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Abstract

In recent years, the construction management has recognized more and more the need for
controlling project costs. A cost control system enables the contracting company to observe
the project expenditures, compare it with cost standards and initiate corrective actions to
keep cost within acceptable levels. It enables recognition of problems before they become

unsolvable.

The aim of this thesis is to develop a computerized cost control system which suits local
contractors in order to help them in managing and controlling the costs of their construction
projects. A field survey based on a questionnaire and supported by personal interviews is
conducted to investigate the cost control practice of Gaza Strip contracting companies. The
survey results show that most contracting companies do not use many cost control tools and
techniques. The main two obstacles for not using cost control in managing construction
projects are the lack of cost control software suitable for local use and the unavailability of
technical staff to support the cost control process. However, contractors show their desire

and conviction to use cost control systems that consider the local circumstances.

A cost control sofiware is developed to satisfy local contractor needs in cost control. This
software is named “Cost Control Software” (CCS). Visual Basic language has been used to
develop it. Detailed description of the software has been given with step-by-step
implementation procedures. CCS relies on two types of input data; the first is the estimated
data which is entered once at the project start. The second is the actual input cost and
quantity data which is entered weekly. CCS provides many reports including item material,
labor, equipment, and subcontract reports and item summery report. Also, CCS covers

indirect cost and cost at completion reports. Reports show weekly and up-to-date status.

- CCS has been evaluated and tested to explore the extent of its suitability to local contractors.
The evaluation process is conducted by professional cbntractors. Overall, they are satisfied
with CCS performance. In general, local contractors do not find difficulties in preparing the
input data entry needed for operating CCS. Of course, they provide few comments and
suggestions. The researcher benefited from some of these comments to modify CCS. Other
comments are left for further researches. The researcher main recommendation is addressed
to all parties involved in the construction sector to give more attention to cost control

including holding training courses to explain its concepts and benefits
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CHAPTER 1
INTRODUCTION

1.1  General

Construction industry is a major element in the Palestinian economy. Any
improvement in the consfruction industry will probably lead to a clear improvement in
the Palestinian economy. An ﬁnprovement in the construction industry can be
achieved by improving the construction project management functions. One of the
most important construction management functions to construction contractors is
project cost control.

This chapter includes historical information about the construction industry and

Palestinian economy. Also, it includes research rationale, research objectives,

limitations of the research, and research organization.

1.2 The Construction Industry

The construction industry represents the largest single production activity in an
economy. The construction industry is customer-oriented. It is different from mass
production that it has slow response to the benefits of mass production. Every project
is unique. The construction industry has suffered in recent decades in terms of low
productivity compared with other industries (Hinze, 2001).

The construction industry is defined as a risky industry with uncertainties that
management has to deal with. These uncertainties arise from the nature of the industry
itself. In addition, Froese et al. (1997) state that construction industry is characterized
by having many players of multiple disciplines who are brought together at various
stages throughout a single project. '

The importance of the comstruction industry to the economy can be measured by its
contribution to the Gross Domestic Product (GDP), its contribution to investment, and
the amount of manpower employed. Internationally, the construction industry

contribution to the GDP is about 10 %.



1.3 The Palestinian Economy

The Palestinian economy may be characterized by its limited size. It is dependent on
the economy of Israel for trade and employment opportunities. In 1999, GDP
accounted for approximately US $4.15 billion and the total population was
approximately 2.8 million. Thus, GDP per capita reached nearly $1500. The GNP per
capita was higher, around $1800, given the large inflow of remittances from
Palestinian workers in Israel and international aids. By using GDP or GNP criteria,
Palestine is ranked in the group of lower middle-income countries, while the
demographic growth rate is among the highest growth rate in the world (World Bank,
2001). Recent studies show that GDP is reduced to US $ 3.1 billion in 2002. This
leads to a decrease in GDP and GNP per capita. GDP and GNP per capita reach to
$904 and $998 respectively. These values represent 60 % and 55 % of the values at
1999 respectively (Center of Private Sector Development, 2003). Table 1.1 shows

some of key economic indicators in Palestine in the years 1995 -2002.

The construction sector share of GDP is about 8 % of the value added to the
Palestinian economy. Figure 1.1 summarizes the distribution of GDP in 2001. The
construction industry in Palestine is considered one of the main industries. It has
grown significantly since the birth of Palestinian National Authority. Table 1.2
illustrates some of the characteristics of the construction industry in the Palestinian

Territories as reported by Palestinian Central Bureau of Statistics (PCBS, 2000).

Agriculture

Industry .
Caonstruet
Agricutture (16%) on{ssgé;: ion Olndustry

(8%)

Construction

OPublic & community services
Public&community

- i 28% i
Trade, transport & services {28%]) & Trade, transport & services

services {40%)

Figure 1.1 GDP Distribution in 2001
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Table 1.2 Main Economic Indicators for Construction Contractors Activities,

(1996 — 2000) Values in US § 1000 (PCBS, 2000)

Indi Year

ndicator 1996 | 1997 | 1998 | 1999 | 2000
Number of Enterprises 447 488 408 337 430
Number of persons engaged 5169 5538 5911 4153 5864
Compensation of employees 24910 | 27987 | 30427 | 27005 | 32230
Output 196 659 | 216 738 | 225 663 | 199326 | 178 834
Intermediate consumption 120371 | 136364 | 123 874 { 99540 | 110314
Value adds 76288 | 80374 | 101789 | 99786 ! 68 520

1.4 Rationale

The construction industry in Palestine has been noticeably developed since the
establishment of Palestinian National Authority (PNA). This is obvious from the
relatively large projects which have been executed in the last decade. These projects
are progressively larger in terms of their physical size and cost. As the projects
become more complex than before, the need for more project management is
essential. One of the main processes of project management isa comprehensive
control system applied to the major elements affecting the project performance which

are: Quality, Time, and Cost.

In local practice, there is an obvious trend among contractors to implement quality
control through their inclination to attain ISO 9000 Quality Assurance Certificate.
Also,

specifications. The second factor which is time, local contractors have considerable

quality is controlled by the client and supervision through project
tools to control it. This is obvious from the wide use of MS Project software and
similar ones. Also, clients share the contractors in controlling time by encouraging
them to finish the project in time. Otherwise, liquidated damages clauses will be
applied. The final factor in the success of any project is cost, which is solely the
contractor's responsibility. In local practice, cost control of the projects is generally

either misunderstood, misused, or ignored.




In addition, Borland (1999) states that probably no business needs an effective cost
contro} system more than the construction business. This is because construction
companies operate on a small margin profit. Every dollar wasted on a job lowers
earning by one dollar. '

In local practice, the contracting companies usually wait until a project is finished to
find out the project's gross profit or loss. There must be an ongoing systemto
measure and contro! the expenditures incurred during construction and to report the
findings to management. Managers must have access to accurate cost data so that the
trend of the cost can be determined as soon as possible. Subsequently, corrective
action can be taken when needed. Project cost control is both strategic and value
added process. It should be carried out throughout the life of a project, from the start
of the project up to its final completion.

To the researcher knowledge, there are no previous researches that deal with this
subject in Palestine. Yet, there are many researches studying this subject in other
countries. In addition, many cost control software packages have been developed and
used in these countries to fulfill their contractors’ needs in project cost control.

In this research, due to the importance of cost control function in successfully
managing the construction projects, the researcher focuses on this topic and aims to
develop a computerized cost control system for local contractors. Exploring the local

cost control practice of contracting companies is essential to develop such software to

be useful for local use.

1.5 Research Objectives
The objective of this research is to develop a computerized cost control system for
Gaza Strip contractors in order to assist them in managing and controlling their
project costs.
To achieve this objective, it has been broken down into the following sub-objectives:
1. Review the literature related to construction cost control.
2. Review the current software packages related to construction cost control.
3. Investigate the local practice of the construction companies in controlling

the cost of their projects.



4, Identify the limitations and difficulties which are facing the local
contractors to implement a cost control system.
5. Develop a computerized cost control system suitable for local practice.

6. Perform evaluation for the suitability of the software.

1.6 Limitations of the Research

Considering the scope of the research, the limitations of the study are the followings:

1. The target population covers the "First" and "Second” classes of contractors it
Gaza Strip.

2. The software is designed for "Unit Price" contracts, as it is the most common
used contract.

3. The software is designed to control cost on weekly basis.

4, The software is designed to deal with equipment as if they are rented.

1.7 Research Organization

Besides this chapter, there are five chapters distributed as follows:

Chapter two: Literature Review, which focuses on the most important cost control
aspects available through literature to explain the main concepts of the cost control
system.

Chapter three: Methodology, which discusses the methodology adopted in this
research, the sample population, the method of data gathering, and the method of data
analysis.

Chapter four: Analysis and resulis, which presents the results of the questionnaire
and the discussion of these results.

Chapter five: Software description, which describes the developed computerized
cost control system. It describes the software components, and the method of use.
Also, this chapter contains a section about software evaluation.

Chapter six: Conclusions and Recommendations, which presents the conclusions of

this research, practical recommendations, and recommendations for further studies.



Also, there are eleven annexes which supplement these chapters distributed as

follows:

Annex 1: A list of the surveyed companies.

Annex 2: The questionnaire (in Arabic).

Annex 3: The English version of the questionnaire.

Annex 4: An overview of software packéges related to cost control.

Annex 5: The evaluation questionnaire ( in Arabic).

Annex 6: The English version of the evaluation questionnaire.

Annex7: An illustrating example for the developed cost conirol software with
relevant reports.

Annex 8: The critical value of t at various level of significance.

Annex 9: Main features of the developed cost control software. -

Annex 10: The User Manual of Cost Control Software.

Annex 11: A sample of project cost coding system.



CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

This chapter focuses on the most important cost control practices available through
literature to explain the main concepts of cost control. Also, it discusses the main
types of cost control systems, the cost control process, and the control of the elements

comprising project cost such as material, labor, plant, subcontract and indirect costs.

2.2 Project Management

The project management institute (PMI) defines project management as “the
application of knowledge, skills, tools, and techniques to project activities to meet
project requirements. Project management is accomplished through the use of the
processes such as: initiating, planning, exccuting, controlling, and closing” (PMI,
2000).

Also, project management is defined as “the process of applying management
techniques and systems to direct and control suitable resources in order to
successfully deliver the intended scope of the project” (Atkinson, 1999).

Cleland (1999) defines project management as a “series of activitics embodied ina
process of getting things done on a project by working with members of the project
team in order to reach the project schedule, cost, and quality”.

A project management process as shown in Figure 2.1 provides a paradigm for how
the management functions of planning, organizing, motivation, directing, and control

will be carried out in the commitment of the project resources.

Controlling

Directing
The
Management

Process Planning

Motivation

Organizing

Figure 2.1 The management process



From the above definitions, it is shown that planning and control are the most
significant functions of management at all levels of project stages. The control means

to control against what was planned. This gives a special importance for the control

function.

2.3 Project Control

Effective management of any construction project during its entire lifecycle requires
that a well-organized control system be designed, developed, and implemented so
that effective and efficient feedback on the project progress can be obtained. Project
control is the final management function carried out by the project team. Control is
the process of monitoring, evaluating, and comparing plaﬁned results with actual
results to determine the progress toward the project cost, schedule, and quality.

A simple explanation of the control system is shown in Figure 2.2.

Establishing
/"—b standard —\
Taking corrective Observing
action performance
K Comparing actual 4__/
performance

Figure 2.2 The control process

 In the control process, the primary purpose is not to determine what has happened
(although this is important information), but rather to predict what may happen in the
future if present conditions coritinue, and if there are no changes in the management
of the project (Cleland, 1999). In most control systems, project control is concerned
with cost, schedule, and quality control. These areas are extremely interrelated, and
therefore the system must be designed to assure full accountability for their

interrelationships.



Martin (1992) defines project control as “an orderly, systematic, effective approach to
identify potential problem areas and to provide sufficient informational detail upon
which to base rational courses of remedial actions”. |

In addition, Hamilton (2001) states that project control systems are designed to give
- management the assurance that the project is proceeding according to plan. The
primary function of a system is to monitor progress and detect deviations between
what was planned and the current situation and, with forecasted trends, predict future
deviations. For the important parameters, the conirol limits are established (and
fixed); deviations outside these limits need to be highlighted by the system.
Corrective action is normally taken when the deviations are conSidered to be
significant.

To be effective, a project control system must be simple to administer and easily
understood by all participants in a project. A control system must be developed so
information can be routinely collected, verified, evaluated, and communicated to all
participants in a project, so it will serve as a tool for project improvement rather than
reporting flaws that irritate people (Oberlender, 1993).

The importance of project control is that project control system enables recognition of
pfoblems before they become unsolvable. The need for control will vary from one
project to another, just as project contexts vary. On large and complex projects any of
the control aspects could form a separate activity for some person or organizational
unit. On smaller jobs it may simply be one aspect amongst many for the project

manager or management team (Hughes, 2001).

Tyer & Kohli (1996) define some of the requirements of a good project control system
such as:

1. A comprehensive plan of the work to be performed to complete the project.
Precise estimation of time, labor, and cost.
Clear communication of scope of the required task.
Timely accounting of physical progress and cost expenditures.

Periodic re-estimation of time and cost to complete remaining work.

SNow ok W

Frequent comparison of actual progress and expenditures to the schedule and

budget.



2.4 Cost Engineering

Cost engineering is an area of engineering which is concerned with problems of cost
estimation, cost control, and business planning and management science, including
problems of projéct management, planning, scheduling, and profitability analysis of
engineering projects and processes.

Another definition of cost engineering is as given by the Association for the
Advancement of Cost Engineering (AACE) which is: “that area of engineering
practice where judgement and experience arc applied to solve problems of cost
estimating; cost control; business planning and management science, profitability

analysis; project management; and planning and scheduling.”

2.5 Cost Control

Cost contro!l is defined by Stewart et al. (1995) as “the application of procedures that
result in ecarly illumination of potential changes in resource requirements and in the
timely surveillance of the usage of funds to permit action that will keep cost within a
predetermined range.” This definition implies that active efforts to control cost are
achievable.

Ritz (1994) defines cost control as a procedure which highlights problem cost areas |
as soon as possible, thereby permitting corrective action to be taken and which allows
for the earliest prediction of the final cost of the project. Pilcher (1992) defines cost
control as a “process that should be carried out throughout the life of a project, from
the inception of an idea in the client’s mind to the final completion of the project and

the final payment to the contractor who has constructed the work at site”.

Another definition of cost control is as given by the American Association of Cost
Engineers, which is “the application of procedures to monitor expenditures and
performance against progress of projects with projected completion to measure
variances and allow effective action to be taken to achieve minimal costs.” (Martin,
1992). Also, Clough (1986) defines project cost control as a company information
system designed to assist the project manager in controlling construction costs. Itis a
monitoring process that provides feedback to the manager concerning project

expenses and how they compare to the established budget.
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Cost control can be divided into two major areas: _

i The control of cost by the owner to ensure that the project fall within the

original estimate.
In this area, cost control can be classified according to project stages into the
following stages:
1. Cost control during proposal stage.
2. Cost control during the engineering (design) stage.
3. Cost control in the procurement stage.
4. Cost control during field construction.
At this stage, the client’s cost engineer will monitor the extra work to not
exceed the approved budget.
5. Cost Control during Plant Start-up (Patrascu, 1978).

ii. The control of cost by the contractor. This is an attempt by the contractor to
keep the costof carrying out the work within the moneys that will be paid by
the client.

Tn this study, the researcher concentrates on the second area, which is controlling cost

by the contractor during the execution of work.

The cost control system can be expressed graphically as shown in Figure 2.3. In this
system, first the cost standards or cost estimates are established before the project
begins. These standards remain fixed during project execution. During execution,
costs data are obtained by monitoring cosfs of project items throughout collecting the
costs of labor, materials, equipment, and subcontract of project items. The collection
of data should be done daily associated with measuring of quantitics performed for
the same period.

These costs are compared with the standard costs of the project. If there is no
variance, ie. the ifem is implemented according to the cost standard, then the
objectives established by management are well within control of the firm. Ifthere is a
significant variance i.é. unfavorable performance, then the causes leading to this

variance are identified, and corrective action is promptly required.

12
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Figure 2.3 The Cost Control Process

2.6 Importance of Cost Control

Cost control is an important aspect of construction project management for both the
owner who has to bear the cost of the work, and for the contractor who hasto earna
profit. Everyone can agree that all major projects need good cost control. If the
contractor dose not pay sufficient attention to cost control, not only would the profit
margin be severely eroded but it could result in heavy losses (Singh, 1999). Cost

control is needed to ensure that a project will have the correct quality, remain within

budget, and finish on time (Bender, 2000).

In construction projects, there are always many causes for cost overrun. How does the
project engineer know where the problem lies? With a cost control system, the project
manager can find where cost overrun is, and where corrective action is necessary.

This will benefit similar works currently in progress (El-Samadony and Tawfik, 1997).

13



From the above, it appears that cost control is important because it provides the

contractor with accurate and timely data about project cost status. Also, it highlights

the unfavorable project items which have significant cost overrun. This will lead to

taking of prompt and effective corrective action.

2.7 Purposes of Cost Control

Singh (1999) summarizes the main purposes for cost control as the followings:

*

To determine whether the estimated profit is being made or not. The cost
control data provides the total expenditure incurred on the work at any given
instance or at regular intervals. The contractor can find out his profit or loss by
comparing the likely payments to him from the measurements of the completed
portion of the work with the actual expenditure incurred on it as indicated by the
cost control data.

To locate areas of inefficient funcriéning and provide data for reducing costs.
During construction, cost control data is used to draw attention to any part of the
work that is being carried out in an uneconomical manner so that remedial action
can be taken well in time. If the methods of cost control are not used, it would be
known only at the end of the construction whether or not the work has resulted in
a loss and would not be possible to pinpoint the exact reason for the loss. It would
then be too late to do anything but to accept the loss.

To provide realistic and accurate information for future estimates. The cost
control data of a work provides feedback to the estimator for updating the
knowledge of output data of men and machines. The value of such feedback is
often of a limited nature, owing to the fact that in construction work, conditions
tend to vary very widely from one contract to another. Any feedback of this
nature provided by a cost control system must be accompanied by a full and
complete description of the conditions pertaining to the particular costs.

To provide data for the valuation of variations that may occur during the
course of contract. Frequently, during a construction contract, rates have to be

calculated for operations that differ in one way or another from those originally

conceived. The maintenance of proper cost records enables the confractor to

strengthen the case for the build up of a new rate.

14



o To helpinthe evaluation the cost of delays, acceleration, changes of plan and
possible claims. During construction, the contractor may be requested to
accelerate the work, or the project plan may be changed due to client and
supervisors requirements which could lead to project delays. In this case, the cost

control system would probably help in the evaluation of the subsequent costs.

2.8 Requirements of Cost Control System
Dansker (1992) lists the key documents that should be issued before any system of
project cost control can proceed. These documents are:
» A detailed estimate of the Material costs.
» A detailed estimate of the Sub-contract costs.
® A detailed estimate of the Equipment costs.
= A detailed estimate of the Labor costs.
= A detailed estimate of the Overhead costs.
These documents are the basis of any project control procedure.
In order for the cost control procedure to be effective, the collection of data and the
analyzing of performance must be a daily task. The earliest recognition thatan .
activity is not performing well, is the best tool for inttiating corrective action. If it is
too late to affect the work already completed, it can assist the work in progress, and it
can be a guide for other projects (Dansker, 1992).
Also, the cost control system must include these basic features:
e A simple but comprehensive code of accounts.
o Use of standard forms and formats on a standard code of accounts throughout
the estimating, procurement, construction, and cost control groups (Ritz, 1994).
e Management Support: The basic requirement for a successful cost control
system is a top management that sincerely wants it. Without this basic

requirement proper cost control is not possible (Patrascu, 1978).

In addition, it is necessary that a cost comntrol system should be simple and easy to
install. Its accurate operation will depend upon a large number of individuals in the
organization playing their pért, and many of them will be individuals who have not
been trained to make their living by the allocation of costs. It is important, too, that
any system that is installed should be readily reconcilable with standard forms used

within the company for other purposes (Pilcher, 1992).
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2.9 Types of Cost Control Systems

The cost conirol system that may be used for a particular work depends upon the
degree of details in which control is required to be exercised. The cost of operating a
cost control system increases with the increase in detail in which thé costs of various
operations are recorded. Due to the high cost of operating a detailed cost control
system, it may be desirable to use simpler systems of cost control. A good system
must be quick acting, besides being simple (Singh, 1999).

Cost control systems can vary from those which control the work on a section or stage
basis to those which control it on a unit basis. Some contractors are using cost control

for certain sections of the project to be selected for control (Oxely and Poskitt, 1992).

The cost control systems can be classified into the following types:

2.9.1 Overall profit or loss

The contractor waits until the contract is complete, then he compares the sums of the
money that have been paid with the monies incurred in purchasing materials,
payments for labor, subcontractors, equipment, and overheads. Such a system is
useful only on very small contracts of short duration involving few men and little
construction equipment (Harris and Macaffer, 1989).

This is inexpensive but extremely risky operation, which involves little or no control
of cost (Pilcher, 1992). In this technique, the contractor can not know which activities

arc doing well and those which are losing money (Oxely and Poskitt, 1992).

2.9.2 Profit or loss with reference to payments.

The total costs to date are compared with the valuation gross of retention. In this case,
the valuation or the amount of money claimed by the contractor is compared with the
amount of money that has expended for carrying out the work over a similar period
(Pilcher, 1992). Care has to be taken to include the cost of materials-delivered but not
yet invoiced and to exclude materials on site not yet built into the payment work
(Harris and McCaffer, 1989).

This system suffers from the disadvantage that there is no breakup of the cost figures
for different items of work. It therefore, only indicates that the management of a job
showing losses needs attention, but does not pinpoint the area needing such attention.
It is however, better than the previous one, since at least it is carried out regularly and

for a shorter interval of time.
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2.9.3 Unit costing

In this system, costs of various types of work are recorded separately. The cumulative
costs are divided by the quantity of work of each type that has been done. This
provides unit costs that can be compared with those estimated. Considerable care
must be taken to ensure that all costs are accounted for and are fairly distributed on
activities, especially activities using the same materials and labor at the same period
(Harris and McCaffer, 1989). By comparing the rate of cost with the rates in the cost
estimate, the efficiency of work can be assessed. It gives a clear picture of the items
which are proving uneconomical and need attention. However, it will not be clea;f
from the limited detail of cost records whether the poor performance is on account of
labor, material or machinery. Anyhow, it is sufficient indication for the field staff to
take care of the item so that the losses can be reduced, if possible (Singh, 1999).

2.9.4 Pert/cost

This system requires that each contract to be networked by PERT (PERT =
Performance Evaluation and Review Technique). The values of work packages,
which in essence are groups of activities, are assessed in advance. The value can be
divided by cost code, provided that the work package information is similarly
divided. Thus, when incurred costs are recorded against the same code, variances can
be calculated for management information.

This system cannot be appliéd directly where the work is valued by a bill of
quantities which relates to the completed work rather than the operation. For this
reason the system is seldom applied unless the work is the subject of an activity bill

or operational bill (Harris and McCaffer, 1989).

2.9.5 Comparing with cost standards

It is a system by which all the cost inputs to a process are recorded on a week-by-
week basis and then any trends can be identified and acted upon. Such unit costs
would be separated into materials, labor, equipment, and so on.

In this method, the cost record consists of details of the rate of cost of labor, materials
and machinery separately. These are then compared with the rates of those items
known as “cost standards” or “cost estimates” as worked out when estimating costs. It

is then possible to know at a glance the area of work in which there is inefficiency
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and scope for improvement. The method is ideal, but since great details pertaining to
labor, materials and equipment costs separately for each items of work are required to

be maintained, it is a Jaborious and costly method (Singh, 1999).

2.9.6 Earned value

The earned value technique integrates cost and schedule for control purposes. In this
technique, planned values are compared with earned values and any differences are
called a wvariance. Earned value can be displayed as curves for a graphical
representation of quantifiable data, such as cumulative cost versus time. Thesé
curves clearly highlight any problems and provide an early warning if a project will

be behind in schedule or cost (Bender, 2000).

2.10 Cost Control Tools

Besides the above methods, Bender (2000) establishes some tools for project cost
control. The most notable tools are cost trend analysis, management exception
reporting, and range estimating. Each ofthese tools identifies cost problems once

they have manifested to avoid potential cost problems.

2.10.1 Cost trend analysis

Cost trend analysis (or tracking curves) is a tool of cost control that compares
budgeted costs with actual reported costs along with an estimate of the percent of
project completion. The trend analysis tool of cost control recognizes that most
projects develop an S curve when cumulative costs are charted with time or progress.

An example of this trend curve is shown in Figure 2.4.

Planned

1507

\Actual

Time
Figure 2.4 Cost trend analysis
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The process begins by stating objectives and developing a plan to meet the objectives.
As the project progresses, cost data is collected and plotted along with the planned
cost data to form two S curves. A forecast of the final cost is projected using the
original estimate trend curve as a guide. This forecasting method takes a significant
amount of judgement and the data must be extrapolated to the completion of the
project. If the estimate completion or future performance indicates a problem,
management must take corrective action to correct variances occur. One limitation of
cost trend analysis is that it does not consider which activities are cumulatively

accounted for in determining actual values of cost expended.

2.10.2 Management exception reporting

Management exception reporting is a tool of cost control that focuses attention on
cost variances by comparing actual to budgeted costs. Those items that show a
variance between expected and actual costs are highlighted for management review.
This method is routinely used because of simplicity. It can be used for the smallest to
largest projects by simply using the preexisting estimate to develop a budget, tracking
all cost against the budget, and focusing attention of the variances in cost.

Although a simple and easy to use method, the analysis of cost variances once they

have occurred may provide information to decision-makers too late to be of

significant value.

2.10.3 Range estimating

Range estimating is a cost control tool that combines Pareto’slaw and a modified
Monte Carlo simulation. Pareto’s law states that only a few of the critical elements
account for the largest perceﬁtage of the cost vaﬁances. In other words, “20% of the
elements effect 80% of the outcome™. Critical elements are identified, quantified, and
ranked according to their ability to effect the overall project cost. The range
estimating uses ranges of cost and probability factors instead of the traditional
probability density functions that are used in a typical Monte Carlo simulation.
During construction, the identified critical elements are closely monitored for any

cost variances. This allows management to focus actions on areas that will have the

largest cost impacts.
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One limitation to this method is that this method highlights areas for management to
focus attention on, but it does not provide any real parameters to gage a project cost

effectiveness during the construction process.

2.11 Cost Control Personnel
Cost control should be the responsibility of the cost construction engineer. He is the
person with the feeling for the value of the work and who is most likely intimate with
the very details of the work. The accountant, who might also be expected to make a
contribution in this field, has responsibilities that are largely historical as far as the
money is involved. Historical information from accounts is of little use in
construction cost control, because it is invariably available at too late a date to be
effective as a control tool (Pilcher, 1992).
In construction projects, the duties of the cost engineer should be:

¢ To estimate how much the total cost of any project will be.

e To keep track of costs on a daily or weekly basis.

¢ To make timely evaluations of cost and scheduling status.

e To forecast costs based on present trends and remaining works.
These functions permit management to take corrective action before overruns and

expenses mount uncontrollably (Patrascu, 1978).

