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"Quality is never an accident. It is always the

result of high intention; sincere effort, intelligent
i direction, and skillfull execution.

It represents the wise choice of many alternatives.”




ABSTRACT

This dissertation deals with the terminology and elements of Qualicy
Assurance and discusses the relevance of quality assurance to
construction. Then follows information on the standards for quality
systems and the schemes which are operational or being developed.
Guidance is given on developing and implementing a quality system and
various aspects of the application of quality assurance to
construction are discussed. The report concludes that quality
assurance in construction is essential and worth the costs.

This dissertation is not a comprehensive treatise on qualicy
assurance. Those experienced in the theory and practice may find the
detail and terminology oversimplified. Nevertheless, it is believed
that the dissertation will enlighten those with less knowledge of
quality assurance and encourage informed debate on its application to
construction.
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CHAPTER 1

JOHN Q. QUALTY

Joha Q. Qualicy i the silent partmer who is always
vﬁ-ﬁnnmno&b&&‘—\'{mﬁ’
& persoas or & thiag. He's kind of 2 state of mind
veoan ideal ... part of cach oac of us. A ter-
idly importast part
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INTRODUCTION
1.1 GENERAL
The 'industrial revolution’ took place in the last century. Perhaps

the 'computer revolution’ happened in the early 1980's, but we are
now, without doubt, in the midst of the 'quality revolution’ a period
of change affecting every type of business, enterprise, organisation

and person.

In any competitive economy, cost reduction and quality improvement are
essential if an organization is to stay in operation. Competitiveness
is measured by three things: quality, price and delivery. 1In today's
business climate the pursuit of quality must be recognized as omne of
the most important objectives of any enterprise. Quality is a prime
determinant of competitiveness in contract award, relationships and

overall profitability.

Many organisations have realized that quality assurance is the new way
of managing for the future, it is a way of managing the whole business

or organisation to ensure complete customerx satisfaction.

1.2 BACKGROUND

Attainment of acceptable levels of quality in the construction
industry has long been a problem. Great expenditures of time, money
and resources, both human and material are wasted each year because of
inefficient or non-existent control procedures. The manufacturing

industry has developed a quality assurance concept, first applied in




Japan and in recent years used in the United States, Western Europe

and the UK.

What is Quality Assurance?

Despite the name, it is not a system for guaranteeing the quality of
products and services; QA is the name given to a management philosophy
which leads to improved quality and based on the concept that
'prevention is better than cure". The concept has produced many
positive effects including increased productivity, decreased product
cost and high levels of product reliability. See Section 2.1 for full

definition of this concept.
1.3 FATLURE IN THE CONSTRUCTION INDUSTRY

Some of the most significant failures of the last twenty years have
been: the Kansas City Hyatt Regency; the Ferry Bridge 'C' Power
Station Cooling towers in the UK; the Silver Bridge over the Ohio
River; Ramp C of the Riley Road Interchange in East Chicago. These
occurred because of design mistakes, bad details, construction errors

or lack of adequate inspection and maintenance programmes.

Judging what stands constructed today, we know how to design, we
understand the materials being used. We know how to build the
structure we design, as well as how to inspect and maintain them.
Why, then these occasional failures? The answer is simple. Poor
quality of design, construction, inspection and maintenance in the
original buildings is highlighted in our aging and deteriorating

structures well enough.

These catastrophic failures were a consequence of misunderstood
responsibilities, unclear communication and the lack of supervisory

control and feedback, rather than mistakes in judgement.

One very positive approach, therefore, would be to implement a

detailed quality assurance programme early in the project.

i g

o tape




1.4 THE NEED OF QA IN CONSTRUCTION

The causes of poor quality are numerous and can run all through the
engineering process from siting and investigation, through design and

specification, contract and construction management.

Civil Engineering projects involve a number of organisations,
disciplines, skills and people of widely ranging experience and
background. This promotes communication problems. The existing
system of contracts, drawings, specifications, method statement, etc,
seeks to overcome these problems by the precision and (relative)
permanence of printed or written documents. But, in general, the
system is of one-way communication with little or no feedback from

construction or design.

Quality assurance aims to reinforce the existing significant
interfaces and to ensure that consultation (two way communication) has

been carried out in a structured system.

Construction utilising quality assurance principles require an
additional investment of time before construction begins. This
investment is paid back by the reduction of delays during the
construction phase when the rate of expenditure is, perhaps, an order
greater and a better final product, cooperation and confidence are
generated because communication is precise and responsibilities are

clearly defined.

1.5 RESULTS OF IMPLEMENTING QA SYSTEM

A large proportion of construction defects are a result of
shortcomings of management, either on the part of the client or the
designer or of the builder. Whatever the origin, the costs are
substantial and include expenditure on repairs, replacement materials,
delays, compensation to clients, litigation and so on. There is also
the sheer waste of management time which could be more profitably
spent on useful work. These costs are not inevitable. Defects

arising from inadequate management can be prevented.
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Quality assurance systems bring a rational approach to reducing the
costs of defective work and can provide confidence and assurance to
all the parties involved that their buildings, and their future are
secure. Implementation of QA will result in higher quality, lower
cost and increased productivity in the construction industry and the
most important is that "all parties sleep better” since the owner is

assured of a well-constructed project.

Quality in construction is too important to be left to chance. To
achieve quality, the variables which may affect quality and which can
result from the actions of men, the nature of materials, and the
performance of machines must be controlled. Quality has to be managed
- it does not just happen. Understanding and commitzent by senior
management, effective leadership and teamwork are fundamental parts of

the recipe for success.

It is the writer'’s firm opinion that quality assurance is a medicine
which will work for everybody and its success is guaranteed "but only

if the patient takes it as prescribed."
1.6 PURPOSE OF DISSERTATION

This dissertation is designed to identify the essential and desirable
elements of quality function in construction and explain what can be
done to manage them effectively. It features modern organisational
concepts, new participative resolutions and prevention of quality

problems.

Excellence in construction is achieved through a team effort of the
owner, engineer, contractor, construction manager, inspectors, testing
firms, site staff and technical consultants as they are involved in
the project. The intent of this dissertation is to acquaint the owner
with his responsibilities and with those of his project team in
executing a quality assurance programme. The dissertation offers
general and specific definitions of critical words and phrases and
also emphasizes and stresses the importance of concepts and practices

that improve quality in construction projects.
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UNDERSTANDING QUALITY

2.1 DEFINITIONS

2.1.1 Quality

Quality is a term that is easily misunderstood. In everyday language
its synonyms range from luxury and merit to excellence and value.
Different companies also appear to mean different things when they use
the word, even to different groups within the same firm. Without
further refinement, continued ambiguity and confusion are inevitable.

A better understanding of the term is therefore essential.

If we are to define quality in a way which is useful in its
management, then we must recognize the need to include in the

assessment of quality, the true requirements of the customer.

Quality then, is simply consistently meeting the requirements of the

customer and this has been expressed in many ways by different

authors:

'fitness for purpose or use’ Juran

‘the totality of features and characteristics of a product or
service, that being on its ability to satisfy stated or
implied needs.’ BS 4778

'The total composite product and service characteristics of
marketing, engineering, manufacture and maintenance through
which the product and service in use will meet the expectation
of the customer.’ Feigenbaum.

Designers have often used a 'fitness for use’ definition for quality.
By contrast, a "quality is conformance to established requirements”
definition is more appropriate for the construction phase project.
The requirements may include availability, delivery, reliability,

maintainability and cost effectiveness. If the defined requirements




are met, quality has been achieved. This definition is unambiguous

and measurable provided the requirements are clearly specified.
2.1.2 Quality Assurance and Quality Control

When quality assurance is introduced, people sometimes have difficulty
in understanding what it is and how it differs from quality control

and inspection. The following explanation may help:

Inspection is the examination or measurement carried out during
construction to check that the contract requirements are met, it
provides a measure of how well the job is being done, but on its own
inspection does not prevent mistakes, merely identifies them, nor does

it guarantee that the job is done correctly.

Quality control is the activities and techniques employed to achieve
and maintain the quality of a product or service. It involves a

monitoring activity.

*... to worry whoever thought up the term "quality control”
thought if we didn’t control it, it would get out of hand’.

Jane Wagner (1987)

It is not really quality that gets out of hand, it is the absence of
quality that creates problems and quality control is only part of the

solution. Quality control is a system of checking any defects before

the product goes out of the door. Quality cannot be attained through

quality control inspection methods alone but from improvement of the

process.

Whereas quality control is designed to catch defects, quality
assurance is designed to prevent them. Defect prevention in a project

is not the purview of a reviewer, but of every project participant.

Quality assurance is more comprehensive than quality control. Quality
assurance is a systematic way of guaranteeing that organized
activities happen in the way they are planned. It is a management

discipline concerned with preventing problems from occurring by
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creating the attitudes and control that make prevention possible. An
airline pilot running through his pre-flight checks is an excellent
example of quality assurance. Quality assurance is a way of life; it
is concerned with changing attitudes and skills so that the culture of
the organisation becomes one of preventing failure and the norm is

operating right first time and every time.

It doesn’t make any difference how sophisticated we get with
measurement, or how sophisticated we get measuring the fact that we
are drowning, we still drown. Quality control is just the measurement

of drowning people, it is not preventing people from drowning.

Quality assurance is not just a matter of super quality control, it is
an entirely different thing. It is based on prevention rather than

containment.

The concept of quality control is that we cannot get things right
first time. It is statistically impossible. We have to learn how to
contain it to an acceptable quality level. If we do something wrong
for years, the perception is that maybe we ought to look at something
else, so we have to learn how to do something righct instead of let’'s

learn how to contain how much wrong there is.

The emphasis, therefore, changes from defect detection to defect

prevention.

Quality assurance must be applied across the board, encompassing
planning (planning what we want); designing (designing what we planned
for); specifying (specifying what we design); constructing (producing
and building what we specify); inspection, sampling, and testing
(evaluating the product to see if we are buying what we specified);
maintaining (maintaining what we build to provide optimum
performance); and monitoring (analysing performance of what was
constructed and feeding this information back into the system).
Reduced to its simplest terms, quality assurance requires proper

answers to the following five questions:

1. What do we want?




2. How do we order it?
3. How do we determine that we got what we ordered?

4. What do we do if we don’t get what we ordered?

5. If there is a fault how do we ensure that the fault doesn't

happen again.

