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The construction industry in the Kingdom of Saudi Arabia, like that in any
other country, faces the serious challenge of improving its performance. Quality of
design and construction are primary objectives in the construction industry.

What are the Quality Management (QM) activities in the design and
construction phases? The main objective of this study is to determine QM activities
used in the design and construction phases of constructed projects in Saudi Arabia.

Questionnaires were mailed to consulting offices and contractors. Their
responses were analyzed and ranking of QM activities, frequencies, step-wise
regression, and Regression Analysis were presented.

The results show that QM activities such as drawing checks and provision of
clear, concise and uniform plans and specifications are the most important for
consulting offices, while education of employees is the least important. Subcontractor

evaluation and lab tests of materials are the most important for contractors, while
education of employees is the least important.

It is recommended that consulting offices and contractors consider the quality
management activities to assure quality in the constructed projects.
MASTER OF SCIENCE DEGREE
KING FAHD UNIVERSITY OF PETROLEUM & MINFRALS
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CHAPTER 1

INTRODUCTION

Quality of design and construction arc primary considerations in
construction industry. Quality is dcfined as conformance to requirements,
and it can be characterized as mecting the requirements of the owner,
design professional, contractor, and rcgulatory agencics (ASCE 1990).
Fisher (1986) summarizes the opinions of the world quality leaders about
the concept of quality costs. Crossby (1979) stated: “quality is free - lack
of quality costs money”. Dcming (1986) statcd: "quality control cventually
leads to substantial cost cuts. However, short tecrm cost cuts can allow
quality and rcliability to be diminished”(Davis 1987). Juran(1974) stated:
"quality of conformance costs money but is rcpaid through improved
market standing.” Quality costs do not include the cost of doing things
correctly. They consist of quality management costs and dcviation costs.
Deviation costs are those costs associated with dcpartures from the
requirements, and include rework, impact, litigation and warranty costs.
Quality management and deviation costs arc additive and the goal is to

minimize the total (Davis 1987).

The problem of the quality of design and construction is a topic of
current concern, but it is not a ncw topic. Necarly two decades ago,
Abdun-Nur stated (Davis 1987): “compared with industrial opcrations,
quality is most crudely controlled in construction, production is less
predictable, waste is very high (some of it inhcrent, but not all), labor costs

have advanced morc, and productivity has increased very little since the




initial mechanization of two or three decades ago.”

Fundamental problems are the rcliable dctermination of the costs
associated with poor quality as well as the proper cvaluation of the
efficiency of construction quality management cfforts. In the National
Conference “Quality Assurance in thc Building Community” (Trainor
1983), the costs due to poor quality in engincered construction have been

estimated to be at Icast 7.5% of total costs.

Quality costs consist of quality management costs and deviation
costs. To track the cost of quality, quality management activities and
deviations must be first defined and then arranged and coded in such a
way as to track the quality costs. - This study will define the involvement of
design professionals and contractors in quality management activities in

design and construction phascs in Saudi Arabia.




1.1 Significance of the Study

The devclopment and acceptability of quality management
programs can be greatly enhanced by a standard system to cvaluate them.
The determination of the actual cost of poor quality of construction is also

of great interest.

Quality costs consist of quality management costs and deviation
costs. Dctermining the quality management activitics of the design and
construction phascs of the Saudi construction industry is very important.
These activities can be rearranged and coded in such a way as to track
quality managemcent costs which-arc a part of the total costs of quality.
These costs arc additive and the goal is to minimize the total. A quality
performance tracking system (QPTS) can be uscd to track quality costs in

the design and construction phascs of a project.

1.2 Statement of the Problem

The construction industry in the Kingdom of Saudi Arabia like that
of any other country faces the scrious challenge of improving its
performance. Though thcre are many construction projects, the current
lcvel of performance is not encouraging. There arc scveral indications of
problems within the industry. Dclays in construction arc expensive. There
has been no precise definition of the cost of poor quality and no attempt to
mcasure it as it occurs. Delay costs and quality rclated costs arc two
major factors contributing to the high costs in construction industry.
Scveral studies addressed the delay problems in Saudi Arabia (Al-Sultan

1989).In addition,there are several clauses in government regulations which




4
address the penalties of delays.However,the cost of quality in Saudi Arabia
is very high. This is evident from the rapid dctcrioration of thc newly built
construction projects, and the amount of moncy allocated for
maintenance.There has been no study which quantify the cost of quality in

construction in Saudi Arabia.

Numerous writers in the United States have promoted the benefits
of measuring quality related costs in manufacturing design and production
(Schrder 1986), but there is no indication that the concept has been

applicd intensively to the construction industry.

Construction and its support industrics arc extremely important.
Their vitality has a major effect on thc Saudi cconomy. Quality
commitment by top management is essential for success. It is obvious that
the firm characteristics contribute to the Ievel of quality. Improved quality
management of design and construction has the potential to reduce the life

cycle costs of construction projects.
1.3 Obijectives
The main objectives of this study can be summarized as follows:

I. Determination of quality management activitics in the design
phase of the Saudi construction industry.

2. Dctermination of quality management activities in  the
construction phase of the Saudi construction industry.

3. Corrclation between the firm’s characteristics and quality

management activitics uscd by the firm.



1.4 Scope and Limitations

This study is limited to large building contractors and consulting
offices in Saudi Arabia . Grade I, 2, and 3 contractors arc in the study.
The Ministry of Housing and Public Work (MOH & PW) classification is
used in this regard. The consulting offices are as classificd by the

Chamber of Commerce.

Large contractors are more likely to be concerned about the issucs
of quality and morc likely to establish quality improvement programs.
There are other reasons for dealing with large contractors. For example,
large contractors mean larger projects, which mcans higher potential for
_ quality improvement. Considering the above mentioned fact, this study is
limitcd to defining quality management activitics in thc design and
construction phases for large contractors and consulting offices in Saudi

Arabia.
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CHAPTER 2

LITERATURE REVIEW

An overview of the literature can lcad to the conclusion that therc is
fittle written about quality management activitics in the design and
construction phases of construction projects. This chapter summarizes the
litcraturc rclated to the quality management activities in the design and

construction phases of construction projects.
2.1 Quality of Design and Construction

Regarding the definition of quality, four meanings arc given in
Woebster's New World Dictionary (Guralnik 1984). Two of these meanings
consider quality as a synonym for characteristic or basic naturc. The other
two mcanings refer to the degree of goodness. Quality may be used in all
of the above mcanings in reference to design and construction by public
and practitioncrs also. The Amcerican Socicty for Quality Control (ASQC)
has presented a more technical meaning for quality (Freund 1985): "The
totality of {eaturcs and characteristics of a product or service that bears on

its ability to satisfy a given nced.”

It is a common complaint that quality in a scrvice industry is much
harder to definc and control than in a manufacturing industry (Saarincn
1990). In manufacturing, the final products arc tangible, with measurable
specifications, and they are produced through the same production process.
Crossby (1979) stated that quality in service industries is the same as in

manufacturing, “conformance to requirements.” In his vicw, there is no
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room for non-conformance. The performance standard is zero defects, and
this standard is achicved by “doing it right the first timc.” The latest
Man.ual of Professional Practice for Quality in the Constructed Project,
published by the American Socicty of Civil Engincers (ASCE 1990), has
adopted the definition of quality as “conformance to predetermined

requircments.”

Davis (1987) stated that defining quality as “conformance to
requircments” has two major effects. First, it requires the cstablishment
and communication of the requirements. For design, functional
requirements arc sct by the owner. Formulation and communication of
these requircments at this stage is not casily donc and can be a sourcc of
problems as Tatum (1985) stated. Emphasis in this dcfinition is on
communication between the design office and the owner. In construction
the requircments must be clearly stated in the contract documents , like the
drawings and spccifications, and that is donc by the design tecam. The
other cffect of using the above dcfinition is that the presence or absence of
quality becomes measurable provided that all the requircments arc
completely specified. If the requircments are met. quality has been
achieved; otherwise, it has not. According to Davis (1987), thc advantage
of making the achicvement of quality mcasurable is that it can be studicd

in terms of costs.

Even among quality professionals, the dcfinition of quality is not
static. There is a strong tendency to broaden its meaning beyond quality
of design and conformance. Thc term “quality of maintenance,” an
application of quality to lifc cycle costs, has bcen introduced (Stalcup

1985). Mayo (1986) wrote: "Quality is more than a set of procedures. It is
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also an attitude - a broad positive way of approaching tasks.” According
to Sullivan (1986), this concept goes beyond the concepts of quality of
products and scrvices to include such things as the quality of human

behavior and the quality of the national cconomy.

For the purposes of this thesis, the definition of quality for the
design and construction is that adopted by thc “Construction Industry
Institutc” (CIT 1989) : “Quality is conformance to the cstablished

requirements.”
2.2 Definition of Quality Related Terms

In the litcrature, there are at Icast five cxpressions which appear to
be uscd intcrchangeably. These are: quality assurance, quality control |,
quality program, quality management, and quality system. Quality
assurance is somctimes used to refer to the overall sct of quality activitics
(ACI Committec 1985). Quality control has been used as a comprehensive
term cncompassing the whole range of quality activitics dealing with design
(ACI Committcc 1985). This usc is also clear in the titles of books (Juran
1974); which dcal with a broad range of quality activitics, not just quality
control . According to Johnstone (19R85), quality assurance and quality
control may be considered separale sub-clements of quality management .
Onc distinction that may be made between quality assurance and quality
control is that quality assurance is a function of the owner, while quality
control is a function of thc contractor (Ledbetter 19R85). A quality

program may rcfer to a sct of documents (Ledbctter 19R85).



2.3 Design Quality Management Activities

Designers have a responsibility to the public and to their clients as
well as to the contractor. The public and the owner imposc requirements
to be met. The contractor relics on the designer to communicate the
requircments through the contract documents. The minimum requircments
for the public are found in codes and standards adopted as statutes by
governing authoritics. Failure to meet such requircments can result in
various penaltics imposed through the legal system (Davis 1987).
Establishment of the written requirements is a critical step in the design
process. A good design must satisfy the requirements sct by the owner and
the public. Problems in design quality can bc scen in design related
failures like reducing the life spz;n- of a project and increasing the cost of
mainicnance, etc. Other evidence of design quality problems occurs during
construction when crrors, omissions and ambiguitics in plans and
specifications become cvident. According to Diekmann (1985), the control
and documentation of changes arc major undertakings which causc
expensive delays in project completion. Such dclays may IC:'I([ to claims
between the owner and contractor. Dickmann (1985) stated that poor
quality design may cxpose the designer to suit by a widc varicty of

claimants including the contractor and the public also.

Design firms use quality management techniques  of varying
sophistication. Many of them, however, do not call such practices quality
management. They consider them as integral part of design.  Saarinen
(1990) says that in consuiting engincering, quality management is an on-

going process of:

- Establishing requirements (c.g., the project’s scope of work,
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policics and procedures for  billing and accounting,

performance standards for business development).

- Communicating those requirements to all members of the

projcct team.

- Providing the proper Icadership, stafT, tools, and environment

for mecting the requircments.
- Checking to see that the requirements are met.

In fact, these activities arc considered as part of Total Quality

Management (TQM) (Burati 1991).

According to Muller (1984), th'crc has been somce resistance to the

application of quality management programs to the dcesign phase.

This scction discusses the quality management activities, searched
from the literature, which can be used to assure quality in the design phase
of a constructed project. Appendix (1X) shows the arrangement of quality

management activitics as discussed in the following paragraphs of this

scction.
2.3.1 Establishment of Quafity Program Management

Definition of the interrclationship and responsibilities of the quality
program management, and personnel qualification are important issucs in
assuring quality in the design phase. The design firm should clcarly define
management policics, objectives, and responsibilitics for cach unit of the
organization. The responsibility and authority for quality of those

involved in the design (managing and dirccting the design) should be
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defined and their interrelationship shown on organization charts.
According to ASCE Quality Manual (1990), the consultant’s management
should pcriodically revicw the status and adequacy of the quality program
and should appoint a rcpresentative to cnsurc that quality program
requirements arc complied with. The management should define quality
program rcprescntatives authority to resolve quality matters. According to
the quality system of VBB Viak’s consulting firm (1991), cvery employce is
responsible for his part of the overall quality. The head of cach division is
responsible for the division’s quality management. Within cvery division,
therc is a quality group consisting of the division’s representative on the
quality advicc pancl, and the quality manager and with one person
responsible for quality in cach region and within the division. The task
leader bears the ultimate responsibility for planning, conducting and
documenting quality assurance within the task. Thec chairman of VBB
Viak’s quality advicc panel is responsible for assuring that a satisfactory
quality system is fully maintained. He is also responsible for assuring that
the qualitv managers carry out quality audits within their respective
divisions. At least once a year, the quality manager shall arrange a review
of how the company’s quality assurancc system has functioned within the
division during thc past ycar. The result of the reviews shall be
documented and made known to those responsible within the arca subject
to revicw and the quality advice pancl. The management responsible for
the arca subject to review shall take suitable mcasures to correct thosc
deficiencics exposced by the review. According to their quality system,
quality is a concept that depends upon cach individual consultant’s ability
to identify and discuss the client’s requirements and at the same time to

act profcssionally both as a technical specialist and in his rolc as a
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consultant. It is, therefore, the duty of cvery staff member to sce that the

guidclincs in the quality system are followed in the daily work.
2.3.2 Documentation

Control of documents is very important to the design offices since it
is concerned with precision and accuracy of review as well as issuance and
revision of all documents related to the design. Documents should be
approved by personnel having high experience in the affected work
activity. Hc should make sure that all cssential documents affecting
quality arc reviewed for adequacy and approved for release by authorized
personnel. Changes to documents should be subject to the same degree of
control used in performing the-original documents. According to the
ASCE Quality Manual (1990), the authorized personncl for documentation
should maintain a record of changes as they are made and that documents

should be revised after a practical number of changes have been issued.

2.3.3 Education of Firn’s Employces

Training for a firm’s cmployees is an important step in assuring
quality in the design. Training might be through short courses, seminars
or on-thc-job training. The VBB VIAK consulting firm has cstablished
policy for staff training. Annual planning dialogucs arc carricd out to
survey the individual neced for training. A budget and program for

carrying out staff training is fixed cvery year.
2.3.4 Initiation of Commmunication Program

Saarinen (1990) stated that mccting quality rcquirements must

cxtend through all levels of the organization becausc cach individual can
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have an impact on quality. According to Burgess (198R), the emphasis on
assuring the quality of design comes from engincering  or  project
management. Communication among the design tcam members is a vital
element in achieving quality in the design  phasc.  Insufficient
communication can lead to project failures and problems and to the
dissatisfaction of all team members. According to ACI Committce (1985),
at least 25 percent of design failures resulted from poor communication or

lack of communication between the team memboers.
2.3.5 Centrol of Drawings and Specifications

Proper control of drawings and specifications is very important to
any project. Burgess (1984) stated that cxpericnce shows that the
preparation, review, approval and distribution of drawings is generally well
controlled, while this is not always the casc with specifications since
specifications, for unknown reasons, are frequently allowed to become out-
dated and do not reflect current practices. Drawing and specifications are
the two scts of documents given to the contractor that provide neccessary
technical information. So, it is critical that drawings and specifications be

clear, concise and uniform.
2.3.6 Provision of Technically Qualified Design Team Members

Assuring quality in the design comes also through having a well
qualificd staff. According to the Manual of Professional Practice, Quality
in the Constructed Project (1990), design personnel should be cncouraged
to participate in continuing cducation programs and professional groups,
since such participation will keep cmployces current with the latest

information on changing aspects of design and analysis methods.
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2.3.7 Design Review

Design review is a vital element in assuring quality in the dcsign
phase of a construction project. Design might be reviewed by checking of
its calculations, space allocation, acsthetics, functionality, capacity, rcview
of client’s comments,and by reviewing the standards and regulations used
to come up with the design. Burgess (198%) stated that design review s
simply a critical but objective revicw of the design before it is released for
construction . It is a good step in assuring quality to cxpose the design to
your cxpericnced personncel to avoid crrors and omissions.  Studies by
Kirby (1983) and Morgren (1986) found that 56% of all contract
madifications are to correct design deficiencics like crrors, omissions and
ambiguities (Davis 1987).

2.3.8 Standardization of Office Procedures and Provision of Office
Library Facilities .T

In order to assurc quality in the design phase, office procedures and
policies should be standardized in order to cstablish a common basis for all
projects and improve concentration on the owner's requircments for the
design and production of the contract documents. A library with available
current reference material including codes. standards. catalogues and

design manuals is nccessary in a design office.
2.3.9 Arrangement for Organizational| Praject Peer Reviews

The ASCE Manual "Quality in the Constructed Project” defincs
pecr review as a technique that promotes quality in design organizations
and their services. A peer review is the highest level of action to improve

quality in design of constructed projects. According to the Manual, peer
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reviews can bc grouped in several ways. The two most important
categories arc organizational peer reviews and project peer reviews.
Organizational peer reviews consider a design organization as a whole,
focussing on its policies, procedures and practices and not on any single
project, while project peer reviews consider particular projects, not the

organization’s practicc in general.
2.3.16 Monitoring and Controlling Design, Cost and Schedules

In order to assure quality in the design phase of a project, the
design tcam leader should monitor progress rcports, which reflect budgeted
versus actual expenditures. The expenditures should represent the work
performed. If more time is being-spent in devcloping a certain portion of a
project than was budgceted, an explanation must be obtained and corrective
action taken. If additional services not contained in the contract are
required to mect the overall project requirements, this information should
be communicated to the owner immcdiatc}y. An amendment for the

additional work should be negotiated and added to the contract.

A project schedule has a serics of milestones and (lclivéry dates for
submittals or reports identified in the contract. Adhecrence to these key
dates keeps the project on schedule and provides the owner a means of
monitoring progress. It also allows the owner to comment on various

aspects of the project as work progresses.
2.3.11 Establishment of an Incentive System

Establishment of an incentive system to motivate persons whosc
activities affect the quality of work is very important. According to the

ASCE Quality Manual (1990), the cstablishment of an incentive system
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will promotc quality and increase productivity also.
2.4 Quality Management for the Construction Phase

There are several reasons why quality is not casily achicved during
the construction process. In the first place, the requircments of quality as
defined arc not always adequately described. In fact, dcesigners disclaim
the possibility of anticipating and detailing cverything in the construction
documents. Second, the environment for construction is unstable. The
size and complcxity of projects vary. Working conditions arc somewhat
uncontrollablec. The labor force is variable; its size, composition, and

motivation change. Cooperation between subcontractors is problematic

(Davis 1987).

The nced to apply special cfforts to obtain quality in the
construction process is well recognized. Part of the designer’s traditional
rolc has bcen to scc that the construction rcquircments arc fulfilled, as
means to guarantce quality. This is accomplished through, for exampile,
requiring samples of workmanship, periodic inspections, and materials
testing. Once of the reasons offered for using a construction management
firm is to obtain quality for the owner. While problems associated with
quality are not ncw in the construction industry, formalized approaches to
construction quality management arc. According to Hartstern (1982),
quality control programs evolved out of inspection programs and became
formalized in the 1960°s as legally imposed requircments by government

work.

Quality management is morc comprchensive than quality control .

According to Crossby (1979): “Quality management is a systcmatic way of
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guarantceing that organized activitics happen the way they arce planned. It
is a management discipline concerned with preventing problems from
occurring by creating thc attitudes and controls that make prevention
possible.” Quality cannot be attained through quality control inspcction
mcthods alone. According to Deming, quality comes not from inspection,
but from improvement of the process. Saarincn (1990) stated: “Whercas
quality control is dcsigned to catch defects, quality management is
designed to prevent them.” Quality management can be scen as based on

four basic principles (Saarinen 1990):

- Total involvement: cvery level of the firm, from scnior
management on down, must be invelved in quality

improvement activitics.

- Customer oricntation: every one in the firm must understand
the requirements of his customers and bc conscious of how
well he is meeting their needs. Quality may not be the same
for cvery customer, but ecach customer cxpects his

specifications to be mct.

- Systecmatic support: structurcs, policies, and procedures must
be implemented to cncourage quality. Quality must be part
of the strategic plan, budget process, and performance
appraisal system.” If you arc not willing to reward thosc who
make your processes work better (as distinct from those who
rush in at the last minutc to put out the fires), you will ncver

achicve quality,” Arnold cautions.

