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CHAPTER 1
INTRODUCTION

1.1 GENERAL

One of the main objectives and policies of the Government of Saudi
Arabia is to upgrade public projects performance, through reduction of
costs, completion of the projects within their assigned budget and time

constraints, and improvement of quality.

Completion time is extremely important in construction: "Time is of the
Essence", and "Time is Money". Execution time is one of performance
measures of a construction project, which are time, cost, and quality.
Project success is measured by these measures, which show the
performance of the construction parties involved, mainly the owner and
contractor. All the parties look for project completion by a specified time,

in the most economical manner, with the required quality.

Time performance of a project is usually a particularly important

consideration for the owner and the contractor. Often, the most troublesome



construction disputes involve delay and failure to complete the works in a
timely manner. Time of delivery of a project is a key factor to the owner in
terms of cost, and it is important also to the contractor (O'Brien 1976).
Completion of a public project is in the interest of all construction parties
and public citizens; all look forward to utilize the project in the shortest

possible time.

The construction process is subjected to the influence of highly variable
and sometimes unpredictable factors which could result from different
sources. These sources include the performance of construction parties,
resource availability, environmental conditions, involvement of other parties,
and contractual relations. As a consequence of these sources, public
construction project may face many problems which could cause delay in

the project completion time (Clough 1972).

Delay is a relative term, in construction. It means the time overrun
either beyond the completion date specified in the contract, or beyond the
date that the parties agreed upon for delivery of the project; in both cases,

the delay is usually a costly situation (O'Brien 1976). In simple terms, a



delay represents an act or event which extends the time required to perform

or to complete a part of the works or all works under the contract (Leon

1987).

The delay which will be addressed in this research is the time overrun
beyond the construction completion date as specified in the project contract,
regardless of whether the owner allows a time extension, or a delay penalty

and liquidated damages are applied in compensation for delay.

This research is an attempt to study the delay problem in water and
sewage construction projects, as these projects are among public utility
projects. It will identify the frequency, extent, and causes of delay in this
type of project to give the necessary precautions to control and avoid those
causes for future improvement in the performance of public

construction projects.
1.2 - PROBLEM STATEMENT

Delay used to be a mutually accepted condition in the construction
process (OBrien 1976). Construction projects, especially underground

utility projects, face high uncertainty. This makes problems that could



obstruct the progress and cause delay in this type of project. There are
many causes which must be identified in order to control them in the early

stages of the project.

Delay could be a result of low contractor performance during
construction, inadequacies or defaults in early planning & design, poor
owner administration and involvement in construction, problems in
supervision, restrictions in government laws and regulations, or obstructions
at the site. Any of these factors could cause problems in the progress of a

public project leading to delay.

The writer has worked for more than fourteen years in the Water And
Sewage Authority in the Eastern Province of Saudi Arabia. The experience
gained through supervising a good number of water and sewage projects,
discussions with many contractors and project engineers, and reviewing
some cases of delayed projects, all revealed that many projects were

delayed due to many of above causes.

A preliminary survey has been done to identify the frequency and extent

of delay in the construction of public water and sewage projects in the



Eastern Province. The projects which were completed in the last ten years,
and had a contract value not less than one million SR, were collected. The
delayed projects were identified by contacting the concerned authorities in
the Eastern Province. It was found that about 60% of the projects (45 out of

76) were delayed.

A sample of 20 delayed projects was selected randomly. These 20
projects were selected from different cities in the Eastern province,
completed by different contractors, and had varying contract values. It was
found that the average extent of delay in these projects was about 110% of
the original project duration. This means that the delay exceeded the
original duration. The list of these projects cannot be revealed. The results

of this preliminary survey support the problem statement.

In the Ministry of Housing and Public Works, through supervision of
different public projects in the Kingdom, it was found that the delayed
projects accounted for 70% of the total number of the projects executed by
local contractors (Zain Al Abidien 1983). Al Sultan (1989) surveyed actual

time performance of different types of public projects. He concluded that



approximately 70% of the public projects (101 out of 145) experienced time
overrun, contractors requested time extensions in about 63% of these
projects, and time extension was guaranteed for 84% of these requests.
These statistics indicate the overall extent of delay in public projects in

general. This interpretation could provide support to the problem statement.

So, it seems that delay is experienced in many public utility construction
projects. Public authorities who suffer from delays in these projects, need to
recognize the causes of delay, their frequency, and severity, which
emphasizes the need to study the delay problem in these projects. Studies
will help the government authorities concerned recognize frequency, and
extent of delay, and the important causes of this problem. Then, this will
help these authorities to take necessary precautions to control those causes
in the early planning and design of the project, and improve their
involvement in the construction phase, to avoid the causes of delay that may

occur during construction of public utility projects.

Among those public projects are water and sewage construction

projects, which have different construction environments and a different



nature of work that allow more chance for delay. The delay in construction
of water and sewage projects could address several questions concerning the
frequency, extent and the causes of delay in this type of project. These

questions are:

*  What is the frequency of delays in public water and sewage construction

projects?
* What is the extent of these delays in the delayed projects?

What are the causes of delay in public water and sewage construction

projects?
* How frequent and how severe are these causes ?
*  Which party is responsible for delay ?

So, the problem of this research is attempting to answer the above
mentioned questions in order to identify the frequency, extent and important
causes of delay in public water and sewage construction projects.

1.3 OBJECTIVES OF THE STUDY

The main objectives of the study can be summarized in the

following points :



1- Identify the frequency and the extent of delay in construction of public

water and sewage projects.

2- Identify the importance of the causes of delay in construction of public
water and sewage projects based on the frequency of occurrence and

severity of the causes.
3- Test the hypotheses that :

A) The owner, the contractor, and the consultant engineer generally

agree on the ranking of the importance of the causes of delay.

B) The contractor is the first party responsible for the delay, then the

owner and the consultant.
1.4 SCOPE & LIMITATION

As public underground utility projects, public water and sewage
construction projects have their own nature of work and construction
environments. Therefore, to distinguish them from other project construction

environments, this research will be limited to the following :



1- Public water and sewage construction projects which have a value
more than one million SR. each, excluding operation & maintenance

projects.
2-  Projects built in the Eastern and Riyadh provinces of Saudi Arabia.

3- Delay which occurs during the construction phase only, starting from
the date of site delivery to the contractor to construction completion

date specified in the contract.
1.5 SIGNIFICANCE OF THE STUDY

Delay means time which directly equals cost. A delay is a real cost
item. It usually produces a costly situation for any project and may cost
more for public projects. The delay problem is considered as one of the
critical problems in the construction process, since it may lead to claims and
disputes between the owner and the contractor. In a delay situation, there is

not usually a winner or a loser, but rather two (or more) losers.

Consequently, it is to the benefit of construction parties to recognize the
situation and identify the causes of delay in the early stages of the project.

This will help them to take the necessary precautions to control these
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causes before they occur and be aware of them when they occur during

construction.

Delay in any project causes damages to the construction parties,
specifically to the owner and to the contractor. In public projects, where
the owner is the Government Authority, delay means that a building or a
facility is not ready for use by the public on the specified time. This
situation may cause disturbance in the national development plan, and the
budget execution plan of the government authority. It may also cause loss
of service revenues and public inconvenience. For the contractor delay
means a longer construction period, which means higher overhead cost,
other expenses, and tying up his working capital. Therefore, the contractor
can not pursue other projects, and he may lose other opportunities for new
projects (O'Brien 1976). For both parties delay is a costly problem; hence it
is very significant. Moreover, the existing situation emphasizes the need to

study this problem.

In general, and in short, studying the delay problem in this type of

project will help diagnose the problem, and identify its extent and its most
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critical causes. Identification will facilitate the control of those causes in the
early stages of the project and improve the performance of public projects.
The result of this study will be of benefit to all concerned parties: the

government authorities, the contractors, and the consultant engineers.
1.6 THESIS ORGANIZATION
This research is divided into five chapters and include the following:

Chapter (1) presents an introduction to the research. It is intended to
give an overview of the delay problem in public projects and includes the
problem statement, the objectives, the scope limitation, and the significance

of the study.

Chapter (2) presents the literature review of delay in public construction
projects. It presents a general description of the construction environment
of water and sewage projects, types of delay, causes of delay, government
laws and regulations regarding delay, and previous studies of this problem in

construction projects.
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Chapter (3) discusses the research methodology which includes data
collection, questionnaire development and design, sample size

determination & selection, scoring system, and correlation.

Chapter (4) presents and discusses data analysis and results, and

presents the major findings of the study.

Chapter (5) summarizes the results and major findings, to present the

conclusions and recommendations of this research.

Throughout this thesis the following definitions are applied unless

other wise stated:

The project: It means public water and sewage utility construction

project within the defined scope of this research.

The owner: It means public water and sewage authorities within

defined scope of this research.

The contractor: It means the classified contractor in the field of

construction of water and sewage projects.
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The consultant: It means the consultant engineer who supervised

construction of water and sewage projects.

The government authorities: It means government water and sewage

authorities.
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CHAPTER 2

DELAY IN PUBLIC PROJECTS

2.1 GENERAL

Many literature has been reviewed which presents and discusses delay
in construction projects. The outcome of this and the writer’s experience
will be described in order to present an overview of delay in public
construction projects in general, and in water and sewage projects in Saudi
Arabia in particular. This chapter includes a general overview of delay in
public construction projects, types of delay, causes of delay, laws &
regulations pertaining to delay, and previous studies pertaining to the delay

problem in construction projects.

Many public projects have been constructed all over the Kingdom of
Saudi Arabia as part of the national development plans in the last two
decades, as result of utilizing the kingdom’s huge capital resources. These
projects form the basic development of the infrastructure facilities in the

municipal and rural areas. Public water and sewage construction projects
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are part of those projects for municipal services. These projects are very
important utilities. They provide a basic service for environmental health

and public safety and convenience.

One of the critical problems faced by government authorities is the
delay in completion of construction projects due to many causes, which may

occur during the construction phase.

The construction environment and the nature of the work in water and
sewage construction projects play an effective role in the delay that may
occur in this type of project. These projects could be subjected to different
and difficult factors that could provide the chance for delay in construction
progress, then in project completion. These factors could be summarized in

the following points:

1- Water and sewage construction projects are horizontal construction,
which take place mostly in public roads and streets in the municipal
and rural areas. This needs special arrangements and precautions for

the works.
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These projects mainly include excavations and trenching works in
different soil and site conditions. This makes these projects face high
uncertainty. That may cause difficulties in the works, and may cause

delay in their progress.

Work in these projects depends heavily on equipment, which needs

continuous maintenance and efficient operation.

The contractor working in this type of projects must be experienced

and able to perform the work, and cover risk that may exist at the site.

Other Government Authorities are involved in the project, where they
frequently issue work permits to the contractor with restrictions in time
and work area. This may obstruct the progress and cause delay in the
work. Proper coordination between all parties involved should be done

continuously to avoid obstructions in the work’s progress.

6 - Special mechanical and electrical installations are required for pumping

stations, as a part of these projects which are mostly imported, and

may be subjected to unexpected delay in delivery. This delay may
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cause delay in completion and operation of these stations and then

utilization of a part or whole of the project.

So, these construction factors could provide more chance for delay in
the construction of water and sewage projects, among other public utility

projects.
2.2 TYPES OF DELAYS

A delay is the time during which some part of a construction project has
been extended or not performed due to an unanticipated circumstance or
other different causes. These causes could result from construction parties or

by any other factors that influence the construction project’s progress

(Callahan 1992).

The construction delays can be classified in different categories,
according to liability of the contractual parties, occurrence of the delays, or
effect on the schedule of the project. According to the liability, the delays
are classified as excusable / or nonexcusable delay. The excusable delay
may be farther classified as compensable or noncompensable. According to

the occurrence, the delay could be classified as concurrent/or independent
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delay. In relation to the effect on the time schedule, the delays are classified

as critical/or non critical delays.

In the following a brief description of these types of delays are

presented, with the parties involved, and examples for each.

2.2.1 - Excusable & Nonexcusable Delays

Excusable or nonexcusable delays are based on the source of the causes.
The main principle for establishing whether a delay is either excusable or
nonexcusable is the contractor liability for the delay. Delays resulting
from the fault or negligence and in the control of the contractor or his
subcontractors, suppliers, or any party working in behalf of the contractor,
all these causes of delay are nonexcusable, where the contractor is not
entitled to any time extension for the project. The excusable delays are
those causes which do not result from the contractor obligations according
to the contract. The basis of this should be taken from applicable contract

provisions and conditions of contract clauses (Callahan 1992 & Leon 1987).
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2.2.1.1 Excusable delays

Excusable delays are delays that occur as a result of excusable causes.
These causes excuse the contractor from meeting a contractual deadline,
which is the project completion date. The delay will serve to justify an
extension of the contract performance time. Excusable delays 'could be
identified and represented by three major elements (Karim & Diekman

1987). They are:

1- Unforeseen events: Enforceable causes occur beyond the control of

both parties: the owner, and the contractor.

2- Events beyond the contractor's control: Causes which may occur and

the contractor cannot recover them in the schedule.

3- Events without faults or negligence: These events in which the
contractor is blameless, such as an act of God, "Force Majeure" causes,
and shortage of resources beyond what was expected at the time the

contract was made.

Generally, the excusable causes afe those which apply to the

performance of the owner and his representatives or causes beyond the
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contractor’s control. The main element of the excusable delay causes is
that the contractor cannot cover them in the schedule and should extend the

project completion date (Karim & Diekman 1987, Callahan 1992).

Common excusable delays for the contractor include changes in design
and the scope of work initiated by the owner or his representatives, late site
handing over, late permits from government authorities concerned, and
owner late decisions. If the contractor encounters an excusable delay, he is
entitled to an extension of the project duration and may or may not ask for
compensation according to the causes and the conditions of the contract. If
the delay is deemed compensable, the party concerned will be entitled to
additional compensation for the cost of the delay, as well as additional time

for contract performance ( Callahan 1992 ).

The following paragraphs will give a brief description for both types,

and their classifications.

A- Excusable Compensable Delays: Excusable compensable delays are
those delays which occur as a result of an owner or his representatives

due to faults or negligence, and within the control of the owner.
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Generally speaking, a delay that could have been avoided by due care
of one party is compensable to the other party suffering injury or
damages as a result of the delay. Both contract parties, the owner and
the contractor, could claim for compensation. The contractor will be
entitled to additional compensation for costs of delay to cover extra
expenses generated by delay or obstruction to job progress, as well as
additional time for contract performance. The owner can also get
compensation for the costs which cover his losses of revenue and

damages (Callahan 1992 & Leon 1987).

This compensation is restricted by conditions of contract under special
cases. Normally the owner in the conditions of the contract states
clauses to prevent any liability to compensate the contractor for this
delay. These clauses are called "No- Damage" clauses. Such clauses
attempt to place the entire risk for delay damages upon the contractor
and limit the owner liability to a time extension only. The owner also
could claim for compensation if the delay is attributable to the
contractor. Owner compensation is covered by liquidated damage

clauses in the conditions of contract. The owner normally states an
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amount or a percentage of contract value withheld from contractor
payments for each day of contractor - caused delay which results in late

project completion (Karim & Diekman 1987).

This type of delay can occur under different causes. These causes can
be the owner's failure to furnish and hand over the site to the
contractor, faulty design or incomplete drawings and specifications,
changes in design and scope of work, suspension of work, differing
site conditions, late decisions that are necessary for work progress.
The excusable compensable delays are not limited to those mentioned.
Delay which arise from acts of the owner or the owner's failure in his
obligations stated in the contract are all considered as excusable
compensable delays (Karim & Diekman 1987, Callahan 1987, Leon

1987).

Excusable Nonecusable Delays: Excusable noncompensable delay are
those which occur as a result of faults or negligence beyond the
owner’s or the contractor’s control. These are normally defined in the
contract. This kind of delay entitles the contractor to a time extension

only, without recovery of associated delay damages cost (Leon 1987).
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Examples of these causes of delay are new government laws and
regulations, acts of God such as severe weather conditions, and late permits
issued from concerned government authorities due to special requirements

(Callahn 1992, Leon 1987 ).
2.2.1.2 Nonexcusable Delays

Nonexcusable delays are those caused by events or circumstances within
the control or due to the fault or negligence of the contractor. In this type of
delay, the contractor’s own action and / or inaction have caused the delay.
These delays could result from the contractor himself or from a
subcontractor, a supplier, or any party who works for him. In this type of
delay, the contractor is not entitled to either compensation or time extension
from the owner. In fact, the owner could recover delay damages from the
contractor through applying clauses of liquidated damages and delay
penalties under the conditions of the contract (Karim & Diekman 1987,

Callahn 1992 ).

There are many causes which result from the contractor’s performance

and his representatives. This could include but is not limited to, failure to
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provide materials and manpower required, failure to finance the project; lack
of technical and managerial staff, inefficient planning & scheduling and

controlling of the project works; and subcontractor's problems.
2.2.2 Independent and Concurrent Delays

Delays can be classified according to their occurrence into two types,
independent and concurrent delays. An independent delay is a delay which
occurs as a result of causes related to one type of delays or one of the
contractual parties, either the contractor or the owner. This could be a
nonexcusable or excusable, compensable or noncompensable delay. The
concurrent delays are two or more independent delays which occur at the
same time as a result of different causes which could be excusable or

nonexcusable, compensable and /or noncompensable (Leon 1987).

Concurrent delays are difficult to evaluate and to settle. Each party
should keep full documentation of these delays, specially the concurrent
delays which could result from both parties, the owner and the contractor.
Measurement of concurrent delays is a complex issue. Concurrent delays

may occur in one of the following cases (Karim & Diekman 1987):
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If excusable noncompensable and nonexcusable delays are concurrent,
then the delays will be considered excusable, where the contractor is

entitled to a time extension only.

If excusable compensable and noncompensable delays are concurrent,
the delays will be considered noncompensable and the contractor will

be entitled to a time extension only.

If nonexcusable and excusable compensable delays are concurrent, the
delay will be considered as an excusable delay, and the contractor will

be entitled to a time extension only.

If excusable compensable, noncompensable, and nonexcusable delays
are concurrent, the delay is to be evaluated according to as-built and as-
planned schedules, and the contractor will be entitled to a partial time

extension with or without compensation.

A "concurrent" delay means that more than one delay contributes to the

project delay. It includes any delays that have contributed to the overall

project delay (Karim & Diekman 1987). If the contractor and the owner

have contributed to the delay, the contractor receives a time extension, but
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not delay damages, and the owner does not receive liquidated damages

(Callahn 1992).
2.2.3 Critical and Noncritical Delays

Delay causes could occur at any time during project construction
duration. Those causes could affect any of the project activities on a critical

or noncritical path in the project time schedule.

It is a basic principle in the scheduling of a critical path that delay
which occurs on noncritical path does not extend the schedule until all of
the floats along these paths are used or consumed. The delay incurred off

the critical path would not delay ultimate project performance (Leon 1987).

Delays that affect the critical activities and result in an extended project
completion date are known as "critical delays". Concomitantly, the delays
that do not extend the project completion date are called "noncritical
delays". It is a generally held that a contractor will not be entitled to a time
extension for an excusable delay unless the delay extends the overall project

completion date (Callahan 1992 ).
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2.3 CAUSES OF DELAYS

There are many causes which could result in delay in public construction
utility projects. Those causes could result from different sources and
parties. Through the literature review, many interviews and discussions with
some professionals in the field, and the writer's experience, many causes
have been identified. There are sixty potential causes identified. Those
causes could be combined in six major groups. These groups are classified

according to sources of these causes. These sources are the following:
1- Contractor performance.
2- Owner Administration.
3- Early planning and design of the project.
4- Government regulations and policies.
5- Site and environmental conditions.
6- Supervision and field inspection.

Each one of the six sources are described briefly. The causes that
result from these sources are identified to establish an overview for the

reader of the causes of the delays in water and sewage construction projects
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in particular, and public utility projects in general. These causes will be
considered in the questionnaire to identify their frequency and severity. It is
noticed that some of these causes could interface with, or could be a result
of, other causes from other source. These causes are mentioned to relate
them to their sources, in order to evaluate the relative importance of these

causes and their sources.
2.3.1 Contractor Performance

The contractor in the construction process is the party who utilizes
resources required to execute and complete the construction project.
Normally, the contractor carries most of responsibility in the construction.
He is responsible for delivering the completed project to the owner. The
contractor’s performance in construction plays an important role in the
project performance. The contractor is obliged to complete the project, on
the specified time, within the estimated cost, and with the required quality,

according to specifications and conditions.