In short, quality assurance involves the criteria and overall
methodology, while quality control involves the specific control

procedures and test programmes.
2.2 EVOLUTION OF QUALITY ASSURANCE

The evolution of quality assurance concept can effectively be traced
by studying its development in the manufacturing industry, which
parallels that of the construction industry. There is extensive
documentation on quality assurance in the manufacturing of various
construction materials. Some articles give broader treatment to
comprehensive quality programmes in specialized areas such as the
nuclear power industry. However, general trends in the evolution of
quality assurance are much more extensively documented for the

manufacturing industry than for the construction industry. (See Fig.

2.1)

There have been five stages in the evolution of quality assurance

1. Craftsman quality control was inherent in manufacturing up to
the end of the nineteenth century. During that time, one
craftsman, or at least, a very small number of craftsmen, were
responsible for the manufacture of a complete product, and

each craftsman exclusively controlled the quality of his work.

2. Foreman quality control occurred during the industrial

revolution when the large-scale modern factory concept
developed. During this stage, many craftsmen performing

similar tasks were grouped together and supervised by a
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foreman, who then assumed responsibility for the quality of

their work.

Inspection quality control evolved during World War I when the

manufacturing system became more complex. Because a large
number of craftsmen reported to each production foreman, full-

time inspectors were required.

Statistical quality control flourished during World War II

when tremendous mass production was necessary. In effect,
this step was refinement of the inspection step and resulted

in making the large inspection organisations more efficient.

Quality assurance evolved in the early 1960's. A dramatic
increase in user quality requirements resulted in increasing
customer demand for higher quality products, leading the
manufacturer to recognise the inadequacy of existing in-plant
quality practices and techniques. These all contributed to
excessive quality cost due to such items as inspection,
testing, laboratory checks, scrapping and reworking imperfect
products, and customer dissatisfaction. Statistical quality
control could never meet the challenge. Thus a totally new
concept was developed based upon the principle that in order
to provide genuine effectiveness, control must start with the
design of the product and end only when the product has been

placed in the hands of a customer who remains satisfied.

QUALITY ASSURANCE AND THE CONSTRUCTION INDUSTRY

While the evolution of quality assurance in construction is parallel

to that of the manufacturing industry, many dissimilar characteristics

distinguish the two industries. These differences, some of them

significant, must be considered when applying a manufacturing quality

assurance programme to construction:

1. Almost all construction projects are unique. They are single-

order, single-production products.
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2. Unlike other industries, which usually have a fixed site with
similar conditions for production, construction production

sites have no fixed/controlled environment.

3. The life-cycles of construction projects are much longer
than in any other production industry, so that projects evolve

according to time and circumstances throughout the life-cycle.

4. Since construction projects are a single-order design

product, the owner usually directly influences the

production.

5. The project participants: the owner, designer, contractor,

material supplier, etc. differ for each project.

Because of these distinguishing characteristics, it has generally been
considered that quality assurance procedures that work effectively in
a mass production industry are not considered suitable for the
construction industry. It is only in the past few years that some
major contractors have begun to recognize and adapt to construction
the quality assurance principles that have been employed successfully

in manufacturing.

The traditional approach to quality control in the construction
industry is inadequate. The time has come to adopt the quality
assurance principle used successfully in the manufacturing sector to

meet the need in the construction industry.

Fig. 2.2 represents a typical traditional construction project quality

control flow chart. This process results in the following trends:
1. Quality is designed into and evaluated for each individual
project each time. There is no comprehensive quality policy

employed to establish quality assurance for the entire industry.

2. No feedback system exists for re-examining quality control work.
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As a result, it is difficult to establish a data collection

3.
system to build on an information base that could lead to early
identification of defects.

4. No system exists to manage quality throughout the
design/construction process. While a "construction management”
block appears in Fig. 2.2, it is only the execution of the
construction plan and does not contain a quality assurance
component.

| Demolition and |
reconstruction
-No
Project
Quality design and Construction Completion Quality| Yes |Accept-
standard }—= | construction|—|management —> > | control ——>| ance
planning

Fig. 2.2 - Typical Comstruction Project Quality Control Flow Chart

A quality assurance chart (see Fig. 2.3) demonstrates the following

characteristics for a properly organized quality assurance programme

in the construction industry.

1.

[£%)

The quality assurance standard is derived from a current data
base created through feedback from previous projects, providing a

more uniform and comprehensive standard.

Design and planning, construction and evaluation phases are

integrated through the quality assurance system.
Defects are identified and corrected early.

Feedback expands the quality data base to eliminate repetition of

the identified defects.




is

Feedback

Project design
and

[9 construction |—
Policy
—>{Definition —
Quality — > |Quality |- =3
|5 | Standard Assurance —>|Construction —>|Future
— —> — |management >{ Planning
—> Organisational—]
Set up L
Evaluation —

Fig. 2.3 Quality Assurance Flow Chart

Information analysis, standardization and statistical approach, all
have been utilized separately in the traditional construction project.
Effective unification of these activities through the concept of

quality assurance is essential to improving quality.

2.4 BASIC PRINCIPLES OF QUALITY ASSURANCE
1. Involvement

Quality is not the responsibility of any one person or department, it
is everyone's job. We may have procedures and systems in place. Ve
mav have manager commitment, but still, the message is not getting
across - quality involves everyone. Only by involving everyone in a
practical way can we start to change people’s attitudes and really see
the benefits of improving quality throughout the Organisation. People
are the source of ideas and innovation and their expertise,

experience, knowledge, and co-operation have to be harnessed to get
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those ideas implemented. After all, the company is only as good as

the people in it.
2. Commitment

Within each and every department of the Company, basic changes of
attitudes will be required to operate quality assurance programmes.
The owners and directors of the organisation should recognize and
accept the responsibilites of initiation and operation of Quality
Assurance for the necessary changes to take place. Controls and
techniques are important in Quality Assurance, but they are not the
primary requirement. It is more an attitude of mind based on pride in
the job, and requiring total commitment from the top, which must then

be communicated to all the employees at all levels and in all

departments.

3. The 'Right First Time' Concept

Instead of the 'it shall not pass’ philosophy of the historical
inspection activity, the theme of quality assurance is, ‘make it right

the first time’
What is the 'Right first time’ philosophy?

a. An understanding that it is always cheaper to do it right the

first time.

b. A commitment that every job will be organized and planned with a

goal of no errors.

c. A recognition that the majority of defects and errors are caused

by management.

d. A belief that every error has a cause which can be identified and
eliminated.
e. Planned and measurable improvement towards a goal of error-free

performance.




f. Quality assurance is a journey not a destination that is, ‘Make

it right the first time, every time.'
4, Communication

1f Quality Assurance is to succeed in any organization it is important
for all managers, supervisors and staff to recognize the value and
influence of good communication as a vital link in creating and

maintaining standards of quality.

Failure to communicate effectively creates unnecessary problems,
resulting in confusion, loss of interest and eventually in declining

quality through apparent lack of guidance and stimulus.

2.5 COST OF QUALITY

In many companies, scrap, rework and similar quality failure costs,
absorb a vast amount of money, thereby seriously reducing the
profitability and sometimes even the viability of a concern. Quality
costs spread into almost every activity, and hence there are many
opportunities for improvement. Quality Assurance costs little to
operate, compared with the considerable savings achieved, improved

reputation and greater market share.

Quality cost and productivity are usually interrelated. Quality is

raised and costs are lowered, while at the same time, productivity is

enhanced.
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SYSTEM FOR QUALITY

3.1 INTRODUCTION

Definition

A quality system may be defined as an organisational structure of
responsibilities, activities, resources and events that together
provide procedures and methods of implementation to ensure the

capability of an organisation to meet quality requirements.

Quality systems concentrate on prevention, looking at the process,
identifying the opportunities for error and taking action to eliminate
them. The concept of quality assurance systems could be depicted as
an umbrella which protects the organisation from the rain of problems
which could descend upon it. Fig. 3.1 shows such a concept. Beneath

the umbrella are the various elements of a typical organisation.

The Need for a Quality System in Construction

In recent years a number of quality assurance schemes dealing with
construction materials and components have been set up. Surveys of
building defects, however, tend to show that the majority of such
defects arise not so much from poor materials or components as from
errors in design and specification, and from poor workmanship during
construction. Construction companies are now being asked to
demonstrate a formal quality assurance capability as a condition of
tender or contract. There is therefore a need for those involved in

construction to develop a quality system. (See Fig. 3.2)
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The Quality system seeks to provide objective evidence that the
required quality has been achieved. These objectives are: first, to
control what is produced to make sure it complies with requirements
(quality control) and secondly, to provide confidence that compliance
has been achieved and will continue to be achieved (quality
assurance). This assurance is needed by both the client and the
builder, the former so that he knows he is getting what he is paying

for, and the latter so that he knows his system is working

satisfactorily.

The ground rules of a quality system are laid down in British Standard
BS $750: 1987 which is the basis of both the International Standard
1SC 9000 and the Eurcpean Standard EN 29000. The standard is
applicable to all fields of manufacturing and service industries.
Some degree of interpretation ‘is therefore required for particular

jndustries such as design and construction.

Quality in

procurement

Quality in
specification

Quality in
construction

PSR = Lo T
2Th _chenlﬁ;:
s SO e 1503
qgnrements;, :

B e

Tend product

Fig. 3.2 The Need For Quality Throughout the Construction Process




3.1.1 Evaluation of Quality Standards

Quality standards are not new; they have been defined or implied for
centuries. One of the earliest recorded inspection systems was that
of the superintendent of the Necropolis in Ancient Egypt. His job was
to inspect and approve all goods going into the tombs of the
Pharaohs, the approval being indicated by his mark on each item. In
the case of Tutankhamun, the marks show that the horizontal members
(beams of blocks) of two of the beds were transposed, confirming what

still applies today, that things are most likely to go wrong when you

are in a hurry!

In the first instance standards were evolved so that those failing to
meet requirements would be punished, in modern times meeting the

requirements has become an indication of pride in the work.

3.1.2 The Quality Standard

BS 5750: 1987 is published in the following parts (references given in

brackets refer to the identical part in the ISO 9000 series):

Part O (ISO 9000), Principle Concepts and Application:

This provides guidelines on the selection of the other parts of

the standard, and clarify some of the basic concepts used in QA.

Part 1 (ISO 9001), Specification for Design/Development, Production,

Installation and Servicing:
This part is for use when the supplier has to demonstrate

conformance to specified requirements from design through to

production, installation and servicing.

Part 2 (ISO 9002), Specification for Production and Installation:

This part covers production and installation only (where the

design is not carried out by the supplier).

