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The process of cost estimating is a key factor contributing to the success or failurc
of the construction firm. This thesis discusses the main problems facing the local
building contractors in the arca of cost estimating. To identify the major
problems, a sample survey of twenty-four building contractors classificd as Type A
by the Ministry of Commerce in the EGastern Province of Saudi Arabia was
undertaken. The survey includes scveral parts such as the process ol dctailed
estimating, the information necded in developing the estimate, and the major
problems [requently facing the cstimators in this process.The results of this survey
are presented here.

It has been revealed by this survey, that many contractors, utilize manual
cstimating methods that require an excessive amount of time and cfTort to preparc
a project bidding cost. Certainly, manual estimating systems or methods do not
provide the flexibility for revision and reviewing the project bid.

In an attempt to solve some estimating problems, a microcomputer estimating
system that can be uscd through the English and Arabic languages was developed.
The development of this system is presented and discussed here. The system will
assist in rcducing the estimating time, cffort, the calculation, and omission crrors.
The most important feature of this system is that all of its functions are accessible

through a menu system, giving the cstimator complete control over the cstimation
process.
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CHAPTER I

INTRODUCTION

1.1 General

Based on the amount of information available on a given project, construction
cost cstimates, frequently defined as the process of forecast of predelined future
events, can be categorized into three general different groupings:

1) Preliminary or feasibility estimate,

2) Gross budget estimate, and

3) Detailed estimate.

These kinds of cost estimates must be made for a construction projcct - from
its conception as a project through its completion. The feasibility estimate is
uscd by the owner to measure the bencefits and costs of the pt:ojcct at an carly
stage. Gross estimate is used to support the feasibility estimate. The purpose of
the gross estimate is to cvaluate possible design modifications to keep the project
within the owner’s budget; to evaluate contractor bids; and as an aid in
budgeting cash-flow needs through the project [Adrian, 1982]. However, a
contractor’s detailed estimates play the most significant role in the construction

process.

Although all construction cost estimates have a common goal, cstimating
mcthods employed are governed by the purpose of the cstimate, and the stage of

design or construction at which the estimate is produced.



Obviously, one can expect the degree of accuracy to vary with the amount of
effort, and time taken to preparc an estimate. The quality of the estimate

depends on how much information is available about the project to be estimated.

Because of the uncertainties of (uture events, combined with judgement and
cxpericnce needed by the estimator, construction estimation will never be totally
scientific . Instcad the preparation of accurate construction estimates, is partly a

science and partly an art, [Adrian, 1982].

The successful preparation of a construction estimate includes: the
determination of work to be performed, the determination of the productivity of
the resources to be used for the work, and the determination of the cost of each
of these resources. The ultimate functions of construction estimatcs, are to
identify resource requirements, costs, and durations. So it is important that the
contractor is specific in his cstimates to ensure that the client is fully aware of his

financial obligations.

Estimating ability is one of threc factors contributing to the financial success
of a construction company; the other two are its success in obtaining work, and
its ability to perform the work in an efficient manner. Neil [1981] has concluded
that the inability to dctermine a bid price that adcquately covers the construction
and overhead costs as well as a suitable profit, was one of the major causcs of

contractor failure in the construction industry.

1.2 Statement of the Problem

In an atmosphere of intense competition, the real challenge is not the
preparation of an estimate, it is to arrive at a competitive bid free of mistakes.

According to the Task Committce on Cost Control of the Construction Division



of the ASCE, estimating mistakes generally fall into three catcgorics: judgment
errors, omissions, and mathematical or procedural crrors. Combining with the
fact that construction firms are frequently asked to provide time and cost
estimates for projects whose scope is only very loosely defined. Johannes [1987],
identified two major problems involved in estimating project costs. One problem
is the high level of risk and uncertainty in the estimate. The risk and uncertainty
are basically attributable to three factors: (1) requirements are subject to change;
(2) innovation may be requircd during the project; and (3) risks are inherent in
the project’s life cycle since errors are incvitable. The second major problem in
estimating costs is the lack of standardization and a quantitative historical cost
data-base. Adrian [1982], concluded that without referance standards and well
arranged historical data, it is ncarly impossible to cstimate the cost of a ncw
project accurately. Each of these problems and factors tend to increasc the
project’s costs. It is possible to take the advantages aflforded by the available
microcomputer technology to reduce estimating mistakes and to creatc good

data-basc files that contain all data nceded in the bid preparation.

Unfortunately, it is believed that the Saudi construction market is not
faraway from the cstimating problems. Morcover, many Saudi contractors
strongly belicve that it is quite often that the lowest bidder, and consequently the
onc who awarded the contract, is the onc makes the biggest mistakes in
calculating his quantities and prices, [Personal Interviews]. In addition, duc to
the slump in government oil revenus, Saudi Arabia has been paying increasing
attention t6 the construction costs and emphasizing the need for cconomy in
design, accuracy in cost forecasting and effective cost control during the

construction. [MEED, 6:6:1987,pp.40]
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1.3 Objectives of the Study

Estimating construction costs, like other phases of business has undergone
extensive changes in the past years because of the increascd complexity and size
of construction projects; changes in the economy; and changes in the estimating
tools available to the cstimator. The biggest change in the last years in the art of
estimating has been the introduction of computers. It is the purpose of this work
to investigate, develop, and implement a prototype Arabic Detailed Estimating

Software. Within this overall purpose are the following specific goals:

I.  to interview construction estimators, to know methods of estimating in Saudi

Arabia, and to asscss the need for Arabic cost estimating software,

2. to develop a conceptual framework for the Arabic cstimating system,
3. to cstablish the technical feasibility of an Arabic Estimating System,

4. to develop the approach for the computer implementation of such a
software. This includes developing some computer procedures for applying
some of the function of the proposed software, and

5. to develop a simplified cost data base for using the soltware.

1.4 Scope

This research will be limited to the building construction contractors working in
the Castern Province of Saudi Arabia. In an attempt to include the contractors
who obtain most of their work through competitive bidding, this rescarch will be
restricted to building contractors, classified as the [irst class by the Ministry of

Commerce.
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1.5 Organization

This Study is organized into six chapters. A comprechensive literature review
related to the detailed construction cost estimating process and the applications
of microcomputers in this process is prescnted in Chapter Two. This chapter
includes also, an overview of the soltware development stratcgy. Chapter Three
details the formulation of the sampling survey questionnaire, the research
methodology used in the study, and the statistical sampling procedures. Chapter
lFour discusses and presents data analysis methods, and the survey results. This
chapter shows the information needed in developing the cost estimate, the
problem facing the local contractors in developing the detailed cost estimate, and
the steps followed to develop such an estimate. Chapter Five details the steps
undertaken in developing the system. This chapter contains the conceptual
framework of the system and the approach for computer implementation of the

system. The recommendations and conclusions of this study are presented in

Chapter Six.



CHAPTER II

LITERATURE REVIEW

Construction cost estimating has becn receiving broad attention in construction
engineering litcrature. There has been a clear understanding that cost estimating
is the most important task a contractor performs to improve profits and reduce
risk. To kecp pace with development in the modern day construction industry,
many rescarches, and studies have been conducted. The main purpose of these
efforts was to overcome the problems associated with construction cost

estimating while optimizing the estimating preparation cfTort.

This chapter reviews prior investigations, studies, and researches of
construction cost estimating and the development of computerized construction

estimating softwarcs.

Available written materials on the subject of computerized cost cstimating
are found in several types of publications including: estimating textbooks,

construction management books, and technical and professional papers.

2.1 Detailed Cost Estimating

Detailed cost estimating is the process whercby the contractor arrives at a timely
expenditure of resources necessary to complete a construction project in
accordance with the plans and specifications provided by the owner. This

estimate must be very accurate and competitive to insure both getting the job

and making a profit.



In preparing his estimate, the contractor must consider both the direct and
indirect costs of construction. Direct costs are generally those costs that are
incurred only for a particular project, such as labor, materials, equipment, and
consumecables. [ndirect costs, on the other hand, arc gencrally those that arc
incurred as a normal cost of doing business but not wholly attributable to a
particular project, such as office overhead, interest on money borrowed, and
salaried supervision. Indirect costs are highly dependent on the project time,

schedule, and the cash flow produced by progress payments.

The resources ( skills, calender time, and man-hours) required to prepare a
detailed cost cstimate depend on a number of factors. One factor is the
estimating expericnce. Another is the level of technology or state of the art
involved in the job or task being cstimated. Availability of orderly and complete
historical cost data of previous similar construction projects is another factor.

The information provided by the owner [plans and specifications] are the most

important factor.

Many tools are currently availablec to the construction cost estimator, and
many others arc being developed. Among thesc are cost estimating handbooks
that give up-to-date costs for most construction materials and opcrations,
clectromechanical devices to simplify quantity takeoffs from drawings, computers
to assist in calculations, and sophisticated scheduling techniques. Ilowever, no
tool is as important to the construction cost estimator as cxpericnce. The lessons

learned from past successes and failures are the most important asscts.

2.1.1 Sources of Information

Skitmore [1988] concluded that the accuracy of the construction estimate is



positively correlated with thc amount of project information available. The
information needed to perform a detailed estimate is supplicd by the owner

(specifications and plans ), and the contractor’s historical records.

The nature and extent of the construction to be done, the materials to be
provided, and the quality of the workmanship required are described by the
drawings and specifications. Complementing each other very closely, the
drawings and specifications present a complete description of the work, and they
serve as a basis [or preparing the contractor’s detailed estimate. The drawings
portray pictorially the cxtent and arrangement of the components of the
structure. The specifications describe verbally the materials and workmanship

required .

Keeping orderly and complete files of all previous construction projects is
very important for estimating future work. Thesc files may include accurate
records of bid documents, estimated and actual costs, materials prices, wages f{or
different trades, wastage percentages, productivity rates of labor an cquipment,

and subcontractors information.

In effect, the accumulation and usc of past project data becomes an essential
part of construction cost cstimating. Necdless to say, historic cost information
must be adjusted for differences in wage rates, location, and other conditions

affecting construction cost.

2.1.2 Work Package Breakdown

The first step in developing a cost estimate of any type of work output is the
development of a work package breakdown structure. The work package scrves

as a framework for collecting, accumulating, organizing, and computing the



direct and indirect costs of a work activity or work output. There is considerable
advantage in using the work packages and its accompanying task descriptions as

the basis for scheduling, reporting, tracking, and organizing as well as for initial

costing.

A package is developed by subdividing a process into its major activitics.
These activitics are logical picces of the total project that arc easy to identify
with a start and a completion. Each package (activity) may vary in size, but it
must be a measurable and controlable unit of work. 1t also must be identifiable
in a chart of account in order to permit capturc of both budget and actual

performance information. A typical work package breakdown structure is shown

in Figure 2.1, [Ncil,1982].

WORK PACKAGE BREAKDOWN STRUCTURE
FOR BUILDINGS

LEVEL | BUILDING
1
. SITE FOUNDATION STRUCTURAL
LEVEL 1 PREPARATION | |CONSTRUCTION FRAME ETC.
= T I T
LEVEL I EXCAVATION PILING PILE CAPISLAB ETC.
I t - i I
LEVEL IV FORMING RESTEEL CONCRETE ETC.
j! | ] {
SHOP CuT & .
LEVEL Y DRAWINGS FABRICATE DELIVER SET

Figure 2.1: Work Pakage Breakdown [Neil 1982]
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2.1.3 Cost Coding System

Cost coding is the basic framework upon which the cost budgeting and
controlling systems are built. It provides a common language of identification

and means of communication to be used by all those concerned with a project.

In coding design, each construction material has a code which is a serics of
numbers and letters. That code usually contains several items of information

such as department, manufacture, and specific item identification.

According to Neil [1981], a well-designed code system must satisly scveral

requirements:

I. it must facilitatc consolidation of information at levels of detail from very
broad to very detail;

2. must be compatible with other company accounting systems;

3. must be suitable for computerized processing;

4. must be usable by typical operating personnel; and

5. must support both current and historical needs.

Figure 2.2 is a sample coding format. This sample utilizes 15 digits/lctters,
cach represented by an “X” and thesc are grouped to provide identification of
four categorics of information : accounting classification, structure/system

identification ,work package identification and resource information,[Neil, 1982].



EXAMPLE CHART OF ACCOUNTS FORMAT

XXX XHX-HXXX —XXXX

ACCOUNTING CLASSIFICATION -—I
CONTRACTOR DIRECT
CONTRACTOR INDIRECT
SUBCONTRACT
OWNER FURNISHED
REWORK
BACKCHARGE
DISTRIBUTIVE
OTHER

MAJOR STRUCTUREISYSTEM
BUILDING 1
BUILDING 2
SYSTEM A
SYSTEM B
SITE, PHASE |
SITE, PHASE Il

SUBSTRUCTURE/SUBSYSTEM
(LOGICAL DIVISIONS
OF MAJOR UNITS)

WORK PACKAGE MAJOR CATEGORY
EARTHWORK
CONCRETE CONSTRUCTION
STEEL ERECTION
PROCESS EQUIPMENT
OTHER

WORK PACKAGE SUBCATEGORIES B
(LOGICAL DIVISIONS OF
MAJOR CATEGORIES)

RESOURCE
LABOR
PERMANENT MATERIALS
MATERIALS AND SUPPLIES
INSTALLED EQUIPMENT
CONSTRUCTION EQUIPMENT

Figure 2.2: Coding System, [Neil, 1982]
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2.1.4 Process of Detailed Estimating

The major steps of the detailed estimation are illustrated in Figure 2.3, with the

following steps, [Aderian, 1982].

Step 1: Quantity Takeof. As shown in Figure 2.3, the first step in preparing the
detailed cost cstimate is the quantity takeofT, whereby the material items are
identified, separated by division and section ( as found in the two-dimensional

drawings representing the project), then priced.