- Continuous improvement: cven when customers arc satisfied,
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the firm must keep looking for wayvs (o improve, because
customer nceds change and the competition may be

improving too.
25 Commitment to Quality

Patterson (1983) stated: “The attitudes of management toward
quality, performance, and cost effectiveness are reflected down through the
ranks from gencral management to the ncwest engincer in training.”
Support, endorsement and participation of management personnel arc
required for the success of a project. According to Farrington (1987),
applying a well planncd quality management program incorporates
communication bctween design- and construction to promote an
opportunity {o improve constructability and to prevent problems that were
encountcred in the past, and also to avoid foresceable problems of the
future. As management accepts responsibility for quality and strives to
optimize the quality program, owners will begin to recognize benefits such
as reduction of crrors, improved productivity and opportunitics for reduced

cost of deviations.

2.6 Activities Involved in Quality Management of Construction

This section discusses the quality management activitics, searched
from the literature, which can be used to assurc quality in the construction
phasc of a constructed project. Appendix (X) shows the arrangement of
quality management activitics as discussed in the following paragraphs of

this section.
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2.6.1 Quality Program Management[Verification Actions

It is the responsibility of a contractor to definc clearly his
management policics, objcctives, and responsibilities for cach unit of his
organization. The responsibility and authority for the quality of personncl
managing and directing the project should be defined and  their
interrclationship should be shown on organization charts. According to
the American Socicty for Quality Control (ASQC 1987), the contractor’s
management should periodically review the status and adequacy of the
quality program and should appoint a representative to ensure that quality
program rcquirements are complicd with. It is also the responsibility of
the management to define the quality program representative’s authority to
resolve quality matters. It is the contractor’s responsibility to define the
responsibilitics and authority of individuals who perform the work and to
verify conformance to quality requirements. Saarinen (1990) stated that
commitment to mecting quality requircments must extend through all
levels of the organization, because each individual can have an impact on
quality. According to him, scnior management is responsible for
communicating and emphasizing the firm’s commitment to quality and for
establishing the firm - wide quality management procedures and
requircments. Saarinen (1990) stated: “If we provide the requirements
without the system or conditions conducive to success, we cannot cxpect

quality.”

It is the responsibility of the contractor to define the responsibility
and authority of personnel responsible for performing quality verification

actions.
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2.6.2 Inspection and Testing

Almost all construction professionals agree that inspection is an
essential part of the construction process. Inspection is onc of the principal
mechanisms used in quality management systems. Ellis (1990) stated that
inspection is a fundamental part of the construction process and that it is
through inspection that we assurc the conformance of the predetermined
requirements. Inspection and performance testing arc an cssential element
in all quality management programs. According to Ellis (1990), the
inspection process assists the construction managers in producing a
construction process. In this way, problems can be detected carly and

corrected, which will result in reducing replacement costs.

2.6.3 Documentation

Control of documents is important to a contractor since it is
concerned with precision and accuracy of review as well as issuance and
revision of 2ll project documents related to quality. Documents should be
developed and approved by personnel having cxperience in the affected
work activity. The contractor should make sure that all essential
documents affecting quality are rcviewed for adequacy and approved for
rclease by authorized personncl. Changes to documents should be subject
to the same degree of control used in performing the original document.
According to ASQC (1987), all changes should be processed in writing so
they can be acted on promptly at the specificd locations. The contractor
should maintain a record of changes as they are made. Documents should

be revised after a practical number of changes have been issued.
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2.6.4 Control of Procurement Documents

Control of procurement documents is very important to the
contractor. The procedure on purchasing control according to ASQC
(1987), should include instructions for the preparation of purchase and

indicate who is responsible for their revicw and approval.
2.6.5 Material{ Equipment Identification| Verification of Procedures

A contractor must verify that the materials and cquipment meet
prescribed quality and contractual requirements and that they arc properly
reccived and handled to cnsure that the quality is not degraded because of
inappropriatc mcthods. Accordiné to ASQC (1987) the contractor should
cnsurc that materials and equipment arc positively identifiablc and
traceable dircctly to a specified origin point. The materials and cquipment
should be appropriately cleaned, preserved and stored to prevent damage
or deterioration. The materials storage arcas should be arranged for case
of retricval or installation of material without dam.agc or adverse contact
with neighboring materials or cquipment.

2.6.6 Maintenance of Quality Records|[Training and Qualification of
Surveillance Personnel

It is the responsibility of the contractor to maintain quality records as
cvidence that all of his activitics comply with thc rcquircments of his
quality program. It is his rcsponsibility to maintain training and
qualification for surveilléncc personncel to assurc their competence for

performing quality.
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2.6.7 Establishment of Communication Program

Clearly communicating information such as requircments, costs,
- schedules and technical data is a very important clement in having quality
in the constructed projects. A coordinated cffort among the various
members is required to achieve an integrated program that is nccessary to
complete a quality project. According to thc manual of Professional
Practice (ASCE 1990), it is the responsibility of the contractor to maintain

proper communications during the construction phasc of a project.
2.6.8 Planning for Construction

Planning for construction is neccssary to mcet most of the project
objectives. When planning in construction operations is effective, adequate
lcad time to mobilize certain critical resources is sccured and the
responsibility for quality performance is clearly assigned. According to the
ASCE (1990) manual, the contractor should preparc plans and proccdures,
plan to provide the resources nccessary for quality construction and make
construction contributions to key dccisions by the owners and design

professional.
2.6.9 Quafification of Subcontractors

Most projccts have a substantial number of subcontractors involved,
and each is responsible for only certain activitics. On a typical project,
these activitics include plumbing, heating, and air conditioning electrical,

elevators, glass, roofing, wall covering and asphalt. On some projects, the
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general contractor will only provide management and supervisory
personnel, and virtually all trade and craft work is done by subcontracted

firms.

Regardicss of the business relationship cstablished among the
general contractor and the various subcontractors, the contractor is
responsible for the quality of the work and meccting quelity control

specifications in the contract documents.
2.6.10 Safety Program

Each job site should have a well-planned safety and first aid
program with participation by all contractors, testing agencics, and rclated
personnel. Some scrvices like ﬁrs.t aid facility and nursing may be shared
and financially supported by all contractors. In most cases, the owner
furnishes these services without charge through a contractual arrangement
with the contractor. According to the ASCE (1990), cach job site should
deploy plans for emergencics. Emergency telephone numbers for
ambulance, firc and police should be posted, and first aid and firc-fighting

training should bc implemented.
2.6.11 Coordination and Communications

A successful construction phase requires coordination between
design, construction and start-up of the facility. According to the ASCE
(1990), the owncer is responsible for providing this coordination in the

contractual arrangcment sclected.

Coordination and communication are cnhanced if clear

communication is established. Some basics are (ASCE 1990):
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- Only the contractor should direct labor.

- Only the contractor should coordinate subcontractors.

- The contractor should reccive direction only from the owner.
- Manufacturers should receive direction only from the project

manager.

Coordination among project tcam members is based on a realistic
plan and schedule developed in the preconstruction phasc. Deccisions on
procurcment, permits, and construction durations arc required before
construction begins. Specific lines of communication must be clearly

established for cach project.
2.6.12 Design Revisions|Checks

During a construction phase evaluation, the design professional
should review the number and magnitude of changes to dctermine the
following questions: Are there too many? Docs the revised schedule allow
enough time, or is it causing too much confusion among the
subcontractors? Docs feedback from the contractor indicate that a
problem cxists with the design tcam? What programs cxist to control
quality? Are functions and responsibilitics clearly dcfined? Is quality an
agenda item? Request for clarifications of drawings and specifications is

an indication of problems which may requirc immediate action.(ASQC

1987)

The owner and contractor should participate in, and lcad the
evaluation. Reviews should be considered in two phascs. Onc phase is
determination of the work performed was initially correct. The second

phasc is exccuting the inspcctions or tests that verify compliance.(ASCE
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1990)

2.6.13 Insurance Needs of Contractors

The contractor must provide insurancc for his own acts, thosc of the
subcontractors, or any onc for whom the contractor may be held liable.
Specifically, the contractor must provide worker’s compensation and other
employce bencefits. With respect to property damage, the property (except
for the work itself) must be insured. A specific provision usually requires
the contractor to protect work and materials stored off sitc or in transit.
The exposure from vehicles used in the construction processes is addressed
by requiring coverage for liability resulting from the usc of such vehicles.

(ASCE 1990)

Because the contractor supervises the job site and the construction
process puts both life and property at risk, the contractor usually is
required to hold harmless and indemnify other parties not in control at the
job sitec. The contract stipulates that thc contractor supports that
commitment with insurance. Coverage limits are usually tailored to the
size and naturc of the project, and spccified in the contracls between the

partics.(ASCE 1990)

To assure that the financial protection requirements arc met,
certificates of insurance are required, with the further provision that the
insurers must notify the certificated holders if coverage is canceled for any

reason.
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2.6.14 Education of Contractor's Employees

Training for contractor’s employces through short courscs, seminars,
or on-the-job training is an important step in assuring quality in the
construction phasc of a project in an indircct way and in thc long run.
The rcvenue from these quality management activitics affects the
contractor positively both technically and financially (ASCE 1990).
Contractors may devclop their own training, qualification and certification
program in accordance with recognized standards and guidclines. This
concept is supported by the ASQC Construction Technical Committee,
"Quality Management for the "(,;nnstructcd Project” (1987) because it
provides for tailoring specific needs that may be necessary to satisfy unique

organizational considcrations.
2.6.15 Provision of Technically Qualificd Team Members

Assuring quality in the construction phasc comes also through
having a well qualified staff. Contractor’s personncl should be encouraged
to participatc in continuing cducation programs through short courses,
seminars and on-the-job training, since such participation will keep
employees current with the statc-of-the-art information about construction

mcthods, ctc.(ASCE 1990)
2.6.16 Establishment of an Incentive S ystem

Motivating contractor’s personncl is a very important step to

promote quality and increase productivity (ASCE 1990).
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CHAPTER 3

RESEARCH DESIGN

This chapter presents ail the steps that were performed to achieve
the objectives set for this study. The procedures include all information
relevant to where and how these data were secured, and the method

whereby samples were sclected.

3.1 Data Collection

This study is an exploratory typc of rescarch to define the quality
management activitics in the Saudi building design and construction

industry.

Questionnaires were mailed to a randomly sclected sample. Mail
survey was used due to several reasons. Mail surveys are typically lower in
cost than personal interviews. It is often a one-person job. Another valuc
in using mail is that respondents who might other\{iisc be inaccessible can
be contacted. Persons such as major corporate cxecutives are difficult to
reach in any other way. In a mail survey, the respondents can take more
time to collect facts, talk with others, or consider replics at length than is
possible with other ways of data collection. Mail surveys are typically
perceived as being more impersonal, providing more anonymity than the
other communication modes (Dillman 1978). Finally, qucstionnaires were
used due to the unwillingness of firms cspecially contractors to sparc some
time for interviews. This has been cxperienced by scveral rescarchers

(Zamel 1991) and (Abu-Asbah, in progress). Thercfore, it was decided to
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use mailed questionnaires for data collcction. Follow up letters were sent
to the contractors and the consulting offices with a copy of the

questionnaire after onc month from mailing the first copy.

See Appcendices I and Il for the questionnaire for design offices and

contractor firms.

3.2 Population and Sample Size

The population of this study is the large building contractors
(Grades 1, 2 and 3) and consulting offices. Large contractors are defined
to be thosc contractors who can take projects of more than 50 million

Saudi riyals each.

In this study, the size of the samples was determined using the

following formula (Cochran 1977):
n=n,/(l+n/N)

n, = ! Pq/d’
where:

n = Sample size

]

n, = First estimatc of the sample size

N

Total population

t = value of the standard normal variant (if 95% confidence

level t = 1.96)

=
I

The proportion of the characteristic being measured in
the target population (P = 0.5)

q=1-P=1-05=05

The precision = 0.15
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Substituting the pre-defined variables for the consulting offices, the

following sample size was obtained.
n = 38, for total population of N = 358.

Also, substituting the pre-dcfined variables for the contractors, the

following sample size was obtained.
n = 36, for total population of N = 258.

It is usually the casc in such a study that the response rate will not
be high. In this study a response rate of 30% was predicted. 175
questionnaires werc mailed to the consulting offices and 150 questionnaires
were mailed to the building contractors all over the Kingdom. 38 answers
were received from the consulting offices and 30 answers were also reccived

from the building contractors.

3.3 Data Analysis

The analysis of the data was through the usc of SAS, the Statistical
Analysis System, which is a package available on the mainframe of King

Fahd University of Petrolcum & Mincrals.

The data collected from the survey was coded and cntered into the

system which provided the following:

I. A measurement of the firms involvement in quality activitics,

ranking of quality management activities and calculating

frequencics.

2. Step wise Regression Analysis was uscd to select the variables



30

for the design phase which are:
- Annual business volume of the consulting firm.
- Years in business of the consulting firm.

- Average contract duration of the consulting firm.

The other variables were not significant.

Step wise Regression Analysis was used also to select the

variables for the construction phase which arc:

Annual business volume of the contractor.

Average contract size of the contractor.

Average contract duration.

Years in business.
The other variables werc not significant.

(See Appendices VII and VIII for the step wisc regression

analysis of the design and construction phases)

Simple Lincar Rcegression and Multiple Regression were

performed for the sclected significant variables.
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CHAPTER 4

QUALITY MANAGEMENT ACTIVITIES

Quality Management activitics in the dcsign and construction
phases of Saudi construction projects are discussed in this chapter.
Determination of quality management activities in thc dcsign and
construction phases of Saudi construction industry . and thc correlation
between the firm's characteristics and quality management activitics uscd

by the firm are introduced in this chapter.
4.1 Quality Management of the Désign Phase

Table 1 introduces the Quality Management (QM) activities which
can be uscd by consulting firms to assure quality in the design phase of a

construction project.
4.1.1 Orverall Ranking of Quality Management Activities

The SAS computer program shown in Appendix (I1T) was
developed to rank the overall design quality management activitics
according to their importance. The ranking was based on the total score
for cach activity or factor. For example, factor number | reccived six “No”
answers which counts for a zero scorc and 30 "yes” answers which counts
for a scorc of 30 (onc point for cach yecs answer). The summation of the

two will yicld the total score. Rank No.l
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No Answer Yes Answer
IFac- QM Activity Fre- Per- Fre- Per-
tor que- cent- | que- cent-
T ncy- age ncy age
1 Definition of the interrclationship and
responsibilitics of the quality pro- 6 16.67 | 30 83.33
gram management and dircction
2 Establishment of qualification parameters
for persons whosc activitics affe 2 5.26 36 94.74
the quality of work e
3 Iistablishment of an incentive system to .
motivate persons to produce 10 26.32 28 73.68
quality work
4 On the job training for cmployces ) 13.16 33 86.84
S Short courses for employees 19 SL3S I8 48.65
6 Seminars for cmployees 19 SLAS 18 48.65
7 Calculation checks of the design 2 5.26 36 94.74
8 Drawing checks/Review 0 0 38 100
9 Speccification checks/Review 1 2.63 37 97.37
10 FFormal drafting check/Review 2 5.26 36 94.74
R Review of clicnt’'s comments | 2.63 37 97.37
12 Review/check of standards I 2.63 37 97.37
13 Review/check of regulations 1 2.70 36 97.30
14 Review/check of space allocation 1 2.63 37 97.37

Contd...
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No Answer Ycs Answer
Fac- QM Activity Fre- Per- Fre- Per-
tor quc- cent- | que- cent-
ncy- age ncy age
15 Revicw/check of aesthetics 2 5.26 36 94.74
16 Functionality Review 0 0 38 100
17 Capacity Review 1 2.63 37 97.37
I8 Documentation of any documents related
to the design of the project 4 10.53 34 89.47
19 Frequent contacts between the project
partics 2 5.26 36 94.74
20 Communication program 8 21.62 29 78.38
21 Communication to rcsolve conflicts 2 5.41 35 94.59
2 Provision of technically qualified 1 2.63 37 97.37
team members
23 Provision of cost estimate of
the project I 2.63 37 97.37
24 Submission of progress reports
to the owner 2 5.26 36 94.74
25 Standardization of office procedurcs 3 7.89 35 92.11
26 Office library facilities N 13.16 33 86.84
27 Provision of clear, concise, and
uniform plans and specifications 0 0 38 100
P2 Arrangements for organizational
pecr review 20 52.63 18 47.37
pad Arrangements for project peer review I8 47.37 20 52.63
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will be for the activity which got the highest score and rank No.2 will be
for the activity which got the second highest score, ctc. The outcome of
this analysis is shown in Tablc 2 and discussed in the following

paragraphs.
4.1.1.1 Drawing Checks/Review

Drawings arc very important documents for consulting offices.
They must be checked thoroughly, especially in the local design offices,
since what is happening is that the Architectural Engincer provides the
architectural drawings which arc sent to the structural engincer to produce
the structural drawings. After that, both types of drawings arc released
for construction without reviewing and matching them. The significance of
communication between the tcam members appears. Duc to lack of
communication during construction, a lot of mistakes and errors like
mismatching between the architectural drawings and structural drawings
start to come to the surface. So, it is very important to review the
drawings carcfully before releasing them for construction in order to avoid
the weak link between the architectural engincer and the structural

cngincer.

Even though it can be scen in Table 2 that this quality management
activity is ranked as No.l which indicates the importance of this QM
activity for the consulting offices, the above mentionced is still a problem in

the local design ofTices.
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Table:2: Overafl Quality Management Ranking
Fac- Quality Management Activity Overall
for Ranking
8 Drawing checks/Revicw
16 Functionality Revicw 1
27 Provision of clear, concise and
uniform plans and spccifications
9 Specification checks/Review
1 Revicw of clicnt’s comments
12 Review/check of standards
14 Review/check of space allocation 2
17 Capacity review
22 Provision of tcchnically qualified design
team members
23 Provision of cost estimate of the project
2 Establishment of qualification parameters
for persons whose activitics affect
the quality of work
7 Calculation checks of the design
10 Formal drafting check/Review
13 Review/check of regulations 3
(] Review/check of aesthetics
19 Frequent contacts between the project
partics
24 Submission of progress reports
to the owner

Contd....



Table:2: Ovenall Quality Management Ranking
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peer review

Fac- Quality Management Activity Overall
tor Ranking
2i Communication to resolve conflicts 4

25 Standardization of office proccdures
I8 Documentation of any documents related
to the design tcam members 5
4 On the job training for cmployces
26 Office library facilities 6
[ Definition of the interrelationship and
responsibilities of the quality pro- 7
gram management and dircction
20 Communication program 8
3 Establishment of an incentive system to 9
motivatc persons to produce quality work
29 Arrangements for project peer review 10
5 Short courses for cmployces
6 Scminars for employces 11
28 Arrangements for organizational
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Errors, omissions, and ambiguitics are somc of the main proplems
which might appcar in drawings. Major cffccts will arisc during the
construction phase of a project if these drawings arc not checked carefully
during the dcsign phasc by the consulting firms. These inadequacics in
drawings are a main causc of changes. The control of changes are major
undertakings which cause expensive dclays in project completion time.
Such dclays may lcad to a varicty of claims between the owner and
contractor. Another proplem which might appecar from not checking the
drawings is a bad rcputation for the consulting office which will affect its

future carcer.

4.1.1.2 Provision of Clear, Concise and Uniform Plans & Specifications
/Specification Checks (Review)

Plans are the only documents given to the contractor which show

the design concept, size and scope of the job, thc number and size of

materials or items, and how they arc assembled into a final project. So, it

is critical that drawings be clear, concise and uniform.

Drawings and specifications arc the two scts of documents given to
the contractor that provide nccessary technical information. So, it is
critical that drawings and specifications be clear, concise and uniform.
Inadcquacics like crrors and omissions in plans and specifications arc a
main cause of change, which as discusscd carlier in this scction, cause

expensive dclays in project completion and lead to claims between the

owner and contractor.

Despite the fact that these two quality management activities arc

ranked as No.! and No. 2 respectively as shown in Table 2, some of the
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consulting officcs nonctheless provide unclear specifications.  Unclear
specifications will have a bad effect later during the construction phase. It
is harmlcss to use government or certain standard specifications for the
general specification of a project. On the other hand, it is ncécssary to use
modified and suitable specifications for the special specifications of a
project and review these specifications to make sure that the items inside

them suit the project they arc going to be used for.
4.1.1.3 Calculation Checks of the Design

Checking the calculations of design is a very important step in
assuring quality in the design phase. Many problems can be avoided, like
failure of the structure. The rcputation of the consulting officc will suffer

if they provide a wrong design.