3 (150 9003), Specification for Final Inspection and Test:

sl
[
I
T

This part covers the procedures necessary to assure a client that

the final inspection and testing has been carried out properly.
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Quality Standards and the Construction Industry

part 2, "Specification for production and installation” is more
applicable to the construction industry because most contracts are set
on the basis of designs produced by architects and engineers. Where
contractors are responsible for design as well as construction, then

they also need to satisfy Part 1.

Some basic explanations are however, necessary throughout B5 5750 to
apply it to the construction industry. Under the BS the client or
customer is referred to as the 'purchaser’, and the contractor is
referred to as the supplier. The word ’'product’ is used to refer to
whatever the supplier (ie. the contractor) is producing. 'Product’
for a contractor can therefore mean the whole of, or a section of the
project. For a specialist constructor, architect or consulting
engineer, the ’'product’ would be the service he provides. When

reading BS5 5750, contractors will need to bear these interpretations

in mind.

Companies looking at the introduction of a quality system for the
first time would be advised to examine all aspects of a system

outlined in Part 2 of the standard, they should also bear in mind that

in the Introduction (Part 0) it is stated:

nit is intended that these International Standards will
normally be adopted in their present form, but on occasions
they may need to be tailored for specific contract

situations.”

Thus the Standard itself gives contractors leave to agree with their

clients that the requirements of the standard may be modified in

certain circumstances.

3.2 DEVELOPING A QUALITY SYSTEM

3.2.1 Initiation

The first step in the development of a system for quality is to
establish the philosophy which will provide a sound foundation for
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what is to come. Action is required by the chief executive and his
board of directors since these are matters which only they can
articulate. A statement of sound quality policy, together with the
organization and facilities to put it into effect must be made. At
the same time they should appoint a "management representative" whose

task will be to initiate and monitor the operation of the quality

system.

Every organization should develop and state its policy on quality,
together with arrangements for its implementation. The content of the
policy must be known to all employees. One of the principal aims of
an effective quality policy is to ensure that quality becomes
everyone'’'s concern (see Appendix 1 for a typical example of quality

policy).

The Basis of a Quality System

The Quality system uses as its basis the British Standard 5750: 1987,
but recognises that the best way of approaching quality assurance is
to work from the company’s existing good management and technical
policies towards the documentation and procedures required by the
standard. The Quality system in use must be appropriate to the type

of activity and product or service being offered.

When a company is going through the initial process of introducing
quality assurance, it may need a complete "cultural” change and the
burden of the job of a quality management representative is to provide

the drive for this change.

The quality system should be a living thing, not a bureaucracy or a
paper-work model. Applying B5 5750 and writing procedures and manuals
does not mean we have achieved quality. To make the system come to
life requires the involvement of every person in the orgaﬁization.
This can only be achieved by effective communication about what the
system is, how it operates, and what role each individual plays in it.

these insights are developed by staff training.




Aim of the Quality System

The aim of setting up a quality system is to lay down in accordance
with established criteria, procedures which will assist those who do
the work to achieve the required quality and to monitor the results.

Thus not only will quality be achieved, but it will be seen to be

achieved.

In its early stage, a new quality system can be over formal, there may
be too much rigidity and it will take time before the system matures
and operates smoothly and efficiently by the staff. However, progress
will be gradual and evidence of its achievement will come when it is

realized that certain activities are no longer the problems they were.

3.2.2 Organization

To be effective the quality system requires an organization which
clearly defines ’'who does what' and how the responsibilities and the
authorities contributing to quality are delegated. This delegation
and definition of responsibilities is most effectively achieved by

documenting and issuing appropriate:

_ job descriptions

_ organizational charts - identifying the primary position and
reporting routes of the company.

_ procedures - which clearly define responsibilities for specific

activities.

Effective delegation and clear reporting and decision-making
responsibilities will minimize problems and confusion and help to
motivate staff who should clearly know what they are supposed to do

and how they are to do it.

The recomme¢nded organization is shown in Fig. 3.3. This places the
quality assurance function as a staff function directly responsible to

the managing director.
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Audit Management System Training Q A Persommnel
Assessment/Audit

Fig. 3.3 QA Department function structure

3.2.3 Quality Assurance Department

The Wav It Is

In some construction companies there is a department which is given
the responsibility of quality. Usually this department is only
responsible for the control of the quality of the constructed items
and has no responsibility for verifying that all activities which

preceed the execution of the works are correct.

The Way It Should Be

Companies should look towards the total integration and control of all
activities. This cannot be achieved solely by the efforts of the
department respcnsible for quality control or inspection, as the
result will be only increased activity in inspection and testing,

probably resulting in increases in the costs of putting things right.

It is, therefore, necessary to appoint in an executive position, a
person who is to be responsible for the quality assurance function.

This person should have management capabilities and will be expected
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to be the guide and philosopher of the quality system. It is
essential that this person should occupy a senior executive position
in the organization and has independence of action in order that he

should have the authority to install and maintain the quality system.

The QA Department's Responsibilities

The responsibilities of the QA Department will be:

1. To verify the implementation and adequacy of the quality
programme.

2. To identify any deficiencies within the programme.

3. To verify that corrective action has been taken to correct

deficiencies and that action has also been taken to prevent a

recurrence,

4, To verify that personnel operating in the quality assurance

function are adequately trained to carry out their activities.
5. To develop objectives, policies and budgets.
6. To make systematic use of all resources to achieve QA objectives.

Returning to the umbrella analogy, which is shown in Fig. 3.1, the
quality assurance department would, during verification activities,
identify 'leaks’ which may occur and would be instrumental in
verifying that these "leaks’' are patched up by the appropriate
department to prevent further 'leakage’. These leaks could occur
anywhere - in administration, design, comstruction, or elsewhere.
~ Hence the requirement that the person responsible for quality should

be independent of the cther functions.

However, the management should bear in mind that setting up a
QA department will not take care of quality. Quality objectives can
only be achieved if everyone is responsible for quality, with the

quality department acting mainly as a co-ordinating function.

e N




3.3

The ele
illustrated in Fig. 3.4.

ments of a quality system appropriate
These are divided into two parts:

ELEMENTS OF A QUALITY SYSTEM

for construction are

1. The company'’s quality manual

2. The particular quality programme,

jnstructions for a specific contract.

and

quality plans, work procedures

Company Compony
quolity quality policies,
orgonization
strat
egy and procedures
P Description
Quality” of quality
progromme management
I e and general
procedures for
| the contract
|
Documents Todtics Quality . .
fora for the phons Lists of quality
contract specific requirements
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ond performing work
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Fig. 3.4 The Documentation for a Quality System

3.3.1 Quality Manual
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manner. It is a management tool to keep employees aware of their
responsibilities within the quality programme; it can thus become an
effective training document. It is a document of intent, describing

what is done to assure quality.

In writing the quality manual, the following questions should be asked

with regard to each requirement being met:

What is done? (to meet the requirement)

Why is it done? (or why is it done that way)
Where is the requirement met?

When is the requirement met?

Who is responsible for ensuring that it is done?

How is it done?
3.3.2 Quality Programme

A quality programme is the written description of the quality system
for a specific contract stating the organization and responsibilities.
It will also list appropriate general company procedures and contain a
commitment to meet the specific work procedures required for the

contract, such as concrete production and pre-concrete operation.

The stages of developing a quality programme from the appointment of
the QA group to the implementation of the system are best described in
flow chart form. (Fig. 3.5)

3.3.3 Quality Procedures

A procedure can be defined as a " document that describes how an

activity is to be performed and by whom".
Procedures provide instructions to all levels of personnel which:

1. ensure uniformity of understanding, consistency of action and

continuity of performance when personnel changes occur.
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2. can be used as a basis for control, audit and review of the

system and their effectiveness.

Procedures should be brief and to the point. They should be confined
to routines which the management wants to be treated as obligatory.
They should not be confused with technical specifications. It is to

be expected that they will require amendment from time to tome.

The chief engineer has to arrange the writing of the quality
procedures which govern the immediate items of work, such as
excavation, pre-contract inspections and post concrete inspection.
Other procedures will then follow as required. It is essential that
these procedures should be written by the parties responsible for
carrying them out, ensuring that they intend to satisfy both the

specification and the assurance requirements.

The QA department role here is to be only one of guidance,

recommending procedural requirements in consultation with the

department or discipline concerned.

3.3.4 Quality Plan

A quality plan summarizes the quality requirements for a particular
jtem of work and identifies relevant contract documents, procedures
and any certification, inspection or hold points required. It
provides a check list of what needs to be done to attain, verify and

document the specified quality of the item concerned.

The first issue of a quality plan must be made before work starts on
site. Preparation should be commenced at the tender stages as part of

the normal routine of construction planning.
Quality plans should include ihe following:
Quality objectives.

Allocation of responsibilities and authority.

Procedures, methods and work instructions.

s W N

Inspection and testing.
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5. Review and update.
6. Record.

3.3.5 Work Instructions

A work instruction is a written or verbal instruction detailing how a
specific task is to be done. Examples of work instructions would be
those for use of re-inforcement couples, sampling concrete, making

concrete cubes.

3.4 QUALITY SYSTEM REQUIREMENTS FOR CONSTRUCTION

The requirements of B5 5750, Part 2, the part relevant to general
contracting, are presented here, with explanatory notes as applicable
to the construction industry. The interpretation is intended to be
explanatory only and does not convey the full contractual significance
of the original text. For more detail on this matter, the reader may
refer to "CIRIA Report 74: 1990" and to "Quality Assurance for
Contractors" issued by the Federation of Civil Engineering

Contractors:

BS 5750 Part 2 identifies:-

1. Management responsibility -
Management should state its policy and objectives. They should
specify who is responsible for quality functions as set out in

the quality manual.

2. The quality system -

Management should establish, document and maintain a quality

system.

3. Contract review -

The contractor should review the client’s requirements as set out
in the drawings and specifications. This review should be

carried out before tendering.




10.

11.

Document control -
The contractor should operate a procedure for ensuring that

drawings, specifications and other working documents are properly

controlled and kept up to date.

Purchasing -
The Contractor should ensure that construction materials and sub-

contracted work complies with specified requirements.

Client supplied products or service -
The contractor should ensure that all parts of his construction

work are clearly identifiable with particular drawings,

documents, etc.

Product identification and traceability -
The contractor whould ensure that all parts of his construction

work are clearly identifiable with particular drawings,

documents, etc.

Process control -
The contractor should plan and control the work on site and

prepare written method statements defining how work is to be

done.