2.12 Timing of Cost Control

The first rule of good management is to “minimize surprise”. The early detection of
actual cost overrun in construction activities is vital to management. It provides the
opportunity to initiate remedial action and increases the chance of eliminating such
overruns and minimizing their impact. Since cost overruns increase project costs and
diminish profit, project management and upper management must become sensitive
to the costs of all project activitics (Wearn, 1989). A decision taken too early may
turn out to have wrong when more data are later available. While late decisions are
untimely since they lead to more costly site Wwork Yhan is necessary (Halpin and

‘Woodhead, 1998).
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2.13 The Cost Control Process

In general, construction cost control process consists basically of monitoring actual
performance against cost estimate and identifying variances. According to Ballard
(2000), the traditional control method based on the detection of variances appears to

assume that the causes of deviation will be apparent and the appropriate corrective

action obvious.

2.13.1 Cost estimate

The heart of any cost control system is the detailed estimate. Cost estimating is a
main and crucial component of any contractor’s work. It is a well-known and
established function in contracting (Sha’at, 1993). Project cost control actually begins
with the preparation of the original cost estimate. For each project, the contractor
prepares a detailed estimate of prices, which serve as the basis of its contract. This
estimate serves asa budget for cost control during the construction process (Clough,
1986). It is desirable; therefore, that the ﬁgures.prepared by the estimator before

submitting the tender should be in a form suitable for use in cost control at a

subsequent date (Pilcher, 1992).

One of the purposes of performing a cost estimate is to have a means by which the
- development - costs can be-monitored -and controlied. Also, an -important piece of
information that is required from the estimate for the purpose of control is a precise
statement showing the cost of every operation involved in the work. In making a
comparison of the cost incurred with the priced bill of quantities or the estimator’s
analysis, a cost standard is being used. It must be remembered that this cost standard:
is one that is set by the estimator at the time of preparation of the estimate and one
that falls within the estimator’s judgment. In the light of further information which
becomes available it may be necessary to use other judgments of a better-informed
nature for the purpose of control (Pilcher, 1992). It should be noted that because the
cost of gathering cost information is high, some form of estimation is usually

necessary. Estimation leads to a loss of accuracy which results in uncertainty.
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From the above, it is noted that the success of implementing any cost control system
depen&s on the accuracy of the cost estimate. However, there are some uncertainties
related to project cost estimate. Examples of these are equipment performance,
material wastes, productivity of labor and others. All of these uncertainties can

contribute to making an estimate uncertain.

2.13.2 Cost monitoring

Monitoring and control is the core activity of site management, and has to be done
effectively and efficiently (Neale, 1989). It is important to distinguish between
“monitoring” and “control”. Monitoring involves measuring the actual incurred cost
and comparing it with the planned cost. Control is achieved by management action
triggered or influenced by the results of monitoring (El-Samadony and Tawfik,
1997). Also, cost monitoring should be made on a daily basis, but cost control should
be done on weekly basis (Oxely and Poskitt, 1992). In the normal course of events,
checking costs for a period of less than one week tends to be far too expensive
operation, unless an operation on site is being carried out at an extremely fast rate and

costs and quantities can be measured accurately (Pilcher, 1992).

The ability to have an effective cost control program relies on a process to provide
timely, reliable, and appropriate data. Management dcpends on a reliable and quick
exchange of information in order to successfully implement cost control strategies.
How data is recorded, refined and organized effects its usefulness as a snapshot of the
project.  The data must be screened and corrected before management uses it
(Bender, 2000).
There are three essential components in the monitoring process. These are:

e Collecting information about the actual achievement on the project.

e Processing this information into simple reports which compare planned and

actual progress in a way which can be understood quickly.

o Taking necessary controlling action and re-planning as necessary (Neale, 1989).

The monitoring function needs to be such that all levels of management receive
information of a sufficient level of detail and frequency to allow problem
identification and corrective action at a time when the problems are still easily

manageable (Hamilton, 2001). It should be noted that the accuracy of cost control

system depends largely on the accuracy of data collection by the contractor’s staff.
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2.13.3 Cost variance
Once cost data are collected and analyzed, they should be compared with the cost
estimate. The variance between the actual costs and the estimated costs should be
calculated as absclute and/or relative (percentage) values.
Variance analysis involves comparing the actual cost with the planned cost to see if
the amount spent was more or less than the budgeted. In the management of projects,
variance analysis alone is inadequate because it indicates neither how much work has
been completed nor what the future expenses are likely to be (Hamilton, 2001).
At this level of control, a straightforward variance between the estimated cost and the
actual cost is established, and unfavorable or adverse variances are indicated. Where |
the variance either favorable or unfavorable, is significant, a variance analysis for a
more detailed nature can be called for in order to establish the cause. The variance as
a percentage of the value of the work so far completed is included so as to give a
better idea of the trends which may have been established (Dansker, 1992).
Five Questions must be addressed during the variance analysis.

1) What is the problem causing the variance?

2) What is the impact on time, cost, and performance?

3) What is the impact on other efforts, if any?

4) What corrective action is planned or under way?

5) What are the expected results of corrective action?
If the variance is within the permitted deviations, then there will be no response, and
the variance may be ignored. In some situations where the variance is not marginal,

cotrective action may be required (Kerzner, 1992).

2.13.4 Corrective action

Cost control and any other project contro! discipline is simply impossible without
appropriate corrective action. The unfavorable trend must be isolated and examined
before remedial action can be proposed and implemented. The best way to correct a
problem is to identify who should do what and when (Patrascu, 1978).

The corrective action may take two forms: taking steps to change the performance of
the activity to bring it closer to what was planned, or changing the plan so that it more
closely reflects the changed situation brought about by the departure from the plan
(Woodward, 1997).
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It is important if possible to report the correct and necessary information in a form
which can best be interpreted by management and at a level of detail most appropriate
for the managers who will be using the information.

These reports focus on activities with variances exceeding certain predefined limits.
The principle is to identify and isolate the most important and critical activities which
need control, and to give it to the right person as quickly as possible for
consideration, discussion, and action. This is called management by exception

(Barrie and Paulson, 1992).

2.13.5 Trend analysis and forecasting

A project control system must routinely collect and record the information from the
status of the project. At each reporting period, the actual status can be compared to
the planned status, so that necessary corrective actions can be taken. As the
information is accumulated, a trend analysis can be performed to evaluate the
productivity and the variances in cost and schedule (Cleland, 1999).

Trends can be identified from the cost forecast. The total of the cost to date and the
cost to complete is compared to the cost estimate. If the forecast for a particular
activity or the entire facility increases than the estimate, then this is an upward trend
that will need corrective measures. Accurate forecasting requires that you use actual
costs to date and not costs used in the estimate. This is a basic requirement since
future costs can be predicted with fairly high accuracy if you have a good record of
costs to date (Patrascue, 1978). Kibler (1992) states that one can forecast the future
based on events of the past. |

How to develop forecast cost

Management’s attention needs to focus on the future and how the project will finish
with respect to completion on or below budget. This forecasted final completion cosf
is known as Estimate at Completion (EAC).

The EAC contains the similar uncertainties associated with estimating. New
uncertainties of determining how much of the project is currently completed and
extrapolating this to completion are the new uncertainties introduced. Other
uncertainties introduced into estimating completion cost are selecting the appropriate

calcuiation method, the accuracy of input information, and subjeciive judgement

(Bender, 2000).
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Thére are many methods for developing the cost forecast:

e One method is to assume that overrun or underrun at completion will remain
the same as given at the report date. Under this assumption, it is presumed that
the performance of the project team over the balance of the job will be close to
or on target — that is within budget.

o A second forecasting methdd assumes that the past performance of the project
team will continue at the same rate of efficiency or inefficiency for the balance
of the project.

e The third forecasting method uses the information relative to actual cost to
date incurred in labor, equipment, materials, subcontracts, and so on. The
resources required for the work to be completed are estimated from the most
recent productivity levels that consider the learning curve effect and are priced

out at the prevailing prices taking into account the market fluctuations (Ahuja,

1980).

2.13.6 Feedback

Cost control information is invaluable for future estimating. Feedback must be
accompanied by a full description of the conditions under which the work was carried
out, as conditions can vary a great deal from one contract to another.

Another very important use of cost control information is in the pricing of variations.
The contractor will have factual information to assist him in settling a rate for the
work done. Any unit cost in excess of or below the target by more than a
predetermined margin requires further investigation and should be brought to
attention of management (Oxley and Poskitt, 1992).

Thus, project cost control data are important not only to project management in
decision-making processes but also to the company’s estimating and planning
departments because these data provide feedback information essential for effective
estimates and bids on new projects. In this caée, a project cost control system should
both serve current project management efforts and provide the field performance
database for estimating future projects (Halpin and Woodhead, 1998). As a
conclusion, once projects are completed, they can supply a wealth of information for

future use (Levy, 2002).
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2.13.7 Cost reports

After collecting the cost data, it is necessary to arrange them to be used by managers
for control action. Consideration must be given to the amount of detail required in
reports, which will vary according to the level of management for which they are
prepared.

As well as preparing reports based upon the cost data already collected for a contract,
it is necessary to project the costs into the future and to estimate or re-estimate the
cost of the work yet to be completed. It is only in this way that the ultimate profit or
loss for a contract can be estimated. The re-estimate must take into account any new
information that has come to light since the commencement of the contract. An
adequate reporting system is then an essential part of a cost control system (Piicher,
1992). An important byproduct of an effective cost reporting system is the
information that it can generate for management on the general cost performance of
field construction activities. The information can be brought to bear on problems of

great interest to project management (Halpin and Woodhead, 1998).

2.13.7.1 Reporting systems

Different reports with varying amounts of detail would be prepared for different
individuals involved in a project. Reports to upper management would be summaries,
reports to particular staff individuals would emphasize their responsibilities (e.g.
purchasing, payroll, etc.), and detailed reports would be provided to the individual
project managers (Hendrickson and Tung, 2000).

2.13.7.2 Forms of reports

One of the basic reports for the control of costs on site is the weekly cost report. This
report gives a complete record of the quantities of work which have been carried out
in the week previous to the date of the report, together with the lump sum total costs
of materials, labor and equipment that have been incurred in respect of those
operations. For the weekly cost report, only the major operations involving large
quantities and considerable cost would be chosen because the preparation of cost
records for all activities involves a great deal of time and cost. Items that are showing
a unit cost in excess ofthe estimate will require further investigation into the plant

and labor costs involved (Pilcher, 1992).
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In general, the project cost report shows where overruns have occurred but does not
provide any explanation about why they happened. Overruns may be caused by either
labor, equipment, subcontract, or material costs. Hence, to isolate the source of
excessive cost, reference must be made to the material unit cost report, equipment
unit cost report, labor unit cost report, and the subcontract unit cost report (Levy,

2002).

2.13.7.3 Content of reports
In order to be effective for control purposes, a complete report should have five main
components:
1) Estimate: total, to-date, or this period, that provide a reference standard
against which to compare actual or forecast results.
2) Actual: what has already happened, either this period or to-date.
3) Forecast: based at the best knowledge at hand, it is expected to predict what
will happen to the project and its elements in the future.
4) Variance: how far actual and forecast results differ from those which were
planned or estimated.
5) Reasons: anticipated or unexpected circumstances that account for the actual
and forecast behavior of the project and its operations, and especially that

explain significant variances from the plan (Barrie and Paulson, 1992).

An important aspect of any cost control system is recognizing the causes of variances
not just the symptoms. The symptoms of cost problems are easy to detect; they are
variances on charts or management exception reports. What is needed is a method
that also recognizes the root causes for any cost escalation. Without a clear
understanding of the causes of cost escalation, management’s actions may actually
make the problem worse or at the very least waste time, energy, and result in missed
opportunities (Bender, 2000).
There are possible explanations for cost overruns. These include:

1) Tasks are more complex than originally understood.

2) Estimates are too aggressive at the start of the project.

3) There are unexpected level of staff illness and/or turnover.
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2.14 Cost Control Problems
There are some significant problems which arise when considering the particular form
of a project cost control system to adopt. The followings are the main ones as indicated
by Pilcher (1973), Patrascu (1978), Iyer and Kohli (1996), and Kerzner (1992):
1. The cost of installing and operating the system itself.
2. The cost of providing a means of collecting basic cost data, usually in the forms
of the hours worked by individual men on a daily basis.
The absence of an adequate and timely feedback system.
Personal bias of the project staff.

Inaccurate or partly reported information.

ST NI

Attitude of some project managers who believe that with time, problems will
get automatically resolved. This may give the project staff the impression that
the management does not really care about the control process.

7. Poor estimating techniques or standards result in unrealistic budgets,

8. Out of sequence starting and completion of activities and events.

9. No management policy on reporting and control practices.

Resistance to cost conti'ol can take many forms. The most common forms and reasons
for subordinating the cost control function include the followings:

Killer Phrases: Killer phrases can have a devastating effect on any function. Some of
these killer phrases are “the project will be late and the cost will overrun™. “It will
cost too much”; “we always did it this way and we are still in business™; “we should
use it in the next project”. Those phrases can without any further analysis “kill” an
idea that a cost engineer or any other engineer tries to implement.

Idea Competition and Blockage: The business of the cost engineer is to monitor,
compile, report and forecast the costs that are initiated and incurred by others. His
ideas may be resisted, if not rejected, because the nature of the cost engineer’s job is
to mind some one else’s business.

Human Factors: Human beings resist change and discipline imposed by others.
Humans do not like to be criticized and are slow to recognize that there are other
ways of doing things.

Ignorance of the Cost Aspect: Individuals working on the project often ignore the
overall dollar consequence of their decision. They let this factor to top management

in spite of the considerable effect of their decisions on the overall cost of the project.
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Quality/Cost/Schedule Conflicts: During project execution, there may be conflict
between those three requirements. Getting the right balance between quality, cost,
and schedule is a fundamental requirement of a good engineering management
(Patrascu, 1978). -

To minimize these problems, it is necessary for project mangers to show project team

members and others how control benefits them and the project (Hamilton, 2001).

2.15 Cost Control System
The five main generators of project costs are materials, labor, equipment, subcontract,
and indirect costs. Those shall be taken separately when developing a cost control

system.

2.15.1 Control of materials

Control systems for materials should be carried out in terms of both their unit costs
and unit quantities. In cases of deficiency, one cannot be sure if cost is the basis,
whether the cause is due to high wastage of materials, or whether the materials are
bought at prices in excess of the estimate (Pilcher, 1992).

The control of the cost of materials on the site has some difficulties. One of the main
difficulties of carrying out this control is the accurate assessment of the amount of
materials on the site, in other words, the difference between the materials on delivery

and those incorporated in the work.

2.15.1.1 Material cost conirol factors
In materials control, the following three factors need consideration:
i) Material purchase.
Material purchasing should be done according to a prepared list done by the project
engineer from the bill of quantities. It is the responsibility of the project engineer to
compare the requisition with the bill of materials.
Generally, the purchasing materials should follow these procedures:
- Receive the approved authorized purchase requisitions.
- Receive the estimated price for these required materials.
- Request and evaluate quotations.
- Determine according to price and quality which is the best and the lowest supplier.
- Determine the date for supply to arrange for testing and receiving materials

(Ahuja, 1980).
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ii) Material usage. _ 7
The materials received from the supplier are then checked against the original
requisition by the on-site materials clerk. It is the cost engineer’s responsibility to see
that all material costs are properly allocated.
Based on the quantities used so far, the quantity to be used up to completion is
forecasted for each material and is cbmpared with the corresponding quantity in the
bill of materials. The variance, whether surplus or shortage, is worked out and

investigated. The price of the material received is also noted (Ahuja, 1980).

iit) Wastage control and shortage prevention.

There are several areas where materials control is required. If possible, material
delivery should be staggered to correspond with job progress. Off-site warehouse
storage incurs extra transportation costs, but on-site storage may result in theft or lose
due to lack of security. The amount and value of materials determine how they should
be stored. Pilferage can be reduced by providing adequate security arrangement.
Applying a material control system will probably reduce the supply costs and
significantly improve overall project efficiency (Ahuja, 1980).

2.15.1.2 Standard costs and variances
It is not possible to provide meaningful analysis of cost data that have been collected
in the field unless there is available a standard to which they can be compared.
Standards in construction are usually set by estimating the possible outcome from
historic performance and experience. Initial budgets for work are established from
estimated costs and the variances between actual and estimated is calculated. If the
actual cost is greater than the standard, then the variance is negative or unfavorable.
In the reverse situation the variance is favorable.
Variances occur for one or both of two reasons:

e The price actually paid for the materials is greater or less than that estimated in

the standards.
e The quantity of materials actually used is either greater or less than that

estimaied in the standards.
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In using variance analysis, inefficiencies are highlighted in terms of cost and attention
can be concentrated on limited areas where these inefficiencies exist. It also draws a
distinction between those variances that occur because of price differences and those

due to quantity differences. The following generalizations are true:

- Actual Cost (AC) = actual quantity (AQ) * actual price (AP)
- Standard Cost (SC) = standard quantity (SQ) * standard price (SP)

- Total Cost variance = standard cost (SC) — actual cost (AC)
= (SQ * SP)— (AQ * AP)

Varjance analysis will first of all be applied to the purchase and use of materials. The
outcome of material costs will be due to variances either in price or in quantity from
those estimated. There will be either a material price variance or a material usage
variance. The first will amount to the difference between the standard and actual
prices for the quantity of materials used; the second will be the difference between
the standard and actual quantities of materials used.

Material Price Variance = AQ (SP - AP)

Material Usage Variance = SP (5Q — AQ)

Material Cost Variance =SC — AC = (SQ * SP) — (AQ = AP)

The consumption of materials can then be compared with the theoretical consumption
for the quantities of work executed, taking into consideration the proportion in which
cach of the materials is wused. Any appreciable variation should be carefully
investigated to ensure that there has neither been any pilferage nor has the work been

of substandard quality because of less use of materials (Oxley and Poskitt, 1992).

2.15.1.3 Material cost analysis
If the quantity and cost of materials for a particular work item do not match its

estimate, the cost engineer must determine the reasons for the discrepancy and report

‘to the project manager.

Ahuja et. al.(1994) list the major factors causing excessive material costs which are:
¢ Material waste and pilferage.
» Inaccurate measurement of quantities delivered.
e Escalation of material costs.
o Excessive handling of materials.

¢ Excessive transportation and storage costs.
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e Improper selection of materials.

e Late payments of materials (not taking the advantage of discounts).

Harris and McCaffer (1989) add the following factors which are affecting the control
of material costs. These are:
i.  Price variances.
1. Inflation.

2. Changes in the buying situation since the estimate was prepared.

ii.  Quantity variances.
1. Remedial work.
2. Delays at the recording system.

3. Inmaccurate site measurement of work done.

2.15.2 Control of labor

Labor cost forms a major portion of the cost of many projects and is found to be one
of the most sensitive costs to manage. For successful cost control, it is necessary to
insure that labor costs are within the estimate. It is also necessary to take immediate
corrective action in the case of deviations from the estimate. The most effective
method of control is a day—to—day reporting system that provides a measure of
performance to compare with the estimate (Ahuja 1980).

It should be noted that in construction work, there is little doubt that the most difficult
of these divisions to control is that oflabor. The difficulty starts at the estimating
stage because the productivity of labor is so variable and therefore average
productivity figures based on historic information must be used (Pilcher, 1973).

The labor cost of an activity can be calculated by multiplying the hourly direct cost of
a man by the hours that he spends on a particular operation by the number of men
which is allocated to that activity. Obtaining these costs will enable the unit labor cost
to be calculated which is the unit direct cost of carrying out one unit of the work
being undertaken. These unit costs can be then compared with the estimated rates for
doing the work and comparisons can be made between performances and costs over
different periods of time. The establishment of labor costs begins with the collection
of the hours spent by each man in the field. These are recorded on a form with a brief

description of the activity on which the men have been engaged (Pilcher, 1973).
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2.15.2.1 Labor cost control factors o
There are two major factors that influence the labor costs in construction. The first
factor is the worker daily rate and the second factor is the productivity which is the
amount of work that a worker or crew can accomplish in a defined period of time.
While the daily rate may stay essentially constant over the duration of an activity,
productivity can fluctuate wildly.
Variances in labor costs can stem from three possible sources:

=  An original hourly takeoff error.

" A variation in the assumed labor rates.

» A variation from standard in actual labor productivity.
It should be noted that labor productivity is hard to be estimated, so it is expected to
find more deviations in labor productivity (Ritz, 1994).

The factors that influence labor productivity on construction projects are:
= Regional Variations.
= Environmental Effects.
» Learning Curves. (Skill and productivity in performing tasks improve with
experience and practice).
= Work Schedule. (Variations in productivity occur when comparing working
overtime, or multi-shift work with 8 hrs standard work) (Barrie and Paulson,
1992).
There are many factors that might be contributing significantly to poor labor
productivity and consequently to cost overrun. Woodward (1999) summarizes these
factors as follows:

- Improper supervision.

Unavailability of needed materials for work.

Incomplete design drawings or design changes.

Bad weather, strikes, and remote site access.

Unexpected obstructions.
Besides the above factors, Ahuja et.al. (1994) add other factors which lead to poor

labor productivity. These are:
- Lack of a steady flow of work.
- Time intervals between similar tasks (productivity rate).

- Engineering changes and rework.
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2.15.2.2 Labor variances 7
The two important variances for labor costs are the labor rate and the labor efficiency
variances. They are defined as follows:

s The labor rate variance arises from the difference between the standard wage
rate and the actual wage rate paid; that is,

Labor rate variance = actual time worked (standard rate — actual rate)
= AH (SR - AR)
» The labor efficiency variance arises from the difference between the actual
time and the standard time to do a job, measured at the standard rate.
Efficiency variance = standard rate (standard time — actual time)
= SR (SH- AH)

Labor cost variance = Labor rate variance + Labor efficiency variance
= AH (SR - AR) + SR (SH - AH)
= (SR # SH) — (AH = AR)

As aresult,
Labor cost variance = Standard cost — Actual cost

= (standard hours = standard rate)—(actual hours * actual rate).

2.15.2.3 The field labor report

The primary use of the field labor report is to generate unit cost information to be
used in the company’s database; these unit costs will provides a means of comparison
of actual costs with the unit costs estimated. The field labor report allows the project
manager to monitor costs as they occur rather than wait until an operation has been
completed to determine whether it has met the profit goals (Levy, 2002).

In the labor cost report, labor costs are monitored on a weekly basis. Project labor
hours and quantities of work produced are recorded on a line-by-line basis. Each
week, the project management team receives a report detailing the labor cost and
quantity of work produced that week, actual unit price, cost to date, and both actual
and projected cost shortfalls and overruns for each labor line item.

In estimating the cost of labor for the remaining work, an important factor will be
labor productivity. The estimate was based on productivity factors developed during

the pre-estimating survey which may be rough estimates based on large assumptions.
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Duﬁng construction, you begin to find the actual job productivity vs}hich is found by
monitoring of hours worked and the quantity of work completed. The actual
productivity must be reflected in the revised cost to complete (Patrascu, 1978).

It should be noted that the productivity starts low because of job start-up problems
and the learning curve for new people on the job. Then the productivity peak occurs
during the peak loading period on the labor curve and then tapers off as the work
winds down at the end of the project (Ritz, 1994).

2.15.3 Control of equipment
Equipment used on a project will generally fall into one of two categories: equipment
owned by the company versus equipment leased or rented by the company (Hinze,

1998). In this research, we will concentrate on the control of rented equipment costs.

2.15.3.1 Equipment costs

Equipment costs also charge to work items just like man-hours and material costs. To

do this, a record of number of hours per work item and the hourly rate for each

equipment is required. These are accumulated and are compared with estimate unit
costs, There are many reports for recording equipment costs. These are:

a. Daily Equipment Time Report: This report indicates the equipment type and
number, a description of the job(s) on which the equipment was used, the
number of hours it worked, repair time, as well as the idle time.

b. Equipment Summary Sheet: This sheet provides a daily history of equipment on
the job. For each equipment, the number of hours used for work, idling, and
repair are tabulated and multiplied by the standard hourly rate to give the total
cost for operating the equipment.

c. Equipment Unit Cost Report: This report takes each item and compares the
equipment cost to the units of work performed, arriving at a cost of equipment
per unit of work. It gives the “estimated”, “this period” and “to-date” quantity,
cost, and unit cost. As well, it shows the percentage difference in the “to-date”
unit cost and the ‘estimated” unit cost. Should an overrun become apparent in
the Project Cost Report, reference is made among others to the Equipment Unit

Cost Report to determine the source of excessive cost (Ahuja, 1980).
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2.15.3.2 Equipment cost analysis

The following are some factors affecting equipment costs:

Poor equipment management,

Too much equipment on the job.

Lack of operator skill.

Uneconomical mode of acquiring equipment.
Higher operating and maintenance costs.
Low productivity of equipment.

Lack of preventive maintenance program (Ahuja, et. AL 1994),

An alternative to buying equipment, is the renting of equipment. Renting of

equipment may be costly, but can be advantageous in some cases. The contractor can

get the most modern equipment on the market, with no capital investment.

2.15.4 Control of subcontract costs

Subcontractors are widely used throughout the construction industry. It is considered

that their use is beneficial for many reasons including:

They enable their employer (the main contractor) to carry out specialized
tasks without maintaining a skill base.

It consequently removes the requirement to operate a large human resources
office with sizable overheads.

They reduce the fluctuations in direct labor level of their employer.

They provide a degree of certainty with respect to cost and time.

However, employing subcontractors to carry out work has many drawbacks

including:

They are less controllable than a company's own labor.

They can be more expensive.

Subconiractors may have little or no commitment to the main contractor,
The line of control between operatives and management may be longer than

using own labor and could consequently be less efficient (Mawdesley, 1997).

Cost control of fixed price subcontracts is managed by a system that reports the

percent complete of each line item as compared to current confract amount, the

amount billed to date, paid to date, and amount to complete. All subcontractor
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billings are reviewed by the project team for accuracy concerning the reported
percent complete. Before payment approval, any deviations between subcontractor
billings and the project team’s approximations of subcontractor’s work in place must
be validated and verified to assure all work is in compliance with contract documents
(Hamilton, 2001).

Controlling of subcontract cost may be an easy task since contracts between the main
contractor and the subcontractor determines the unit cost for each job. Therefore, it is

expected that this unit cost is usually fixed except in rare occasions.

2.15.5 Control of indirect costs

Indirect costs include field costs, office overhead, interest, contingency, and
escalation. All of which must be added to the contractor’s direct cost of labor,
materials, and equipment to arrive at his project cost. Generally, controlling indirect
and overhead costs is critical for all construction mangers. Increased competition and

slim profit have forced contractors to take a hard look at overhead cost management.

Field costs: field costs include supervisory and field engineering salaries, tests,
surveys, inspection, water, power, telephone, insurance, bond, small tools, sign board,
temporary structure (warchouse and offices), temporary roads, photographs, first aid

and medical facilities, and transportation, etc.

These costs are measured as a lump sum and compared with the estimated money.

Indirect expense distribution may sometimes be difficult, so it is proposed to classify

these expenses into items so as to be monitored and controlled (Ahuja, 1980).

