. CASQ Adjusted actual cost squared
2. CA Adjusted actual cost (millions of Kshs)

Multiple R .85818

R Square 73647
Adjusted R Square .71765

Standard Error 24.71577

DF Sum of Squares Mean Square
Regression 2 47800.36875  23900.18438
Residual 28 17104.34092 610.86932

Variables in the Equation

Variable SEB Beta T Sig T
1904466 136767  2.139981  6.613  .0000

CA 001123 2.4696E-04 -1.471587 -4.548  .0001

CAS :

(cOnStam) 21.259319 7.406166 2.870 .0077

Residuals Statistics.

Max Mean Std Dev N

Min 53272 0000 .9661 31

*7RESID -1.9220
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Appendix H2 Regression oflog T on log CA

Dependent Variable LGT log of T
Independent variable LGCA log of CA

Multiple R 14374

R Square 55315
Adjusted R Square .53774
Standard Error 17205

Analysis of Variance
DE Sum of Squares  Mean Square

1.06270 1.06270

Regression 1 5847 02960

Residual 29
F= 368913  SignifF- .0000

Variables in tlic Equation

Variable B SEB Beta T SigT
LGCA n62302 .060468 .743742 5.992 .0000
(Constant) 1.183393  -099484 11.895 .0000

Residuals Statistics:
Min
*7RESID -1.7476

Max Mean StdDev N
2.5777 .0000 .9832 31
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Appendix H3 Regression of log(log T) on log(log CA)

Dependent Variable LGLGT log (log f)
Independent Variable LGLGCA log (log ca)

Multiple R .68533
R Square 46967
Adjusted R Square .45139
Standard Error 04682

Analysis of Variance
DF  SumofSquares Mean Square

Regression 1 .05630 .05630
Residual 29 .06357 .00219

F= 2568343  Signif F= .0000

Variables in the Equation ----=--cccueee-..
Variable B SEB Beta T SigT
LGLGCA 248329 .049001 .685328 5.068 .0000
(Constant) .197631 .011667 16.940 .0000

NB: It is assumed that all the projects in this study belong to ohe De Leeuw's (1 988)
group because the sample is too small to produce many sufficiently large groups.
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Appendix H4 Regression of T on A

Dependent Variable: T - Actual construction time (wks)
Independent Variable: A - Floor area in sq.metres

Multiple R .83499
R Square 69722
Adjusted R Square .68677
Standard EffOf  26.03 101

Arglysis of Variane

DF SumofSaes Mensgae
Regression 1 4525250209  45252.50209
Residual 29 19652.14699  677.66024
F=  66.77766  SignifF= .0000

Variables in the Equation

Variable B SEB Beta T SigT
A .014503 001775 .834994  8.172 .0000

(Constant) 27.291824 6.734748 4.052 .0003

Residuals Statistics.
Min
*ZRESID -1.7028 2.0598

Max Mean Std Dev N
.0000 .9832 31
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Appendix H5 Regression of T on aji the significant Variables
Dependent Variable. T Actual construction time (wks)

Block Number 1. Method: Enter

Independent Variable(s) Entered on Step Number
1. RME reciprocal of managerial efficiency
2. H Height in No. of storeys
3. CASQ actual cost squared
4. PROVPA Cost of provisional sums in Kshs/ SM of

5. A Floor area in sq.metres
6. CA Adjusted actual cost in millions of Kshs

Multiple R 95224

R Square 90676
Adjusted R Square ,88345
Standard Error  15.87935

Analysis of Variance
DF  SumofSquares Mean Square

6 58853.02197  9808.83700

Regression
Residual 24  6051.68770 252.15365

F= 38.90024  Signif F= .0000

Variables in the Equation ~~--eeeeeeeee____

Variable B SEB Beta. T sijgT

211168 1.528760 3.060 .0054

CA .646133
CASQ  -7.41918E-04 3.0764E-04 -972133 2412 0239
A -.006179 003478 -355737 .1776 0884
H 6.227526 2.388015 217044 2608 0154

001681 024029 283 7798

PROVPA 4.75199E-04
RME 367.973225 65.824041

(Constant)  2.060667 7.140687

635483 5,590 .0000
289 7754

Block Number 2. Method: Backward Criterion POUT .1000
CA CASQ A H PROVPA RME
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Variable(s) Removed on Step Number
7.. PROVPA Cost of provisional sums in Kshs/ SM of

Multiple R 95208

R Square .90645
Adjusted R Square .88774
Standard Error  15.58442

Analysis of Variance
DF SumofSquares Mean Square

5 58832.85986  11766.57197

Regression
6071.84982 242.87399

Residual 25
F=  48.44723 Signif F = .0000

------------------ Variables in the Equation ---------=--ee---

Variable B SEB Beta T SigT

CA 667657 193315  1.579685 3.454 .0020
7.70468E-04 2.8520E-04 -1.009542 -2.702 .0122

CASQ
006417 003312 -369445 -1937 .0641
2158869  .207884 2763 .0106

5.964712
375.107021 59.668364 647803  6.287 .0000
(Constant) 2.821211 6.491929 435 6676
............. Variables not in the Equation ----==-==----
Variable Betaln Partial Min Toler T SigT
PROVPA 1024029 .057625 015563  .283 .7798
.100 Limits reached.

End Block Number 2 POUT =

iduals Statistics:
Resict Min Max Mean Std Dev N
-1.6536 1.9768 .0000 .9129 31

*ZRESID
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Appendix H6 Regression of T on CA, CASQ, H & RME

Dependent Variable.. T Actual construction time (wks)
Independent Variable(s) Entered on Step Number
1. RME reciprocal of managerial efficiency
2. H Height in No. of storeys '
3.. CASQ actual cost squared .
4. CA Adjusted actual cost in millions of Kshs

Multiple R 94467
R Square .89241
Adjusted R Square .87585
Standard Error  16.38880

Analysis of Variance

DF SumofSquares Mean Square
Regression 4 57921.29991  14480.32498
Residual 26 6983.40976 268.59268

F= 5391184  Signif F = .0000

---------------- -- Variables in the Equation «-----=~e-m=neem--

Variable B SEB Beta T SigT
CA 381799 131341 903341  2.907 .0074
CASQ  -3.85560E-04 2.1517E-04 -.505198 -1.792 .0848
H 5.077766 2.218661 176972 2.289 .0305

RME 306.229579 50.393142 528853  6.077 .0000
(Constant)  7.250201 6.389691 1.135 .2669
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Appendix H7 Regression of T on CA, CASQ & H
Dependent Variable - T Actual constr. time (wks)

Independent Variables
1.. CASQ actual cost squared
2.. H Height in No. of storeys
3. CA Adjusted actual cost in millions of Kshs

Multiple R .85999

R Square .73959
Adjusted R Square .71065
Standard Error 25.01992

Analysis of Variance

DF  Sum of Squares Mean Square
Regression 3 48002.80960 16000.93653
Residual 27 16901.90007 625.99630

F= 2556075  Signif F= .0000

Variables in the Equation ----=~=----------
Variable B SEB Beta T SigT
CA 857791 .160950 2.029547 5.330 .0000
CASQ -.001047 2.8331E-04 -1.372266 -3.697 .0010
H 1.870882 3.289904 .065205 .569 .5743
(Constant) 18.064314 9.368852 1.928 .0644
Residuals Statistics:

Min Max Mean Std Dev N

*ZRESID -1.7139 2.4146 .0000 .9487 31

Total Cases= - 31