Inspection and testing -
Verification of compliance with specifications should take place

on receipt of materials, at intermediate stages and when work is

complete. The criteria for compliance is defined in the contract

specifications.

Inspection and test status -
The contractor should establish a system whereby the work-force

can distinguish between work which has been inspected and found

acceptable and that which has not.

Control of non-conforming product -
The contractor should establish a procedure to identify,

segregate, repair or remove defective materials or workmanship.




12.

13.

14,

15.

16.

17.

3.5

Corrective action -
This is applicable to any failure to conform with requirements.

It is essential to ensure that corrective actions are effective

in preventing a recurrence of non-conformities.

Handling, storage, packaging and delivery -
The contractor should operate procedures to prevent damage or
deterioration to construction materials during construction and

after completion prior to hand over to the client.

Quality records -
The contractor should identify the records to be maintained to

show that work has been carried out in accordance with
specification. Documentation of records should be agreed with

the client when necessary.

Internal audits -
The contractor should carry out independent internal checks to

ensure that his quality system is achieving its objectives.

Training -
The contractor should provide proper training to personnel who

are to undertake any work which needs special skills. Records

should be kept of people with specific skills.

Statistical techniques -
Statistical techniques should be used to establish conformance

with specifications, as in the case of interpreting the results

of concrete cubes.

AUDITS

A good quality system will not function vithout adequate audit and

review. Audits are carried out to make sure that actual methods comply

with the documented procedure. The main surpose of auditing is to

provide an impartial professional assessment of management and

operating efficiency, to identify opportunities for improvement and to

make recommendations for more cost-effective operations.
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BSI QA Services, Lloyds, and Yarsley Quality Assurance Firms Limited.

Independent third party certification ensures that the QA system of
the firm is organized in line with modern practice, it improves
product design and saves money. Feedback from the certification
process itself often leads to an improvement in the product standards
themselves. For the user, third party certification gives greater
confidence in both the management system of the supplier and the
integrity of the product, it saves product inspection and failure

costs, it improves design and helps to improve overall quality

performance.

There are two main benefits of the certification of quality system.

1. Pre-qualification
Third party certification may become a condition of

pre-qualification for certain classes of work.

2. Internal discipline.
A programme of audits by a third party is a valuable aid to

internal discipline.
3.7 QUALITY SYSTEM BENEFITS

The benefits of installing a quality assurance system in a

construction company are quoted as:

- Greater efficiency

- Less remedial work and defects

- Better control of operation

- Greater management confidence and client satisfaction

- Improved quality and quality awareness

- Engineering efficiency and awareness.

- Improved administration of change control and achieving
information services.

- Market stability and increased business opportunities.,

- Improved job satisfaction.

- Easier integration of new staff.




CHAPTER 4

““The material is often used without the know-
ledge of the supervising engineer.”
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PROJECT TEAM: ROLES ARD RESPONSIBILITIES

4.1 THE PROJECT TEAM

Most construction projects are developed by a team consisting of an
owner, consultant and contractor. There are, of course, many other
professionals who play significant but more limited roles within the
overall project. The major participants (owner, consultant,

contractor) are involved in nearly all phases of the project.

Each member of the team must be dedicated to quality and must assumeé a
share of the responsibility for quality. Overlapping areas of
responsibility must not be ignored by any team member. The failure of
any of the team to perform properly will defeat the effort of the
whole team. An equation for this characteristic of quality might be

written:

Owner quality x Engineer quality x contractor quality =

project quality

where poor quality by any member of the team lowers the overall

project quality.

Quality is measured by the satisfaction of all the parties involved.
The satisfaction of the owner at the expense of the satisfaction of
the contractor would diminish the quality of the project. Similarly,
the protection of the engineer and owner to the detriment of the user

would negate the quality.




4.1.1 Determining Project Team's Roles

Role clarification is required for the project team to function
properly. A considerable amount of time can be saved and
misunderstanding averted, if roles and responsibility are clearly

defined at the outset.

Some of the factors which inhibit the project team are:

* Poor communication of information to the other teams or
individuals in time for it to be useful.

% Lack of understanding of where decisions are taken or goals
set.

% Low involvement of other teams in reaching decisions.
Failure to identify and use systems, methods or techniques for
specific activities.

* Absence of corrective action.

Therefore, to achieve quality, it is essential that each participating
organisation understands in advance, exactly what the roles,

responsibilities and activities of all parties will be (see Fig. 4.1)

4.2 THE OWNER’S ROLE

A successful project begins with the owner. The broad
responsibilities of the owner on construction projects include two
major factors that contribute to a quality project. The first is the
development, by the owner, of a complete; clear and documented
statement of his requirements and objectives for the project. The
second factor is to promote a thorough understanding to other team

members of the role and responsibilities of the owmer.

Owner Objectives

An owner usually states his objectives in this way: "I want a good

job, on time, and within budget." This generalized objective is not

enough.
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Actual objectives for a particular project must be more comprehensive.
Objectives should be detailed and refer to specific aspects of a
project, such as function, operation, programme, technical matters,

quality, aesthetics, administration, fiscal and management

requirements.

An owner cannot expect poorly communicated objectives to be fulfilled.
The owner and consultant should develop good lines of communication
and agree on how the objectives will be achieved. They should realize
that thorough analysis of all relevant factors will greatly enhance

the probability that set objectives will be fulfilled.

4.2.1 QA Requirements

A QA System requires full owner commitment prior to the selection of
the consultant and contractor. The owner cannot assume that these
organisations will automatically implement their own QA because each
is under pressure to reduce costs and construction time. The owner
can only assure that they actively participate in the QA effort by
ensuring that specific requirements for quality are included both in
his contract with the Consultant and in the Contractual documents.
The owner, however, should also bear in mind that it is not sufficient
for him to rely on contract provision to achieve well-managed QA. He
should himself monitor and audit the designated QA responsibilities,

{in order to ensure that they are met in accordance with the contract

requirements.
4.2.2 Selection of Consultant

The owner should establish a policy and procedure for procurement of

professional engineering services.

The selection of a consultant engineer based solely on price rather
than qualification and experience may result in the owner receiving

less than perfect professional services.

Through useful consultant selection and the adoption of specific

contract clauses, the owner can minimize potential difficulties and
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capitalize on the consultant’s experience in design and construction

QA Programme.
For optimal results, the owner should:

1. Select the consultant with careful consideration given to his

capabilities in design and field operation.

2. Require the use of a specialized consultant for

functions outside of the designer’'s expertise.

Establish the authority and responsibility of the consultant

(V)

to perform contract administration and QA functionms.

4. Establish specific requirements for full documentation and

reporting of all changes in project design and scope.

Appendix A shows a sample of an engineering firm questionnaire and a

consultant selection rating form.
4.2.3 Selection of a Contractor

Contractors should be selected based on competition, where criteria

includes experience and qualifications, rather than cost alone.

In order to identify a preferred contractor, it is necessary to assess

his capabilities in a number of areas:

1. Engineering: Does the contractor have the professional

capabilities to carry out the work?

2. Quality system: Does the contractor have an efficient and

effective quality system and good track record in this field?
3. Economics/programme: Are the contractor’s prices right?

4. Financial stability: Are the contractor’s finances in order?




4.2.46 Degree of Influence of Quality during Project Life

The control of quality is strongly influenced during the early life

cycle of a project. Fig. 4.2 illustrates this concept.- Decisions
made in the initial stages of design are more difficult and costly to
change once detailed design and construction begins. In this context,
jt is strongly recommended that the owner should make good use of the
design phase rather than make changes during the construction phase.
(It hac been shovn that iu the early design phase, monthly cost may be
only 10% of those during construction phase. The significance of

ensuring that all major decisions are made during the design stage is

therefore obvious.)

LEVEL
OF
INFLUENCE

DECREASING INFLUENCE

peve oo ff cue mmem o -t —

4— 0
0% |- 4=4— >| A
DESIGN OPERATION
pERIOD CONSTRUCTION PERIOD

PERIOD

Fig. 4.2 Opportunity to Influence Project Quality and Cost

4.2.5 Other Responsibilities

There are other responsibilites of the owner, in addition to those

already mentioned which contribute to achieving quality. These

include:
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to fully disclose facts

to be truthful

to be realistic in the assumption of risks and liabilities.

to make timely decisions.

to ensure that the project is funded properly: providing timely

and correct payment for work completed is critical for

* % % % *

contractors. One significant task of project adminstration is
predicting, monitoring and controlling project cash flow.

* if possible, to avoid concurrent design and construction.
This situation frequently causes expensive and embarrassing
rework with adverse impact on quality, particularly if these

two functions are being carried out by separate organisations.

4.3 CONSULTANT ROLE

The consultant has the responsibility and the duty of setting the
appropriate quality level to fulfill the project requirements, to
promote safety for the user and public, to develop built-in durability

and to minimize maintenance.

Whereas the owner’s role is important as the "initiator", the
consultant role is equally important as the "implementor™. Without an

experienced skilled designer, the project cannot proceed.

4.3.1 Design Assurance

"Design Assurance" is defined as ’those planned and systematic actions
taken to provide confidence that the completed design will satisfy the

requirements of its intended use.’

A typical design assurance programme coOVers all phases of engineering
associated with the project, including the definition of requirements,
drawing and specification control, verification of design adequacy,

control of changes and supporting documentation.

This approach focuses on preventing errors or defects in the

engineering activities. Table 1 adapted from a text on design
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assurances (Burgess 1984), presents an insight into the evolution of

the various elements from virtually no control to a fully-integrated

approach.
4.3.2 Action by QA Manager

During design stage, the QA Manager should follow up and expedite all
missing or ambiguous information until he is satisfied that each
section engineer knows what has to be done within his own department
(civil, electrical, geotechnical, structural, etc.) and that he has
the necessary tools with which to do it. It is helpful of each
section engineer to compile, from the contract, a checklist covering
what he considers to be lacking or not understood. These checklists

are then reviewed with both project management and client.

During tendering stage, the QA Manager'’s responsibilities are to
review each tender for compliance with the quality system, quality
acceptance criteria, inspection and test plan, certification and
monitoring all comments made by others prior to selection of the

contractor.

For the QA manager's responsibilities during construction stage refer

to chapter 3.

4.3.3 Social Factors

There are social factors or forces which are as relevant as the
technical factors in affecting the overall quality of a project.
These need to be considered by the consultant prior to the starting of
design work. These factors are: political, social pressures of
various groups, legal problems, the human environmental factors and

the pressure of 'rush’ (pressure to finish the project in a rush).