Contractor performance is based on his capabilities, which include

administrative, technical, and financial capability. = The contractor
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capabilities are based on available resources and project management
performance. The resources include materials, equipment, manpower, and
money. The availability of these resources adequately on time as required

is essential for the progress of the work and completion of the project by

the time specified.

Many factors could cause delay in the project’s completion as a result
of low contractor performance. Shortage in contractor resources and low
project management performance will affect the contractor performance
which will affect construction progress and then completion. The effects of
contractor resources and management which contribute in project time
performance are presented and briefly described in the following sections.

Contractor performance consists of many causes, so it is further divided into

some groups.
2.3.1.1 Contractor Resources

A- Materials: Procurement of materials is one of the contractor tasks in
the construction project. The materials required should be identified by

a qualified planner and estimator from the shop drawings. Proper
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scheduling has to be made to get the materials at the job site at the right
time, especially, those materials imported from abroad or which need
special manufacturing, to avoid delay in delivery which might lead to

delay in progress of the work.

Materials used mostly in water and sewage construction projects are
different types of pipes and fittings, valves, normal construction
materials, and different types of mechanical and electrical installations,
such as pumps, accessories, and other mechanical & electrical parts.
These installations are used for construction of networks, house

connections, and pumping stations.

Most pipes and fittings, and other normal construction materials are
available from the local factories now, but the contractor needs to make
arrangements for delivery time and payments. The factories normally
request the contractor to pay an advance payment for materials orders.
Piping installations for pumping stations are mostly ordered in special
specifications and have to be imported from abroad, or from the local
factories, and need time for manufacturing. Delivery of mechanical

and electrical installations which are required for pumping stations are
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very important in this type of project. These stations are very
important in construction of these projects, since the operation and
utilization of the project depend on the completion and operation of
these stations. Most of these materials are imported from abroad, from

special suppliers under special orders.

Shortage of any of the materials required could obstruct the progress of
the construction and may delay the completion of the project. The
contractor has to consider time for delivery of the materials, especially
those imported from abroad. Delay in delivery of the materials
required could delay the completion of a part of or a whole project.
Delivery times should be matched with the time schedule of the
project and according to the specifications and quantities required in
the shop drawings. Also the contractor sometimes may not able to
provide the materials due to financing and cash flow problems. This
could make a shortage in the materials and may delay the

progress.

Changes in material types and specifications may be required due to

some defaults or mistakes in the design or specifications, or changes
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ordered by the owner for improvement in the design and quality.
Sometimes changes in the specifications require changes in the
prices of work items, and it may take a long time to negotiate new
prices and formal measures for approval of these prices. This time
may delay parts of the work which sometimes are critical items in
the schedule of the project, and may affect the completion of the

project.

In general the contractor must deliver the required matenials by the
time needed, so he should make arrangements to order and deliver

the materials in proper time.

Equipment: Procurement of equipment is a very important resource in
construction, especially in horizontal heavy construction such as public
water and sewage projects, since those projects are equipment
intensive. Equipment plays the major role in the construction and

completion of these projects.

The contractor can procure the equipment by utilizing one or all of

the procurement methods: purchase, rent, or lease. Equipment
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represents a major portion a contractor assets, so most of the
contractors purchase equipment, which is regularly and economically

utilized, such as standard equipment.

In water and sewage construction projects different types of
equipment are used, mainly excavation and trenching equipment,
loaders, cranes, trucks, compacting equipment, and other different
equipment. The contractor also needs to provide temporary
installations for supporting and shoring of trenches and excavations,
specially when there are deep excavations and loose soil. Also the
contractor needs to install a dewatering system when the water table

is high at the site.

Most contractors own their standard equipment which is available in
the local markets. The contractor obligates himself to provide all
required equipment to execute the project according to the time
schedule. Shortage or unavailability of the required equipment may
slow the progress of the work and may delay the completion of
the project. Equipment should be maintained properly to keep it in

good condition and ready for efficient operation at all times.
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Selection of adequate and proper equipment to perform the work is
an important factor in the productivity. Inadequate or improper types of
equipment and low skills of operators might reduce productivity and

cause considerable delay in the progress of the project.

Manpower: Manpower is essential resource of the contractor, who
also utilizes the other resources in the most efficient and productive
manner. Manpower includes the different laborers, those directly
performing the project work. They including skilled, semi - skilled, and
unskilled laborers. Skilled laborers involve all craftsmen, such as pipe
fitters, equipment operators, mechanics, carpenters, masons, and
foremen who link between management staff and manpower. The
foreman has an important role in the progress of the work, so normally
the contractor assigns a trained foreman who has a good experience in
the work with leadership skills and some management abilities. Semi-
skilled laborers include the assistants of craftsmen and have medium
skills, while unskilled laborers include ordinary laborers who perform

normal jobs which do not require specific skills. Laborer availability,
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skills, productivity, and experience play an important role in the

progress of the work (Ubaid 1991).

In Saudi Arabia most contractors provide their manpower from
abroad, most (if not all) laborers come from some of the Arab
countries, and the west & south - east of Asia. Different laborers
from different countries have various cost and different skills. There
are many government policies and regulations concerning the importing
of manpower. The contractor may face difficulties in importing
required manpower for the project since it normally involves a long
procedure to obtain visas, licenses, and work permits for them. This
procedure may take a long time before the contractor can provide the
manpower before the construction starts and may delay the progress of

the project.

Productivity of the laborers is a function of their experience,
convenience in the job, work operation and management, and many

other factors which may decrease or increase the productivity.
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Communication and coordination between the manpower and the
project management staff affect the progress of the work. Lack of
communication and coordination could cause delay in the progress of

the project.

The contractor should make the arrangements of providing the
required manpower for the progress of the work based on time
schedules of the project. The shortage or unavailability of manpower
during construction may cause delay in the progress of the works. Most
contractors keep their most qualified and experienced manpower
permanently with them to start new projects and train other,

imported laborers.

Financial Resources: Financial resources are the most important
element in the contractor capabilities. Funds are required to procure
the other resources: materials, equipment, and manpower. Financing
the project is the most important factor that affects the contractor’s
performance. The contractor could utilize different methods to finance
the project. He could finance the project from his own financial

resources, or by getting loans provided by commercial banks.
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Most of the local contractors rely on commercial banks to finance their
projects, but strong restrictions applied by those banks require
contractors (especially financially weak firms) to depend on their own
financial resources (Stevens 1989). During the boom construction in
the early three national development plans (1970-1985), government
was offering to the contractors involved in public projects advance
payment which was equal to 20% of contract value to encourage those
contractors to participate in the construction of a large number of
public projects. This payment has stopped since 1987 with the
decrease in the number of projects that awarded and increase in
contractors financial capability (Stevens 1989). This situation affected
the contractor financial capability which affects their ability to provide

the required resources for the project.

Sometimes the contractors face difficulties in financing their projects
due to financial problems: delay in progress payments, no advance
payment, and cash flow problems. Cash requirement for procurement
of materials and other expenses could lead the contractor into a very

critical situation which could make delays in the progress of the work
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and then the completion of the project. The contractor should manage

his available financial resources, and plan his cash flow by utilizing
progress payments.

2.3.1.2 Project Management Performance

The project management is very important in the contractor
performance. The professional management staff can execute the project
in the most efficient manners, within the time specified, with the best project
performance level. Management staff include administrative personnel and
engineering professionals. The contractor should assign administrative and
technical staff as soon as the project is awarded to him, to arrange for
procurement of resources, to manage the construction effectively, and to
achieve project completion within the specified time with the required

quality, and within estimated cost.

Administrative personnel perform administration activities concerning
public and government relations, accounting, procurement, and labor affairs.
Each of these should be done by qualified personnel to procure required

resources for construction and to support the project management. Lack of
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these personnel could create problems that may cause delay in delivery of
resources and problems in communications and coordination with other

parties involved.

The engineering professionals consist of all technical staff who perform
technical and engineering tasks, and manage the construction. They involve
project manager, site engineers in different fields, such as civil, mechanical,
electrical, and architectural engineers, inspectors, draftsmen, surveyors,
...etc. Tasks include planning & scheduling, progress control, quality
control, cost estimating, construction methods, and all other project
management techniques. The professional staff are required to be qualified
and experienced in the construction of the project. Lack of these
professionals could cause difficulties in the progress which may lead to

delay in completion of the project.

Project management involves many tasks that contribute to the project
time performance. Among these important tasks are planning & scheduling,
and progress control of the project. All these processes are very important

for the project performance level, especially, time and cost performance.
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So, planning & scheduling are considered to be among the most important

measures of contractor performance, and project time performance.

The planning process is of paramount importance in the success of
construction projects. Poor planning could create overruns in cost and time
performance of the project. Planning is a process of selecting method and
order of work to be used on a project from among all the various methods
and sequences possible. This process provides details information for
estimating and scheduling as well as a baseline for project control.
Scheduling is the process of determining the timing and sequence of
operations in the project and their assembly to give the overall completion
time. The scheduling is very important in managing time. If proper planning
and scheduling are not done, the probability of delay and cost overrun and
disputes are higher. Schedules can control all the resources of the project,
materials, equipment, manpower, and financing, and justify time extension
claims. Planning should be matched with the resources and time to develop

the work schedules (Callahan 1992).

Most local contractors normally use bar-chart scheduling techniques,

and CPM (Critical Path Method) scheduling techniques for large, detailed,
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complex projects. Revisions and updating of schedules should be done
frequently to assure the completion of project in the specified time or the
shortest possible time. Updating is required frequently in the schedules of
projects facing high uncertainty, such as underground utility works in water
and sewage construction projects. Planning and scheduling are continuous

processes during the construction.

There are many factors resulting from the contractor’s project
management that could cause problems which might cause delays in the

progress of the work and maybe in the completion of the project.

The contractor’s head office has an important role in the project’s
success. The involvement of the head office during the construction will
support the project management to complete the project at the specified
time, with the best performance. The contractor head office will be involved
in main administrative issues such as financing, procurement of resources,
and main technical issues such as change of orders, technical conflict, and
changes in the scope. Proper communication and coordination should be

done by the contractor’s head office to support project management.
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The contractor should perform proper coordination and communication
with all the parties involved: suppliers, subcontractor, supervision team, the
owner, and other government authorities. Frequent meetings will improve
communication, coordination, and cooperation between all parties involved
to avoid any interface problems which may arise. This will save a lot of
time solving these problems or conflicts that cause delays in the progress of

the project.

Normally changes in a construction project are unavoidable in most
cases. Changes may incur in design or scope. These changes may require
changes in contract prices and specifications for some work items. These
changes require the contractor to prepare new cost estimates with new
detailed specifications and drawings for these work items. A contractor’s
late response to these changes, especially if these items are main items,

may delay the progress and completion of the project.

Contractor quality control is an important factor in the project
performance. This contributes to all performance measures: time, cost, as
well as the quality of work performed. The contractor should perform self-

supervision and field inspection to assure that works are done according to
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specifications, drawings, and engineering standards. This will avoid any
defects needing repairs, which require time and may cause some delays in

the progress of the work.

In many projects, the contractor needs to subcontract part of his
projects to a subcontractor who normally executes special work items in the
project, such as mechanical & electrical work. The contractor has to assure
that the subcontractor schedule should match with the project schedule and
that the work is performed according to required specifications and

drawings.

In the contract, the contractor is requested to prepare shop drawings for
the work to be performed. These drawings provide all details needed for
executing the work according to contract documents requirements. In water
and sewage construction projects, the contractor is required to survey
project areas to prepare detailed plans for networks to be constructed
according to existent site conditions. Also he should prepare detailed
drawings for pumping station works, which include architectural, structural,

mechanical, and electrical work. Delay in preparation of these drawings
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could delay starting execution of the work, which may delay the progress of

the project.

Mobilization to start construction should take place as soon as the
contract is awarded to the contractor. The mobilization includes all
arrangements of the resources, management staff, site office, and
preparation of all other requirements to start construction works. Late

mobilization could cause delay in the progress of the project.

The contractor is required also to provide all necessary precautions of
safety, by applying safety rules and regulations for safe site conditions and
safe acts of the manpower. This will avoid injuries, which decrease

productivity and may delay progress of the work.
2.3.2 Owner Administration

The role of the government authority who is the owner in the
construction of public projects is an important role. Owner involvement is
an effective factor in the construction process. The role of the owner

includes many tasks. These tasks are very important for the progress of the
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project. Failure of the owner to perform these tasks will cause problems

that may cause delay in the progress then the completion of the project.

Owner involvement during the construction is very important to project
performance. There are many tasks which they contribute to the project
time performance. Delay in furnishing and handing over any part of the
site to the contractor will cause a delay in starting some of the work of the
project. This is especially true of those sites for some critical work in the
schedule, such as pumping stations, or main trunk lines, which could make

the contractor fail to complete the project on schedule.

Owner uncooperative with the contractor will create some complexity
in the measures of owner administration. Cooperation between the parties
will avoid the routine measures. Excessive bureaucracy in the owner
organization will create some complexity in measures in the owner
administration. This can be seen through lengthy and ineffective measures
that could lead to delay in the decisions and approvals of contractor
inquires, which could delay the progress of the project. Failure of the owner
in making decisions within a reasonable time may hold back some of

project work, and delay in settlement of contractor's claims by the owner,
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such as approval of new work items, prices, and extra costs for changes in
design, may obstruct project progress and then cause delay in the

completion of the project.

Delay in the progress payments is one of the most critical problems for
the contractor. It creates a very critical problem in his financial ability and
cash flow. This problem makes the contractor unable to provide required
resources and cover his expenses, which leads to delay in the progress of the

work.

Delay in approval of contractor submittals for materials, shop drawings,
schedules, etc., may cause delay in the progress which may lead to delay in
completion. The owner’s interference in the construction, such as changing

the phases of the construction, may obstruct the progress of the work.

According to the conditions of the contract, the owner has the right to
suspend any part of the work, if it is needed to restudy and redesign any part
of the project to make necessary modification and corrections. Changes or
change orders by the owner are one of the major factors alleged in most

delay claims as a critical factor in delay ( O'Brien, 1976). The procedure of
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issuance of change orders may involve lengthy measures, which take a long
time during construction, that could cause delay in the progress and then the

completion of the project in the specified time.

The owner should make necessary coordination and communication
with other government authorities to avoid any conflict that may cause delay
in work progress and the completion of the project during construction.
Lack of communications and coordination by the owner with other
concerned government authorities, and with other parties involved during
construction, is another problem in the owner administration that may cause

problems affecting the project progress.
233 Early Planning and Design

Contract documents are the product of the early planning and design
stages of the project. The contract documents normally include the
conditions of the contract, the form of agreement, special conditions,
standard and special specifications, the bill of quantities, drawings & plans,

and addendum. In the contract documents, the owner states all scope,
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requirements, conditions, specifications, quantities, and physical aspects of

the project.

Normally during construction, the owner may order changes in scope,
design, or quantities of work items. These changes could be as a result of
inadequate or inapplicable design, or changes in the owner’s requirements,
such as improvement in the design and quality of the project. Differing site
conditions, deficiencies and faults in the design are the most common
reasons for changes in the design and scope of the project. It may take a
long time to make necessary corrections in specifications and drawings, and
for approval measures of prices of these changes. This could delay the

progress of the project.

Inadequate early planning and design of the project are the main sources
of problems in contract documents. This could be a result of changes in site
conditions, mistakes in surveying, or inapplicable design standards and
codes. These problems occur if the designer is not a professional in the field

of the project.
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Changes in the scope of the project could be ordered by the owner as
changes in quantities of work items, new items, new areas, or added new
requirements in the scope which were not considered in the contract
documents. These changes need modifications in bill of quantities, in the
form of modifications in quantities or the addition of new items, which need
to be negotiated and approved by the owner. The procedure for this may
take a long time, while part of the project is on hold. This could cause
delay in the progress and completion of the project. Changes in scope of the
project beyond the contract value also need approval of the owner for extra

cost and time extension of the project.

In some contracts for public projects, the duration for the construction of
the project is not well determined. The duration originally is not adequate
for performing the project works. It is too short. This will not allow the
contractor to execute the project on time and then the project will be
delayed. The obligation of the contractor in the contract is executing the
project in the specified duration or he will be subjected to a delay penalty,
with or without liquidated damages. A delay penalty is limited to 10%

maximum which could be applied within a short time, and then it remains
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fixed. This could assure that some of the contractors are not worried about
delay in completion if the delay time exceeds that time since the delay
penalty has reached its maximum limit (Zain Abidien 1983). So, the delay
penalty sometimes is not feasible and effective to urge completion of the

project in the shortest possible time.
234 Government Laws and Regulations

In public utility projects many government authorities are involved in
construction. Many laws and regulations should be considered in the
contract and form a part of the contractor obligations. Long procedures and
many measures must be applied in the government organizations, which
normally take a long time, such as issuance of work permits, safety

measures, and laborer and material importing measures.

Among the most important factors which affect progress of public water
and sewage construction projects are work permits. The contractor should
obtain work permits from all concemned government authorities. These
authorities consist of the municipalities, telephone department, electricity

company, traffic department, civil defense department, and road department.
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Each of these authorities has its own laws and regulations regarding work
permits. In many cases the contractor faces difficulties in obtaining work
permits from some of these authorities mentioned, especially the
municipalities if no proper coordination has been done in the early planning

and design of the project, or the contractor performs poorly.

Work permits are issued with restrictions in work area and time period
according to the municipalities regulations. These restrictions could affect
work progress and may cause a delay in completion of the project. In
general, restrictions in obtaining work permits may delay the work progress
in this type of public utility project. The owner and the contractor should
have continuous communications and coordination with concerned
government authorities to avoid problems which may arise during
construction. Both the owner and the contractor should coordinate with

those authorities to apply their instructions and regulations.

The contract tendering system in government administrations allows for
intense competition in most public projects, with a lack in prequalification
and classification systems for the contractors. The government authorities

are obliged to accept the lowest bidder. This situation sometime brings
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unqualified contractors with shortage in resources and low capabilities, and
then leads to low performance in construction, which causes delay in

completion of the project.

Changes in some government regulations and laws, such as changes in
costumes, restrictions in importing manpower from some countries, labor
law, etc. could create problems for a contractor, making him unable to
provide the required resources. This then may cause delay in the progress

of the project.
2.3.5 Site and Environmental Conditions

In the construction process, especially in horizontal construction
projects, such as water and sewage utility projects, environmental conditions
at the site have some impact on project progress and completion. The
environmental conditions include climate conditions, subsurface conditions,

and social and cultural conditions.

The climate in most of Saudi Arabia is a hot dry desert climate, where
the temperature could reach to around 49 degree Centigrade in the summer

with a big variations in the temperature on the same day, while the winter
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is a cool season with low rain. In the coastal areas the relative humidity
becomes very high. Some of these climatic conditions sometime become
very severe and the weather may affect the productivity of manpower and
equipment, which could delay the work progress, if the contractor did not

make the necessary arrangements and precautions.

In public water and sewage projects, subsurface conditions are the most
important site conditions that affect work progress, because excavation
works and trenching are the main work items in these projects. Excavations
could be difficult work if the contractor does not provide adequate
manpower and equipment for the work. Deep excavations for sewer lines
and pumping stations need adequate equipment and implementation of
proper excavation and construction methods. Failure of the contractor to
provide complete installations may delay progress and completion of the

project.

Subsurface conditions include soil conditions, water table, existent
utility lines, and other obstructions. Hard rock or very lose soil require
special equipment and temporary installations. A high water table needs

continuous pumping to lower the water table for construction of utility lines
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and structures. Existent utility lines could obstruct the progress, and in some
cases, these lines need rerouting or repairing if they are damaged. In some
cases where construction of utility lines takes place in narrow roads and
streets with deep excavations, this could make difficulties in the work,
which may delay progress. The contractor should investigate site subsurface
conditions to make all necessary precautions to avoid obstructions that may

cause delay in the progress of the work.

Some social and cultural conditions have some effect on the progress of
the work; traditions, customs, and religion of the manpower play an
effective factor in their productivity. Most manpower, if not all in the
construction industry in Saudi Arabia, is imported from different countries,
Arab and Non - Arab, Muslim and Non - Muslim. They have different social
and cultural backgrounds which somehow effect their productivity.
Familiarity of the manpower with the society and culture in the Kingdom

will improve their productivity.