Request
for
Bids
Contract
Daocuments
Quantity
Take-Oft
Pricing ot Determination of Sub-
Direct Labor Equipment Cost Contractor
and Material Estimates
Oeterminition of Determination o!
Job Qverhead Compaoy Overhead

| ]
l

Addition of
Pralit

|

8id

Figure 2.3: The Estimation Process, [Adrian, 1982)
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Non-material items such as finishing concrete must also be identified and priced.

Quantities identified on the quantity takcofT should be increased for waste caused

by trimming, overlapping, and shrinking.

Step 2: Labor Rates. When the quantity takeofT is completed, the next step is to
determine the number of man-hours and trades necessary to perform the work.
This is accomplished primarily from knowledge gained from having performed
similar work in thc past. Often these data are structured according to defined

work packages.

Step 3: Equipment Rates. Equipment costs assigned to a project’s direct costs
should represent an amount necessary to own and operate the pieces of
cquipment plus an amount for cventual replacement. Equipment is sometimes
used for several projects during a period, making cost accounting per project very

difficult. In this case, the equipment is costed at the prevailing rental rates.

Step 4: Material pricing. FEstimating the basic materials required to do a job
usually involves an accurate computation of the material quantities, determining
the price of the matcrial at that quantity (including a scrap or waste allowance),
and calculating the total material costs. Accurate dra'\;‘ring takeofT methods or
prespecified bills of material are required to estimate material costs clfectively.
Historical data and an industrial materials utilization analysis are required to

predict scrap and waste accurately.
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2.2 Microcomputers in Cost Estimating

Today’s microcomputer technology has made it possible for construction firms to
enter the computer age at all levels of technical and managerial activitics.
Microcomputers have became very powerful and ablc to perform a wide rangc of
manipulating, storing and retricving timely information for the purposcs of
planning, scheduling, estimating and controlling of various construction projccts.
With such dramatic advancement, the cost of these wonderful tools has reached

the point where even a lay individual can purchasec one.

A microcomputer consists of a number of individual components, which may
not be housed in the same physical unit. Typically these components, as shown

in Figure 2.4, consist of the following:

l. a microprocessor or central processing unit, which handles all calculations

and dccision making;

2. an internal memory to store instructions and data for usc by the

MiCroprocessor;
3. input devices by which the user may supply data to the microprocessor

4. output devices by which the microprocessor communicates to the user the

results of the processing;

5. mass nonvolatile and on-line storage for greater program and data handling

capacity as well as for storing programs and data when the system is not

operating; and

6. softwarc to opcrate the system and application softwarc programs to

perform the user-desired applications.



MEMORY

T

| v

CENTRAL —
PROCESSING
UNIT

vDou oY <—

SYSTEMS
SOF TWARE

>

MASS
STORAGE

APPLICATIONS
SOFTWARE

@]l__j

KEYBOARC PRINTER

INPUT/OUTPUT  PERIPHERALS

Figure 2.4, Components of a Microcomputer, [McCafer, 1984]
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This part is intended to explore some of the ways microcomputers can be used to

help producing accurate estimates in an efficient and rapid manner.

An examination of the steps involved in the process of estimating lcads to
the conclusion that its automation is likcly to expedite it and to improve its
accuracy and consistency. Estimating methodical nature and its reliance upon

the manipulation of large volumes of data make it attractive for computerization.

Regarding the speed, the manual process of determining the project cstimate
and bid price initially requircd approximately 12 hours to complcte. The usc of a
microcomputer requires 3.7 hours to do the same estimatea reduction of almost
70 percent, [ Rhyne, Kaminsky 1987]. Of course, computers don't make mistakes

or omissions as human beings do.

Adrian [1982], suggested that computers can be used to serve four tasks in
preparing construction cost estimate : (1) performing quantity takeofT; (2) storing
and retricving all the data necessary to cost cach item; (3) calculating the total
direct cost of the project by summing the product of each item’s unit cost by the
quantity of the item, the estimated job overhead, and the desired profit to obtain
a total cost estimate; and (4) summarizing and checking the final results and

preparing the form required for bid submission.
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2.2.1 Approaches to Computerized Estimating:

2.2.1.1 Computer’s Programs

Using one of the programming languages, such as BASIC, the estimater can
prepare an exccedingly simple software programs that can solve some of the
recurring cveryday quotations used by estimaters for developing cost cstimating.
This approach requires a good knowledge of the language to be used in designing
the program. There are several books that assume no prior computer knowledge
that enable the practitioner to design and develop his own program.
Alternatively, the estimater can climinate the need to understand programming

language, by purchasing and using software as designed and devcloped by others.

Many classes of computer applications can more cffectively be purchased
from the market. Obvious examples of these programs are spreadsheet programs,
word processing, Data-Base, and other widespread gencral packages. These
programs may be useful after a minimum amount of training and many times can

be sclf-thought using cxisting manuals.

2.2.1.2 Electronic Spreadsheets

The electronic spreadsheet is the premier example of user friendly soflware
developed for practically all brands of microcomputers, which cnables non-
programmers to easily,quickly and productively usec the microcomputers.
Electronic spreadsheets are marketed under trade mark names such as, VisiCalc,
Lotus 1-2-3, and Multiplan. Cash-flow analysis, project cost estimating, bid
analysis and equipment replacement analysis are cxamples of tasks that are casily

adapted to the spreadshect’s tabular computational format. The clectronic
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sprcadsheet is perhaps the most useful generic tool available to cost estimater.

An electronic spreadsheet is simply a matrix (sheet) of cclls identified by
columns and rows. Three types of information can be placed in a cell: numbers,
labels (titles), and formulas or functions. The formulas tic the different elements
of the matrix as identified by their coordinate. Once the formulas or functions
arc set in the sprcadshect, the program calculates the results as soon as the

numbers arc entered in the matrix. [Rounds,1984]

Project cost estimating is specially well-suited to spreadshects because the
user can format the estimatc calculations to fit the estimating procedures of his
own firm. “What-if” analysis that are so important in estimating computations
arc casily performed with spreadshects. For example, the effccts of alternate
crew compositions and different labor productivity rates can be determined in a
matter of seconds. Last minute quotations from material suppliers and
subcontractors, for example, can easily be incorporated into or deleted from a
spreadsheet preparcd bid. In summary, spreadshcets can be used for a wide
varicty of functions that fall into virtually cvery step of the cost cstimating

process. [Task Committee of the Construction Division, 1985]

2.2.1.3 Integrated Software Packages

Integrated softwarc packages combine the fcatures of word processing, electronic
sprcadsheets, data-base programs and often communications and other
microcomputer functions. An electronic spreadsheet program is usually the main
component of the package. With a suitable microcomputer system, these
softwares are versatile, flexible, and time-saving tools that can be used to assist

performing virtually most cost estimating functions. [lowever, some computer
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skills and programming knowledge are requircd or must be lcarned to establish

application templates of these tools. [Stewart, 1987]

2.2.1.4 Vertical Market Systems

Vertical market systems are specifically designed to perform the cost estimating
function. These systems are more uscr [riendly and require fewer computer skills;
onc other [cature is the use of digitizers to automate the quantity-takeofT process.
The vertical market systems are very powerful in creating large and complex cost
estimates. Usually the vertical market systems are more expensive ; sometimes
they require the purchase of hardware and software as a package, or use special

peripheral devices.

Since the introduction of microcomputers, many cstimating tools, systems,
and softwarcs have been developed. llowever, as pointed out by Stewart and
Stewart (1986), Therc is no comprchensive, universal cost cstimating softwarc
package that can be used in all cost estimating situations, but therc are a varicty
of packages, each having unique features that enable them to be used for

different situations.
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2.3 Software
2.3.1 Overview

Software generally, can be defined as a set of interrclated and intcracting
programs. A program is a set of instructions zmd~ statements which when
decoded by a program, will cause thc computer to do the assigned work.
Software is the nonphysical or intangible portions of the computer system which
provides the interfacc between the user and the electronic hardware. Computer
software is not limited to computer programs. Programs necd to-bc documented
as to their structure, components, and use. According to Adrian [1982], this is

considered a part of software development. [lowever, Fox [1982], excluded these

byproducts [rom his software’s definition.

[Fox [1982], and Dologite [1987], categorized all softwares into three overall

types:

(n Applications software. The programs that make the hardware performs a
meaningful user tasks, like word processing, payroll, and data storage.
Most applications software is bought alrcady programmed, ready for
immediate usc. Examples of the available applications softwarc are
Spreadsheets, Data Processing Systems, Accounting Systems, and

Databasc Management Systems.

2) Systems Software. The programs that run at usc time the applications
software. Systems software manage the resources of thec computer,
i.e.disks, main memory, and CPU. Thesc are used to run the applications
software efficiently and control the environment of the applications.
Users of application softwares have little dircct interface with system

softwarc. Systems softwarc consist of operating systems and utility
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programs. Most operating systems comc on a disk and must first be
loaded into computer memory to work. They usually are simply called
D.OS (Disk Operating Systems). Utility programs are available for
mainframe as well as microcomputers as a collection of small, scparatc
programs that mainly help to track files, and to perform disk
housckeeping. With this simple microcomputer system, users can usc
utility commands to format and copy disks as well as to view a directory

of disk files.

Support Software. The programs help the programmer to create and
control their own softwarc. Compilers and assemblers are the most well
known of this category. FORTRAN, COBOL, and BASIC translators are

support software, in that they support the cfTort to crcatc new object

programs.

The software or programming of thc machine has undergone considerable

changes. Brandon and Moore [1983], identified the following software

development:

1. the number of computer languages has increased, cach of which has

been developed for a specific application,

2. some languages have become more like spoken English and therefore

casier to use,

3. “the operating system of the machinc has become more sophisticated

and less oncrous to implement (sometimes to the point of not being

evident to the user),

4. Soltwarc development has now reached the point where the machine
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can undertake a certain amount of sclf-programming once a basic

structurc has been provided by the operator,

5. manuals related to the machine operation machine have become

simpler and in many cases include a sell-teaching text.

2.3.2 Characteristics of Software

Urzua [1986], lists some of the characteristics that civil enginecring
microcomputer software should have. Among them the program must:
- accomplish its intended functions,
- be efTicient,
- be casily maintained and/or modificd,
- be simple to learn and use,and
- have usable documentation.
In the devclopment of a new estimating computer soltware [or governmental

uses, Bristol, and Costea [1986), considered the following features:

- ability to store, maintain, update and retrieve historical costs,

- ability to decrease labor spent on manual analysis and manipulation,

- ability to allow easy comparison of unit costs from various bid tabulation,
- ability to allow cost estimaters to analyze contractors for tenders,

- ability to increase uniformity of output data for use on standard bid tabulation
forms, and

- flexibility.

Onc important characteristic of a well-designed software is that it to be
intcractive. Brandon [1983], has defined the interactive input as a method of
operation in which the user is in dircct communication with the computer and in

which his decisions are influenced by the results. This means that the user could



enter data and get feedback [rom the computer almost instantly.

Bacher, and Lawrence [1983], classified two ways (modes) to enter data into
the computer: batch and interactively. Working in batch modc, the estimater
would normally load all of the nceded data and then run the program at one
time. Interactive input mecans that the data arc cntered into the computer as

responscs to the computer questions; the cstimator then receives instant results

or feedback.

The advantages of the interactive system arc that it can be casier to usc and
it provides faster results and identifics and corrects mistakes. It also prevents
mistakes which can result when another person enters the data, as is the casc in
most batch systems. In an intcractive mode, the estimater creates and controls

what is entered and used to create the estimate.

The flexibility of an estimating system software relates to the easc in which
the user can access the cost data-base, change costs, store the estimate file, and

prepare reports, [Ponder, Thomas and Juan 1986].

2.4 Software Development Strategy

The advent of micro-processor revolution has cncouraged the growth of powerf{ul
large size softwarcs for microcomputers during the last few yecars. Once a
dccision is made to develop a software of any type, careful planning and
programming arc required to assure that the software will be well accepted and

will mect organizational nceds.
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The computing industry formalizes the steps to crecate a new computer system
into what it calls the System Development Lifc Cycle. Dologite [1987], divided

the system devclopment life cycle into five steps shown in Figure 2.5

START Analyze N
requirements AN
\ \
Specity ™.
requirements
N
Design
input, output,
and processing

Program

\.

Install and maintain S
the system ’

N
% T

Figure 2.5: System Development Life-Cycle
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Figure 2.6, gives a bricl description of cach step. These steps represent a formal
set of guidelines and procedures for taking a system problem from beginning to

end.

{ STEP DESCRIPTION

Analysis A user identifies new system requiremeants.

A system analyst investigates the need tor Q new
i e = system and prepares a feasibility report.
Speciication A system analyst creates formal specifications for the

new system using a diagramming or other technique.
Design A system analyst or designer prepares format design

cocuments, including:

Output report and screen layouts (output definition).
Database tecord content.

Input screen and form layouts (input definition).
Program otganization or hierarchy chart.

Progtam logic specifications {processing definition).
Hardwate specifications, if needed.

Progrom Computer programmers code. and test system
progirams.
Instaliation A system analyst coordinates system installation,
ond including user kraining.
maintenance

Users operatle the system.

System analysts and programmers wotk with users
throughout the life of the system 1o mainlain and
upgrade it

Figurc 2.6: Description of System Development Process
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Proceeding through the system development life-cycle represents a systematic
approach to the initiation and follow-up of a new system project. Lven a request
to modify an old systcm follows the samc systematic approach to completion, as

indicated in figure 2.6.

Using a somewhat different approach, IFox [1983] provided an early analysis
of a software development system. In this system, the software’s life-cycle
consists of threc phases: devclopment phase; use phase; and continued
development. In the development phase of the life-cycle, six steps are required to

complete the software, (Figure 2.7) .