The best way to handle these problems is for the engineer to recognise
these activities during the formative stages, and compensate for this

as far as possible in design and planning.




Wwhen assurance of quality is viewed as a system, every activity -
political considerations, social pressures, preliminary planning,
economic factors, financing, human and environmental factors, design,
drawings, specifications, bidding, training of field personnel,
inspection, testing, product control and feedback - becomes an

essential factor in the overall achievement of quality.

Only in such an overall system concept, giving due weight to each
factor as the case may require, can the quality desired be achieved at

minimum cost, and society be best served.
4.3.4 Consultant Role During Construction

The system for control of quality during the construction phase must
be fully designed and operational before construction commences.
Control in the field may be divided into two aspects which fit in with

the two basic responsibilities during construction:

1. Product control and inspection by the contractor to assure the

work will meet the requirements that he has contracted to produce.

2. Acceptance of completed works at various stages, by the Engineer.

This acceptance signifying to the owner that the works conform to the

contract.

4.4 CONTRACTOR'S ROLE

The contractor has direct control of the quality of construction of
the project. His primary responsibility, both contractually and
morally is to meet the standards specified by the designer. Quality
can be seriously eroded if the contractor does not carefully review
the contract documents at the start and evaluate specific requirements

and unforseen risks.

£




4.4.1 Bid Preparation

In planning a job for bidding purposes, the contractor first
encounters the control of quality. 1If the contractor’s planner or
estimator fails to recognize the potential problems and to make
allowance for them, then the groundwork is laid for reduction of
quality. On the other hand, if the drawings and specifications are
carefully appraised and comprehensive planning and realistic estimates

are made, then the quality required will be attained.
4.4.2 QA Requirements for Contractors

The contractor should be required to show a quality assurance plan.
This plan will be a contractor’s statement of intent to perform the
required construction and associated quality assurance tasks. The
plan should be approved by the owner and engineer prior to contract
award. The implementation of the plan should be monitored by the

engineer/owner during the construction phase.

Quality assurance for the contractor is a way of approaching a

project:

- by thinking about the end result from the beginning, and

creating plans.
- by ensuring the works are satisfactorily carried out and

inspected systematically.

- by producing documents to demonstrate that the specification
for materials and workmanship have been met.

- by auditing the procedures used to demonstrate that the planned

approach has been observed and has been successful.

The end result should be a client with greater confidence in the

project he has financed and greater confidence in the contractor who

built it.




4.5 OPERATION AND MATINTENANCE OF THE COMPLETED PROJECT

Project team members should cooperate to produce a project which can
be reliably, safely, and efficiently operated and maintained. These

activities are important in providing a quality project.

For best results, the owner should involve experienced operation and

maintenance personnel to advise on project design early in the

planning/design phase.

The designer is responsible for preparing plans and specifications
according to the owner's needs, incorporating operation and
maintenance consideration learned from prior experience and from the
owner of O&M personnel. The designer should include the contract
documents provisions for equipment performance criteria, repair and

replacement warranties and adequate manufacturer supplied O&M manuals.

The contractor should document significant elements of the work
including changes made during construction to assist the owner or

designer in preparing record drawings for the completed project.

4.6 SUMMARY
A successful and good quality project can be characterized as follows:

- The owner has a good definition of what is to be built and how it is

to perform.

- Competent professionals are retained by the owner to study, plan and

design the project to serve the owner’'s need, and to minimize the

risk of problems and failures.

- An experienced contractor concerned with providing a good job is

selected to carry out the work.

- Good communication attitudes create a team who co-operate in

producing quality construction promptly and resolve problems.




CHAPTER 5

A fundamental question is whether the
consulting en%ineer should bear vnlimited risk
in light of his

imited benefits.
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COMMUNICATION AND SUPERVISION

5.1 THE IMPORTANCE OF COMMUNICATION

For a QA system to function effectively, a construction company must
have communication systems of different types: interpersonal,
interdepartmental and interorganizational. Communication systems are
the central nervous system that make it possible for hundreds of
people to do dozens of tasks in an integrated and orderly way, and to
coordinate their efforts and skills toward a common goal. It is
important therefore for all managers, supervisors and staff to
recognize the value and influence of good communication providing a
vital link in creating and maintaining standards for quality. All
must learn the characteristics of the various methods of communication
- verbal, non-verbal, written, graphic and electronic communications -

and select the most appropriate for each situation.

5.1.1 Communication-related Problems

As mentioned in Chapter 1, many of the construction failures are due
to communication/coordination problems. These problems occur between
owners and designers, various design disciplines, designers and

contractors, owners and contractors.

Some of the most common construction problems were outlined in a
survey carried out by ASCE in various parts of USA . Table 5.1
describes the type of problem, consequences and remedies, the
technical cause and the 'basic cause’ (the root of the problem).
These are found to be fairly commonplace problems associated with many

projects, large and small. These problems were not generally the
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TABLE 5.1 -Description of
nation Fallures

Structural Problems Due to Communication/Coordi-

Location

(¥

Type of problem
2)

Projected
consequences /remedial
actons
(3)

Technical cause
(<)

Basic cause
()

Creat Lakes

Suutheast

Southeast

Northeast

Midwest

West

Midwest

Northeast

East Cen-
tral

South Cen-
tral

Cracking and failure

of piasters sup-
porting roof girders

Masonry walls of
HVAC room which
cracked and moved
when system pres-
sunized

Walls not designed for
blast pressures as
required for pro-
cess safety

Rapid corrosion of
roof bar joists and
tower supports by
chiorine fumes

Severe oscillation of
tall process stack
during periods of
moderately high
winds

Ineffective wind brac-
ing. as constructed
on tall steel frame

Precast double T sup-
porting stub col-
umn which cracked
and moved

Distress of roof due to
snow loading

New steel between
6th, 7th, and 8th
flcors which pro-
duced a leaning ef-
fect on building

Cracks in elevated
structural floor slab
of packing room

Could have resulted in
roof collapse; rebuilt
girder supposts

Could have collapsed
inward; recon-
structed reinforced
masonry

Would have failed at
design blast pres-
sure; reconstructed
reinforced concrete

Near collapse of roof,
rebuilt with pro-
tected structural
members

Could have resulted in
stack collapse in
high winds;
changed bracing,
added strakes

Could have resulted in
frame failure; rede-
signed and rebuilt
bracing

Could have failed un-
der load; provided
reinforcement of
double T

Near collapse of roof;
installed new,
stronger girders and
joists

Reset steel and modi-
fied the connections
to adjust to 1 in.
Jdifference

Collapse was a possi-
bility; performed
epoxy treatment of
cracks and added
structural steel

Inadequate reinforce-
ment for girder

support

Failure to design for
internai laterai
pressures

Intended function of
walls not under-
stood by designer

Unrecognized corro-
sive atmospheric
conditions of plant

Von Karmen vortex-
shedding not con-
sidered in stack de-
sign

Bracing point altered
by feld for needed
equipment clear-
ance

Column improperly
located by field
erection forces

Drifting elfect of para-
pets on snow. Not
recognized by
codes and design
practices

Steel misfabricated
based on poor field
measurements

Platform designed for
handtrucks; fork
lifts actually used

Switch of designers in
midstream, without
orientation of new
designer to status
of work

Lack of communica-
tion beiween me
chanical and struc-
turai/architectural
designers

Lack of communica-
tion between own-
er's process engi-
neer and structural
designer

Lack of site visit by
designer or com-
munication with
plant management

Failure to communi-
cate a chronic,
known problem tv
a new designer

Lack of communica-
tion between de-
signers and field/
design

Lack of understanding
by field; poor com-
munication with
designers

Failure to communi-
cate a chronic,
known problem

Lack of cooperation in
getting field mea-
surements for
structural members

Lack of communica-
tion between own-
er's representative
and designer
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result of new technology technical incompetence but rather of a

communication/coordination breakdown.

5.2 THE IMPORTANCE OF SITE MANAGEMENT

Site management is more likely to be successful in achieving good
quality when lines of authority and responsibility are clearly defined
and understood. Also, when the site staff have the opportunity to

contribute to and take responsibility for quality achievement.

This chapter discusses the role of site representatives who are
directly connected with construction. It also discusses material
quality management on site, construction workers and

subcontractors/suppliers.
5.2.1 Need for On-site Representatives

Adequate representations on site from the organisations involved is

important for both the quality and the efficiency of construction.

Depending on the size of the project, the complexity of the materials
and difficulty of construction operations, site representatives from
at least four types of organisations are recommended. First, an
owner's representative is required to manage and coordinate the work
of several contractors at the site, to manage the owner's QA
activities, to give quick direction if unanticipated conditions are

encountered, and to approve changes.

Second, representatives from agencies with jurisdiction over the
project or inspection and testing agencies that will check for
conformance to requirements. Their involvement includes in-process
inspection and testing, documentation and the timely resolution of

problems so that they are corrected before they become serious.

Third, representation from the.h{ consultant who prepared the design

is necessary to achieve quality and avoid reconsidering faulty works.




Among the many of his activities on site, the following are especially

important in meeting quality requirements.

Interpreting the plans and specifications.

Identifying technical requirements and anticipated risks.
Updating plans and specifications and predicting changes
during construction.

Offering recommendations, advice and suggestions to the

contractors.

Finally, a representative from the contractor whose job is to
supervise and direct the work competently and efficiently and ensure
that proper techniques and procedures are used. One of the main
qualifications which he should possess is the ability to deal
productively with the many people on site of diverse education,

training, experience and skills.

Site representatives should support construction operations and avoid
or quickly resolve problems or conflicts in order to expedite the
construction process. Appropriate site representation is a key means
of providing continuity in construction. The owner should analyse the
project early and identify special requirements that influence the

need for site representatives from designers, suppliers and others.
5.2.2 Site Management-related Problems

There are many obstacles and problems which face the site
representatives in carrying out their duties. These obstacles were
identified in a survey made and published in the 1987 NEDQO report on
"Achieving Quality on Building Sites". The key findings of this

report concluded that:

Site management spends too much time chasing late drawings and
other project information.

Contractual arrangements, as such, have little influence on the
quality achieved, but management structures have considerable

influence.

Inadequacies in the quality, completeness and accessibility of

e e A e e e
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the project information are a major handicap in the achievement

of project quality.
o Site managers often have to spend time dealing with technical

queries to the detriment of other aspects of management.

5.3 MATERIALS QUALITY MANAGEMENT

Material quality management is an essential part of construction
quality and requires the same degree of planning, prevention,

appraisal, and corrective action as design engineering and

construction.