In some sites, special safety precautions are required to provide safety
for citizens, and to prevent any accidents that may occur and delay the

progress. Conflict between some projects constructed at the same site and at
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the same time due to interfering in the construction area could cause delay in
the progress. Proper coordination has to be made in the schedules to avoid

any delay that could affect the completion of the project.
2.3.6 Supervision and Field Inspection

The supervision of public projects is an important element in project
success. The supervisor has an important role in the construction
performance. The project may be delayed if the supervisor does not
perform his tasks efficiently, which will depend on his personnel
qualifications and experience. The supervision of public projects are
performed either by engineering department in house, or by consulting and
engineering offices working as owner representatives. The supervisor
responsibility is making sure that work is being performed as per
requirements of contract documents and according to relevant engineering

standards and codes.

The consultant office or the owner supervision team should manage the

construction properly and efficiently. Any lack in their duties will cause
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problems for the contractor and the owner, which may cause delay in the

progress of the project.

Effective involvement in the supervision will help the contractor to
complete the project on time. Unqualified and low experienced personnel
will cause some problem which may cause delay in the progress. Delay in
checking, review, and approval of contractor submittals, materials, shop
drawings, schedules, payments, etc., all could delay progress of the work
and may cause delay in the completion of the project. Progress payments
should be checked and approved by the consultant engineer in proper time.
The consultant has to keep full records for the work items performed and

make proper coordination between personnel in the field and the contractor.

Coordination and communications between the consultant and the
contractor will contribute to the progress of the project. Poor coordination
could lead to conflict and problems that delay the progress. Continuous
coordination and communications through regular meetings and organized
work procedures for approvals, inspection and testing will improve
coordination and communication between all parties. Clear inspection and

testing procedures are very effective in the supervision in a good standard.
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Those procedures should be designed as forms to fulfill the contract
requirements. Improper or inadequate procedures will cause some
difficulties in the work progress, which could lead to delay in completion.
Changes in supervision level due to personnel attitudes or experience may
cause late response to the contractor inquiries in the job site. Any of these

factors may cause problems in progress and then delay in completion.
2.3.7 Summary of Potential Causes

The causes of delay in public utility projects as described previously

could be summarized in groups according to their sources in the following:
I-  Contractor Performance :

1-  Shortage of materials required.

2- Delay in materials delivery.

3- Changes in materials prices.

4- Changes in materials specifications.

5-  Shortage of equipment required.

6- Failure of equipment.
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Shortage of supporting and shoring installations for excavations.
Inadequate equipment used for the work.
Shortage of manpower (skilled, semi-skilled, unskilled laborers).

Low skills of manpower.

11- Shortage of contractor’s administrative personnel.

12-

13-

17-

Shortage of technical professionals in the contractor’s

organization.

Poor communication by the contractor with the parties involved

in the project.

Poor coordination by the contractor with the parties involved in

the project.
Slow preparation of change order requests by the contractor.

Ineffective contractor head office involvement in construction of

the project.

Delay in mobilization to start the project.
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19-

20-

21-

22-

23-

24-

25-

26-

27-

28-
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Loose safety rules and regulations within the contractor’s

organization.

Poor qualifications of the contractor’s technical staff ( engineers,

inspectors, etc.).

Improper technical study of the project in the bidding stage by

the contractor.

Ineffective planning and scheduling of the project by the

contractor.

Delay in the field survey done by the contractor.

Ineffective control of the project progress by the contractor.
Ineffective quality control by the contractor.

Delay in the preparation of contractor submittals (e.g. shop

drawings, materials sample, etc.).
Improper construction methods implemented by the contractor.
Difficulties in financing the project by the contractor.

Cash flow problems faced by the contractor.



29- Subcontractor problems with the contractor.

Owner Administration

30- Delay in furnishing and delivering the site to the contractor.

31- Delay in settlement of contractor’s claims by the owner.

32- Suspension of work by the owner.

33- Delay in issuance of change orders by the owner.

34- Delay in making decisions by the owner within a reasonable
time.

35- Interference by the owner in construction operation phases.

36- Uncooperative owner with the contractor.

37- Delay in progress payments by the owner.

38- Poor communication by the owner with the construction parties
involved and with government authorities concerned during

construction.

39- Insufficient coordination by the owner in the early planning and

design stages with other government authorities concerned.
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IV-

40- Poor coordination by the owner with the construction parties
involved and government authorities concerned during

construction.
41- Excessive bureaucracy in the owner administration.
Early Planning And Design

42- Changes in the scope of the project ( e.g. quantities of work

items, new items, new areas.).

43- Ambiguities, faults, and inconsistency of specifications &

drawings.
44- Deferring site conditions.
45- Original contract duration is too short.
Government Regulation And Policies :
46- Ineffective delay penalty.

47- Difficulties in obtaining work permits from the authorities

concerned.

61
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48- Low performance of lowest bidder contractor in the government

tendering system.
49- Changes in government regulations and laws.
Site And Environmental Conditions :
50- Severe weather conditions on the job site.

51- Effect of subsurface conditions ( soil, existent utilities, high

water table, etc.).
52- Traffic control and restrictions on the job site.
53- Effect of social and cultural conditions.
54- Interference with other contractor’s work.
Supervision And Field Inspection :
55- Poor qualification of supervision staff of the consultant engineer.
56- Delay in the approval of contractor submittals by the engineer.
57- Poor communications by the consultant engineer.

58- Poor coordination by the consultant engineer.
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59- Delay in performing inspection and testing by the consultant

engineer.

60- Slow response to the contractor inquiries at the job site by the

consultant engineer.

24 DELAY LAWS AND REGULATIONS

All public tendering in Saudi Arabia is governed by government laws
and regulations, in particular by the "government procurement and project
execution regulations and the rules for implementing them". The regulations
document was issued by the royal decree in 1397H. corresponding to 1977
and the rules were issued later by the Ministry of Finance and National
Economy in the same year. These regulations include 14 articles
establishing the basic rules for government tendering systems. The rules
consist of 40 articles explaining the basic requirements and procedures for
the execution of public projects and procurement. Since the time these
regulations and rules were issued, they have been valid with several

changes, modifications, and clarification for articles, which have mainly
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resulted from questions by government authorities and satisfaction of the

current economic and construction environment.

The regulations contain an article related to the delay penalty
applications for the delay in public projects. Article No. 9 describes the
applications of the delay penalty, which consists of three clauses. Clause
9/A specifies the maximum limit for the delay penalty in each type of public
project, including construction, procurement, operation & maintenance, and
consulting contracts. This clause is applied to delay occurred as a result of
forces, events, or causes beyond the contractor’s responsibility. The
maximum delay penalty for a delayed construction project should not

exceed 10% of contract value.

Article No. 9/B identifies the authority of the concened minister or the
director of an independent department to extend contract duration when the

delay 1esults from one or both of the following cases:

1-  Order for additional work that can not be executed within contract

duration.
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2- Suspension of the project work due to causes beyond the contractor

obligations with the government.

Article No. 9/C states that if the delay results from other causes than
those mentioned in Article 9/B, there is no excuse for the delay penalty

unless coordinated with the Ministry of Finance & National Economy.

The rules for implementing the regulations describe the applications of
those regulations. There are two articles which describe applications of the
delay penalty. Article No. 26 states the conditions of time extensions, it
states that "the contractor should execute his obligations in the specified
project duration including additional work not exceeding 20% (modified to
10%), unless the order issued at the time does ;10t allow the contractor to
execute the project within the specified duration. In this case extension of

the duration can be added to complete the project.

Article No. 37 defines the details of how to calculate the delay penalty
as a function of the delay period and the average daily cost of the project
contract value. The penalty value is calculated in two cases, the first case

for short term projects (construction duration 300 days or less), and the
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second for long term projects (construction period more than 300 days). The
calculations of the penalty in both cases are according to the following

formula (Zain Abidien 1983):
For short term project :
Delay penalty = 0.25 C*D, + 0.50 C*D, + C*D;
Where :
D = Delay period
D =D;+D,+Ds
Dy < =15 days, 15<D,< =30days, D;>30 days
C = Average daily cost.
C = Project contract value / project duration ( in days ).
For long term project :
Delay penalty = 0.25 C*D; +0.50 C* (D;-D; )+ C * D,
Where :
D;</=0.05P,0.05P<D,>=0.10P,D;=D-0.10P

P = Project construction duration ( in days ).
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It is noticed that the delay period is divided into three limits, and the
delay penalty is calculated according to these limits as a function of average
daily cost. The first limit is 25% of the daily average cost, the second 50%,
and the third 100% of average daily cost. The result of the three limits are
added together to compute the total delay penalty, which is limited to 10%
of the contract value. The rate of increase in the penalty value reaches the
maximum allowed in a short time, and the rate becomes less as the prcject
duration increases. This means that for long term projects, the delay penalty
reaches the maximum in a very short time, which does not give the chance
to the contractor to complete the project in the shortest possible time. This
situation could make infeasible and ineffective applications for the delay

penalty, especially for long term projects (Zain Abidien 1983).

In projects such as water and sewage construction projects, which
normally have long term duration, if the contractor is delayed, the period for
maximum penalty becomes short, which makes the contractor unable to
complete the delayed work. The contractor hence loss the incentive that
drives him to enhance the work to accomplish it in a short time. Some

contractors, therefore, expect before hand not to be able to complete the
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project in its specified time, especially if the project duration is tight or/and
the contractor expects some difficulties in the project progress or a risk in
the project that he is obliged to carry. Then the contractor takes into
consideration when tendering 10% increase in the project value to cover any
loss that may happen in case of being subject to the delay penalty (Zain

Abidien 1983).

On the other side, many government authorities used to change their
decision to withdraw the project from the contractor and the execution of
such a project at the contractor's expense, when he confirms his willingness
to complete the work, exerts effort and provides the required resources in
the hope of accomplishing the project without being obliged to withdraw it
and then get entangled in the complexities of withdrawal and retendering.
The delay penalty has to be more feasible and effective to encourage the
contractors in executing public projects in the shortest time (Zain Abidien

1983).

In general laws & regulations pertaining to the applications of the delay

penalty have an effect on the delay in public projects.
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2.5 PREVIOUS STUDIES

Several studies and reports have been reviewed, which present the delay
in construction projects, specifically the causes and types of delay in public
projects. Among these studies and reports, the most relevant to this study

will be presented briefly in the following paragraphs with their conclusions.

Al Hazmi (1987) presented causes of delay in large building
construction projects. He introduced types and causes of delays that may
occur in those projects. He mentioned fifty six significant factors that cause
delays which are combined into nine major areas. He evaluated their
degrees of importance and indicated the most severe factors. He concluded
that the most important factors causing delays in large building construction

projects are the following :

1-  Financial problems which are given the highest ranking among the
causes of delay. These problems result from delay in progress payments
that are caused by the owner’s or the consultant’s late approvals. The
delay in progress payments create cash flow problems for the

contractor which cause financial problems.
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2- Slowness of the decision making process and excessive bureaucracy in
owner operation.

3- Design changes as a result of inadequate early planning of the project.

4- Difficulties in coordination and communications among various parties
in the project. These are important factors and have effects on the

completion of the project.

Finally, he concluded that the contractors, the consultants, and the

owners generally agree on the severity rank of causes of delay.

Al-Awawdeh (1985) investigated delays and cost overruns in
construction projects in general. He mentioned some factors of delay, and
indicated 17 reasons of delay. He concluded his study by identifying the six
most important reasons for delay in construction projects that occur

frequently in Saudi Arabia. They are :
1-  Inadequate early planning for the project.
2-  Shortage or lack of construction management professionals.
3- Delays in contractor progress payments.

4- Difficulties in financing the project.
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5-  Changes in the different phases of the construction project.
6- Deficiencies in the organization of contracting companies.

Although this is a general study, it introduces helpful data concerning

causes of delay in construction projects in general.

Al Mudlej (1984) presented causes of delay and overruns of
construction projects in Saudi Arabia. He discussed generally types and
causes of delays in the construction phase. He mentioned 21 causes of

delay. He concluded that there are 5 causes considered very important by

all parties concerned. They are :
1- Inadequate early planning.
2-  Lack of professionals.
3-  Poor communication.
4-  Unavailability of a construction manager hired by the owners.
5- Shortage of skilled laborers.

Also, he mentioned other causes that each party thinks are important

from his experience. They are changes in materials type and specifications,
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changes in design drawings, shortage of equipment and manpower, and
delays in progress payments. In general it seems that these causes are

mmportant causes.

Evans (1981) mentioned three major causes due to the owner. They are
defective specifications, delay in furnishing and handing over the site to the
contractor, and delays due to other acts of the owner, which result from
difficulties or insufficient funding that prevent the owner from continuing
construction progress. These causes are important causes of delay that relate

to the owner.

Al-Subaei (1987) mentioned the causes of claims in the building
construction. Since the delay in construction is related to claims, most of
these causes are considered as causes of delay also. There are 29 causes
which were identified, and combined into five major areas. He concluded
that there are 4 main causes of claims referring to delay in payments,
defective contract documents, poor early planning, and bad quality. These

causes could be considered as important causes of delay.
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Ubaid (1991) discussed the performance of building construction
contractors. Contractor performance is one of major areas of causes of delay
as described previously. He identified factors affecting contractor
performance 13 major measures were considered. These measures related to
contractor resources and capabilities. They influence the project's progress

and are considered as factors for project time performance.

Al-Ojaimi (1989) reported a general study conceming delay in
construction of public projects. He introduced some causes of delay. He

concluded that there are six main causes of delay. They are:

oo
[]

Lack of organizational and administrational capabilities of some

confractors.

2- Inadequate prestudy for the project in the bidding by the

contractor.
3- Poor scheduling and planning of the project.
4- Unavailability of required equipment and manpower.

5- Experience of the contractor not considered in awarding of the

project.
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6- Weakness of supervision staff.

In general, the literature reviewed did not present any specific studies
concerning the delay in public water and sewage construction projects, but
the studies reviewed presented considerable data for the causes of delay in

public projects in Saudi Arabia for the purpose of this research.
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CHAPTER 3

RESEARCH METHODOLOGY

This research is a field survey study through a structured questionnaire
which is directed to the owners (Water & Sewage Authorities), the
consultant engineers, and the contractors within the defined scope
limitations of this study in the Eastern and Riyadh Provinces of Saudi

Arabia.

The survey will identify frequency and extent of the delay in water and
sewage construction projects, and the importance of the causes of delay.
This chapter will introduce the methodology of this research which
includes the general study approach, the data collection, the survey, the
scoring system, and correlation methods used. The survey includes
questionnaire development & design, and sample size determination and

selection.

3.1-GENERAL STUDY APPROACH
The study approach will include the stepsas shown in Figure 3.1

which can be summarized in the following points :
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Perform a comprehensive review of literature relating to the topic of
this study, in addition to interviews and discussions with some
government authority representatives, contractor engineers, and
consultant engineers. These are for collecting data concerned with
identifying the types and causes of delay in water and sewage
projects, and describing laws and regulations pertaining to delay in

public projects.

Formulate data collected to develop and design a comprehensive

questionnaire that covers the required data, and the causes of delay.

Conduct a field survey by mailing the questionnaire to the prospective

respondents for collecting the field data.

Perform statistical analysis for data by using applicable statistical

techniques.

Report and discuss results and major findings to introduce conclusions

and recommendations.



LITERATURE REVIEW

TYPES & CAUSES OF DELAY

QUESTIONNAIRE DEVELOPMENT & DESIGN
A - GENERAL INFORMATION OF RESPONDENTS
B - FREQUENCY AND SEVERITY OF THE CAUSES

C - FREQUENCY AND EXTENT OF DELAY, AND
RESPONSIBILITY FOR DELAY

!

FIELD SURVEY

CONTRACTORS, CONSULTANTS, AND
OWNERS

STATISTICAL ANALYSIS

x
RESULTS OF THE SURVEY

MAJOR FINDINGS & CONCLUSIONS

RECOMMENDATIONS

FIGURE 3.1: STUDY APPROACH DIAGRAM
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According to this study's objectives, the data required are of two

types :

1- Data concerning the identification and description of the various
types and causes of delay in the construction of water and sewage

projects.

2- Data concerning identifying frequency and extent of delay and the
important causes of delay measured by their frequency and severity, in

water and sewage construction projects.

The first type of data will be gathered through a review of
literature dealing with delay in construction projects, especially the causes
of delay in water and sewage construction projects in Saudi Arabia. The
second type of data will be obtained by a field survey for frequency and
extent of delay and ﬁ'équency and severity of the causes identified in the

literature review to determine the importance of the causes.
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3.2 THE SURVEY
3.2.1 Questionnaire Development and Design

The questionnaire was developed based on the research objectives
for collecting the field data for this study. The literature review
established the basis for the questionnaire development. Some
questionnaire forms appropriate to this study from other studies were
reviewed. Al-Hazmi (1987) developed a questionnaire for the importance
of causes of delay, Al Mutauwaa (1988) developed a questionnaire for
the causes of change orders, and Al Subaie (1987) developed a
questionnaire for the importance of causes of claims. The questionnaire for
this study was developed according to the required data from the field
survey. The causes of delay identified in chapter (2) are considered in the

questionnaire.

The questionnaire was carefully designed to achieve the research
objectives. It consists of an introduction and three parts, A, B, and C. The
introduction gives a description of the survey, its purpose and objectives,

and provides basic definitions. Part ( A ) is related to general information
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about only two of the parties, the contractors, and the consultant engineers
only, since it is not applicable to government authorities. The respondents
were requested to answer general information pertaining to their
classification and experience in construction. A copy of the questionnaire

is shown in appendix A.

Part (B ) includes the list of the potential causes of delay in
water and sewage construction projects. For each cause there are two
main questions, one for measuring the frequency of occurrence and the
other for measuring the degree of severity of each cause. Both the

frequency and severity are based on a five - point scale.

Part ( C ) deals with the frequency and extent of delay in water and
sewage construction projects to evaluate the frequency and extent of delay
in this type of project. This part includes two groups of questions. The
first group of questions is to the contractors and the second group will be
for all parties, contractors, owners, and consultants. The first group of
questions is concerned with the extent of delay experienced in the delayed

projects. This will be to the contractors only, since they are more involved
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and concemned in the delay problems, and to avoid duplication of data from
the other parties for the same delayed projects. Also, it is easier to extract
the data required from the contractors because of the limited number of
projects for each contractor. The consultant engineers are requested to
report their experience in delay for projects that they supervised, which are
normally large and medium projects, to evaluate frequency of delay in these

projects.

The first group of questions relates to the frequency of delay in the
completion of water and sewage construction projects in the contractor's
experience only. This includes four questions concerning overall frequency
of delay in such projects, including number of projects completed, number
of projects subjected to delay, number of projects for which time
extensions were requested, and number of projects for which time

extensions were approved.

The second group of questions is for all parties. This includes three
questions concerning the overall extent of delay in this type of

project, in the experience of the owner, the contractor, and the consultant.
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The first question 1is for measuring the average percentage of delay time in
the projects that experienced delay. The second is for measuring
approximately the percentages of involvement of the parties in the
delay. The third question asks the parties requested to list the five most
important causes of delay in order of importance from their

experience with delay.

In addition to part ( C ), in order to evaluate the actual extent of delay in
those delayed projects, the contractor is requested to report the actual time
performance for a random sample of some completed delayed projects.
There is a table for project time performance. The contractors are requested
to select randomly five delayed projects completed in the last ten years.
In the time performance table, the actual duration will be compared with
contract duration, time extension requested, time extension given, and
contract value for these projects. This will be used to identify the actual
extent of delay, and the type of delay, either excusable or nonexcusable
according to the time extension requested by the contractor and the time

extension approved for him.
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The questionnaire was translated into Arabic to make it understood
and clear. It was distributed by mail to the Water & Sewage Authorities
concerned, consultant engineering offices, and contractors. The general
managers or executive managers of the respondent’s organization are
requested to determine the most appropriate key personnel to answer the
questionnaire. Also, the respondents are requested to write their

comments concerning open questions at the end of each part.

3.2.2 Sample Size Determination & Selection

The total population covered in this research is composed of three
stratums: the owners (Water & Sewage Authorities), consultant engineers
(the supervisor), and contractors working in water and sewage

construction projects within the defined scope of this study.