Requirements
delinition

Dusign

Write instructions—
program

Construction

Figure 2.7: System Development Life-Cycle
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Simpron [1985], suggested a morc comprehensive development system consisting
of 12 steps. This system is intended to create a uscr-{riendly software, as shown
in Figure 2.8. However, the number of steps is not as important as the concept

of the scparation of tasks and the level of detailed required [Lindman 1984].

| Step 1: Define system objectives.

)

Step 2: Define system users.

i

Step 3: Define system functions.

!

Step 4: Plan system modules.

!

Step 5: Select hardware configuration.

!

Step 6: Deline human-computer interface.

{

Step 7: Design file structure.

!

Step B: Prepare system specification,

.

Step 9: Write program code.

{

Step 10: Document program.

'

Step 11: Test program.

Figure 2.8: System Dcvelopment Life-Cycle
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2.5 Construction Cost Estimating in Saudi Arabia

Scveral factors have contributed to the creation of a unique construction industry
in Saudi Arabia. Al-Jarallah and Mohan [1986], list some special features of the

construction business in Saudi Arabia. Some of these are as follow :

- There has been a shortage of local contractors and consultants. Most

contractors and consultants are forcign based.

- All unskilled and semiskilled labor is imported from far [Fastern and Middle

[ast countries.

- The working time is 10 hrs. a day, 6 days a weck. Annual holidays total from

6 to 10 days. This leaves a working period of a bout 305 days a ycar.
- There are no organized labor unions and no strikes.

- Inflation is minimal. In the last 4 years it has been zero and, on some goods,

even minus.

- As much as 40 to 50 percent of materials is imported, and therefore the
proportion of matcrial cost is rclatively high. Poor matcrial planning and

estimates have been the causes of delay on some projects.
- The harsh climate reduces labor productivity and machine life.

- In Saudi Arabia, most of the public works contracted by the Saudi

Government usc fixed-price contracts and awarded on a competitive base.

- There is no standard form of contract in Saudi Arabia, but there arc certain

requirements dictated by the Government Tender Law.
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2.5.1 Construction Current Situation

The fact that Saudi Arabia has completed most of the major infrastructure
projects together with the slump on oil revenues, have resulted in a drastic
decline in government spending on construction projects. The Planning Ministry
predicts an average annual decline in construction activity of 2.8 % during the

Fourth Plan (1985-1990). The impact of this situation are:

1. fewer building projects,

2. the construction market is becoming increasingly tough and competitive;

3. the cost of tender documents has risen considerably.

4. public clients are increasingly turning their attention away from quantity and

speed to quality and cost control; and

5. clients are stricter than ever in monitoring the quality of the finished work,

increasingly enforcing time penalties, and controlling of contractor’s claims.

Morcover, retendes, higher bonding costs, delay in payments, delays in contract
awarding and the shrinking volume of advance payments, are other practices that

have made life tougher for all contractors.

Since 1982, increasing competitive bidding has forced a drop in tender prices
of up to 50 %. Morcover, this ficrce competition has helped to drive prices
down, in some cases to the point where some companics have been forced to
make a loss just to stay in business, [MEED, May 1986] . Flowever, the
recession has encouraged the contractors to cvolve and adapt to the changing

conditions. The weaker companies closed, while those stronger companies adopt

some of the following stratcgies:
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l. many contractors have made the transition into the (lourishing operation and

maintenance sector,
2. forcign and Saudi contractors have cut their overheads;

3. contractors are bidding on S to 15% profit margin other than the 50% or so

commonly available in the past,
4. most of the contractors have reduced their skilled workforce;
5. some contractors arc bidding at unrealistically low prices; and

6. thc management and cngincering aspects of the project bccome particularly

important.

2.5.2 Estimating Practices

Despite the importance of cost estimate, little have been donc with regard to
construction cost estimate in Saudi Arabia. Two senior theses have been found

dealing partially with cost estimate in the country.

Depending on the project type, threc types of estimate are usually done to
estimate the construction cost in Saudi Arabia: factor estimate, unit-cost estimate
and detailed estimate . Factor estimate is prepared by the contractors of the

industrial projects whereas the other two types arc performed by the building

contractors.
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2.6 Arabization

Several techniques for arabizing personal computers have been proposed over the
past years. Previous cfforts in thc dircction of developing programming
languages have resulted into two commercially available languages:
AIKHAWARIZMI, and BASIC. The two languages usc Basic language and can

be vicwed as two translations of it.

Scveral rescarches has revealed that to date, there is no an Arabic structured
programming language that can effectively support the devclopment of large
applications. Instcad, a good knowledge of the English language is still a

requirement for developing a good practical computer program.

However, several attempts have been made to allow the use of programs that
directly access the screen by arabizing the operating systems, both on hardware-
basc and software-base. Hardware-basc arabizing techniques means that certain
chips/boards in the computer and its printers have to be replaced by special
Arabic-specific components. Software-basc on the other hand, doesn’t require
any hardware replacement. Moreover, Icading computer suppliers are stepping
up efforts to introduce new Arabic software and hardware products. Attempts
are being made to launch an Arabized version of dBASE IV and to produce

Arabized version of Lotus 1-2-3 spreadsheet, [O’Sullivan, 1989]

A commercially available Arabization software package is NAFITHA ,sold at a
cost of SR 350. NATITHA is a program running under MS-DOS that cfTectively
arabize the operating system. NAFITHA has becn conccived as a transparent sct
of Arabic tools to provide users with the best environment for running popular
off-the-shelf software programs without modifications. NAFITHA’s additional

utilitics allow the user maximum control over keyboard layout, ASCII code
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definition, screcen character definition tables, and a flexible and configurcable
means of overcoming the peculiaritics. NAFITIIA has been developed with an
open architecture that gives users flexibility in customizing the Arabic
environment that best suits their nceds as it is totally transparcnt with the use of

any of the programming languages for the IBM PC .

AMEER board is another bilingual (Arabic/Latin) solution for IBM PC and
the 100% compatibles, marketed at a cost of SR 900. AMEER is a pure
hardware solution which achicves total software transparency with the operating
system and applications. Data may be cntered in either language (Arabic/Latin)
within normal operation and without any modification to the software. AMEER
is simply a printed circuit board plugged into onc of the expansion slots of the
PC. Few wires are rcquired to be connected to the IBM monochrome adapter to

provide the additional character shapes for Arabic operation.
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CHAPTER III

FIELD SURVEY

3.1 Introduction

Lacking sources of information describing in full dctail the process of
construction cost cstimating in Saudi Arabia. It is the purposc of this survey to
gather the information required in developing the proposed software. Within this

overall purpose are the following specific objectives:

to identify the estimating methods followed to estimate the construction costs;
- to identify the information needed by thc estimater to perform the estimate;

- to recognize the problems facing the estimators in preparing the cost estimate;
and

- to asscss the nced for Arabic cost estimating software.

It is important to emphasize that the study focuses on the types of estimates
donc by building contractors classified as Grade A by the Ministry of Commerce.
The survey docsn’t deal with other types of estimates done by the owner,

designer or ather types of contractors.

3.2 Survey Design and Methodology

Due to the nature of the estimating process, it is believed that the required data
and information, are best collected through dircct interviews and discussion with

the key estimators, rather than mailed questionnaires.

A personal interviews in which the intervicwer obtains information from



. 34

respondents in face-to-face meatings, has several advantages: (1) it has a high
degree of flexibility; (2) it provides a guard against confusing questionnaire items,
and probes for more complete answers; and (3) it typically attains higher
response rate than mail survey. [lowever, personal interview studies are time"
consuming, administratively difficult, and costly. The time requirements arc
understandable in light of the need to travel between - respondents, set up

appointments, and schedule a return visit to do the interviews.[Aaker, 1983)

3.2.1 Preparing the Interview Questionnaire

Preparing the questionnaire involved three stages: (1) a comprehensive review of
the available relevant literature, supplied the basic information for preparing the
first version of the questionnaire; (2) to ensure an interview that will be clear and
short, several meetings with some experienced cstimators were made guided by
the first version of the questionnaire; (3) following a careful analysis review, and

revision , the final draft of the questionnaire was designed

The questionnaire (see the appendix) was divided into threc parts. The first
part, Part A, contains qucstions about the firm. In the sccond part, Part B, the
respondents were asked. about the steps followed to develop the cost estimate;
then they were asked about the information needed in thesc steps, (Sixteen
information items werce presented to the respondents, for which they were asked
to rate them according to their importance, and adding any information that was
not listed). "After that, they were asked to rate some problems that may facc the

estimator in developing the estimate.Finally, the respondents were asked to assess

the accuracy of their past estimates.

The third and the last part, Part C, contains questions about the
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computerized cstimating, and in casc the contractor uscs computers, in

devcloping the cost estimates.

3.3 Statistical Sampling

3.3.1 Background

The ultimate objective of sampling is to sclect a set of clements from a
population in such a way that the statistics (description of those eclements)
accurately portray the population from which the clements were selected.

Probability sampling enhances the likelihood of accomplishing this objective.

A basic principle of probability sampling is that: a sample will be
representative of the population from which it is selected if all members of the
population have an equal chance of being sclected in the sample. Random
selection is the key to this process. It is typically to use tables of random

numbers or computer programs that provide a random selection of sampling

units. [Ott, 1984 ]

Sample size is determined or affected by many factors including the purpose
of the study, the nature of the population, the amount of sampling variation to
be tolerated in the estimate, the variability of the characteristics to be cstimated
or measured, method of estimation, and the degree of confidence with the results

of the study.

The proper sample size nceded for some desired precision can be
approximated by using the formulas for estimating the confidence intervals of
population means and proportions. In estimating an interval for a population

mean from a large random sample, the theoretical formula for a confidence



N
[y

36

interval is X £20. JOtt, 1984 and Rosander, 1977]

where:

X: the mean of the distribution of the sample mcans,
z: (1.96 or 2 for 95% level), measured on cach side of the mean |t,

O3 the standard deviation of the distribution of the sample mcans (called “the

standard crror of the mean”) ,

+20,: represents a certain distance plus or minus from the mcan along the

normal distribution’s value scale (X axis). for convenicnce, this distance is called

d,

and then:
d=1z0;

and

Ui=

4
z

if the sampling is [rom an infinite population, or from one in which it is
fairly surc that thc sample size will be small (ns0.05N) in rclation to the

population, the formula for the mean’s standard error is [McAllister 1975]:

and using the relationship with d:
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o

NG

4
z

solving forn ,

(Iiq.3.1)

In sampling from a finite distribution when it is not fairly certain that n ,the
sample size, will bc small in relation to N ,the population size, the finite

multiplicr must be included as part of the formula (Eq3.1). For this case

and substituting d/z for o we get :

- D (%)
solving for n,

0.2

T TN-DINJ@2) + (N)

n

(Eq. 3.2)

In most practical cases the factor{(N-1) /N] is of negligible importance in

affecting the result and is therefore omitted in computing n . [McAllister 1975]

When it is possible that a fairly large portion will be sampled from a finite
population (N), Equation 3.2 should be used. Obscrving that using Equation 3.1

is not only simpler but in asking for a larger sample than for Equation 3.2 is
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morc conscrvative. Since the relationship always holds, the first formula should
be uscd to estimate the needed sample size unless time or cost are especially

important. [McAllister, 1975 and Rosander, 1977]

When the determination of sample size is based on proportions, the formula

for infinite population is :

Y2
n = PP (Eq. 3.3)
d2
and for finite population is :
(1-p) Z
n = p(l-p (Eq. 3.4)
a2+ [p(1-p)/N]Z
where :

n: sample size,
N : population size,

z: normal deviate from 5 percent tail arca split 2.5 percent in each tail of the

normal curve, ( 1.96 or 2 [or 95% level),

p: the proportion of the characteristic under investigation. the value of p is
assumed or estimated; if it is unknown, p can be maximized as well as the

sample size when the value of p is close to 0.5 (i.c. p=.5)

d: is the expected crror in the estimate with (1- ) level of confidence
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3.3.2 Estimating Sample Size
The sample size to be used in this rescarch is computed in the following manner:

(1)  the population of this study is limited to building contractors workng in the
Eastern Province of Saudi Arabia, and classified as Type A by the Ministry

of Commerce.

(2) according to the Chamber of Commerce & Industry of the Eastern
Province, there are in 1989 72 Grade A building contractors working in the

Province. So the total population is 72, (i.e. N=72).

(3) the level of confidence is 95%, i.e. z = 2, and the precision interval of d, is

+0.01.

(4) the sample size is computed by using Equation 3.4 as follow:

z2

d?+ [p(1-p)z¥N]

n = p(l-p) x

where:

p= 0.5
z=2

d= 0.01
N= 72

0.5 x 0.5(2)?
n, = (2)

-con’+[&5x05x(aﬁ7{]=

n,

36
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n,=24
n,=18
n,=15
n,=13
n, =1l

The difference between n, 0, ng and ng is assumed constant and
insignificant, thercfore, the sample size is set to 24 contractors.

(5) to achieve random selection of the sample [rom the total population, tables
of random numbers are used. In this process the total population was
labeled from [ to 72 on the list obtained from the Chamber of Commerce
& Industry, then referring to the table of random digits, a starting point

was chosen, and then the contractors to be visited were identified.

3.3.3 Scoring

It is no doubt that not all of the estimation information items have the same
value to the cstimator. There are some information items, such as tendering
documents, material prices, equipment cost, and labor rates, that are much more
important than , for example, the overall economic situation ,Or government
regulations. Thus, to measure the importance of several information items that
may be needed in construction cost estimating, a rating scalec was used. This
scale provides respondents with a sct of categories that represcnt the range of
possible judgements. This is called itemized rating scale, and is distinguished by
the fact that the rater must sclect from a limited number of categorics to indicate
the importance of the statement under consideration by checking the appropriate

position on the scale, (28). The scale as shown in Figure 3.1, is divided into five
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blocks, each shows in words the degree of importance.
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Figure 3.1
Scale Level of Importance

# |Information Item very |Low|Medium |High |very
Words |low high
Score |0 1 2 3 4

Each responsc is scored by assigning values from 0 (very low response) to 4
(very high responses) to cach item. Thus, if a respondent belicved that an item is

very important, that response received a score of 4. A response of very low

importance received a score of 0 and so on.