There are high costs associated with poor quality of materials and
equipment, including schedule delays, rework, loss of productivity and

loss of competition. Fig. 5.1 shows the quality process for

materials.

Quality
Planning

Audits ‘
Evaluations
On-Site *
QA/QC
Fabrication & Supphcv
Pre- Shlpm!r\l Quahty
Vcnﬁuhon Evaluarm

Supplrer

Qualuy
Contred

Fig. 5.1 "Quality Process" of Construction Materials.
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Achievement of the correct levels of construction quality should be a
major factor in the selection of subcontractors and suppliers. The
application of the supplier’s quality assurance programme is very
important to prevent shipment of non-conforming materials. As in
every construction system, QA starts with the owner, but extends to
the engineer, who is responsible for standards and specifications, and

to the contractor, who requires quality products of suppliers and sub-

contractors.

One of the factors to assure quality in materials is planning. Good
planning can avoid unpleasant surprises and delays due to quality
breakdown in the materials management system. Poor planning leads to

changes of suppliers and poor suppliers performance, both of which

adversely affect project quality.
5.3.1 On-site QA for Materials

The key to effective on-site control of incoming materials is pre-
establishing responsibilities. One individual, probably the site

engineer or materials manager, should be responsible for determining

whether materials can be accepted, returned or replaced.

Field quality assurance of materials should occur prior to receipt and

include the following:

1. Planning: Purchase orders for materials must be available and
inspection criteria should be developed prior to the start of

materials deliveries.

2. Visual checks; materials must be checked for shipment damage,

improper making and shortages.

3. Document review: documentation required specification should

be reviewed to ensure the materials meet the documented

requirements.

4. Notification of supplier: suppliers must be notified of

deficiencies in quality or quantity delivered.




e

5. Installed equipment protection: The contractor must have plans
and procedures to protect installed equipment during the

construction activities.

A form of documenting field quality problems is shown in Fig. 5.2. It
indicates cause, status, and proposed corrective actions. Also a

checklist of times relating to QA/QC is shown in appendix 2.
5.4 CONSTRUCTION WORKERS

Construction workers include carpenters, bricklayers, pipejointers,
steel fixers, crane and machine drivers and labourers. The skill and
care in execution of the work of these people will determine whether

the required quality is achieved first time.

To achieve the required quality, the feeling of responsiblity must be

built in all workers:

.

To follow the agreed written procedures.

To use materials and equipment correctly and as instructed.

To draw attention to existing or potential quality problems and
report all errors, defects and wastes.

To suggest ways in which risk of errors or quality problems could

be reduced.

To get the best out of workmen, they must be given freedom and
responsibility to act on their own initiative within defined limits.
They must have quick communication with one another, and their areas

of action must be clearly defined.
5.5 SUBCONTRACTORS /SUPPLIERS

Contractors occasionally purchase items or services from others.
Therefore, it is necessary to have control over these activities since
they affect the quality of contractor’'s finished work.

QA programme standards require that the main contractor should ensure

that the subcontractor's quality system is effective. He should
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OFFICE CHECKLIST:
FIELD QUALITY NOTICE

Pioject:

Report No.

Coatractor: Date:

Problem:

ftem ldentification: Vendor:

Specification No.:

Orawing No.

Date Found:
Date Needed:

Work Calegory:

Work Area:

Demolition O Eathwok O Concrete O Steet O  SheetMewat 0 waiding O
U’G Pipe O A/GPioe O Equoment O Paining G tnsulation O  Electricat O
tnstrumentation @ Roofing O Omer a

Possible Cause:

_Owner Change O Vendgor Change (8] Teansportation Emroc O

Design Change O Vendor Eror 8] “Other

Design Ercor o Construction Eror - O

Design Omission O Construction Change O

Problem Found:  Receipt inspection O Has Vendor___ Carrier___been notified? Yes O NoO
Before instaliation O Contact Date N/A
Dwring instatiation O Correction 10 be made by. Contractor O
Afer dnstatiaton O vendor O
Descripion of Probs

Representative

Description of Solt

Contractor Date

Remarks:

Fig. 5.2 Field Quality Notice

-2
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request the detail of their system and then determine what checks he
should still carry out to ensure compliance. A supplier with a
consistent quality programme will usually provide a superior, long-

lasting product that is more economical over the project life cycle.

5.5.1 Subcontractor’s Selection

Main contractors must maintain an accurate list of subcontractors and
a measure of their performance to develop 'approved supplier’ lists.
Fig. 5.3 shows a sample form of supplier performance rating system
evaluation in which suppliers are rated according to some weighted
average by project staff, which could include engineering, quality

assurance, material management or construction.

A well-documented, clearly written purchase order or subcontract is
necessary to ensure that the design requirements are conveyed to
suppliers or sub-contractors. Contractors must emphasize the quality
requirements, including warranties, tests and procedures for

acceptance, rejection, repair and replacement.

5.5.2 Supplier Relationship

The supplier should create a relationship with the contractor that
assures that the product will meet fitness for use requirements with a

minimum incoming inspection or corrective action.

A subcontractor/supplier with a long-term relationship is thought to
be more likely to keep to delivery promises frequently at the expense

of short term relationship with other companies.

Major development in the long-term contractor-supplier relationship

will also include.

Establish programme activities
Joint problem solving activities
. Less paperwork

On going quality improvement based on open exchange of

information




Less schedule disruption

Lower stock level.

High priority of their order

. Gives the supplier a greater sense of security.

VENDOR QUALITY APPRAINSAL
(Tw be werd in deveimping wpplier inis)

Name snd Address: Commaditios Supplied: Date of Apprainal
* Rating categories Weights Rater A Rater 8 Rater C

Experience 20
Technlcal personnei .1e
Facillty/housek eeping 49
Quality-observed 10
ahiory 48
Scheduie/delivery , A0
Service orpanination/ parts F 2
Finencisl K L
Location a
Labor relations 2
Attitude, coopersilon E 3
Ovenll ';puulioa R
TOTAL 1.00

Notes snd Recomendations: Overail Rating:

Ficeeol | Good | Natinfactury Umatisfacton
. Prepared b)y:

Fig. 5.3 Vendor Quality Appraisal Form
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CHAPTER 6

*‘One never knows whether concrete has formed
a homogeneous mass without honeycombing or

large voids.”




QUALITY IMPROVEMENT AND PRODUCTIVITY

6.1 QUALITY AND PRODUCTIVITY

There is a positive correlation between quality and productivity.
Quality is achieved by improvement of the process. Improvement in the
process increases uniformity of output of product, reduces rework and

mistakes, reduces waste of manpower, machine time and material and

thus increases output with less effort.

Reduction of waste transfers man hours and machine hours from the
rework of defectives into the improvement of the work which is in

process. In effect, the level of production will increase.

6.2 QUALITY IMPROVEMENT

'Improvement’ is defined as the attainment of a new level of

performance that is superior to any previous level.

Fig. 6.1 shows successive levels of increasing quality awareness and
the resultant actions within an organisation. This hierarchy provides

an indication of a company'’s cultural climate and steps that may be

taken to improve quality and productivity.
6.3 EDUCATION AND TRAINING

To perform quality design, quality engineering and quality
construction, we need quality people. People who are intelligent,
success oriented, technically skilled, trained in the latest

technology, and able to communicate effectively. This can be achieved

through education and training.
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Fig. 6.1 Up the Staircase to Quality and Productivity Improvement

6.3.1 Education for Quality

Education for quality should start early. Young engineers should be
taught the importance of quality. Quality management courses should

be made as part of the formal academic curriculum.

Elements of QA Education

Quality improvement is not a goal but a direction. It is part of the
cultural change of the organisation that it will not see itself stable
or static but will rather regard itself as a dynamic and growing

concept in this ever changing market place.

For any change within an organization to have long term success, four

elements must be ensured:
Attitudinal change
leading to

Altered action

leading to
financial Benefit to the company

leading to
perceived improvement in the trading position




This element chain is vital. Without the earlier elements as
prerequisites, each stage is difficult to achieve. The relationship
between attitudinal, task, finance and trading position is important

and the steady flow from one to another is necessary to maintain a

momentum of change.

6.3.2 Training for Quality

Training is the second most important factor in improving quality.
For training to be effective, it must be planned in a systematic and
objective manner. Quality training must be continuous to meet not
only changes in technology, but also changes involving the environment

in which an organisation operates and its structure.

Training of wnrkers should go beyond the basic skills to do the job.
They should be equipped with problem solving skills, use of initiative

and perhaps, most important of all, team work.

Quality training activities can be considered in the form of a cycle

shown in Fig. 6.2.

Quality
policy
Training
Review Allocate
effectiveness responsibilities
Assess Define
results objectives
 } i
Implement Establish waining
and monitor organization
)\ Y
Prepare - Specify quality
programmes - training needs
and matenals

Figure 6.2 The Quality Training Cycle
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The main elements of effective and systematic quality training are:

. Error/defect/problem prevention
. Error/defect/problem reporting and analysis
Error/defect/problem investigation

.

. Review

Training Records

Cl. 4.18 of BS 5750 requires that all organisations should establish
and maintain procedures for the identification of training needs.

These procedures should be designed and documented to include all

personnel.
6.4 SPECIFICATIONS AND STANDARDS

Specification is a form of communication between the designer and the
contractor, and, as such, forms one of the bases of the construction
contract. It is considered as the principle document in respect of
attaining quality. Quality specification means better projects, less
valid claims, and in the end, higher net earnings for the designer snd

lower ultimate project costs to the owner.
6.4.1 Writing Specifications

The specification writer must be familiar with contract
administration, materials, the variability of workmanship, material

sampling and testing needs and construction methods.

Specification Writers must promote open communications not only with
contractors, manufacturers and suppliers, but also with inspectors.
Feedback from inspectors who may have suggestions for minimizing

construction problems, should be encouraged.

A good specification must be fair, reasonable, realistic and brief.
To be realistic, quality level should include tolerances based on the
natural variability of the material characteristics being considered.

Poorly written specifications result in confusion, poor quality
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construction, poor quality material, and problems in contract

administration.