Selection of the sample from the total population will be as

follows:

1- The owners. These are Water And Sewage Authorities which are

located in the Easten province and Riyadh province, and their
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branches in the main cities of the two provinces. Since these
authorities are of a limited number, their sample will be 100% used in
this survey. These branches were identified by direct contact with
the head offices of these authorities. There are 6 branches in the

Eastern Province, and 4 different areas in Riyadh province.

The consultant engineering offices operating in the FEastern and
Riyadh provinces classified by the Ministry of Municipal & Rural
Affairs in water and sewage works, which performed supervision of
such projects. These offices were identified by direct contact and in
coordination with Water and Sewage Authorities in the two provinces.
Since the number of these offices is limited also, the sample will be
100% used in this survey. There are 20 consultant engineering offices
which were identified. Those performed supervision for projects in the

two provinces.

The contractors operating in the Eastern and Riyadh provinces,
classified in the construction of water and sewage works, according to

the Government Classification System .
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The contractors were identified from the Contractors Directory
published by the chamber of commerce and the directory of classified
contractors in the field of water and sewage works, that was published
by the Ministry of Housing & Public works. The list of classified
contractors in the water and sewage works includes about 450
contractors in different regions in Saudi Arabia classified in five
grades. The highest grade is number one. In the contractor directories,
there are about 200 contractors classified that are working in public water
and sewage construction projects in the Eastern Province and Riyadh
province. This will be the total sample population of the contractors.

The sample size will be determined by using the following formula:

n = (t/d?/(1+(t/dP/N) Eq. 3.1
Where

n = sample size.

N = sample population = 200

ts : to/2 is the abscissa of the normal curve that cuts off an

area of o0 = 0.05 at the tails.

tae/2 =1.96 from statistic Table.
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d : is the expected error in the estimate. The mount of

accuracy ( 1 - a) % =0.05 for 95% confidence interval.

S: pq, p=0.50and q=1 - p=10.50 ; maximum standard

deviation in proportion of estimation.

Therefore, the sample size is calculated through the iteration process to

determine a reasonable sample size for the survey as follows :

n

(t,/d? /(1 +(t/dP/N)

(1.96 *0.50/0.05)2 / ( 1+(1.96 * 0.50 / 0.05 2/ 200 )
131.56

131.56 /(1 +131.56 /200 ) = 79.35
79.35 /(1 +79.35/200 ) = 56.88
56.88 /(1 +56.88 /200 ) = 44.30
4430 /(1 +44.33/200 ) = 36.25
36.70 /(1 +36.70 /200 ) = 30.70
30.70 / (1 +30.70 / 200 ) = 26.60
26.60 / (1+26.60/200 ) =23.48
23.48/(1+23.48/200)=21.02

Since the difference becomes smaller, the sample size is 21

contractors. Usually in such a study the response rate to the questionnaire
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will not be high, so it is assumed that 30% of the questionnaires mailed

will be replied to. Then the sample size will be about 70 contractors.

The questionnaire was actually sent to a sample of 80 deferent
classified contractors selected at random as contractors in different
classifications proportional to the total number of contractors in each
classification according to the directory of classified contractors. In
approximately two months, after sending the questionnaire for a second time
to most of them, with follow up by telephone, a total of 23 contractors only
replied by mail or through personal collection. This number is within the
expected percentage of replies for such questionnaires. Also the
questionnaire was sent to 20 consulting engineering offices, by direct
contact with most of these offices. Only 12 consultant offices replies, which
is a suitable number for this study. By direct contacts with Water and
Sewage Authorities in the Eastern and Riyadh provinces, a total of 10
questionnaires were returned from different branches, 6 in the Eastern

province, and 4 in Riyadh province. So, there are 23 contractors, 12
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consultant engineers, and 10 water and sewage authorities that participated

in the questionnaire.

3.3 SCORING SYSTEM

For part ( B ) of the questionnaire on causes, a 5 point scale is used to
establish a quantitative measure of the frequency and severity of the

causes.

The values in the scale for the frequency and the severity will
be as shown in Table 3.1 and Table 3.2.

TABLE 3.1 : Frequency Scale

if OPTION Weight (Aif)
1 Always 4
2 Often 3
3 Sometimes 2
4 Never 1
5 Do not knéw -

N= X1 +X2+X3+Xgq+X5
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TABLE 3.2 Severity Scale

ig Option Weight (Aig)
1 Very severe 4
2 Severe 3
3 Somewhat severe 2
4 No effect 1
5 Do not know -

The frequency index (F.I) and severity index ( S.I) of each cause

will be calculated by the following formula :

FIL = 3 (Aig*Xip)/(n*4)* 100 Eq. 3.2
3

SL = 3 (Aig*Xig)/(n*4)*100 Eq.3.3
im]

Ai = Constant expressing the weight assigned to option (i) on the

frequency and the severity scales, as shown in Table 3.1 and

Table 3.2.
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Xi = Variable expressing number of respondents who selected option
(1).

N = Total Number of respondents.

n = N-Xj5

Then the importance index (IMP.IND.) will be calculated by the

following formula:
IMP.IND. %= (F.I. * S.1.)*100 Eq. 34

An example is given for illustration of this scoring:

Consider cause No 5 (Shortage of manpower). Assume the following

answers:

Occurrence Frequency Degree of Severity
Option if Respondents Xif  option ig Respondents Xig

Always 8 Very severe 4
Often 6 Severe 6
Sometimes 9 Somewhat 8
Never 4 No effect 12
Do not know 3 Do not Know 0
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Total respondents N= 30

n = 30-X5
FI. = (8% +6*3+9%2+4*]+3*%0)/(27*4)*100 = 66.66%
SI. = (4% + 6*3+8*2+12%1 +0*0)/(30*4)*100=43.33 %

Then ;
IMP.IND.% = (F.I. * S.1.) * 100 = (00.6666 * 00.4333) 100 = 28.88%

Part ( C ) consists of the questions about frequency and extent of
delay. No scoring is needed. In the first group, statistics for total
projects in which the contractor experienced delays is to be obtained by
calculation of percentages of projects delayed, projects where time
extension was requested, projects where time extension was approved, and
the average extent of delay in these projects. For the second group, there
are general questions for the overall extent and causes of delay. No
scoring is needed. Statistics with the respondent’s comments on the extent,
the involvement of the parties in the delay, and the most important causes

of delay will be summarized.
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34 CORRELATION

Correlation is a measure to express the relationship existing among
different parties or factors and the strength and direction of the
relationship. In this research it is used to show the degree of agreement or
disagreement between the different parties, the contractors, the consultants,

and the owners.

The correlation coefficient (r ) varies between a value of +1 and -1,
where ~lf1 implies a perfect positive relationship (agreement), while -1 results
from a perfect negative relationship (disagreement). It might be said then
that sample estimates of correlation coefficient close to unity in magnitude
imply good correlation, while values near zero indicate little or no

correlation ( Walpole & Myers 1978 ).

The rank correlation coefficient is used to provide a numerical index of
the relation between two ranks for each party among the respondents.
There are three rank correlation methods suitable for determining the rela-
tionship among the parties concerned in this study. These methods are

Spearman's correlation, partial correlation, and multiple correlation. These
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methods of correlation measure the extent to which two lists of ranks relate
to each other. The results will indicate the degree of agreement or
disagreement between the parties on the importance of the causes of
delay. The rank correlation will be used also to test the hypothesis of

agreement on the importance ranking of the causes between the parties.

1- Spearman’s Rank Correlation: The Spearman's rank correlation
coefficient is used to measure and compare the association between the
ranking of two parties for a single cause of delay, while ignoring the

ranking of the third party.

2- Partial Rank Correltion: Partial rank correlation is used to measure
and compare association between two parties, while holding the third
party constant. It is calculated as a function of the Spearman's rank

correlation coefficient.

3- Multiple Rank Correlation: Multiple rank correlation is used to
measure and compare the extent of association between one party and
the other two. The multiple rank correlation is also calculated as a

function of Spearman's rank correlation coefficient.
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CHAPTER 4

DATA ANALYSIS AND RESULTS

This chapter presents and discusses the results of the survey data
collected and its analysis. It consists of description of the respondents,
descriptive statistics of the data, the results concerning delay in public utility
projects and causes of delay, which present and describe frequency, extent,
and responsibility of the delay, and frequency, severity, and importance of
the causes and sources of delay. The ranking of the causes of delay will be
determined, as well as the rank correlation, and the hypothesis of agreement
on ranking between the parties will be tested. Then the most important

causes and general comments reported by the respondents are presented.
4.1 DESCRIPTION OF THE RESPONDENTS

This section presents the description of the respondents who
participated in the questionnaire which included 23 contractors, 12
consultant engineers, and 10 water and sewage authorities. These authorities

are located in the Eastern Province and Riyadh Province. The questionnaire
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was answered by project department managers, branch managers, or chief
engineers in these authorities, who had a long experience in this type of

project, mostly more than ten years experience.

The contractor's experience consists of two parts, the experience of
the company, and the experience of the individual respondent. It is found
that 65% of the contractor firms have experience of more than 10 years, but
most of the respondents (95%) have experience of more than 10 years.

Table 4.1 presents the contractor's experience.

The respondent contractors work in different regions, but mainly in
the Eastern Province and the Riyadh Province. The contractor's regions of
operation are shown in Table 4.2. Out of a total of 23 contractors, 20
contractors work in the Eastern Province, 9 work in Riyadh Province, and
13 work in other provinces. Most of the contractors work in more than one

region.

The contractors are classified based on type of construction and
grades. Table 4.3 presents the data related to the participating contractor

grades in water and sewage construction. The classification in the



TABLE 4.1 CONTRACTOR'S EXPERIENCE IN CONSTRUCTION

EXPERIENCE COMPANY EXPER. RESPONDENTS EXPER.
IN YEARS CONggk(gons K co&gons %
<5 3 13 0 0
5- 10 5 ) 2 5
1015 7 30 8 36
>15 8 35 13 59
TOTAL 2 100 23 100
TABLE 4.2 GEOGRAPHICAL AREAS FOR
CONTRACTORS OPERATIONS
REGION OF OPERATION
PROVINCE CONggAgons TOTAL
Ay 1 20 87%
e R
WESTERN 8 35%
NORTHERAN 2 9%

SOUTAHERN

9%

96



TABLE 4.3 CONTRACTOR'S CLASSIFICATION IN WATER AND
SEWAGE CONSTRUCTION PROJECTS

CLASSIFICATION GRADE
CLASSIFICATION 1 2 3 4 5 TOTAL
NO. OF CONTRACTORS 2 5 6 3 7 23
% OF THE TOTAL 8.7 21.8 | 262 | 13.1 ] 30.2 100
9% GRADE 1

30% GRADE 5 22% GRADE 2

13% GRADE 4

26% GRADE 3

FIGURE 4.1 CONTRACTOR'S CLASSIFICATIONS
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government classification system for contractors is divided into 5 grades.
The highest grade is number one. The 23 contractors who participated in the
questionnaire consist of two contractors in grade 1, five in grade 2, six in
grade 3, three in grade 4, and seven in grade 5. This indicates a reasonable
distribution of the sample. Twenty one of the contractors have classifications
in the other construction fields, mainly buildings, roads, and mechanical &

electrical work, as shown in Table 4 .4.

Similarly the consultants also operate in the Eastern Province, Riyadh
Province, and other regions 10 of them are operating in the Eastern
Province, 6 in Riyadh Province, and 6 in other regions. Some of them work
in more than one region. All the consultants had more than ten years

experience and supervised different public utility projects.

4.2 DELAY IN PUBLIC UTILITY PROJECTS

In this section, the results conceming frequency, extent, and
responsibility of delay in the construction of public utility projects are

presented and discussed.
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4.2.1 Frequency of Delay

Seventeen contractors reported to have completed a total of 161
projects. The contractors experienced delay in 60 of these projects. The
projects were classified according to the contractor classification grades, as
shown in Table 4.5. It was found that, the delayed projects were about
40%, 16%, 47%, 56%, and 24% for the contractor classification grades 1, 2,
3, 4, and 5 respectively, with an overall average of 37%. The variation in
these percentages is probably due to a number of factors that are associated
with the projects not to the contractors classification, since the contractors
may construct different sizes of projects in different construction
environments within their classification grade. These factors may include
size of the project, site conditions, and the construction environment of the

projects.

Time extension was requested in all the delayed projects reported,
and the extension was approved partially or completely for 87% of the
projects. This could indicate that the owner accepts at least partial

responsibility for the delay.
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The frequency of delay in the construction projects was reported also
by the consultant engineers. Table 4.6 presents the frequency of delay in
those projects. The consultants reported 89 projects, those they supervised
in different regions. It was found that 84% of these projects were delayed;
88% in the Eastern province, 91% in Riyadh, 72% in other regions,
indicating that frequency of delay in these projects is nearly the same in all

the regions.

These projects normally are medium and large projects, since the
government authorities assign consultant engineers to supervise only large
and medium size projects, those normally have a contract value more than
10 Million S.R. Thus, it seems that there is a frequent delay in this type of
project, especially in large and medium size projects. This delay is because
the large and medium projects are associated with many problems that

eventually cause delay in these projects.

It is noticed that there is big difference in the overall frequency for all
projects reported by the contractors and the frequency for those projects

supervised by the consultants. This difference is probably because different



TABLE 4.6 FREQUENCY OF DELAY BY THE CONSULTANT

FACTOR

SUPERVISION REGION

EASTERN

RIYADH

OTHERS

TOTAL

NO. OF PROJECTS
SUPERVISED

41

23

25

89

NO. OF PROJECTS
DELAYED

36

21

18

75

% OF DELAYED
PROJECTS

88%

91%

72%

84%

104
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projects reported by each, and the contractors may include some projects
which are operation & maintenance projects or those small contracts have a

value less than 1 Million S.R.
4.2.2 Extent of Delay

The extent of delay in public projects are presented as an overall
extent of delay reported by all the construction parties and as actually
reported by the contractors. Overall extent is presented in Table 4.7. The
average extent of delay in a project reported was 35%, 41.66%, and 41.66%
of the project duration in the opinion of the contractor, the consultant, and
the owner respectively, with an overall average of 38.59% for all. The
parties seem to agree to nearly the same percentage of extent of delay. The
extent of delay is quite high, indicating generally that severe delays occurred
in these projects. This finding supports the problem statement of this

research.

The actual extent of delay was reported by 12 contractors for 35
completed projects that experienced delay. The projects had a construction

duration from 6 to 49 months, and a contract value ranging from 3 million
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SR. to 581 million SR. These projects were completed in the last ten years
(from 1984 to 1993). Table 4.8 shows the actual extent of delay for these
projects, classified according to their contract duration in to four categories:
12 months and less, 12 to 24 months, 24 to 36 months, and more than 36

months.

The results show actual duration compared with original contract
duration to obtain the extent of delay, and the time extensions requested
compared with time extension approved. Average extent of delay
percentages calculated show an average of 57.77% for all projects reported.
The small projects that had duration of 12 months and less experienced
severe delay (143%), while large and medium projects experienced an
average delay of 30.61 % to 42.97% of original duration. This indicates that
the small projects experienced severe delay more than the other projects,
because it seems that the duration time for construction of small projects is
very tight and the projects face many problems that cause mostly certain

long delay in construction of these projects.
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A time extension was requested for the total amount of delay for
almost all the delayed projects. It was found that 65% of the time
extensions requested was already approved for the contractors, while some
cases were still pending because the time extension takes a long time to
approve according to Government formal procedures, and while awaiting
the owner's decision. The high number of approved requests for time
extension indicates that projects experienced mostly excusable delay. It is
noticed that the actual extent of delay for completed projects was somewhat

close to the overall extent of delay found in Table 4.6 by the three parties.

4.2.3 Responsibility for the Delay

Respondents were asked to assign to each of the parties a percentage
of responsibility for the delay. The results are shown in Table 4.9. Each
party assigned percentage of responsibility for each of the parties involved,
then these parties were ranked according to these percentages. The
contractor assigned the highest responsibility to the owner (30%), while the
owner and the consultant assign the highest responsibility to the contractor

(57% & 52%). The overall average of all parties shows that the contractor
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BY THE CONTRACTOR:

25%cont.

21%0THER

BY THE CONSULTANT:
14% CONS. 20%CONT.
9%0THER
57%0WNER
BY THE OWNER:
21% others _aidirs 15% owner

11% CONSULTNTS

52% CONTRACTORS

FIGURE 4.4 RESPONSIBILITY OF THE PARTIES IN THE DELAY
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carries the highest responsibility (44%), second the owner (22%), then third

others (20%), and finally the consultant (14%).

It is noticed that although the owner is ranked the second
responsibility for the delay, the responsibility of the consultant and others
actually transfers to the owner. So, the owner is considered as the prime
party responsible for the delay in such projects, since he carries most of the

responsibility.

4.3 CAUSES AND SOURCES OF DELAY

The questionnaire provided respondents with a set of causes of delay,
for which they were to assign frequency of occurrence and degree of
severity. The following sections presents and discusses the results
concerning the frequency, and severity of the causes, then describes the
importance of the causes and the sources groups of these causes based on
their frequency and severity index. Ranking of the causes and the sources
are described, as well as the rank correlation and the testing of the

hypothesis of agreement on the ranking.
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4.3.1 Frequency and Severity of the Causes

The frequency and severity of the causes are measured by the scores
given to each cause by the respondents as described in Sec. 3.4 (Scoring
system). Statistical techniques are used to analyze and interpret the
collected data concerning the frequency and the severity scores of the causes
of delay. Both of these scales are 5-point scale ranging between zero and
four. These techniques will include calculations of weighted means,
standard deviations, standard error, coefficient of variation, and confidence
intervals. SAS on the mainframe computer at KFUPM was used to calculate

these variables.

The results of the calculations of these statistical variables for the
frequency and the severity scores are shown in Appendix (B). It is found
that the mean of the frequency is in the range of 1.36 to 2.80 on the
frequency scale, and the mean of the severity is in the range of 1.33 to 3.16
on the severity scale. The standard deviation is in the range of 0.56 to 1.20
for the frequency, and 0.64 to 1.47 for the severity. The standard error is in

the range of 0.08 to 0.18 for the frequency, and 0.10 to 0.22 for the severity.
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The confidence level used in this study is 95%. This means that 95% of the

sample taken contains the actual mean of the universe population.

The coefficient of variation is in the range of 28% to 67% for the
frequency, and in the range of 28.63% to 77.56% for the severity. It is
noticed that the variability is somewhat large. The severity scores have
larger variations than the frequency scores, and these variations are
considered somewhat large. The data may be considered homogenous when
the coefficient of variation is less than 10%, and acceptable if it is not more
than 20%. So, the data concerning the frequency and severity of the causes

for the three parties are considered somewhat unhomogenous.

The variability in the data collected for the frequency and severity of
the causes is somewhat large because of differences in the nature and period
of experience of the respondents, and the responsibility and interest of each
party to the project, which affect their responses. The responsibility and the
interest of the contractor is different from those of the other two parties, the
owner and the consultant. The contractor is involved in construction of the

project directly, while the consultant is involved in the supervision, and the
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owner is involved in the administration. Each faces different problems in
different projects. The variations in the responses of each party alone
become slightly less than the variation for all the respondents of the three

parties.

The frequency and severity of a cause is determined as an average of
the reported frequency and severity of all the respondents. Specifically they
are calculated as a frequency and severity index as shown in sec 3.4
(Scoring System). The frequency index and severity index are calculated for
all the causes for each individual party, contractor, consultant, and owner.
The frequency and severity indices are presented in Appendix C with the

importance index of the causes for each party.

4.3.2 Importance of the Causes of Delay Within Each Group

The importance index of a cause of delay was calculated as the
product of the frequency and the severity index of the cause. The
importance index is translated to a standard form with a base of 100 for
relative comparison in the ranking tables. The importance index of the

causes are presented in Appendix C for each individual party; owner,
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consultant, and contractor, and in aggregate form for all parties. This
aggregate index was computed as the mean of the importance index of all

parties for each cause.

It was found that the importance index of the causes by the
contractor were in the range of 12.48 - 61.86%, by the consultant in the
range of 9.03 - 60.94%, and by the owner in the range of 10.71- 61.63%. It
is noticed that the three parties assign approximately same range for the

importance index of the causes.