The same argument is used to measurc the level of importance of possible

problems that may face the estimator.

Each information item and each problem of questions M and N of part “B”

of the questionnaire, has an importance index or severity index to help in ranking

each statement according to their importance as follows:

Importance.Index,(IM.IND.) =

where:
W, = the weight given to the ith response, i = 1,2, 3,4, 5

fx. = Responses frequency;

fx. = the frequency of “very high ” responses



fx,= the frequency of “high ~ responscs

fx,= the frequency of “medium” responses

fx‘= the frequency of “low” responses

fxs = the frequency of "very low ” responscs

N = number of responses, (24 responses).

Ilustration:

12

Consider item information number 1 of question M in part “B” of the

quecstionnaire, the (IM. IND.) is calculated as lollows:

IM.IND.) = — x
(IM.IND.) 24

4

Level of Weight | Response
Importance IFrequency
W) |, (W, x£,)

Very high 4 19 76.0
High 3 1 3.0
Mecdium 2 1 2.0
Low 1 3 3.0
Very low 0 0 0.0
Sum 10 24 84

34 190 _g7.500



CHAPTER IV

DATA ANALYSIS & RESULTS

This chapter describes the statistical techniques and mecthods used in analyzing
the survey data, and discusses the statistical results. The major findings of this

survey arc also presented.

Data analysis is the process whercby the raw data are transformed into the
information called for in the rescarch design. Research and ficldwork are
undertaken solely for the purpose of obtaining data which, when tabulated and
analyzed, will yicld this needed information. Therefore, data analysis plays an
important role in turning the raw data into dcfensible, actionablc scts of
conclusions, recommendations and decisions. It is actually a sct of statistical
methods and techniques that can be used to obtain information and insights [rom
the raw data, including are: 1) tabulation; 2) statistical summarization; 3)

ranking; and 4) sample correlation.

4.1 Tabulation

Usually the first step in data analysis is the tabulation work. It consists of
sorting the data into categories and classes and counting the number of responses
associated with each. These results are then summarized in order to present the

findings in a morc compact and more casily understood format.

43
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The result is the frequency distribution. The frequency distribution, in addition
to communicating the results of the study, can be used for other purposes: (1) to
determine the degree of item response; (2) to locate errors; (3) to calculate
summary statistics; and (4) to locatc the distribution on the scale of mecasurement
and the spread of scores within the distribution. The frequency distribution for
questions M and N of the questionnaire are shown in appendix B. The

frequency distribution of the other questions are shown in the [ollowing tables.

Table 4.1: % of Work Obtained Through Competitive Bidding

Range Percent of Respondents
Under 25% 33.3%

25% - 50% 16.7%

50% - 75% 8.3%

5% - 100% 41.7

Table 4.2: % of Work Subcontracted on Average Job

Range Percent of Respondents
Under 25% 58.3%

25% - 50% 16.7%

50% - 75% 0.0%

75% - 100% 25.0%

Table 4.3: Average Job Size, (Millions of SR)

Range Percent of Respondents
Under 1 0.0%

1-35 14.7%

S-10 45.8%

Over 10 39.5%
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Table 4.4: Language Used in Developing the Estimate

Language Percent of Respondents
English only 83.3%
Arabic only 0.0%
Arabic & English 16.7%

Table 4.5: Language Used in Communication

Language Percent of Respondents
English only 25.0%
Arabic only 0.0%
Arabic & English 75.0%

Table 4.6 Utilization of Microcomputers

Using Comp. Percent of Respondents
Yes 16.7%
No 83.3%

The above tables reveal the following:

- almost all contractors use the English language in developing the cost
cstimatc; this is because many employees do not spcak Arabic. In addition, all
drawings and specification are prepared using the English language.

- the majority of contractors surveyed (41.7%), obtain most of their work
through competitive bidding.

- 75.0% of contractors use Arabic and English to communicate the estimate
with the owner.

- most contractors do not use microcomputers in developing the cost estimate.
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4.2 Statistical Summarization

-~

In presenting survey findings, several statistical measurcs are {requently employed
in an attempt to typily the data. These are called summary statistics and are
usually intended to measure the central tendency and to measure the dispersion,
such as standard deviation and cocflicient of the mean. These techniques are

uscd to analyze questions M and N in part “B” of the questionnaire.

4.2.1 Measurement of Central Tendency

A mecasure of central tendency is a single value on the measurement scale that in
somc way represcnts the location of a set of scores. There are scveral popular
measures of central tendency, cach of which represcnts a distribution in a
different fashion, the one used in this survey is the mean. The arithmetic mean is
a very precisely defined measure of central tendency. The arithmetic mean,
usually refered to simply as the mean, is found by dividing the sums of the values
of the obscrvations by the number of item obscrved. The formula is:

X;
n

(Eq. 4.1)

X=.§:

=1
where: X = arithmetic mean
X; = the value of the ith responsc

n = number of responses
The weighted mean can be obtained using the (ollowing formula:

S wixf"
X= ET (Eq. 4.2)
i=1



where:

X = the weighted mean

W, = the weight given to the ith item,i = 1,2, 3, 4, §

fx‘ = the response frequency in each class on the measurcment scale

N = number of responses

[tlustration

The weighted mean for information item number 1 in question part “B” of the

questionnaire is calculated as follows:

Level of Weight | Responsc
Importance IFrequency
W) £, (W, x1,)

Very high 4 19 76.0

High 3 I 3.0

Medium 2 1 2.0

Low 1 3 3.0

Very low 0 0 0.0

Sum 10 24 84
x=24 _3.50

24 .
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4.2.2 Measures of Variability

Measures of variability give an idea of the sprcad of a set of data scores over the
scale. There are scveral measures of variability, cach of which describes the
spread of scores in a different way. Each mcasure of variability provides a single
valuc (usually a distance on the measurement scale) to describe the spread of a
sct of scorcs. Any measure of variability increases in numerical valuec when the
spread of scores ( reflected by the measure) increascs,(18, 29). The measures used
to analyze the data of this work arc; standard deviation, CocfTicient of variation

(C.V.), and the standard error of mean.

4.2.2.1 Standard Deviation

Standard deviation is defined to be the positive square root of the variance. The
variance is defined as the average of the squared deviations of the observation
values from the mean of the distribution. Since the variance is a rather difficult
measure to interpret, the standard deviation is the most frequently encountered
measure of variability . The propertics of standard deviation make it an
extremely valuable tool in sampling, correlation, and other analytical arcas (35).

The appropriate gencral formula for calculating the standard deviation ;

_ VX=X g,

n-1

S (Eq.4.3)
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The standard deviation for information item number ! in question part “B” of the

questionnaire is calculated as follows:

Level of Weight | Response - —_3
Importance Frequency (W;—X)} (X;—X) xf
Very high 4 19 0.50 4.75
ligh 3 1 3.0 -0.5
Medium 2 l -1.5 2.25
Low | 3 -2.5 18.75
Very low 0 0 -3.5 0.0
Sum 10 24 26

26

S=V—=1.06
23

4.2.2.2 Cocflicient of Variation (C.V.)

The coefTicient of variation cxpresses the standard deviation as a percentage of

the mecan. C.V. is useful in comparing the rclative variability of different kindes

characteristics, that is free of the unit of mcasurement (29). The formula is ;

S
CV.= —x100
X
where:
C.V. = coellicient of variation

S = standard deviation of the sample

X = wighted mecan of the sample.

(Eq. 4.9)
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4.2.2.3 The Standard Error of Mean

The standard deviation of the sampling distribution of means is called the

standard error of mean and is defined as (18)

where @ ,is the standard deviation of the population and n is the sample size.
[Towever, in most practical situations involving sampling, ¢ is not known, thus
G; must be cstimated from the sample. The formula for the standard error of

mean is changed (rom

Oz
n
to
8. = (Eq. 4.6)
/n

where S, is the standard deviation of the sample. A correction [actor may be
applicd to the estimated standard crror of mean to compensate (or the sizc of the
sample, n , in relation to the size of the population, N , (18). Equation 4.6 then
becomes:

g~ >V IOu (Eq. 4.7)

Jn N



4.2.3 Interval Estimation

There arc two possible ways to cstimate the unknown population paramecters
from the sample statistics: (1) as a point cstimation, and (2) as an interval
estimation. For example. the sample mean, X, is uscc to estimate the unknown

population mean, ji. It is uscful to estimate the population mean, () as an

interval estimate around X. Using probability sampling, it is probable that a
certain interval will enclose the true value of the popuiation mean. This interval
is termed the confidence irterval, and the probability of a sample mean laying
within the confidence interval is termed the confidence coefTicient. The formula

is simply this (18),

X —z8_<p<X +126; (liq. 4.8)

as shown in Figurc 4.1

e— 0.4750 —>t<——0.4750 —>~

z =-1.96 u 2z = 1.96

Figurc 4.1: A 95% Confidence Interval of the Population Mean



Table 4.7 Mean, S.E, C.1., and C.V. for Question M in Part "B~

# |Mean |Standard S.T.D 95% C.V.
Deviation Error Confidence (%)
of Mean Interval
1 (3.50 1.06 0.18 3.50 +0.36 30.28
2 13.46 0.72 0.12 3.46 +0.24 20.81
3 (283 1.37 0.23 2.83 +0.46 48.81
4 1237 1.09 0.18 2.37 +0.36 45.99
5 237 1.01 0.17 2.37 +0.34 42.62
6 (3.50 0.59 0.10 3.50 +0.20 16.86
7 (279 0.59 0.10 2.79 +0.20 21.15
8 1292 0.88 0.15 2.92 +0.30 30.14
9 1229 1.27 0.21 2.29 +0.42 55.46
10 | 1.87 1.47 0.25 1.87 +0.50 78.61
(237 1.17 0.19 2.37 +0.38 38.31
12 |3.08 1.18 0.19 3.08 +0.38 38.31
13 [2.92 0.77 0.13 2.94 +0.26 26.37
14 12.21 1.25 0.12 2.21 +0.42 56.56
15 12.58 1.06 0.18 2.58 +0.36 41.09
16 13.04 1.04 0.17 3.04 +0.34 34.21
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Table 4.8 Mean, S.E, C.I.,, and C.V. for Question N in Part "B”

# |Mean |Standard ST.D 95% C.V.
Deviation Error Confidence (%)
of Mean Interval
1 12.04 0.81 0.14 204 +0.28 39.71
2 | LS8 1.32 0.22 1.58 +0.44 83.54
3 (242 1.59 0.27 2.42 +0.54 67.70
4 (275 0.40 0.07 2.75 +0.14 14.54
S5 275 0.51 0.08 2.75 +0.16 18.54
6 |[258 1.41 0.24 2.58 +0.48 54.65
7 1233 0.87 0.14 2.33 +0.28 37.34
8 1229 0.81 0.14 2.29 +0.28 35.37
9 |L79 0.78 0.13 1.79 +0.26 43.57
10 { L.17 0.95 0.16 [.17 +0.32 55.55
111292 0.93 0.15 2.92 +0.30 31.85
12 2.04 0.86 0.14 2.04 +0.28 42.17
13 12.08 1.06 0.18 2.08 +0.36 50.96
14 [2.71 1.04 0.17 2.71 +0.34 38.38
15 12.79 1.02 0.17 2.79 +0.34 36.56
16 {1.75 1.19 0.20 1.7§ +0.40 68.00
17 |2.50 1.14 0.19 2.50 +0.38 45.60
18 2.04_ 1.23 0.21 2.04 +0.42 60.29
19 | 1.83 1.01 0.17 1.83 +0.34 55.19
20 [ 1.54 0.88 0.15 1.54 +0.30 57.14
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As shown in table 4.7, the variation of the responses regarding the information
needed in developing the estimate is relatively low, as indicated by the C.V. This
mean that the estimators agrec about the information necded to develop the
cstimate. Another reason for this low variation can be attributed to the nature
of the study; i.e. the sample survey was limited to type A building contractors in
the Eastern Province. Thus the respondents belong to this sector in doing the
same work (building), under the same prevealing situations. Referring to table
4.6, one can note that the overall economic situation inflation, rate,and the
historical profit in similar jobs, have the highest variation 78.61%, 55.46%, and
56.56% respectively. This reflects the existing conditions. Since some projects
requirc some imported material, where the inflation rates are high, whereas some
don’t. In these days of tough competition,in addition to the slump in the local
cconomy, it is diflicult to apply the historical profit to these day’s projects, this

may interprets these variations.

Regarding the problems facing thc cstimators, it may bc noted the high
variation of the responses, because the problems differ from one project to
another depending upon their particular situation. [For example, calculation
crrors have a C.V. of 83.54% which is very high compared to the others; this is
because these errors will not cause trouble if the estimate is reviewed scveral
times, cspecially by another estimators. Content of arbitration clauses, problem
No.16, has a variation of 68.00%, and this is simply becausc the contract

agrecment is highly diffcrs according to the owner and/or type of contract.

4.3 Ranking

Questions M and N in part “B” of the questionnaire arc ranked by the

importance index discussed in chapter 3. Six rank tables arc presented as follows:
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Table 4.9: Mean Rank of Information Items Nceded to Prepare the Cost

Estimate, for the Total Surveyed Sample, Question M.