Office Overhead: overhead costs include costs of headquarter, engineering and

administrative staff, travel expenses, depreciation, safety, telephone, accounts, and

stationary. Overhead cost accumulates in headquarters and must be distributed over
the projects.

Control of overhead cost consists of monthly statement comparing actual

expenditures incurred on overhead work items with their budget provisions (Ahuja. et
al. 1994).

Interest: provision forinterest costs in an estimate becomes necessary when project

funding is required by a contractor to meet the difference between progress payments
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received and the amount actually expended by him. When this difference is large and
the project has a long duration, these interest costs can be significant.

Interest can be controlled by making a company monthly cash flow to comply with
financial requirements. In this case a program of borrowing during the year is made
with a view of keeping interest costs at 2 minimum (Ahuja, 1980).

Contingencies: another important item in an estimate covers an allowance for
possible unforeseen occurrences. It could be estimated as a percentage of the subtotal
of all direct costs in the estimate and requires a high level of cost engineering
judgement (Ahuja, 1980). As more expertise is gained in uncertain areas, the
contingency allowance should be reduced to prevent its abuse.

Escalation: the contractor’s quantity takeoff is priced using the current prices to give
the project cost. Ifall the work on the project can be performed instantaneously, the
estimate will hold well. However, in many projects construction works may take
several years. An allowance must therefore be made for the rise during this period in
material costs, equipment costs, and labor costs. To control escalation, a separate
prediction is made for each period of the project duration based on cost indices
published in many cost data handbooks (Ahuja, 1980).

Finally, it should be noted that because the nature of overhead costs is such that
immediately effective action is rarely possible, the response time between action and

its results is somewhat longer than with hourly paid labor (Pilcher, 1973).

2.16 Project Cost Coding System

It should be kept in mind that one tool used to assist in the monitoring of project
expenditures is a project code of accounts to readily identify work by areas,
disciplines, multiple work forces, and other variables for the project (Martin, 1992).
The success of a cost coding system will depend to a large extent on an ability to
develop a sound system of identification coding for the basic cost data. An adequate
coding .system will simplify the data-handling facility, simplify the task of referring
to the items to be coded, and provide economy of storage of these data (Piicher, 1973).
A project cost code is a systematic classification and categorization of all items of
work or cost pertaining to a particular project. There is normally a different cost code

for each project, but each should be derived from the standard cost code.
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Barrie and Paulson (1992) introduce a method to construct a project cost code system

which is based on CSI Masterformat. Figures 2.5 and 2.6 illustrate the project coding

system.
Standard
Cost Code
Recognize & categorize Delete unnecessary items.
physical & geographical Modify or expand important parts.
features in project .
XXX - XX oxx ¥ X
Project Number Area-Facility Work-Type  Distribution Code
Code Code 0 = Total
1 = labor
2 = material
3 = Equipment

4 = Subcontract

Fig 2.5 Developing project code from standard code

88NB04 - 11 / 03 3_2_(_}\ 2
88 = job Start 1988 11™ floor Concrete Material Cost
N = Negotiated Coniract Lightweight
B = Building Aggregate

4 = 4™ building this
Figure 2.6 Example project code

Shawa (1992) proposed a simpler system for a project cost coding. The proposed
system is shown in Annex 11.

The cost coding system should be simple enough for ready understanding by those
who will be allocating the hours of labor, equipment, and quantities of materials
against the individual codes. Also, there is a wide school of thought that supports the
opinion that a cost control coding system should be uniform throughout a company.
Undoubtedly, there are advantages of such a system, especially for the staff who

permanently employed and will be moving from one contract to another (Pilcher,'

1992).
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It must be born in mind that a system that is too detailed will lead to difficulties in the
allocation of expenses, particularly in the field. If insﬁfﬁcient detail is provided then
the costing system as a control system will be ineffective, since it will not be possible
to locate thé most inefficient of the operations that have been included under a single
all-embracing code.

Finally, the design and development of a cost coding system have a significant impact
on the cost management of a company or a project. Management is free to establish

its own cost code that helps it in reaching financial and cost control objectives

(Halpin and Woodhead, 1998).

2.17 Properties of Cost Control System
An important property of any cost control system is to make the data available to
management in a timely manner (Barric and Paulson, 1992). Besides this, other
properties should be in the control system. These are:
1. The system must give early warning of problems so that the contractor can
take remedial action quickly.
2. You need to check that costs are correct and ensure that values are not
optimistic.
3. The simpler the system, the more effective it is likely to be in use.
4. The system should report the exact position of the project and shows how to
forecast the result at completion based on the results to date. Reporting requires
a good record keeping and careful apalysis; forecasting the future is an art

which the cost engineer most often learns with experience (Horlroyd, 1999)

On the other hand, a major property of any cost control system is the effectiveness of
it. Pilcher (1992) states that the effectiveness of the cost control system is measured
by the profitability of the work. This means that the value of the work that will be
returned must be compared with the cost of the work, which has been carried out, to
the contractor. Also, the effectiveness of a control system can be measured by its
average response time, ie. the average time between the occurrence of a deviation
outside the limits and its detection. Traceability is another measure of effectiveness —
this is the ability of the system to identify the source of the problem causing the
deviations (Hamilton, 2001).
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CHAPTER3
METHODOLOGY

3.1 Introduction

This chapter discusses the methodology adopted in this research. This methodology
includes reviewing literature related to cost control topics, questionnaire for
collecting and gathering data, data analysis, developing and evaluating of a
computerized cost control system. '
This chapter provides information about the research strategy and design, research
population and sample, questionnaire design, process of data collection, and
statistical data analysis. The literature was discussed in chapter 2, and the

computerized cost control system is discussed in chapter 5.

3.2 Research Strategy

Research strategy can be defined as the way in which research objectives can be
questioned. There are two types of research strategies, namely “quantitative research”
and “qualitative research” (Naoum, 1998). Quantitative research is “objective” in
nature. It is defined as an inquiry into a social or human problem, based on testing a
hypothesis or atheory composed of variabfes, measured with numbers, and analyzed
with statistical procedures (Naoum, 1998). Also, quantitative research seeks to gather
factual data and to study relationships betweén facts and how such facts and
relationships accord with theories and the findings of any research executed
previously. Qualitative approach seeks to gain insights and to understand people’s
perceptions (Fellows and Liu, 1997). Both qualitative and quantitative techniques are
utilized in this research. Also, this research has practical implementation through

designing a computerized cost control system which satisfies local construction

contractors.

3.3 Research Design
Research design is an action plan for getting from “here” to “there”, where “here”
may be defined as the initial set of questions to be answered, and “there” is some set

of conclusions (answers) about the questions (Naoum, 1998).
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In this research, a structured questionnaire with personal interview is used for data
gathering. Naoum (1998) states that the structured questionnaire is probably the most
widely used data collection technique for conducting surveys. Questionnaires have

been widely used for descriptive and analytical surveys in order to find facts,

opinions and views.

The main advantages of the structure questionnaire with personal interview are:
1. The answers can be more accurate.
2. The respoﬂse rate is relatively high, especially if interviewees are contacted -
directly.
3. The answers can be explored with finding out “Why” the particular answers
are given.

Figure 3.1 summarizes the methodology in a flow chart.

3.4 The Questionnaire Design

In this research, the questionnaire is used as a technique to collect information in
order to investigate the current local practice of construction contractors in
hnplementing the cost control tools and techniques. The questions included in the
questionnaire are “closed - ended” questions. In most questions, the respondent bas to
choose the appropriate selection through multiple-choice selections in a grading
sequence.

The questionnaire consists of 17 questions; the first eight questions cover general
information about the company (Company Profile). The following three questions
inquire about the basic requirements of cost control such as cost estimate, cost
baseline, and timing of using cost control.

Question 12 investigates about the necessity degree, the usage range, and the usage
method of the different cost control methods and techniques. In question 13, the main
obstacles which may hinder using cost control in controlling project costs are listed,
and the contractors have to choose the effect of these obstacles.

Questions 14 and 15 investigate the tools, techniques, and procedures that are used by
local contractors which are mainly required in any control system. These questions

are designed to measure the necessity degree of the tools, techniques and
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Reviewing cost control Researcher own " Literature review in

software packages experience construction cost control
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Identifying the factors affecting

cost control
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Conducting survey and
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Development of the < Results and analysis

cost control system

l
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cost control system
Evaluation of the cost control
software

Figure 3.1 Methedology flow chart
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procedures in implementing the cost control system. Also, it is used to measure the
actual implementation in local practice. In cases of actual implementing these tools
and techniques, the contractors are asked to choose the method they use. The usage
methods are classified into four degrees: without recording (mentally), recording
without using forms, recording using forms, and recording using computerized forms.
Question 16 is designed to evaluate the benefits that are expected from implementing
a cost control system. In the last question, the respondents are asked to determine the

factors that help in implementing a cost control system.

The questionnaire was discussed with the supervisor and amended according to his
advice. In addition, it was discussed with experts, university professors and a group
of master degree students. They gave important advice which was taken into
consideration in the final revision of the questionnaire.

The original questionnaire was developed in Arabic and distributed to samples of
contractors. The questionnaire is shown in Annex 2, and the English version of it in is

included Annex 3.

3.5 Research Population

The research population includes all contracting companies of first class (A & B) and
second class for building, road, and sewerage & water works that have valid
registrations in January 2003 with Palestinian Contractors Union (PCU) in Gaza
Strip. Also, the sample is chosen to be currently involved in construction business.
The number of Gaza Strip contracting companies registered by PCU is shown in
Figure 3.2 for the years between 1995 and 2002. Also, in this figure the number of

companies which withdrew from the list of the previous year is shown.

155 159 161 453 - o
150 | g g 138 432 135 @valid Registration
100 LB} - H Withdrawi from the list |
of previous year
50

1985 1906 1997 1888 1989 2000 2001 2002 {

Figure 3.2 Distribution of Contracting Companies in the 1995 - 2002
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3.6 Sample Size S

A good sample is one that is logically appropriate to the population under study and
that in practice is a reliable basis for decision-making. The term ‘Sample’ means a
specimen or part of the whole (Population) which is drawn to show what the rest is
like (Naoum, 1998).

To choose the sample size from the population (contracting companies), a statistical
calculation for the sample size was conducted. The total number of contractors is 62
enterprises distributed between first category (class A and class B) and second
category.

To choose the sample size from the population which equals 62 companies, the

formula shown below was used for unlimited population (Creative Research System,
2001).

S = ZZ*P*(I-P)
o5
Where  SS = Sample size.
7. =Value (e.g. 1.96 for 95% confidence level).

P = Degree of variance between the elements of population (0.5).

C = Confidence interval (0.06).

SS = 196°* 0.5% (1-0.5) =266.77 =267
0.06°

Correction for finite population, use the formula below:

New SS = SS
1+ S§8-1
POP

267 = 50
1+ 267-1
62

New SS

The contracting companies that are classified as third, fourth, and fifth categories by
the contractors union are excluded from target population. This exclusion is justified
as these companies are small and the work volume is also small. Another reason is

that any cost control system needs a trained staff which is probably not available in

these categories.
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3.7 Method of Collecting Data

Fifty contracting companies were selected randomly from each level of the
mentioned categories. The contractor's union list is ordered chronologically according
to their date of registration. The person in charge was interviewed and asked to fill
the questionnaire. It was a face-to-face interview in which the interviewer asked the
respondents questions and made a brief clarification for the ideas included in the
questionnaire. The respondents who returned the questionnaire were 44 companies

which constitute 88.0 % of the sample size.

3.8 Questionnaire Validity

The wvalidity of an instrument is a determination of the extent to which the instrument
actually reflects the abstract construct being examined (Grove and Burnms, 1993).
Validity refers to the degree to which an instrument measures what it is supposed to
be measuring. The validity of a question is determined by whether the question
actually measures the concept of interest. To improve validity, questions should be
worded to increase the likelihood that they will mean the same thing to each
respondent (Nolinske, 1995).

The validity content of the questionnaire is tested by four professional experts. They
were given one week to comment on its content. These comments are valuable and

were taken into account in the final questionnaire.

3.9 Pilot Study

Whenever you conduct a questionnaire, it is advisable to complete a pilot study
before you collect the final data from the whole sample. A pilot study provides a trial
run for the questionnaire, which involves testing the words of the questions,
identifying ambiguous questions, testing the technique that you use to collect the data
and measuring the effectiveness of your standard invitation to respondents (Naoum,
1998). All questionnaires should initially be piloted; completed by small sample of
respondents (Fellows and Liu, 1997).

A pilot study for the questionnaire was conducted before starting data collection. Six
questionnaires were distributed among first and second class contractors. They were

invited to participate in the piloting process and they were provided with an
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explanation about the study and asked to complete the questionnaires. They inquired
about some terms and requested to modify some wording of the questionnaire. At the
end of this process, some minor changes and modifications were introduced to the

questions and the questionnaire was finalized.

3.10 Questionnaire Reliability

To establish the quality of any research, the researcher must deal with the reliability
problem. The reliability of a measuring instrument is a major criterion for assessing
its quality and adequacy. An instrument can be said to be reliable if its measures

accurately reflect the “irue” measures of the attribute under investigation (Polit and

Hungler, 1999).

Reliability is a measure of consistency. It is the degree to which the same (or similar)
measures obtained in the same way from the same population will produce the same
results at different times (Backstorm and Cesar, 1981). Assessment of stability of a
measuring tool is derived through procedures refereed to as test — retest. The value of
the reliability coefficient theoretically can range between -1.00 to +1.00. For most
purposes, reliability coefficients above 0.70 are considered satisfactory (Polit and
Hungler, 1999).

Six questionnaires are re-distributed among six contracting companies of various
catégories to re-test their answers. The reliability coefficient is calculated and found
to be (0.85) which indicates a high level of reliability and the correlation is significant
at 0.01 level.

3.11 Measurement Scales

In order to be able to select the appropriate method of analysis, you need to
understand the level of measurement. For each type of measurement, there is/are an
appropriate method/s that can be applied and not others (Naoum, 1998). Often, types
of data are identified in terms of the nature of the scales of measurement used
(Fellows and Liu, 1997). Naoum (1998) divides the level of measurement into four
types of scales: nominal, ordinal, interval and ratio.

The most popular scales are nominal and ordinal scales. Nominal numbering implies

belonging to a classification or having a particular property and a label. It does not
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imply any idea ofrank or priority. Nominal numbering is conventional, positive, and
whole integers. Ordinal scale is a ranking or a rating data that normally uses integers
in ascending or descending order. The numbers assigned to the agreement scale (5, 4,
3, 2, and 1) do not indicate that the interval between the scales are equal, nor do they
indicate absolute quantities. They are merely numerical labels (Naoum, 1998). Both

scales are used to present the results.

3.12 Computer Assisted Data Analysis

The data is collected from interviewed contractors. Statistical Package for Social
Sciences (SPSS) software is chosen to analyze the data. SPSS is chosen because it is
popular in researches and easy to use. The questionnaires are numerically coded to
enable efficient data entry. After entering the data, it is double-checked to minimize
the probability of error.

After entering the data, the following statistical tools have been utilized.

1. Category frequencies and percentages.
2. Computing the variable weights.
3. Ranking the different factors in an ascending or a descending order.
4. Conducting statistical tests which are divided into:
4.1  Parametric t-tests are conducted to interpret the differences when the
distribution is interval or ratio (two samples — one variable).
42 Analysis of variance (ANOVA) tests are conducted where there are
more than two samples.
4.3  Spearman correlation (rho) test is used for measuﬁng the correlation in

ranking between contractors of different classes.

As it is discussed in chapter 4, descriptive statistics such as frequency and percentage
are computed for each item in the questionnaire. For analyzing data using an ordinal
scale, an importance index (1) is used.

The importance index is computed using the following equations.

=n i=n
I)= ZH (aixi/ n-1} * 100, I,= Zi:l (aix;/ n) * 100
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Where: I; = importance index if th_é level of ranking rate is not used or not necessary.
I, = importance index if all the ranks have positive rating factor.
a; = constant expressing the weight of the i response,
a;=0, 1, 2 for importance index I, and a;=1, 2, 3,4 for I,.
x;= frequency of the i response given as a percentage of the total responses
for each case.:
1= response category index wherei=1, 2, 3, 4,....
The importance index for all cases is calculated and ranked for all contractors. In some
questions where the respondents are asked to seleet the method of using; the

importance index has no meaning. In this case, the results are presented in numbers

and percentages only.

3.13 Developing the Cost Control Software

After reviewing the cost control related literature and some of the cost control
software packages, a cost control model was first structured. The initial model was
reviewed with the supervisor. Valuable comments were taken into account when the
final draft cost control model was .approved initially. After the analysis of the
questionnaire results, some modifications on the initial model were made to satisfy
the local contractors' needs.

After the modified cost control model was approved by the supervisor, it was
transferred to a computerized system. The computerized cost control system was
programmed using Visual Basic language. The cost control software was tested by
the researcher for six weeks. The sample project used in the test was a project with
six items.

After finishing this step, the software was evaluated by three contracting companies
and two professional experts. The three companies were chosen from first class (A),
first class (B), and second class contractors. The evaluation process began by installing
the software; a brief illustration was given to the contractor followed by demonstration
for the software using a sample project. The contractors used this software for one
week; then, they "were requested to fill a questionnaire to evaluate the software. The
evaluation tesults were used to make slight modifications on the cost control

software. The modified program has been reported and illustrated in this thesis.
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CHAPTER 4

DATA PRESENTATION AND ANALYSIS

4.1 Introduction

Analysis of the surveyed data is done through two statistical analysis methods. The
first method, which is called "The Descriptive Statistic Method", provides a general
overview of the results. It gives an idea about what is happening. The other method is
"The Inferential Statistics Method". It provides different statistical tests to be applied '
for different parts of the sample to make comparison of results (Naoum, 1998).

4.2 The Descriptive Statistic Method
The descriptive statistic method is applied on the survey data collected. It will either

analyze the responses in percentages or will contain actual numbers.

4.2.1 Company profile

The followings are the attributes of the surveyed companies which are related to
company profile.

4.2.1.1 Year of establishment

As depicted in Table 4.1, it is clear that most surveyed companies (56.8 %) are

established in the years between 1994 and 1996 after the establishment of the

Palestinian National Authority.

Table 4.1 Summary of companies' year of establishment

Year No %
. Before 1994 11 25.0
Year of establishment 1994 — 1996 5 56.8
After 1996 8 18.2

4.2.1.2 Company main field of work

From Table 4.2, it is found that nearly all surveyed contracting companies (95.5 %)
consider building works as a main branch of business. On the other hand, half of the
contracting companies (50 %) consider road works as a main branch of business and
almost the same number (52.3 %) consider water and sewage works as a main branch

of business. One may conclude that most contracting companies are involved mainly

into at least two types of works.
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Table 4.2 Distribution of companies' according to main field of work

Type of work No %o
Main field 42 95.5

Building Secondary 2 4.5

None 0 0.0
Company scope of work Main field 22 30.0
Road Secondary 22 50.0

None 0 0.0
Main field 23 52.3
Sewage and water | Secondary 21 47.7

None 0 0.0

4.2.1.3 Classification of the contracting companies
Three classes of contracting companies were surveyed as shown in Table 4.3. It is
noted that 52.3 % of the investigated contracting companies are classified under the

first class (A) and (B) in building works.

Table 4.3 Classification of contractors according to PCU

Category FI]‘S(S;;]EISS Flrs(thlass S:lc:;;d :3::: Unclassified
Building No. 14 9 20 1 0

% 31.8 20.5 45.6 23 0.0
Roads No. 5 2 13 10 14

% 11.4 4.5 29.6 22.7 31.8
Sewerage No. 12 12 8 12
and water % 27.3 273 18.2 27.3
4.2.1.4 Company staff

As shown in Table 4.4, it is noted that about two thirds (65.9 %) of the contracting
companies have a technical staff of five to ten persons. Also, it is noted that only

20.5 % of the contractors have more than 20 employees. This reflects how small the

company size is in Gaza Strip.

Table 4.4 Company staff distribution

Company Staff No. of persons | No. | Percentage
Less than 5 7 15.9

Technical Staff {(5-10) 29 65.9
More than 10 8 18.2
Less than 10 17 38.6

Employees (10 -20) 18 40.9
More than 20 9 20.5
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4,2.1.5 Number of projects executed during the last five years
As shown in Figure 4.1, it is found that about half the surveyed contracting
companies (45 %) have a volume of work between (11-20) projects in the last five

years. This indicates an average of executing three projects per year.

More than 30

14% 10 and less
25%

From 21 1o 30
16%

From 11 to 20
45%

Figure 4.1 Distribution of the number of the projects

4.2.1.6 Value of projects executed during the last five years

From Figure 4.2, it is noted that 40.9 % of the companies have a volume of work with
a value from 3.1 to 6.0 million dollars, which means that the local construction
projects are mainly small projects. From this, it is concluded that the surveyed

companies have an average volume of work of about one million dollar per year.

More than 10.0
9%
L

\\

3and less

~
From 6.1 to 10.0_ O

18%

From3.1t0 6.0
41%

Figure 4.2 Distribution of the value of the projects in million dollars
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4.2.1.7 Position of the respondent
As shown in Figure 4.3, most of the respondents (59.1 %) have the title of firm
director, and 34.1 % of them are projects manager. This indicates the high

cooperation of top management in this study.

Projects Others
Engineer
4,5%

Firm Director
58.1%

Figure 4.3 Distribution of respondent’s occupation

4.2.2 Cost Control Basic Requirements
The following three questions in the questionnaire ask about the basic requirements
of any cost control system. These are method of cost estimating, project cost baseline,

and timing of cost control.

4.2.2.1 Method of cost estimating

In this question, the contractors are asked to choose one of the established methods of
cost estimating. As shown in Table 4.5, it is found that the majority of contractors
(81.2 %) mostly estimate their costs in precise detailed estimate to all contributing
elements such as materials, labor, equipment, subcontract and overhead. On the other
hand, 11.4 % of the firms mostly estimate their costs in detail for only most
significant items.

In addition, the survey shows that only one company of the 44 surveyed companies
uses the price of previous executed projects as a major method in cost estimating.
Also, one company uses previous experience as a tool in cost estimating without
going in details in estimating the items. As a conclusion, most of contractors have
the prerequisite for the cost control system which is a detailed cost estimate for all

components of BOQ items.
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Table 4.5 Frequency of using cost estimating tools

Method of cost estimating

Frequency of using

M 0 R | Index | Rank

Precise detailed estimate for most BOQ | No. 36 - 8 0 [94.09 1
itemns. %o 81.2 { 18.2 | 0.0
Precise detailed estimate for most | No. 5 i6 23 | 53.01 2
significant items. a % 114 364 | 52.3
Similar items in previous projects. No. 1 14 29 | 4531 3

% 23 | 31.8 | 65.9
Previous experience and current market | No. 1 12 31 | 44.01 4
situation without detailed estimate. % 23 1273|705

(M = mostly used, O = occasionally used, R = rarely used)

4.2.2.2 Project cost baseline

As shown in Table 4.6, it is found that the majority of contractors (61.4 %) mostly

use the cost estimate prepared during tendering as a cost baseline to compare actual

costs with estimated costs. Also, it is found that one fourth (25.0 %) of the

contractors are making new cost estimate for all BOQ items and nearly one fourth

(22.7 %) of the contractors make new cost estimate for significant items.

Table 4.6 Frequency of using cost baseline

Project Cost Baseline

Frequency of using

M ) R | Index | Rank
Cost estimate prepared during tendering | No. 27 15 2 | 84.57 1
is used as a baseline. % 61.4 | 341 | 4.5
A new cost estimate analysis is made for | No. 11 16 17 | 62.60 2
most BOQ items to be used as a baseline. | % 25.0 | 36.4 | 38.6
A new cost estimate is made only for | No. 10 16 18 | 60.97 3
most significant items. % 22.7 1 36.4 | 40.9
No cost control is made in spite of the | No. 6 4 34 {46.33 5
availability of cost breakdown. % 13.6 | 9.1 | 77.3
No cost control is made because there is | No. 6 5 33 4717 4
no cost breakdown. % 13.6 | 114 | 75.0

(M = mostly used, O = occasionally used, R = rarely used)

4.2.2.3 Timing of cost control

From Table 4.7, it is observed that nearly three fourths (72.7 %} of the contractors

control their costs mostly at the end of executing the project. Also, it is found that

nearly one fourth (22.7 %) of the contractors mostly control project costs at monthly

payment. On the other hand, it is observed that about one contractor of five (20.5 %)
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control the project costs at the end of the financial year for all projects, and it is nearly

the same (18.2 %) for the contractors who control the project costs at the end of the

financial year for every project.

Table 4.7 Timing of projects’ cost control

Frequency of using

Timing of cest control M o R | Index | Rank

At the end of the project. No. | 32 9 3 88.67 1
% 7271205 | 6.8

At the end of financial year for all | No. 9 14 21 | 57.67 3
projects under construction in this period. | % 2051 31.8 | 47.7

At the end of the financial year for every | No. 8 11 25 | 54.00 5

project. % 18.2 | 25.0 | 56.8

At receiving the interim payment | No. 10 | 15 19 | 60.00 2

certificate. % 22.7 1 34.1 | 43.2

At the end of each month. No. 9 14 | 21 | 57.67 3
% 20.5 | 31.8 | 47.7

Biweekly. No. 9 9 26 | 53.67 6

% 20.5 | 20.5 | 59.1

(M = mostly used, O = occasionally used, R = rarely used)

4.2.3 Types of cost control systems
The following are the results of the necessity degree, actual using, and the method of

using the different types of cost control systems.

- 4.2.3.1 Necessity degree-and frequency-of using-

From Tables 4.8 and 4.9, it is observed that there s a clear consistency between the
necessity degree and the actual using of the cost control method which controls the
project cost at the end of the project. In this case, 34 companies of the 44 surveyed
companies show that this method is necessary while 31 companies actually apply this
method. In addition, eight companies say that it is somewhat necessary, and nine
companies occasionally use it. '

When the respondents are asked about controlling project costs according to monthly
payment, 56.8 % show that this method is necessary, whilst 31.8 % of them apply this
method mostly. Finally, while the majority of contractors (75 %) show that
controlling costs based on unit cost is necessary, only 38.6 % mostly apply this

method in controlling the project costs.
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Table 4.8 Distribution of necessity degree of using cost control system types

Necessity degree

Cost control system types N | NSW | NN [Index | Rank
Cost control is done at the end of the project | No. | 34 8 2 88.37 1
by comparing payments with expenditures. | % | 77.3 | 182 | 4.5
Cost control is done by comparing monthly | No. | 25 14 5 74.42 3
payments with expenditures for same period. | % 56.8 1 31.8 | 114 :
Cost control is donie by comparing the item’s | No. | 18 19 7 63.95 4
expenses with earned value of these items. % 1409 | 432 [ 159
Cost control is done in unit price basis for No.{ 33 7 4 84.88 2
both estimated and actual costs. % | 75.0 | 159 | 9.1
(N = necessary, NSW = somewhat necessary, NN = not necessary)
Table 4.9 Distribution of usage range of cost control system types

Usage Range
Cost control system types M o R Index | Rank

Cost control is made at the end of the project | No. 31 9 4 87.12 1
by comparing payments with expenditures. % 70.5 | 20.5 § 9.1
Cost control is done by comparing monthly | No. 14 20 10 | 62.12 4
payments with expenditures for same period. | % 31.8 | 45.5 | 22.7
Cost control is done by comparing the item’s | No. 13 19 12 | 6742 3
expenses with earned value of these items, % 295 1432 1 273
Cost control is made in unit price basis for No. 17 | 16 11 | 71.21 2
both estimated and actual costs. % 38.6 | 36.4 | 25.0

(M = mostly used, O = occasionally used, R = rarely used)

4.2.3.2 Method of using

From Table 4.10, it is found that in average (40 %) of the contractors are not using
special forms when applying one of the above methods of cost control. This means

that they control project costs without the basic requirements of documentation and

recording.