As shown in the importance index and ranking tables shown in
Appendix C, each party considered many causes as important causes of
delay; however, they agreed on the importance of some of those causes, and
differed with regard to some other causes. Table 4.10 presents the standard
importance index and ranking of the causes of delay as an average of the

importance index of the causes assigned by the three parties.

The causes of delay are combined into six major groups related to
their sources as presented and described in chapter two. The results of the

importance index of these causes will follow the same organization of these
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TABLE 4.10 STANDARD RANK AND IMPORTANCE INDEX

RANK NO,

1

10
11
12
13

14

15

16

17

18
19

28
47

27
37
48
21

51
20

17
42
9

25
31

41

23

14

43

45
12

CAUSE OF DELAY

Cash flow problems faced by the contractor.
Difficulties in obtaining work permits from

the authorities concerned.

Difficulties in financing the projcct by the contractor.
Delay in progress payments by the owner.

Low performance of the lowest bidder contractor in

the government tendering system.
Ineffective planning and scheduling of the

project by the contractor.

Effect of subsurface conditions.

Improper technical study of the projectin the
bidding stage by the contractor.

Delay in mobilization to start the project.

Changes in the scope of the project

Shortage of manpower.

Delay in the preparation of contractor submittals
Delay in the settlement of contractor' s claims by
the owner.

Excessive bureaucracy in the owner administration.

Ineffective control of the project progress by the
contractor.

Poor coordination by the contractor with the

parties involved in the project.

Ambiguities, defaults, and inconsistency of
specifications, and drawings.

Original contract duration too short.

Shortage of technical professionals in the
contractor's organization .

Continued .....

import

index
56.62
51.35

45.85
45.72
45.71

42.01

41.64
41.61

40.52
37.34
36.85
35.85
35.75

35.74
35.57
3541
34.11

33.27
32.16
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TABLE 4.10 STANDARD RANK AND IMPORTANCE INDEX

RANK NO.
20 34
21 33
22 2
23 5
24 29
25 10
26 39
27 46
28 1
29 19
30 24
31 56
32 52
33 38
34 22
35 13
36 6
37 40
38 55
39 32
40 58

CAUSE OF DELAY

Delay in making decisions by the owner within a
reasonable time.

Delay in issuance of change orders by the owner.
Delay in materials delivery.

Shortage of equipment required.

Subcontractor problems with the contractor.

Low skills of manpower.

Insufficient coordination by the owner in the early
planning & design stages of the project.

Ineffective delay penalty.

Shortage of materials required.

Poor qualifications of the contractor's technical staff
Inefficient quality control by the contractor.

Delay in approvals of contractor submittals by the
engineer.

Trafic control and restrictions on the job site.
Poor communications by the owner with the
construction parties involved

Delay in the field survey done by the contractor.

Poor communication by the contractor with the

parties involved in the project.

Failure of equipment.

Poor coordination by the owner with the
construction parties involved.

Poor qualification of supervision staff of the
consultant engineer.

Suspension of work by the owner.

Poor coordination by the consultant engineer .

Continued .....

import
index
31.63

31.16
30.93
30.36
30.32
30.14
29.96

29.94
29.93
29.87
29.72
29.08

28.82
28.76

28.73
28.59

27.93
27.23

26.67

25.89
25.84
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TABLE 4.10 STANDARD RANK AND IMPORTANCE INDEX

RANK NO,
41 57
42 15
43 26
44 60
45 16
46 30
47 35
48 44
49 54
50 59
51 7
52 4
53 18
54 11
55 3
56 36
57 8
58 50
59 49
60 53

CAUSE OF DELAY

Poor communication by the consultant engineer.
Slow preparation of change orders requests

by the contractor.

Improper construction method implemented by
the contractor.

Slow response to the contractor inquiries at the

job site by the consultant engineer.

Ineffective contractor head office involvement in

construction of project.

Delay in furnishing and delivering the site to the
contractor by the owner.

Interference by the owner in the construction
operation phases.

Differing site conditions.

Interference with other contractor's work.
Delay in performing inspection and testing by
the consultant engineer.

Shortage of supporting and shoring installations
for excavations.

. Changes in materials specifications.

Loose safety rules and regulations within the
contractor's organization.

Shortage of contractor's administrative personnel.
Changes in materials prices.

Uncooperative owner with contractor.
Inadequate equipment used for the works.
Severe weather conditions on the job site.
Changes in government regulations and laws.
Effect of social and cultural conditions.

import

index
25.75
25.43

25.39

25.03

24 .85

23.93

23.67

23.43
32.21

22.90
21.83

20.99
20.89

20.59
19.38
18.45
17.17
16.29
13.35
12.91
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groups to describe and discuss the importance of the causes in each
individual group. It will focus on the important causes that each party
considered, and describe and discuss the agreement and differences in the

importance of these causes.

The causes are evaluated according to their importance index, it is
considered that causes which have an importance index of more than or
equal to 50 are considered very important, causes with 40 to 50 are
important, causes with 30 to 40 are somewhat important, causes with 20 to

30 are slightly important, and those of less than 20 are not important.
1-  Contractor’s Performance

The contractor is an important party for project .time performance.
Many of the causes of delay relate to the contractor's performance. These
causes are given high ranks in the importance index by the owner and the
consultant, while the contractor considered them of low importance.
Understandably, the contractor assigns low importance to those causes

related to his performance, and tries to transfer the responsibility of these
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causes to other parties involved, especially the owner. The causes number 1

to 29 presented in Table 4 . 10 are related to contractor performance.

The most important causes are the difficulties in financing the project
by the contractor, and cash flow problems. The consultant and the owner
agreed on the importance of these causes. The contractor also considered
these problems as very important causes, but as a result of the delay in the
progress payments, which he ranked highest in the importance index. The
contractor claimed that delay in progress payments made difficulties in
financing the project, and caused cash flow problems, while the other two
parties agreed with him to some extent. Both claim that the contractor’s

financial capability is also a reason behind these problems.

Improper technical study of the project in the bidding stage by the
contractor is considered also as a very important cause of delay by both the
owner and the consultant, because this cause contributes mainly to the
contractor's performance during the construction stage. The contractor

should study the construction environment of the project, and plans for the
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project and prepare estimates of resources required in the bidding stage, to

assure the completion of the project on time.

Other important causes considered by the owner and / or the
consultant are ineffective planning & scheduling and progress control of the
project by the contractor, delay in mobilization to start construction, and
shortage in manpower. Other causes considered as somewhat important with
some variations in the importance index include delay in preparation of
contractor's submittals, shortage of technical professionals, poor
qualifications of the contractor technical staff, poor coordination with the
parties involved, and delay in materials delivery respectively. These causes
are a part of contractor resources, and project management, which form the

contractor capabilities.

Other causes of delay related to the contractor's performance are
considered as slightly or very low in importance by all the parties.
Generally, financial problems faced by the contractor, low performance of
project management, and shortage of manpower & materials are the

important causes of delay that are related to the contractor.
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2- Owner’s Administration

The causes number 30 to 41 in Table 4.10 are related to owner
administration. Among the most important causes related to owner
administration is the delay in progress payments by the owner, which all the
parties agree on, including the owner himself. The contractor assigns the
highest rank to this cause, as mentioned above, while the owner considered
it somewhat important, and the consultant considered it important. This
difference is expected, because of the difference in the experience of the
respondents and the responsibility and interest of each of these parties as
mentioned previously, but in general all parties agreed that this cause is an

importance.

Other very important causes are delays in settlement of contractor's
claims by the owner, delays in issuance of change orders, and delays in
making decisions by the owner within a reasonable time. It can be noticed
that these causes interfere with each other, which is a result of the excessive
bureaucracy in the Government Administrations. Excessive bureaucracy was

also considered as a very important cause by the contractor, while the owner
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considered this cause as somewhat important, and above three causes:
delays in settlement of claims, issuance of change orders, and making
decisions were all slightly important. This difference is also expected,
because of the involvement of the owner in these causes due to the long and
routine procedures that delay approvals, and decisions by the government
authority, and then obstruct progress of construction, which may delay

completion of the project.

Insufficient coordination in the early planning and design stages, and
poor communications during construction by the owner, both are considered
as important causes by the contractor. The owner and the consultant
considered them low in importance. This is because both are involved in
these problems, especially the consultant who is normally the planner and

designer of the project, or works as a supervisor.

Other causes are given a lower important index by all parties as
shown in the ranking tables in Appendix C, with some variations in
importance ranking between the contractor and other two parties. Generally,

delays in payments, approvals, and decisions due to excessive bureaucracy



126

in the government administration are important causes of delay. Poor

coordination and communications are considered somewhat important.

3-  Early Planning & Design

The planning and design of any project are very important. Both
contribute to the project time performance, and to project performance in
general. The planning and design of a project provide a sound basis for

effective control.

For water and sewage construction projects, the routes of pipelines
and locations of pumping stations should be approved by the municipalities
and other concerned government authorities during the planning and design
stages. This requirement is necessary to avoid any obstruction with regard to
existing public utilities or private lands, to apply these authorities regulations
and requirements conceming reinstatement of asphalt, and to provide
protection of existing utilities. The owner and consultant engineer must
coordinate, in the early planning and design stages, with these authorities to

avoid problems that may occur during construction, especially those related
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to work permits. The causes number 42 to 45 in Table 4 . 10 are related to

the planning and design of the project.

Among the important causes related to poor planning and design of
the project are changes in the scope;; or changes due to ambiguities, faults,
and inconsistencies in the specifications and drawings. The contractor
considered changes in scope as an important cause, while all parties
considered changes due to ambiguities, faults, and inconsistencies in
specifications and drawings as somewhat important. These changes are
importapt causes because they consume a long time for corrections and
modifications during the construction, and then time is required for approval

measures of change orders.

Other important causes related to the planning and design stage are
short original duration, and differing site conditions. The contractor and
consultant considered short duration as somewhat important. The owner
considered it slightly important. The consultant and the owner considered
differing site conditions not important. This is because they do not face this

problem directly on the site as the contractor does. As mentioned in the
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previous section, poor or absent coordination in the early planning and
design stages with concerned authorities could create these problems, which
need changes in scope, design and specifications and could make difficulties

in obtaining work permits from these authorities.

Generally, changes in the project due to incomplete planning and
design, and short original project duration are somewhat important causes of

delay.
4-  Government Regulations & Policies

The causes number 46 to 49 presented in Table 4.10 are related to
government regulations and policies. The government regulations and
policies are associated with bureaucracy in the procedures and measures for
obtaining work permits from those authorities. As mentioned previously,
difficulties in obtaining work permits from concerned authorities is one of
the important causes related to other government authorities. It was
considered as very important by the contractor and the owner, while the
consultant considered it important. This is likely because both the

contractor and the owner are involved more directly with obtaining work
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permits from these authorities. This problem could be as a result of poor
coordination in the early planning and design stages, as mentioned earlier,
low contractor's performance, or restrictions and problems with the local

municipalities.

All the three parties agree on the importance of the lowest bidder
selection method in the government tendering system as a cause of delay.
The contractor and the owner considered this cause as an important cause
that affects project time performance. The consultant considered it as very
important. This is expected. It is important because, as mentioned
previously, the contractor performance is generally an important factor that

affect project time performance, and may create delay problems.

Ineffective delay penalty is considered as an important cause by the
owner, while the other two parties considered it as of slight important. This
is because the government authorities suffer from long delayed projects.
The delay penalty sometimes does not give incentive to the contractor to

complete the project in the shortest possible time, especially for long delay
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times. Changes in government regulations and laws is considered as slightly

important by all three parties.

In general, difficulties in obtaining work permits is an important cause
of delay. It is one of the major problems that the contractor faces during
construction. So, there should be some control over those measures for
obtaining work permits. Low performance of lowest bidder is also an
important factor in project time performance, while the ineffective delay

penalty is only somewhat important.

5- Site & Environmental Conditions

The causes number 50 to 54 presented in Table 4.10. are related to
site and environmental conditions. Effects of subsurface conditions (existent
utilities, high water table, etc.) is considered among the important causes by
the contractor and the consultant, while the owner considered it somewhat
important. Both the contractor and the consultant face many problems
associated with excavations and trenching for pipelines and pumping
stations. They face this problem on the site directly more than the owner.

That is why they gave a higher importance index to this cause.
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Other causes are considered as slightly or not important by the two
parties. The contractor considered traffic control at the site only as
somewhat important, because he is directly affected by this problem. The
traffic control requires the contractor to provide safety precautions on site,
in public roads and streets. Other causes are considered as slightly important
causes by all the parties. Generally, the effect of subsurface conditions is an
important cause of delay, especially if the contractor did not provide

adequate temporary installations for excavations at the site.

6-  Supervision and Field Inspection

Causes number 55 to 60 presented in Table 4.9 are related to
supervision and field inspection. The contractor considers all causes related
to the consultant engineer as somewhat important. Among those causes are
delay in approvals of contractor's submittals, and poor qualification of
supervision staff. Both the consultant and the owner considered these causes
slightly important or not important. In general the contractor feels that he
faces some problems with supervision staff, which may affect the work

progress.



132

4.3.3 Importance of the Sources of Delay

There are six major groups related to the sources of delay as
mentioned previously. The importance of the sources of delay are presented
to evaluate the importance of these sources and their ranks. The overall
importance index of these groups of causes are calculated according to their
aggregate index to present the relative importance for these groups. These
groups can be ranked according to the aggregate importance index of the
causes in each group. Table 4.11 presents the importance index and ranks of
these groups by each of the three parties. Generally, the cause groups are

ranked as follows:

Pk
]

Early planning & design of the project.

2-  Government regulations & laws.

3-  Contractor performance.

4-  Owner administration.

5-  Supervision and field inspection.
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6- Site environmental conditions.

As can be seen in Table 4.11, generally there are some variations in
the importance index and the ranking of these groups, especially between
the contractor and the other two parties. The owner and the consultant
generally agreed on the importance of contractor performance, owner
administration, and site and environmental conditions. Both are very close in
their responses to some of these groups, while there are some variations in
their responses to the importance of planning & design of the project, and
supervision and field inspection, because the consultant is more involved in
these tasks. Also, there are big variations in the importance index between
the contractor and the consultant, mainly in the contractor performance,
owner administration, and supervision & field inspection. These variations
are because of difference in experience of respondents and responsibility

and interest of each party as discussed previously.

The early planning & design group is considered generally as the

most important group, because the causes of delay of this group contribute
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effectively to project performance in general, and project time performance

specifically.

Government regulations and the laws group of causes is considered
the second important group of causes. This is because it includes, first,
difficulties in obtaining work permits from concemned authorities, which is
considered as a very important cause of delay, and second, low performance
of the lowest bidder in the government tendering system, where it is
considered as an important cause of delay. All three parties generally

considered these causes as important causes of delay.

The contractor performance group was divided into subgroups as
shown in the Table 4.11. Among the important causes related to the
contractor are the financial and cash flow problems, as mentioned earlier.
These causes are considered the highest important causes by the three
parties, where they are given the highest ranks. There are some variations in
the importance of the other causes. Generally, the other important
subgroups according to their importance ranks are project management,

manpower, materials, and equipment respectively.
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The other groups, which include owner administration, supervision
and field inspection, and site and environmental conditions, are ranked
fourth, fifth, and sixth respectively, with wide variations between the
contractor and other two parties. Although the owner administration is
considered by the contractor as the most important group of causes, there is
a big difference in the importance index and rank with owner and the
consultant. This variation is also attributable to the difference in experience

of the respondents, and the responsibility and interest of each party.

4.3.4 Ranking of the Causes and Sources of Delay

The causes were ranked according to their importance indices by each
party. The importance and ranking tables in Appendix C present the ranking
of the causes by each individual party. Table 4.12 presents the standard
importance index and ranks of the causes by the three parties and Table 4.11

presents the importance index and ranks of the sources of delay.

It is noticed that there are big variations in the ranking of most of the

causes and also in the sources of delay by the three parties as described in



TABLE 4.12 IMPORTANCE INDEX AND RANKS OF CAUSES OF DELAY

IMPORTANCE INDEX AND RANK BY

NO. CAUSE OF DELAY CONTRACTOR| CONSULTANT | OWNER _|
IMP.IND. |RANK|IMP. INDj RANK {IMP. IND.| RANK
1 | Shortage of materials required. 2599 | 30 | 3099 | 25 | 32.81 24
2 | Delay in materials delivery . 3098 | 26 | 3164 | 23 | 30,19 | A
3 | Changes in materials prices. 2233 | 42 | 1781 | 47 | 1800 | 55
4 | Changes in materials specifications. 2273 | 41 | 2005 | 43 | 20.19 | 52
5 | Shortage of equipment required . 2027 | 49 | 3669 | 16 | 3813 | 21
6 | Failure of equipment. : 2287 | 39 | 2030 | 28 | N63 | 26
7 | Shortage of supporting and shoring 2020 | S0 | 2723 | 32 | 1806 | 54
installations for excavations .
8 |Inadequate equipment used for the 1428 | 59 | 1823 | 46 | 1900 | 53
9 | Shortage of manpower. 2599 | 31 | 3906 | 14 | 45.50 7
10 | Low skills of manpower. 2355 | 36 | 3524 | 19 | 3163 | 25
11 |Shortage of contractor's adminisrative
personnel 1701 | 56 | 21.01 40 | 2375 | 4
12 | Shortage of technical professionals in | 2199 | 43 | 40.10 | 12 | 3438 | 19
the contractor's organization . .
13 |[Poor communication by the contractor | 2391 | 35 | 3160 | 24 | 30.25 | 28
with the parties involved in the project .
14 | Poor coordination by the contractor | 24.31 | 33 | 44.41 9 3750 | N
with the parties invloved in the project .
15 | Slow preparation of change orders 2127 | 45 | 2483 | 35 | 30.19 | 29
by the contractor.
16 | Ineffective contractor head office. 1766 | 65 | 2387 | 36 | 3300 | 22
involvement in construction of project .
17 | Delay in mobilization to start
construction of the project . 2443 | 32 | 5000 5 4713 6
18 |Loose safety rules and regulations 1248 | 60 | 2769 | 31 2250 | 47
within contractor's organization .
19 | Poor qualifications of the contractor's | 17.72 | 54 | 4171 |- 10 | 30.19 | 30
technical staff.
20 |Improper technical study of the project | 21.38 | 44 | 51.13 4 52.31 5
in the bidding stage by the contractor.
21 | Ineffective planning and scheduling of | 23.16 | 38 | 48.44 7 54.44 4
project by the contractor . '
22 { Delay in the field survey done by the
contractor. 2027 | 48 | 2937 | 29 | 3674 [ 13
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TABLE 4.12 IMPORTANCE INDEX AND RANKS OF CAUSES OF DELAY

IMPORTANCE INDEX AND RANK BY

NO. CAUSE OF DELAY CONTRACTOR | CONSULTANT | OWNER
IMP.IND. | RANK | IMP. IND| RANK |IMP. IND.| RANK
23 | Ineffective control of the project's
progress by the contractor. 2046 | 45 | 45.75 8 40.50 10
24 | Inefficient quality control by the
comntractor . 1695 | 57 | 3646 | 17 | 3575 | 16
25 |Delay in the preparation of contractor 19.23 | 52 | 51.56 3 3675 | 12
submitals.
26 {Improper construction method
implemented by the contractor. 1694 | s8 | 3223 | 22 27.00 a7
27 |Difficulties in finanncing the projectby | 3945 | 13 | 5443 | 2 | 5569 | 3
contractor.
28 | Cash flow problems faced by the
contractor . 47.28 5 | 6094 1 61.63 1
29 | Subcontractor problems with the
contractor . 22,73 40 | 3524 20 33.00 23
30 | Delay to furnish and deliver the site 2035 | 28 | 2046 | 42 | 2200 | 50
.|to the contractor by the owner. :
31 |Delay in the settelment of contractor's 5302 | 3 | 2930 | 27 | 2494 | 42
cliams by the owner. .
32 | Suspension of work by the owner. 3235 | 24 | 1935 | 45 | 2600 | 40
33 |Delay in issuance of change orders by
the owner. 3964 | 12 | 2496 | 34 | 2888 | 32
34 |Delay in making decisions by the owner | 41.84 | 10 | 28.13 | 30 | 2494 | 43
in & reasonable time.
35 | Interference by the owner in the 3769 | 16 | 1732 | 49 | 1600
construction operation phases.
36 1Uncooperative owner with the
contractor. 2835 | 29 | 11.57 | 58 1544 | 57
37 |Delay in progress payments by the
owner . 61.86 1 39.06 13 36.25 14
38 [Poor communications by the owner the | 43.21 9 17.19 { 50 | 25.88 | 41
construction parties involved .
39 |Insufficient coordination by the owner in| 44.62 7 1641 | 54 | 28.88 | 33
in the early planning & design stages
40 |Poor coordination by the owner with the|] 3632 | 18 | 1649 | 52 | 28.88 | 34
construction parties involved