Quality assurance is deciding what has to be measured and who is going
to do the measuring. Quality assurance is already in the
specification if they are done properly, if they are not, then the

designer gets whatever it was that was specified.
6.4.2 Specification Requirements

Quality specifications should be an on going continuous improvement.
One thing that must not be forgotten is that clients’ standards are
constantly improving. Tolerances which were accepted yesterday might
not be acceptable today. Therefore, specifications and standards
.should not be static but should be open to review and should over a

period of time be rewritten to match new requirements.
6.5 THE JAPANESE APPROACH TO QUALITY ASSURANCE

QA in Japan is characterized by company-wide participation extending
from top management to the lower-ranking eumployees. It is an activity
centred not only in design and construction but also in management
functions such as planning, accounting, business and personnel. QA
concepts and methods are used for solving problems in the construction
process, for incoming material control, product control, for analyses
assisting management to decide on company policy and for checking if

top management policy is being carried out.

The results of these company wide QA activities are found to be
rewarding, not only in ensuring the quality of product but also in

their great contribution to the company’s overall business.

What differentiates Japan from other Western countries is that their
innovation is not in the product, but in the production process. In
other words, what the Japanese have achieved is process innovation
rather than product innovation. It is important here to notice that

human factors have greater influence on the former than on the latter.




Two of the most publicized aspects of the Japanese QA system have been
quality circles and just-in-time concepts. These are briefly

explained below.
6.5.1 QUALITY CIRCLES
Definition

Quality circle is a problem solving management concept in which
employees or workers from all hierarchical levels meet to discuss
their problems, isolate them, assign them priorities and find
solutions. Each circle is composed of workers who are working in the
same areas and functions (ie track drivers, cement masons). As the
project progresses, the number of circles is increased and most of the

project activities will be covered by quality circle programmes.

If the workers cannot make the necessary correction, the problem is
passed up to the appropriate level of management. It is a bottom up
approach to problem solving (see Fig. 6.3). This approach gives upper

management more time to make upper management decisions.

FIGURE 6.3 :
PROBLEM SOLVING CHAIN WITH QUALITY CIRCLES

Upper Problem

Sotution
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When a problem has been isolated by a quality circle and a solution
arrived at, proposals are directed up the hierarchy. Feedback is formal.
Unsolived problems go directly up the ladder.
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Objectives of Quality Circles

Develop an effective problem-solving team

Improve communications

Improve experience, skills and morale

Reduce conflicts

Improve motivation, productivity and quality

Provide a form of continual education in the craft

Build in the workers a sense of dignity and a sense of

participation in the decision making.

6.5.2 Just-In-Time Concept

Definition

Just-in-Time (JIT) is a management concept credited to the Japanese
who developed it and began to use it in the late 1950s. Basically JIT
is a disciplined programme for improving overall productivity and
reducing waste. This leads to cost-effective production in operation
and delivery of only the required goods or services at the right time.
This is achieved with the minimum amount of resources - facilities,
equipment, material and people. JIT fits well under the QA umbrella,
for many of the ideas and techniques are very similar and moreover,

JIT will not work well enough without QA in operation.

The real objective of Just-in-Time is "we have only got one piece
(equipment or material) so it better be a good one or the work in
progress has got to stop!" This way everybody pays more attention to
the work in hand. The operator ensures that his machine does not
break down and the worker pays more attention to the handling of the
material and fixing it right first time. Japanese industry produces
small quantities "Just-in-Time" Western industry produces massive

quantities "Just-in-Case".

JIT Techniques

Some of JIT main characteristics are:
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1. Reduction of inventory level to the minimum: By reducing the

inventory level, there will be:

Low scrap cost, since defects will be detected early.
Fast detection of defects since supply will be frequent and
outlots will be small.

. Reduction in stock and the space it occupies

. More control on changes during construction

2. Increase the flexibility of the workforce: one of JIT principles
is to train people in the workplace to do different tasks so they can

by moved around easily.

3. Preventive maintenance: JIT Ssystems rely on preventive
maintenance programmes with the aim of preventing breakdown of
machines and equipment rather than repairing them once they occur.
Unreliable machines cause quality problems, delay and increased

amounts of work in progress.
6.6 QUALITY AND SAFETY

Accidents affects crew quality and productivity in that the workers
work more slowly and become more cautious. The effect of job
accidents on the workforce are both physical and psychological.
Closer job control by company management means job accidents and field
problems will be minimized. A smcoth running job is a safe job. This
Jjob control eases the pressure on the field personnel and enables them
.to feel secure and to work with less frequent interruption.
Consequently, this will help the workers to concentrate their

attention on their quality of work.
6.7 LEARNING FROM FAILURES

The concept of learning from failures to improve quality is
fundamental to the practice of engineering. Codes, standards and
design and construction procedures have evolved primarily through a

process of trial and error.
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Failure usually leads to better understanding of physical behaviour of
materials and products. Communication between designers about lessons
learned from failure has always been an important component in the

advancement of the engineering profession.

Lesson learned from experience, however, should be combined with
mathematical theories to predict the behaviour of engineered systems

with a greater degree of confidence.

Coordination and recording of failure information will result in

improved professional practices and quality in the built environment.

The joys of JIT




CHAPTER 7

“One wonders if the old breed of watchdog
Clerk of Works is rapidly becoming extinct.”
‘v f




COST_OF QUALITY

7.1 DEFINITION

The term 'quality cost’ has different meanings to different people.
Some equate 'quality costs’ with the cost of attaining quality. Other
equate the term with costs of running the quality department
(development cost). While others equate 'quality costs’ with cost of

poor quality (operational cost). These definitions will be explained

in this chapter.
7.2 COST-EFFECTIVE QA

Constructing a quality project with a high degree of fitness for
purpose, is not enough. The cost of achieving that quality must be
carefully managed so that the long-term effect of quality costs on the
business is a desirable one. These costs are a true measure of the
quality effort. A competitive product or service based on a balance
between quality and cost factors is the principal goal of responsible
management. This objective which is highlighted in Fig. 7.1 is best
accomplished with the aid of competent analysis of the costs of
quality. The balance works like this as quality goes down, costs go

up, and as quality improves, cost will fall.

Effective QA helps reduce the cost of projects by ensuring that work
is done right first time. And because it helps to produce projects
that conform to requirements, effective QA in turn helps boost

customer-perceived quality. Likewise, quality improvements may




zu-,\_-.&,-‘q‘.\m::}dumnimi, " .

it T e ROt B

b v e meddnhr w3

i
i
:
H
'
§
i

67

directly increase profits by providing the basis for customer

acceptance of higher prices.

reaction in Fig. 7.2.

r Product J

Analysis of
product quality

Fig. 7.1 The balance between

‘e, -Vn-‘

Cptimal
balance

Acceptable --
quality at
lowest cost

Cout

Analysis
of cost

e

~

Comparison
of datz

quality and cost

improve Costs decrease because of less Produdivity
quality rework, fewer mistakes, fewer improves
dclays, snags, better usc of
machine time and materials J
F
Capture the market Stay in f'rovide jobs
business and more jobs

with better quality
& lower price

Fig 7.2 Chain Reaction of Quality Improvement

This is illustrated with the chain




7.3 OBJECTIVE OF EVALUATION

The main objectives which lead companies to go into programmes of

evaluating quality costs are:

1. Quantifying the size of the quality problems in language that

will have impact on upper management.

2. Identifying major opportunities for cost reduction.
3. Expanding budgetary and cost control.
4. Stimulating improvement through publications.

Evaluation costs should address:

Developmental costs
Implementation costs
. Operational costs
Certification and assessment costs

. Saving achieved

The implementation of a quality system requires the investment of
time, money and resources. It is essential, therefore, that these
costs are known and reported to provide the basis for evaluating the

resulting benefits.
7.4 DEVELOPMENT COSTS

Development cost is an investment cost. It is the cost of the
resources committed to develop the quality programme. Resources may
include , but are not limited to, personnel, external services and
supporting facilities. It is difficult to give estimates of costs, as
these will depend on the size of the company and the complexity of its

operations and how many procedures are to be written and implemented.

There are two categories of these costs: Measurable and hidden.




1. Measurable costs

It is the cost of the appointment of staff to implement the quality
system. The appointment of a quality manager may be full time or part
time depending upon the size of the company and the number of QA staff
required. He may be an external appointment or somebody delegated the
responsibility with the Company. In the latter case the cost of
training should be considered. If a full time manager is employed
then the cost to the company will be in the region of £30,000 -

£35,000 per annum. Other costs may occur, if more staff are required

to be present on the construction site. Costs of documentation

preparation are to be included as well.

2. Hidden costs

These are the costs of time and lost production of the personnel
involved in QA programme. This being the value of the work that they

would otherwise have contributed to the Company.

7.5 IMPLEMENTATION COSTS

Implementation programmes include the requirement to set up education
and training sessions, technical library and to improve the existing
filing system to cope with the increase in documentation. It as been
noted that, initially, these costs will be high but then decline

rapidly and remain at a reasonable level.

Little published data has been found for quality development and
implementation costs in the construction industry. However some large
companies reported that these costs are in the region of 1% - 3% of

construction costs.
7.6 OPERATION COSTS

These are the costs of poor quality. They can be divided into three

categories:




1. Prevention costs
2. Appraisal costs

3. Failure costs

7.6.1 PREVENTION COSTS

These are the costs of all activities undertaken to prevent mistakes
from happening in the first place. These include: quality and
reliability of administration, quality data, quality plans, contracts
procurement and supplier appraisal, programming; process capability
studies, quality audits, tool control, general cleanliness on site and

preventive maintenance.
7.6.2 Appraisal Costs

These are the costs incurred to determine the degree of conformance to
quality requirements. These include the costs of checking during
design and development; supervision; inspection and testing during and

on completion of construction.

7.6.3 Failure Costs

These are the costs arising within and outside the organization of the
failure to achieve the specified requirements in the most efficient
manner. These include: scrap; rework; loss of production capacity;
interference with construction schedule; time for investigation of the
problem and complaints; replacement of material, transport cost;

accounting costs; damage claim, legal costs,; increased insurance

premium and loss of market.
7.7 DEVELOPMENT AND OPERATION COSTS RELATIONSHIP

In order to reach an optimum level of costs, a relationship between
development costs and operation costs should be established. A model
called SCORE (system cost optimization range estimate) is proved to be
useful in this context. Of its three curves (shown in fig. 7.3) the
first (curve 1) represents the development cost, initially low but

increasing as quality rises. The second (curve 2) is the operation




costs, with initial high cost of a low quality product or service then

it falls through reduction in failure and appraisal costs.

Fig. 7.3 The SCORE Model

The third (curve 3) represents the total cost curve for both

development and operation costs, with a point where the relationship

is optimal.

This model provides the theoretical framework for quantitative
decision making and an opportunity to evaluate and present the

development-operation costs relationship for each system.