When contractors are asked about using cost control based on unit price, only 22.7 %
of the contractors are using forms (either computerized or non-computerized forms)

to control their project costs. In average, few contractors (about 15 %) use computers

in controlling projects costs.
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Table 4.10 Distribution of method of using of cost control system types

Method of Using
Cost co;_ltrol system types = o =
E g § E 8 Total
& e
Cost control is made at the end of the project | No. 4 2 18 12 8 44
by comparing payments with expenditures. | % 9.1 | 45 } 409|273 | 182
Cost control is done by comparing monthly | No. 10 4 16 8 6 44
payments with expenditures for same period. | % 2271 9.1 | 364 | 182 | 13.6
Cost control is done by comparing the item’s | No. 12 5 19 3 5 44
expenses with earned value of these items. % 273|114 {4321 68 | 114
Cost control is made in unit price basis for | No. 11 4 19 4 6 44
both estimated and actual costs, % 25.0 | 9.1 |43.2 ] 9.1 [13.6

NU = Not Used, WR = Without Recording, RWUF = Recording Without Using Forms
RUF = Recording Using Forms, RUCF = Recording Using Computerized Forms.

4.2.4 Obstacles in implementing cost control systems

In question 13 of the questionnaire, the contractors are asked to evaluate the effect of
the obstacles which restrict contracting companies from implementing cost control in
managing their projects. From Table 4.11, it is found that the main obstacle which
restrict construction companies in implementing cost control systems is “the non-
existence of local software specialized in cost control”. Thirty-three contracting
companies state that this obstacle has a high and very high effect on not using cost
control systems.

The next two factors which have approximately the same index are “the non
availability of technical staff for cost monitoring and control” and “the pre-
determined belief that the increase in project cost is due to the current situations”.
Other factors such as “implementing a cost control system costs more than what it
may save”, “the technical staff resistance of implementing cost control system”, and
“previous projects have no increase in cost” have moderate effects on hindering the
implementation of the systems.

Finally, it is found that most contractors are generally familiar with the concept of
cost control as they show their positive responses regarding their desire, conviction,

and realization effects in implementing cost control systems.
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Table 4.11 Distribution of obstacles causes deterrence of implementation cost control

No Implementation Obstacles VH | H Et;';ct I Vi, Index | Rank

1 [Non realization the importance of | No. 0 1 4 18 | 21 | 33.2 9
cost control system. | % 0.0 {23 | 9.1 | 409 477

2 | No conviction in implementing cost {No. | 0 2 | 3 | 21| 18 | 350 7
control system. % 00 | 45 | 6.8 | 47.7 | 40.9 ,

3 | Non-desire in implementing cost | No. 0 1 5 21 17 | 354 8
control system. % 0.0 | 23 | 11.4147.7 | 38.6

4 | Implementing cost -control system | No. 4 6 18 8 8 554 4
costs more than what it may save. % 9.1 | 13.6 1409 | 18.2 | 18.2

5 | Preexisting belief that the increase in | No. 8 i1 13 9 3 65.4 3
cost is due to surrounding situation. | % 18.2 [ 25.0129.5]20.5 | 6.8

6 | Non availability of technical staff for | No. 9 15 6 8 6 66.0 2
cost monitoring and control. % 20.5 1341 [ 13.6 | 18.2 | 13.6

7 | Previous projects have no increase in | No. 1 2 14 | 17 | 10 | 450 6
cost, thus no need to control cost. % 23 1 45 | 31.8 386|227

8 | The technical staff resistance of| No. 4 6 13 16 5 54.6 5
implementing cost control system. % 91 [136 (205364 |114

9 | Non existence of local sofiware |No. | 19 14 4 5 2 79.6 1

specialized in cost control. % 432 13181 9.1 {114 | 45

(VH = very high, H = high, M = moderate, L = low, VL = very low)

4.2.5 Cost control tools, techniques, and procedures

The following results discuss the necessity degree and the actual using of different
tools and techniques required to any cost control system. These tools are classified
according to general, material related, labor related, equipment related, and

subcontract related cost control tools.

4.2.5.1 General tools

Table 4.12 summarizes the frequency of the necessity degree and the actual usage of
the contractors to the general tools, techniques, and procedures m any cost contro!
system. The eight tools and techniques in question 14 in the questionnaire are
grouped with the six procedures in question 15. The fourteen tools, techniques, and
procedures are listed in Table 4.12 with the results of the surveyed contractors

It is found that the most necessary tool is “investigate about the causes of cost

overrun”. This tool becomes in the fourth place when the contractors are asked about
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the .actual using of it. The second most necessary tool is “taking immediate corrective
action to adjust the project cost”. This tool Becdmes lin the third place regarding the
actual implementation. It is also observed that “the monthly record of the executed
quantities” is the most used tool in controlling project costs. The second used tool is
“keeping cost information as a feedback for future cost estimating”. Also, these tools

still have high priorities regarding the necessity degree of using cost control systems.

The aforementioned two tools; in addition of being main tools in any cost control
system are used by local contractors for other purposes. “The monthly record of the
executed quantities” is used for preparing monthly payments and “keeping cost
information as a feedback for future cost estimating” is used to estimate future
projects. Also, it is found that when contractors are asked about expressing cost
variances, they slightly prefer to express them in percentage rather than in absolute
values. Finally, controlling costs using cash flow S — Curve has the lowest rank for

both the necessity and the actual using.

4,2.5.2 Material related tools

The four tools and techniques related to material items in question 14 are also
grouped with the four procedures in question 15. Table 4.13 lists the eight tools and
techniques that are related to material items. It is found that the surveyed contractors
rank the necessity degree and the usage range approximately in the same order.

From these results it is obvious the inclination of most contractors towards
considering the material related tools necessary in controlling projects costs. It is
observed that more than 70 % of the contractors consider six of the above eight

factors are necessary in any cost control system and the rest considers them

somewhat necessary.

When considering the actual applying of the material related tools, it is found that the
most used tool is "compare delivered quantities to site with material invoice". In this
case, it is found that the majority of contractors (84.1 %) mostly compare materials
delivered to site with material invoice. Also, it is found that about two thirds (65.9 %)

of the contractors mostly compare the quantity of delivered materials to site with

quantities in monthly payments,
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In addition, only half of the surveyed contractors mostly make quality inspection for
materials delivered to project site. Finally, it is observed that only 22.7 % of the
contractors mostly use stock management system for controlling material supply.

From the above, ‘it is concluded that most of the surveyed contractors give materials
cost control great aftention when managing construction projects. This is referred to

the fact that material cost has the lion’s share in the project cost.

4.2.5.3 Labor related tools

Table 4.14 groups the tools and techniques in question 14 with the procedures in
question 15. Tt is observed that while about two thirds of the surveyed contractors
show that the first four tools related to labor items are necessary to be used in the cost
control system, only about half of these contractors mostly use them in managing
their projects.

For example, while 70.5 % of the contractors say that comparing actual labor costs
with esﬁmated costs in the cost estimate is necessary in any cost control system, only
36.4 % ofthe contractors mostly apply it in their projects. On the contrary, there isa
less difference between the necessity degree and the usage range when the contractors
are asked about making agreements with fabor to work a specified quantity of work

with a predetermined period of time.

4.2.5.4 Equipment related tools

Table 4.15 establishes the tools and techniques related to equipment. It seems that
there is a considerable difference between the necessity degree and the usage range of
the surveyed contractors. While 75 % of the contractors say that comparing the actual
costs of equipment with the estimated costs in the cost estimate is necessary, only
227 % of them mostly apply it in their projects. The same thing can be said about
comparing the total costs of owned equipment with the renting cost of similar

equipment but to 2 lesser extent. The difference seems to diminish when they try to

group the items that need the same equipment.

62



£9

(pasn AJoreI = Y ‘Posn AJ[BUOISED00 = () ‘Pasn ATISOW = ) (ATeSsa0ou 10U = NN ‘AIessooou JBMITIOS == A\ SN ‘ATBSS200U = N))

T s 6ot Sy L OSLY LT €T % +"1S00 90NPA31 0} AW} dues S 18 Juswdinbo
| €€€8 | YT | 8T | T T i LESS | €€ | 0T I | 'ON |owes oy} posu jeyl swoy oy} dnoig o3 Swhiy | ¢
LTC| 6S9 | V11 0°6L : 0°ST 00 % "9JelUIISe 1500 9y) U §3500 POJBIUTIS?
T | s¥oL| OT | 6z S I €568 | €€ | II 0 | ON | oy i juowdinbs jo 83800 renjoe o3 Suwredwio) | g
: : L'TC | S¥S | LTT |l Fi9 | s6T | 16 | % "SQU0 IBTIWIS JO 350D JUIUaI 31} Y Juswdinbs
€ L9999 of [ vt | o1 3 164 | LT | €1 P | 'ON | paumo Jo 51503 (paumo + Sunesado) [ejo) sxedwo) | |
Husy | Xopul | W 0 d AUBY | X9PpUul | N | MSN | NN .
Jsuey a3es)) 221T9p AJISSIIAN 51003 pjepaa Juamdinbyg °N
(57001 Juawdmby) sarnpaooxd pue sonbiutda} ‘s[00 Joxuoo 1500 Juswdinba Jursn o Lousnbay pue 22135p ASs300U JO uonnquIsi(] Sy QIqel
@um: AJorel =Y ‘pasn A[[BUCISLO00 = () ‘pasn APsowt = [A)  (ATessa0au jou = NN ‘AIessoosu TRYAMIWOS == MSN A TesS00U — N)
bl el ey [ oSt [T T [ 98e | €28 | 16 | % 1500 pue sy paujuLatepad € uf sqof
G e T | e TIE | 8 8299 | LI €7 L4 'ON | Paij1oads & op 03.Joqe] yiim JuowsaIBe oxBy | §
79t L'Ly 661 PI9 | TPE | Sv | % - yaaad ety sasen uf 1500
[4 LY'EL 91 |14 L 3 £€C08 | LT S 4 "ON | 10qE] U] 35B3I0UI 3U) 1snlpe 0) uopoe Junel, | 4
TR 1 _S6T 0'0s §'0C 783 | 0ST | 89 | % 98NS 100 A} UI SATeM PIJENISS YIm
g1 1969 | €L |t | 6 T | 9ST8 | 0 | WL | € | ON |Joqejoodem Apep fenpe oy) Suuedwo) | ¢
0°6¢ SpS §'0¢ 9¢9 | S6CT | 89 | % "RIBWLSA 31500 I} UL SAJel PAJETuL)se Ylim
¥ £e'89 11 ¥ 6 £ €08 | 8¢ ¢l £ 'ON | Foqey 10y jer Apaponpoid gy Sunedwo) | g
_ o p9e A F'11 , SOL| €L | €T | % "S1RTUIIS 1SOD AU UI ]SO PIBUINSI
T 00°'SL 91 € | & 1 §098 | 1€ (4! I ON | yusm Ioqej 10J §3500 [enpoe Suuedwo) | |
quey | Xopuj W 0 A quey | xapuy | N | MSN ! NN .
asuey ages() IIIZP ANSSIAN S1003 payepaL toqey ON

(sfoo1 soqe) sarnpaooad pue senbrutoa) ‘s[00) [053u00 150 Joqe] Suisn Jo Lousnbaxy pue s018ap A)1ssa00y JO UonunquIsiqy 1'% 2[qel




4.2.5.5 Subcontract related tools
From Table 4.16 and Table 4.17, it scems that there is a clear relationship between
the necessity degree and the usage range for the subcontract related tools. This is

obvious from comparing the adjacent index factors for the two items established

below.

Table 4.16 Distribution of necessity degree of using subcontract cost control tools &
techniques

Necessity degree

No Subcontract ;‘elated tools NN INSW 1| N Index

1 | Subcontract parts of a project to control the | No. 3 15 26 | 7791
costs of these parts. % 6.8 34.1 | 59.1

2 | Subcontract parts of a project to concentrate | No. 6 24 14 | 60.47
on cost control other parts of the project. % 136 | 545 | 31.8

(N = necessary, NSW = somewhat necessary, NN = not necessary)

Table 4.17 Distribution of frequency of using subcontract cost control tools &
techniques

Usage Range
No | Subcontract related tools R o M| Index
1 | Subcontract parts of a project to control the | No. 4 20 20 | 78.79
costs of these parts. % 9.1 | 455 | 45.5

cost control other parts of the project. % | 34.1 | 47.7 | 18.2

2 | Subcontract parts of a project to concentrate | No. 15 21 8 61.36

(M = mostly used, O = occasionally used, R = rarely used)

4.2.6 Summary of necessity and usage results
This section summarizes the results of the necessity degree and the usage range of all
the tools, techniques, and procedures. It presents the most ten widely used and the

most ten necessary tools and techniques according to the surveyed contractors.

4.2.6.1 Necessity degree
Table 4.18 summarizes the first ten necessary tools and techniques which are selected
by the surveyed contractors. They are ranked according to their index values. These

tools contain five tools which are related to materials, four of them are related to

general techniques, and one of them is related to equipment tools.
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Table 4.18 The most ten necessary tools and techniques

No. Tools and Techniques Related to | Index
1 | Compare delivered quantities to site with material invoice. Material 98.86
2 | Comparing the quantity of delivered materials to site with | Material 95.35

certified quantities in monthly payments. '
3 | Investigate about the causes of cost overrun, General 95.35
4 | Inspection of the quality of delivered materials. Material 95.35 -
5 | Taking immediate corrective action. General 94.19
6 | Monthly record of actual executed quantities. General | 93.02
7 | Compare actual used quantity with estimated quantities. Material 93.02
8 | Keep cost information of previous projects as feedback for | General 50.70
future cost estimate.
9 | Taking action to adjust the increase in material cost. Material 90.70
10 | Comparing the actual costs of equipment with the | Equipment | 89.53
estimated costs in the cost estimate.
4.2.6.2 Usage range

Table 4.19 summarizes the most ten widely used tools and techniques ranked in a

descending order. These tools and techniques are selected by the surveyed contractors

from 32 tools and techniques.
From the table below, it is found that the most widely used toolis “comparing

delivered material quantity with material invoice”. It is followed by “the monthly

record of executed quantities”. It is also observed that four of these tools and

techniques are related to general tools, and also four are related to materials tools.

Finally, one tool is related to equipment, and the last is related to subcontract cost

control.

Table 4.19 The most ten widely used tools and techniques

No. Tools and Techniques Related to | Index
1 | Compare delivered quantities to site with material invoice | Material 93.33
2 | Monthly record of actual executed quantities. General 90.00
3 | Comparing the quantity of delivered materials to site with | Material 86.33

certified quantities in monthly payments.
4 | Keep cost information of previous projects as feedback |  General 85.67
for future cost estimate.
5 | Try to group the items that need the same equipment. Equipment | 83.33
6 | Inspection the quality of delivered materials. Material 82.67
7 | Taking action to adjust the increase in material cost. Material 81.00
8 | Taking immediate corrective action. General 81.00
9 | Investigate about the causes of cost overrun. General 80.33
10 | Subcontract parts of a project to control the costs of these | Subcontract | 78.79
parts.
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From Tables 4.18 and 4.19, it is found that “compare delivered quantities to site with
material invoice” tool is ranked in the first place in both the necessity degree and the
usage range. Also, .“cornparing the quantity of delivered materials to site with
certified quantities in monthly payments” is ranked second in the necessity degree
and the contractors rank it in the third class regarding the usage range. Onthe
contrary, while most of the contractors consider “investigate about the causes of cost

overrun” is necessary by ranking it in the third place, the surveyed contractors do not

use it widely.

4.2."7 Method of using tools and techniques

In question 14 of the questionnaire, there is a part in the question asking about the
method of using different tools and techniques related to cost control. The respondent
has to choose one method of the four listed methods which his company uses in
managing the project costs. These methods are: Without Recording, Recording
without Using Forms, Recording Using Forms, and Recording Using Computerized
Forms. In case the respondent answers that the usage range of any tool is rarely used,
a fifth columm is created in the table to reflect this answer. This column is created for

analysis purposes and it is titled NU (Not Used).

4.2.7.1 General tools

Table 4.20 shows that computerized forms are generally rarely used for the general
cost control tools. However, using computerized forms are considerably obvious in
two of the eight general tools. These tools are "monthly record of executed
quantities" and "keep cost information for future cost estimate”. In addition, these
tools in spite of being of major importance of the cost control system, the contracting
companies use them for other purposes such as preparing monthly payments or
making cost estimates for future projects. Also, when the contractors are asked about
the method of using "follow up of implementing corrective action” tool, it is found
that one fourth ofthe surveyed contractors are using this tool without recording and
more than half of them are using it without using forms.

Excluding the previously discussed two tools, it is found that less than 50 % of the

contracting companies use forms either computerized or non-computerized in

recording,
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Table 4.20 Distribution of method of using cost control general tools & techniques

Method of Using

No. General tools 4 % = E‘j

2z |2 | 2|2

1 | Daily record of actual executed quantities. No. | 11 4 15 12 2
' ' % |25.0] 9.1 |34.1 | 273 4.5

2 | Weekly record of actual executed quantities. | No. | 7 3 14 18 2
% | 159 6.8 | 31.8]409 | 45

3 | Monthly record of actual executed | No. 2 1 6 23 12
quantities. % | 45 | 23 |13.6 | 523|273

4 | Cost variance is expressed in absolute | No. 3 11 23 4 3
values. % | 6.8 | 25.0[523] 9.1 | 6.8

5 | Cost variance is expressed as a percentage | No. 9 6 19 7 3
value. % 2051361432159 6.8

6 | Follow wup of mmplementing corrective | No. 1 11 | 23 |- 6 3
actions. % | 2.3 1250523136 6.8

7 | Keep cost information of previous projects | No. 1 0 15 19 9
as feedback for future cost estimating. % | 2.3 | 0.0 | 34.1 }43.2 1205

8 | Measuring of remaining quantities to | No. 6 4 21 10 3
estimate cost at completion. % | 13.61 9.1 | 47.7|22.7 | 6.8

4.2.7.2 Material related tools
When considering the tools and techniques used in material cost control, it is shown
in Table 4.21 that recording using forms, either computerized or non-computerized,

has a special consideration. For example, about two thirds (63.7 %) of the contractors

Table 4.21 Distribution of method of using cost control material related tools &
techniques

Method of Using
No. Material related tools o ” S : £
4 = E ) E
1 | Compare delivered quantities fo site with| No. | 2 1 14 | 23 4
material invoice. % | 45 | 23 |31.8]523 ] 91
2 | Inspection of the quality of delivered | No. 1 6 22 14 1
materials. % | 2.3 (13.6 500|318} 23
3 | Compare the quantity of delivered materials | No. | 3 1 12 | 23 5
to site with quantities in monthly payments. % 68 | 23 27315231114
4 | Comparing actual quantity used with { No. 6 5 20 11 2
quantities estimated in the cost estimate. % | 1361 11414551250 4.5

NU = Not Used, WR = Without Recording, RWUF = Recording Without Using Forms
RUF = Recording Using Forms, RUCF = Recording Using Computerized Forms.

67




compare the quantity of delivered materials to site with quantities in monthly
payments using forms. In addition, it is found that comparing actual used quantity
with the estimated quantities in the cost estimate, which is a major tool in any cost

control system, is the least used tool in recording using forms.

4.2.7.3 Labor related tools

From Table 4.22, it is observed that only one company of the 44 surveyed companies
uses all of the tools related to labor cost using a computerized form. In general, less
than one fourth of the surveyed contractors use computerized or non-computerized
forms related to labor cost control.

Table 4.22 Distribution of method of using cost labor related control tools &
techniques

Method of Using
3 Ex
No. Labor related tools o 2 B Q
z. g g = 2
Comparing actual costs for labor with| No. | 5§ 9 20 9 |
estimated costs in the cost estimate. % | 1141205 |455 205 | 2.3
Comparing the productivity rate forlabor | No. | 9 13 | 15 6 1
with estimates rates in the cost estimate % |205]295]34.1 1 13.6 | 2.3
Comparing the daily wage of labors with | No. 9 9 18 7 1
the estimated wages in the cost estimate % 2051205409159 2.3

NU = Not Used, WR = Without Recording, RWUF = Recording Without Using Forms
RUF = Recording Using Forms, RUCF = Recording Using Computerized Forms.

4.2.7.4 Equipment related tools

From Table 4.23, it is seen that none of the 44 surveyed companies use computerized
- forms in equipment cost control. Only 13.6 % of the surveyed companies use non-
computerized forms when they compare the actual costs of equipment with the
estimated costs in the cost estimate. This percentage decreases to 11.4 % for
comparing operating costs of owned equipment with renting cost of similar

“equipment,
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Table 4.23 Distribution of method of using cost control equipment related tools &
techniques : ' :

Method of Using

No. Equipment related tools 2 ; 5 = S
= I~ -

e &

1 | Compare operating costs of owned equipment | No. | 10 12 1 17 5 0
with renting cost of similar equipment. % 2272731386114 0.0

2 | Comparing the actual costs of equipment | No. | § 14 | 19 6 0
with the estimated costs in the cost estimate. % |11.4|31.8]43.2]13.6] 0.0

NU = Not Used, WR = Without Recording, RWUF = Recording' Without Using Forms
RUF = Recording Using Forms, RUCF = Recording Using Computerized Forms.

It is conciuded from the results the low tendency among the surveyed contractors
towards using forms for the tools related to labor cost. The explanation is that as most
local contractors usually subcontract their works and little of them are done by labor
force, they show little attention towards labor related tools. In this case, labor cost
control becomes the duties of the subcontractors. Another cause for the above, is that
in local construction proj'eéts the materials cost is approximately three to four times
more than the labor costs.

Also, the low percentage of the surveyed companies towards using forms in
controlling equipment costs can be explained as most of the contractors are mainly

involved in building construction projects which do not need much equipment.

4.2.8 Implementation Success Factors and Benefits
This section discusses the factors which help in the success of implementing cost
control systems by local contractors. Also, it refers to the expected benefits when

applying cost control systems by the surveyed contractors.

4.2.8.1 Success factors

Table 4.24 shows that all the surveyed contractors believe that the logical and
balanced cost estimate is the most necessary factor in implementing any cost control
system as all of them consider the effect of this factor either very high or high. The
same thing, but to a lesser degree, can be concluded about the factor related to the

“availability of qualified technical staff for cost monitoring and cost analysis”.
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Table 4.24 Distribution of the success factors of implementing cost control system

. Effect

No. Implementing success factors VI T | M i VL

1 | The logical and balanced cost estimate. | No. | 30 | 14 0 0 0
% |682|31.8] 00 | 0.6 | 0.0

2 | The availability of qualified technical | No. | 24 | 18 2 0 0
staff for cost monitoring. % (545|409 45 1] 00 | 00

3 | The early taking decisions to correctthe | No. | 15 | 22 7 6 0
project cost. % | 15.9]50.0|34.11 0.0 | 0.0

4 | The early implementation of corrective | No. | 17 | 17 | 10 0 6
action to control costs. % |38.6[38.6(227| 0.0 | 0.0

5 | Precise follow up for implementationof | No. | 15 | 16 | 12 1 0
corrective action to control costs. % |34.1]364 (2731 23 | 00

6 | Top management commitment in cost | No. | 11 | 16 | 12 4 1
control. % |25.0]364 273 | 9.1 ;23

7 | Incentives for employees whenj No. | 11 | 12 | 14 6 1
executing the project within budget. % (2501273 |31.8|13.6| 2.3

(VH = very high, H = high, M = moderate, L = low, VL = very low)

When these factors are ranked in a descending order as in Table 4.25, it is found that
“the early taking decisions to corrective action”, “the early implementation of
corrective action”, and “follow up of the corrective implementation” also have high

scores in the success factors to implement any cost control system.

Table 4.25 Ranking of the factors that succeed the implementation of cost control system

Implementing success factors Index | Rank
The logical and balanced cost estimate. 93.60 1
The availability of technical staff for cost monitoring. 90.00 2
The ecarly taking decisions to correct project cost. 83.60 3
The early implementation of corrective action. 83.20 4
Follow up of corrective action implementation. 80.40 5
Top management commitment in cost control. 74.60 6
Incentives for employees when executing within budget. 71.80 7

4.2.8.2 Expected benefits

When considering the expected benefits from applying cost control in managing
project costs, it is found as shown in Table 4.26 that nearly all contractors see that
*accurate determining the itlems which the actual costs exceed its estimated costs”

and “accurate determining the causes which led the increase in items costs” are the
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major benefits that are expected to gain when implementing the cost control system.

A subsequent benefit is "provide accurate information as feedback for future

estimates”

Table 4.26 Distribution of the expected benefits of implementing cost control system

Effect

No. Expected benefits VET T 1 M L T VL

1 | Accurate determining the items which | No. | 21 | 22 1 L 0
actual costs exceed its estimated costs. | % |47.7(500| 2.3 | 0.0 | 0.0

2 | Accurate determining the causes| No, | 21 | 21 2 0 0
which led the increase in items costs. % |47.7|147.7] 45 | 0.0 | 0.0

3 | Determining the responsibilities of | No. | 13 | 15 | 14 2 0
company’s employees. % [29.5]134.1318[ 45 0.0

4 | Increasing employees’ competence. No. | 11 | 19 | 14 0 0
% 125.0143.2]31.81 0.0 | 0.0

5 |lIncreasing competitive capability of | No. | 10 | 18 | 12 4 0
the firm. % 122714091273 ] 9.1 | 0.0

6 | Helping in estimating variation orders. | No. { 12 | 21 | 10 1 0
% (2731477122723 1 0.0

7 | Helping in logical estimate of claims. | No. | 13 | 21 8 2 0
% 129514771821 45 | 0.0

8 | Provide accurate information as| No. | 23 | 14 4 3 0
feedback for fiture estimates. % 1523]31.8] 91|68 | 0.0

(VH = very high, H = high, M = moderate, L = low, VL = very low)

An Illustration of the expected benefits from implementing cost control in managing

projects is shown in Table 4.27. These benefits areranked in a descending order

according to their index values.

Table 4.27 Ranking of the expected benefits of implementation of cost control system

Expected benefits Index | Rank
Accurate determining the items which actual costs exceed its | 91.20 1
estimated costs.
Accurate determining the causes which lead the increase in | 88.60 2
items costs.
Provide accurate information as feedback for fiture | 86.00 3
estimates.
Helping in logical estimate of claims. 80.40 4
Helping in estimating variation orders. 80.00 5
Increasing employees’ competence. 78.60 6
Determining the responsibilities of company’s employees. 78.20 7
Increasing competitive capability of the firm. 75.40 8
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4.3 Inferential Statistics |
Inferential statistical tests are used to verify some basic elements in the structure of

questionnaire. These tests are shown below.