Although calculation checks are ranked as No.3 as shown in Table
2, they are still considered an important quality management activity since

they obtained a score of 36 points compared to rank No.l which obtained

the score of 3R points.
4.1.1.4 Training for Employees

Despite the fact that training for firm's cmployces through short
COUrses of scminars is an important step in assuring quality in the design
phase of a project in an indircct way and in the long run, these quality
management activitics are ranked at the lowest due possibly to the fact
that some of the consulting firms arc not willing to pay for short courses or
attendance at seminars by their cmployees thinking that this will affect the
budget of the firm. The revenue from these quality management activitics

affects the firm positively both technically and financially.
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4.1.15 Arrangements for Organizational Peer Review/ Arrangements
for Project Peer Review

Despite the fact that peer review is one of the best ways to improve
quality in the design of constructed projects, these quality management
activities in fact scored very low and ranked at thc cnd as is shown in
Table 2. The main rcason for that might be that the concept of peer
revicew is still new and not well known for most of the consulting offices in
Saudi Arabia . However, peer reviews must be requested as added
safcguards for the public, the owner, and the design professional. Another
bencfit from these quality management activitics might be that the overall
time to complete a constructed project can be reduccd by a pecr review.
Another main rcason for not using this quality management activity might
be that the consulting offices are trying to avoid being reviewed by another
party who might detect their mistakes.
4.1.2 Ranking of Design Quality Management Activities Based on

Annual Business Volunie

The total population was divided based on annual business volume

into five categorics:

Category | = Up to 5 million.

Category 2 = 5 to 10 million.
Category 3 = 10 to 100 million.
Category 4 = 100 to 500 million.

Over 500 million.

I

Category 5
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The ranking of the quality management activitics was based on the

total score as discussed in the previous section 4.1.1.

The outcome of this analysis is shown in Tables 3 to 7 and Figures

1tos.
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Table:3: Ranking of Design Quafity Managemeni
Activities Based on Annual Business
Volume up £o SR 5 Million
Fac- Quality Management Activity Overall
tor Ranking
2 Establishment of qualification paramecters
for persons whose activities affect
the quality of work
3 Drawing checks/Review
il Review of client’s comments
i2 Review/check of standards
13 Review/check of regulations
i6 Functionality Review 1
i7 Capacity rcview "
22 Provision of technically qualificd design
tcam members
23 Provision of cost estimate of the project
24 Submission of progress rcports
to the owner
27 Provision of clear, concise and
uniform plans and specifications
7 Calculation checks of the design
9 Specification checks/Review
10 Formal drafting check/Review
14 Review/check of space allocation 2
15 Revicw/check of acsthetics
19 Frequent contacts between the project
partics
25 Standardization of office proccdures
26 Office library facilitics

Contd...



Table:3: Ranking of Design Quality Management

Activities Based on Annual Business 42
Volume up to SR 5 Mitfion
Fac- Quality Management Activity Overall
for Ranking
18 Documentation of any documents related
to the design team members
20 Communication program 3
21 Communication to resolve conflicts
4 On the job training for ecmployces 4
i Definition of the interrclationship and
responsibilitics of the quality pro-
‘gram management and dircction
28 Arrangements for organizational 5
peer review
29 Arrangements for project pecr review
3 Establishment of an incentive system to
motivate persons to produce quality work 6
5 Short courses for employees
6 Scminars for employees 7
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Table:4: Ranking o4 Design Quality Management

Activities Based on Annuaf Business
Volume grom SR 5 to 10 Mifeion.

44

Fac- Quality Management Activity Overall
tor Ranking
3 Establishment of an incentive system to
motivate persons to produce quality work
4 On the job training for cmployces
7 Calculation checks of the design
8 Drawing checks/Review
9 Specification checks/Review
i0 Formal drafting check/Review
4 Review/check of spac-c.allocation
15 Review/check of aesthetics
16 Functionality Review 1
I8 Documentation of any documents related
to the design team members
9 Frequent contacts between the project
parties
21 Communication to resolve conflicts
22 Provision of technically qualificd dcsign
team members
23 Provision of cost cstimate of the project
27 Provision of clcar, concisc and
uniform plans and specifications




Table:4; Ranking of Design Quality Management

Acitiviiies Based on Annual Business 45
Volume fnom SR 5 o 10 Mitllion
Fae- Quality Management Activity Overall
tor Ranking
2 Establishment of qualification parameters
for persons whose activities affect
the quality of work
1§ Review of client’s comments
12 Review/check of standards
13 Reviewj/check of regulations
17 Capacity review 2
24 Submission of progress reports
to the owner
25 Standardization of office procedurcs
26 Office library facilities
| Definition of the interrelationship and
responsibilities of the quality pro- 3
gram managemsnt and direction
20 Communication program 4
5 Short courses for employees 5
6 Seminars for employecs
28 Arrangements for organizational 6
peer review
29 Arrangements for project peer review
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Tabfe:5: Ranking of Design Quality Management

Activities Based on Annual Business
Volume f§rom SR. 10 £o SR.100 Million

47

Fac- Quality Management Activity Overall
tor Ranking
7 Calculation checks of the design
8 Drawing checks/Revicw
9 Specification checks/Review
10 Formal drafting check/Review
It Review of client’s comments
i2 Review/check of standards
14 Revicw/check of space allocation I
15 Revicw/check of aesthetics
16 Functionality Review
17 Capacity review
27 Provision of clear, concisc and
uniform plans and spccifications
i Dcfinition of the intcrrelationship and
responsibilities of the quality pro-
gram management and direction
2 Establishment of qualification paramecters
for persons whose activitics affect
the quality of work
3 Establishment of an incentive system to
motivate persons to produce quality work 2
i3 Review/check of regulations

Contd...



Table: 5; Ranking of Design Quality Management

Acitivities Based on Annual Business 48
Vofume f{rom SR 10 to SR 100 Miflion
Fac- Quality Management Activity Overall
for Ranking
19 Frequent contacts betwceen the project
parties
21 Communication to resolve conflicts
22 Provision of technically qualified dcsign
tcam menibers
23 Provision of cost cstimate of the project 2
24 Submission of progress reports
to the owner
25 Standardization of office procedures
4 On the job training for employces
I8 Documentation of any documents rclated 3
to the design tcam members
26 Office library facilities 4
20 Communication program 5
29 Arrangements for project peer review 6
6 Scminars for cmployces 7
5 Short courses for employecs
28 Arrangements for organizational 3
peer review
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Tabfe:6: Ranking of Design Quafity Management

Activities Based on Annual Bua{,neqé
Volume {rom SR 100 to SR 500 Million

50

Fac-

Quality Management Activity Overall
tor Ranking
I Definition of the interrelationship and
responsibilities of the quality pro-
gram management and dircction
2 Establishment of qualification paramecters
for persons whosc activitics affect
the quality of work
4 On the job training for cmployces
5 Short courses for employces
6 Seminars for emp[oyéés
8 Drawing checks/Revicw
9 Specification checks/Review
3 Review of client’s comments
12 Review/check of standards
i3 Review/check of regulations
14 Review/check of space allocation
16 Functionality Review
17 Capacity review I
18 Documentation of any documents related
to the design tcam members
19 Frequent contacts between the project
partics
20 Communication program

Contd. ..



Tabfe:6; Ranking of Design Quality Management 51
Acitivities Based on Annual Business
Volume from SR 100 £o SR 500 Mitllion
Fac- Quality Management Activity Overall
tor Ranking
21 Communication to rcsolve conflicts
22 Provision of technically qualificd design
team members
23 Provision of cost estimatc of the project
24 Submission of progress reports
to the owner 1
25 Standardization of office procedurcs
26 OffTice library facilitics
27 Provision of clear, concise and
uniform plans and spccifications
28 Arrangements for organizational
peer review
3 Establishment of an incentive system to
motivate persons to produce quality work
7 Calculation checks of the design
10 Formal drafting check/Review 2
15 Review/check of aesthetics
29 Arrangements for project peer review
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Tabfe:7: Ranking of Design Quality Management

Activities Based on Annual Business
Volume Oven SR 500 Million.

53

Fac- Quality Management Activity Overall
tor Ranking
1 Definition of the interrelationship and
responsibilities of the quality pro-
gram management and direction
2 Establishment of qualification paramcters
for persons whose activities affect
the quality of work
4 On the job training for employces
5 Short courses for emﬁloyccs
6 Sceminars for employees
7 Calculation checks of the design
8 Drawing checks/Review
9 Specification checks/Review
10 Formal drafting check/Review
(g Review of client’s comments
12 Review/check of standards
13 Review/check of regulations
4 Review/check of space allocation
15 Review/check of acsthetics
16 Functionality Review
17 Capacity review 1
18 Documentation of any documents rclated
to the design team members

Contd...



Table:7; Ranking of Design Quality Management 54
Activities Based on Annual Business
Volume Over SR 500 Mctlion
Fac- Quality Management Activity Overall
tor Ranking
19 Frequent contacts between the project
partics
20 Communication program
21 Communication to resolve conflicts
22 Provision of technically qualified design
tcam members I
23 Provision of cost estimate of thc project
24 Submission of progress reports
to the owner
25 Standardization of office procedurcs
26 Office library facilitics
27 Provision of clear, concise and
uniform plans and specifications
28 Arrangements for organizational
peer review
29 Arrangements for project peer revicw
3 Establishment of an incentive system to
motivate persons to produce quality work 2
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From thc previous Annual Business Volumes tables, it is apparent
that quality management activitics No.8 and No.17, drawing checks and
capacity review, arc ranked as No.l among all of the categories or ranges,
which mcans that these two activitics are important for consulting offices
with different annual business volumes. Capacity review is ranked as No.2
in the overall quality design ranking and commonly as No.I in rankings of
quality management activitics bascd on annual business volume, which

emphasizes the importance of this quality management activity.
4.1.3 Ranking of quality management activities based on Years in Business

Bascd on the cxperience of the consulting firms, the population was
divided into two groups, below ten years and above ar cqual to ten years
in business. The ones below ten years were considered as having a short
experience while those above or equal to ten years werc considered as
having a long cxperience. The activities werec ranked for cach of the
mentioned two groups. The results are shown in Tabies ® and 9 and also -

in Figures No.6 and No.7.



Table:§: Ranking of Design Quatlity Management

Activities Based on Yeans £n Business
(Long Experience)

57

Fac- Quality Management Activity Overall
tor Ranking
b Drawing checks/Revicw
i1 Review of clicnt’s comments
14 Review/check of space allocation
16 Functionality Revicw i
17 Capacity review
22 Provision of technically qualificd design
tcam members
27 Provision of clear, concise and
uniform plans and specifications
2 Establishment of qualification paramcters
for persons whose activities affect
the quality of work
9 Specification checks/Review
12 Review/check of standards
I5 Review/check of acsthetics
23 Provision of cost estimatc of the project 2
25 Standardization of office procedures
26 OfTice library facilitics

Contd...



Table:8; Ranking of Design Quality Management

58
Acitivities Based on Yéans in Business
{Long Experience)
Fac- Quality Management Activity Overall
tor Ranking
7 Calculation checks of the design
10 Formal drafting check/Review
13 Review/check of regulations
19 Frequent contacts between the project
parties 3
21 Communication to resolve conflicts
24 Submission of progress reports
to the owner
4 On the job training for cmployecs
iR Documentation of any documents related 4
to the design team mcembers
l Definition of the interrelationship and
responsibilities of the quality pro-
gram management and direction 5
20 Communication program
3 Establishment of an incentive system to
motivate persons to produce quality work 6
5 Short courses for employccs 7
6 Scminars for employees to the owner
28 Arrangements for organizational
peer review 8
29 Arrangements for project peer review
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Tabe:9: Ranking of Design Quality Managemeni

Activities Based on yYears in Business
(Shont Experdience)

60

Fac- Quality Management Activity Overall
tor Ranking
7 Calculation checks of the design
8 Drawing checks/Review
9 Specification checks/Review
10 Formal drafting check/Review
12 Review/check of standards
13 Review/check of regulations
16 Functionality Revicw |
19 Frequent contacts between the project partics
23 Provision of cost estimate of the project
24 Submission of progress reports
to the owner
27 Provision of clear, concise and
uniform plans and specifications
2 Establishment of qualification paramecters
for persons whase activitics affect
the quality of work
3 Establishment of an incentive system to
motivate persons to produce quality work
it Review of client’'s comments
14 Review/check of space allocation
15 Revicw/check of acsthetics
17 Capacity review 2
I8 Documentation of any documents related
to the design tcam members
21 Communication to resolve conflicts
22 Provision of technically qualified design
tcam members

Contd. ...



Tabfe:9; Ranking of Design Quality Management

Aeitiveties Based on Yearns .in Business

{Shont Expenience)

Fac- Quality Management Activity Overall
tor Ranking
4 On the job training for cmployees
25 Standardization of office procedures 3
1 Definition of the interrclationship and
responsibilitics of the quality pro- 4
gram management and direction
20 Communication program
26 OffTice library facilitics 5
29 Arrangements for project peer review 6
6 Seminars for employees to thc owner
28 Arrangements for organizational
peer review 7
5 Short courscs for employecs &
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From Tables 8 and 9, it is apparcnt that the consulting offices with
long experience tend to provide more technically qualified design tcam
members than those which have shorter experience. Design tcam members
should be cncouraged to participate in continuing cducation programs and
professional groups, since such participation will keep the design tcam
current with the latest information concerning design and analysis mcthods
and techniques. It is also clear that consulting offices with long experience
tend to check the design more thoroughly and carcfully before rcleasing it
for construction more than those offices with shorter expericnce. Another
point is that merc experienced consulting offices are more concerned about
the training of the firm’s employces than those of less expericnce. A
cenvincing rcason might be that consulting offices with long cxperience are
more concerned about their reputation and future carreer than those of

shorter cxpericnce.
4.1.4 The Relationship between offices characteristic and QM activities

To find the rclationship between the annual business volume of the
consulting firms and their quality management activitics , the consulting
firms” years in business and thcir quality management activities and
between the average contract duration of the consulting firms and their
quality management activitics, simplc and multiple regression analyses
were performed. Table 10 presents the input data which were used for the

analysis.
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Table:10: Daia for Regression Analysis, Design Phase.

Ammal Business Years in Average Con- Overall Design
Volmme (Millions Business tract Duration Quality Criteria
(Months)
of SR) X1 X2 X4 Y

35 It 5 0.758
0.1 7 5 0.896
14 10 84 0.827
1.5 10 12 0.793
4.0 15 12 0.758
2.0 16 - 0.931
40 9 I8 1.0

6 14 6 0.827
6 12 24 1.0

25 7- 12 0.793
34 20 . - 0.965
3 16 1 0.931
40 22 24 1.0

20 i5 12 0.896
3 7 3 0.758
R It 10 0.793
6 7 8 0.862

Contd. ..



Table:10; Data for Regression Analysis, Design Phase
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Annual Business Years in Average Con- Overall Design
Volume (Millions Business tract Duration Quality Criteria
(Months)
of SR) X1 X2 X4 Y

7 12 - 0.896
32 15 12 0.965
10 t5 10 0.827
23 12 6 0.862
5 10 5 0.862
3 8 12 0.686
10 8 10 0.965
12 i3 10 0.827
15 I8 12 0.897
9 12 8 1.0
10 14 7 0.758
12 i1 3 0.827
8 9 5 0.862
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4.1.4.1 Simple Linear Regression

General Linear Models (GLM) were uscd between the annual

business volumc and overall design quality criteria, which yicided the

following cquation:
Y = 0824 + 0004 X, (D
CocfTicicnt of determination, R2 = 21%
CocfTicient of variation, C.V. = 9.0%

Corrclation cocfficient, r = 0.455

t value = 0.0115
where:
X, = Annual business volume of consulting firm
Y = Ovecrall design quality criteria of consulting firm (Y is a

dimensionless factor varying between 0 and 1, the closer of
Y value from [, the morc number of usage of QM

activitics).

The importance of the Y valuc for a consulting office can be seen
through calculating the Y value for an office as to cvaluate and compare

its overall design quality criteria with other consulting offices.
In Table No.10, Y values were calculated as follows:

Example: Consulting firm No.1 has a quality criteria of 22/29 = 0.758
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where: 22 is the number of yes answers, while 29 is the total number of

design quality management activitics.

The GLM was used also-between years in business and overall

design quality criteria yiclding the following cquation:
Y = 0.768 + 0.0082 X, )

R2 = 13.6%
CV.= 94%
r = (0.368

t = 0.045

where:

X, = Yecars in business of the consulting firm.

Graphical presentations of Y versus X, and Y versus X, are shown

in Figures 8 and 9.

The GLM was used also between average contract duration and

overall design critcria yielding the following equation:

Y = 0.854 + 0.00047 X, (3)
R? = 21%
C.V. = 104%
where:
X, = Avecragc contract duration of the consuiting

firm.
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4.1.4.2 Multiple Regression

70

Regressions were performed between annual business volume, years

in business, average contract duration and overall design quality criteria

yiclding the following equations:

Y = 0.859-0.0032 X, + 0.00017 X?

where:
R? = 26%
C.V. = 8.85%

Y = 0.8862 - 0.0113 X, +0.00073 X2

2

where;
R? = 16%
C.V. =95%

Y = 0.771 - 0.0028 X, +0.005 X,

where:
R? = 25%
C.V. = 89%

Y = 0.77R% + 0.0033 X, +0.0036 X, - 0.0001 X,

where:
R2 = 23.7%,
C.V. = 947%

4

)

(6)

N



4.2 Quality Management of the Construction Phase

Table 1t introduces the quality management (QM) activitics which
can be uscd by contractors to assurc quality in thc construction phase of a

construction project. Frequencies and percentages arc shown for cach QM

activity.

4.2.1 Overall Ranking of Quality Management Activitics

The computer program shown in Appendix V was developed to
rank the overall construction quality management activitics according to
their importance. The ranking.\;vas based on the total score for ecach
activity or factor, in the same way discussed in Section 4.1.1. The outcome

of this analysis is shown in Table 12.
4.2.1.1 Data Presentation

The results of the survey show that a majority of the contractors
give top priority to documentary and procedural papers, including
distribution of correspondence, change orders, claims and planning
schedules, ctc. Similarly, client’s comments, and change orders are met
with changing of specifications and drawings by the contractor. In-situ
and laboratory tests for quality control of material and workmanship are

also on top of the list of the tasks contractors seem to carce about the most.




Table:11: Quality Managemeni Activities Analysis for the

Consthuetion Phase.
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No Answer Yes Answer
Fac- QM Activity Fre- Per- Fre- Per-
tor que- cent- | que- cent-
ncy age ‘ney age

H Definition of the interrclationship and

responsibilitics of the quality pro- 15 SL7 14 48.3

gram management and direction
2 | Responsibilitics of personnel accountable

for performing quality verification actions 9 30.0 21 70.0
3 Instructions and procedures related to '

inspection and testing I 33 29 96.7
4 Instructions and procedures related to 8 27.6 21 72.4

compliance with the accepted criteria
5 Control and distribution of documents 1 34 28 96.6
6 Revicw and approval of documents 0 0 29 100.0
7 Control of changes to documents 1 34 28 96.6
8 Control of procurement documents 2 6.7 28 93.3
9 Inspection of purchased items on receipt 0 0 30 100
10 | Control of clcaning, preservation 0 0 30 100

and storage

Contd. ..



Table:11; Quality Managemeni Acitivifies Analysis for Zhe

Consthruetion Phase
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No Answer Yes Answer
Fac- QM Activity Fre- Per- Fre- Per-
tor que- cent- | que- cent-
ncy age ncy age
It Positive matcerial identification 6 20.0 24 80
12 Materials and/or cquipment retricval 10 34.5 19 65.5
13 Qualifications of welding personnel 20 69.0 9 31.0
14 Qualifications of heat treatment 21 724 8 27.6
personnel
15 Qualifications of personnel engaged 5 17.2 24 82.8
in work with concrete
16 Verification of welding procedures 12 429 16 57.1
17 Verification of hcat trcatment procedurcs 16 57.1 12 42.9
18 Verification of concrete work
procedurcs 4 14.3 24 85.7
9 Verification of equipment 6 214 22 78.6
20 Program for issuance, coflection and return
of measuring and testing cquipment 8 27.6 21 72.4

Contd. ...



Table:11; Quality Management AdLVL»CLQA Analysis fonr

Constnuetion Phase -

the
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No Answer Yes Answer
Fac- QM Activity Fre- Per- Fre- Per-
tor que- cent- | que- cent-
necy age ncy age

21 Establishment of a list of measuring and 7 233 23 76.7

testing equipment requiring calibration
22 Maintenance of quality records 7 233 23 76.7
23 Training and qualifications of surveillance

personncl on the project 12 41.4 17 58.6
24 Documeatation and reporting of the

rcsults of the surveillance 1 37.9 18 62.1
25 Establishment of a system of incentives to

motivatc project personnel to produce 9 31.0 20 69.0

quality work
26 Subcontractor cvaluation dcpcndmg on

reputation, past cxperience, fi nancial 0 0 30 100

position, ctc.
27 Qualifications and testing of

your employces 16 533 14 46.7
28 Qualifications and testing of

ncw ecmployecs 9 30 21 70
29 On job training for employces 17 56.7 13 43.3
30 Seminars for employees 27 90 3 10.0

Contd....