Rank | # Information Item Importance
Index
1 1 Tendering Documents 87.500
2 6 Matcrial Prices 87.500
3 2 Project Scope & Delinition 86.458
4 12 Labor productivity 77.083
5 16 Risk involved 76.042
6 8 Labor Rates 72917
6 13 Government rcgulations 72917
8 3 Owner requircments 70.833
9 7 Equipment Costs 69.792
10 |15 Ovecrall cconomic situation 64.583
i 14 Project Location 59.375
i |s Historical Data of Similar Work 59.375
It Required equip. availability 59.375
14 |9 Inflation rate 57.292
15 |14 IHistorical profit information 55.208
16 |10 Skilled labor availability 46.875
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Table 4.10: Mean Rank of Problems FFacing Cost Estimators in Preparing the

Cost Estimate, for the Total Surveyed Sample, Question N.

Rank | # Problem Importance
Index

1 11 Tough competition 72917
2 15 Contract period 69.792
3 4 Incomplete drawings & specifications 68.75

3 5 Incomplete the project scope definition 68.75

5 14 Unforesceable change in material prices 67.708
6 6 Changes of Owner requirements 64.583
7 17 Current work load 62.500
8 3 Judgment crrors 60.417
9 7 Inadequate time 58.333
10 |8 L.acking historical data of similar jobs 57.292
1 113 Lacking expericence in similar job 52.083
12 |12 Unfamiliarity with government regulations 51.042
12 |1 Work item omission 51.042
12 {18 Inconfidence in your workforce 51.042
15 |19 Difficulty of the project 45.833
16 |9 Lacking productivity informations in S.A. 44.792
17 |16 Content of arbitration clauses 43.750
18 |10 Lacking of cost data indcxes in S.A 42.708
19 |2 . Calculation errors 39.583
20 120 Portion of work to be subcontracted 38.542




Table 4.11: Mecan Rank of Information Items Needed to

Estimate, for the Contractors Using Computers, Question M.

57

Preparc the Cost

Rank |# Information Item Importance

Index
1 2 Project Scope & Definition 87.500
1 6 Material Prices 87.500
3 1 Lquipment Costs 81.250
3 ! Tendcering Documents 81.250
5 16 Risk involved 75.000
6 13 Government regulations 68.750
6 5 Historical Data of Similar Work 68.750
6 8 Labor Rates 68.750
9 12 Labor productivity 62.500
9 15 Overall cconomic situation 62.500
SR Required cquip. availability 56.250
12 |10 Skilled labor availability 50.000
12 |14 Historical profit information 50.000
14 |4 Project Location 43.750
15 |3 Owner requircments 37.500
15 |9 Inflation rate 37.500
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Table 4.12: Mean Rank of Probicms Facing Cost Estimators in Preparing the

Cost Estimate, for the Contractors Using Computers, Question M.

Rank |# Problem Importance
Index

1 6 Changes of Owner rcquirements 75.000
2 1t Tough competition 68.750
3 q Incomplete drawings & specifications 62.500
3 S Incomplete the project scope definition 62.55

5 1 Work item omission 50.000
5 7 Inadcquate time 50.000
5 8 Lacking historical data of similar jobs 50.000
5 12 Unfamiliarity with government regulations 50.000
5 1S Contract pecriod 50.000
5 17 Current work load 50.000
1 113 Lacking experience in similar job 43.750
it 114 Unforeseeable change in material prices 43.750
13 |9 Lacking productivity informations in S.A. 37.500
13 |10 Lacking of cost data indexes in S.A 37.500
13 |18 Inconfidence in your workforce 37.500
13 {19 Difficulty of the project 37.500
17 {3 Judgment crrors 31.250
18 |16 Content of arbitration clauses 25.000
18 |20 Portion of work to be subcontracted 25.000
20 |2 Calculation errors 18.750




Table 4.13: Mean Rank of Information Items Needed to Prepare the Cost

Estimate, for the Contractors Not Using Computers, Question M.
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Rank |# Information Item Importance
Index
1 1 Tendering Documents 88.750
2 6 Material Prices 87.500
3 2 Project Scope & Definition 86.250
4 12 Labor productivity 80.000
5 3 Owner requirements 76.250
6 13 Government regulations 73.750
7 8 Labor Rates 72.500
8 16 Risk involved 70.000
9 7 Equipment Costs 68.750
10 |15 Overall economic situation 65.000
1 10 Skilled labor availability 62.500
12 {5 Historical Data of Similar Work 61.250
12 |4 Project Location 61.250
12 |11 Required equip. availability 61.250
15 19 Inflation rate 60.000
16 |14 [Historical profit information 57.000




60

Table 4.14: Mean Rank of Problems Facing Cost Estimators in Preparing the

Cost Estimate, for the Contractors Not Using Computers, Question M.

Rank |# Problem Importance
Index

1 11 Tough competition 73.500
1 15 Contract period 73.750
3 4 Incomplete drawings & spccifications 70.000
3 14 Unforesecable change in material prices 70.000
S S Incomplete the project scope definition 68.75

6 17 Current work load 63.750
7 6 Changes of Owner requirements 62.500
7 3 Judgment errors 62.500
9 1 Inadequate time 60.000
10 (8 Lacking historical data of similar jobs 58.750
I {13 Lacking experience in similar job 55.000
12 |I8 Inconfidence in your worklorce 53.750
13 (12 Unlamiliarity with government regulations 51.250
14 |9 L.acking productivity informations in S.A. 46.250
14 |16 Content of arbitration clauses 47.500
14 |1 Work item omission 46.250
17 |10 Lacking of cost data indexcs in S.A 45.000
17 |19 DifTiculty of the project 45.000
19 (20 Portion of work to be subcontracted 40.000
20 (2 Calculation crrors 37.500
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4.4 Correlation

A correlation coefficient indicates both the direction and the strength of the
relation or association betwecn two variables. One of the methods used to
mcasure the association, is the Spearman rank-order corrclation coeflicient, r.
The sign of the correlation cocfTicient (+ or -) indicates the type of relation. The
strength of the relationship between the ranks is indicated by the numerical value
of the cocflicient when the relation is "perfect” the numerical value is 1.00,

whereas il r is - 1.00 a perfcct negative relation exists. An r, of 0.00 reflccts the

absence of any lincar relation. Thus, if a correlation between two variables

exists, that relation would be revealed with the sign and valuc of r, (18) . The

formula of r_ is:

d?
N(N%-1)

= 1-6x) (cq. 4.9)

where:

r,= rank corrclation coefTicient
d; = the difference between the two rankings

N = number of cascs.

The r_ for the contractors using cotmputers in preparing the cost cstimate and

those who are not using computers for question N and M for part "B of the

questionnaire arc calculated as follows:

_6x239

Fgy = =0.65
W 172)
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where T(12) Jis the agreement between the contractors using computer and

the contractors who are not using computer for question M of part “B”

6 x 453

ro =1-—22953 _g98
U7 90(20%1)

where 1,,, .is the agreement between the contractors using computer and

the contractors who are not using computers for question N of part "B~
Tables 4.15, and 4.16 show the calculation of the correlation coefTicient.

The correlation results show a high percentage of relationships between
using computers in estimating and the problems frequently facing the cstimators.
This is cxpected, since the benefits of computers especially in cost estimating are
obvious. This is indicated by r,=0.98 as in table 4.15, however, the difference in

population size may affect this result.

Regarding the information needed in preparing the cstimate, where r,=0.65

show to some extent, that this part doesn’t reflect the existing situation, since the

information required in cost estimating would not vary whether computers arc

uscd or not.

The correlation results, should be considercd with care, since the number of
contractors using computers in devcloping the cost cstimate is very low (4
contractors), comparcd with the number of contractors (20 contractors), using

manual methods in preparing the cost cstimate.
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Table 4.15: Computation of Spearman Correlation Cocflicient for Information

Item, Question M part "B~

Item # |Rankl |Rank2 | d?
l 3 1 4
2 I 3 4
3 15 S 100
4 14 12 4
5 6 12 36
6 1 2 1
7 3 9 36
8 6 7 1
9 15 15 0
10 C12 11 1
11 Il 12 l
12 9 4 25
13 6 6 0
14 12 16 16
15 9 10 l
16 5 8 9
Sum 235

Note:
Rank! = Rank by the Computer users

Rank2 = Rank by non-Computer Users
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Table 4.16: Computation of Spearman Correlation Coeflicient for Problems of

Estimating, Question N part "B”

Item # [Rankl |Rank2 | d?
| 5 14 81
2 20 | 20 0
3 17 |7 100
4 3 3 0
5 3 5 4
6 | 7 36
7 5 9 16
8 5 10 25
9 13 | 14 1
10 13 |16 9
1 2 I 1
12 5 13 64
13 i | 1 0
14 1|3 64
15 5 1 16
16 9 | 14 25
17 5 6 1
18 13|12 1
19 | 13 |16 9
20 18 | 19 1
Sum 453

Note:

Rankl = Rank by the Computer users
Rank2 = Rank by non-Computer Users
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4.5 Major Findings
This part presents the findings of this study in the following sections

4.5.1 Information Needed in Developing the Estimate

The information necded to develop the cost estimate for a given project, as

revealed by this survey are as follows:

1. Tendering Documents

2. Material Prices

3. Project Scope & Definition
4. Labor productivity

5. Risk involved

6. Labor Rates

6. Government regulations

8. Owner requirements

9. Equipment Costs

10.0Overall economic situation
11.Project Location

11.Historical Data of Similar Work
11.Required cquipment availability
14.Inflation rate

15.Historical profit information

16.Skilled labor availability.
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4.5.2 Problems Facing the Estimators in Developing The Estimate

This survey indicates that the following problems are [requently facing the
construction cost cstimators in developing a project cost estimate:
I. Tough competition

2. Short contract period

(%]

. Incomplete drawings & specifications

(92 ]

. Incomplete project scope definition

5. Unforesecable change in material prices
6. Changes of Owner requirements
7

. Heavy current work load

o0

. Judgement errors

O

. Inadequate time, (short bidding Pcriod)
10.Lacking historical data of similar jobs
[1.Lacking expericnce in similar jobs
12.Unfamiliarity with government regulations
12.Work item omission

12.Inconfidence in the workforce

15.Difficulty of the project

16.Lacking productivity informations in Saudi Arabia
17.Hard content of arbitration clauses
18.Lacking of cost data indexes in Saudi Arabia
19.Calculation crrors

20.Difficulties in identifying the portion of work to be subcontracted.
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4.5.3 Process of Detailed Estimating

The process followed to develop the construction cost of a project, as revealed by

this survey, can be described as shown in figure 4.1, as follows:

Step I: As shown in the figure, the first step in construction cost estimating, is to
get the tendering documents from the owner after passing the prequalification.
Among others, these documents consist of drawings ( blueprints ) and
specifications. The drawings and specifications are prepared by a design office
with the coordination of the owner. Project drawings, which may consist of plot
plans, foundation plans, floor plans, clevation plans, and windows and door
schedules, show what is to be built, whereas the specifications describe the

quality of the finished work.

Project documents, arc usually divided into: electrical work, civil work, and

mechanical work. Each of which is estimated scparately.

Step 2: In the second step, a detailed analysis of the tendering documents and
other available information is done. In case, the project documents are
incomplete,the cstimator may visit the site to get more information about the

site, and meet with the owner to sct the final scope and definition of the project.

Step 3: Quantity take-off and resource allocation. In this step, the blucprints are
read to determine the quantity of material required to complete the specified
project, and to determinc the required workforce and cquipment. In some

projects, the tendering documents contain the bills of quantities; in this case, the
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estimator checks those bills, since they are mercly an estimated quantitics

prepaired by the design ofTice.

The work to be subcontracted is identified and roughly estimated. In most
cases, this subcontracted work is ncgotiated with the subcontractors and a final

cxpected costs and prices are calculated.

Step 4: Using specifications, the cstimator determines the quality of the required
materials and begins the pricing process. Through the purchasing department,

the cstimator contacts with the material supplyers, to get an updated material

prices.

To get the material cost, the estimator just multiplics thc quantity of
material by the unit cost of cach material, and adds the 5% percent of this prices
to account for wastages and damages. The estimator may refer to historical data
costs of similar work in this step, especially for costing labor and equipment.
Labor costs arc cxpressed as the cost per output unit. Equipment costs are
usually expressed as the cost per hour. Then the cstimator’ multiplys the
calculated labor and equipment units with the historical unit costs. As, revealed
by this study, all contractors are keeping good records of historical data for cach

cquipment and labor categories.

Step 5: In the final step, the total dircct cost of material,labor and equipment is
summarized in a predesigned estimating format. An estimating form used by a
local contractor is shown in Figure 4.2. The cstimating form indicates the
division of work, the cost of required material, the cost of labor and cquipmcni,
and the total cost for this work division or element. It is in this stage that the
overhead and profit is added to the dircct cost. It is a common practice, as

founded in this survey, that a certain percent of the dircct total cost is assigned
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to the job overhead, office overhead (usually termed overhecad), and the profit.
5% to 10% of the total direct cost is usually added to the estimate as an
overhead costs, and 10% to 20% is added to the estimate as a profit for that

project.

Having all of thesc together, the tendering price is ready to be submitted to the

owner.

4.6.4 Computerized Estimating

The study revealed that, 16.7% of the contractors surveyed arc using computers
in cost estimating. There arc more than onc reason for this low computer
utilization. As concluded from the estimators interviewed, the following are the

main rcasons:

. Many contractors believe, that microcomputer technology is so sophisticated
that it needs a lot of time and effort to be learned and used it in construction
applications. It was noted that, most of the cstimators interviewed

graduated 10 to 15 years ago when microcomputers did not simply exist.

2. The belief that cost estimating process can only be approached from an
intuitive view point, so the usc of computers is cither mcaningless or

unnccessarily time and money expensive.

3. Inability to definc preciscly the problems to be addressed. This indicated by

many ecstimators saying;
"Computers can’t help; since the matcrial prices arc not stable;
they are varying from onc project to another, according to the
quantity purchased from the supplicrs.”