4.3.1 t- test
The t-test is conducted to find if there is a significant difference between the
responses of first class and second class contractors regarding the ranking of the most

ten necessary tools and techniques in any cost control system.

» The research question:
Do First Class contractors and Second Class contractors are looking at the most ten

necessary cost control tools and techntiques differently?

= The research hypothesis:

There is a significant difference in ranking the most ten necessary cost control tools
and techniques between First Class contractors and Second Class contractors.

» The null hypothesis:

There is no significant difference in ranking the most ten necessary cost control tools

and techniques between the two classes.

Table 4.28 t— test results comparing first class and second class companies

Factor First Class N =23 | Second Class N=20 | t- value
ac Mean | Std. Dev.| Mean | Std. Dev.

Compare delivered quantity to 1.9565 | 0.2085 1.700 0.4702 1.4212
site with Q in monthly payments

Taking immediate corrective 1.9565 1 0.2085 1.650 0.4894 1.6737
action for item cost overrun.

Compare delivered quantity to | 1.9130 | 0.2881 1.950 0.2236 0.2403
site with material invoice.

Investigate about the causes of | 1.9130 | 0.2881 1.800 0.4104 0.6216
cost overrun.

Monthly record of actual 1.8696 | 0.4577 1.800 0.4104 0.3462
executed quantities.
Keep cost information as 1.8696 | 0.4577 1.700 0.5712 0.8129

feedback for cost estimating.

Compare actual used quantity | 1.8261 | 0.3876 1.800 0.4104 0.1350
with estimated quantities.

Inspection the quality of 1.7826 | 0.4217 1.550 0.5104 1.1107
delivered materials.
Taking action to adjust 1.7826 | 0.4217 1.750 0.4443 0.1619

material cost increase.

Compare the actual costs of | 1.7391 | 0.3876 1.550 0.4894 0.4728
equipment with estimated costs
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The t value obtained from the last column of Table 4.28 is compared with the critical
value of t at a selected level of significance. The critiﬁal values are illustrated in the
table shown in Annex 8.

For the t-test, the degree of freedom df = (23-1) + (20-1) =41

For this value of df, and at 95 % significant the critical value of t = 2.021.

It is shown that the calculated t in Table 4.28 is smaller than the critical value of t.
From the above findings, it is concluded that the null hypothesis has to be accepted,
i.e. there is no significant difference in ranking the most ten necessary cost control -

tools and techniques between the two classes.

4.3.2 One - Way ANOVA Test

One - Way ANOVA test is done to find ifthere isa significant difference due to
asking different categories in building. One-Way ANOVA test is used when there is
more than two groups belonging to one variable. In this case, First Class (A), First
Class (B), and Second Class are related to one variable which is classification of
contractors in buildings. The most ten widely used tools and techniques among all

contractors as in Table 4.19 are used in this test.

=  The research question:

Do the different classes of contractors in building affect the actual use of the most

widely tools and techniques in cost control?

» The research hypothesis:
There is a significant difference in implementing the most ten widely used cost

control tools and techniques among different classes of contractors in building.

*  The null hypothesis:

There is no significant difference in implementing the most ten widely used cost

control tools and techniques between the different classes.

»  Hypothesis testing:
From the results shown in Table 4.29, it is found that the P value is greater than 0.05
in seven of the most ten widely used tools and techniques as presented below. This

. means that there is no significant difference between implementing seven of the most
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widely used tools and techniques. It seems that due to the necessity of above tools

and techniques, there is no significant difference among the contractors to use them to

control the cost of their projects.

On the other hand, the difference seems to appear in three tools which are "compare

delivered material to site with materials invoice", “taking action to adjust material

cost increase”, and " try to group the items that need the same equipment”.

Table 4.29 One Way ANOVA Results

Factor Description SS um of df Mean F Sig.
quares Squares

Compare delivered Between Groups 0.043 1 0.043 | 0.044 | 0.835
quantity with materials | Within Groups 41.116 | 42 0979
invoice. Total 41.159 | 43
Monthly Record of Between Groups 7.569 2 3.785 4619 | 0.016
actual executed Within Groups 33.590 41 0.819
quantities. Total 41.159 | 43
Compare delivered Between Groups 2.747 1 2.747 | 3.003 | 0.090
quantity with quantity in | Within Groups 38.412 142} 0915
monthly payment. Total 41.159 |43
Keep cost information as | Between Groups 3.773 2 1.887 | 2.069 | 0.139
feedback for future cost | Within Groups 37386 | 41 0.912
estimate. Total 41.159 |43
Try to group the items Between Groups 0.000 1 0.000 | 0.000 | 0.978
that need the same Within Groups 41.159 142} 0.980
equipment. Total 41.159 | 43
Inspection the quality of | Between Groups 0.291 1 0.291 0.299 | 0.588
delivered materials. Within Groups 40868 (421 0.973

Total 41.159 | 43
Taking action to adjust | Between Groups 0.027 2 0.014 | 0.014 | 0.986
material cost increase. Within Groups 41.132 41 1.003

Total 41.159 | 43
Taking immediate Between Groups 5.267 1 5.267 | 6.164 | 0.017
corrective action for Within Groups 35.892 [ 42| 0.855
item cost overrun. Total - 41.159 | 43
Investigate about the Between Groups 0.606 1 0.606 0.628 | 0.433
causes of item cost Within Groups 40.553 | 42 1 0.966
overrun. Total 41.159 | 43
Subcontract parts of a Between Groups 0.062 1 0.062 | 0.063 | 0.803
project to control the Within Groups 41.097 | 42 | 0979
costs of these parts. Total 41.159 | 43
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4.3.3 The Spearman (rho) Correlation Coefficient Test

The Spearman correlation coefficient test is used to find if there is a significant
difference between the response of the first and the second classes contractors
towards the obstacles which hinder implementing cost control in their projects.

The Spearman test is made on the average weighted factors resulted from ranking the

obstacles which prevent implementing cost control system.

w  The research question

Do First Class contractors and Second Class contractors differ in ranking the

obstacles in implementing cost control system?

»  The research hypothesis:
There is a significant difference between the first class contractors and second class

contractors in ranking the obstacles in implementing cost control systems.

*  The null hypothesis:
There is no significant difference between the first class contractors and second class
contractors in ranking the obstacles in implementing cost control systems.

Table 4.30 shows the data of ranking the factors that hinder implementing cost

conirol.

Table 4.30: Spearman test results

Rank for | Rank for | Difference | Difference in
No Implementation Obstacles First second inranks | ranks square
Class Class
Di=A-B | D?=(A-B)
1 | Non realization cost control importance. 1 1 0 0
2 | No conviction in implementing cost control. 2 3 I 1
3 | No desire in implementing cost control. 3 2 1 1
4 | Implementing cost control adds extra 5 6 1 1
overhead.
5 | The belief that the increase in cost is due 6 8 2 4
to surrounding situation
6 i Non existence of staff for cost monitoring 8 7 1 1
7 | Previous projects have no increase in cost, 4 4 0 0
thus no need to cost control system.
8 | The resistance of implementation 7 5 2 4
9 | Non-existence of local software 9 9 0 0
specialized in cost control.
Total Di’ = 12
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. To calculate the Spearman rank correlation coefficient (rho), the following formula
is used (Naoum, 1998):
Rho=1_ 20"
N(N* =1
Where, D;= the difference in ranking between each pair of factors.
N = number of factors
__6%*12
981-D
=0.900
For any number of factors N, if the value of the calculated (tho) is equal to or larger

than the critical values of (rho) shown in table 4.31 at the same number of factors N

Rho =1

and at a certain level of significance, then there is a significant correlation between

ranking the factors (Naoum, 1998).

According to Table 4.31, the critical value of (rho)is 0.60 at the significant level
of P =0.05, and at the number of factors N equals 9, It is clear that the calculated
value (tho = 0.90) is more than the critical value (rtho = 0.60). Therefore it is
concluded that there is a correlation between the ranking of both groups and the

null hypothesis should be accepted.

Table 4.31 Ciritical values of rho at various levels of probability (Naoum, 1998)

N (number of ' Level of Significance (P) " ..o o
factors) 005 | 0025 © 001 - 0005
5 0.900 1.000 1.000 —
6 0.829 0.886 0.943 1.000
7 0.714 . 0.786 0.893 0.929
8 0.643 0.738 0.833 0.881
9 0.600 0.683 0.783 0.833
10 0.564 0.648 0.746 0.794
12 0.506 0.591 0.712 0.777
14 0.456 0.544 0.645 0.715
16 0.425 0.506 0.601 0.665
18 0.399 0.475 0.564 0.625
20 0.377 0.450 0.534 0.591
22 0.359 0.428 0.508 0.562 -
24 0.343 0.409 . 0.485 0.537
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CHAPTERSS
COST CONTROL SOFTWARE (CCS)

5.1 Introduction

This chapter discusses the computerized cost control system (software) which the
researcher developed to improve the cost control practices of Gaza Strip contractors.
This software is named Cost Control Software (CCS). The chapter describes the

software components and the method of use. Also, the evaluation and the limitations

of the software are discussed.

5.2 Concepts

The researcher reviewed the local cost control practice of Gaza Strip contractors in
" managing their construction projects. This is done by interviewing 44 local
contracting companies. The researcher found out that the local cost control practice is
not implemented efficiently. Most contractors wait until the end of the project to find
out if the project is profitable or not. The main obstacle for this as found out by the
survey results is the lack of cost control systems that suit the local conditions. The
researcher develops a cost control software to fill this gap and to improve the current
practice.

Also, the researcher in developing CCS had reviewed many software packages
related to construction cost control. As these software packages are developed to
serve non-local companies, it is expected that they are not suitable for local use. The
researcher benefited from the advantages of some of these packages when developing

CCS. A list of these software packages are shown in Annex 4.

The developed software is designed to be simple, and easy to install and operate. It is
expected that the simpler the software, the more chance it has to be used by a large
group of companies. Also, the software is designed to use the commonly available
project data not the complicated ones. The reports produced from this software are

designed to be easily understood by the project team.
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The developed software is designed to be suitable for wide range of construction
projects including buildings, roads, and infrastructure projects. Also, CCS has the
capacity to control many projects at the same period. It should be noted that this

software is designed to handle unit price contracts, as they are the most commonly

used contracts.

The software is designed to be compatible with other programs and systems used by
the company. In this case, the software is built within Visual Basic Environment.
Visual Basic is an Integrated Development Environment (IDE) that allows the
researcher to custom, design, interface forms using standard window controls and to

code routines using the Visual Basic programming language.

There are several pragmatic reasons for using Visual Basic language. First, it is
easily accessible in many popular software packages and can be used in
combination with other MS office tools like spreadsheets (Excel), database
management (Access), and word processing (Word). Second, Visual Basic is well
supported through reference books and extensive online help. Third, Visual Basic is a
relatively simple programming environment. Visual Basic is an object-oriented, and
powerful development platform, ideally suited for producing impressive Windows

applications.

5.3 Cost Control Software Overview

The Cost Control Software (CCS) is a software that is specifically designed for the
local construction contractors to support cost control practices. Survey results show
that most coniractors are interested to have a tool to help them to track project costs
on more frequent basis. |

CCS is a software application that has been developed to provide instant access to
information about the project's cost status. It effectively defines, manages, and
controls costs from project inception to complétion of construction activities. A major
prerequisite to implement CCS is a detailed cost estimate for all bill of quantity
items. If the cost estimate is not previously made, or some items are not previously
estimated in detail, the contractor can make this later on. Also, if the company has a
cost estimate software, the user can import cost estimates from it for developing the

project cost baseline.
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The second requirement for CCS is the weekly input quantity and cost data for project
items. This data represents the actual executed quantities and costs spent on different

project items for all cost components such as materiel, labor, equipment, and

subcontract.

The cost control software flowchart is illustrated in Figure 35.1. This flowchart is
designed to clarify the process of using this software. The flowchart consists of four
groups. Group A represents the company, project and item identification. Group B
represents the data which is prepared during the estimating process for direct and
indirect costs. This data is entered in the beginning of the project and is considered
the cost base line. Group C represents the actual weekly input data for direct costs
and monthly input data for indirect costs. This data represents the actual executed
quantities and the actual costs of all cost components. The final group shows the

reports which are weekly and monthly produced.

5.4 Software Installation

At the first time the user installs CCS, he is requested to fill some basic information
about the company. This information is the company name, address, phone, fax, and
the company logo. It should be noted that some of this basic information appears on

the printed cost reports. A sample of this screen is shown in Figure 5.2 below.

Figure 5.2 Company Information Screen
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5.5 Entering Project Information

After entering the basic information about the company in the first screen, the user
needs to enter information about the new project. A new project can be added from
File menu. CCS uses Microsoft Access database to store its information. Projects
created using CCS will be saved as Microsoft Access database files with (mdb)
extension. When the user adds a new project, a second screen appears inquiring about
the basic information for the project under control. This screen as shown in Figure 5.3
includes data about the project like the project name, project code number, project
budget, project start date, project duration, and any other notes needed such as client
or supervisor. This data can automatically appear on the top of sheets and reports for

distinction.

RREREX

270 days

Figure 5.3 Project Information Screen

Also, the user can set a password for every project to prevent unauthorized
modification of the project data and configuration by any person. After the user enters
the project information, he has to save it. After he clicks on “Save” button, this

information is saved and the screen disappears.
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When the user needs to go to any project executed by his company, he should click on
show all projects under the File menu. This will open the screen as shownin
Figure 5.4. Once he clicks on a specific project in the shown list, the project name
appears on the bottom of the screen and then the Project Screen opens as shown in
Figure 5.5. In this screen, the project name is shown and the week number of the
designated project is presented also. The week number is counted referred to the
project start. Now, the user can enter the project-input data after clicking on “Next’

button.

j-:r-:r*{
{Construction of Drainage Systemn Deir Bakah &

Figure 5.4 All Projects Screen

5.6 Entering Project Items

The first step of entering project items requires the construction of a suitable coding
system to enable the ready transfer of information and data from one area of the
system to another. Item codes should represent accurately the items in the bill of
quantities. It should be noted that each company could choose its own coding system
to facilitate the transfer of information and data between the company’s staff. In this
software, any consistent coding system consists of a number with three to six digits is

accepted.
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Figure 5.4 Project Screen

Afier clicking on the "Next" button in the previous screen, a new screen opens. This
screen is called "Item Description Screen”. The screen which is shown in Figure 5.5
contains some basic information about each item. The first time the user enters this
screen, he needs to fill week number, item code,. item description (preferred to be
brief), bill quantity, and its unit. When the user needs to restore this information, he
needs only to fill item code, and then all of the above information is viewed on the
screen. The only cell which is needed to be filled weekly is the up-to-data executed

quantity.

The up-to-data executed quantity is calculated on site by the site engineer or any
authorized person on site. The previous executed quantity is previously known and it

is the up-to-data executed quantity in the previous week. The actual quantity executed




this week is automatically calculated and appears in the last cell. The final thing the

user should choose in this screen is that if the item is finished in this week or still on

going.

Figure 5.6 Item Description Screen

5.7 Entering Material Data

After entering item description date, the user should click on the "Next" button to
open material screen. The first time the user enters this screen, he is prompted by a
question asking him if there are material costs to be controlled. In some cases, some
items are subcontracted for both materials and labor, so the subcontractor duties are to
control both material and labor costs. In these case, the user should choose "No"
option. In other cases, the items are either executed by subcontractors' labor or by
company's labor. In these cases, the contractor's duties are to control material costs
and the user should choose "Yes" option in this screen, i.¢. (there are material costs).

Next, a sub screen is opened in the bottom of the main material screen.
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At the top of this screen, some basic information about each item is shown. This
includes week number, item code, item description, unit, bill quantity, and the

executed quantity in this week. A sample of this screen is shown in Figure 5.7.

Aatenalame
| 260 Concrste

Figure 5.7 Material Screen

In the material screen, the user is requested to enter two types of data about materials.

The two types are: estimated material data and actual material data. They are detailed

as follows:

5.7.1 Estimated material data

The first type of data entry in the material screen is the estimated data which is
entered only once at the first week of executing an item. This estimated data can be
entered by the user or can be transferred electronically from any cost estimating

software or spreadsheet. The estimated data includes:
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o. Material Code: for each material, there is a unique code which distinguishes it.

e Material Name.

e Material Unit.

e FEstimated Unit Quantity (EUQ): It is the estimated unit quantity of this
material per unit of item i BOQ.

» Estimated Percentage of Waste: It is expressed as a percentage of unit quantity.

o Estimated Unit Price: It is the price which is taken from quotations of many

suppliers or of previous updated company's materials list price.

The following is an example illustrating the above parameters. If we have an item
which is “Supply and cast B 300 reinforced concrete for foundation” expressed in m’,
then this item is composed of three materials which are B300 concrete, steel
reinforcement, and fixing wire. The estimated unit quantity per o’ is estimated to
be 1.0m/m’, 50 kg/ m’, and 4.0 kg/m’ respectively. This data is estimated from bill
of quantities, project drawings, or previous experience.

Another data entry is the percentage of waste that represents the expected percentage
of waste for executing this item. The third and final data entry in this screen is the
estimated unit-purchasing price for each item. It is extracted from the company’s
updated database for material prices, if any. Otherwise, it can be taken from materials
suppliers. It is preferred to take more than one quotation about the price of each

material. In this data entry, it must be taken into consideration the various units of

purchasing materials for different item descriptions.

5.7.2 Actual material data _

When the execution of any item begins, the user needs to enter actual prices and
quantities used in this item. The data needed to be fed in the software is the actual
quantities of materials used in this week and their purchasing price. The actual unit-
purchasing price is taken from the materials invoice.

This input data is the actual qﬁantity used and the actual unit price for each material in
this week. For the previous example, the quantity used for exccuting 250 m’ for the
previous item "Supply and cast B 300 reinforced concrete for foundation” is 258.5 m’
of concrete with actual unit price of § 53.5/ m’, the amount of steel is 13100 kg with

actual unit price of $ 0.45 /kg, and the amount of fixing wire is 600 kg with actual

unit price of $ 0.6 / kg.
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Tt should be noted that after entering each material the user needs to click on

“Save M’ button to save this material and to begin entering the second material for

the same item.

5.8 Labor Data Entry

After entering all of the materials data, the user should click on the "Next" button to
begin entering labor cost data. The first time the user enters labor screen, there is a
question asking him if there is labor cost. If there is no labor cost in this item, i.e. it is
subcontracted, then labor cost will be zero. If the user chooses yes, then a sub screen
opens. A sample of this screen is shown in Figure 5.8.

If it is the first time the user enters labor costs, then he needs to enter the estimated
productivity rate for each crew (unit/day), and the estimated daily wage per each crew

($/day).

Figure 5.8 Labor Screen
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For example, the estimated crew productivity for "Supply and build 20 cm block” is
40 m?/ day / crew with an estimated daily wage of $ 60/ day / crew. Other data which
need to be entered each week is the actual number of crews needed to finish the
executed quantity this week and the actual daily wage. For example, in the previous

item, it needs 8 crews to execute 300 m? of block this week with actual daily wage of

$ 65/ day / crew.

It should be noted that the number of crews is determined from the weekly report and
it represents the number of crews needed to execute this week quantity. The éite
engineer records daily the actual hours spent by site labor on each item. At the end of
each week, these hours are summarized showing man-hours spread over various items.
These hours are expressed as number of days or number of crews and broken down by

a cost code number that identifies work item on which the man-hours are used.

5.9 Equipment Data Entry

In equipment costs, it is necessary to distinguish between equipment owned by the
company and those rented to do a specific job. For equipment owned by the company,
it is necessary to differentiate between operating costs and owning costs. Costs
accumulated as a result of use of the equipment such as the operator’s salary, fuel bill,
and service costs are considered operating costs. QOwing costs includes depreciation,
taxes, insurance, license, and other costs.

For practical considerations, most contracting companies consider owned equipment
as if it is rented from the company itself. To comply with this inclination, CCS is
designed to control equipment costs based on rented equipment. Whether equipment
is from a rental company or from the company’s equipment department, a record is
kept for its use and costs in an equipment rental record. This record indicates the
equipment number, rental period, rental rate, the executed quantity, and the items that
use this equipment. '

After entering labor cost for a specific item, the user should enter equipment costs if
equipment are used to achieve this item. If the user chooses that there is equipment
costs, then a sub screen opens. A sample screen is shown in Figure 5.9. At this screen,
the user needs to enter equipment code, equipment name, estimated equipment

productivity / day when executing this item, and the estimated daily rental rate.
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The actual number of equipment used and the actual number of working days are the
input data for each week Also, the user should enter the actual rental rate. After
entering these data, the user needs to save the data of this equipment, then to enter the
data for the second equipment until finishing the equipment needed to execute this
item,

From this data, the estimated equipment unit cost is calculated. For example, suppose
that to execute a certain item such as "Supply and compact 25 cm thick base course",
three equipment are needed which are Bulldozer, Grader, and Compactor. The daily
productivity for each equipment to execute this item is estimated to be 200 m*/day,
400 m%day and 300 m%/day, respectively. The estimated renting rate is $ 150 / day,
$ 200 / day, and $ 150 / day, respectively. In this case, the equipment unit cost is
estimated to be (150/200) + (200/400) + (150/300) = $ 1.75 / m”,

{Equici 3
{Bulldozer
iGrader

Figure 5.9 Equipment Screen
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5.10 Subcontract Data Entry

The final data entry for the item direct cost is the subcontract cost. For controlling
subcontract costs, we need to be sure that the unit cost of performing a specific type
of work does not exceed the estimated unit cost. Also in this software, we need to
ascertain that the period of executing this subcontract will not exceed the
predetermined contract period. Otherwise, cost overrun may occur due to the increase
of indirect costs and overhead. In the subcontract screen as shown in Figure 5.10, two
estimated values need to be entered. One is the estimated unit cost for performing this
subcontract, and the other is the period to complete this subcontract. The weekly
entered data for subcontract costs are the actual unit cost for this subcontracted item,

and the actual number of working days in this item.

: Bitumen Paink

Figure 5.10 Subcontract Screen
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After entering the cost data related to all of materials, labor, equipment, and
subcontract for an item, the user needs to save this data entry on project database file.
This can be done by clicking on “Save Item” button, After saving this item, you can

add another item and follow the same procedures.

5.11 Cost Reports

There are many reports produced from CCS. These reports are listed under “Reports™
in the “File” menu. When you click on “Reports” command, a screen slides showing

all the reports generated by CCS. These reports are:

Cost Control Summary Report.

¢ Component Cost Control Reports (This week).
- Material cost control report (This Week).
- Labor cost control report (This Week).
- Equipment cost control report (This Week).
- Subcontract cost control report (This Week).
e Component Cost Control Reports (Up-to-date).
- Material cost control report (Up-to-date).
- Labor cost control report (Up-to-date).
- Equipment cost control report (Up-to-date).
- Subcontract cost control report (Up-to-date).

¢ Cost at Completion Report.
e Indirect Costs Report.

5.11.1 Cost control summary report

This report is a comprehensive report to show where there are deficiencies in cost
components for each item. These cost components are material cost, labor cost,
equipment cost, and subcontract cost.

The first three colummns of the report represent item code, item description, and item
unit. The next eight columns represent the four cost components which are materials,
labor, equipment, and subcontract. For each cost component, there is a pair of
columns. One of these columns represents this week unit cost, and the second column

represents up-to-date unit cost. The subsequent three columns represent the estimated
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total unit cost, the actual total unit cost for this week, and the up_-.to-date actual total
unit cost. The following two columns represeht thé percentage of cost variance for
this week and up-to-date. The variance here is referred to the estimated cost. The final
two columns represent the value of cost variance for each item in this week and up-to-
date.

The variance hasa posiﬁve sign for unfavorable performance and a negative sign for
good performance. Any significant variance whether it is favorable or unfavorable
should be analyzed to know the reasons behind it, so that suitable corrective action for

unfavorable performance can be taken. A sample representative report is shown in

Table 5.1.

5.11.2 Component cost control reports (This week)

When the user receives the cost control summary report and if he needs more details
about cost components, he can click on any button in “Reports” sliding screen to
illustrate the cost component reports which needs more investigation. The component

cost control reports for this week are related to material, labor, equipment, and

 subcontract. These reports are described in more details below.

5.11.2.1 Material cost control report (This week)

The material cost control report for each week is shown in Table 5.2. The first three
columns give information about each item which are: item code, item description, and
the unit of this item. The next four columns show the estimated values which are
previously entered in the input screen. These estimated values are the estimated unit
quantity including the percentage of waste, the estimated quantity, the unit purchasing
price for each material, and the estimated unit cost for each material. The estimated
unit cost for each material is calculated by muitiplying the estimated unit quantity
including the percentage of waste times the estimated unit purchasing price.

The next five columns show the actual executed quantity in this week, the actual unit
quantity, the quantities of materials used, the actual unit purchasing price for each
material used, and the actual unit cost for each material comprising this item. The
following two columns show the variances in material quantities. One of these two
columns represents the variance between the estimated quantity and the actual

quantity used as an absolute value and the other column showsit in a percentage

value.
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The next are the price variance columms expressed as an absolute value and asa
percentage value. The final two columns in this repoﬂ are the materials cost variance
expressed as a percentage and as an absolute value. It should be noted that there are
five figures presented in this report in the main row related to each item. These figures
are:
e The estimated unit cost, which is the summation of all estimated unit costs for
all used materials.
e The executed quantity in this week.
e The actual unit cost, which is the summation of all actual unit costs for all used
materials.
¢ The percentage of cost variance for material component.
e The value of cost variance, which is the summation of cost variances for all

materials comprising this item.

5.11.2.2 Labor cost control report (This week)

The primary use of the labor cost control report is to generate labor cost information
to be compared with the estimated labor cost developed during the estimating procéss.
Table 5.3 shows a sample of a labor cost control report. The first four columns
represent information about the item such as item code, item description, unit, and bill
quantity. The next three columns illustrate estimated values for daily productivity rate
per crew, estimated daily wage, and estimated labor unit cost. The estimated
productivity rate and the estimated daily wage are input data as previously explained.
The third column in this group represents the estimated labor unit cost which is the
product of dividing productivity rate by daily wage. The next five columns represent
actual labor data for this week. These columns show the executed quantity in this
week, the number of crews needed to finish this quantity, the actual productivity for
executing this quantity (which is produced by dividing the executed quantity by the
number of crews), the actual daily wage per crew, and the actual labor unit cost. The
next two columms represent the percentage of variance in crew productivity and in
daily wage. The final two columns represent the labor cost variance expressed as a
percentage and as an absolute value. An important note in this report is that the
negative sign for the productivity variance indicates unfavorable performance

contrary to other figures in the different reports.
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5.11.2.3 Equipment cost control report (This week)

Like the two previous reports, the equipment cost control report shows the basic
information for the item under study in the first four columns. These are item code,
item description, unit, and bill quantity. The next three columns show the estimated
values for the productivity rate for each equipment in this item, daily renting rate, and
the estimai:ed unit cost for all equipment used. The next five columns show actual
values for the executed quantity in this week, the number of equipment used in this
week, the actual productivity rate (which is produced by dividing the executed
quantity by the number of equipment used), fhe actual renting rate, and the actual
equipment unit cost.  The subsequent two columns show the variance in the
productivity rate, and the daily renting rate for each equipment expressed as a
percentage value. The final two columns in this report show the value of variance in
equipment cost for this item expressed as a percentage value and in absolute value.