Table:11; Quafity Management Ac.avutx.u

Construetion Phase

Anaﬁy&ié §or the
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No Answer Yes Answer
Fac- QM Activity Fre- Per- Fre- Per-
tor que- cent- | que- cent-
ncy age ncy age
3 Short courses for cmployees 28 93.3 2 6.7
32 Calculation checks of the design 10 333 20 66.7
33 Revicw/checks of design drawings 5 16.7 25 83.3
34 Specification checks 4 13.3 26 86.7
35 Review of clients” and designers’ comments 4 13.3 26 86.7
36 Review of work regulations 4 13.3 26 86.7
37 Constructability review 6 20 24 80
R} In-situ tests of materials 1 33 29 96.7
39 L.ab. tests of materials 0 0 30 100
40 Inspection of results related to
matcrial tests 6 20 24 80
41 Inspection of physical structurc
of the project 9 20 21 70
42 Documentation of any records related
to the project 7 23.3 23 76.7

Conid...



Table:11; Quality Management Activities Analysis for the

Construction Phase
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No Answer Yes Answer
Fac- QM Activity Fre- Per- Fre- Per-
tor que- cent- | que- cent-
ncy age ncy age
43 Documentation of construction methods 10 333 20 66.7
44 Planning for construction 0 0 30 100
45 Provision of technically qualified 6 20 24 80
team members for the project
46 LEvaluation of materials/equipment suppliers| 1 33 29 96.7
47 Establishment of a communication program| § 26.7 22 733
between the staff on the project
43 Initiation of a reporting system 5 16.7 25 83.3
49 Establishment of checklists 5 16.7 25 83.3
50 Initiation of a safety program 11 36.7 19 63.3
8| Compliance with insurance requirements I i3 29 96.7
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Table:12: Overall Construction Quality Management Ranking

Fac- Quality Management Activity Overalt
tor Ranking
9 Inspection of purchased items on receipt
10 Control of cleaning, preservation and storage
26 Subcontractor evaluation depending on reputation,

past experience, financial position, ctc. i

39 Lab. tests of matcerials

44 Planning for construction
3 Instructions and procedures related to
inspection and testing
6 Review and approval of documents
38 In-situ tests of materials 2
46 Evaluation of materials/cquipment supplicrs
51 Compliance with insurance requircments
5 Control and distribution of documents
7 Control of changes to documents 3
8 Control of procurement documents

34 Specification checks
35 Review of clients’ and designers’ comments 4

36 Review of work regulations

Contd...
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Table:12; Overall Construction Quality Management Ranking

Fac- Quality Management Activity Overall
tor Ranking
33 Review/checks of design drawings
48 Initiation of a reporting system 5

49 Establishment of checklists

1§ Positive material identification

15 Qualifications of hcat treatment personnel

I8 | Verification of concrete work procedures

37 Constructability rcvic.\\'r 6
40 Inspection of results related to material tests

45 Provision of technically qualified team

members for the project

21 Establishment of a list of measuring and

testing cquipment requiring calibration
22 Maintcnance of quality rccords 7
42 Documcntation of any rccord related to the project

19 Verification of cquipment

47 Establishment of a communication program 8
between the stafT on the project

Contd. ..
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Tabfe:12; Overall Construciion Guality Management Ranking

Fac- Quality Management Activity Overall
tor Ranking
2 Responsibilities of personnel accountable
for performing quality verification actions
4 [nstructions and procedures rclated to
compliance with thc accepted criteria
20 Program for issuance, collection and return
of measuring and testing cquipment 9
28 Qualifications and testing of ncw cmployces
41 Inspection of physical structure of the project
25 Establishment of a system of incentives to

motivate project personnel to produce
quality work

-

32 Calculation checks of the design 10
43 Documentation of construction mecthods

12 Materials and/or cquipment retricval I

50 Initiation of a safecty program

24 Documentation and rcporting of the 12

results of the surveillance

23 Training and qualifications of survcillance 13
personncl on the project

16 Verification of welding procedures 14
personncl on the project

Contd....
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Table:12; Overall Construction Quality Management Ranking

Fac- Quality Management Activity Overall
tor Ranking
{ Decfinition of the interrclationship and
responsibilitics of the quality pro- 15
gram management and dircction
27 Qualifications and testing of your cmployccs
29 On job training for employces 16
17 Verification of heat treatment procedurces 17
13 Qualifications of welding personncl IR
14 Qualifications of heat treatment personncl 19
30 Seminars for cmployeces 20

3t Short courses for employecs 21
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The survey further shows that sclection of matcerials for the project
and subcontracting part of the work are also wecll taken carc off by the
contractors. A majority of the contractors responded positively when

asked about whether they keep their stores clean and organized.

On the other hand, the lowest among their concerns was providing
continuing education and training to their ecmployces. The survey showed
that they were not concerned about modern techniques whic would make
project management through cost control, material retricval, resources
based planning, ctc., basic tools to enhance performance. A majority of
contractors responded negatively to questions about quality control on

welding proccdures and the concern for qualified welders.

Along the same lines, a majority of contractors were not interested
in re-checking whether their employces were maintaining the quality of
their know-how. In between, it scemed that most did in fact make
calculation checks on designs, initiate and maintain programs for (esting
cquipment, preserve of quality records, scriously scrutinize qualification of
ncw cmployccs, sitc safety, material identification and care for a system of

cmployces incentives to improve productivity.
4.2.1.2 Discussion of Data

The survey results present a familiar picturc of an average
contractor working in Saudi Arabia . With few cxceptions, most of the
contracting firms in Saudi Arabia consist of a dominancc of forcign
elements, from ordinary labor, to forcman, engincers and technical staff.

A majority of contractors even have forcign management with an inactive,
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or semi-active, Saudi partnership. On the contrary, most of the clients in
Saudi Arabia are governmental organizations, such as ministrics or scmi
government bodics These organizations cmploy predominantly Saudi
engineers and technical supervisors. This staff is highly trained and
vigilant. Knowing very well the sct up of the Saudi contracting market,
the government bodies have laid down stringent regulations for quality
control of the projects. Reports on material approval and on job quality
control are mandatory in contract documents. The clicnts frequently
cmploy in addition to their own supcrvisory staff, highly qualificd

consultants.

Before discussing the results of the survey, it would seem a natural
trend suiting the Saudi environment that all contractors in order to win the
contract should agree to stringent quality control procedures that are
mentioned in contract documents. Since there is no cscape from these
controls, the survey shows that most of the contractors carry out in-situ
and lab tests on materials routincly. Sccondly when a client issues a
change order or makes comments on contractor drawings or documents,
the contractor has to take it scriously in order to get approval, as otherwise
contract clauses forbid payments for non-approved work, and this is what
the survey confirmed. The survey further showed that most of the
contractars prepare a time schedules (planning) for their work. This is also
an obligatory requirement of most of the clients and sccondly any profit
oriented contractors would do it to avoid over-running costs and dclay

penalties.

The other priority of the surveyed contractor was their vigilance in

the inspection of purchased materials and their strict sub-contractor
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cvaluation. These two items have direct impact on the contractor’s profit.
Any material purchased which does not mecet the client’s approval or
project specifications is likely to be rcjected, and the subcontractor if he is
unable to do the work will be the cause of further loss to the main
contractor. Thus, these items are very well taken carec of by the

contractors.

On the other hand, their lowest prioritics arc issues which are
related to long term strategics and/or to long term unforeseen profits such
as the continuing cducation of their cmployces. They had to finish the
project at a certain time and they were not sure of the next project. As a
result, they did not waste their moncy on improving know-how which
would not bring any quick proﬁt to them, according to their “carn and
away” motto. The qualification of thcir staff is unimportant as long as
things continuc along and ministries keep on accepting projects. There are
several instances when an engincer was approved for civil projects, only to
perform the dutics of a mechanical engincer or vice versa. A draftsman
becomes a foreman and a Iaborér hecomes a supc'rvisnr, ctc. care much for

the qualification of their cmployecs.

The survey further showed that contractors have little interest in
welding work quality and the qualification of welders. This attitude is less
duc to disrcgard for good welding procedures than to contractors who had
not donc serious welding projects in their ficlds. Welding terms were simply

unknown to them.

In between the “yes” and “no” answers, there arc issucs to which
contractors give only half-hecarted attention. Somc are requirced by clicnts

but not pushed too hard by them and others are required by contractors
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thcmsclves but not on an urgent or must basis. A check on design
calculation is done somctimes to reduce costs on turn-kcy projects, for
example to reduce the thickness of a rctaining wall to save the cost of
concrete, etc. The system of incentives for employces to improve
productivity is not a top priority with many contractors, as it is difficult to
establish an exact straight line relationship between the cost of incentives
and extra profit. Site safety is also not their top priority duc to the
existence of work insurance, workman compensation insurance and duc to

the absence of penaltics for poor safety at the site.
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4.2.2 Ranking of Construction Quality Management Activities Based on
Annual Business Volunie
The total population was divided based on the annual business

volume, into three categorics as follows:

Category I = Less than SR 50 million.
Catcgory 2 = From SR 50 million to SR 100 million.
Catcgory 3 = Greater than SR 100 million.

Ranking of the quality management activities according to their
importance and within cach category was donc with the help of the SAS
package, and a computer program was developed for this purpose (scc
Appendix VI). The ranking of QM activities was based on the total points
the activity got, the same method applied in the calculation of the design
phasc. The outcome of this analysis is shown in Tables 13, 14 and 15 and

Figures 10, 11, and 12.
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Tabfe:13: Ranking of Construcition Quality Management
Activities Based on Annual Business Volunme

(Less than SR 50 Mit&ion)

Fac- Quality Management Activity Overall
tor Ranking
6 Review and approval of documents
9 Inspection of purchased items on receipt
10 Control of clcaning, preservation and storage
26 Subcontractor cvaluation depending on reputation,
past expericnce, financial position, ctc. I
38 In-situ tests of materials
39 Lab. tests of materials
44 Planning for construction
46 Evaluation of materials/equipment supplicrs
51 Compliance with insurance requirements
3 Instructions and procedures related to
inspection and testing
5 Control and distribution of documents 2
7 Control of changes to documents
8 Control of procurcment documents 3
49 Establishment of checklists 4

Contd. ...



87

Table:13; Ranking of Construction Quality Management
Activities Based on Annual Business Volume

{Less than SR 50 -Mitlior)

Fac- Quality Management Activity Overall
tor Ranking
I8 Verification of concrete work procedures
33 Review/check of design drawings
34 Specification checks
35 Review of clients” and designers’ comments 5
36 Review of work regulations
48 Initiation of a reporting system
§ Positive material identification
12 Materials and/or equipment rctricval
I5 Qualifications of heat treatment personnel 6
19 Verification of equipment
37 Constructability review
4 Instructions and procedurcs related to
compliance with the accepted criteria
20 Program for issuance, collection and return
of mcasuring and testing cquipment
40 Inspection of results related to material tests 7
42 Documentation of any record related to the project
45 Provision of technically qualificd team
members for the project

Conitd...



Table:13; Ranking of Construcition Quality Management
Activities Based on Annual Business Volume

(Less than SR 50 Mitfion)

§8

Fac- Quality Management Activity Overall
tor Ranking
21 Establishment of a list of the mcasures and
testing equipment
22 Maintenance of quality records
41 Inspection of physical structure of the project 8
47 Establishment of a communication program
between the staff on the project
2 Responsibilities of personnel accountablc
for performing quality verification actions
28 Qualifications and testing of new employces
32 Calculation checks of the design 9
43 Documentation of construction methods
50 Initiation of a safety program
16 Verification of welding procedures
personncl on the project
23 Training and qualifications of surveillance
personnel on the project 10
25 Establishment of a system of incentives to
motivate project personncl to produce
quality work
24 Documentation and reporting of the
results of the surveillance 11
27 Qualifications and testing of your employccs

Contd..




Table:13; Tanking of Construction Quality Management

A g
Activities Based on Annual Business Volume ?
(Less than SR 50 -Mittion)
Fac- Quality Management Activity Overall
tor Ranking
I Definition of the intcrrelationship and
responsibilitics of the quality pro- 12
gram management and dircction
13 Qualifications of welding personncl
17 Verification of heat trcatment procedures 13
29 On job training for employces
14 Qualifications of hcat trcatment personnel 14
30 Seminars for employecs
31 Short courses for employecs 15
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: T4: Ranking of Construction Quality Managemeni
Tabte: 1 Acﬁuz’i«'_eg Based on Annuaf Business Voflume

(SR 50 to SR 100 Mittion)

Fac- Quality Management Activity Overall
tor Ranking
3 Instructions and procedurcs related to
inspection and testing
4 Instructions and pracedurcs related to
compliance with the accepted criteria
R Control of procurement documents
9 Inspection of purchas&i items on receipt
10 Control of cleaning, preservation and storage
21 Establishment of a list of the measuring and
testing equipment
22 Maintcnance of quality records
24 Documentation and reporting of the
results of the surveillance
25 Establishment of a system of incentives to
motivate project personnel to produce
quality work
26 Subcontractor cvaluation depending on reputation,
past expericnce, financial position, clc. 1
34 Spccification checks
35 Review of clients’ and designers’ comments
36 Review of work regulations
38 In-situ tests of materials

Contd...
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Table:14; Ranking of Construction Quality Management
Awév&ief Based on Annual Business Volume

{SR 50 to SR 100 MiLlion)

Fac- Quality Management Activity Overall
tor Ranking
39 Lab. tests of materials
40 Inspection of results related to material tests
44 Planning for construction I
45 Provision of technically qualified team
mcmbers for the project
47 Establishment of a communication program
between the stafT on the project
2 Responsibilities of personnel accountable
for performing quality verification actions
5 Control and distribution of documents
6 Review and approval of documents
7 Control of changes to documents 2
1§ Positive material identification
15 Qualifications of hecat trcatment personnel
I8 Verification of concrete work procedures
20 Program for issuance, collection and return
of measuring and testing cquipment
23 Training and qualifications of surveillance
personnel on the project
28 Qualifications and testing of new employces

Contd...
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Table:14; Ranking of Construcition Qualily managemend
Activities Based on Annual Business Volume

{SR 50 to SR 106 Miflion)

Fac- Quality Management Activity | Overall
tor Ranking
33 Review/check of design drawings
37 Constructability review
41 Inspection of physical structure of the project
42 Documentation of any record related to the project 2
46 Evaluation of materials/cquipment supplicrs
43 Initiation of a rcporting system
5t Compliance with insurance requircments
19 Verification of equipment
32 Calculation checks of the design
43 Documentation of construction methods 3
49 Establishment of checklists
50 Initiation of a safety program
1 Decfinition of the interrclationship and
responsibilitics of the quality pro-
gram management and direction 4
16 Verification of welding proccdurces
personnel on the project

Contd...
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.Tabte: 14 Ranking of Consiruction Quality Management
Activities. Based on Annual Business Volume

{SR 50 to SR 100 Mittion)

Fac- Quality Management Activity Overall
tor Ranking
12 Materials and/or equipment retricval
17 Verification of heat treatment procedures 5
29 On job training for cmployees
27 Qualifications and testing of your ecmployees 6
13 Qualifications of welding personnel
14 Qualifications of hcat trcatment personnel 7
30 Seminars for employces
3 Short courses for employecs 8




95

(U0YFZYN 001 ¥S 0% 0§ IS wow} aungzop v9aUyYINg FoNUUY)

29DYd UOYYONUYIUNDY ‘ YYUDY " A YOUODS yuubouvy AxYIvNg LI # 2unbr4
syuey Alanoe WD
GLyLELZLLLOLG 8 L 9 G Vv € ¢C |
L b b b e o 0
IR
-1
-C
=~ -€
$81008
= -
L g
.~ -9
- L
s)uey °*SA 84098 |ND

ASVHd NOILODNHLSNOD

NOUOUTOHON——OOOOOOO0O

- NM< ©
- = T v

~NMTOONO®»O
-




96

Tabfe: 15: Ranking of Construction Quality Management

Activities Based on Annuaf Business Vofume
{Over SR 100 Milfion)
Fac- Quality Management Activity Overall
tor Ranking

2 Responsibilities of personncl accountable

for performing quality verification actions
3 Instructions and procedures related to

inspection and testing
5 Control and distribution of documents
6 Review and approval of documents
7 Control of changc§ to documents
8 Control of procurcm&it documents
9 Inspection of purchased items on receipt
10 Control of cleaning, preservation and storage
1 Pasitive material identification
I Qualifications of hcat treatment personnel
21 Establishment of a list of the measuring and

testing equipment 1
22 Maintcnance of quality records
26 Subcontractor cvaluation depending on reputation,

past experience, financial position, ctc.
28 Qualifications and testing of new emplovees
32 Calculation checks of the design
33 Review/check of design drawings

Contd...



Table:15; Ranking of Construction Quality management
Activities Based on Annuaf Business Volume 97

(Over SR 100 MiLeion)

Fac- Quality Management Activity Overall
tor Ranking

34 Specification checks
35 Review of clients” and designers’ comments
36 Review of work rcgulations

37 Constructability review

39 Lab. tests of materials
40 Inspection of results related to material tests 1
42 Documentation of any record related to the project
43 Documentation of construction mcthods
44 Planning for construction
45 Provision of technically qualified tcam
members for the project
46 Evaluation of materials/equipment supplicrs
48 Initiation of a reporting system
49 Establishment of checklists
b Compliance with insurance requirements
I8 Verification of concrete work procedures
19 Verification of cquipment
25 Establishment of a system of incentives to

motivate project personnel to produce
quality work

27 Qualifications and testing of your employces

29 On job training for employces 2
38 In-situ tests of matcrials

41 Inspection of physical structure of the project

47 Establishment of a communication program

between the staff on the project

50 Initiation of a safety program

Contd....




Tabfe:15; Ranking of Construciion Quality Management
Activities Based on Annual Business Volume

(Over SR 100 MiLeion) .

98

Fac- Quality Management Activity Overall
tor Ranking
I Definition of the interrelationship and
responsibilitics of the quality program
management and direction
12 Matcrials and/or equipment rctricval
16 Verification of welding procedures
personncl on the project
17 Verification of heat treatment procedures 3
20 Program for issuance, collection and return
of measuring and testing equipment
24 Documentation and reporting of the
results of the surveillance
4 Instructions and procedures related to
compliance with the accepted criteria
13 Qualifications of welding personnecl
14 Qualifications of heat trcatment personncl 4
23 Training and qualifications of surveillance
personnel on the project
30 Seminars for emplovees
31 Short coursces for cmployces 5
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4.2.3 Ranking of Construction Quality Management Activities Based on
Years in Business

Bascd on the cxperience of the contractors, the population was
divided into two groups, one below and one at or above twenty years in
business. The one below twenty years was considered as having a short
expericnce  while the onc at or above twenty years was considered as
having long expericnce. The activitics were ranked for cach of the above
mentioned groups. The outcomes are shown in Tables 16 and 17 and also

in Figures 13 and 14.

424 Rantking of Constmctior; 'thlity Management Activities Based on
Contract Size

Based on the average contract sizes of contractors, the population

was divided into two sizes. Size number one is for contractors whose

average contract is less than SR 50 million, while size number two is for

contractors whose average contract is greater than or cqual to SR 50

million. The activitics were ranked for cach of these (wo sizes. The results

are shown in Tables 1R and 19 and Figures 15 and 16.
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Table:16: Ranking of Consiruction Quality Managemeni
Activities Based on Yearns in Business
- {Long experience; More thun on Equal to 20 Yeaxrs)

Fac- Quality Management Activity Overall
tor Ranking
9 Inspection of purchased items on receipt
10 Control of cleaning, preservation and storage
26 Subcontractor cvaluation depending on reputation,
past experience, financial position, ctc. I
39 Lab. tests of materials
44 Planning for construction
46 Evaluation of materials/cquipment supplicrs
3 [nstructions and procedures related to
inspection and testing
6 Review and approval of documents
20 Program for issuance, collection and return

of mcasuring and testing cquipment

34 Specification checks

35 Review of clients” and designers’ comments 2
36 Review of work regulations

3R In-situ tests of materials

40 Inspection of results related to material tests

45 Provision of tcchnically qualificd team

members for the project

51 Compliance with insurance requirements

Contd....
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Tabfe:16; Ranking of Construciion Quality Management

Activities Based on Yeans Ln Business
{Long Expenience; More than on Equal

o 20 Yeans)

Fac- Quality Management Activity Overali
tor Ranking
2 Responsibilitics of personnel accountable
for performing quality verification actions
5 Control and distribution of documents
7 Control of changes to documents
8 Control of procurement documecnts
I Positive material identification 3
15 Qualifications of heat treatment personncl
18 Verification of concrete work procedures
19 Verification of equipment
21 Establishment of a list of the measuring and
testing cquipment
22 Maintenance of quality records
33 Review/check of design drawings
37 Constructability revicw
47 Establishment of a communication program
between the staff on the project
4] Initiation of a rcporting system
49 Establishment of checklists
4 Instructions and procedures related to
compliance with the accepted criteria
24 Documentation and reporting of the
results of the surveillance
25 Establishment of a system of incentives to 4
motivate project personncl to produce
quality work
42 Documentation of any record related to the project

Contd. ..