It is a common practice that contractors will receive a discount rate that may
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reach 30% of the unit material cost for large quantities and cash paying.

4. Gencral lack of interest due mainly to insufficient information about the

benefits and services which microcomputers could provide for construction

activitics purposes.

ITowever, about 21% of the contractors interviewed, are scriously planning to

introducc the microcomputer into their construction activities, such as scheduling

and estimating.

The steps followed in computerized estimating could be summarizing as follows:
I.  performing quantity take-offs, and preparing bills of quantitics,

2. inputting bills of quantities into the computers,

3. computer then checks whether costs and prices information in the Data Base

are acceptable or needs adjustment,

4. when all of the items have been entered and costed or priced, profit and

overheads arc entered into the computers,
5. then, the computer will perform all calculation needed,

6. the estimate output will be displayed on the screen for review, and

7. if OK, the final bid format is printed.
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4.5.5 Needs for Computerized Estimating

A concern of this survey is to assess the need fore a computer-aided estimating
system. One of the most astonishing findings of this rescarch is that there is no
nced (or computerized estimating system, either Arabic or English. [n fact, many
contractors believe that their current manual techniques or methods are the best
possible, and do not plan to change them. The main rcason for this is duc

mainly to insulficient information regarding the benefits of computers in this

process.

Generally speaking, this survey revealed that computers are not nceded at all
in the estimating process; the main reasons for this were discussed in the previous

scction.

And so, the only way, onc can asscss the true nceds for microcomputers is
by performing a practical demonstration of a computcrized estimating system

with the cstimators to convince them what the computers technology can afford

them.



CHAPTER V

SYSTEM DEVELOPMENT

In developing any system, whether manual or automated, the following

requirements should be considered, [Bycrs, 1984] :

* a complete and accurate understanding of the problems to be solved including
a general understanding of the potential benefits of the intended system,

* a clear understanding of the environment in which the new system will

operate,

an cffective communication between the developer and the end users,

a clear breakdown of the work required to complete the development process,

identification of the available development tools, with a clear understanding of

any technological constraints, and

a relatively accurate estimate of time and costs required to complete the new

system.

With the above in mind, the Arabic Computer-Aided Estimating System, ARAB-
EST was developed as three non-separated phases connected in a linecar
arrangement, namely (1) the planning phase; (2) the design phase; and (3)
implementation phase, as shown in Figure 5.1. This chapter describes the details
involved in the development of the system. For convenience of discussion, the

system is referred to as ARAB-EST .
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5.1 Planning Phase

The first phase in the ARAB-EST development was the planning phase. The

planning task involved; problem definition, and formulation of alternative

solutions.

As defined in literature, the planning task involves choosing a set of actions
on a rational base, arranged chronologically, that will lead to achieving some
given goals. During planning, the planners must consider the decisions to be
made and the procedures to be exccuted in the remaining phases. These are
major points to be considered for each phase, and failure to consider these points

could adversely afTect the life and performance of the system, [Necly,1984].

The planning phase was extremecly important in (1) identifying major
problem areas in the estimating process; (2) proposing alternative solutions; and

(3) defining a system that mects the user needs.

S.1.1 Problem Definition

As in any system development, even manual, the first step is that of problem
definition. The major objectives of problem definition are to scope the problem
to be solved and to clearly definc the problem to the extent nccessary to provide
a basis for formulating and evaluating solution alternatives. Problem dcfinition
include scveral activities, [Byers 1984, and Lindeman 1984} :

1. collection of data and other information on the current system,

2. analysis of performance of the current system,

3.developing physical and logical model of the current system, and

4. formulating alternative solutions.

In this work it was possible to obtain information necessary to model (describe)

the current estimating process, through two different approaches: (1) litcrature
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review (Chapter 2), and (2) sample survey of the local construction contractors

(Chapters 3&4).

The complete detailed cost estimating process could be prepaired through a
sequential process summarized in Figures 2.3 and 4.1, (physical) and Figure 5.2
(logical). While the cstimating process, as can be scen from the figures, is
basically sequential, it must be recognized that itcration is often necessary. [For
example, if errors arc discovered or a new quotation {rom material supplicrs have
been received, during estimate development, it will be necessary to partially
repeat the carly activities in the development sequence. In analyzing the

estimate,” What-I{" analysis for example, the cstimating process must be repeated.

It is important to realizec that, the problems (rcquently cncountered in
prepairing cost estimate can’t be always solved by computerization. [Examples,
among others, arc incomplete project drawings and spccifications, judgement
crrors, tough compctition, and changes of owner requirements. Ilowever,
computers can expcdite and improve the accuracy of the estimating process.
Moreover, estimating methodical nature and its reliance upon the manipulation

of large volumes of data make it very suitable for computerization.

Based on the literature review and the sample survey, it was possible to
identily the following deficiencies and limitations, related to the current manual
cstimating process, and can be solved by computers:

1. frequent calculation errors and high possibility of work item omission,
2. long time is required to retricve and manipulate data costs,

3. difTiculties in reporting the cstimatc reports in a usable forms (especially arabic
reports),

4. ability to perform scnsitivity analysis or "what-i[" investigation is very time
consuming, and

5. dificulties in considering last-minute quotaions.
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5.1.2 Formulation of Alternative Solutions

The purpose of this activity is to develop and analyze solution alternatives to a
sufficient depth to facilitate a decision as to which alternative, if any, should be
adapted. Further, the expected benefits to be derived from the sclected system

after it is placed in operation are to be determined. [Necly and Byers, 1984]

The following list of improvements were required for the current cost cstimating

system/process:

1. ability to store, maintain, and retricve data costs and other informations,

2. ability to decrease man-hours spent on manual data calculations, analysis, and
manipulation,

3. excluding quantity take-ofT, ability to reduce paper work to minimum,

4. ability to increase uniformity of output data for use on bid tabulation forms,
both in Arabic and English languages,

5. ability to perform rapid “what-if” analysis, and

6. ability to allow cost estimator to consider last-minute quotations.

After examining the requirements of the local contractors in regard to improving
the current cstimating system, and searching various mcthods of improving the
system, three major alternatives were determined to provide a wide range of

options available to improve the current system:

. Improving the cxisting system: implementation of any of the (ollowing

reccommendations may result in improvements to the current manual system:

- develop and use estimating standardized (orms (both Arabic and English

- maintain a well organized historical data costs in a singlc location accessable
to the estimating department (23),

- improving communication between the estimators and the project owner
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and/or the consultant during the estimating process,
- keep historical records for all possible competitors and develop a bidding
strategy bascd on the available information, and

- maintain good communication with the subcontractors and material suppliers

and record the market trends.

The above recommendations, however, require a lot of time and cffort to attain

them, so this alternative was ignored.

2. Modifying an cxisting cost cstimating software: all of the cost estimating software
packages available in the local market are [nglish. Morcover, thesc systems may
not work cfectively with the available arabization computer system. This
approach was also ignored, since arabizing an existing software requires learning
the computer language used in development, and then determining if the cxisting
Arabic softwares can work with this development language. This approach is the

same as dcvcloping a new software.

3. Developing a new computerized system: This approach was adapted, i.c. developing
a new system from scratch. This system was believed to satisfy the requirements

ol the local contractores as rcvealed from the sample survey and the litcrature

review.

The remainder of this chapter will describe in detail the steps followed to develop

the ARAB-IST .
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5.2 Design Phase

[laving defined the problem and selected the best alternative solution, through
the planning phase, the next phase in the development process is the design

phase. There are two main activities in this phase, namely system definition and

system crcation.
5.2.1 System Definition

§.2.1.1 System Purpose & Functions

The main purpose of ARAB-EST is to store, maintain, update, and retrieve cost
data and other information that may be nceded in cstimating a work item’s cost,
such as workforce rates, cquipment rates, material costs, and subcontractors
information. ARAB-EST then uses these information and data to calculate the
construction cost of this work item. Finally, the system will print the output of
calculations in a suitable forms that could be used in bidding the job, scheduling,

and resource planning. To support these general purposcs,: the system provides

the following specific functions:

allow the user to store, update, retricve, and access cost databases independent

of their uscs,

- allow the user to retrieve the required data in the estimating process
automatically,

- performs the required calculations to produce cost cstimate,

- allow the user to import/export data from external databases,

- print the cstimating output in a usable form through English or Arabic
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languages, and

- allow the user to analyze, and investigate the estimate, “what-il" analysis fore

cxample.

ARAB-EST is intended to be used by cost estimators with little or no computer
knowledge, therefore, all functions arc accessed through a menu system, with

immediate feedback.

The following criteria were considered in developing ARAAB-EST :

- a system that mects the user’s needs in a cost-effective and reliable manner,

- a system that is understandable and casy to use,

- a system with very simple input instructions with minimal input data and
meaningful tabulated outputs,

- a system that is flexible with regard to meeting continual system
improvements and future system user demand, and

- a system with minimum development costs (both in time and moncy).

5.2.1.2 ARAB-EST Basic Concept

The basic conceptual (ramework of ARAB-EST is shown in Figure 5.3. The
system consists of a DataBase Management System (DBMS), an Estimating
Routine, and an Arabic BIOS (Basic Input/Output System) Software. The
DBMS contains cost data of a firm’s resources, i.c. labor, cquipment, material,
and other information such as subcontractors and matcrial supplyers. DBMS
can be accessed independently of its uses. The Estimating Routine contains the
programs that rctricve the required data and information from DBMS as nceded,
to calculate, analyzc, and control the estimate’s input/output, through a menu
driven interface system. Arabic BIOS Software is used to cnable the user to

arabize the input/output proccess.
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ARAB-EST will take as input: (1) material’s bills of quantity; (2) quantitics of
labor and equipment neceded to execute a given project; and (3) information of
subcontractors, if any. It will produce as output: (1) detailed cstimating rcports
showing cach work item, its total dircct cost ( costs of material, cquipment, and
labor), total indircct costs (profit and over head), and total cost (bidding cost);

and (2) and summary reports classified by equipment, material, and labor.

DataBase Management System. The key to ARAB-EST development is the usage
of a Databasc Management System, (often abbreviated DBMS). Weigal and
FFenske [1984], have defined a database as a collection of interrelated data, stored
together without unnccessary redundancy, and intended to serve multiple
applications. Data arc stored so that they arc independent of the programs
which usc them. A common and controlled approach is used in adding new data,
modifying , and rctricving cxisting data within the database. Data Management

System (DBMS) is the interface between the uscr and the database.

In estimating construction costs, onc deals with cnormous sets of indcpendent
but interrclated data items. DBMS allows the user to store and organize these
data items in a systematic and consistent manncr. Using a DBMS to storc and
describe cost data offers the following advantages, [ Mitcell, 1987):

- ability to storc and manipulate data indcpendent of its usc,

- ability to represent (complex) relationships cxisting among the data,

- control of data redundancy,

- possibility of maintaining data consistency and intcgrity, and

- provision of more sophisticated and flexible (ile manipulation and reprt
gencration facilities.

With the available DBMS tcchnology, it is very easy to devclop databases

specifically ticd to the nceds of a particular user, and expand thosc databases as
the user needs change.
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The DBMS used in ARAB-EST provides data entry, modification, and reports
which manipulates six databases files via dBASE [V software. Among others,

dBASI: [V was sclected for the following reasons:

- provides transparent data management,

- is inexpensive and ecasy to usc ,

- is large diverse user base,

- is casy to expand and modify,

- permits formatted data entry/ display screens,

- is available for other data management applications,
- has a nctworking capability,

- is both programmablec and interactive, and

- has a powerful built-in programming language.
The following section gives an overview of dBASE IV.

dBASE IV

dBASE 1V is a database management system, a tool for managing data in
database files electronically. Electronic data processing mecans that vast amounts
of information and data can be stored, rclated, manipulated, and retricved with
speed and cfficiency, giving the user control to use only tha data that mect
certain criteria. As a DBMS, dBASE IV can bring unprecedented cfficiency to a

wide varicty of tasks, such as managing customer files, inventories, research data

and statistics.

dBASE 1V could bc used in two different but complementary ways:
command oriented through the dot prompt ( the dBASE IV equivalent of the
DOS prompt), or task oriented through the Control Center, a visually oricnted

user interface. The Control Center acts as a high-level parent menu, permitting
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the user to access to lower-level features and work surfaces for various dBASE

IV tasks through the menu bar at the top of the work surface. [Towsend 1989]

User accessing dBASE IV from the Control Center can manage files (create,
modify, open, append, cdit, browse, closc), create views, definc forms, create or
generate reports, run programs, and even usc the Application Generator to create
a ncw programs. In addition, dBASE [V supports an extensive high-level
programming language, permitting uscrs to develop application programs,
through the program cditor, in approximately one-tenth the time it would take to
develop the same program in many other high-level languages, such as BASIC or

C. [Simpson 1988, Townsend 1989, and Carlton 1989]

A databasc filc is simply an organized collection of information or data, such
as a list of names and addresscs, sales transactions, or stock prices. In database
terminology, cach data basc file consists of records (or rows) of information.
I:ach record is divided into separate ficlds (or columns) of information. A field is
the smallest part of the record that can be used to describe it. Morcover, the
ficld in a databasc file define its structure. In the cquipment database file, for
cxample, cach picce of equipment information (record) is divided into five ficlds
or columns of information: equipment number, ecquipment description or name,

unit of output measurement, and cost per unit. This is illustrated in [igure 5.4 .