Table 5.4 shows a sample of equipment cost control report.

5.11.2.4 Subcontract cost control report (This week)

The final report related to direct cost components is the subcontract cost control
report. Table 5.5 shows a sample of the subcontract cost control report. Like the other
previous reports, the first four columns in the subcontract report show item code, item
description, unit, and bill quantity. The next column shows the executed quantity in
this week. The subsequent two columns show the estimated unit cost and the
estimated productivity predicted to execute this type of work. The next two columns
show the actual unit cost and the actual productivity in executing this week quantity.
The subsequent two columns show the percentage in variance in unit cost and in
productivity rate. The final column represents the value of variance in executing this
subcontracted item. It should be noted that the value of variance stems only from the
variance from unit cost. On the other hand, the productivity variance does not affect
the value of variance. It is only an indication to pinpoint that there is a delay in this
subcontract which should be taken into account. This delay may lead to cost overrun

to the main contractor due to increasing of indirect costs.
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5.11.3 Component cost control reports (Up-to-date)
Other reports produced from this software are the up-to-date cost component reports
which are produced for materials, labor, equipment, and subcontract. Samples of the

up-to-date reports are shown in Annex 7. These reports are:

5.11.3.1 Material cost control report (Up-to-date)

This report is like this-week material cost control report, except that the values in the
report are for up-to-date quantities and prices. These values show the up—to-date used
quantities, the up-to-date unit quantity, and the up-to-date unit-purchasing price for
each material. The up-to-date quantity is the total of the quantities of used materials.
The up-to-date unit-purchasing price is the average value of the prices of the used
materials. For example, if the contractor supplies 100 m* of concrete with $ 50 in
week 1, and 60 nt’ of the same type with $ 55 in week 2, then the up-to-date unit
purchasing price is {100*50+60*55)/(100+60) = § 51.875.

The rest of this report presents the quantity variances and price variances in both
absolute and percentage values. The final two columns show the up-to-date cost

variance for each item expressed as a percentage and as an absolute value.

5.11.3.2 Labor cost control report (Up-to-date)

Besides the basic information for each item and the estimated value for labor cost, the
up-to-date labor cost control report shows the up-to-date executed quantities, the fotal
number of crews needed to execute these quantities, the corresponding crew
productivity, the average of the daily wage, and the associated unit cost for the up-to-
date period. The next three columns show the percentage of variance in productivity,

wage, and unit cost. The last column shows the up-to-date value of variance.

5.11.3.3 Equipment cost control report (Up-to-date)

In this report, the total number of different equipment needed to execute the up-to-
date quantity is shown. Also, the average of the productivity rate and the average
rental rate of each equipment is established. From these data, the equipment unit cost
for each item is calculated. Also, this report shows the percentage of variance for the
up-to-date productivity, renting rate, and unit cost. The final column of this report

shows the value of variance of the equipment component to this item.
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5.11.3.4 Subcontract cost control report (Up-to-date)
This report is similar to this week subcontract cost control report except that the data
for the unit cost and the productivity rate are the average of the previous weeks taking

into account the weighted average of the executed quantities each week.

In this software, all the reports can be printed by pressing on the print command in the

standard toolbar or from "File" menu.

5,12 Selective Reports and Corrective Action

After all the reports are presented, the items which have a significant cost overrun are
hightighted. These items have the property of being isolated in a selective report
which shows only the items having a significant cost overrun or underrun. The user
needs to choose the absolute value and percentage limit which he finds that below or
above these limits, those items need more investigations.

For example, if the user needs to show only the items which have 3 %
overrun/underrun or it leads to absolute value of 200 §, these values should be filled
in the control limits screen shown in Figure 5.11. In this case, only the items which its

variance are equal or above of these limits will be shown in the report.

Figure 5.11 Control Limit screen
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The causes of cost overruns are investigated with the project team. The reasons for
cost overruns may be due to one or more of cost bomp-onents_ that comprise this item.
In this step, we have detected the areas of cost overrun but it is insufficient to find the
main cause. In each one of the previous reports, there may be more than one cause for
cost overrun. In material cost report, cost overrun may be due to consuming more
material than estimated materials or due to the increase in unit purchasing price. In
labor cost report, cost overrun may be due to low productivity, or due to higher

wages. The same thing can be said about equipment and subcontract.

Once, the symptoms which lead to cost overrun are detected, the project manager in
coordination with other staff involved in the project are going to begin a corrective
action plan. This can be done by narrative reports explaining the causes of cost
overrun for some significant items. The natrative report is a report that includes the
comments on the main produced reports from the software output. It includes
information that the project manger believes should be brought to the attention of

senior management.

5.13 Cost Forecast

At the same time of investigating the reasons which lead to cost overrun, the cost
control cycle is continued. In this step, the project manager needs to forecast the unit
cost (cost to complete) for each item to the remaining quantities. For each cost
component of material, labor, equipment, and subcontract, the user should predict the
forecasted cost for the remaining quantities. This can be done by choosing the cost
component in the sliding screen under the “Forecast” command in “File” menu.

In CCS, there are provisions for four methods to calculate the forecasted cost, and the
project manager can choose which method he finds appropriate for estimating the

remaining costs.

These methods are summarized as follows:
o The first method assumes that the remaining quantities will be executed
according to the estimated costs with no extra cost overrun or underrun in

the cost of the remaining quantities.
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e The second forecasting method assumes that the past performance of the
project will continue at the same rate of efficiency or inefficiency for the
balance of the project.

e The third forecasting method assumes that the forecasted unit cost will be
the average of the estimated unit cost and the actual unit cost assuming that
the project staff will do their best to go back to the estimated costs.

e The final method is left to the project manager judgment and he has to

choose the value he finds it appropriate to complete the project.

A sample of this forecasted cost screen is shown in Figure 5.12 below.

Figure 5.12 Forecast Unit Cost Screen

The user should select the appropriate method for calculating the forecasted unit cost
for the remaining quantities for every cost component. In the forecast screen, the
forecasted unit cost is automaticaily calculated and shown in the cell adjacent to its
method for the first three methods. For the fourth method, the user should fill the

figure he finds appropriate for the remaining quantities.
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5.14 Cost at Completion Report |

The purpose of the cost at completion report is to illustrate the forecasted trend of the
project cost. In this report, the first four columns show basic information about an
item such as: item code, item description, unit, and bill quantity. The following two
columns show the estimated unit cost and the estimated cost for bill quantity. The
subseqﬁent two columns show the up-to-date executed quantity and the remaining
quantity up-to-date. The following two columns show the up-to-date actual unit cost,
and the forecasted unit cost for the remaining quantity. The subsequent three columns
show the actual cost, the forecasted cost (cost to complete), and the cost at completioﬁ
for each item when it is completed according to the new situation. The final two
columns show the variance between the estimated cost and the cost at completion
expressed as an absolute value and as percentage.

It should be noted that the bill quantity in this report is the quantity in the bill if the
item is still on going. When this item is finished, the bill quantity will be the final
executed quantity and all calculations are done according to this quantity. A sample

report for cost at completion report is shown in Annex 7.

5.15 Indirect Costs

Controlling indirect costs is critical for all contracting companies. Increased
competition and slim profit margins have forced contractors to look seriously at
overhead cost management. In some projects, indirect costs constitute a considerable
percentage of the project cost. Because the indirect costs vary according to project
requirements, a special form is created to control indirect costs.

In this sofiware, the user should click on the “Add indirect cosf’ command under
“File” menu, then the screen related to indirect costs opens. In this screen, the user
should fill each of the indirect cost requirements in addition to its unit of
measurement. In the same screen, the user should fill the estimated number of the
indirect cost clements and its estimated unit cost. For practical considerations,
controiling indirect costs is done at the end of each month. In the indirect cost screen,
the user should fill the actual number of indirect cost elements actually used and its

actual unit cost at the end of each month. A sample for indirect cost input data screen

is shown in Figure 5.13.
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Figure 5.13 Indirect Cost Screen

Tt should be noted that the common practice of local contractors is to estimate
overhead cost as a percentage of the project cost. This estimate is done according 1o
previous project records taking into account the value of each project. In this case, the

monitoring and control of the overhead cost will be done once at the end of the

project.

5.16 Indirect Costs Report

In this report, the first three columns show the serial number, the list of indirect cost
elements and the unit of measurement for each element. The following two columns
show the estimated required numbers and the estimated unit cost for each unit of the
indirect cost elements. The subsequent two columns show the actual used number and
its actual unit cost. The final two columns represent the cost variance in the indirect
cost elements as a percentage in one column, and as an absolute value in the second
one. At the end of each month, the total value of indirect cost variances is shown. A

sample of the indirect cost report is shown in Annex 7.
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Once CCS has produced all these cost reports, they become wealth information for
the estimator to estimate the costs for future projects with similar items. These data
are the final data if the project is finished, or it is the up-to-date unit cost if the project

is not completed.

5.17 Software Evaluation
In order to test the applicability of the Cost Control Software (CCS) to local
contracting practice, it is tested by the researcher using a sample project. The sample
project is described in Annex 7 showing all input data and output produced reports.
Also, the software should be applied to real projects and evaluated by practicing
contractors. The objectives of the evaluation process are:

e To determine how far the software satisfies the contractors requirements.

e To identify the applicability of the tools and techniques offered by the

software.
e To clarify the advantages of the software.
e To identify the difficulties that face the contractors when they use CCS.

e To recognize the contractors’ criticism and comments on the software.

The evaluation process involves the development of a questionnaire to evaluate CCS.
The evaluation process is conducted after sofiware development and the results are
analyzed to determine the acceptability of the software. The questionnaire is filled by
three contracting companies and two professional experts. They are requested to fill
the questionnaire afier explaining the software method of use and feeding some data

of a sample project. They are given one week for program training to get familiar with.

The questionnaire consists of five questions. The first question asks about the
software suitability in terms of data entry, the tools and techniques, and the produced
reports. In this question, the respondents have to give their opinion about these
indicators. The second question asks about the main advantages which the software
offers. In the third question, the respondents have to state the difficulties which face
them when they use the software. The fourth question asks the respondents to provide
suggestions to make the software more beneficial. The final question is left for the
respondents to add any comments on the software. The Arabic and English versions

of the questionnaire are shown in Annex 5 and Annex 6 respectively.
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5.18 Evaluation Questionnaire Results

The results of the first question is shown in Table 5.6. From these results, it is found
that there is general satisfaction (Agreement Index = 78.1 %) of the surveyed sample
when they are asked about the applicability of the cost control software tools,
techniques and indicators. The results of the first question are clustered m groups. The

foﬂowing is an illustration for these groups:

Data entry: From the survey results, it is found that there is arelatively strong
agreement among the surveyed sample about the suitability of the method of entering
project data (90 %) and entering project items data (80 %). When they are asked about
entering the indirect cost data, the satisfaction has reduced to 65 %.

Input Data Collection: The survey results reveal that most of the surveyed sample
strongly agrees that the input data related to material costs are easily collected (85 %).
However, the satisfaction is reduced when they are asked about the easiness of
collecting the input data related to labor costs (65 %) and equipment costs (70 %).
Reports: Survey resulis show that most of the surveyed sample agree or strongly
agree (80 % —90 %) that all the direct cost-reports illustrate the cost information in a
good format. These repbrts are related to material, labor, equipment, and subcontract
reports. On the other hand, the satisfaction is reduced to 70 % and 75 % for the
reporis related to indirect costs and cost at completion reports respectively. Also, it is
found that all of the surveyed sample either strongly agree or agree that the
classification and sorting of cost reports are appropriate.

Software: Most of the surveyed sample (75 %) agree that the software is appropriate
for relatively large projects and it is relatively easy and does not need a long time to
be familiar with. _

Finally, Most of the surveyed sample (75 %) agree that the methods for predicting

remaining quantities to calculate the forecasted costs to complete are appropriate and

could be applied.
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Table 5.6 The results of the evaluation questionnaire

@ 5 Q *
5, 121588
No. Technigques and Data Entry > 85 |8 | & 'g'b 2
ANERERERE
] =] =
w2 z [} ‘}‘3
1 | The method of entering project datais | No. | 3 2 0 0 0 20
appropriate. % |60.0/40.0| 00 } 0.0 | 0.0
2| The method = of entenng prOJect 1tems No. | 22 2 | 1 0| 0 | 80"
| data is appropriate. - % 1400400200} 00 | 0.0 | - "
3 | The method of entering mdu'ect cost data No. | 0 3 | 2 0 0 65
is appropriate. % | 0.0 [60.0][40.0| 0.0 | 0.0
4 .| The actual material input data (Quantlty No.|l 21 3 [0} 0 0 |-85°
- | + Price) is easily obtained. . % 1400]60.0]00]00]00 | 7>
5 | The actual labor input data (Product1v1ty No.| 0 | 3 2 0 0 65
-+ Wage) is easily obtained. % | 0.0 | 60.0]40.0]| 0.0 | 0.0
- 6 | Actual equipment input data (Product1v1ty No.| 0] 4 | 1 0 0 | 70
: + Rental rate) is easily obtained. % | 0.0.]80.0[200] 00 | 00|
7 | Material cost control report illustratesthe | No. | 2 3 0 0 0 85
cost information in a good style. % |40.0]|60.0] 0.0 | 0.0 { 0.0
8 | The labor cost control reportillustrates | No. [ 3 | 2 0 0 | 08 |90
the cost information in a good style. % 160.0]400]00 [00]00 ] "
9 | Equipment cost control report illustrates | No. | 2 2 1 0 0 80
the cost information in a good style. % |40.040.0[20.0] 00 | 0.0 |
10 | Subcontract cost control report illustrates | No. | 2 | 3 0 | 0 0 85 -
the cost information in a good style. % 1400]600] 00 | 0.0 | 0.0 ] -
11 { The indirect cost control report illustrates | No. | 1 2 2 0 0 70
the cost information in a good style. % 120.0140.0140.0] 0.0 | 0.0
12 | The cost-to-complete report illustrates | No. | 1 | 3 1 .10 0 | 715
: the cost information in a good style. % 1200[600]200] 00 [ 00| o+
13 | The classification and sorting of the | No. | 2 3 0 0 0 85
weekly cost reports are appropriate. % |40.0]60.0;00.07 0.0 | 0.0
14 | The software is easy and doesnotneeda | No. | 1| 3 | 1.} 0 | @ 75.
large time to be familiar with it. % | 20. {60.0}200] 0.0 | 0.0 |
15 | The software is applicable in the [ No. | 1 3 1 0 0 75
relatively large project in Gaza Strip. % 1200600200 0.0 | 0.0
16 { Methods of predicting cost tocomplete | No. | 1| 3 1 0 0 | 75
for remaining quantities are appropriate. % 1200]600[200} 0000 |
General Agreement Index 78.1
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5.19 Software Advantages
In the second question, the surveyed sample is asked to state the main advantages of
the software. From the results of this questionnaire, the main mentioned advantages
are:
s CCS pinpoints to the items which lead to project cost overrun.
e CCS helps in measuring the quantities needed to be supplied to site.
Also, it helps in determining the loss or damage in materials.
e CCS helps in controlling the productivity of labor and equipment. This
will encourage local companies to use the productivity rates as a control
tool for project costs.
¢ In general, CCS is easy to use and capable of updating information.
e CCS encourages contracting companies to go in more details in
estimating BOQ items.
e CCS gives detailed reports for each ofthe cost components (material,

labor, equipment, and subcontract).

5.20 Software shortcomings
In the third question, the surveyed sample is asked to state the main difficulties they
face when they use the software. The main shortcomings are:
e CCS is demanding. It needs a coding system, detailed cost estimate and a
staff for monitoring materials, labor, and equipment.
e Local contractors have difficulties in the availability of productivity rates
for labor crews and equipment.
e Indirect cost requirements should be listed in the screen to readily choose

the needed requirement.

It seems that the main difficulties which face local contractors in using CCS is the
unavailability of some basic requirements for any contracting company. The
detailed cost estimate is the responsibility of each contracting company to prepare.
Other requirements such as coding system and productivity rates are not widely
used locally. Until preparing a national coding system and a local productivity rate

manual, local contracting companies should do it to cope with international trend.
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Of course, applying a cost control system will have its own cost burden on the
project budget. The more sophisticated the system is, the more useful it will be in
controlling the project cost but also the more expensive it will be. On the other
hand, there is no doubt of the importance of introducing the cost control aspect to
management of construction projects. So, the researcher advises the users to
allocate the necessary resources .in running the cost control system which will result
in a saving to the total cost. For contracting companies with small turnover, they
should begin slightly with using cost control in managing their projects.

It is expected that operating CCS will need at most one foremen to collect the
required data to feed the sofiware. For large projects, the cost of operating this
software will be covered by the money saved when operating the cost control
software. In small projects, CCS can be operated by the project general foremen
who can do this job besides his other duties. '

In general, a research may be required to compare the cost of operating CCS with

the money that is expected to save in order to determine the effectiveness of CCS.

5.21 Respondents Suggestions
In the fourth question, the respondents are asked to give their suggestions to improve
the software. Most of the respondents state that this software is a good start point for
local contractors to begin controlling their project costs effectively. However, the
following suggestions are expressed to improve CCS:
¢ To make a provision to consider estimating and control of indirect cost using
a percentage of direct cost to have it compatible with the common practice.
e To provide the software with a pool of general items and item codes to be a
basis for selecting project items.
o To add a help or method of use in the software.
¢ To make a provision to control equipment cost owned by the contractor.
e To include a facility to control some project items in a duration less than one
week to accommodate the short duration of these items
e All output reports should be weekly separated (i.e. each week should be ina
separate page).
The above suggestions have valuable ideas. Some of them are taken into account by

the researcher in the modification process. Others are left for further researches.
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Chapter 6

Conclusions and Recommendations

6.1 Introduction

The research aim is to explore the practice of local contractors in constructibn cost
control and to develop a tool to enhance this practice. CCS is the fruit of this research.
This chapter includes the conclusions of this research and practical recommendations
addressed to different parties involved in the construction sector. Also, it introduces

recommendations for proposed further studies.

6.2 Conclusions

¢ Most ofthe surveyed contractors are aware of the concept and the necessity of
cost control in managing their projects. They realize its necessity and they have
the desire to implement it. The main obstacle for not doing this is the non-

existence of suitable cost control software that considers the local practice.

o Although local contracting companies do not use a comprehensive system for
cost control, they use some of the fragmented cost control tools and techniques.

The most notable of these tools and techniques are:

Comparing delivered material to site with material invoice.

Monthly recording of actual executed quantities.

Keeping cost information of previous projects as feedback for future -

estimate.
- Taking immediate corrective action to adjust the increase in material cost.

Investigating the causes which lead to cost overrun.

Comparing delivered materials to site with quantities approved in

monthly payments.

The above tools and techniques are usually implemented using manual forms.

Computerized forms are seldom used.
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o Survey results reveal that some important tools and techniques for cost control

are rarely used by local contractors. These tools and techniques are:
- Recording of actual daily and weekly executed quantities.
- Predicting the cost at completion for different items.
- Comparing the actual used quantities with the quantities in the cost
estimate. |
- Comparing the actual labor productivity rates with the estimated rates.

- Comparing the actual wages of labor with the wages in the cost estimate.

The most two factors which the contractors consider important to the success of
any cost control system are “having the logical and balanced cost estimate™ and
“the availability of qualified technical staff that could handle cost monitoring
and control processes”. Furthermore, The most important benefits gained by
applying a cost control system are:

- Pinpointing the items that have cost overrun.

- Accurate determining the causes which lead to cost overrun.

- Providing accurate information as feedback for future estimates.

There is no significant difference in ranking the most ten necessary cost control
tools and techniques between First Class contractors and Second Class
contractors. Also, there is no significant difference among the different classes of
contractors in implementing the most widely used cost control tools and
techniques. In addition, it is concluded that there is no significant difference
between the first class contractors and second class contractors in ranking the

obstacles in implementing cost control systems.

The evaluation process indicates that there is general satisfaction of the
applicability of the cost control software regarding data entry, input data
collection, output reports, easiness of use and its suitability to local use. Also,
CCS encourages contracting companies to estimate BOQ items in details and it
has the capabilities to pinpoints to the items which lead to cost overrun.
However, applying CCS needs some requirements such as coding system,
detailed cost estimate, estimated productivity rates for labor and equipment

which may not be available to local contracting companies.
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6.3 General Recommendations

To Local Contracting Companies

The top management of contracting companies should show more
commitments to apply cost control systems to manage their projects. They

should allocate more resources for this process because this will benefit the

company.

Contracting companies of various classes should provide training
programs about cost control for their technical staff to explain the concept

of cost control and its benefits.

All contracting companies should use information technology in managing
their projects. They are encouraged to keep historical data of the finished
projects, the up-dated price of the construction materials, quotations of
subcontractors, renting rate of different equipment and any other

requirements.

To Public Owners

In order to raise the level of local contracting companies, public owners
should request the cost control system to be one of contract requircments

for projects pre-qualification.

As the main prerequisite for any cost conirol system is the detailed
estimate, public owners should request from contracting companies to

submit a detailed cost estimate for all bill of quantities items with the

tender documents.

Public owners should hold training courses for their employees to explain

the concept of cost control.
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To Contractors Union, Universities, and Association of Engineers:

Training courses and seminars should advise top management of
contracting companies that applying cost control will lead to minimize cost

and maximize profit, or at least cover the operation of this system.

It is important to conduct seminars for contracting companies in Gaza Strip
to explain the cost control process in detail and to explain the expected
benefits. This can be followed by holding training sessions for the staft of

the contracting companies.

6.4 Recommendations for further studies

As the cost control system is mainly dependent on cost coding system and
this cost coding system is not used locally, it is recommended to develop an

integrated cost coding system for the most used items.

The use of cost control system is dependent on some estimated values
which local contracting companies do not have experience with. Some of
these values are: the estimated daily productivity for equipment, the
estimated daily crew productivity for different jobs and crew compositions.
It is recommended to conduct researches to prepare manuals for these

values on professional basis.

It is recommended to conduct rescarches to find out the estimated

percentage of waste for different matcrials.

CCS deals with equipment assuming it is rented even when it is actually
owned by the company. It is recommended to develop equipment cost

control system that controls the owing and operating costs.

‘It is recommended to conduct researches to integrate CCS with other

estimating and scheduling software packages.
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Annex 3

THE ISLAMIC UNIVERSITY — GAZA
Faculty of Engineering — Civil Engineering Department
Questionnaire
Sfor

Investigating the Local Practice of

Contracting Companies in Project Cost Control

A Partial Fulfillment of the Requirements for Degree of Master

of Science in Construction Management

Researcher; Hashem Arafa Skaik

Supervised by: Dr. Kamalain Sha’at

March 2003
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Dear Contractor:

Questionnaire

First, I would like to present my appreciation and thanks for your participating
with time and effort to fill this questionnaire. This questionnaire will supply the
researcher with the required information to investigate the local practice of
contracting companies in the methods used in controlling their project costs.

Also, this questionnaire will help the researcher to know the local contractors
needs in order 1o develop a soflware which suits the local construction industry in

cost control field.

This questionnaire is part of partial requirement for degree of Master of Science

in construction management,

All information in the questionnaire will be used for scientific research only in
order 1o develop the local construction industry, with keeping secrecy for the

company’s information.

When finishing this research, the involved and participant companies will have a

copy of the survey results.

Researcher
Eng. Hashem Skaik
March 2003

127



Questionnaire

Company Profile

1. Year of establishment

2. Company Scope of Work.
Building Works. [1 Main Field [] Secondary Field [} Nome
Road Works. [} Main Field [l Secondary Field [_| None

Sewage and Water Works [ Main Field [] Secondary Field [} None

3. Classification according to contractors’ union classification.
ng

Building Works. [ FirstClass(A) -] First Class(B) [] Second Class [] Third Class

Road Works. [J FirstClass (A) ] First Class8) L1  Second Class L] Third Class

Sewage & Water Works [ ] First Class (A) [] First Class(B) [] Second Class [} Third Class

4, Average number of employees during the last five years
5. Average number of permanent technical staff during the last five years .

6. Total number of execuied projects during the last five years.

{ 1 10and Less L1 g1-20 (1 (21-30) [] More than 30

7. Total value of executed projects during the last five years (in million dollars).
[J130andless L[J (3.1-6.0) [1¢6.1-10.00 L] Morethan10.0

8. Position of respondent.

[_1 Director of Company [} Projects Manager

{1 Project Manager {1 Others. Specify
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9. During tender stage, cost is estimated according to:

Method of cost estimating

Mostly

0cc.asionally

Rarely

Precis¢ detailed estimate for miost bills of quantity items
(materials, labor, equipment, subcontract, and overheads).

Precise detailed estimate for most significant items (materials,
labor, equipment, subcontract, and overhead).

Similar items in previous projects.

Previous experience and current market situation without
doing a detailed estimate.

After contract award.

Cost Baseline

Mostly

Occasionally

Rarely

Cost estimate prepared during tendering is used as a baseline
to compare estimated costs with actual costs.

A new cost analysis is made for most BOQ items to be used as
a baseline to compare estimated costs with actual ones.

A new cost estimate is made only for big value items.

No cost control is made in spite of the availability cost
breakdown.

No cost control is made because there is no cost breakdown.

In the projects executed by your company, cost is controlled:

Timing of Cost Control

Mostly

Occasionally

Rarely

At the end of the project.

At the end of the financial year for all projects under
construction in this period.

At the end of the financial year for every project.

At receiving the interim payment certificate.

At the end of each month.

g2l lwite] I =Th=

Biweekly.
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12. The following are some methods for cost control, please give your opinion about
the necessity of using these methods, actual usage, and the method of usage:

Please tick (X) opposite the appropriate selection for necessity degree, usage

range, and method of usage.
Necessit Usage
No Cost Control Method Degreey Range e
ost Control Methods
Z z Zls|lo|=|§ % é é‘)
A | Cost control is done at the end of the project
by comparing the total payments with the
total expenditures.
B | Cost control is done by comparing monthly
payments with expenditures and financial
obligation for the same period.
C | Cost control is done by comparing the
expenses of each item or group of items with
earned value of these items.
D | Cost control is done in wunit price basis for
both estimated and actual costs.
N Necessary NSW  Some what necessary NN Not Necessary
M Mostly O Occasionally R Rarely
WR  Without Recording  RWUF  Recording without  RUF  Recording RUCF  Recording using
using forms _ using forms computerized forms

13. Please give your opinion about the effect of the following obstacles for not

using a cost control system in your company.
Please tick (X) opposite to the appropriate selection.

Using Obstacles

Very High

High

Moderate
Low
Very Low

Non realization the importance of cost control system.

Non existence of conviction in implementing cost control
system.

Non-desire in implementing cost control system .

The belief that implementing cost control system costs
more than what can be saved of implementing it.

b Qi) wE@»

The preexisting belief that the increase in costis mainly
due to the surrounding situations, so there is little benefit of
implementing cost control system.

'-ri

Non availability of the technical staff for cost monitoring
and cost analysis.