Continued .....
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TABLE 4.12 IMPORTANCE INDEX AND RANKS OF CAUSES OF DELAY

IMPORTANCE INDEX AND RANK BY

NO. CAUSE OF DELAY CONTRACTOR | CONSULTANT OWNER
IMP.IND. | RANK | IMP. IND| RANK |IMP. IND.| RANK

41 | Excessive bureaucracy in the owner | 4542 | 6 | 2604 | 33 | 3575 | 17

administration .
42 |Changes in the scope of the project. 4084 | 11 | 3524 | 2 3594 | 15
43 | Ambiguities, defaults, inconsistency of | 3748 | 17 | 3047 | 26 | 3438 | 20

specifications and drawings.
44 | Differing site conditions . 3089 | 27 | 1690 | 51 | 2250 | 48
45 |Original contract duration is tooshort. | 33.14 | 22 | 3611 | 18 | 3056 | 27
46 | Ineffective delay penalty. 2427 | M | 2169 | 39 | 43.88 8
47 | Difficulties in obtaining work permits| 57.04 | 2 | 3902 | 15 | 58.00 2

from the authorities concerned.
48 | Low performance of the lowest bidder | 43.39 | 8 | 5000 | 6 | 4675 | 9

in the government tendering system.
49 | Changes in government regulations

and laws . 19.57 | S 9.77 59 10.71 60
50 | Severe weather conditions on the job

site . 2035 | 47 16.49 53 12.04 58
51 | Effect of subsurface conditions. 4838 | 4 | 4154 | 11 | 3500 | 18
52 | Trafic control and restrictions on the

job site . 3500 | 21 | 2387 | 37 | 2750 | 36
53 | Effect of social and cultural 1859 | 53 | 903 | 6 | 1.1 | s9
54 | Interference with other contractor's i

work . 23.24 | 37 | 2387 38 22.50 49
55 | Poor qualification of supervision staff

of the consultant engineer. 3928 | 14| 17.36 | 48 | 23.38 |- 45
56 | Delay in the approval of contractor .

submittals by the engineer. 3828 | 15| 2083 ! a1 | 2813 | 35
57 | Poor communication by the consultant

engineer . 3628 | 19 | 1484 | 56 | 2613 | 39
58 | Poor coordination by the consultant

engineer . 3559 | 2 15.67 55 26.25
59 { Delay in performing inspection and

testing by the consultant engineer . 3131 | 25 | 1401 57 2338 | 46
60 | Slow response to the contractor 33.14 | 23 | 1997 | 4 | 2200 | 51

at the job site by the consultant
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the previous section, especially between the contractor and the other two

parties, the consultant and the owner.

4.3.5 Rank Correlation

The rank correlation was calculated as a function of difference in
ranks given to the causes by the parties. The formulas used and calculations
of the Spearman's, the partial, and the multiple rank correlation are

presented in Appendix D. Table 4.13 summarizes the rank correlation

values.
TABLE 4.13 SUMMARY OF CORRELATION VALUES
SPEARMAN PARTIAL MULTIPLE
~ Tes =0.01 Icso =-0.27 reso =0.33
Ico =0.20 Tcos =033 rgco =0.84
rgo=0.82 I'soc =0.84 Tocs =0.84
Ics = The Spearman’s rank correlation coefficient between the

contractor and the consultant engineer.
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The Spearman’s rank correlation coefficient between the
contractor and the owner.

The Spearman’s rank correlation coefficient between the
consultant engineer and the owner.

The partial rank correlation representing level of agreement
between the contractor and the consultant.

The partial rank correlation representing level of agreement
between the contractor and the owner.

The partial rank correlation representing level of agreement
between the consultant and the owner.

The agreement between the contractor and other two parties,
the consultant and the owner.

The agreement between the consultant and other two parties,
the contractor and the owner.

The agreement between the owner and other two parties, the
contractor and the consultant.

The rank correlation between the parties shows that the agreement

between the owner and the consultant is high (rso = 0.82), while the

agreement between the consultant and the contractor approaches zero (rcg =

0.01). There is only a little agreement between the contractor and the owner

(rco = 0.20) in the ranking of the causes. This is because of the adversarial

nature of the relationship between owner and contractor, and the difference
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in responsibility and interest of each party. As mentioned previously, each

party has his own interest.

It is noticed that the agreement between the owner and the consultant
is the highest because the consultant works as a representative of the
owner, who carries no liability towards the owner as a result of this
relationship. The agreement between the contractor and the other two parties
is low, specially with the consultant. There is an almost total lack of
agreement between the consultant and the contractor. This is because

normally there is a conflict of interest between the two.

The partial correlation shows also that the agreement between owner
and consultant when the contractor is held constant is the highest (rgg ¢ =
0.84). The contractor and the consultant have a negative correlation (r¢g o =
- 0.27), and agreement between the contractor and the owner is (r¢q g =
0.33). Both the owner and the consultant have low agreement with the

contractor.

The above correlation results are emphasized by the multiple

correlation, where the highest correlation (ry o5 = 0.84) is when the owner is
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considered with the two parties, while the contractor has the least (r¢ 5o =

0.33) with other two parties.

4.3.6 Test of the Hypothesis of Agreement on Ranking

According to the objectives of the study, testing is required for the
hypothesis that the contractor, the consultant engineer, and the owner

generally agree on the ranking of the importance of the causes of delay.

The null hypothesis states that "the contractor, the consultant, and the
owner do not agree on the ranking of importance of the causes of delay".
The null hypothesis will be tested by comparing the calculated values of (t)
with a critical (t) value. The following equation is used for calculating (t)

values ( Snedecor & Cochran 1980) :

t =\/r2(n-2)/(1-r2) Eq.4.1
where :

t = calculated t - statistic
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rank correlationcoefficient;Spearman’s correlation partial

correlation, or multiple correlation, found in Table 4 . 13.

Decision rule :

number of observations = 60

If the calculated (t) value is less than a critical (t) value, then the null

hypothesis can be accepted. Otherwise it is rejected.

The critical (t) value is equal to 1.645 for a 95% confidence level

and 58 degrees of freedom (n - 2).

Then calculated (t) values can be determined by applying equation

4.3 above, using the r values in Table 4.13. The results are presented in

Table 4.14.
TABLE 4 .14 t-TEST VALUES
SPEARMAN PARTIAL MULTIPLE
tes =0.06 teso =215 teso =2.67
tco =1.52 tcos =2.67 tsco =11.58
tso =10.79 tsoc =11.59 tocs =11.91
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Conclusion:

According to the calculated values of (t) as shown in Table 4.14, it is
noticed that the values are less than the critical value in Spearman’s
correlation when the contractor becomes one of the parties to the
correlation, which means that there is no agreement between the contractor
and the other two parties. The remaining values are all greater than the
critical value. Therefore, the null hypothesis is accepted, and the hypothesis
is rejected. So, the parties generally disagree on the ranking of the
importance of causes of delay. Only the consultant and the owner generally

agree on the importance ranking of the causes of delay.

44 MOST IMPORTANT CAUSES BY THE RESPONDENTS

The respondents were requested to list the 5 most important causes of
delay in order of importance based on their experience in such types of
projects. All the respondents mentioned many different causes, from their
point of view and their experience of delay. The causes were ranked

according to responses given for these causes by the respondents of each
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party. Among the most frequent important causes reported by each party are

the following:

Causes By The Contractor:

1-  Delay in payments and cash flow problems.

2-  Difficulties in obtaining work permits from concerned authorities.

3-  Changes in specifications, design, and scope of the project.

4-  Delay in decisions, and settlement of contractor claims by the owner.

5-  Delay in materials delivery.

6-  Poor coordination & communication by the owner in the early stages

of the project.

7- Obstructions and difficulties in site conditions.

8-  Low performance of some contractors.

9-  Delay in furnishing and delivering the site to the contractor.

10-  Short duration of some projects.
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Causes By The Consultant:

[a—
]

Delay in payments and financial problems.

2-  Low performance of the contractor.

3-  Delays in obtaining work permits from concerned authorities.

4-  Awarding to the lowest, unrealistic bidders.

5-  Delay in material delivery, and shortage in manpower and equipment.

6-  Changes in specifications and drawings.

7-  Delay in decisions and settlement of contractor claims by the owner.

8- Poor planning and scheduling of the project by the contractor.

9-  Poor coordination and communication between the parties involved.

10-  Obstruction in subsurface conditions, and technical problems at the

site.

11-  Supervision problems.

12- Delay in mobilization.
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13- Excessive bureaucracy and routine in owner administration.
Causes By The Owner:

1-  Difficulties in obtaining work permits from concerned authorities.
2-  Delay in payments and cash flow problems.

3-  Delay in materials delivery, and shortage in contractor capabilities.
4-  Changes in site conditions, and changes in design and specifications.
5-  Poor coordination by the owner in the planning and design stages.
6-  Poor coordination by the contractor .

7-  Unprofessional technical staff of the contractor.

8-  Improper technical study in the bidding stage by the contractor.

9-  Short project duration in some cases.

10- Ineffective delay penalty.

Table 4. 15 summarizes these causes and their ranking by the three

parties. It is moticed that all the three parties generally agree on most of

these important causes, but differ in their ranking, and each did not mention

some of these causes. These important causes are similar to those important

causes mentioned in Sec. 4.3.2. The three parties agree only on 5 important



TABLE 4.15 SUMMARY OF MOST IMPORTANT CAUSES AND THEIR

RANKS BY THE RESPONDENTS
SERIAL CAUSE OF DELAY RANK BY
NO. CONTR. | CONS. | OWNER

1 |Delay in progress payments, financial, and

cash flow problems I 1 2
2 |Difficulties in obtaining work permits from 2 3 1

the authorities concerned.
3 |Changes in the specs., drawings, site

conditions, and scope of the project 3 7 4
4 |Delay in making decisions, and settelement

of contractor's claims by the owner 4 8 -
5 |Delay in materials delivery. 5 5 3
6 |Poor coordination by the owner in the early

planning & design stages of the project. 6 - S
7 IPoor coordination and communications 0l

between the parties involved in the projects -
8 |Obstructions and difficulties at the site 7 11 _
9 |Low performance of some contractors 8 2 _
10 |Delay to furnish and deliver the site to the 9 _ _

contractor by the owner.
11 |Short duration for some projects. 10 _ 9
12 |Awarding to the lowest, unrealistic bidders _ 4 _
13 |Poor planning and scheduling of the project by

the contractor - 9 -
14 |Improper technical study of the project in _ _ 8

bidding stage by the contractor.
15 |Delay in mobilization to start the project. _ 13 _
16 |[Shortage of some contractor's resources _ 6 _
17 |Excessive bureacracy in the owner adminis. - 14 -
18 |Shortage of technical professional staff of the .

contractor - -
19 |effective delay penalty. 3 _ 10
20 |Supervision problems _ 12 _
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causes, and other causes were mentioned either by two or one of them with

difference in their ranking.

At the end of Part ( B ), the respondents were requested to write any
other important causes. Nine contractors mentioned other causes, but almost
all of these causes were restatements of causes already in the questionnaire.
Two consultants mentioned some important causes. These are involvement
of the owner to complete the project on time, incomplete bids, and the past
experience of the contractor. The owner did not mention any additional

causes.
4.5 GENERAL COMMENTS BY THE RESPONDENTS

Some respondents commented in general at the end of the
questionnaire. Many contractors, some consultants, and two government
authorities wrote these comments. The contractor comments mainly confirm
the most important causes in their experience, .and refer to some important
points, which should be taken into consideration by the parties concerned to
avoid delay in such projects. These causes and points are summarized in the

following list :
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Award the project to a professional experienced contractor, not to the
lowest bid even it is unrealistic or unstudied.

Assure obtaining work permits by the owner before site delivery and
start the construction, and these permits should be issued with faster
measures.

Assure handover of site to the contractor at start of construction.

Place water and sewage projects construction under one authority with
road construction.

Contractor performance and his relations with other parties are
considered as one of the main causes of delay.

Timely progress payments are very important for the contractor’s
financial capability and cash flow, and eventually contribute to project
progress.

Lack of cooperation between the construction parties is an important
cause of delay, and the owner decisions take a longer time than is

necessary.
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11-

12-

13-
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There should be a top government authority to coordinate between the
Government Authorities concerned in public utilities to control
issuance of work permits.

Excessive routine in government administration has a severe effect on
project progress.

Planning & scheduling are important tasks that contribute to the time
performance of the project. The contractor should take care about
these tasks.

Assuring cooperation between the parties as a work team with direct
coordination will contribute positively to the project progress.

One of the contractors mentioned this statement " The power of right
should be stronger than the right of power between the owner and
contractor”. It seems that the contractor faces excessive bureaucracy
with some of government authorities.

Preliminary studies and planning of the project are very important for
the performance of the project. Considerations should be taken of the
design and construction, especially those related to the site conditions

and permits.
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14- The causes mentioned do not occur in all projects. Each project has its
environment, and there are some force majeur causes, so, each project
is delayed by different causes.

15- Some respondents propose to announce the results of this research to

the parties concemned to take necessary precautions to reduce and

control causes of delay in such projects.
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CHAPTER 5

SUMMARY, FINDINGS AND CONCLUSIONS,

AND RECOMMENDATIONS

This chapter presents the summary of this research, with the major
findings and conclusions from the results obtained and recommendations

that could be given in light of the conclusions.

S.1 SUMMARY OF THE RESEARCH

This thesis discussed the delay in public water and sewage
construction projects in Saudi Arabia. It studied the frequency and the extent
of delay, and the importance of the causes of delay based on their frequency
and severity. This research is a field survey research through a structured
questionnaire directed to contractors, consultants, and owners who are the
water and sewage authorities in the Eastern and Riyadh provinces. In the
second chapter, types and causes of delay especially those related to utility

projects were presented and described, with laws and regulations associated
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with the delay and applications of delay penalties in public construction
projects. Sixty causes were identified, described, and combined into six

major groups related to their sources.

The field survey conducted included 23 contractors, 12 consultant
engineering offices, and 10 water and sewage authorities. The questionnaire
developed had three parts: one part for general information about the
respondents, the second related to the respondent’s opinion on frequency
and severity of the causes, and the third related to the respondent’s opinion
on frequency and extent of the delay. The importance index was calculated
for the causes as a function of their frequency and severity. SAS was used to
calculate and present the importance index and ranking of the causes by the

three parties according to their importance index.

A hypothesis that the parties generally agree on the ranking of the
causes was tested by the rank correlation coefficient. It was concluded that
the parties did not agree on the importance ranking of the causes. Only the
owner and consultant generally agreed on the importance ranking of the

causcs.



156

The major findings related to the frequency and extent of delay, and
the important causes of delay in such projects are presented in the following
sections, then conclusions of the research are presented and the
recommendations are given in the light of the major findings from the results

obtained.

5.2 - FINDINGS AND CONCLUSIONS

In this section, the major findings and conclusions from the results are
presented and discussed. The section will focus on the major findings
related to frequency and extent of delay, and the important causes of delay

in such projects.

5.2.1 - Frequency Of The Delay

Based on the results obtained and discussed, it was found that
frequent delays in this type of project ocurr especially in large and medium
size projects which have a contract value more than 10 million S.R. and
which are normally supervised by the consultant engineers. It was also

found that time extension was requested by the contractor in all those
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delayed projects, and that time extensions were approved partially or

completely in most of the delayed projects.

5.2.2 - Extent Of The Delay

The extent of delay obtained in the experience of all parties and by
the contractors for actual delayed projects shows that the extent of the
delay was severe, specially in small projects which have a construction
duration of 12 month or less. It is also found that the time extension
approved in those delayed projects was a high percentage of the time
extension requested. Most of these delays are considered as excusable
delays, and are granted by the owner. This shows that the owner is the prime

party responsible for the delay in such projects.

It is noticed that the time extensions were more severe in small
projects ( duration 12 months and less ) than medium and large projects
(more than 12 months). It seems that the large and medium size projects
normally experienced frequent delay more than small projects, while the

small projects suffered a greater extent of delay than the other projects.
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5.2.3 - Important Causes Of The Delay

There are many causes that are considered important by one or more
of the three parties. The important causes which have an importance index
more than 30 according to the aggregate (standard) importance index
assigned to these causes are presented to summarize the important causes.

The causes are as follow :

1 - Difficulties in financing the project, and cash flow problems are given the
highest importance among the other causes. These are caused mainly by
delays in progress payments by the Government Authorities. These
causes generally affect most of the other causes related to the contractor

performance.

2 - Difficulties in obtaining work permits from the concerned authorities is
considered a very important cause of delay, which obstructs the progress
of such type of projects. This problem may arise due to low performance
of the contractor, poor or no precoordination with concerned authorities,
or difficulties and restrictions in procedures and measures required for

obtaining work permits from these authorities, especially if no
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coordination has been done in the planning and design stages of the

project for approvals of routes and locations of utility lines.

3 - Effective government authority involvement and efficient administration
during construction are very important to the project time performance
and project performance in general. There are many causes that result
from inefficient involvement and administration, especially those
affecting directly contractor performance. Delay in making decisions,
delay in settlement of contractor's claims, and delay in issue of change
orders are the most important causes of delay. These causes a result of
excessive bureaucracy and routine in the Government Authorities
administration which is given very high rank in the importance index by

all the parties with some difference to some extent.

4 - The early planning & design stages, and studies of the project are very
important to the performance of the project. Most of changes that cause
delays during construction result from poor planning and design of the
project. The studies should take under consideration all the site

conditions, avoid ambiguities, faults, and inconsistencies in



160

specifications and drawings, coordination with government authorities
concerned, and determine a reasonable project duration. So, the project
or engineering departments in Water And Sewage Authorities must be
careful in planning and design stages about these matters to avoid delays

that may occur and improve the project performance.

5 - In general, low contractor’s performance in construction and management
is a very important factor that effects the project time performance,
which causes many problems that may lead to delay in progress and then
in completion of the project. Among the most important measures of the
contractor performance that contribute to the time performance are
shortage in contractor resources, availability of professional technical

staff, and planning, scheduling & control of work progress.

6 - Lack of or poor coordination and communications between the
construction parties, and with other parties involved, are also important
causes that create some problems, which lead to delay in progress. All

the  parties should make continuous coordination and direct
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communication to avoid those problems that may arise during the

construction.

7 - All parties refer to awording to the lowest bidder only as a very
important factor that influences contractor performance and causes
delay. In general, the lowest unrealistic and unstudied bid does not allow

for a good project performance.

8 - Subsurface conditions, site obstructions, and traffic control have some
effect on the progress of the project, and may cause delay, especially if
incomplete precautions and temporary installations are not done for these

existing conditions.

9 - Supervision by a consultant engineer with a non-professional technical
staff could make some problems and create a conflict between the
consultant and the contractor, which may obstruct the progress. Close

involvement of the owner will avoid these problems.
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It is noticed that the owner’s involvement, planning and design of the
project, and the contractor's low performance are the main sources of causes

of delay in construction of water and sewage projects.

The correlation results and hypothesis testing show that generally
there is agreement between the government authorities ( the owner ) and the
consultant engineer (the supervisor) on the importance ranking of the
causes, while there is almost no agreement between the contractor and the
owner, nor the consultant engineer in the importance ranking of causes of
delay. This could be expected due to the difference in the experience of the

respondents and the responsibilities of the parties.

5.3 - RECOMMENDATIONS

5.3.1 - General Recommendations

Based on the conclusions identified previously, in the light of results

obtained from this research, the following points can be recommended:

1 - It is strongly recommended that the Government Authorities consider

the progress payments for the contractors according to project duration,
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work progress, and thier being within the available budget for the

project.

2 - It is recommended to restudy the Government Tendering System that is
based on awarding to the lowest bidder only, awarding to be for a

qualified contractor through a restricted prequalification system.