Table:16; Ranking of Construction Quality Managementlm’

Activities based on Yearns 4in Business
{Long Experience; Mone than or Equal o 20 Yeanrs)

Fac- Quality Management Activity Overall
tor Ranking

23 Training and qualifications of surveillance

personnel on the project

28 Qualifications and testing of ncw ecmplovees

32 Calculation checks of the design 5

41 Inspection of physical structure of the project

43 Documentation of construction methods 6

50 Initiation of a safety program

I Definition of the interrclationship and

responsibilities of the quality program
management and direction

12 Materials and/or equipment rectricval 7
I6 Verification of welding procedures
personnel on the project

29 On job training for cmployces - R

17 Verification of heat treatment prdccdurcs

27 Qualifications and testing of your employces 9
3 Qualifications of welding personnel

14 Qualifications of heat trcatment personnel 10
30 Scminars for employces

3 Short courscs for employces 11
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Table:17: Ranking of Consthuction Quality Managemeni
Activities Based on Yeans Ln Business
{Shornt Experience < 20 Yeans)

Fac- Quality Management Activity Overall
tor Ranking
3 Instructions and proccdures related to

inspection and testing

5 Control and distribution of documents
6 Review and approval of documents
7 Control of changes to documents
8 Control of procurement documents
9 Inspection of purchased items on receipt
10 Control of clcaning, preservation and storage 1
26 Subcontractor cvaluation depending on reputation,
past experience, financial position, ctc.
8 In-situ tests of materials

39 Lab. tests of materials

44 Planning for construction

51 Compliance with insurance requirements

46 Evaluation of materials/equipment supplicrs 2
33 Review/check of design drawings

34 Specification checks

35 Review of clicnts” and designers” comments 3

36 Review of work regulations

Contd....
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Tabfe:17; Ranking of Construction Quafity Management
Activities Based on Yeans in Business

(Shont Expernience < 20 Yeans)

Fac- Quality Management Activity Overall
tor Ranking
43 Initiation of a reporting system
49 Establishment of checklists 3
11 Positive material identification
15 Qualifications of heat treatment personncl
I8 Verification of concrete work procedures 4
37 Constructability review
42 Documentation of any record related to the project
12 Materials and/or equipment retricval
21 Establishment of a fist of the measuring and
testing equipment
22 Maintenance of quality records
28 Qualifications and testing of new employces
40 Inspection of results related to material tests 5
41 MwmmmoﬁmwkMdemcMﬂwpmka
43 Documentation of construction methods
45 '| Provision of technically qualificd tcam
members for the project
4 Instructions and procedures related to
compliance with the accepted criteria
19 Verification of cquipment
32 Calculation checks of the design 6
47 Establishment of a communication program
between the staff on the project
50 Initiation of a safety program

Contd. ..
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Table:17; Ranking of Construction Quality Management

Aetivities Based on Yeans in Business

(Short Experience < 20 yeans)

Fac- Quality Management Activity Overall
tor Ranking
2 Responsibilities of personnel accountable
for performing quality verification actions
25 Establishment of a system of incentives to 7
motivate project personnel to produce
quality work
16 Verification of welding procedurces
personnel on the project
20 Program for issuance, collection and return 8
of measuring and testing cquipment
27 Qualifications and testing of your employces
23 Training and qualifications of surveillance
personnel on the project
24 Documentation and reporting of the 9
results of the surveillance
1 Definition of the interrclationship and
responsibilitics of the quality program
management and dircction
i3 Qualifications of welding personncl 10
17 Verification of heat treatment procedures
29 On job training for employees
14 Qualifications of heat trcatment personncl Il
30 Seminars for employees 12
31 Short courses for employees 13
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Tabfe: 18: Ranking of Construcition Quality Management

Activities Based on Contract Size
[See #1 < SR 50 Miteion)

Fac- Quality Management Activity Overall
tor Ranking
9 Inspection of purchased items on receipt
10 -Cnntml of cleaning, preservation and storage
26 Subcontractor evaluation depending on reputation,
past cxperience, financial position. ctc. |
38 In-situ tests of materials
39 Lab. tests of materials
44 Planning for construction
46 Evaluation of matcrials/equipment supplicrs
3 Instructions and procedures related to
inspection and testing
6 Revicw and approval of documents 2
51 Compliance with insurancc requirements
5 Control and distribution of documents
7 Control of changes to documents 3
8 Control of procurcment documents

Contd....
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Table:18; Ranking of Construction Quality Management

Activities Based on Contract Size

(Size #1 < SR 50 Miffion)

Fac- Quality Management Activity Overall
tor Ranking
34 Specification checks
35 Revicw of clients’ and designers’ comments
36 Review of work regulations 4
49 Establishiment of checklists
33 Review/check of design drawings
43 Initiation of a reporting system 5
I Positive material identification
15 Qualifications of heat treatment personnel
I8 Verification of concrete work procedures
37 Constructability revicw 6
40 Inspection of results related to material tests
45 Provision of technically qualificd team
members for the project
4 Instructions and procedures related to
compliance with the accepted criteria
20 Program for issuance, collection and return
of measuring and testing cquipment
21 Establishment of a list of the measuring and 7
testing equipment
22 Maintenance of quality records
42 Documentation of any record related to the project
47 Establishment of a communication program
between the staff on the project
12 Materials and/or cquipment retricval
19 Verification of equipment 8
41 Inspection of physical structure of the project

Contd...
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Table:18; Ranking of Construction Qualiiy Management

Actéoities Based on Contract Size
(Size #1 < SR 50 Mileion}

Fac- Quality Management Activity Overall
tor Ranking
2 Responsibilitics of personnel accountable
for performing quality verification actions 9
28 Qualifications and testing of new employces
25 Establishment of a system of incentives to
motivate project personnel to producc
quality work
32 Calculation checks of the design
43 Daocumentation of construction methods 10
50 Initiation of a safcty program
23 Training and qualifications of survcillance
personnel on the project
24 Documentation and reporting of the 1
results of the surveillance
6 Verification of welding procedures
personncl on the project 12
i Definition of the interrclationship and
responsibilitics of the quality program
management and direction
27 Qualifications and testing of your cmployces I3
29 On job training for employces
13 Qualifications of welding personncl
17 Verification of heat trcatment procedures 14
14 Qualifications of hcat trcatment personncl 15
30 Scminars for cmployees 16
31 Short courscs for employces 17
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Table:19: Ranking of Construction Quality Management
" Activities Based on Contract Size (See #2
More than on Equal to SR 50 Migeion)

Fac- Quality Management Activity Overall
tor Ranking
2 Responsibilities of personnel accountable
for performing quality verification actions
3 Instructions and procedures related to
inspection and testing
5 Control and distribution of documents
6 Review and approval of documents
7 Control of changes to documents
8 Control of procurement documents
9 Inspection of purchased itcms on receipt
10 Control of cleaning, prescrvation and storage
11 Positive material identification
15 Qualifications of heat trcatment personnel
1R Verification of concrete work proccdurcs
19 Verification of cquipment
21 Establishment of a list of the mcasuring and
testing cquipment I
22 Maintenance of quality records
25 Establishment of a system of incentives to
mativate project personnel to produce
quality work
26 Subcontractor evaluation depending on reputation,
past expericnce, financial position, ctc.
28 Qualifications and testing of new employecs

Contd....



Table:19; Ranking of Construction Quality Managemen

£114

Activities Based on Contract Size (Size # 2

Mone than on Equal Zo SR 50 Mitlion)

Fac- Quality Management Activity Overall
tor Ranking
32 Calculation checks of thc design
33 Review/check of design drawings
34 Specification checks
35 Review of clients” and designers’ comments
36 Revicw of work regulations
37 Constructability review
39 Lab. tests of materials 1
40 Inspection of results related to material tests
42 Documentation of any record related to the project
43 Documentation of construction methods
44 Planning for construction
45 Provision of technically qualificd tcam
members for the project
43 Initiation of a reporting system
5t Compliance with insurance requircments
i6 Verification of welding procedures
personnel on the project
24 Documentation and reporting of the
results of the surveillance
38 In-situ tests of materials
41 Inspection of physical structure of the project
46 Evaluation of materials/cquipment supplicrs 2
47 Establishment of a communication program
between the staff on the project
49 Establishmcent of checklists
50 Initiation of a safety program

Conid...
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Table:19; Ranking of Construction Quality Management
Activities Based on Contract Size (Size #2

Mone than 6n Equal to SR 50 Miflion)

Fac- Quality Management Activity Overall
tor Ranking
1 Dcfinition of the interrclationship and
responsibilities of the quality program
management and direction
4 Instructions and procedurcs related to
compliance with the accepted criteria
17 Verification of hcat treatment procedurcs
20 Program for issuance, collection and return 3
of measuring and testing cquipment
23 Training and qualifications of surveillance
personncl on the project
27 Qualifications and testing of your employces
12 Materials and/or cquipment retrieval
29 On job training for employecs 4
{3 Qualifications of welding personnecl
14 Qualifications of heat treatment personncl 5
30 Scminars for employces
3t Short courses for employces 6
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4.2.5 Rarnking of Construction Quality Management Activitics Based on
Contract Duration

Based on the average contract duration, the population was divided
into two groups. Group number one is for contractors whose average
contract duration is of less than one year, while group number two is for
contractors whose average contract duration is greater than or cequal to onc
ycar. The activitics werc ranked for cach of these two groups. The results

arc shown in Tables 20 and 21 and Figures #17 and I8.

4.2.6 The Relationship between contractors characteristic & QM activities '

To find the relation between contractor characteristics and quality
management activities, General Linear Modcls (GLM) were used. Data
used for this analysis are shown in Table 22 and the outcome of this

analysis is summarized by the following cquations:
Y’ = 0.657 + 000096 X, ®)

where:

Y’ = Overall construction quality criteria of a contractor (Y’ is a
dimensionless factor with valuc varying between zero and
1.0, the closer of the Y’ value to 1.0, the more usage of

QM activities).

The importance of the Y’ valuc for a building contractor can be
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scen through calculating the Y’ value for this contractor as tg
cvaluate and compare its overall construction criteria with other

building contractors.

X’; = Annual husiacss volume of a contractor.

Y’ = 0.693 + 0.00i X/, 9

where:

X‘, = Avcrage contract size of a contractor.

Y’ = 0.689 + 0.035 X', (10)

where:

X’y = Avcrage contract duration of a contractor.

Y' = 0.670 + 0.0038 X, (rn

wherce:

X’, = Years in business of a contractor.
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Tabfe:20: Ranking of Construction Quality Managemeni
Activities Based on Contract Duration

{Group # 1, < 1 yeax)

Fac- Quality Management Activity Overall
tor Ranking
3 Instructions and procedures related to
inspection and testing
6 Review and approval of documents
7 Control of changes to documents
9 Inspection of purchased items on receipt
10 Control of clcaning, preservation and storage
26 Subcontractor evaluation depending on reputation,
past expericnce, financial position, ctc. 1
38 In-situ tests of materials
39 Lab. tests of materials -
44 .Planning for construction
46 Evaluation of materials/equipment supplicrs
51 Compliance with insurance requircments
5 Control and distribution of documents
8 Control of procurement documents
11 Pasitive matcrial identification
19 Verification of equipment
22 Maintenance of quality records
34 Spccification checks 2
35 Review of clients” and designers” comments
36 Review of work regulations
45 Provision of technically qualified tcam
members for the project
48 Initiation of a rcporting system
49 Establishment of checklists

Contd...



Tabfe:20; Ranking of Construction Quality Management

Activities Based on Contract Duration
(Group # 1, < 1 year) ™ -

120

Fac- Quality Management Activity Overall
tor Ranking
2 Responsibilities of personnel accountablc
for performing quality verification actions
4 Instructions and procedures related to
compliance with the accepted criteria
15 Qualifications of heat treatment personncl
20 Program for issuance, collection and return
of mecasuring and testing equipment
21 Establishment of a list of mecasuring and
testing cquipment requiring calibration 3
33 Review/checks of design drawings
37 Constructability review
40 Inspection of results related to material tests
42 Documentation of any rccord related to the project
12 Materials and/or equipment retricval
23 Training and qualifications of survcillance
personncl on the project
24 Documentation and rcporting of the 4
results of the surveillance
25 Establishment of a systcm of incentives to
motivate project personnel to produce
quality work
41 Inspection of physical structure of the project
47 Establishment of a communication program
between the staff on the project

Contd...



-Tab8e:20; Ranking of Construction Quality Management |2l
Activities Based on Contract Durnation
(Group # 1, < 1 year)

Fac- Quality Management Activity Overall
tor Ranking
28 Qualifications and testing of new cmployees
43 Documentation of construction methods 5
16 Verification of welding procedures
27 Qualifications and testing of your cmplovcees
32 Calculation checks of the design 6
50 Initiation of a safety program
1 Definition of the interrclationship and

responsibilities of the quality pro-
gram management and direction

i3 Qualifications of welding personncl
17 Verification of heat treatment proccdurcs 7

29 On job training for employces

14 Qualifications of heat trecatment personnel R

30 Seminars for cmployees

31 Short courses for cmployecs 9
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Table:21: Ranking of Construction Quality Management
Activities Based on Contract Duration
(Group # 2, More than or Equal to 1 Yeanr)

Fac- Quality Management Activity Overall
tor Ranking

9 Inspection of purchased items on reccipt
10 Control of cleaning, preservation and storage
26 Subcontractor evaluation depending on reputation,

past expericnce, financial position, ctc. 1
39 Lab. tests of materials
44 Planning for construction
3 Instructions and procedures related to

inspection and testing
5 Control and distribution of documents
6 Review and approval of documents
3 Control of procurement documents 2
38 In-situ tests of materials
46 Evaluation of materials/cquipment suppliers
51 Compliance with insurance requircments
7 Control of changes to documents 3
33 Review/checks of design drawings
34 Specification checks
35 Review of clients’ and designers’ comments 4
36 Review of work regulations

Contd...
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Table:21; Ranking of§ Construction Quality Management
Activities_ Based on Contracit Duration
{Group #2, Mone than on Equalf o 1 yeanr)

Fac- Quality Management Activity Overall
tor Ranking
15 Qualifications of heat trcatment personncl
37 Constructability review
40 Inspection of results rclated to material tests 5
43 Initiation of a rcporting system
49 Establishment of checklists
I Positive matcrial identification
18 Verification of concrete work procedures
21 Establishment of a list of measuring and
testing equipment requiring calibration
28 Qualifications and testing of new cmployces
32 Calculation checks of the design 6
42 Documentation of any record related to the project
45 Provision of technically qualificd tcam
members for the project
47 Establishment of a communication program
between the staff on the project
22 Maintenance of quality records
41 Inspection of physical structure of the project
43 Dacumentation of construction methods 7
50 Initiation of a safety program

Conxtd. ..
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Table:21; Ranking of Construcition Quality Management
Activities Based on Contract Duration
{Group #2 ; More zthan-or Equal to 1 Yean)

Fac- Quality Management Activity Overall
tor Ranking
2 Responsibilities of personnel accountablc
for performing quality verification actions
4 Instructions and procedures rclated to
compliance with the accepted criteria
9 Verification of equipment ]
20 Program for issuance, collection and rcturn
of measuring and testing equipment
25 Establishment of a system of incentives to
motivate project personnel to produce
quality work
12 Matcrials and/or equipment retricval 9
16 Verification of welding procedures
24 Documentation and rcporting of the 10
results of the surveillance
I Definition of the interrelationship and
responsibilities of the quality program
management and direction 1t
23 Training and qualifications of surveillance
personnel on the project
27 Qualifications and testing of your emplovees
29 On job training for employces 12
17 Verification of heat treatment procedures 13
13 Qualifications of welding personnel
14 Qualifications of heat trcatment personnel 14
30 Seminars for employecs 15
31 Short courses for employces 16
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Table:22: Date for Regression

127

Analysis, Construction Phase

Annual Busi- Average Average Years Overall
ness Volume Contract Contract in Construction
(Millions Size (Mil- Duration Busi- Quality
of SR) lions of SR) (Years) ness Criteria
X't X2 X3 X4 Y’
14 6 1 19 0.412
300 100 2 18 0.843
70 12 i 50 0.921
400 350 3 23 0.942
110 &0 1.5 21 0.902
100 100 2 10 0.921
250 40 1.5 20 1.0
52 36 2 23 0.588
45 11 2 26 0.568
50 25 1 20 0.745
10 4.5 2 6 0.353
140 100 2 14 0.843
60 40 2 IR 0.725
50 30 1.5 21 0.745
5 6 1 24 0.647
80 50 2 14 0.863

Contd. ...




Tabfe:22; Date f{on Reg/cuu'.oriﬂ Analysis, Construction Phase

128

Asmmual Busi- Average Average Years Overall
ness Volume Contract Contract in Construction
(Milions Size (Mil- Duration Busi- Quality
of SR) lions of SR) (Years) ness Criteria
X1 X2 X3 X4 Y’
20 4 2 22 0.843
120 100 2 23 0.902
40 10 I 30 0.921
70 50 2 17 0.804
70 8 | 23 0.725
70 25 2 26 0.902
40 5 I 21 0.745
10 5 2 I8 0.333
420 300 3 21 0.942
100 25 1.5 20 0.823
21 10 2 I5 0.745
15 7 2 24 0.333
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CHAPTER 5§

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

5.1 SUMMARY

The construction industry in the Kingdom of Saudi Arabia , like
that in any other country, faces the scrious challenge of improving its
performance. Quality of design and construction arc primary objectives in

the construction industry .

A review of the literature revealed that there are many important
quality managcment activitics which can be uscd in the design and
construction phascs of a constructed project. This study tricd to determinc
quality management activities used in the design and construction phases

of constructed projects in Saudi Arabia .

A total of 175 questionnaires were mailed to consulting offices and
160 qucstionnaires were mailed to the building contractors all over the
Kingdom. The main part of both types of qucstionnaires was devoted to
the determination of used quality management activitics in the design and

construction phascs of constructed projects.

Upon recciving back the questionnaires , the needed anaylsis were

performed:
5.1.1 Quality Management of the Design Phase

5.1.1.1 Overall Ranking of Quality Management Activities
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Drawing checks, functionality review, and provision of clear, concisc
and uniform plans and specifications were ranked as No.l and got the
highest total scores in the overall ranking of Design Quality Management
(QM) activitics. On the other hand, cducation of firm’s emploveces through
short courses and seminars, and arrangement for organizational and
project peer reviews were ranked as No.il and got the lowest total scores.
Calculation of frequencies were also introduced.

5.1.1.2 Ranking of Design Quality Management Activitics Based on Annual
Business Volume

The total population was divided into five categorics:

Catcgory | = Up to 5 million

Category 2 = 5 to 10 million

Category 3 = 10 to 100 million
Catcgory 4 = 100 to 500 million
Category 5 = Over 500 million

5.1.1.3 Ranking of OM Activities Based on Years in Business

Based on the expericnce of the consulting firms. the population was
divided into two groups, beclow ten years and abeve or cqual to ten years
in business. The activities were ranked for cach of the mentioned two

groups.

5.1.1.4 The Relationship between firn's characteristic and QM activitics

Step-wise regression analysis was uscd to sclect the significant variables
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for the design phasc which were:

- Annual business volume of the consulting firm.
- Years in business of the consulting firm.

- Average contract duration of the consulting firm.

After that, simple lincar regression and multiple regression were

performed for the selected significant variables.
5.1.2 Quality Management of the Construction Phase
5.1.2.1 Overall Ranking of Quality Management Activitics

Inspection of purchased items on reccipt. control of cleaning,
preservation and storage, subconiréctor cvaluation, Iab tcsts of materials,
and planning for construction were the QM activitics ranked as No.l and
got the highest total points, while education of firm’s ecmployeces through
short courses and seminars were the QM activitics ranked as No. 20 and

No.21 and got the lowest total points.
Caiculation of frequencies were also introduced.