Most of previously executed projects have no increase in
cost; so there is no need of applying cost control system.

oo

The resistance of implementation either from site engineers
or from project managers.

L]

Non existence of local software specialized in cost control.

130



14. Please give your opinion in the necessity of using, actual usage and the method
of usage the tools and techniques specialized in the cost control system:

Please tick (X) opposite the appropriate selection

Classification

No.

Tools and Techniques

Necessity

Usage
Range

Usage Method

N
NSW
NN

=

2

RUCF

A (General)

The daily record of actual executed quantities.

The weekly record of actual executed quantities.

The monthly record of actual executed quantities.

LR RS R

The variance between the actual costs and the
estimated costs is expressed in absolute values.

The variance between the actual costs and the
estimated costs is expressed as a percentage value,

The project manager follows up the corrective
action steps.

Keeping the cost information of previous executed
projects to be used as feedback for cost estimating
of future projects.

Measuring of remaining quantities to estimate cost
at completion according to the new information.

B {Material}

Comparing delivered quantities to site with
materials invoice.

Inspection of the quality of delivered materials to
be sure that they are as specified.

Comparing the quantity of delivered materials to
site with quantities certified in monthly payments.

Comparing actnal quantity used with quantities
estimated in the cost estimate.

C (Labor)

Comparing actual costs for labor with estimated
costs in the cost estimate.

Comparing the productivity rate for labor with the
estimated rates in the cost estimate

Comparing the actual daily wage of labors with
the estimated wages in the cost estimate

D (Equipment)

Comparing the total (operating + owning) costs of
owned equipment with the renting cost of similar
cquipment.

Comparing the actual costs of equipment with the
estimated costs in the cost estimate.

N Necessary NSW  Some what necessary NN Not Necessary
M Mostly 0 Occasionally R Rarely

WR  Without Recording RWWUF  Recording withowt  RUF  Recording RUCF Recording using
using forms using forms computerized forms

131




procedures specialized in the cost control system:

Please tick (X) adjacent the appropriate selection.

15. Please give your opinion in the necessity of using and the actual usage of the

- Necessity Usage
2 Degree Range
[~
g8 Procedure
E g ’ z ; =lo|m
&)
1 | Notification of project engineer to top management
in cases of significant increase in the actual costs
of some items.
| 2 | Investigate about the causes that lead to significant
E increase in the actual cost.
g 3 | Taking immediate corrective action to control the
< significant increase in the cost of the items.
4 | Cost control is concentrated on big value items.
5 | Trying to reduce project duration to minimize site
overhead.
6 ! Controlling costs using cash flow S - curve
1 | Existence of stock management system in the
company to the different projects.
=12 |Investigate about the causes of the mcrease in
g material costs than the estimated costs.
é 3 | Taking action to adjust the increase in material
m cost in cases that permit.
4 | Changing the supplier when the material price
| increases in cases that permit.
~| 1 | Taking action to adjust the increase in labor cost
2 in cases that permit,
= | 2 | Making agreements with labor to work a specified
© guantity in a predetermined time and cost.
5 1 1 | Trying to grouping the items which have the same
) equipment at the same time to reduce cost.
=
{1 | Subcontracting parts of a project to control the
g costs of these parts.
=
_g 2 | Subcontracting parts of a project to concentrate on
@ cost control other parts of the project.
&
N Necessary NSW  Some what necessary MN Not Necessary
M Mostly O Occasionally R Rarely
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16. Please determine the necessity degree of the following factors in the success
and efficiency of implementing cost control system. '

Please tick (X) adjacent the appropriate selection

@ 2
= . E“ gl E &S
2 Implementing success factors R B3|
> = >
1 | The logical and balanced cost estimate.
2 | The availability of qualified technical staff for cost
monitoring and its allocation on different items.
3 | The early taking corrective actions to control
project costs.
4 | The early implementation of corrective action to
control project costs.
5 | The precise follow wup for implementation of
corrective action to control costs.
6 | Top management commitment in cost control
through offering opportunities to attend training
courses to fechnical staff.
7 | Implementing a system of incentives for employees
in cases of executing the project within the
established budget.
17. Ewaluate the expected benefit of implementing cost cantrol system..
Please tick (X) adjacent the appropriate selection
B 2 2
§ Expected Benefit E, g" % § E‘
> p= -
1 | Accurate determining the items which actual costs
exceed apparently its estimated costs.
2 | Accurate determining the causes which lead the
increase in items costs 1o take corrective action.
3 | Determining the responsibilities of company’s
employees.
4 | Increasing employees’ competence.
5 | Increasing competitive capability of the firm.
6 | Helping in estimating variation orders.
7 | Helping in logical estimate of claims.
8 | Provide accurate information as feedback for

future estimates.
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Annex 4

Overview of Cost Control Software Packages

This annex illustrates an overview of software packages related to cost control. It should
be noted that there are numerous software packages specialized in cost controlon

Internet. The followings are some of the reviewed software packages.

A4.1 Oishii

The Project Cost Control System (Oishii) is a software application that has been
developed specially to provide instant access information about a project's cost status. It
provides a tool to effectively define, manage, and control costs from project inception to
completion. It has been speciﬁcally designed for the construction industry to support

project management practices.
The Project Cost Control System (Qishii) is designed to easily integrate with other
accounting software while supporting the needs of project management. Data is stored

in an Access database making it easy to retrieve from other applications.

With the Project Cost Control System you can:
e Create and manage budgets,
o Detailed variations to the budgets and orders,
s Enter orders and supplier information,
* Record all invoices received and track payments,
s Easily cross reference between budget estimate and actual,
e Generate reports on budgets, budget variations, orders, order variations,
invoices and payments.

e Manage cash flow.

The Project Cost Control System (Oishii) supports the project management function by
ensuring that the project manager has instant access to all information about a project's
costs, orders and supplier accounts within one environment. It provides easy cross-
referencing between budget estimate and actual, orders, invoices and payments to allow

project mangers to control budgets and total costs.
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i

A4.2 ARTMIS CostView
Artemis CostView is a powerful application for prbject cost planning, control and

earned value management reporting. CostView provides complete project, contract and

financial management, as well as analysis and reporting.

Features:

L

Enterprise cost planming and control.

Online cost data and variance analysis.

Full Earned Value Management (EVMS).

Compliant project control and reporting.

Optional Job Server for large volume data processing and reporting.

Integration with other Artemis Views applications.

CostView planning and budgeting provides the following benefits:

L ]

Visibility of ‘weekly and / or monthly direct cost, overheads, general and
administrative expenses.

Visibility of cost and schedule integration in a work package.

Summary information for selected accounts.

Complete control of budget changes.

Ability to set tolerance threshold against cost performance for “management by
exception”.

Visibility of historical project data to estimate future cost profiles and labor
hours. '

Also, CostView offers analysis and reporting features which include the followings:

L)

Ability to input and/or generate weekly or monthly earned values.

Access to weekly and monthly variance reports.

Online variance analysis to document impacts and corrective actions.
Identification of statistical trends based on performance to date extrapolated to

show the most likely Estimate-at-Completion.
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A4.3 QPR Cost Control Software

QPR Cost Control software is a powerful and effective Activity Based Costing System.
It offers the company with a solid basis for profitable business management and
development. QPR helps the user to understand the real cost structure of his company

and identify how his business really works. QPR gives you a comprehensive picture on

‘how your resources are being spent. It brings resources and activities to a decision-

making level. QPR gives you the information you need to make decisions about the
most profitable path for your business.

With the powerﬁil QPR Cost Control sofiware, you can:

» Create comprehensive activity costing models to illustrate the carrent status of
the project.

e Structure and support a company wide implementation of activity based costing.

e Ready made reports provide you with the relevant information for effective
decision-making.

o Identify which costs your resources in the project are consuming and in which
process they are working.

o Analyze the profitability of the project activities.

» Discover which activities and resources that are cost consuming. How much

these activities need control?

A4.4 ERGON IRIS
ERGON TRIS software is sofiware specialized in project management & cost control for

construction companies.
ERGON IRIS produces reports in different formats, allowing summaries and recaps of

all primary and all carrier shares. It even includes accounts payable and receivable

information.
Furthermore the software applications cover the following domains:

e On-site cost confrol & project management.

e Mechanical equipment resource control and management.
» Inventory - storage management.

e Accounting, fixed assets, bills & drafis etc.

e Payroll & personnel administration.
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A4.5 E-festos Cost Control Software |

E-Festos cost control software is the leading cost control system for the construction
industry. E-Festos covers all managerial, financial and cost control needs of your
construction company by tracking evéry simple action in headquarters or in the
construction sites. It provides seamless information exchange between every person |

connected to your company.

E-festos software is a modern ERP (Enterprise Resource Planning) system, specially
designed for construction companies. Construction is a very particular sector, not only
because of the uniqueness of each project, but also because of the coniplexity of the
construction activities.

E-festos was developed taking into account all this complexity. Its design philosophy,
which focuses on cost centers, allows construction companies to cost-effectively

increase revenue, while decreasing construction costs.

The ERP system e-festos is:
Specialized: It has been specially designed for the construction industry.

Secure: It provides access rights at multiple levels, in order to assure security and

®

privacy of data.

e Expandable: It allows scaling your operation and adding functionality while you
run your business your way.

o User friendly: Simple and user friendly interface makes it easy to use even by
NOVICE USETS.

o Flexible: It can be easily integrated into the operational environment of every
company.

o Integrated: It integrates all business procedures and provides a unified operation

mode.

A4.6 Cost Controlier Software

Cost controller software is designed specifically for contractars, project managers and
cost engineers. It tracks project expenses tied to user-defined cost categories. The
reports produced are budgeted, actual, committed and forecasted costs. It also indicates
variances and alerting for over and under budget activities before it's too late. Cost

controller is an indispensable tool for maximizing your profits.
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Cost controller provides the tools to effectively manage project costs from start to close

out. Project expenditures can be estimated with confidence and integrated with

scheduling tools to effectively forecast cash flow and commitments.

COST Controller Main Features:

L

Real time data at your fingertips.

Budget, actual, committed and forecasted costs.

Greater efficiency in managing project costs.

Designed to manage change orders.

Work Breakdown Structure promotes cost retrieval and tracking at any level
Cost information can be presented in a graphical format.

Detailed Variance reports.

A4.7 CCC Cost Control Software
The collection of input data for this software is done on weekly basis. Collection of data

falls nnder the following categories:

e Daily paid labor wages.

e Material quantities and process.
o Equipment hire costs.

e« Monthly paid labor cost.

The reports produced from this sofiware are:
* Monthly cest reports.
These reports comprise of a set of hierarchical reports to suit various levels of
management. These reports are:
« Work package report: (It is the lowest level in the cost report).
» Work Package Summary Report: (It is prepared for each Task by
listing all work packages within the task).
¢ Task Summary Report: (It is prepared for the project as a whole by
listing each task to provide overall project's tasks).
o Overall Task Summary Report: This report is submitted to higher

management fo indicate the overall project status.
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= Other reports.
e Material Commitment Report.
e Sub-Contract Commitment Report.
¢ Project Profit and Loss Report.
e Unit Cost / Rate Report.

A4.8 RPM project cost control

RPM project cost control system is a crucial factor in the success of many projects. It

is 1ptally integrated with Accounting time tracking system.

Key element of cost control system.
e Monitoring of subcontracts and purchasing orders.
e Monitoring and tracking of change orders.
o Analysis of cost-to-date data.
¢ Review of material invoices.

s Provide summary reports.

A4.9 PRISM Project Manager Software

PRISM Project Manager is an innovative project management information system
designed and developed by professional project managers and project control
engineers, especially for Engineering and Construction projects.

With PRISM Project Manager you can plan, and control a project through all project
phases including planning, engineering, procurement, construction and startup.

Features and Benefits
e Multi-project software.
e Multi-user concurrent access with buili-in security.
o Brief project capabilities for enterprise wide reporting of multiple projects.
e Multi-currency for international projects.
» User defined daia coding siructure makes the system ideal for any size or
type of project.
s Direct links to your financial or accounting packages can be established.
» Powerful report wriling capabilities.
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Main Functions
With PRISM Project Manager you can:
o Import and consolidate estimates from your estimating software for developing
the project baseline budget.

Import schedule dates from your scheduling software.

Integrate your cost and schedule data into Control Account for quantifying

accomplishments and assessing progress and performance.

Import actual and committed cost data from your financial or accounting systent.

Link schedule activities to the estimate, control account, purchase order, and

equipment lists.

A4.10 Build Superfast Cost Control

Build Superfast sofiware helps in identifying the cost saving and the cost overrun when
compared to estimate of the project for the completed quantum of work. The
comparison can be viewed globally for afl projects together or zoomup the minute

component level for a selected project.

The software reports generated are;
= Purchase order register and pending purchase order.
» Delivery register and pending delivery register.
» Material Transfer Register.
e Sub contractor / Labor bill Register.
e Stock Statement.
s Cost center-Estimate Vs Actual (Quantity and Cost).
e Consolidated Material Quantity and Cost Analysis.

Special features of the Software
o Password and Rights Level.
e« Voucher number re-generation.
» Report generation on any printer.

» Export facility to other windows applications.
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Annex 6

Evaluation Questionnaire for Cost Control Software (CCS)

Dear Contractor:

Attached is a soft copy for cost control software which is developed to satisfy local
contracting companies needs in construction cost control field.

Please, operate and test this sofiware in a project or (some items in a project) which is
executed now by your company. Then, fill this questionnaire to evaluate this software.

Your opinion and notes are helpful to evaluate this software.
Question 1: Methods of data entry and the techniques offered by the sofiware

Please give your opinion about the data entry and the techniques offered by the software

by choosing the appropriate selection.

No. T : < B < ? g}
echniques and Data Entry 2l 58 |2 S

£ <355 |4
g |25

1 | The method of entering project data is appropriate.

2 | The method of entering project items data is appropriate.

3 | Actual material data (Quantity + Price) is easily obtained.

4 | Actual labor data (Productivity + Wage) is easily obtained.

5 | Actual plant data (Productivity + Rate) is easily obtained.

6 | Material cost control report illustrates cost data well.

7 | Labor cost control report illustrates cost data well.

8 | Equipment cost control report illustrates cost data well.

9 | Subcontract cost control report illustrates cost data well.

10 | Methods of predicting cost to complete for remaining

quantities are appropriate.

11 | The method of entering indirect cost data is appropriate.

12 | Indirect cost control report illustrates data in a good style,

13 | Cost at completion report illustrates data in a good style.

14 | The software is easy and does not need a large time to be
familiar with it.

15 | The classification and sorting of the weekly cost reports are
appropriate.

16 | The software is applicable in the relatively large project in
Gaza Strip.
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Question 2: What are the main advantages the cost control software offers?

‘-

Question 3: What are the difficulties which face you in using this software?

+

Question 4: What are the suggestions you find useful to add to the software?

A4

Question 5: Please give any comments on this software which are not previously stated.

+

Researcher

Eng. Hashem Skaik
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“Annex 7
Ilustrating Example

This example is used to clarify the process of using cost control software CCS which is
developed by the researcher. The illustrating example copsists of a sample project
comprising of six items with a duration of six weeks.

There are two types entered in this software which are the estimated data and the actual
data. The estimated data is prepared during estimating process and it is entered only at
1he first-'week of executing an item. This estimated data is shown in pages (147-149) and
the actual data is shown in pages (150-158).

After entering the above data, the output reports are shown in pages from (159-170).
These reports are:
¢ (Cost Control Summary Report.
e Component Cost Control Reports (This week).
- Material cost control report (This Week).
- Labor cost control report (This Week).
- Equipment cost control report (This Week).
- Subcontract cost control report (This Week).

Component Cost Control Reports (Up-to-date).
Material cost control report (Up-to-date).
Labor cost control report (Up-to-date).

- Equipment cost control report (Up-to-date).
- Subcontract cost control report (Up-to-date).

Cost at Completion Report.

Indirect Cost Report
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Part A: Estimated Data

B 250 for Foundations

Ttem Code 3100 !
Materials Estimated Quantity and Purchasing Price
. . EUQ Waste EUP 3
Code Material Name Unit (Unit/ m%) (%) ($) ($/m’)
8 110 | B 250 Concrete m’ 1.0 3.0 51.0
£ 210 | Steel Reinforcement kg 50.0 3.0 0.42
s 910 | Fixing wire kg 4.0 4.0 0.50
Material Estimated Unit Cost 76.24
Labor Estimated Productivity and Crew Wage
. ($/m’)
H Estimated Daily Productivity (EDP) 16.0 m’
= Estimated Daily Wage / Crew (EDW) 240.0 %
Labor Estimated Unit Cost 15.0
= Sub Contract Estimated Unit Cost
£ | Sub Contract Type Bituminous Paint
& Sub Contract Unit Price 5.0
€ | Activity Duration 15 days
i Sub Contract Estimated Unit Cost . 5.0
Total Estimated Unit Cost (Direct Cost) 96.24
Ttem Code 3200 | B 300 for Columns
Materials Estimated Quantity and Purchasing Price
. . EUQ Waste EUP 3
_ Code | Material Name Unit (Unit/ m) %) ($) ($/m)
3 120 | B 300 Concrete m’ 1.0 5.0 53.0
% 210 | Steel Reinforcement kg 100.0 3.0 0.42
= 910 | Fixing wire kg 5.0 4.0 0.50
Material Estimated Unit Cost 101.51
Labor Estimated Productivity and Crew Wage
. ($/m’)
g Estimated Daily Productivity / Crew (EDP) 6m’
= Estimated Daily Wage / Crew (EDW) 150 §
Labor Estimated Unit Cost 25.0
126.51

Total Estimated Unit Cost (Direct Cost)

EUQ (Estimated Unit Quantity).

EUP (Estimated Unit Purchasing Price).
EDP (Estimated Daily Productivity).
EDW (Estimated Daily Wage / Crew).
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Item Code 3300 i B 300 Concrete 30 cm for Ribbed Slabs

Materials Estimated Quantity and Purchasing Price

. . EUQ Waste EUP 2
Code | Material Name Unit (Unit/ m) %) ($) ($/m*)
= 120 | B 300 Concrete m’ 0.20 3.0 53.0
5 210 | Steel Reinforcement kg 20.0 3.0 0.42
§ 510 | Ribbed Block 20 cm No. 4.5 3.0 0.45
910 | Fixing wire kg 1.5 0.0 0.60
Material Unit Cost 22.56
Labor Estimated Productivity and Crew Wage
_ ($/m’)
E Estimated Daily Productivity / Crew (EDP) 50.0 m*
3 Estimated Daily Wage / Crew (EDW) 200.0 §
Labor Unit Cost 4.0
Total Estimated Unit Cost (Direct Cost) 26.56
Item Code 3400 | Hollow Block 20 cm for Wall
Materials Estimated Quantity and Purchasing Price
. C EUQ Waste EUP 2
Code | Material Name Unit (Unit/ m%) (%) ($) ($/m")
= 520 | Block 20 cm No. 12.0 3.0 0.45
= 610 | Cement kg 5.0 3.0 0.10
é 620 | Lime kg 3.0 3.0 0.13
Material Unit Cost 6.48
Labor Estimated Productivity and Crew Wage
. ($/m?)
2 Estimated Daily Productivity (EDP) 60 m*
3 Estimated Daily Wage / Crew (EDW) 90 $
Labor Unit Cost 1.5
Total Estimated Unit Cost (Direct Cost) 7.98

EUQ (Estimated Unit Quantity)

EUP (Estimated Unit Purchasing Price)
EDP (Estimated Daily Productivity).
EDW (Estimated Daily Wage / crew).
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Item Code 3500 i Base Course 25 ¢m for School Yard and Access Road

Purchasing Price Materials Estimated Quantity and

. . EUQ Waste EUP 2
= Code | Material Name Unit (Unit/ ) (%) ($) ($/m)
& 710 | Base Course m 0.25 3.0 25.0
=
=, :

Material Unit Cost 6.44
Labor Estimated Productivity and Crew Wage
N ($/m%)
& | Estimated Daily Productivity / Crew (EDP) 200.0 m*
= Estimated Daily Wage / Crew (EDW) 180.0 $
Labor Unit Cost 0.90
Equipment Estimated Daily Productivity and Rental Price
- Code | Equipment Name Unit EDP ERR ($/m?)
E 50 Bulldozer No 200 150
k= 51 Grader No 400 200
s 51 | Compactor No 300 150
= 52 | Water Tank No 400 60
Equipment Unit Cost 1.90
(Total Estimated Unit Cost (Direct Cost 9.24
Item Code 3600 | Interlock 8 cm for School Yard and Access Road
Purchasing Price Materials Estimated Quantity and

. . EUQ Waste EUP 3
_ Code | Material Name Unit (Unit/ ) %) ($) ($/m’)
= 720 | Interlock 8 cm m’ 1.0 2.0 6.6
2 730 | Sand m 0.06 10.0 5.0
=

Material Unit Cost 7.06
. - Sub Contract Estimated Unit Cost
E Sub Contract Type Interlock Paving (Labor Work)
&) Sub Contract Unit Price 1.25
£ | Activity Duration 15 days
« Sub Contract Unit Cost _ 1.25
Total Estimated Unit Cost {(Direct Cost) 8.31

EUQ (Estimated Unit Quantity)

EUP (Estimated Unit Purchasing Price)
EDP (Estimated Daily Productivity)
EDW (Estimated Daily Wage / crew).
ERR (Estimated Daily Rental Rate)
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Part B: Actual Project Data

Al- AAA Contracting Company Project Budget % 500 000
Tel: 2810000 Project Duration 250 days
| Construction of Gaza School |
| Cost Weekly Report |
| Date20/09/03 | [ WeekNo. 1 |
B 250 for Foundations
= 7
= £ Item Code 3100
8 g Committed Quantity ' 450.0 m’
- 3 [Upto-date excouted quantity 250.0 m® | Ongoing |
o Code | Material Name Unit Quantity Used Un1t$P nee
T 110_| Concrete o’ 2585 53.5
= 210 | Steel Reinforcement kg 13100 0.45
= 910 | Fixing wire kg 700 0.60
. No. of Crews 12
§ Crew Daily Wage 240 §/ day
- Subcontract Type Isolation Paint
«
3 £ Subcontract Unit Cost 5.0
=]
© Subcontract Duration 7 days
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Al- AAA Contracting Company . Project Budget $ 500 000

Tel: 2810000 Project Duration 250 days
| Construction of Gaza School |
I Cost Weekly Report |
[ Date27/09/03 | [ WeekNo. 2 |
B 250 for Foundations
= .
2 Item Code 3100
2 [Committed Quantity " 450.0 p
L4 ¥
~ é Up to-date executed quantity 450.0 m’ Finished |
- - Code | Material Name Unit | Quantity Used Umt$P rice
'g 110 | Concrete m 205.0 53.0
= 210 | Steel Reinforcement kg 10400.0 0.45
b= 910 | Fixing wire kg 500 0.60
. No. of Crews 10
=]
3 Crew Daily Wage 260 $ / day
= Subcontract Type Isolation Paint
o
% = Subcontract Unit Cost 5.0
=
~ Subcontract Duration 7 days
B 300 for Colamns
=
£ Item Code 3200
§8 | Committed Quantity 1600 | m
- é”, Up to-date executed quantity 60.0 m’ On going ]
) Code | Material Name Unit | Quantity Used U‘“‘;’ rice
% 120 | Concrete B 300 m’ 65.0 55.5
= 210 | Steel Reinforcement kg 6500.0 0.45
= 910 | Fixing wire kg 300.0 0.60
o No. of Crews ) 12
33 Crew Daily Wage 160 %/ day
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Al- AAA Contracting Company Project Budget $ 500 000

Tel: 2810000 Project Duration 250 days
[ Construction of Gaza School [
[ Cost Weekly Report I
[ Date 04/10/03 | [ WeekNo. 3 |
B 300 for Columns
=
£ Item Code " 3200
E p-l . : r 3
2% Committed Quantity 160.0 m
3 -
— g Up to-date executed quantity 110.0 m On going |
P Code | Material Name Unit Quantity Used Umt$P rice
£ 120 | Concrete B 300 m’ 53.0 55.0
= 210 | Steel Reinforcement kg 5300.0 0.45
= 910 | Fixing wire _ ke 200.0 0.60
. No. of Crews 12
Q .
E Crew Daily Wage 160 $ / day
B 300 for Slabs
=
£ [Ttem Code 3300
§£  [Committed Quantity 20000 | o’
o g Up-to-date executed quantity 650.0 m’ On going |
Code | Material Name Unit { Quantity Used Un1t$Pnce
3 120 | Concrete B 300 m | 138.0 55.0
8 210 | Steel Reinforcement kg 13600.0 0.45
< 510 | Ribbed Block No. 2900.0 050
910 | Fixing wire kg 700.0 0.60
N No. of Crews 14
§ Crew Daily Wage 200 §/ day
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Al- AAA Contracting Company " Project Budget $ 500 000
Tel: 2810000 Project Duration 250 days
| Construction of Gaza School |
| Cost Weekly Report |
|  Date 04/10/03 | [ WeekNo. 3 |
Hollow Block 20 ¢m for Walls
=
2 Ttem Code 3400
g £ [Committed Quantity 2000.0 o
8 g Up to-date executed quantity 800.0 m On going |
Code | Material Name Unit Quantity Used Unlt§’ fiee
2 520 | Block 20 cm No. 10200 0.50
e 610 | Cement kg 4000 0.13
b 620 | Lime kg 2000 0.13
. No. of Crews 15
§ Crew Daily Wage 85 %/ day
25 cm base course for yard & access road .
=
. £ Item Code 3500
g€ | Committed Quantity 4500.0 m’
= g Up-to-date executed quantity 1500.0 m* On going - |
2 Code | Material Name Unit | Quantity Used Umt£’ rice
5 710 | Base Course ™ 350.0 26.0
[}
=
S No. of Crews 10
=
E Crew Daily Wage 200 §/ day
. Number of Equipment | Rental Rate
. Code | Equipment Name (This week) ®
5 50 | Bulldozer 8 160
£ 51 | Grader 4 200
é- 52 | Compactor 5 150
53 | Water tank 6 60