3 - It is suggested that the contractors give more attention to the planning
and scheduling process, providing required resources, and control of

work progress.

4 - It is recommended that the government authorities are advised to take
care more in the planning and design stages of the project, give enough
time for studies and design, define the scope accurately, investigate site
conditions, review specifications and drawings, updating for the design if
it is old, assign qualified consultant engineers to perform the design, be
sure that the site is furnished and free of any obstructions or conflict with
existing utilities, and coordinate with concemed government authorities,
especially the municipalities, to avoid changes, and difficulties in

obtaining work permits.
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5 - It is recommended that the Government Authorities establish a set of
standard procedures with clear measures, for effective project
management and administration, to avoid the excessive bureaucracy and

routine in government administration.

6 - It is recommended that the government authorities improve their
involvement during the construction, follow up on the progress, and

make necessary decisions, and approvals in a the reasonable time.

7 - It is recommended that care must be given by all construction parties to
continuous coordination and direct communication between all the
parties involved, and with other government aauthorities concerned
during construction, to avoid those problems that may arise and take a
long time to settle, which mostly cause delay in the progress and the

completion of the project.

8 - It is suggested that the government authority consider the performance

of the consultant engineer who supervise construction of projects.

9 - It is suggested that clear clauses be included in the conditions of contract

to control delay, such as requesting planning and scheduling of the
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project with the bid to conform the contractor capability to perform the

project.

5.3.2 - Recommendtions For Further Studies

The following can be recommended for further studies in the field of

this research:

1 - Similar type of research can be done for other parts of Saudi Arabia.

2 - Parallel research can be done for other types of public projects.

3 - Study methods for evaluating the time extensions in public projects can

be done.

4 - A research can be done for analysis of actual delay cases.

5 - Actual causes of delay for completed projects can be investegted.

6 - The effect of the planning and scheduling process on the delay can be

studied.

7 - The associated cost of delay in public projects can be studied.
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APPENDIXES
(A) QUESTIONNAIRE FORM (ENGLISH & ARABIC VERSION)
(B) TABLES FOR STATISTICAL VARIABLES CALCULATIONS
(C) IMPORTANCE AND RANKING TABLES
(D) CORRELATION CALCULATIONS
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APPENDIX (A)
QUESTIONNAIRE FORM ( ENGLISH & ARABIC VERSION )
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KING FAHD UNIVERSITY OF PETROLEUM &
MINERALS
COLLEGE OF GRADUATE STUDIES

CONSTRUCTION ENGINEERING & MANAGEMENT
DEPARTMENT

QUESTIONNAIRE

ON

" CAUSES OF DELAY IN PUBLIC UTILITY PROJECTS
IN SAUDIA ARABIA "



Dear Mrs. :

Iam a graduate student at king Fahd Univeristy of Petroleum
& Minerals in Dhahran, I am now preparing a master thesis in the
Construction Engineering and Management Program .
The title of the thesis is:

"CAUSES OF DELAY IN PUBLIC UTILITY PROJECTS
IN SAUDI ARABIA "

The scope of this thesis will be limited to water and sewage construction
projects . This questionniare is a survey of the frequency and severity
of causes of delay and the extent of delay in public water and sewage
construction projects in Saudi Arabia.

As you are one of the organizations working in this field, your
participation in filling this questionnaire with the requied data is an
important element in this research and offering valuable results for
all.

We appreciate your cooperation in answering this questionnaire,
which may take about 30 minutes of your valuable time.

All data will be analyzed as whole, and will be used for the
purposes of scientific research only .

Please fill out this questionnaire and return it as soon as possible,
but we would respectfully ask you to do that before 30 / 7/1994.
Use either of the following addresses :

Dr. Mohammad A. AL khaleel. OR  Eng. Mohammad A. Al Ghafly
KFUPM. P. O. 426 WASA. P.O. 4650
Dhahran : 31261 Dammam : 31198

Thanks for your cooperation .

Advising Professor Researcher

Dr. Mohammad A. Al Khaleel Eng. Mohammad A. Al Ghafly

169
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Please read these notes before filling out this questionnaire :
INTRODUTION :

The objective of this questionnaire is to identify the frequency and severity of
causes of delay in the completion of water and sewage construction projects .

The questionnaire consists of three parts, Part ( A ) includes general information
relating to your experience, Part ( B ) includes a list of causes of delay. You are
requested to choose a frequency of occurrence and =z degree of severity for each of
these causes, Part ( C )includes questions for the overall extent of delay. You are
kindly requested to answer the questions as reflected by your experience.

DEFINITIONS :

Delay: The time overrun beyond the construction completion date as specified
originally in the contract of the project, whether or not the <contractor was
allowed a time extention .

Project: Project in this questionnaire refers to public water and sewage construction
projects with a contract value of over one million Saudi Riyals, excluding
operation & maintenance projects.

Frequency: The frequency of occurrence of a cause of delay throughout a
construction project.

Severity: The severity of effect on the completion of a project when such a delay
occurs.

RESPONSES :

For part ( A ), the responses are based on a 5- degree scale as follow :
Frequency of occurrence :

Always : occurs all the times and situations.
Often : occurs most of the times and situations.
Sometime : occurs from time to time.

Never : does not occur atall.

Do not know : no experience with the frequency of occurrence of this cause .

Degree of severity :
Very severe : cause has a greate effect on delay .

Severe : cause has an appreciable effect on delay .
Somewhat : cause has some effect on delay .
No effect : cause has negligible or no effect on delay .

Do not know : no experience with the severity of this cause .

For part (B ), you are requested to choose an appropriate response or write a
brief answer .

A-3
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PART (A):
GENERAL INFORMATION :

You are kindly requested to write or choose the appropriate answer for the
following questions.

1-In which area in the kingdom does your firm perform construction operations ?
Please , check one or more of the following :

Eastern province

Centeral province
Western province
Southern province
Northern province

S P S g~
N et S -

2-How many years has your firm been constructing water and sewage
projects ?

Less than § years (
5 to 10 years (
10 to 15 years (
over 15 years (

. N

3 - What is your classification grade in the field of water and sewage
construction works ?
Grade no. —-

4-Do you have any other classification in the construction field ?
Yes ( ) No ( )

S-1If your answer to question 4 " yes ", please check the appropriate answer
below :

General construction
Building construction
Roads construction
Mechanical & Electrical
Dams construction
Indesrerial  works

oo W W W Wann X
e e e et e

6 - How many years of experience have you had in the field of construction ?

e -- years.
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PART ( A):
GENERAL INFORMATION :

You are requested to write or choose the appropriate answer for the following
questions :

1-In which area in the kingdom does your firm perform supervision of
construction projects ?

Please , check one or more of the following :

Eastern province ( )
Centeral province ( )
Western province ( )
Southern province ( ) -
Northern province ( )

2 - How many water and sewage construction projects did your firm supervise
in the kingdom ?

In the Eastern Provience, we supervise -————————— project.
In the Riyadh Provience, we supervise -—————— project.
In the other proviences, we supervise project .

3 - How many of these above méntioned projects were delayed ?

In the Eastern Provience, --——-— project were delayed .
In the Riyadh Provience, ——- project were delayed .
In the other proviences, —-———--—- project were delayed.
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PART (C) DELAY EXTENT:

This part includes general questions pertainning to the overall extent of delay
in water and sewage construction projects. You are kindly requested to answer the
following questions :

1-How many water & sewage projects, exceeding S.R. 1 milion contract value,
were constructed by your firm in the last 10 years ?
project(s).

2- How many of these projects were subjected to delay ?
project(s).

3-In how many of these projects was time extension requested ?
project(s). .-

4 - In how many projects was the time extension approved partailly or completely ?
project(s).

5-What was the average delay time in these projects relative to the original
project contract duration ?

less than 10%
10 to 30%

30 to 50%
50 to 100 %
over 100%

S p—  p—
) )  u e

6 - Based on your experience, what are the most important 5 causes of delay in
order of importance in water and sewage construction projects ?

]-
2-
3-
4 -
§-

7 - Based on your experience with projects which were actually delayed, how would
you assign responsibility to each of the following parties for the delay
( approximately ) ?

Owner e
Contractor — %
Consultant engineer - %
Others s %

Total should be equal to 100.
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PART (C) DELAY EXTENT:

This part includes general questions pertainning to the overall extent of delay
in water and sewage construction projects . You are kindly requested to answer the
following questions . P

1 - Based on your experience with delayed projects, what was the average delay time
of the delayed projects relative to the original project contract duration ?

less than 10%
10 to 30%

30 to 50%
50 to 100 %
over 100%

SN S -, p—

2 - Based on your experience, what are the most important 5 causes of delay in
order of importance in water and sewage construction projects ?

1-
2.
3.
4-
5.

3- Based on your experience with projects which were actually delayed, how
would you assign responsibility to each of the following parties for the delay
( approximately ) ?

Owner = e %
Contractor S 73
Consultant engineer  ~--cee. 9
Others VX

Total should be equal to 100.



TIME PERFORMANCE OF COMPLETED PROJECTS :

Please fill the following table with 5 completed construction projects
which were execuated by your firm and were subjected to delay,
Please, list projects of more than 1 million SR.in cost

and more than ayear in duration .
An example is given in the table .

oar of contract contract actual extra time extra time
NO. co’:n lofion value duration duration | requestedby | givento
P (.MillionSR.) (Months) (Months) contractor contractor
EX. 1985 45 24 27 3 3
1
2
3
4
5

Contract Value:

Durations: Rounded to the nearest month.

rounded to the nearest million S.R.

Year of completion: Pls select projects completed during the last ten yoears
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Comments : Please write any comment that would help us to
understand your opinions on this questionnaire .

OPTIONAL :

The following information can be relevant to this study. However, if you
do not want to provide information on any of these items, feel free to leave it
blank.

Name of your firm:
Address
Filled by :

Position :
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APPENDIX (B)
TABLES FOR STATISTICAL VARIABLES CALCULATIONS
FOR FREQUENCY ND SEVERITY SCORES

TABLE B.1 STATISTICAL VARIABLES FOR FREQUENCY
TABLE B.2 STATISTICAL VARIABLES FOR SEVERITY
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TABLE B+] STATISTICAL TECHMICUES FCR FRECUEACY I1MCEX

VARIAELE

oqQ1

0¢2

0g2

0Q4

og¢s5

0Qé6

0Q7

0cs

oQs

0gQ1c
oc11
oCl:z
ucl3
0C14
0c1s
ucClé
uc17
0C1E
uQl1s
0c2¢
oczl
0Qze
0¢Q23
uca4
0Qas
0C26
0¢27
0cas
0gas
Geac
ac3al
0C3:
¢33
0CQ34
ugias
0Cae
0¢37?
ocae
0Q3s
0C4C
0C41
0¢42
0Q43
0C44
0G4S
0Q46
0G47
0C48
0C4s
0¢s5¢
acs1i
Q52
0¢s53
0G54
0¢ss

MEADN

2.0C
2.CS
1.7¢
1.78
1.€9
£.01
1.73
1445
2,22
1.9€
1.73
1.5¢
.05
2.2C
1.9¢
1.86
2442
1.8C
1.53
2.CS
2.2C
2.0C
2.02
1.8%
2.CS
1.64
2.51
.12
2.0C
1.7¢
2.49
leb4
2422
2e16€
2.11
14468
2.€2
2.11
2.18
2.C17
242
242
2.22
1.€6C
2.16
1.8C
2.€C
2.51
1.2¢
1.64
2.51
2.22
l1.38
1.8§
2.0C

sTC

C.5¢
C.6C
C.6E
C.74
C.7&
C.€t
C.84
C.e€2
C.E2
C.B4

cv
2€.2C

28.5¢
28.17C
41.2%
41.C4
21.€3
48.21
42.CS
27.C2
42.42
2%. €7
29.24
3%.CS
35.74
36.56
42.51
34.¢64
4€. 1€
41.¢€%
46.%7
27.03
29, ¢6
42.¢t1
26, 4¢
41.¢€
48.78
34.€2
3C.¢1
42.¢4
41.2%
36.97
é3.5¢8
34.44
29,51
43.11
56.€0
32.¢1
43.11
4. 17
4C. 48
232,.5C
36. €1
28424
42.C4
41.51
€6.SE
32.¢4
1%.¢4
£C.12
29,22
35, €64
25,175
5€.41
41.C4
31.6¢

ERRCF

C.CE
C.0s¢
Cel(
C.11
Celz
(el
C.lc
C.Cc¢

[z X aRaR e Nl

Gt Pt bt put et

Pt Pt put (ut pud gt P P b Pt Pt fuis ot P Pt Pt s Pust ot Pt us

!\lltlbl\l-l.h&-iﬂﬁ‘lllﬁlhl-nhlh‘ki\ﬂhl!ﬂl“hlﬁ‘ll-—

OO OANAOAMCOOAOOOONOOOMAN

(s W]

. .
-t bt
(XYL Y

[P ¥
C.l:?
Cel2
Cell
(.12
C.18
C.14
Cel?
Ce.l(
Col(
Cell
C.lz
0.12
Celz
CelC

18 3

C.l8¢E
Celi€4
C.l%€C
C.215¢
C.2282
C.1%¢€C
C.2:%2
C.117¢4
C.2:52
Ca254E
C.1%¢&C
C.215¢
C.21¢%¢
C.2:%52
C.2252
C.22%2
C.2248
C.2%54¢
Ce22%2
Ca254C
C.2252
C.2z5

C.2%48
C.21%5¢€
C.2%48
0.2:252
C.2548
Ce22%2
02548
C.215¢
C.2744
C.2744
C.21%5¢
C.2%4¢
Ca21744
C.254€
C.2%548
Ce2744
C.2¢4C
Ql.2:%

C.23%2
C.2548
C.2%48
C.21%6
C.2%48
C.3%28
Ce2i44
C.2%48
C.16¢C
C.15¢C
C.2%54¢€

.Ce22%2
- Ce2352

C.2:52
0.15¢0

LCMVEF

1.8222
1.512¢
l1.5€4¢C
1.5€44
1.6%48
1.874¢
1.4S4¢€
1.213¢
1.9€4¢
leT2%2
1.%24¢C
1.7444
1.81744
1.5€48
1.744¢€
1.654¢€
c.1€%2
1.5452
1.€654¢€
1.766C
1.5¢€4¢8
le764¢€
1.78%52
1.€744
1.8252
1.4C48
€.2%%2
2.4¢4¢
17452
1.5¢€44
€a21%5¢
1.1€5¢
2.CC44
1.5C%2
1.E325¢
1.225%2
€+2€%52
1.E25¢
1.EE¢0
1.E248
2.1E48
c.1€%¢
1.5€52
1.5844
1.5C%2
1.4472
2.52%¢
€a2tt

1.1€4C
1.444C

£.2%%2

1.G€4¢8
1.144¢
1.6%54¢
1.EC4C

LPFER

2.1%¢€8
2.2¢€64
1.5%¢C
1.5¢5¢€
Z.12%2
Z.2€6C
1.9€52
1.6€64
24552
Z.2248
1.5:z¢C
Z.175¢
2.3C%6€
Z.4352
2.2152
Z.12%2
Z.6748
2.0548
Zel€%2
2.3€40
244252
2.2352
2.2748
Z.1C56
Z.244€
1.87¢2
2.7¢48
Z.9€52
Z.2%48
1.955¢
2.7¢€44
1.7144
2.4256
2.4148
2.3E44
1.744¢
2.874€
Z.3844
2.474C
Ze2C%2
Z.65¢2
Z.6748
Z.474€
Z.01%¢
2.4148
Z.1%28
2.0744
Z.7€48
1.5%6C
1.8260
2.7¢€48
Z.4%%2
1.6152
241252

c.15¢0
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VARIAELE

§C56
SQ517
sQ5¢
$C59
SQ6C

FEAN

2.42
24065
2.04
2.CS
2.22

ST1C

C.S7
C.7S
C.77
C.817
0.90

cv

36, €4
37.55
317.54
41.8¢
4C.5E

ERRCF

(.14
C.12
C.11
Cel2
0.1z

ci1¢s

Ca2744
042252
C.2156
C.2%48
C.2%48

LCYEF

Z.145¢€
1.E548
1.8244
1.€6252
1.5¢€%2

LPFER

2.6%44
203252
€+2%56
€e344E
26 T4E
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TABLE £.2 ST12TISTICAL TECHMICUES FOR SEVERITY INCEX

VARIABLE

sQl

Se2

5§C3

SQ4

SC5

5C6

sQ7

5ce8

S¢9

sC1C
sQ11
SC12
SqQ13
SCl4
sC1ef
SQlé
Q11
SC1E
SC1S
s¢ac
sC21
$C2¢
§Q213
$C24
$Q25
5Q26
$¢Cz1
sCz28
$Q2$
$Qac
5Q31
$Q3:
S$Q3z2
$Q34
$Q3¢
5Q36
$E37
$C38
S$Q3s
S$Q4C
$C41
5Q42
5Q42
§Q44
SQ45
$Q4¢
5C417
3C48
S$Q4S
$¢5¢C
$¢C51
$Q52
§Q513
3C54
5Q55

FEAMN
2.2C

Z.28
1.7¢
1.84
2.24
2.04
1.92
l.7¢
2e4C
2.2C
1.8C
2.38
24CS
2.32
1.5¢€
l.£2
2.32
l.éc
2.11
2.5¢
2.51
2402
2.23
2.1¢€
2.22
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APPENDIX (C)
IMPORTANCE AND RANKING TABLES BY THE THREE PARTIES

TABLE C.1 IMPORTANCE AND RANKING OF THE CAUSES BY THE
CONTRACTOR

TABLE C.2 IMPORTANCE AND RANKING OF THE CAUSES BY THE
CONSULTANT

TABLE C.1 IMPORTANCE AND RANKING OF THE CAUSES BY THE
OWNER

COMPUTER PRINTOUT OF THE FREQUENCY AND SEVERITY OF
THE CAUSES



TABLE C.1 IMPORTANCE INDEX AND RANKING OF THE CAUSES

BY THE CONTRACTOR
RANK NO, CAUSE OF DELAY | IMPORT.
INDEX
1 37 Delay in progress payments by the owner 61.86
47 Difficulties in obtaining work permits from 57.04

the authorities concerned

3 31 Delay in the settlement of contractor' s claims 53.02
by the owner

4 51 Effect of subsurface conditions 48.38

5 28 Cash flow problems faced by the contractor 47.28

6 41 Excessive bureaucracy in the owner administration 45.42

7 39 Insufficient coordination by the owner in the early 44.62
planning & design stages '

8 48 Low performance of the lowest bidder contractor 43.39
in the Government Tendering System

9 38 Poor communications by the owner with the 43.21
construction parties involved, and Government
Authorities concerned during construction

10 34 Delay in making decisions by the owner within a 41.84
reasonable time

11 42 Changes in the scope of the project 40.84

12 33 Delay in issuance of change orders by the owner 39.64

13 27 Difficulties in financing the project by the 39.45
contractor

14 55 Poor qualification of supervision staff of the 39.28
consultant engineer

15 56 Delay in the approval of contractor submittals 38.28
by the engineer

16 35 Interference by the owner in the construction 37.69

operation phases

17 43 Ambiguities, defaults, and inconsistency of
specifications, and drawings 37.48

Continued ..........




TABLE C.1 IMPORTANCE INDEX AND RANKING OF THE CAUSES

BY THE CONTRACTOR
RANK NO. CAUSE OF DELAY IMPORT.
INDEX
18 40 Poor coordination by the owner with the 36.32
parties involved during construction
19 57 Poor communication by the consultant engineer 36.28
20 58 Poor coordination by the consultant engineer 35.59
21 52 Traffic control and restrictions at the job site 35.09
22 45 Original contract duration too short 33.14
23 60 Slow response to the contractor inquiries in the 33.14
job site by the consultant engineer
24 32 Suspension of work by the owner 32.35
25 59 Delay in performing inspection and testingby - 31.31
the consultant engineer '
26 2 Delay in materials delivery ' 30.98
27 44 Differing site conditions 30.89
28 30 Delayin furnishing and delivering the site to the 29.35
. contractor by the owner
29 36 Uncooperative owner with contractor 28.35
30 1 Shortage of materials required 25.99
31 9 Shortage of manpower 25.99
32 17 Delay in mobilization to start the project 2443
33 14 Poor coordination by the contractor with the 2431
parties involved in the project :
34 46 Ineffective delay penalty 24.27
35 13 -Poor communication by the contractor with the 23.91
parties involved in the project
36 10 Low skills of manpower 23.55
37 54 Interference with other contractor's work 23.24
38 21 Ineffective planning and scheduling of the 23.16
project by the contractor
39 6 Failure of equipment 22.87
40 29 Subcontractor problems with the contractor 22.73

Continued ..........