Racord
Equipment Equipment Unit of Cost/Hour
Number Nane Measurement
00l Dunp Truck Hr 18.61
002 Cargo Truck Hr 13.82
003 Pick-up He 10.35

Field

Figure 5.4: Record and [Fields
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Six basic types of data can be entered into a field. Thesc data types are:
character to contain text, numeric and float to contain numbers, date to contain
date, logical to contain cither a true (T) or false (IF) values and no other

information, and memo to contain long text. [Simpson 1988]

In designing a database file, cach ficld must has a name that describes it, a
specific data type which it contains, a specified maximum width that indicates its
capacity to store the information, if numeric data type, thc number of decimal

placess must be specificd, and a label index (either yes or no) indicates whether

the field should be indexed for later utilization.

The Estimating Routine. ARAB-EST's estimating routinc is merely a sct of
commands that instruct the computer to control and cxecute the estimating

process, through a menu driven interface system. the estimating routine performs

the following functions:

it retricves data costs from the database files when they are needed,

- it performs the arithmetic calculations and displays the result on the
estimating item screen as a feedback,

- it organizes and print the estimating results in a predefined output form, and

- it stores the estimated cost of each work item in the project database

The estimating routine is written in dBASE [V programming language. dBASE
IV built-in programming language is the program’s most advanced powerful
feature. In fact, dBASE [V built-in programming language, coupled with its
cxtcnsive‘database management capabilitics, make dBASE 1V very suitable tool

for ARAB-EST development.

Arabic BIOS Software. The Arabic software used in ARAB-EST is NAI I'TTIA;
its main function is toenable the usecr to arabize the input/output activitics. One

of the main advantages of NAFITII, is its ability to allow the uscr to input data
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and information, and consequently get outputs in both Arabic and English
languages, without the need to add any connections or special parts to the
computer. NAFITIIA’s User Guide & Technical Reference contains more

information.

5.2.2 The ARAB-EST’s Structured Design

There are several distinctly differrent flow chart designs that may support the
documentation of an application program, included are; 1) system flow chart; and

2) structure chart. [Myers 1988]

According to Townsend (1989), These charts arc a graphical tools for
shocing the partitionning of the system int module, thereby showing the
hicrarchy and organization of these modules. The modules appear as rectangles
in the charts, and the lines between the rectangles show the data low. In most
dBASE [V programming, onc nceds only pursue a level of detail that permits

defining the function of cach program and procedure.

The ARAB-IST has four main moduls, cach of these is defined with its
functional role (single objective) :
- SETUP BATCIl PROCESS; Sets up and activate the procedure file
(CEST.PRG);
- ESTIMATING; Appends and cdits the work items to be cstimated ([IST-
SCR);
- PRINTING; Prints the estimating report (COST-REPAY); and
- DATABASES; [dits and updates the cost databasc filcs.

Under cach of thesc is a collection of dBASE IV codes, each with a single

function relevent to the modular function. The system chart of Arab-list is
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shown in Figure 5.5, whereas Figurc 5.6 shows the EST.PRG structure chart.

ARAB-IEST Main Menu

I

Sctup Batch
Process

(EST)

\" 4

J\

Estimating

(EST-SCR)

(COST-REPA)

Printing

Editing
DataBases

Setup Batch\

Setup Batcl\

Process Process
(I:ST) (EST)
Estimating\

(EST-SCR)

Figure 5.5: The System Flow Chart
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Setup Batch Process

(EST-PRG)

OPEN-FILES

READ-INPUT

VALIDATE-DATA

CLOSE-FILES

CALCULATE-RESULTS

DISPLAY-DATA|

Figure 5.6: CEST.PRG Structure Chart
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5.2.3 System Creation

As mentioned previously, ARAB-EST consists mercly of a set of database files
and a collection of dBASE IV commands stored in a program or procedure file
(Estimating Routine). The Arabic BIOS software is used only to arabize the
input/output processes. As such, the creation of ARAB-EST will be treated as a

unit, integrating the program commands, database files, and the Arabic software.

The ARAB-EST creation process includes the following tasks:
. creating the database files,
. writing the Estimating Routine commands file,
. creating the input screens,
. creating the reports forms (outputs), and

. creating the menu system.

This process can be thought as a lincar scveral scparated tasks, using both

dBASE IV’s Control Center and the programming l.anguage, together with

NAFITIHA.

5.2.3.1 ARAB-EST DataBase Files

ARAB-EST uscs five independent, yet linked database files and a linker file. [t
needs a file for recording all of the work items of a project, threc data cost files
to store costs of labor, equipment, and material, a file that contains
subcontractors information, and finally, a linker file that, through the Estimating

Routing, retricves cost data and uses them to cost cach projcct’s work itcm.

The databascs were crcated using dBASE IV Control Center,( sclecting

<create> from the data pancl of the Control Center). then at the file design
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screen, for cach file, the name, type, and size (width) of cach ficld have becn

defined. The sections that follow discuss these files in detail.

Work Item DataBase File. The work item file, ITEM .DBF, holds the details of
all project’'s work items. The project’s work items can be identificd by
decomposing a given project down into its smallest component parts. The
estimator can usec the Construction Specifications Institute (CSI), the work-
brcakdown-structurc (WBS), the work-clement-structure (WES) formats, or his

own format based on his experience, judgement, and type of the project.

While the work item file is based on CSI’s 16 construction divisions, any
other system can be used by the file. As this, the filc contains the work item
number (ItemNo), its name (ItemDesc), the subdivision number and name (Sub- .
Div), division number and name (Div), the item’s profit rate (Profit), and the

item’s over-hcad (OLI). The file structure is shown in Figure 5.7 .

Note that the ItemNo field is indexed (marked Y in the Index column). This
will allow the system to retricve the work item’s information during the

estimating process, or to locate a particular record in a database file.

Cost DataBase Files. There are threc main rcsources used to construct a given
project: labor, equipment, and matcrial. Costs and prices of these resources arc
not constant, hence, cost records of labor rates, equipment costs, and matcrial
prices must bc maintained and updatcd continually. These records arc then

rctrieved when a future construction project is being estimated.

ARAB-EST contains such cost data and information in three scparated database
files: labor file (Lab .DBF), material file (Mat .DBF), and cquipment files (Iiq
.DBF).
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Labor DataBase File. Contains information related to the various labor classes;
included are labor class number (LINo), labor class description or name
(L1Desc), and cost per hour (L1C), as shown in TFigure 5.7 . Note again that

I.1No field is indexed.

Equipment DataBase File. Contains equipment number(I:1No), cquipment name

(E1Desc), and cquipment cost per hour (I{1C). EINo ficld is indexed also. The

structure of Iiql file is shown in Figure 5.7 .

Material DataBase File. Contains matcrial number (MINo), matcrial name

(M 1Desc), unit of measurement (M 1U), and unit cost (MIC) as shown in Figurc

5.7.

Subcontractors DataBase File. In many construction projects, it is common that
several project parts arc subcontracted to one or more subcontractors who have
special experience, equipment, and labor in these parts of the project.
Subcontractors file contains subcontractor reference number (SNo)
,subcontractor name (SName), tclephone number (Tel), specialty (Spec), and

average cost (SCost),il any. The structure of SUB databasc filc is shown in

Figure 5.7 .

Work Item Estimating DataBase File. The work item estimating file, CEST .DBF,
is the key to the ARAB-EST. This file, through the Estimating Routine, is uscd
to retricve cost data and other information [rom the databasecs, perform all
arithmetic_calculations required in estimating a project work item, and produce
all estimating reports. The work item estimating file docs not, however, contain
all the information for thesce calculation and rcports, instcad it rctricves them
from the databases. It can be viewed as a linker file that manages and links the

other ARAB-I:ST’s database files.
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As an estimating file, it contains no information rccords about work items,
material, labor, or equipment. This information and data are maintained in
separatc files and arc referenced by a unique identifier in the estimate file. The

basic structure of this file is shown in [Figure 5.7.

Structure for database: C: \ESTIMATE\LABL.DBF
Number of data records: 5
Date of last update : 01/01/80
Field Field Name Type Width Dec Index
1 LNO Character 2 Y
2 LI1DESC Character 25 hY
3 U_MEASURE  Character 4 N
4+ L1C Numeric O 2 N
3 NO_OFPERS Numeric 3 N
*x Total *% 10
Structure for database: C: \ESTIMATE\EQL.DBF
Number of data records: 0
Date of last update : 01/01/80
Field-- Field Name Type Width Dec Iudex
1 ENO Character 4 Y
2 EIDESC Character 23 N
3 U_MEASURE Character 4 N
4 EIC Numeric 6 2 N
5 NO_PEICES Numeric 3 \Y
¥* Total =*= 13
Structure for datubase: C: \ESTIMATE\MAT. DBF
Number of data records: K|
Date of last update : 01/01/80
Field Field Name Type Width Dec Index
1 MNO Character 1 Y
2 NDESC Character 25 N
3 MU Character 3 N
1 MC Numeric 8 2 N
% Totul *x¥ 43

FFigure 5.7: Structurc of the DataBase [Files



Structure for database: C: \ESTIMATE\SUB.DRF

Number of data records: 0
Date of last update : 01/01/80
Field Field Name Type Width Dec Index
1 SNO Character 4 Y
2 SNAME Character 25 N
3 TEL Character 8 N
4 SPEC Character 15 N
5 SCOST Numeric 8 2 N
*% Total *% 61
Structure for database: C: \ESTIMATE\ITEM.DBF
Number of data records: 1
Date of last update : 01/01/80
Field Field Name Type Width Dec Index
1 ITEMNO Character 5 Y
2 1TEMDESC Character 25 N
3 SUB_DIV Character 20 N
1 DIV Character 20 N
5 PROFIT Nuneric 4 2 N
6 OH Numeric 4 2 N
** Total ** 79
Structure for database: C: \ESTIMATE\CEST.DBF
Number of data records: 0
Date of last update : 01/01/80
Field .Field Name Type Width Dec Index
1 PROJECT Character 25 N
2 ITEMNO Character 5 Y
3 MNO Character 4 Y
4 MQ Numeric 6 N
5 M1Q Numeric 6 N
6 M2Q Numeric 6 N
7 LNO Character 2 Y
8 LC Numeric 5 2 N
9 LH Numeric 5 N
10 L1H Numeric 5 N
11 L2H Numeric 3 N
12 ENO Character 4 Y
13 EC Numeric 6 2 N
14 EH Numeric 5 N
15 ElH Numeric 5 N
16 E2H Numeric 5 N
17 1P Numeric 4 2 N
18 IOH Numeric 4 2 N
19 SNO Character 4 Y
20 SUBC Logical 1 N
¥*% Total #*=%x 113

Figure 5.7: Structure of the DataBase [Files (Continued)
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Mlustration

Referring to the structure of EQ1 database file (Fig. 5.8), each field is specificd
by: field name, data type it contains, field width, decimal placess, and index. For
example, EIDESC field will contain character information that describes a picce
of equipment (or name), so the data type is character with a maximum width of
25 characters, as shown in the Width column in the file structure. There is no
decimal placess for character dat type, consequently no decimal places is assigned
in the Dec column. Morcover this field is not indexed (marked N in the Index
column). In this file, EIC field contains information related to the equipment
hourly cost, so this field is a numeric data type with a width of 6 and 2 decimal

placess (indicated by placing 2 in the Dec column).

The information stored in this file will be required by the estimating routine
in performing the estimate, so this file is linked to the CEST .DBT through the
ENO field which contains the equipment code or reference number. To indicate
this, the ENO ficld is indexed by placing Y in the Index column. Note that ENO
ficld is also exists in the CEST file and is marked Y in the index column to relate
CEST and EQI database files via the estimating routine. After creating this file,

the information are stored in a tabular form as follows:

ENO E1DESC U-MEASURE E1C NO-PIECES
001 Dump Truck Hr 18.61 5
002 Cargo Truck Hr 13.82 5
003 Pick-up He 10.35 3

However the uscr may not use this tabulated form to manage the file
(editing, adding, changing or updating thc data), instcad,the cquipment screen

(Fig. 5.14) will be used for these purposes.
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5.2.3.2 Estimating Routine

The estimating routine (Est) is coded using dBASE IV programming language
and creatcd using the MODIFY COMMAND editor. several dBASE commands
and functions were used to develop the estimating routine, which comprises the

following subroutines or programs:

OpenFile: This subroutine opens all the system’s database files and activate the
index that links the database [iles through a common fields: a field that exists in
all databases. This short dBASE subroutine is very handy, since all data-entry
screens opcrate on one database at a time. This subroutine, opens all database

files and sets the order to the index tag for cach data file.

OpenFile is stored as a procedure in the file EST.PRG along with other

subroutincs, that are used by the system, and is activated/called automatically.

V-Item: This subroutine ia a User-Defined Function (UDF) which is stored in the

EST.PRG file and processes the following functions:

- as the user enters an item codc or number, the program will scek the
Item.DBF, which is already opened by the OpenFile, very quickly for the
number or code that matches the one entered by the user.

- if the scarch [ails to find a matching number or code in the [tem file ,it returns
.I*., and a message will be displaycd on the cstimating screen.

- il the scarch did indeed find a matching number in the Item file, the program

will display the item description, profit rate, and the over head in the screen.

V-Lab: This subroutine checks and validates labor numbers or codes as they are
entered in the estimating screen and displays the labor class and the cost per
hour for cach class. The Rlabor subroutine uses the same basic logic and the

same programming techniques as the Ritem subroutine. The main difference is
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that the Rlabor checks, validates labor codes or number rather than item codes
or numbers as they entered or changed on the screen, and it displays related

information from Labor, rather than from the Item, database file.

V-Eq: This subroutine is exactly the same as the Rlabor one, except it processes

the Equipment database file.

V-Mat: This subroutine is exactly the samc as Rlabor one, and processes the

Material database file.

V-Sub: It is cxactly the same as the Rlabor subroutine and it processes the

Subcontractor database file.