5.1.2.2 Ranking of Construction Quality Management Activities Based on
Annual Business Volume

The total population was divided into three categories:

Category I = Less than SR 50 million

Category 2 = From SR 50 million to SR 100 milfion

!

Category 3 = Greater than SR 100 million.
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5.1.2.3 Ranking of Construction QM Activitics Based on Years in Busines

Based on the experience of the contractors, the population was divided

into two groups, onc below and one at or above 20 vears in busincess.
5.1.2.4 Ranking of Construction QM Activities Based on Contract Size

The population was divided into two sizes. Size number one is for
contractors whosc average contract is Iess than SR 50 million, while size
number two is for contractors whose average contract is greater than or

cqual to SR 50 million.
5.1.2.5 Ranking of Construction QM Activities Based on Contract Duration

The population was divided into groups. Group number onc is for
contractors whose average contract duration is of lcss than onc year, while
group number two is for contractors whose average contract duration is

greater than or equal to one year.
5.1.2.6 The relationship between contractoy’s characteristic & QM activitics

Step-wisc regression analysis was uscd to sclect the significant variables

for the construction phasc which were:

- Annual business volume of the contractor.
- Avcerage contract size of the contractor.
- Average contract duration.

- Yecars in business.
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Simple lincar regression was performed for the sclecied significant

variables.

The last chapter of the thesis contains the summary, conclusions,

recommendations, and recommendations for further studics.




5.2 CONCLUSIONS

The survey analysis indicates and reveals the following conclusions:

A. Design Phase

The highest affirmative responsc from consuiting offices was in their
usage of quality management activitics drawing checks, functionality
review, and provision of clear, concise, and uniform plans and
specifications. The survey further showed that continued cducation
of their employees and arrangement for peer reviews were among

their lowest prioritics.

The highest affirmative response from consulting offices with annual
business volume up to SR 5 million was in their usage of QM
activitics, cstablishment of qualification parameters for persons
whose activities affect the quality of work, drawing checks, review
of client’'s comments, review of standards and rcgulations,
functionality revicw, capacity review, provision of technically
qualificd dcsign team mcmbers, provision of cost cstimate of the
project, submission of progress reports to the owner, and provision
of clear, concisc and uniform plans and spccifications.
Establishment of an incentive system and cducation of their

cemployccs were their lowest prioritics.

The highest affirmative responsc from consulting offices with annual
busincss volume from SR 5 to SR 10 million was in their usage of
QM activitics, cstablishment of an incentive system, on the job

training for cmployccs, calculation checks of the design, drawing
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checks, specification checks, drafting checks, space allocation checks
and acsthetics, functionality review, documentation, frequent
contacts between the project parties, communication, provision of
technically qualified design tcam members, provision of cost
cestimate of the project, and provision of clear, concisc and uniform
plans and spccifications. Education of their emplovees and

arrangement for peer reviews were their lowest prioritics.

The highest affirmative response from consulting offices with annual
business volume from SR 10 to SR 100 million was in their usage of
QM activitics, calculation checks of the design, drawing checks,
specification checks, drafting checks, review 6f client’s comments,
check of standards, check of space allocation. check of aesthetics,
functionality review, capacity revicw, and provision of clear, concise
and uniform plans and specifications. Education of thcir employecs

and arrangement for peer reviews were their lowest prioritics.

The affirmative response from consulting offices with annual
business volume from SR 100 to SR 500 million was in their usage
of all QM activities, except cstablishment of an incentive system,
calculation checks of the design, formal drafting check, check of
acsthetics, and arrangement for project peer review which were in

their lowest prioritics.

The affirmative response from consulting offices with  annual
business volume over SR 500 million was in their usage of all QM
activitics, except establishment of an incentive system which came in

their sccond priority.
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The affirmative response from consulting offices with long life was
in their usage of drawing checks, review of clicnt’s comments, check
of space allocation, functionality review, capacity rcview, provision
of technically qualified design tcam members and provision of clear,
concise and uniform plants and specifications. The survey showed
that education of firm’s cmployecs and arrangement for
organizational and project peer reviews were among their lowest

priorities.

The affirmative response from consulting offices with short life in
business was in their usages of calculation checks of the design,
drawing checks, specification checks, drafting checks, check of
standards and rcgulations',.functionality review, frequent contact
between the project parties, provision of cost cstimate of the project,
submission of progress reports to the owner and provision of clear,
concisc and uniform plans and spccifications. Education of firm’s
employecs and arrangement for peer reviews were their lowest

prioritics.

Construction Phase

The survey showed that building contractors carry out in-situ and
lab tests on materials, since these quality control procedures are

mentioned in the contract documents.

The survey showed that building contractors preparc time schedules

for (i.c., plan) their work.

The highest affirmative response from contractors was in their usage

of QM activitics inspection of purchased items on receipt, control of
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materials, planning for  construction

137
cleaning, preservation and storage, subcontractor cvaluation, lab
tests of materials and planning for construction . The survey
showed that cducation of firm’s cmployces and qualifications of

heat treatment personnel were among their lowest priorities.

The highest affirmative response from contractors with annual
busincss volume less than SR 50 million was in their usage of QM
activitics, review and approval of documents, inspection of
purchased items, control of clcaning, preservation and storage,
subcontractor evaluation, in-situ tests of materials, lab tests of
, cvaluation of
materials/equipment supplicrs, and compliance with insurance
requirements. Qualiﬁcatidﬁg of heat trcatment personncl and

cducation of firm’s employces were among their lowest prioritics.

The highest affirmative response from contractors with annual
busincss volume from SR 50 million to SR 100 million was in their
usage of QM activitics, instructions rciated to inspection, testing,
and compliance with accepted criteria, documentation, maintcnance
of quality records, incentive systems, subcontractor cvaluation,
specification checks, in-situ and lab tests of materials, planning for
construction , communication program, and provision of technically
qualificd tcam members. The survey further showed that cducation

of firm’s cmployces was among their lowest prioritics.

The highest affirmative response from contractors with annual
business volume over SR 100 million was in their usage of QM
activitics, quality verification actions, instructions rclated to

inspection and testing, dcumentation, control of purchased items,
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quality records, subcontractor evaluation, checks of the design and
specifications and regulations, constructability rcvicw, planning for
construction, reporting system, using of checklists. Education of

firm’s employecs was among their lowest prioritics.

The highest affirmative responsc from contractors with long life in
business more than or equal to 20 years was in their usage of QM
activitics, inspection of purchascd items. subcontractor cvaluation,
1ab test of materials, planning for construction . and cvaluation of
materials/cquipment supplicrs. Education of firm’s employces was

among their lowest priorities.

The highest affirmative response from contractors with short life in
business less than 20 years was in their usage of QM activities,
instruction related to inspection and testing, documentation,
subcontractor evaluation, in-situ lab tests of materials, planning for
construction , and compliance with insurance requircments. The
survey showed that education of firm’s cmployces was in their

lowest priorities.

The highest- affirmative rcsponse from contractors with contract
sizes of less than SR 50 million was in their usage of QM activitics,
inspection of purchased items on receipt. control of cleaning,
preservation and storage, subcontractor cvaluation, in-situ and lab
tests of maierials, planning for construction , and cvaluation of
materials/equipment supplicrs. The survey showed that education
of firm’s cmployees and qualifications of hcat trecatment personncl

were their lowest prioritics.
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The affirmative response from contractors with contract sizes of
more than or equal to SR 50 million was in their usage of all QM
activities cxcept the cducation of firm’s employees, qualification of
heat, welding personncl, instruction and procedures rclated to
compliancc with the accepted criteria, training of survcillance
personnel on the project, dcfinition of interrclationship and
responsibilities of quality program managemcent and dircction, which

werce their sccond prioritics.

The highest affirmative responsc from contractors taking contracts
of less than | year was in their usage of QM activitics, instruction
related to inspection and testing, documentation, subcontractor
cvaluation, in-situ and v-lz-xb tests of materials, planning for
construction , evaluation of matcrials/equipment supplicrs, and
compliancc with insurance rcquircmeants. The survey showed that

cducation of firm’'s employees was their lowest priority.

The highest affirmative response from contractors taking contracts
of more than or equal to 1 year was in their usage of QM activitics,
control of cleaning, preservation and storage. inspection  of
purchascd items, subcontractor evaluation, lab tests of materials
and planning for construction . The survey showed that
qualification of heat trcatment personnel and cducation of firm’s

employees were their lowest prioritics.
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5.3 RECOMMENDATIONS

I.

In order for consulting firms to assurc quality in the design phase of
constructed projects, they are advised to consider the following

factors:

Education of the firm’s cmployccs, calculation checks of the design,
drawing checks, documentation of any documents related to the
design of the project, communication programs, provision of a
technically qualificd design tcam, provision of a cost cstimate of the
project, submission of progress reports, provision of clear, concisc
and uniform plans and specifications, office library facilitics, and

arrangement for organizational and project peer reviews.

In order for contractors to assurc quality in the construction phasc
of constructed projects, they are advised to consider the following

factors:

Documentation, inspection of purchased items, materials and
cquipment retricval, qualifications of work personnel, verification of
procedures and equipment, maintcnance of quality records,
cstablishment of a system for incentives, continuing cducation of
cmploycees, subcontractor cvaluation, in-situ tests of materials, lab
tests of materials, planning for construction . communication
programs, reporting systems, safety programs, and the establishment

of checklists.
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5.4 RECOMMENDATIONS FOR FUTURE STUDIES
Future studies could pursuc the following:

I. Codes can be assigned to quality management activities and
deviation rcwork categories, and intcgrated into work breakdown

structure cost coding systems.

2. A cost tracking system for design and construction phases can be
developed in which a work brcakdown structure (WBS) coding

system may be uscd to track costs of particular work packages.

3. Quality cost tracking during other phascs of the construction

process (preplanning, procurcment, start-up. opcrations) can be

considered.
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APPENDIX 1

QUALITY QUESTIONNAIRE FOR

DESIGN PHASE
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Dear Respondent:

The Construction Engineering and Management Department of the
College of Environmental Design at King Fahd University of Petroleum and
Minerals is presently engaged in a study that will try t0 find out the quality
management activities used by the consulting offices in Saudi Arabia to assure
quality in the design phase of a project.

The objective of the study is to define the quality management activities
used by the consuilting officers in Saudi Arabia.

We are asking you to participate by providing needed information related
to your organization’s involvement during design phase. The answers of the
questionnaire will be used only for the purpose of study, without mentioning the
name of the organization. We know that there are numerous demands on your
time. But your involvement is really important for this study. -

If you are interest in the outcome of this survey, you may provide us with a
P.O. Box number so that we can send you the results of the study. Your
assistance in filling out this questionnaire will be very much appreciated.

Sincerely yours

Abdul Aziz Bubshait, Ph.D.
Director of CEM - Graduatc Program

Ahmad Al-Abdul Razzak
Graduate Student
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Quality Questionnaire

For Design Phase

Title of the Respondent:

I General questions about the firm

(a) Type of firm
(please indicate the percentage of work) % of work

a) Building
b) Engineering (highways, ..... others)
c) Industrial (power plants, refinery)

d) Others (please specify)

Total = 100%

(b) Annual business volume
(Millions of Saudi Riyals)

(c) Number of permanent employees
(d) Number of temporary employees
(e) Average contract duration (months)
(f) Number of years in business

(g) Annual profit ratio
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ll. Questions about the Quality Management Activities: which of the

following activities are used b
design phase?

appropriate answer.
Quality Management Activities Yes No
1 Definition of the interrelationship and respon-
sibilities of the quality prograrn management
and direction '
2. Establishment of qualification parameters for
persons whose activities affect the quality
of work.
3. Establishment of an incentive system to
motivate persons to produce quality work.
4. On the job training for employees.
5. Short courses for employees.
6. Seminars for employees.
7. Calculation checks of the design.
8. Drawing checks / review.
9. Specification checks / review.
10. Formal drafting check / review.
11. | Review of clients’ comments.
12. Review / check of standards.

y your company to assure quality in the
Please respond by putting a tick next to the
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Quality Management Activities Yes No
13. | Review / check of regulations.
14. | Review / check of space allocation.
15. | Review/ check of aesthetics.
16. | Functionality review
17. {1 Capacity review.
18. | Documentation of any documents related to
the design of the project. . .
19. | Frequent contacts between the project parties
20. | Communication program.
21. | Communication to resolve conflicts.
22. | Provision of technically qualified design team
members.
23. Provision of cost estimate of the project.
24. Submission of progress reports to the owner.
25. | Standardization of office procedures.
26. | Office library facilities.
27. | Provision of clear, concise and uniform plans

and specifications.
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Quality Management Activities Yes No

28. Arrangements for organizational peer review

29. | Amangements for project peer review

30. | Other (please specify)

. If you have any additional comments that may help us to
understand your firm's method of assuring quality in the design
phase, please feel free to add them below:

Thank you very much for your cooperation.
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Definitions

Communication: Communicating information such as requirements,
expectations, scope, costs, schedules and technical data, in order to
assure quality in the constructed project.

Documentation: Any record or pictorial information describing,
defining, specifying, reporting or certifying activities, requirements,
procedures or results.

Oraanizational Peer Rgvigw:' ‘Consider a design organization as a
whole, focusing on its policies, procedures, and practices and not on
any single project.

Peer Review: A technique that promotes a company's quality in both
design and services.

Personnel Qualifications: The characteristics or abilities gained

through training or experience, or both,that enable an individual to
perform a required function.

Project Peer Review: Consider particular projects, not the
organization's practice is general.

Quality Program: All those planned activities or programs necessary to
provide adequate confidence that design will conform to established
requirements.
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APPENDIX I

QUALITY QUESTIONNAIRE FOR

CONSTRUCTION PHASE
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Ministry of Higher Educstion SUZ 2N 5515
Ting Job Totwersdy of Brbrdrom & Flioersls Salelgilgill ogd Jollitaals
Dear Respondent:

" The Construction Engineering and Management Department of the
College of Environmental Design at King Fahd University of Petroleum and
Minerals is presently engaged in a study that will try to find out the quality
management activities used by the building contractors in Saudi Arabia to assure
quality in the construction phase of a project.

The objective of the study is to define the quality management activities
used by the building contractors in Saudi Arabia.

We are asking you to participate by providing needed information related
to your organization’s involvement during construction phase. The answers of
the questionnaire will be used only for the purpose of study, without mentioning
the name of the organization. We know that there are numerous demands on
your time. But your involvement is reaily important for this study.

If you are interest in the outcome of this survey, you may provide us with a
P.O. Box number so that we can send you the results of the study. Your
assistance in filling out this questionnaire will be very much appreciated.

Sincerely yours

Abdul Aziz Bubshait, Ph.D.
Director of CEM - Graduate Program

Ahmad Al-Abdul Razzak
Graduate Student
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Quality Questionnaire

For Construction Phase

Title of the Respondent:

I General questions about the firm

(a) Grade of the contractor
(According to the Ministry of Housing and Public work)

(b) Annual business volume
(Millions of Saudi Riyals)

(c) Number of permanent employees
{(d) Amount of work in (SR) subcontracted on average job:

(1) None ~ (2) Less than 25% (3) 26-50%
(4) 51% - 75% (5) 76-100%

(e) Average contract size
(Millions of SR)

(f) Average contract duration (years)
(g) Number of years in Business

(h) Annual profit ratio
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I. Questions about the Quality Management Activities: which of the
following activities are used by your comgany to assure quality in the
construction phase? Please respond by putting a tick next to the
appropriate answer.

Quality Management Activities Yes No

1 Definition of the interrelationship and respons-
ibilities of the quality program management
and direction.

2. Responsibilities of personnel accountable for
performing quality verification actions.

3. Instructions and procedures related to
inspection and testing.

4. Instructions and procedures related to
compliance with accepted criteria.

5. Control and distribution of documents.

6. Review and approval of documents. -

7. | Control of changes to documents.

8. Control of procurement documents.

S. Inspection of purchased items on receipt.

10. { Control of cleaning, preservation and storage.

11. Positive material identification.

12. | Materials and/or equipment retrieval.
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Quality Management Activities

Yes

No

13. | CQualifications of welding personnel.

14. | Qualifications of heat treatment personnel.

15. Qualificationsof personnel engaged in work
with concrete.

16. | Verification of welding procedures.

17. | Verification of heat treatment procedures.

18. | Verification of concrete work procedures.

19. | Verification of equipment.

20. | Program for issuance, collection and return
of measuring and testing equipment.

21. | Establishment of a fist of the measuring and
testing equipment requiring calibration.

22. | Maintenance of quality recards.

23. | Training and qualifications of surveillance
personnel on the project.

24. | Documentation and reporting of the results
of the surveillance.

25. | Establishment of a system of incentives to

motivate project personnel to produce
quality work.
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Quality Management Activities

Yes

No

26. | Subcontractor evaluation depending on
reputation, past experience, financial
position, ...efc.

27. | Qualifications and testing of your employees.

28. | Qualifications and testing of new employees.

29. | On job training for employees.

30. | Seminars for employees. .

31. | Short courses for employees

32. | Calculation checks of the design

33. | Review/ checks of design drawings

34. | Specification checks

35. | Review of clients’ and designers’ comments

36. | Review of work regulations

37. | Constructability review

38. | In-situ tests of materials

39. | Lab. tests of materials.

40. Inspection of results related to material tests.




Quality Management Activities

Yes

No

41. | Inspection of physical structure of the project.

42. | Documentation of any records related to the
project.

43. | Documentation of construction methods.

44, Planning for construction.

45. | Provision of technically qualified team
members for the project.

46. | Evaluation of materials / equipment suppliers.

4-7. Establishment of a communication program
between the staff on the project.

48. { Initiation of a reporting system.

49. { Establishment of checklists.

50. | Initiation of a safety program.

51. | Compliance with insurance requirements.

52. | Other Gle%e specify)

159
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lil.  If you have any additional comments that may help us understand
your firm's method of assuring quality in the construction phase,
please feel free to add them below:

Thank you very much for your cooperation.



161

Definitions

Communications: Communicating information such as requirements,
expectations, scope, costs, schedules and technical data, in order to
assure quality in both construction processes, and the final product.

Constructability: The optimum use of construction knowledge and
experience in planning, procurement, and field operations to achieve
overall project objectives.

Documentation: Any recorded or pictorial information describing,

defining, specifying, reporting or certn‘ymg activities, requirements,
procedures or results.

Inspection: The actual act of verifying the conformity of a material,
structure, component or system to its requirements. ‘

Material tests: The determination or verification of the capability of
materials to meet specified requirements by subjecting the materials to
a set of physical, chemical, environmental or operating conditions.

Personnel Qualifications: The characteristics or abilities gained
through training or experience or both that enable an individual to
perform a required function.

Quality Program: All those planned activities or programs necessary to
provide adequate confidence that construction will conform to
established requirements.