TABLE C.1 IMPORTANCE INDEX AND RANKING OF THE CAUSES

BY THE CONTRACTOR
RANK NO, CAUSE _OF DELAY IMPORT.
INDEX
41 4 Changes in materials specifications 22.73
42 3 Changes in materials prices 22.33
43 12 Shortage of technical professionals in the 21.99
contractor's organization
44 20 Improper technical study of the projectin the 21.38
bidding stage by the contractor
45 15 Slow preparation of change orders requests 21.27
by the contractor
46 23 Ineffective control of project progress by the 20.46
contractor
47 50 Severe weather conditions on the job site 20.35
48 22 Delay in the field survey done by the contractor 20.27
49 5 Shortage of equipment required 20.27
50 7 Shortage of supporting and shoring 20.2
installations for excavations .
51 49 Changes in Government regulations and laws 19.57
52 25 Delay in the preparation of contractor submittals 19.23
53 53 Effect of social and cultural conditions 18.59
54 19 Poor qualifications of the contractor's technical 17.72
staff ( engineers, inspectors, etc.)
55 16 Ineffective contractor head office involvement 17.66
in construction of the project
56 11 Shortage of contractor's administrative personnel 17.01
57 24 Inefficient quality control by the contractor 16.95
58 26 Improper construction method implemented by 16.94
the contractor
59 8 Inadequate equipment used for the works 14.28
60 18 Loose safety rules and regulations within the 12.48

contractor's organization




TABLE C.2 IMPORTANCE INDEX AND RANKING OF THE CAUSES

.BY THE CONSULTANT
RANK _NO, . CAUSE OF DELAY IMPORT.
INDEX
1 28 Cash flow problems faced by the contractor 60.94
2 27 Difficulties in financing the project by the 54.43
contractor
3 25 Delay in the preparation of contractor submittals 51.56
4 20 Improper technical study of the projectin the 51.13
bidding stage by the contractor
5 17 Delay in mobilization to start the project 50.00
6 48 Low performance of the lowest bidder contractor 50.00
in the Government Tendering System
7 21 Ineffective planning and scheduling of the 48.44
project by the contractor
8 23 Ineffective control of project progress by the 45.75
contractor .
9 14 Poor coordination by the contractor with the 44 .41
parties involved in the project
10 19 Poor qualifications of the contractor's technical 41.71
staff ( engineers, inspectors, etc.)’
11 51 Effect of subsurface conditions 41.54
12 12  Shortage of technical professionals in the 40.10
contractor's organization
13 37 Delay in progress payments by the owner 39.06
14 9  Shortage of manpower 39.06
.15 47 Difficulties in obtaining work permits from 39.02
the authorities concemed
16 5  Shortage of equipment required 36.69
17 24 Inefficient quality control by the contractor 36.46
18 45 Original contract duration too short 36.11
19 10 Low skills of manpower 35.24
20 29  Subcontractor problems with the contractor 35.24

Continued ..............




TABLE C.2 IMPORTANCE INDEX AND RANKING OF THE CAUSES

RANK _NO,
21 42
22 26
23 2
24 13
25 1
26 43
27 31
28 6
29 22
30 34
31 18
32 7
33 41
34 33
35 15
36 16
37 52
38 54
39 46
40 11

BY THE CONSULTANT
CAUSE OF DELAY

Changes in the scope of the project

Improper construction method implemented by
the contractor

Delay in materials delivery

Poor communication by the contractor with the
parties involved in the project

Shortage of materials required

Ambiguities, defaults, and inconsistency of
specifications, and drawings'

Delay in the settlement of contractor's claims
by the owner

Failure of equipment

Delay in the field survey done by the contractor
Delay in making decisions by the owner within a
reasonable time

Loose safety rules and regulations within the
contractor's organization

Shortage of supporting and shoring

installations for excavations
Excessive bureaucracy in the owner administration

Delay in issuance of change orders by the owner
Slow preparation of change orders requests
by the contractor

Ineffective contractor head office involvement
in construction of the project

Traffic control and restrictions at the job site
Interference with other contractor's work
Ineffective delay penalty

Shortage of contractor's administrative personnel

Continued ..........

IMPORT.
INDEX
35.24

32.23

31.64
31.60

30.99

30.47
29.30

29.30
29.17
28.13

27.69

27.23
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26.04 .

24.96
24 .83

23.87

23.87
23.87

21.69
21.01



TABLE C.2 IMPORTANCE INDEX AND RANKING OF THE CAUSES

RANK _NO,
41 56
2 30
43 4
44 60
45 32
46 8
47 3
48 55
49 35
50 38
51 44
52 40
53 50
54 39
55 58
s6 57
57 59
58 . 36
59 49
60 53

BY THE CONSULTANT
CAUSE OF DELAY

Delay in the approval of contractor submittals
by the engineer

Delay in furnishing and dehvenng the site to the

contractor by the owner

Changes in materials specifications

Slow response to the contractor inquiries in the
job site by the consultant engineer

Suspension of work by the owner

Inadequate equipment used for the works
Changes in materials prices

Poor qualification of supervision staff of the
consultant engineer

Interference by the owner in the construction
operation phases

Poor communications by the owner with the
parties involved, during construction

Differing site conditions

Poor coordination by the owner with the
construction parties involved, and Government
Authorities concerned during construction
Severe weather conditions at the job site

Insufficient coordination by the owner in the early

planning & design stages of the project

Poor coordination by the consultant engineer
Poor communication by the consultant engineer
Delay in performing inspection and testing by
the consultant engineer

Uncooperative owner with contractor
Changes in Government regulations and laws
Effect of social and cultural conditions

IMPORT.

INDEX
20.83

20.46

20.05
19.97

19.35
18.23
17.81
17.36
17.32
17.19

16.90

- 16.49

16.49
16.41

15.67
14.84
14.01

11.57
9.717
9.03
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TABLE C.3 IMPORTANCE INDEX AND RANKING OF THE CAUSES

RANK NO
1 28
2 47
3 27
4 21
5 20
6 17
7 9
8 46
9 48
10 23
11 14
12 25
13 22
14 37
15 42
16 24
17 41
18 51
19 12
20 43

BY THE OWNER
CAUSE OF DELAY

Cash flow problems faced by the contractor
Difficulties in obtaining work permits from
the authorities concerned

Difficulties in financing the project by the
contractor

Ineffective planning and scheduling of the
project by the contractor

Improper technical study of the projectin the
bidding stage by the contractor

Delay in mobilization to start the project
Shortage of manpower

Ineffective delay penalty

Low performance of the lowest bidder

in the Government Tendering System
Ineffective control of project progress by the
contractor

Poor coordination by the contractor with the
parties involved in the project

Delay in the preparation of contractor submittals
Delay in the field survey done by the contractor .
Delay in progress payments by the owner
Changes in the scope of the project
Inefficient quality control by the contractor
Excessive bureaucracy in the owner administration

Effect of subsurface conditions

Shortage of technical professionals in the
contractor's organization

Ambiguities, defaults, and inconsistency of
specifications, and drawings

Continued ...............

IMPORT,
INDEX
61.63

58.00

55.69
54.44
52.31

47.13
45.5
43.88
46.75

40.50
37.50

36.75
36.74
36.25
35.94
35.75

35.75
35.00
34.38

34.38
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TABLE C.3 IMPORTANCE INDEX AND RANKING OF THE CAUSES

RANK_NO
21 5
22 16
23 29
24 1
25 10
26 6
27 45
28 13
29 15
30 19
31 2
32 33
33 39
34 40
35 56
36 52

26
37
38 58
39 57
40 32

BY THE OWNER
CAUSE OF DELAY

Shortage of equipment required

Ineffective contractor head office involvement
in construction of the project

Subcontractor problems with the contractor
Shortage of materials required

Low skills of manpower

Failure of equipment

Original contract duration too short

Poor communication by the contractor with the
parties involved in the project

Slow preparation of change orders requests
by the contractor

Poor qualifications of the contractor's technical
staff ( engineers, inspectors, etc.)

Delay in materials delivery

Delay in issuance of change orders by the owner
Insufficient coordination by the owner in the early
planning & design stages of the project

Poor coordination by the owner with the
parties involved during construction

Delay in the approval of contractor submittals
by the engineer

Traffic control and restrictions at the job site
Improper construction method implemented by

the contractor

Poor coordination by the consultant engineer
Poor communication by the consultant engineer
Suspension of work by the owner

Continued..............

IMPORT,
INDEX

34.13
33.00

33.00
32.81
31.63
31.63
30.56
30.25
30.19
30.19
30.19
28.88
28.88
28.88
28.13
27.50
27.00
26.25

26.13
26.00
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TABLE C.3 IMPORTANCE INDEX AND RANKING OF THE CAUSES

BY THE OWNER
RANK_NO CAUSE OF DELAY
41 38 Poor communications by the owner with the
parties involved during construction
42 31 Delay in the settlement of contractor' s claims
by the owner
43 34 Delay in making decisions by the owner within
areasonable time
11 Shortage of contractor's administrative personnel
44
45 55 Poor qualification of supervision staff of the
consultant engineer
46 59 Delay in performing inspection and testing by
the consultant engineer
47 18 Loose safety rules and regulations within the
contractor's organization
48 44 Differing site conditions
49 54 Interference with other contractor's work
50 30 Delay in furnishing and delivering the site to the
contractor by the owner
51 60 Slow response to the contractor inquiries in the
job site by the consultant engineer
52 4 Changes in materials specifications
53 8 Inadequate equipment used for the works
54 7 Shortage of supporting and shoring
mstallations for excavations
55 3 Changes in materials prices
56 35 Interference by the owner in the construction
operation phases
57 36 Uncooperative owner with contractor
58 50 Severe weather conditions on the job site
59 53 Effect of social and cultural conditions
60 49 Changes in Government regulations and laws

IMPORT,

INDEX
25.88

2494

24.94

23.75
23.38

23.38

22.50

22.50
22.50
22.00

22.00

20.19
19.00
18.06

18.00
16.00

15.44
12.04
11.11
10.71
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15,2431
22.2214
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29.1250
27.691C
27.2254
25.C417
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24.82€4
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21.0C6€G
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19.3452
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17.8125
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15.6€684
14.8438
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APPENDIX D

CALCULATIONS OF RANK CORRELATION
Rank correlation coefficient is used to express the correlation between the
parties; contractor, consultant, and owner in the importance of the causes of
delay according to the importance index of these causes. The causes of delay
of the same importance index will carry the same rank. The rank assigned will
be the average of the tied ranks. For example, if the causes number 12, 25, 46
have the same importance index, with rank 17, 18, and 19, then each will be

ranked as 18.

Rank correlation coefficient is denoted by (r ) and calculated by the

following formula (Kindle & Gibbons 1990):

s = (N-Xd2-U,-Uy)/ (N-2U.)*(N-2U,) Eq.D.1

Where :
= (’-n)/6 n=number of pairs of ranks= 60
N = (60°-60)/6= 35990

d; = the difference between the ranks assigned to the two variables,
which is the difference in ranks for each cause by the parties as
shown in Table (D.1).

U= 1/123@u’-u)




TABLE D.1 SPEARMAN RANK CORRELATION CALCULATIONS

221

RANK BY DIFFERENCE IN RANKS
NO | CONTRACTOR| CONSULTANT| owner | des | dcs | deo | dco | dy | d a0
C S 0
1 30.5 25 24 55 |3025| 65 | 4225 1 1
2 26 23 30 3 9 3 9 | -7 | 49
3 42 47 55 5| 25 | 13| 169 | -8 | 64
4 40.5 43 52 25| 625 |-11.5|132.3| -9 | 81
5 48.5 16 21 32,5 (1056.3| 27.5 | 756.3| -5 | 25
6 39 27.5 255 |11.5[13225| 1351823 2 | 4
7 50 32 54 18324 | -4 | 16 |-22] 484
8 59 46 53 13| 169 | 6 36 | -7 | 49
9 30.5 14 7 16.5 [272.25| 23.5 | 552.3| 7 | 49
10 36 20 25.5 16 | 256 | 10.5 | 110.3| -5.5| 30.3
11 56 40 44 16| 256 | 12 | 144 | -4 | 16
12 43 12 19.5 | 31 | 961 | 235 [ 552.3| -7.5] 56.3
13 35 24 28 n |2 7 49 | -4 | 16
14 a3 9 n 24 | 576 | 22 | 484 | -2 | 4
15 45 34 30 Mn|121| 15| 225 4| 16
16 55 37 22,5 18 | 324 | 325 | 1056 | 14.5| 210
17 32 5.5 6 26.5 |702.25( 26 | 676 | -0.5] 0.25
18 60 31 48 20 | 841 | 12 | 144 | -17 | 289
19 54 10 30 44 | 1936 | 24 | 576 | -20 | 400
20 44 4 5 40 | 1600 [ 39 | 1521 | -1 | 1
21 as 7 4 31 | 961 | 34 | 561 3 | 9
22 48.5 29 13 19.5 | 380.25| 35.5 | 1260 | 16 | 256
23 46 8 10 38 | 1444 | 36 [ 1296 2 | 4
24 57 17 165 | 40 | 1600 | 40.5 | 1640 | 0.5 | 0.25
25 52 3 12 49 | 2401 | 40 | 1600| -9 | 81
26 58 22 37 36 [ 1296 | 21 | 441 | -15 | 225
27 13 2 3 miji2afwwo| -]
28 5 ] 1 4 16 4 16 | o o
29 40.5 20 225 | 20.5|420.25| 18 | 324 | -25] 6.25
30 28 42 505 | -14 | 196 | -225( 506.3| -8.5| 72.3

Continued ............
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RANK BY DIFFERENCE IN RANKS

NO | CONTRACTOR| CONSULTANT| owner | des | d2cs | deo | 2co | dso | dso
c s 0

31 3 275 42.5 |-24.5|600.25] -39.5| 1560 | -15 | 225
32 24 45 0 |2 am | 16| 256 5| 25
33 12 34 3 |-22|4a| 2 |an ||
34 10 30 425 | -20 | 400 |-32.5| 1056 | -13 | 156
35 16 49 56 | -33| 1089 | -40 | 1600 | -7 | a9
36 29 58 57 | -29| 841 | 28| 788 | 1 | 1
37 1 13 1 |2 1aa | a3 e | a0
38 9 50 a1 | -4 [ 1681 | 32 [ 1024] 9 | &
39 7 54 33 | -a7|2209| 26 | 676 | 21 | aan
40 18 52.5 33 |-345[1190.3| 15 | 225 | 19.5] 380
a1 6 33 165 | -27| 729 | -105| 1103} 165 272
42 " 20 5 | 9| 81 | 4| 16| 5] 25
43 17 26 195 | 9| 81 | -25] 625 | 6.5 | 423
44 27 51 48 |-2a| 576 | 21| as1| 3] 9
a5 22.5 18 27 | 45 | 2025| -45 | 2025| -9 | &1
46 34 39 8 | 5| 25 | 26 | 676 | 31 | 981
47 2 15 2 |36 | o | o |13]1e
48 8 5.5 9 |25|s625| -1 | 1 |-35]|123
49 51 59 60 | 8| 6a| 9| 8 ||
50 47 52.5 58 |-55/3025| -1 | 121 | 55303
51 4 n 18 | 7| a9 | 14| 196 | -7 | a9
52 21 37 36 | -16| 256 | 15| 225 | 1|1
53 53 60 s9 | 7| 49| 6| 36| 1|
54 37 37 8 | of o | 1|2t |-
55 14 48 455 | -3a | 1156 | -31.5| 992.3 | 25 | 6.25
56 15 n 35 | 26| 676 | 20| a00 | 6 | 36
57 19 56 39 | -37| 1369 | -20 | 400 | 17 | 289
58 20 55 38 | -35|1225| .18 | 324 | 17 | 289
59 25 57 455 | -32 | 1024 | -205| 4203 | 11.5| 132
60 22.5 a4 50.5 |-21.5|462.25| -28 | 784 | -6.5| 423

SUM OF d2 35682 28936 6430
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u = number of scores in each tied ranks for each party.
Ue=1/12% (u’-u.)

u=2,2,3,2.

ThenY (ul-u.)=3(2%-2)+(3*-3)=42
Uc=1/12(42)=35

U= 1/123 (v’ - u,)

u=2,2,3,2,3.

Then Y, (u’-u, )=3(2%-2 )+ 2(3*-3)=66
CUs=1/12(66)=55

Up=1/12% (u,’ - u,)
w=2,2,3,2,3,2,2322.

Then: X (u-u,)=7(23-2)+3(3*-3)=114
Up=1/12(114)=95

Table (D.1) shows difference in ranks (d;), and the calculation of 3,
di. By using these values in equation D.1 above, then r is calculated as
follow :

s = (N-Xd?-U.-U,)/ (N-2U,)*(N-2U,) Eq.D.l

Ts = 35990-35682-3.5-5.5/ (35990-2*3.5)%(35990 -2*5.5)
= 0.00831

o = (N-Xd?-U.-U,)/ (N-2U,)*(N-2U,) Eg.D.2

= 35990 - 28936 - 3.5- 9.5 /(35990- 2* 3.5)*(35990-2*9.5)
= 0.1957

Teo
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o = (N-Xd2-U,-U,)/ (N-2U,)*(N-2U,) Eq.D3
e = 35990 -28936-5.5-9.5/(35990- 2*3.5)*(35990- 2*9.5)
= 0.8211

Where :

T = The rank correlation coefficient between the contractor and
the consultant engineer, while ignoring the ranking of the
owner.

Io = The rank correlation coefficient between the contractor and
the owner, while ignoring the ranking of the consultant
engineer.

Iso = The rank correlation coefficient between consultant engineer

and owner, while ignoring the ranking of the contractor.

The following equations are used to calculate the partial

correlation (Snedecor & Cochran 1980):

Ieso ™ (rcs =Teo * Iso ) / (1 - rzco) (1 = l'zso)
= (0.00831-0.1957*0.8211) / (1 «( 0.1957)%) (1 - (0.8211)%)
=-0.2722




225

Teos ~ (rco"rcs *rlo)/(l 'rzlo) (1 ‘rzea)
= (0.1957- 0.00831*0.8211) / ( 1-( 0.8211)*) 1 -( 0.00831)?)
=(0.3309

Isox = (rlo =Tes * Teo )/ (1 = rzCI) (1 = l'zco)
= (0.8211-0.00831*0.1957) / ( 1-(0.00831)?) (1- ( 0.1956)?)

=(.8357

Where :

Teso = The partial rank correlation representing level of agreement
between the contractor and the consultant , while holding the
owner.

Teos = The partial rank correlation representing level of agreement
between the contractor and the owner, while holding the
consultant.

Toc = The partial rank correlation representing level of agreement

between the consultant and the owner, while holding the

contractor.

The followihg equations are used for the calculation of the multiple rank

correlation coefficient:

Ieso = rcs"'rco'z(]-{)/l'rso

R = 14 *r, *r,, =0.00831 *0.1957 * 0.8211 =0.00134
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o =  (0.00831)+(0.1957) - 2 (0.00134) / 1- (0.8211) = 0.3310

rs_co = rcs+rgo‘2(R)/1‘r°o
= (0.00831) +(0.8211) - 2 (0.00134) / 1- (0.1957 ) = 0.8357

Toes = TootTlep-2(R)/1-14
= (0.1957)+(0.8211)-2(0.00134 )/ 1 - (0.00831) = 0.8425 -

Where :

Icso = The agreement between the contractor and other two parties;
the consultant and the owner.

Isco = The agreement between the consultant and other two parties;
the contractor and the owner.

Lncs = The agreement between the owner and other two parties; the

contractor and the consultant.

Table D.2 summarizes the rank correlation values.

TABLE D.2 SUMMARY OF CORRELATION VALUES

SPEARMAN PARTIAL MULTIPLE

Ies = 0.00831 Teso == 0.2722 feso = 0.3310

Teo = 0.1957 feo.s = 0.3309 Ts.co = 0.8357

rso = 0.8211 fso.c = 0.8357 To.cs = 0.8425
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