The flow chart of the CostEst routine is shown in Figure 5.8.
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5.2.3.3 Estimating Screen

The estimating screen could be viewed as an estimating work shect,on which all
estimating’s steps arc done. The scrcen, shown in Figure 5.9, will make the
cstimating process very convenient. The cstimator nceds only to enter the
reference numbers or codes of cach item being estimated and the labor, material,
and equipment nceded to construct it. The data associated with each will be

displayed on the screen; the user then enters the quantities of resources required

to build this particular work item.

When the user cnters an item’s code, the screen will display the item name,
and its profit and overhcad rates. The user, next, centers the material reference
number or code, material name, unit of measurement,and the unit price or cost
arc displayed on the screen. If the user enters the quantity of material required
to perform this work item, the estimating routine will calculate the total cost and

displays the result on the screen within seconds.

This step is repecated several times for estimating the costs of other material,
if any, labor, and equipment. Finally, a summary of the estimate will be
displayed, showing total item direct cost, its profit and overhcad, and the total
cost (bidding) price of the work item being estimated. Next, the screen will be
ready for estimating another work item in the same way, and so on until all of

the project work items are estimated.
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5.2.3.4 Estimating Report

Estimating rcports are perhaps onc of the most important part of the cstimating
process. Therc are several estimating report forms. Specilying one is a function
of the firm environment, the subsequent use of the estimating report, and the
requirement of the owner. The reporting component of the ARAB-EST was
created using the dBASE IV Report Generation initiated by MODIFY REPORT
command. This report, shown in Figure 5.10 contains the project name, the item
name and its number, and the costs of material, equipment, and labor. The total
dircct cost of the item being estimated is shown at the bottom of the report.
Moreover, the profit , and overhead amounts are also shown. Finally, the total
cost of the item is shown. Actually, the report is another form of the Estimating

Screen.
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5.2.3.5 DataBase Files Screens

Changing, updating, and adding data and information to the database files,
(Item, Material, Labor, Equipment, and Subcontractors), is accomplished using
the screens shown in Figures S.11 to 5.15. These screens were created using

dBASE 1V Form Generation at the Control Center.

Jotdl o Cloglay
Uork Item Information

o] s a0
Division Sub_Division Item Description Ref.8

CL.A—ILM’P ol bao’d ! _:..;f}j {

2.88 zip= At
{Prof it}

.88 7: <L
{OverHead}

Figure 5.11: Item Screen
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5.2.3.6 Menu System

The menu system is a customized menu based on actions that simplifies access to
the ARAB-EST . This menu is intended to enable the user to use the ARAB-
EST cascly and effectively. The ARAB-EST menu is a horizontal bar menu and
the submenus arc vertical-column bar menus under each main menu options.
The user can use the arrow keys to sclect the desired option from the main menu,
then uses the Return key to activate the desired submenu. As shown in Figure
5.16, there are three main options, namely: Estimating; DataBase Files; and Exit.
The first option allows the user to access the Estimating Screen to perform cost
estimating, and then printing the estimating report, Figure 5.17. The sccond
option, allows the user to add, change, and update cach of the databasc files,
Figure 5.16. TFinally, the Exit option, cxits the system. The menu system was

developed using the Application Generator of the dBASE IV Control Center.
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5.3 Testing and Implementation

The ARAB-EST was successfully tested and the expected results were obtained
without major problems. An attempt was made to implement the system in an
actual project in the local construction market. Ilowever, the contractors
contacted, refused to install the system in their computers. They consider their
computer systems as a secret part of their work and they are not allowing
outsiders to access them. Conscquently, a hard copies of the system’s Lstimating
Screen, report output, and the main menu, were showed to several estimators.
The results of this task, was good and they give a good impression about the

system. FHowever, this is not considered as the system implementation.

It is important to point out that implementing the system in a project is not
one of the objectives of the research; consequently, it is beyond the scope of the
rescarch. The development of this system, however, was made in an attempt to
solve some problems frequently facing the cost estimators working in the local

construction market, as revealed by the sample survey.

Before using the system in actual estimating, the following must be done:

1. A complete sct of work items of a standard project mostly done by the firm,
must be cntered to the system through the Item file. The uscr, however, can
enter any work item during the estimating process.

2. Data and information of material, labor, and equipment must be also entered

into the system through the screens of cach file.

These tasks arc donc only once. Once these information and data have been
entered into the system, the user can retrieve them by cntering the code or
reference number of the required resource. The data and the information can be

changed or updated through their screens.



CHAPTER VI

CONCLUSION

6.1 Conclusion

This research was conducted to investigate the problems of the local
construction building contractors in the estimating and bidding process. A
personal interview questionnaire was developed and used to identify the
cstimating problems and to assess the gencral requircments of the local
contractors regarding developing an Arabic Detailed Estimating System. The
results of the study indicated that microcomputers are cflectively applicable in
the estimating and bid preparation process. An important finding during the
interview stage was the apparent insufficient information about the benefits and
services of microcomputers in the construction cost estimate and bid preparation
process. In an attempt to solve some of the revealed cstimating problems, a
Computer Aided Detailed Estimating System was developed. [lowever, the
study indicated several problems that couldn’t be solved through the utilization

of microcomputers. These are as [ollow:

- tough competition,

- incomplete drawing and specifications,
- changes of owner requirements,

- judgement errors, and

- incomplete project scope and definition.

114
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This research revealed that microcomputer technology is under utilized in

solving cost estimating problems. The main reason for this is due mainly to

insufficient information regarding the benefits of computers in this process. It is
believed that performing a practical demonstration of any computerized
estimating system with the estimators is likely to convince them to adapt such a

system.

One of the findings of this rescarch is that, the cost estimating process is
prepared using the English language; however, contractors need to communicate
the estimate or at least the summary estimate, in most cases through the Arabic
language. Thercfore, the system’s menus, screens, and output werc designed
using both Arabic and English. The users of this system need not learn new

estimating techniques or methods, since it is a copmuterization of the manual

cstimating process.

The users of the ARAB-EST necd only to know how to operate a PC, since
all of the system’s functions are accessed through a menu driven system with

immediate (cedback.

The conceptual frame work outlined in this rescarch could be used as a
guideline in developing other Arabic Computerized applications to the
construction industry. Recognizing the needs for an integrated project
management system, this system could be easily integrated or combined with
other construction computer systems. This particular feature is afforded by
dBASE 1V ,in which information contained in databasc files can be cxported to
be used by other applications, in the same way, data from other application

databases could be imported to the system.

The recent developments of relatively low cost but powerful microcomputers



!
[y

Ié

means that cven the smallest contractors can use the advantages of this
technology previously restricted to large contractors. If used properly,
microcomputers can assist the estimator in developing and preparing accurate

and timely construction cost estimatcs.

Finally, this rescarch has proved that the available microcomputer
technology can be effectively used to develop an Arabic microcomputer-based

applications for solving many construction problems.

6.2 Recommendations

The following recommendations are worth consideration to help avoiding some

cost estimating and bid preparation problems facing the local construction

contractors:

l. A standard estimating form, work item breakdown technique, and coding
system are strongly recommended. This will climinate the omission crrors

frequently encountered by the estimators. CSI format may be a good system

to use or start with.

2. Maintain a well organized historical data costs in a single location accessable

to the estimating department .

3. Improve communication betwecen the estimators and the project owner

and/or the consultant during the estimating process,

4. Keep historical records for all possible competitors and develop a bidding

strategy based on the available information, and
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5. Maintain good communication with the subcontractors and material

suppliers to keep pace with the market trends.

6. Using the ARAB-EST as a productivity tool.
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APPENDIX-I

The Interview Questionnaire



kkkkkkkkkk Part(I) Geueral Q“estions kkkkkkkkkdk

The following questions about the basic characteristics of your firm. Please
respond by putting a check mark next to the appropriate number.

A. Required Estimator’s Experience. -------------(years).

B. Number of Permanent Employees.
{5} Under 50 {7} 50 - 100
{00} 100 - 150 {7} 150 - 200 {5 } Over 200

C. Percentage of Work Obtained through Competitive Bidding.
(8 } Under 25 % {4} 25 % To S0 %
{(2}50% To75% {10} 75 % To 100 %

D. Percentage of Work subcontracted on Average job.
(14} Under25% {4} 25 % To 50 %
{0}50% To75% {6} 75 % To 100 %

E. Average Job Size. (millions of SR)
(0} Under 1 (10} 1 -5
{11} S-10 {3} Over 10

F. Language used in developing the cost estimate.
{20} English only
{0 } Arabic only
{4 } Both Arabic and English
E. Language of communication between the contractor and the owner or
the consultant.
{6 } English only
{0 } Arabic only
{18} Both Arabic and English
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G. Who sets up the firm’s tendering prices?
{21} Top Management and/or Owner
{3 } Engineering Department, (Cost Engineer and Estimators)"

{0 } Other ( Please Specify)

I. How do you allocate Job overhead, project overhead, and profit?
{24} Adding a constant percent of the total direct project cost,

{0 } Allocated to each individual projects by means of an accounting application
process,

{0 } Others ( please Specify)

Fxkxkxdxr Part (1) Questions about Estimating

K. Types of Estimate Usually Donel

6 (1) Unit-Cost Estimate,in addition to |
24 (2) Detailed Estimate, <---

0 (3) Factor Estimate,

0 (4) Range Estimate,

0 (5) Others;-----~---=--seeeer

L. Steps Followed in Developing the Estimate;

-- |See Scction 4.6.3 |
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M. The following are some information that may be needed in setting the tendering

price, and preparing the final cost estimate.

Please indicate how important is each of the following information item in preparing
the cost estimate, and the bid price, of a given project, As you see them:

Level of Importance

] Information Item very Low |Medium High very

low high
1 Tendering Documents 0 3 1 1 19
2 Projesct Scope & Definition * 0 0 3 7 14
3 Owner requirements 3 0 6 4 11
% Project Location 1 3 11 4 5
5 Historical Data of Similar Work ] 6 6 9 3
6 Material Prices 0 0 1 10 13
7 Equipment Costs ] 1 4 18 1
8 Labor Rates 1 0 4 14 5
9 Inflation rate 3 3 6 8 )
10 |[Skilled labor availability 3 4 4 7 6
11 |Required equip. availability 1 4 10 3 6
12 Labor productivity 1 3 (] 9 11
13 | Government regulations 0 0 8 10 6
14 |Historical profit in similar jobs 1 7 8 2 6
15 | Overall economic situation 0 3 11 3 7
16 |Risk involved 1 ) 6 7 10
17 |others 0 ] 0 0 0
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The following are some probleas,

that way facing you in preparing the cost

estimate, and setting the final tendering prico of a given project; please rank each

of the following problem in order of importance, as you see them:

122

Level of Importance
] Problem very Low | Hedium High very
low high

1 Work item omission 1 4 12 7 0
2 Calculation errors 7 5 4 7 1
3 Judgment errors 4% 5 1 5 9
4 Incomplete drawings & specifications 0 [} 11 8 5
5 Incomplete the projact scope definition ] 1 9 9 5
3 Changes of Owner requirements 2 6 0 8 8
7 Inadequate time 0 4G 10 8 2
8 Lacking historical data of similar jobs 0 4 10 9 1
9 Lacking productivity informations in S.A. 1 6 15 1 1
10 |Lacking of cost data indexes in S.A 1 10 10 1 2
11 | Tough competition 0 3 2 13 6
12 |Unfamiliarity with government regulations 1 % 7 7 2
13 Lacking experience in similar job 1 7 7 7 2
14 |Unforeseeable change in material prices 0 4% 5 9 6
15 | Contract period [ 3 6 8 7
16 |Content of arbitration clauses % 6 8 4 2
17 |[Current work load 1 3 9 5 6
18 | Confidence in your workforce % L 4 11 1
19 |Difficulty of the project 3 4 12 4 1
20 | Portion of work to be subcontracted ) 15 13 2 0
21 |Others---------c-cvmccnccaccaneas




P. In General, From Your Past estimates, How do you Assess the

Accuracy of Your Estimates?
{0} (a) excellent

{5 } (b) satisfactory

{17} (c) somewhat satisfactory

{2 } (d) not satisfactory

Q. In your opinion, do you think that an Arabic estimating software is

needed in the estimating process?

{0 } (a) Highly needed

{8 } (b) Somewhat nceded

(16} (c) Not necded = = = > because, which of the [ollowing ?

{3 } 1. computers need cxpertise to operate

{ 4} 2. it take excessive time to code & enter data

{ 0} 3. outputs are not suitable for bidding

{ 0} 4. scveral important tasks can’t be computerized
{ 0} S. computers cost is very expensive

{ 0} 6. maintenance & scrvice problems

{15} 7. language used in the work isn’t arabic

{18} 8. computers nced a lot of time & cfTort to lcarn how to operate them

{ }9. others
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hxkxEExks Part (IID) Questions about Computers

S. Do you Use Microcomputer in Developing or to Assess the estimates

{20} (1) No = = > because, which of the following ?

1. computers nced expertise to operatc

2. it take cxcessive time to code & enter data

3. outputs arc not suitable for bidding

4. scveral important tasks can’t be computerized

5. computers cost is very expensive

6. maintenance & service problems

7. computers nced a lot of time & effort to learn how to operate them
8. others

D L T T iy

{4} (2) Yes:
A. Software’s Name ----------

B. Software Type :
--1. Stand alone
--2. Integrated
--3. Spreadsheet
--4. Data-Base
--5. Others

C. Programs are developed by:
--1. Firm’s Employecs
--2. Ready to use packages.

D. Steps of Computerized Estimate:

E. Benefits of Computerized Estimation:
--1. Man-Hours Saving
--2. Accuracy & Reliability
--3. Speed & Convenicnce
--4. Others ----------
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F. How many years has the computer been used?

—eneaaae e

D

G. Which of the following activities use thc computer
in addition to estimating?

--1. accounting

--2. project scheduling
--3. project cost control
--4. reporting

--5. resources files

--6. others
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