Subcontractor Evaluation: An appraisal to determine whether or not
subcontractors are capable of producing a quality product, and
generating evidence that support decisions of acceptability.
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APPENDIX HI

SAS COMPUTER PROGRAM FOR OVERALL

QUALITY DESIGN ANALYSIS
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FILE:s LESIGN4 SAS Al XING FAHD UNIVERSITY CF PETRLLEUM 2AD MINERAL

C¥S FI LC CISK CESICA DAT2 &5
CPTICAS ACCENTER NCDATESTITLES
TITLE *CVERALL CESICN CUALITY ANALYSIS®S

*
DATA ALL [KEEP=VOLUME LIFE FI-F29);
INFILE CD3
INPUT ID 1-2
1_AA 4-6 [_AB 7-§ I_AC 10-12 I_AC 13-15
I_B 17-21 I_C 23-25 I_B 27-26 I_E 21-33 I_F 35-36 1_G 3E-3%
341 (F1-Fzs) (l.);
IF I_B<E TREM VOLUME=13
ELSE 1IF 5<=]_E<10 THFEN VOLUME=2;
ELSE IF 10<=I_B<50 TREN VOLUME=33:
ELSE IF 50<=I_8<100 TkEM VCLUNE=4;
ELSE IF 100<=I_B<500 TFEN VOLUME=53
ELSE IF I_B=>5C0 TFEN VOLURE=6;
IF I_F=<10 THEN LIFE=SSHCGRT'*;ELSE LIFE='LCAC °*3
H ..
PRGC FCRP2T;
VALLE BVF 1=°UPTC 5 M.!
2=%5 TC 1C P.°*
a=¢10 IC S50 M.*
4=%50 TC 1CC ¥.*
5=11C0 10 S00 M.*
6='CVER 5C0 M.'3:
VALLE YMNF 1=YES 0=NC;

- ETH 1)

ATA ALL2 {(KEEP=VOLUME LIFE FACTCR RESPCNSE);

SET ALL;

FACTCR=* 1°%;RESPCNSE=F13CUTPUT3
FACTCR=" 2°%;RESPLCNSE=FZ3CUTPLTS
FACTCR=" 3?;RESPCNSE=F33CUTPUT;
FACTCR=" 4';RESPINSE=F4;CUTPUTS
FACTCR=* SY;RESPCNSE=FE;CUTPUT;
FACTCR=® §%3;RESPCASE=F63CUTPUT}
FACTCR=? 7°*;RESPCNSE=F7;CUTPUT;
FACTCR=% B*;RESPCNSE=FE;CUTPLTS
FACTCR=® 93 ;RESPCNSE=FSSCUTPLTY;
FACTCR="10";RESPCNSE=F1C;CLTFUT;
FACTCR="11*;RESPCNSE=F113CLTPUTS
FACTLR="12";RESPCNSE=F123CLTPUT;
FACTCR="13";RESPCNSE=F13;CLTFUT;
FACTGR="14*; RESFCNSE=F1430LTPLT;
FACTCR='15*;RESPCASE=FISICLTPLT;
FACTCR="16°;RESPCNSE=F16;3CLTFLT;
FACTCR="17*;RESPCASE=F173CLIFUT;
FACTCR=918";RESPCNSE=F1830UTPLT;
FACTCR=*19°*;RESPCNSE=FiGiCLTPLT;
FACTCR=%20%; RESPCNSE=F203;CLTPUT;
FACTCR="21%;RESPCNSE=F21;CLTPUTS
FACTCR="22¢;RESFCNSE=FZz2:CLTPUT:
FACTGR="23*;RESPCNSE=F23;CLTFLT;



FILE: LESIGN4 SAS A1l KING FAHD UNIVERSITY CF PETRCLELM ANC

FACTCR=%24¢ ;RESPCNSE=FZ40LTPLT;
-FACTCR=*25";RESPCNSE=F25:0LTPUT;
FACTCR="26°;RESPCNSE=F263CLTPLT;
FACICR="27% ;RESPCASE=F27;0LTPUT;
FACTCR='28";RESPCNSE=FZE;CUTPUT;
FACTCR="29*;RESPCNSE=F25;CLTPLT;

DATA ALL33SEY ALL2:;1F RESPGASE=. TREN OELETES

4

PRCC SCRT DATA=ALL3:BY FACTCRS

PRCC FREC;TABLES RESPCNSE/NCPRINT CUT=VCLUMESEY FACTOR3
CATA VOLUMEL;SET VCLUME;PCINTS=RESPCNSE#LCUNT;

PRCC PRINT;IC FACTOR;VAR RESPCNSE CCUNT PCINTSS

PROC MEANS CATA=VGLUMEL MEXLEC=3 SUM KCPRIANT;VAR FCINTSS
8Y FACTCR;CUTPUT CUT=VCLUMEZ SUF=PCINTSS

PRGC SCRT;EY CESCENCING PCIATSS

PRCC FRINT;ID FACTOR;VAR PCINIS;S

165

MINERALS,
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APPENDIX 1V

SAS COMPUTER PROGRAM FOR RANKING
OF DESIGN QUALITY MANAGEMENT
ACTIVITIES BASED ON ANNUAL BUSINESS

VOLUME AND YEARS IN BUSINESS
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FILE: DESIGN3 SAS A1 KXING FAHD UNIVERSITY OF PETRCLEUM AND MINERAL

CHMS FI CD DISK CESICN NATA A3
OPTIOKNS NOCENTER NCDATESTITLES
TITLE °*DESIGN ANALYSIS'3

.
DATA AlLL [KEEP=VOLUME LIFE F1-F29);
INFILE DDs
INPUT 1D 1-2
I_AA 4-6 I_AR® 7-9 I_AC 19-12 1I_AD 13-15
1_8 17-21 I_C 23-2% 1I.D 27-29 I_E 21-33 1I_F 35-36 I_G 38-35
341 (F1-F29}) {l.);
IF 1_8<5 THEN VOLUME=13
ELSE IF 5¢=1_B<10 THEN VDLUME=23
ELSE IF 10¢=1_B<100 THEN VOLUME=3;
ELSE IF 100<=1_BK500 THEN VOLUME=4;
ELSE IF I_B=>500 THEN VOLUME=5;
IF I_F=<10 THEN LIFE='SHORT'SELSE LIFE='LCNG °*3

T ws %

RCC FCRYAT;

VALUE BVF 1=*UPT0 5 M.*
2='5 TO 10 Fa.?
3='10 TC 100 M.'
4="100 TO 500 M.’
5=ICVER 500 M.*';

VALUE YKF 1=YES 0=NC3;

) vs ve

ATA ALL2 (KEEP=VDLUME LIFE FACTOR RESPCNSE);

SET ALL;

FACTCR="' 1*;RESPCNSE=F1;CUTPUT;
FACTOR=' 2%;RESPCNSE=F23;0UTPUT;
FACTCR=' 3';RESPCNSE=F33CUTPLT;
FACTCR=' 4'3;RESPCNSE=F4;CUTPUT;
FACTCR=* S5';RESPCNSE=F53CUTPUT;
FACTCR=" 6°‘';RESPCNSE=F63CUTPUT;
FACTCR=* 7°%;RESPCNSE=F73CUTPUTS
FACTCR=* 81';RESPCNSE=F83CUTPUTS
FACTCR=* 9*;RESPCNSE=F9;CUTPUT;
FACTCR='10';RESPCNSE=F1030UTPLT;
FACTOR='11*;RESPCNSE=F113CUTPUT;
FACTCR=®12%;RESPCNSE=F12;0UTPUT;
FACTOR="13';RESPCNSE=F1330UTPUT;
FACTCR="14";PESPCNSE=F143;0UTPUTS
FACTGR="15";RESPCNSE=F153;0UTPUT;
FACTCP=%16";PESPCNSE=F163CUTPUT;
FACTCR=*17*;RESPCNSE=F1730UTPUT;
FACTCR='18';PESPCNSE=F1830UTPUT;
FACTOR=*19';RESPCNSE=F193;0UTPUT;
FACTDR="20";RESPCNSE=F203;0UTPUT;
FACTOR="21*;RESPCNSE=F21;0UTPUT;
FACTCR='22v;RESOCNSE=F2230UTPUT;
FACTCR='239;RESPCNSE=F23 ;0UTPUT;
FACTOR="24*;RESPCNSE=F2430UTPUT;
FACTLR="25 v ;RESPLNSE=F2530UTPUT
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DESIGN3  SAS Al KING FAHD UNIVERSITY CF PETROLEULM AKO

FACTOR=%26" ; RESPCNSE=F26;CUTPUT;
FACTCR="27';RESPCNSE=F27;3;0UTPUT;
FACTOR="28"; RESPCNSE=F28;0UTPUT;
FACTOR="29"';RESPCNSE=F29;QUTPUT;

H
DATA

PRCC
PRCC
DATA
PROC
PROC

ALL33;SET ALL2;IF RESPONSE=. THEN DELETE;

SCRT DATA=ALL338Y VOLUME FACTCR;

FREQ; TABLES RESPCNSE/NCPRINT OUT=VCLUME;B8Y VCLUME FACTCR:
VOLUMEL; SET VOLUME;PCINTS=RESPCNSE*CCUNT;

PRINT:ID FACTCR VCLUME;VAR RESPONSE CCUNT POINTS:

MEANS DATA=VOLUMEl MAXCEC=3 SUM NOPRINT;VAR PCINTS;

B8Y VOLUME FACTOR;CUTPUT OUT=VOLUME2 SUM=PCINTS;

PRCC
PROC

 J
PROC
PRCC
DATA
PROC
PROC

SORT;8Y VCLUME DESCENDING PCINTS:
PRINT; ID FACTOR:BY VOLUME;VAR PCINTS;FCRMAT VOLUME BVF.:

SORY DATA=ALL33;BY LIFE FACTOR;

FRECSTABLES RESPONSE/NCPRINT OUT=LIFE;BY LIFE FACTCR;
LIFE1;SET LIFE;POINTS=RESPCNSE*COUNT;

PRINT; ID FACTCR LIFE;VAR RESPONSE COUNT PUOINTS;:

PEANS CATA=LIFEl MAXDEC=3 SUM NOPRINT;VAR POINTS;

BY LIFE FACTOR;OUTPUY OUT=LIFE2 SUM=POINTS;

PRAC
PROC

SORT;8Y LIFE DESCENDING POINTSS
PRINT:;ID FACTOR3BY LIFE;VAR POINTS;

MIt
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APPENDIX V

OVERALL QUALITY CONSTRUCTION ANALYSIS
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FILEs CUASTR4 SAS Al KING FAHD UNIVERSITY CF PETRCLEULM &AL M INERALS,

CMS FI CC DISK CCASTR C2TA 2
CFTICAS NCCEMTER ACOATESTITLES
TITLE °*CVERALL CCASIRUCTICN QUALITY ANALYSIS®*;
DATA 4LL;
INFILE DD;
INPUT IC 1-2
I_A 4 1I.Be-1C I_C 12-15 I1I.C 17 1I_E 15-21 I_F 23-24
I_¢ 26-27 1I_E 2530
&3z [F1-F51) (l.)3
1 4
DATA ALL2 (KEEP= FACTCR RESFOASE);
SET 2LL:
FACTCR=* 1°*;RESFCNSE=F1;CUTPLT;
FACTCR="* 29%;RESPLNSE=FZ;CUTPUT;
FACTCR=* 3% RESPCNSE=F2;CUTPUTS
FACTCR=' 4';RESPCNSE=F4;CUTPUTS
FACTGR=* 5°¢;RESPCNSE=F5;CUTPLT;
FACTCR=?% &' RESPLNSE=F&;CUTPLT;
FACTCR=" 7°';RESPCNSE=F1;CUTPLT;
FACTCR=* E*;RESPCNSE=F8;CUTPUT; .
FACTCR=® 9°IRESPCASE=FS;CUTPLT;
FACTCR=10*;RESPCNSE=F1C;CLTPUT;
FACTCR="11°*;RESPCASE=F11:;CUTPUT;
FACTCR="12°*;RESPCNSE=F12;CUTPUT;
FACTCR=*13°*;RESPCNSE=F13 ;CLTPUT;
FACTGR="14*;RESPCNSE=F14;CUTPUT;
FACTCR='15"RESPCNSE=F15;CUTPLT;
FACTCR=°16°*;RESPONSE=F1€3;CLTPLT;
FACTCR=*17*;RESFCNSE=FIT;CLTFLT;
FACTCR=*18? ;RESPCNSE=F183CLTPLT;
FACTCR="1G*RESPCNSE=F1S;CLTPLT;
FACTCR="20";RESPCNSE=F20;CLTPLUT;
FACTCR="21°;RESPCNSE=F21:CLTFUT;
- FACTCR=%22°;RESPCNSE=F223CUTPUT;
FACTCR=%23% ;RESPLCNSE=F23;CLTPLT;
FACTCR=%24"* ;RESPCNSE=F24;CUTPUT;
FACTCR=*25* JRESPIASE=FZS;0LTPUTS
FACTCR="2€&* ;RESPCNSE=F26;CLTFPLT;
FACTCR=%27*;RESPCNSE=FZT7:0LTPLT;
FACTCR="28°*;RESPCNSE=FZ8;0LTPUT;
FACTCR="29" ;RESPCNSE=F2G;CLTFLT;
FACTCR="3C* ;RESFCNSE=F3C;0UTPLY;
FACTCR="31°*;RESPCNSE=F213;0LTPUT;
FACTCR="22%;RESPLASE=F32;CLTPUT;
FACTCR=*23%;RESPCNSE=F33;CUTPLI;
FACTCR="34* ;RESPCANSE=F24;CUTPLT;
FACTCR=*35*;RESPCNSE=F35;CUTFLT;
FACTCR=*36";RESPCNSE=F36;3CLUTFLT;
FACTCR="37";RESPCASE=F37;0LTPUT;
FACTCR=*38*;RESPCNSE=F28;CUTPUT;
FACTCR="39°%;RESPCNSE=F3G;CLTPLT;
FACTCR='40" ;RESPCNSE=F4030LTPUT;
FACTCR=*4]1*;RESPCNSE=F41;CUTPUT;

—82 3@ aDEC CrR /D) TDI'Ts
F-A-CTCP\ ,‘2 ;I\E-}PCI‘NJL‘l ‘\L;Ubll “wiy

FACTOR=%43°% ;RESFCASE=F43;CLTPUT;



FILES CLASTR4 SAS Al KING FAHD UNIVERSITY CF PETRCLEULM AND MINERALS,

FACTCR="44"%;RESPUNSE=F44:CLTPLT;
FACTCR="45" ;RESPCNSE=F45;CLTPLT;
FACTCR="46" ;RESPCNSE=F46;0LTPUT;
FACTCR=%47* ;RESPCNSE=F47;CLTPLT;
FACTGR=148" ;RESPCNSE=F48;CUTPUT;
FACTCR=*49¢ ;RESPCNSE=F49 :GUTPLT;
FACTCR="50" ;RESPCNSE=FS0;CLTPLT;
FACTDR='SI';RESPENSE=F51:UUTPUTS.

L 4
DATA ALL3;SET ALL2;IF RESPONSE=. THEN DELETE;

1

PRCLL SORT DATA=ALL3;BY FACTCR; .

PRCC FRECSTABLES RESPCNSE/NCPRINT CUT=VCLUME:BY FACTOR;
CATA VOLUMEL;SET VCLUME;PCIAT S=SRESPCNSESCCUNT;

PRCC PRINTZIC FACTOR ;VAR RESPCASE COUNT PCINIS;

PRGC PEANS CATA=VCLUME1l MAXCEC=3 SUM NGPRIAT;VAR PCINTS;
8Y FACTERSCUTPUT CUT=VCLUMEZ SUM=PCINIS;

PROC SORTIEY LESCENCING PCIATS:

PRCC PRIAT;IC FACIOFR; VAR POINTS;
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APPENDIX VI

SAS COMPUTER PROGRAM FOR RANKING OF
CONSTRUCTION QUALITY MANAGEMENT
ACTIVITIES BASED ON FIRM'S

CHARACTERISTICS
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FILE: COANSTR3 SAS A} KING FAED UNIVERSITY OF PETRCLELFM AMD PFINERALS,

CFS F1 CC CISKk CCASTIR C2T2 43
GPTIOMNS ACCENYER NCCATESTITLES
TITLE *CCASTRUCTICA ANALYSIS®S
LATA ALL:
INFILE OC3
INPLT ID 1-2
I_A4 I _36-10 I1_.C 12-15 I_C 17 1I_E 1S-21 1_F 23-z4
1.G 26~271 1I_H 29-30 .
€32 {F1~-F51) (1.);

IF I_BKED THEN VCLUME=1;
ELSE IF 50<=1_B<1C0 TKEN VOLUME=2;
ELSE IF I_B=>100 THEA VGLUPE=3;

IF I_E<50 TREN SIZE=1:ELSE SIZE=2;

IF I_F=<1 THEN YEARS=1;ELSE YEARS=2;

IF 3_G=<20 TREN LIFE=°*SFORT®;ELSE LIFE='LCNG *:

T e 0

RCC FCRMAT;

VALLE BVF 1=°LUPTC 5C V.'
2='50 TC 10C PM.*
3='CVER 1CC M*;

H

; -

DATA ALL2 (KEEP=VCLUME LIFE SIZE YEARS FACTCR RESPCASE);S
" SET ALL;

FACTCR=* 1*;RESPCNSE=F1;CUTPLT;
FACTCR=®* 2°® RESPCASE=FZ;CUTPUT;
FACTCR=" 3';RESPCNSE=F3;CUTPLT;
FACTCR=* &°';RESPCNSE=F4iCUTPLT;
FACTCR=* 5% ;RESPCNSE=F5;CUTPLT;
FACTCR=" 6';RESPCNSE=F¢;CUTPLT:
FACTCR=* 7' RESPUNSE=F7;CUTPLT;
FACTCR=® 8';RESPUNSE=FB;CUTPLT:
FACTCR=® gt RESPCNSE=FS;CUTPLTS
FACICR="10"';RESPELNSE=F10;CLTPUT;
FACTCR=*11';RESPCNSE=F11;C0LTPLT;
FACTCR="12%;RESPCANSE=F12;CUTFUT;
FACTICR="]12¢;RESPCNSE=FI33CLTFUT;
FACTCR=*14"';RESPCNSE=F143CLTPUT;
FACTCR=*15*;RESPCNSE=F15:CLTPUT;
FACTCR=*16*;RESPCNSE=F163CLTFLT;
FACTCR="17*;RESPCNSE=F17i0LTFLT;
FACTCR="18%;RESPCNSE=F18:CLTPUT;
FACTCR="19°%;RESPCNSE=F1GCLTPLT;
FACTCR='20';RESPCNSE=FZ0;CLTPUT;
FACTCR=%21%;RESPCNSE=F21;CLTPUT;
FACTCR=%22¢ ;RESPCNSE=F22;CLTPLT;
FACTCR="23*; RESPCASE=F23CLTPUT;
FACTCR=%24*;RESPCNSE=FZ4CLTFUTS
FACTCR="25*;RESPCNSE=F 25 ;GLTPLT;
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FILE: CCASTR3 SAS Al KING FAKD UNIVERSITY CF PETRCGLELM ANDC MINERALS,

FACTCR=%2€%;RESPCASE=F26 ;CLTFLT;
FACTOR=*Z7% ;RESPCNSE=F27;0UTFLT;
FACTCR=*Z8% ;RESPCNSE=FZE;CLTPLT;
FACTCR='29 ¢ ;RESPLNSE=FZ9;CLTPUT;
FACTCR="30°;RESFCNSE=F3030LTPUT;
FACTCR='31°*;RESPCNSE=F21;0UTPUT;
FACTCR="32¢ ;RESPCNSE=F323CUTFUT;
FACTCR=*33°%;RESPGNSE=F33;0LTPUT;
FACTCR=%34°;RESPCNSE=F24 ;0LTPFLT;
FACTCR="35% ;RESPCNSE=F25;0LTPLT ;"
FACTCR=%36% ;RESFCNSE=F356;0UTPLT;
FACTCR=*37*;RESPCNSE=F37;0UTPLT;
FACTCR=*38°%;RESPCNSE=F28CLTPUT;
FACTCR="39¢ ;RESPCASE=F3S;0LTPUT;
FACTCR=%40";RESPCNSE=F40;0LTFLT;
FACTLR='41°*;RESPLNSE=F41;CLTPLT;
FACTCR="42';RESPCNSE=F42;CLTPUT;
FACTCR="439;RESPCNSE=F43;0LUTPUT;
FACTCR=%443 ;RESPUNSE=F44;0GLTFUT;
FACTCR=%45* ;RESPCNSE=F45;0UTPUT;
FACTCR='46"° ;RESPCNSE=F46;0LTPLT; -
FACTCR="47" ;RESPCNSE=F4T;GLTFLT;
FACTGR="48¢;RESPLNSE=F48;0UTPLT;
FACTCR="49% ;RESPLNSE=F4S;0LTPUT;
FACTCR=*50" ;RESPCNSE=FS0;GUTFUT;
FACTCR="51*;RESPCNSE=F51;0UTPUT;

CATA ALL33SET ALL2;1IF RESPGMNSE=. THEN DELETE;

*

PRCC SCRT DATA=ALL3;BY VCLUME FACTCR;

PRCC FREC;TABLES RESPCNSE/NCPRINT GUT=VCLUME:;BY VCLUME FACTCR;
DATA VCLUMELSET \CLUME;PCINTS=RESPCNSE2CCUNT;

PROC PRINTSID FACTCR VGLUME;VAR RESPONSE CGUNT POINTS;
PRCC MEANS CATA=VOLUMEl MAXCEC=2 SUM NCPRINT;VAR PCINTS;
BY VOLUFE FACTGR;CUTPUT OUT=VCLUMEZ SUM=PCINTS:

PRCC SCRY;BY VOLUNE DESCENDING PCINTS;

PRCC PRINTZID FACTOR;BY VCLUME;VAR PCINTS3FCRMAT VCLUME BVF.;
H

PROC SORT DATA=ALL3;BY LIFE FACTCR;

FRLC FREC;TABLES RESPONSE/NCPRINT CUT=LIFE;BY LIFE FACTCR;
DATA LIFEL3SET LIFE;PCINTS=RESPCASE*CCUNT;

PRCC PRINTZIC FACTGR LIFE;VAR RESPCNSE COUNT PCINTS;