Project Budget

Al- AAA Contracting Company $ 500 000
Tel: 2810000 Project Duration 250 days
f Construction of Gaza School |
| " Cost Weekly Report |
| Date 11/10/03 | [ WeekNo. 4 |
B 300 for Columns
=
g 8 Item Code & 3200
g f [ Commited Quantity 160.0 m’
= g | Up to-date executed quantity 150.0 m’ Finished |
- Code | Material Name Unit | Quantity Used Umt;’ riee
£ 120 | Concrete B 300 o’ 430 54.0
5 210 | Steel Reinforcement kg 4250.0 0.44
g 910 | Fixing wire kg 175.0 0.60
N No. of Crews 10
.§ Crew Daily Wage 170 $/ day
el
B 300 for Slabs
=
£ Item Code 3300
E =) Committed Quantity 2000.0 m* .
- & . T
g Up to-date executed quantity 1250.0 m’ On going |
Code | Material Name Unit Quantity Used Umt$Pr1ce
o 120 | Concrete B 300 m 125.0 54.5
o 210 | Steel Reinforcement kg 12500.0 0.44
< 510 | Ribbed Block No. 2650.0 0.48
910 | Fixing wire kg 600.0 0.58
. No. of Crews 12
§ Crew Daily Wage 200 $/ day
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Al- AAA Contracting Company - Project Budget $ 500 000
Tel: 2810000 : Project Duration 250 days
| Construction of Gaza School |
| Cost Weekly Report I
[ Date11/10/03 | [ WeekNo. 4 |
Hollow Block 20 cm for Walls
=
£ Item Code 3400
g £ [Committed Quantity " 3000.0 m?
~ g Up to-date executed quantity 1400.0 m? On going |
Code | Material Name Unit Quantity Used Umt$Pr1ce
3 520 | Block 20 cm No. 7450.0 0.48
8 610 | Cement kg 3000 0.12
§ 620 | Lime kg 1200 0.13
. No. of Crews 10
:% Crew Daily Wage - 90§/ day
25 cm base course for yard & access road
=
£ Item Code 3500
£ [Commitied Quantity 45000 | m
-y B 2 3
g Up-to-date executed quantity 3000.0 m On going [
2 Code | Material Name Unit | Quantity Used U‘“‘;’ rice
5 710 | Base Course m3 380.0 25.0
«
p=
- No. of Crews 8
<
E Crew Daily Wage 180§/ day
. Number of Equipment | Rental Rate
. Code | Equipment Name (This week) $)
& 50 | Bulldozer 7 150
= 51 Grader 3 200
= 52 Compactor 4 150
= 53 | Water tank 6 60
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Al- AAA Contracting Company " Project Budget $ 500 000

Tel: 2810000 Project Duration 250 days
[ Construction of Gaza School |
| Cost Weekly Report |
[ Date 18/10/03__| [ WeekNo. 5|
B 300 for Slabs
=
8 Item Code © 3306
S5 [Committed Quantity 20000 | w0
= g Up to-date executed quantity 1850.0 m’ Finished |
Code | Material Name Unit Quantity Used Umt$P rlcer
- 120 | Concrete B 300 m 123.0 54.5
8 210 | Steel Reinforcement kg 12000.0 0.44
S 510 | Ribbed Block No. 2650.0 0.49
b=
' 910 | Fixing wire kg 600.0 0.58
g No. of Crews i1
2 Crew Daily Wage 200 $/ day
-
25 cm base course for yard & access road
=
& Item Code 3500
g §" Committed Quantity 4500.0 m”
— g Up to-date executed quantity 4500.0 m On going |
2 Code | Material Name Unit Quantity Used Umt; rice
E 710 | Base Course m’ 380.0 35.0
o
=
b No. of Crews 7
E Crew Daily Wage 180 %/ day
. Number of Equipment | Rental Rate
. Code | Equipment Name (This week) ®
g 50 Bulldozer 6 150
= 51 Grader 3 200
3 52 Compactor 4 150
= 53 | Water tank 6 60
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Al- AAA Contracting Company Project Budget $ 500 0060
Tel: 2810000 Project Duration 250 days

| Construction of Gaza School |
| Cost Weekly Report |

[ Date 18/106/03 | [ WeekNo. 5 |

Interlock Tiles 8 cm

Item Code : 3600

-
£
£ [Committed Quantity 45000 |
= g Up to-date executed quantity 1000.0 | m’ On going |
_v{ Code | Material Name Unit Quantity Used Umt:;’ riee
£ 720 | Interlock tiles 8 cm m 975.0 6.75
E’ 730 { Sand m 80.0 6.0

Subcontract Type Interlock Paving

= g . (Labor Work)
= Subcontract Unit Cost 1.4

=

e Subcontract Duration vl
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Al- AAA Contracting Company

Tel: 2810000

Project Budget 3 500 000
Project Duration 250 days

L Construction of Gaza Schoo! ' |
| Cost Weekly Report |
|  Date25/10/03 | [ WeekNo. 6 |
Hollow Block 20 cm for Walls
=
2 Item Code " 3400
Ea -? Committed Quantity ' 2000.0 m
o g Up to-date executed quantity 2000.0 m* On going f
Code | Material Name Unit | Quantity Used U“";’ rice
4 520 | Block 20 om No. 7350.0 0.47
8 610 | Cement kg 2800.0 0.11
S 620 | Lime kg 1100.0 0.13
- No. of Crews 9
[~
= Crew Daily Wage 90 $/ day
.
Interfock Tiles 8 cm
=
= £ Item Code 3600
a 'g‘ Committed Quantity 4500.0 m’
= g Up to-date executed quantity 2000.0 m’ On going |
3 | Code | Material Name Unit Quantity Used Un1t$P riee
g 720 | Interlock tiles 8 cm m* 995.0 6.75
] 730 | Sand m’ 80.0 6.0
2,
- Interlock Paving
I Subcontract Type (Labor Work)
& ‘E Subcontract Unit Cost 1.4
o
he Subcontract Duration ' 7
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Al - AAA Company

Tel No.: 2810000

Construction of Gaza Hospital

Address : Gaza

" Fax No.: 2820000

Indirect Cost Control Report

Project Name : Construction of Gaza Hospital

No. Element Description Unit |Estimated | Estimated | Actual Actual v Of Value Of
' No. Unit Cost | No. Used | Unit Price | Varance | Variance
Month 1
1 }Rented Car ‘No. 1.00 500.00 1.00 '525.00 4.76 25.00
2  {Jawwal Cards No. 6.00 25.00 8.00 25.00 2500 50.00
3 |{Engineer No. 1.00 600,00 1.00 650.00 7.69 50.00
4 |Foremen No. 1.00 500.00 1.00 550.00 9.09 50.00
5 {Geners! Expenses Job 1.00 1250.00 1.00 1750.00 28.57 500.00
_Tatal of month 1 675.00
Month 2 : .

.6 [Rented Car No. 1.00 500.00 1.00 550.00 2.09 50.00
7 {Jawwal Cards No. 6.00 25.00 7.00 25.00 14.29 25.00
8 |Engineer No. 1.00 600.00 1.00 650.00 7.69 50.00
9 }Foremen No. 1.0 500.00 1.00 550.00 9.09 50.00
10 | General Expenses Job 1.00 1250.00 1.00 1600.00 21.88 350.00

525.00

Total of month 2
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Appendix 8

Distribution of t at different probability values

Probability
DF 05 0.1 0.05 0.01
1 1.000 6.314 12.706 63.657
2 0.816 2.920 4303 9.925
3 0.765 2353 3.182 5.841
4 0.74 2.132 2.776 4.604
5 0.727 2.015 2.571 4.032
6 0.718 1.943 2.447 3.707
7 0.711 1.895 2.365 3.499
8 0.706 1.860 2.306 3.355
9 0.703 1.833 2.262 3.250
10 0.700 1.812 2.228 3.169
11 0.697 1796 2.201 3.106
12 0.695 1.782 2.179 3.055
13 0.694 1771 2.160 3.012
14 0.692 1.761 2.145 2.977
15 0.691 1.753 2.131 2.947
16 0.690 1.746 2.120 2.921
17 0.689 1.740 2.110 2.808
8 0.688 1734 2.101 2.878
19 0.688 1729 2.093 2.861
20 0.687 1.725 2.086 2.845
21 0.686 1.721 2.080 2.831
2 0.636 1.717 2.074 2.819
23 0.685 1.714 2.069 2.807
24 0.685 1711 2.064 2.797
25 0.684 1.708 2.060 2.787
26 0.684 1706 2.056 2.779
27 0.684 1703 2.052 2.771
28 0.683 1701 2.048 2.763
29 0.683 1.699 2.045 2.756
30 0.683 1.697 2.042 2.750
40 0.681 1.684 2.021 2.704
60 0.679 1.671 2.000 2.660
120 0.677 1.658 1.980 2.617

Source: Naoum, 1998
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Annex 9

Cost Control Software (CCS)

Main Features

CCS is an innovative cost control sofiware designed and developed for the
construction contracting companies. It has been designed to provide instant access 1o
cost information about the project cost status. It is a tool to effectively define,

manage, and control costs from project start to completion.

CCS is designed to accommodate the needs of Gaza Strip contracting companies who
are interested to aftain a cost control software which suits the local circumstances.
CCS aims to improve the cost control practice of Gaza Strip contractors. CCS is the

first local computerized cost control system for construction contractors.

CCS helps in identifying the cost saving or cost overrun when comparing the actual
costs with the estimated costs of the project. The comparison can be viewed globally
for the project items or zoom up to cost components of the project comprising the

items. These cost components are material, labor, equipment, and subcontract.

CCS is tested and evaluated by professional contractors. The evaluation process
indicates that CCS is satisfactory for local contractors and could be applied to the

different types of construction projects.

CCS is developed using Visual Basic language to facilitate the transfer of information
from on field to another. Also, Visual Basic enables the user to deal with an

environment that he is familiar with it.

CCS is not restricted to specific cost codes. Any consistent cost code consisting from
three to five digits is accepted for the project items. For material and equipment codes

it is sufficient to use two digits or more.
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The data needed to feed CCS consists of two types:

The first is the estimated data for all cost components. Some of these data are:

Material (Quantity, Waste percentage, and Unit purchasing price).

Labor (Productivity and Daily wage).

Equipment (Productivity and Rental rate).

Subcontract (Unit cost and Contract duration).

Indirect costs (Estimated number and Unit cost).
These data are entered once in the beginning of the project.
The second type is the actual data which are collected weekly for all cost components

(material, labor, equipment, and subcontract) and collected monthly for indirect costs.

CCS helps contracting companies to keep on top of project costs by allowing them to
generate and view reports when needed. These reports are:

- Cost control summary report.

- Material cost control report (This week & up-to-date).

- Labor cost control report (This week & up-to-date).

- Equipment cost control report (This week & up-to-date).

- Subcontract cost control report {This week & up-to-date).

- Cost at completion report.

- Indirect cost report.
The above reports are produced weekly except the indirect cost report which is

produced monthly.

The above reports have the property of viewing the items which have a considerable
value or percentage of overrun or underrun to generate “management by exception”
reports. This can be done by selecting the value and percentage of cost variance which

the user needs to present. These values are entered in the Control Limit screen.

CCS can predict the final cost of the project (Cost at Completion) with four scenarios.
Within CCS, there are four methods to calculate the forecasted cost (cost to
complete). For every cost component, the user can choose the method he finds

appropriate to complete the project.
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At any time the user has many options to add, update, and delete any item or any

component comprising the item. This can be done through the different buttons which

have multi options within the software.

CCS has the capability to handle many projects at the same period. Also, it allows the

user to handle different projects with different currencies. Moreover, there is a special

password for every project to restrict unauthorized accessibility to any project data..
CCS serves the cost estimators when they need to estimate future projects which have

similar items. They could use the up-to-dated unit cost, unit quantity, productivity and

other indicators for the different cost components.
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Annex 10

Cost Control Software (CCS)

User Manual

CONTENTS

1. The Cost Control Software (CCS) — Overview.
Getting Started.

Entering Company Information.

Entering Project Information.

Selecting a Project

Entering Project Items.

S

Entering Item Cost Components.

7.1  Entering Material Data.

7.2  Entering Labor Data.

7.3 Entering Equipment Data.

7.4  Entering Subcontract Data.
8. Saving Item Data.

9. Cost Forecast.

10. Selective Report.

11. Cost Reports.

12. Indirect Cost Control.
13. Others.
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Cost Control Seoftware (CCS)

User Manual

1. Overview

The Cost Control Software (CCS) is a software that is specifically designed for the
local construction contractors to support cost control practices. CCS has been
developed to provide instant access to information about the project's cost status. It
effectively defines, manages, and controls costs from project inception to completion

of construction activities.

A major prerequisite to implement CCS is a detailed cost estimate for altbill of
quantity items. If the company has cost estimate software, the user can import cost
estimates from it for developing the project cost baseline. The detailed cost estimate
may be created directly in this system, or may be electronically imported from other

cost estimating systems, spreadsheets, or databases.

The second requirement for CCS is the weekly input quantity and cost data for project
items. This data represents the actual executed quantities and costs spent on different

project items for all cost components such as materiel, labor, equipment, and

subcontract.

2. Getting Started

After installing the Cost Control Software CCS, it can be operated by opening it from
Program > Projectl File.

3. Entering Company Information
o Click on Company Information on File menu.
e Fill the information related to your company in the company Information
Screen. These information will appear on the top of software reports.
e  Save these data by clicking on Save button.

e  You can clear or cancel entered data by clicking on Cancel & Save buttons.



4. Entering Project Information

-

Click on add a new preject on File menu.

Fill the project information in the screen like the project name, project code,
project budget, project start date, and project duration.

Save these data by clicking on Save button.

You can clear or cance! entered data by clicking on Cancel & Save buttons.

5. Selecting a Project

Click on show all projects under the File menu.

Choose the needed project on the shown list.

The project name appears on the bottom of the screen and then the Project
Screen opens.

In this screen, the project name is shown and the week number of the
designated project is presented also.

Click on “Next” button on enter the project-input data after clicking on.

6. Entering Project Items

The Bill of Quantity items must be coded in order to distinguish the project items. In

Palestine, the item codes are not generally used. Up to preparing a universal local

coding system for construction, each contracting company could choose a simple

coding system for project items, materials, and equipment.

In the “Item Description screen”, fill week number, item code, item
description, bill quantity, and its unit.

If you need to restore these information, you need only to fill item code, and
then all of the above information is viewed on the screen.

Fill the weekly up-to-date executed quantity.

The actual quantity executed this week is automatically calculated.

Choose if the item is finished in this week or still on going.
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7. Entering Item Cost Components

After entering the project items data, the user should begin entering the cost
components related to each item. These cost components are related to material, labor,
equipment, and subcontract. This can be done by pressing on Next button in the

previous screen.

7.1 Entering Materials Data
s Click on the “Nex?f” button to open material screen.
e Choose if there are material costs to be controlled by clicking on Yes or No.

e A sub screen is opened in the bottom of the main material screen.

In the material screen, the user is requested to enter two types of data about materials.
Estimated material data
e The estimated data is entered only once at the first week of executing an item.
e This estimated data can be entered by the user or can be transferred
electronically from any cost estimating sofiware or spreadsheet.
o The estimated data includes:

Material Code and Material Name

Material Unit.
Estimated Unit Quantity (EUQ).

Estimated Percentage of Waste.

Estimated Unit Purchasing Price.

Actual material data
In the Material data screen the actual weekly material entered data are:
- The actual quantities of materials used in this week.
- The unit purchasing price.
s Click on “Save M” button to save this material.
¢ Begin entering the second material for the same item.

e  Up-date, Delete or Clear material data by the buttons on the screen.
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7.2 Labor Data Entry

e Click on the “Nexf” button to begin entering labor cost data.
o Choose if there is labor cost by choosing Yes or No options.
e Ifyou choose yes, a sub screen opens.
Estimated Labor data
o Enter the estimated productivity rate for each crew (unit/day). It will remain
fixed until item completion
o Enter the estimated daily wage per each crew ($/day). It will remain fixed until
item completion
Actual Labor data
In the Labor data screen the actual material entered data are:

e  The number of crews needed to finish the executed quantity this week.

e The actual daily wage.

7.3 Equipment Data Entry

e Click on the “Next" button to begin entering equipment cost data.
¢ Answer the question about if there is equipment cost.

e If you choose yes, a sub screen opens.

Estimated Equipment data
e Enter Equipment code and Equipment name,
e  Enter Estimated equipment productivity / day when executing this item.

o Enter the estimated daily rental rate.

Actual Equipment data

In the Equipment data screen the actual material entered data are:

e  The number of equipment used.

e The number of working days for each equipment.

e  The daily rental rate.

s Enter the data for second equipment until finishing all the required equipment.

e Up-date, Delete or Clear equipment data by the buttons on the screen.
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7.4 Subcontract Daia Entry
e Click on the “Next" button to begin entering subcontract cost data.

e Answer the question about if there is subcontract cost.
e If you choose yes, a sub screen opens.
Estimated Subcontract data
e Enter the estimated unit cost for performing this subcontract.
o Enter the period needed to complete this subcontract.
Actual Subcontract data
o Enter the actual unit cost for this subcontracted item.

e Enter the actual number of working days in this item.

8. Saving Item Data
After entering the cost data related to all of materials, labor, equipment, and
subcontract for an item, you need to save this data entry on project database file.

¢ Click on “Save Item” button.

o Follow the same procedures for other items.

9. Cost Forecast

e Click on “Forecast” command in “File” menu.

o Choose the item and the cost component related to material, labor, equipment,
and subcontract. In this the item under investigating is shown at the top of this
screen associated with the week number. For every cost component, there are
four methods to forecast unit cost for the remaining quantities. These procedures
are listed in this screen, and the user should select the method which he finds

appropriate to complete the remaining quantities of project.

In CCS, there are provisions for four methods to calculate the forecasted cost.
e Choose the appropriate method for estimating the remaining costs.
These methods are summarized as follows:
- The remaining quantities will be executed according to estimated costs.
- The remaining quantities will be executed according to the Actual costs.
- The remaining quantities will be executed according to the average of the
estimated unit cost and the actual unit cost.

- The final method is left to the project manager judgment.
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In the forecast screen, the forecasted unit cost is automatically calculated and shown
in the cell adjacent to its method for the first three methods. For the fourth method,

the user should fill the figure he finds appropriate for the remaining quantities.

10. Selective Reports
e The items which have a signiﬁéant cost overrun can highlighted and isolated in
a selective report which shows only the items having a significant cost overrun
or underrun.
e Enter the absolute value and percentage limits which he finds that below or

above these limits, those items need more investigations.

11. Cost Reports

Click on “Reports” in the “File” menu.

Choose the required report in the sliding screen. These reports are:
e Cost Control Summary Report.

e Component Cost Control Reports (This week).
- Material cost control report {This Week).
= Labor cost control report (This Week).
- Equipment cost control report {This Week).
- Subcontract cost control report (This Week).
e Component Cost Control Reports (Up-to-date).
- Material cost control report (Up-to-date).
- Labor cost control report (Up-to-date}.
- Equipment cost control report (Up-to-date).
- Subcontract cost control report (Up-to-date).

¢ Cost at Completion Report.
¢ Indirect Costs Report.

Cost control summary report

The first three columns of this report represent item code, item description, and item
unit. The next eight columns represent the four cost components which are materials,
labor, equipment, and subcontract. For each cost component, there is a pair of
columns. One represents this week unit cost, and the second represents up-to-date unit

cost. The subsequent three columns represent the estimated total unit cost, the actual
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total unit cost for this week, and the up-to-date actual total unit cost. The following
two columns represent the percentage of cost vérianée for this week and up-to-date.
The variance here is referred to the estimated cost. The final two columns represent
the value of cost variance for each item in this week and up-to-date. The variance has

a positive sign for unfavorable performance and a negative sigh for good performance.

Material cost control report (This week)

The first three columns give information about each item which are: item code, item
description, and the unit of this item. The next four columns show the estimated unit
quantity including the percentage of waste, the estimated quantity, the unit purchasing
price for each material, and the estimated unit cost for each material.

The next five columns show the actual executed quantity in this week, the actual unit
quantity, the quantities of materials used, the actual unit purchasing price for each
material used, and the actual unit cost for each material comprising this item. The
following two columns show the variances in material quantities. One of these two
columns represents the variance between the estimated quantity and the actual
quantity used as an absolute value and the other column shows it in a percentage value.
The next are the price variance columns expressed as an absolute value and as a
percentage value. The final two columns in this report are the materials cost variance

expressed as a percentage and as an absolute value.

Labor cost control report (This week)

The first four columns of the Labor cost control report represent information about the
item such as item code, item description, unit, and bill quantity. The next three
columns illustrate estimated values for daily productivity rate per crew, estimated
daily wage, and estimated labor unit cost. The third column in this group represents
the estimated labor unit cost which is the product of dividing productivity rate by
daily wage. The next five columns represent actual labor data for this week. These
columns show the executed quantity in this week, the number of crews needed to
finish this quantity, the actual productivity for executing this quantity (which is
produced by dividing the executed quantity by the number of crews), the actual daily
wage per crew, and the actual labor unit cost. The next two columns represent the
percentage of variance in crew productivity and in daily wage. The final two columns

represent the labor cost variance expressed as a percentage and as an absolute value.
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An important mote in this report is that the negative sign for the productivity variance

indicates unfavorable performance contrary to other figures in the different reports.

Equipment cost control report (This week)

The equipment cost control report shows the basic information for the item under
study in the first four columns. These are item code, item description, unit, and bill
quantity. The next three columns show the estimated values for the productivity rate
for each equipment in this item, daily renting rate, and the estimated unit cost for all
equipment used. The next five columns show actual values for the executed quantity
in this week, the number of equipment used in this week, the actual productivity rate
(which is produced by dividing the executed quantity by the number of equipment
used), the actual renting rate, and the actual equipment unit cost. The subsequent two
columns show the variance in the productivity rate, and the daily renting rate for each
equipment expressed as a percentage value. The final two columns in this report
show the value of variance in equipment cost for this item expressed as a percentage

value and in absolute value.

Subcontract cost control report (This week)

The first four columns in the .subcontract report show item code, item description,
unit, and bill quantity. The next column shows the executed quantity in this week. The
subsequent two columns show the estimated unit cost and the estimated productivity
predicted to execute this type of work. The next two columns show the actual unit
cost and the actual productivity in executing this week quantity. The subsequent two
columns show the percentage in variance in unit cost and in productivity rate. The

final column represents the value of variance in executing this subcontracted item.

Material cost control report (Up-to-date)

This report is like this-week material cost control report, except that the values in the
report are for up-to-date quantities and prices. These values show the up-to-date used
quantities, the up-to-date unit quantity, and the up-to-date unit-purchasing price for
each material. The up-to-date quantity is the total of the quantities of used materials.
The rest of this report presents the quantity variances and price variances in both
absolute and percentage values. The final two columns show the up-to-date cost

variance for each item expressed as a percentage and as an absolute value.
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Labor cost control report (Up-to-date)

Besides the basic information for each item and the estimated value for labor cost, the
up-to-date labor cost control report shows the up-to-date executed quantities, the total
number of crews needed to execute these quantities, the corresponding crew
prdductivity, the average of the daily wage, and the associated unit cost for the up-to-
date period. The next three columns- show the percentage of _.vari"ance. in productivity,

wage, and unit cost. The last column shows the up-to-date value of variance.

Equipment cost control report (Up-to-date)

In this report, the total number of different equipment needed to execute the up-to- :
date quantity is shown. Also, the average of the productivity rate and the average
rental rate of each equipment is established. From these data, the equipment unit cost
for each item is calculated. Also, this report shows the percentage of variance for the
up-tb—dafé productivity, renting rate, and unit cost. The final column of this report

shows the value of variance of the equipment component to this item.

Subcontract cost control report (Up-to-date)
This report is similar to this week subcontract cost control report except that the data
for the unit cost and the productivity rate are the average of the previous weeks taking

into account the weighted average of the executed quantities each week.

Cost at Completion Report

In this report, the first four columns show basic information about an item such as:
item code, item description, unit, and bill quantity. The following two columns show
the estimated unit cost and the estimated cost for bill quantity. The subsequent two
columns show the up-to-date executed quantity and the remaining quantity up-to-date.
The following two columns show the up-to-date actual unit cost, and the forecasted
unit cost for the remaining quahtity. The subsequent three columns show the actual
cost, the forecasted cost (costto complete), and the cost at completion for each item
when it is completed according to the new situation. The final two columns show the
variance between the estimated cost and the cost at completion expressed asan

absolute value and as percentage.
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12 Indirect Cost Control
e C(lick on the “Add indirect cost’ command under “File” menu, then the
“indirect cost” screen opens.
e Fill each of the indirect cost requirements in addition to its measurement unit.
e Fill the estimated number of the indirect cost elements and its estimated unit
~ cost. - | ' ' ' o
e Fill the actual number of indirect cost elements actually used.

e Fill the actual unit cost of indirect cost elements actually used.
Note: Confrolling indirect costs is done at the end monthly.

Indirect Costs Report
In this report, the first three columns show the serial number, the list of indirect cost

elements and the unit of measurement for each element. The following two columns
show the estimated required numbers and the estimated unit cost for each unit of the
indirect cost elements. The subsequent two columns show the actual used number and
its actual unit cost. The final two columns represent the cost variance in the indirect
cost elements as a percentage in one column, and as an absolute value in the second

one. At the end of each month, the total value of indirect cost variances is shown.

13. Others

Show Last Week Items
o Click on Last Week Items button. All the items in the last week will be shown.

Printing Reports
o  Press on Print command in the File menu.
o Select the range of pages and number of copies you want to print.

e You can enlarge the reports by pressing on Zoom out button.

Refreshing software Data
e Highlight any item and click on refresh Project data.
e Change the data which are needed by pressing on refresh data.
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Annex 11

A Sample Cost Coding System

The following cost coding system is a proposed cost coding system. It could be used

in the developed cost control sofiware CCS.

MASTER COST CONTROL CHART OF ACCOUNTS

Code Item

100 through 199 Labour

200 through 299 Material

300 through 399 Company owned plant
400 through 499 Subcontractors

500 through 599 Site establishment

600 through 699 Site office expense
700 through 799 Operating expenses
800 through 899 Plant hire

900 through 999 QOverhead/profit
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MASTER COST CONTROL CHART OF ACCOUNTS

Cost No. Item Cost No. Item

-100 through 199 Labour -400 through 499 Subcontracts

-101 Excavation Labour -401 Plumbing

-102 Backfiil Labor -402 Mechanical

-103 Compaction Labor -403 Fire proofing

-104 through 109 Unassigned -404 Electrical

-110 Concrete forms -405 Painter

-111 Stripping forms -406 Roofing

-112 . Shoring -407 through 499 Unassigned

-113 through 114 Unassigned

-115 Framing -500 through 599 Site Establishment

-116 Sheeting

-117 through 119 Unassigned =501 Site office cabin

-120 Boor frames -502 Site office furniture

-121 Doors -503 Site office equipment

-122 Windows -504 Fencing

-123 Cabinets -505 through 599 Unassigned

-124 Hardware

-125 through 189 Unassigned -600 through 699 Site Office Expenses

-190 Project Manager

-191 Engineer -601 Telephone

-192 Administrator -602 Office Supplies

-193 through 199 Unassigned -603 through 699 Unassigned

-200 through 299 | Materials -700 through 799 Operating Expenses

-201 Forms framing =701 Temporary toilets

-202 Form plywood =702 Drinking water

-203 through 214 Unassigned =703 Temporary water

-215 Framing =704 Temporary electrical

-216 Sheeting -705 Tools

-217 through 219 Unassigned -706 Deliveries

220 Door frames -707 through 799 Unassigned

=221 Doors

=222 Windows -800 through 899 Plant Hire

-223 Cabinets

-224 Hardware -801 Excavation equipment

-225 through 229 Unassigned -802 Cranes

-230 Form hardware -803 Compressors

-231 Framing hardware -804 Trucks

-232 Nails -805 through 899 Unassigned

-233 through 299 Unassigned

-300 through 399 Company Plant -900 through 999 Overhead & Profit

-301 Hoists -901 Bonds

-302 Dumpers -002 Insurance

=303 Vibrators -903 Legal

-304 through 399 Unassigned -904 Warranty reserve
-905 through 997 Unassigned
-998 Indirect overhead
-999 Profit
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