PROC MEANS CATA=LIFE]l MAXCEC=2 SUM NGPRINT;VAR FCINTS;

BY LIFE FACTOR;CUTPLY CUT=LIFE2 SUM=PCINTS;

-PRCC SORT;BY LIFE CESCENDING FOINTS;

PRCC PRINT;IC FACTOR:BY LIFE;VAR PCINTS:

;

PRGC SCRT CATA=ALL3:BY SIZE FACTICR;

PRCC FRECITABLES RESPONSE/NCPRINT CUT=SIZE;EBY SIZE FACTCR;:
OBTA SIZEL3SET SIZE;PCINTS=RESPCASE*CCUNT;

PRCC PRINT;ID FACTCR SIZE;VAR RESPCNSE CCULANT PCINTS

PRCC PEANS CATA=SIZEl MAXCEC(=3 SUF NCPRINT;VAR FOINTS;

k3 MHEY FI'TCYTED filn—ﬂf?k?(‘-
av t"t t“'-c’:,cs'h L I S S I Y SR ST ~ 5 wAI* o
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FILE: CCASTRI SAS Al KING FAHD UNIVERSITY CF PETROLEULM #NC MINERAL

PRCC SORV;BY SIZE LESCEADING PGINTS:
PRCC PRINT;IC FACIOR;BY SIZE;VAR PLCINTSS

| ]

PRCC SCRY DATA=ALL3;RY YEARS FACTCR;

PRCC FREC;TABLES RESPCNSE/NCPRINT CUT=YEARS;EY YEARS FACICR;
DAT2 YEARS1;SET YEARSPCINTS=RESPONSESCCUAT;

PROC PRINT;ID FACTCR YEARS;VAR RESPCNSE CCUNY PCINTS:

PROC MEAKS CATA=YEARS1 MAXDEC=3 SUM NCPRINT VAR PCIANTSS

BY YEARS FACTCR;OUTPUT CUT=YEARS2 SUM=PCINTS3

PRCC SORT;BY YEARS CESCENDING PCINTS;

PRCC PRINT;ID FACTGR;BY YEARS;VAR PCINTS;
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APPENDIX V11

STEP WISE REGRESSION FOR THE

DESIGN PHASE
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N=12 REGRESSION MCDELS FOR DEPENDENT VARIABLE: VY
NUHMBER IN R-SQUARE VARIABLES IN MCDEL
HODEL

1 0.32275401 X1
1 0.24767966 X2
1 0.210381240 X4
1 0.05871446 X5
1 9.0C751045 X3

.2 0.62726681 X1 x3
2 0.45435389 X1 X2
2 0.43898562 X1 X5
2 0.4252<109 X1 X4
2 C.37151592 X2 X5 .
2 3.27979433 X2 X4
2 0.27181882 X3 X4
2 0.24771713 X2 X3
2 0.233856033 X4 X5

T2 0.09923511 X2 X5
2 0.64516175 X1 X3 X5
3 0.63154278 X1 X2 X3
3 £.53060583 X1 X3 X&
3 0.4B8962159 X1 X2 X5
3 0.47588250 X1 X2 X4

- 3 0.44511545 X1 X4 X5

3 0.37304564% X2 X3 X5
3 0.37200416 X2 X& X5
3 C.3C735058 X2 X3 X4
3 0.29217948 X3 X4 X5
4 0.65710112 X1 X2 X3 X5
4 0.64578541 X1 X3 X& X5
4 0.63226483 X1 X2 X3 X4
4 0.55279379 X1 X2 X4 XS5
4 €.381260%0 X2 X3 X4 X5
5 0.66100435 X1 X2 X3 X4 X5

178



FCRWARD SELECTICN PROCEDURE FCR DEPFNLCENT VARIABLE Y

179

STEP 1  VARIASLE X1 ENTEREC R-SQUARE = 0.42275401 C(P) = 2.216874644
DF SUM CF SCUARES MEAN SCUBRE F PRORF
REGRESSION 1 0.03711188 0.02711188 7.22 0.0221
ERROR 10 0.05067412 0.00506741
TOTAL 11 0.08778600
PARAMETER STANDARD TYPE TI
VARIABLE ESTIMATE ERROR  SUM OF SQUARES F  PROB>F
INTERCEP 0.79227369 0.03125374 3.25€26254 €42.61 0.0CO1
X1 0.00463464 0.00171259 0.03711188 7.22 0.0221
BOUNDS CN CONDITICON NUMBER: 1y 1
STEP 2 VARIAZLE X3 ENTERED R-SCUARE = C.€2726581 C(P) = 0.55713234
DF SUM CF SQUARES FEAN SCUARE F  PRCB>F
REGRESSION 2 0.05506524% 0.02753252 7.57 0.0118
ERRIR 9 0.03272076 0.00363564
TOTAL 11 0.687786G0
PARAMETER STANDARD TYPE 11
VARTABLE ESTIMATE ERRCR  SUM OF SQUAPES £ PROBYF
INTERCEP 0.80133524 C.02678493 3.25406952 895.C5 0.0001
X1 0.00744689 0.09192505 0 .05440592 14.86 0.0C38
X3 -0.00071062 0.00031978 0.0179523¢ 4.94 0.0534
BOUNDS CON CCNDITICN NUMBER: 1.761102, 7.04441

NO OTHER VARIABLE MET THE 0.5200 SIGNIFICANCE LEVEL FCR ENTRY INTC THE MODEL.

SUMMARY OF FCRWARD SELECTION PROCEDURE FOR DEPENDENT VARIABLE Y

VARI ABLE NUMBER

STEP ENTERED InN
1 X1 1

2 X3 2

PARTI AL Y
R¥%¥2

0.45228 c.

N.2045 C.

CDEL

RE%2 cip)
4228 202169
€273 0.5971

F

72236
4.5382

PREB>F

0.0221
N.0534



MCDEL:= MODEL1L
DEPENDENT VARIABLE: Y

ANALYSIS OF VARIANCE

SUM CF  MEAN
SOURCE DF SQUARES SCUARE F VALUE PROE>F
MODEL 1 0.00135 0.C0135 0.169 0.6843
ERROR 25 0.19885 0.C0795
C TOTAL 26 8.2C020
ROOT MSE 5.08919 R-SQUARE 0.0067
DEP MEAN €.86033 ADJ R-SQ -0.0330
C.V. 16.36635
PARAMETER ESTIMATES
DARAMETER STANDARD T FCR HO:
VARIABLE OF ESTIMATE ERROR  PARAMETER=0 pegr > [Tl
INTERCEP 1 0.854500 0.02226310 38.382 €.0001
X4 i 0.000469 0.00113941 C.411 €.6843
MODEL:z MODEL1
DEPENDENT VARIABLE: Y
ANALYSIS OF VARIANCE
SUM OF MEAN
SOURCE DF SQUARES  SQUARE F VALUE PRCB>F
MODEL 3 9.04742 0.01581 2.379 n.0959
ERROR 23 0.15278 0.00664
C TOTAL - 26 0.20020
ROOT MSE 0.08150 R-SQUARE 0.2368
DEP MEAN C.B86033 ADJ R-SQ 0.1373
C.V. © §.47333
PARAMETER ESTIMATES
PARAMETER STANDARD T FCR HO:
VARIABLE DF ESTIMATE ERROR  PARAME TER=0 prOR > ITI
INTERCEP 1 0.777918 0.05416602 14.362 €.nCO1
X1 1 0.003336 0.00160319 2.081 €.0488
x2 1 0.903605 0.00458198 C.787 €.4395
X% 1 ~0.000106 0.00107139 -C.098 £.5224
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APPENDIX VIII

STEP WISE REGRESSION FOR THE

CONSTRUCTION PHASE
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x1

14
300
70
400
110
100
250
52
45
50
10
140
60
50
15
80
29
120

70
70
70
40
10
420
100
21
15

X2

6.0
109.3
12.3
350.0
80.0
100.0
40.0
36.0
11.0
4.5
100.0
40.0
30.0
6.0
50.0
4.0
100.90
10.90
50.0
8.0
25.0
5.0
5.0
300.0
25.9
10.0
. T«0

0.412
0.843
0.921
0.942
g.9C2
0.921
1.000
0.588
0.568
0.T745
0.353
0.843
0.725
0.745
0.847
0.863
n.843
0.9C2
0.921
0.804
0.725
0.902
0.745
0.323
0.942
0.823
0.745
0.333

x5

259
G&S
£CJ
2C0CH
4CQ
221

74

29
1500
79
279
100
82

219
3GC0

5C0
39
2¢9
1CO
3C0
1299
50
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13,

REGRESSION MODELS FCR CFPENDENT VA”IAELé: v

VARIABLES IN MCDEL

N=2¢6
NUMBER IN - R—SQUARE
MODREL

1 0.37921460 X6
1 0.37341441 x2
1 0.36399013 X1
1 0.22750886 X5
1 0.34251036 X3
1 0.01383075 p L
2 0.64075381 X2 X3
2 0.596794073 X1 X3
2 0.55972349 X5 X6
2 0.54262626 X1 X8
2 0.52530362 X1 X4
2 0.52490683 X2 X6
2 0.49585404 X2 X4
2 0.43560587 X5 X6
2 0.38035832 X3 X6
2 0.37411210 X1 X2
2 0.37363421 X2 X5
2 0.36912541 X1 X5
2 0.30560944 X3 X5
2 €C.27691C38 X4 X5
2 0.0743810¢ X3 X4
3 0.93447374 X3 X4 X6
3 0.83874323 X1 X3 X6
3 C.81667080 X2 X3 X6
3 0.7995049¢0 X1 X3 Xx&
3 0.7762C455 X2 X2 X&
3 0.76031571 X1 X2 X6
3 0.73498486 X1 X2 X4
3 0.71476637 X2 X3 X5

. 3 C.58007148 X1 X2 X3
3 €.66022213 X1 X2 XS
3 0.52394773 X2 X4 X6
3 0.57896C46 X4 X5 X6
3 €.57629387 X1 X& X6
3 €.54990604 X1 X5 X6
3 C.53864349 X3 X5 X6
3 0.52874099 X1 X4 X5
3 0.52727¢€44 X2 X5 X6
2 0.49614137 X2 X4 XS
3 0.374552380 X1 X2 X5
3 0.33743695 X3 X4 X5
4 0.9999555¢C X1 X3 X4
4 0.99730139 X2 X3 X4
4 0.74224221 X3 X4 X5
4 0.93289383 X1 X2 X5
4 €.8897132¢C ¥l X2 X3
4 0.36608849. X1 X3 XS
4 0.36105355 X2 X3 XS
4 0.84383695 X1 X2 X4

X6
X6
X6
X6
X6

X6

X6
X5
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NUMBER IN R—-SCUARE VARIARLES IN MCDEL

MODEL
4 0.83856265 X1 X2 X3 X4
4 0.33549817 X1 X3 X& X5
4 £.83476254 X2 X3 X4 %5
] 0.83186451 X1 X2 X3 X5
4 C.76388898 X1 X2 X& X6
4 0.71592305 X2 X4 X5 X6
4 C.61608737 X1 X4 X5 X6
5 1.000009000 X1 X2 X3 X4 X5
5 1.90000000 X1 X2 X3 X5 X6
5 1.00000000 X1 X2 X& X5 X6
5 1.70000000 X2 X3 X& X5 X6
5 1.9CC000090 X1 X2 X3 X4 X6
5 1.70C€00000 X1 X3 X4 X5 X6

NCTE: MODELS CF NOT FULL RANK ARE NGT INCLUDEE.



FCRWARD SELECTICN PROCECURE FCR DEPENCENT VARTAELE Y
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STE? 1 VARIAYLE X6 ENTERECD R-SQUBARE = C.27G2146&0 cipy = -

DF SUM CF SQUaRES MEAN SCUARE F PROBDF
REGRESSION 1 0.10943129 9.10942126 Z2.44 G.1<31
ERRIR 4 0.17914221 0 .0447T8555
TCTAL S C.28857350

PARAMETER STANDARD TYPE Y
VARIABLE ESTIHATE ERRCR SUM OF SQUARES F PRLB>F
INTERCE?P 1.0455537S 0.214538231 ' 1.3€316S17 22.74 0.0082
X6 -0.02670033 0.01738106 0.1094312S 2.44 0.1821
BCUNDS CN CCNDITION NUMBER: ) I 1
STEP 2 VAPTA3LE X4 ENTERED R-SCUARE = 0.55G7234S c(p) = -

DF SUM OF SQUARES ME AN SCQUARE F POOB>F
REGRESSION 2 0.16152137 0.08076C68 1.51 0.2%21
ERROR 3 0.12705213 0.042325071
TOTAL 5 0.28857350

PARAMETER STANDARD TYPE 11
VARIABLE ESTIMATE ERRCR SUM OF SQUARES £ PRCBO>F
INTERCEP 0.743044€2 0.3434355) N.198244C4 4.68 0.1152
X4 0.02752256 0.02481657 0 .052C09C08 1.23 0.3483
Xé -0.04427173 £.02295488 2.157%301¢ 2.72 0.146G4
BOUNDS ON CONDITICN NUHBER:. 1.909843, T1.628372
STE® 3 YARIABLE X3 ENTERED R=-SCUARE = 0.93647374 C(Pl.= -

DF SUM OF SQUARES MEAN SCUARE F PROSDF
REGRESSION 3 0.286966436 0.38988812 S.t1 0.03867
ERRDR 2 0.01899914% 0.00945457
TOTAL S C.28857350

PARAMETER STANDARD TYPE Il
VARIABLE ESTIMATE ERRCR SUM OF SQUARES F PROBDF
INTERCEP 1.495348€4% 0.27533853 0.27886419 2S.50 0.0323
X3 -0.53425454% 0.15794£330 0.1081429S 11.44 0.0774
X4 0.37545959 0.C1932151 0.1599%303 1€.61 0.0544
X6 -0.0957C203 0.01867866 0.24819996 26.25 0.036C
BCUNDS ON CONDITICN NUMBER: 5.664454, 42.11842




STEP 4

REGRESSION
ERROR
TCTAL
VARIABLE

INTERCEP

SCUNDS CN CCNDITICN NUMEE®:

VARIAZLE X1 ENTEREC

DF

4
1
5

PARAMETER
ESTIMATE

0.97350138
-0.03355175
-C.57568899

0.21138152
-0.21673190

R-SCU2RE

SUM CF SCUARES

0.28856181
0.00001169
€.28857350

STANBARD
ERROR

0.01618999
0.00008832
€.C0566755
0.2033502¢C
0.00308054

1264135,

C.<5995950
VEAN SCUARE
0.07214045
0.00001165

TYPE 11

SuUM OF SQUARES

0.04225231
N .0188574¢&
0.12225867
0.C4652361
0 .N578458¢

1291.592

c(r} =

F

€172.03

¥

3615.6C
1617.05
1C4€1.6
29R1.09
4945.85

-~ 186

PoLE>F

0.0({s%

PROR>F

0.0106
Nn.0158
1.0062
0.0101
0.0090

NO CTHER VARIABLE MET TFE 0.5000 SIGNIFICANCE LEVEL FCR ENTRY TATC THE MCDFL.

SUMMARY COF FGRWARD SELECTION PRCCEDURE FOR DEPENDENT VARTABLE ¥

VARTAZLE NUMBER

STE? ENTERED IN
i X& 1

2 X4 2

3 X3 3

4 X1 4

PARTIAL
R*¥¥2

0.2792
0.1805
0.3748
D2.0655

MCDEL
RE$2

£.27s2
C.S5557
C.S345
1.C000

ci{o})

F

2.4435
1.23C0
11.4382

1€617.046S

PRCED>F

0.1931
0.3483
0.0774
0.015¢
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APPENDIX IX

ARRANGEMENT OF DESIGN QUALITY

MANAGEMENT ACTIVITIES



PLEASE NOTE

P issing in ber only; text follows.
age(s) missing l:lsm only:
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DESIGN QUALITY MANAGEMENT ACTIVITIES

ESTABLISHMENT OF QUALITY PROGRAM MANAGEMENT

Definition of the interrelationship and responsibilities of
quality program management and direction.

Establishment of qualification parameters for persons whose
activities affect the quality of work.

DOCUMENTATION

Documentation of any documents related to the design of
the project.

EDUCATION OF FIRM’S EMPLOYEES
On the job training for employees.
Short courses for employees.

Seminars for employees.

INITIATION OF COMMUNICATION PROGRAM
Frequent contacts between the project parties.
Communication program.

Communication to resolve conflicts.

CONTROL OF DRAWINGS AND SPECIFICATIONS
Drawings checks/review.
Specification checks/review.
Formal drafting check/reivew.

Provision of clear, concise and uniform plans and
specifications.




PROVISION OF TECHNICALLY QUALIFIED TEAM MEMBERS

Provision of technically qualified design team members

DESIGN REVIEW

Calculation checks of the design.
Review/checks of standards.
Review/check of regulations.
Review/check of space allocation.
Review/check of aesthetics.
Functionality review.

Capacity review.

Review of clients’ comments.

STANDARDIZATION OF OFFICE PROCEDURES/
OFFICE LIBRARY FACILITIES

Standardization of office procedures.

Office library facilities.

ARRANGEMENT FOR ORGANIZATIONAL /PROJECT PEER REVIEWS

Arrangements for organizational peer review.

Arrangements for project peer review.
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MONITORING AND CONTROLLING DESIGN, COSTS AND SCHEDULES

- Provision of cost estimate of the project

- Submission of progress reports to the owner.

ESTABLISHMENT OF AN INCENTIVE SYSTEM

- Establishment of an incentive system to motivate persons
to produce quality work.




APPENDIX X

ARRANGEMENT OF CONSTRUCTION QUALITY

MANAGEMENT ACTIVITIES
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CONSTRUCTION QUALITY MANAGEMENT ACTIVITIES

QUALITY PROGRAM MANAGEMENT/VERIFICATION ACTIONS
- Definition of the inierrelationship and responsibilities
of the quality program management and direction.

- Responsibilities of personnel accountable for performing
quality verification actions.

INSPECTION AND TESTING
- Inspection of purchased items on receipt.
- Instructions and procedures related to inspection and testing.

- Instructions and procedures related to compliance with
accepted criteria.

- In-situ test of materials.
- Lab test of materials.
- Inspection of results related to material tests.

- Inspection of physical structure of the project.

DOCUMENTATION
- Control and distribution of documents
- Review and approval of documents
- Control of changes to documents
- Documentation and reporting of the results of the surveillance
- Documentation of any records related to the project

- Documentation of construction methods
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CONTROL OF PROCUREMENT DOCUMENTS

- Control of procurement documents.

MATERIAL/EQUIPMENT IDENTIFICATION/VERIFICATION OF PROCEDURES

- Establishment of a list of the measuring and testing equipment
requiring calibration.

- Control of cleaning, preservation and storage.
- Positive material identification.

- Materials and/or equipment retrieval.

- Verification of equipment.

- Program for issuance, collection and return of measuring
and testing equipment.

- Verification of welding procedures.
- Verification of heat treatment procedures.
- Verification of concrete work procedures.

- Evaluation of materials/equipment suppliers.

MAINTENANCE OF QUALITY RECORDS/TRAINING AND
QUALIFICATION OF PERSONNEL

- Maintenance of quality records.

- Training and qualifications of surveillance personnel on the project
- Qualifications of welding personnel.

- Qualifications of heat treatment personnel.

- Qualifications of personnel engaged in work with concrete.

- Qualifications and testing of your employees.

- Qualifications and testing of new employees.




ESTABLISHMENT OF COMMUNICATION PROGRAM

Establishment of a communication program between the
staff on the project.

PLANNING FOR CONSTRUCTION

Planning for construction

QUALIFICATION OF SUBCONTRACTORS

Subcontractor evaluation depending on reputation, past
experience, financial position, etc.

SAFETY PROGRAM

Initiation of a safety program.

COORDINATION AND COMMUNICATION

Establishment of a communication program between the staff

on the project.
Initiation of a reporting system.

Establishment of checklists.

DESIGN CHECKS
Calculation checks of the design.
Review/checks of design drawings.
Specification checks.
Review of work regulations.
Review of clients’ and designers’ comments.

Constructability review.
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INSURANCE NEEDS OF CONTRACTORS

Compliance with insurance requirements.

EDUCATION OF CONTRACTOR’S EMPLOYEES

On-job training for employees.
Seminars for employees.

Short courses for employees.

PROVISION OF TECHNICALLY QUALIFIED TEAM MEMBERS

Provision of technically qualified team members
for the project.

ESTABLISHMENT OF AN INCENTIVE SYSTEM

Establishment of a system of incentives to motivate project
personnel to produce quality work.
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