The limitation of this model is that considerable data is required to
construct such curves. However much of the value in the SCORE model

is its ability to aid understanding of quality cost.

It has been observed, in a survey carried out by ASCE: 1985, that 7 1%
of construction dollars are wasted due to poor quality. Contractors
spend up to 15% of their labour costs correcting mistakes. The cost
of quality control is equal to the cost of correcting mistakes. They
concluded that QA procedures can be set up for 1% - 1l1% of a total

project cost that will prevent between 15% - 40% of errors on the job.
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7.8 CERTIFICATION ARD ASSESSMENT COSTS

Certification is optional and costs may only be considered when the
company have a documented QA system which is approved in accordance

with the appropriate part of BS 5750.
The costs of certification include:

Application fee

Preliminary visit and assessment and travel costs

1

2

3. Certification fee

4, Internal costs incurred in preparing documentation

5. Any costs to verify corrective action before the award of a

certificate

6. Routine assessment fees.

These costs vary according to physical size of organization,
company/divisional split, range of products/services, off-site
activities, number of non-conformities raised and complexity of

written system.

Some of these costs have been published in the recent CIRIA report 72
(1989):

Initial application fees vary from £300-£500

Assessment fees are typically about £300-£400

per man-day
Annual costs might be about £500-£2,000

There are also some guidelines published by the National Accreditation
Council for Certification Bodies on typical time requirements for

initial assessment. These are shown in table 7.1




BS 5750 BS 5750 BS 5750 BS 5750 BS 5750 BS 5750 BS 5750
Part 1 Part 1 Part 1 Part 2 Part 2 Part 2 Part 3
LARGE MEDIUM  SMALL LARGE MEDIUM SMALL ANY

Lo 9.5 15 55 75 5.5 45 -
Hi;;x 165 125 8.5 13.0 9.0 7.0 35
Notes
1. Large company + 600-1500 employees

Mecdium company : 100400 employees

Small compeny : 1560 employces

2. Travelling time exduded.

Table 7.1 Quality System Assessment Typical Times for Imnitial
Assessment to BS 5750 (man-days)

7.9 SAVINGS

The savings are almost impossible to quantify, because the same
contract cannot be completed and costed, both with and without QA.

But possible areas of saving costs can be indicated.

For the designer, these include less redesign and less overlap of
inspection. For the contractor, they include less remedial work and
less wastage of material. Both designer and contractor benefit from

completion on time (lower overheads), easier settlement of claims and

payment on time.
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Where did we go wrong?




IMPLEMENTATION AND PROBLEMS

8.1 PLANNING THE IMPLEMENTATION OF QA

In order to create and implement an effective QA system several steps
should be taken. These are shown in Fig. 8.1. The preliminary stages
of understanding and commitment are vital first steps which also form
the foundation of the whole QA structure. Too many organisations omit
these phases, believing that they have the right attitude and
awareness, when in fact there are some fundamental gaps in their

quality credibility which might lead to difficulties and the collapse

of their programme.

[IMPLEMENTATION
[ TRAINING
[ TEAMWORK
[ CONTROL
[ CAPABILITY
[ SYSTEMS
[ DESIGN
[ PLANNING
| MEASUREMENT (COSTS)
[ ORGANIZATION
[ COMMITMENT AND POLICY
[ UNDERSTANDING

Fig. 8.1 The Steps to QA

Implementation begins with the quality policy statement and the
establishment of the appropriate organisational structure, both for

managing and encouraging involvement in quality through teamwork.
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Collecting information on how the organisation operates, including the
costs of quality, helps to identify the areas in which improvement
will have the largest impact on performance. Planning involves
putting quality assurance systems in place to drive the improvement

process and solve the problems using corrective action procedures.

Once the plans and systems are in place, continued education, training

and communication are important.

These major steps may be used as an overall planning aid for the
introduction of QA, and they should appear on a planning or Gant chart
(Fig. 8.2). Major projects should be time-phased to suit individual
organisation’s requirements. The main projects may need to be split

into smaller sub-projects, which is true for quality system work.

The education and training elements will be continuous and draw
together the requirements of all the steps into a cohesive programme
of introduction. It may be useful at various stages to develop checks

to establish the true progress.

The launch of quality improvement requires a balanced approach and the
three major components (quality system, teamwork and process control)
must be 'fired’ in the right order to lift the campaign off the ground
(Fig. 8.3). This figure shows that a quality system on its own will
not work, it must have the boost of improvement teams and process
control to increase its capability which in turn leads to increase of

market share.

8.2 HOW LONG SHOULD THE IMPLEMENTATION TAKE

The time scale for implementing QA depends on many factors such as
complexity of the orgaﬁisation, culture, attitude of people and
resistance to change. It has been mentioned earlier that QA is a
philosophy that requires a fundamental change in behaviour, as
sometimes even if all the necessary resources are made available, a

company might not be able to implement QA in a short time. The
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changes are so fundamental that it takes time for the philosophy to be

absorbed into the day-to-day running of the company.
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Figure 8.3 Launching Quality Improvement

- Overall, companies that have successfully implemented QA have found a

; time scale of one year to be ideal. Why one year? First, there is
little problem in obtaining the financial resources quickly. Second,
a shorter time may not enable the necessary changes in attitudes to
: take place. Third, if longer than a year, there is a risk that
| enthusiasm for QA will wane since results will take longer to arrive.
Furthermore, with a timescale longer than one year, key personnel,

especially in the construction industry, are more likely to move on or

be transferred from their posts.
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8.3 PROBLEMS FACING QA IMPLEMENTATION

It has been reported by those who are implementing QA and those who
are in the process of implementing it that it is not without its
problems. Some of these problems that have been seen to be blocking

the road to QA include:

1. Lack of penetration of QA concepts within the workforce. This is

caused by:

. no formal strategy
. failure to provide incentives by recognition
lack of effective communication

. narrowly based training

One approach which should not be used to correct these difficulties is
a financial incentive; it does not form part of QA culture.

Recognition and involvement are the only effective incentives.

2. Resistance to change: people are slow to change because they
reject newness. This is the main obstacle which might face the
implementation in that people often object to a revised work method.

To overcome this problem, the following steps may be considered:

a. Provide participation particularly by those members who will
be directly affected by the change

b. Provide enough time to allow them to evaluate the impact of
the change.

c. Treat people with dignity while introducing the system.

d. Try a programme of persuasion.

3. Mobility of top management: in an environment where top
management as well as other people have no root in the company and
have moved around so often, will find difficulty to be committed to

any policy.

4. Expectation of instant results: an important obstacle is the

belief that improvement of'quality is accomplished suddenly by
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implementing QA system. All involved must be made aware of the 'long

term’ work required before significant Quality benefits are visible.

5. Inadequate external assistance: the actual implementation of QA
system will be achieved by company personnel, but the problem is to
assume that they have all the knowledge and experience necessary. The
expertise of an external consultant will be, therefore, invaluable in

the training and implementation.

6. Failure to view QA as an on-going process: Quality improvement
should not be viewed as a short term effort but should be expected to
produce returns for years to come. This will happen if education,
etc. is maintained. The QA system should become part of the everyday

life of the organisation.

To attempt to reduce some of these problems and difficulties, various
sector schemes are being developed, the FCEC and BSCA schemes are

examples.

6.4 LESSONS FROM QA IMPLEMENTATION

The basic lesson learned from those companies with most success in

implementing QA can be summarized:

QA is hard work.

To establish a QA system takes longer than first thought.
QA needs to be ’'driven’ through the whole business.

Top and middle management commitment is vital.

QA staff must balance their enthusiasm with practicability.

8.5 COMPUTERS IN QUALITY INFORMATION SYSTEM

In order to be sure of meeting client requirements it is necessary to
create a quality information system. Computers may be used in such
systems since the task of collecting, recording, and analyzing of data

and information are easily automated.
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Application of software packages are now available which have been
purpose-designed for quality information systems. The basic
requirement of any such package is for it to drive the preventive
model of quality assurance (Fig. 8.4). It should include all the
techniques necessary to implement the process control strategy and

when problems occur operate a stepwise procedure to;

1. identify the prcblem

2. identify the cause of the problem

3. eliminate the cause of the problem

4. continuously monitor the process of recurrence of the problem

It should be borne in mind, however, that human managerial decisions
must interface with the package in this procedure, particularly during

elimination stage.

Collect and
analyse
DATA
(process capability)

IDENTIFY
major
quality
problems
and causes

Quality
information
system

corrective
action

elimination
of causes

-Figure 8.4 The Quality Information system *drives’ preventictive

quality management.
8.5.1 Construction Quality and Computers
The main role for computers in construction is their ability to allow

all project team members convenient access to vital project

information.. As mentioned earlier, exchange of information among




project team members presents an important opportunity to assure

quality in design and construction.

Computers allow construction personnel to accurately and rapidly
monitor changes in contract commitments, costs, schedules, impact of
change orders, subcontractor relationships, material deliveries, and
many other aspects of the project. As the job progresses, profit and
loss can be monitored, productivity can be improved and problems can

be identified early.

Quality computer systems require contractors to select appropriate
software and hardware and to develop specific objectives and

responsibilities from the selected system.

Some of the computer applications in construction management are:
change order; account payable; job cost reporting; cash flow
reporting; action lists; network logic (CPM); bid evaluation; shop
drawing control. In addition to these administrative functions,

computer systems can assist contractors in other areas such as:

Telecommunications to connect remote sites by using dial-up
telephone lines
Computer-aided design (CAD)

. Income property analysis.
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CHAPTER 9: CONCLUSTON AND RECOMMENDATIONS

9.1 GENERAL CONCLUSION

The study has highlighted many aspects of Quality Assurance. The

points which the author considers to be especially significant are

listed below.

QA emphasizes that quality is a managerial function in which the
quality of materials, process and product is controlled for the
purpose of preventing defective products. To meet this
responsibility, organisations must develop systems to prevent, detect
and correct errors that occur in the steps of the comstruction
process. This implies that to achieve the control of quality, the
variables which may affect quality and which can result from the
actions of men, the nature of materials and the performance of

machines, must be controlled.

Defining quality as conformance to requirements provides an
objective basis for measuring quality and certain related costs,

provided the requirements are clearly defined.

. Human factors are dominant in QA. These include motivation, self
control, moral and ethical values, and education for all participants
in the construction process. Individual commitments to quality are

essential.

QA system provides the opportunity to review, improve and co-
ordinate the system in operation. This could help reduce costs and
could identify areas that require concentration of effort to improve

quality. Adoption of a formal quality system demonstrates a long term




commitment to quality, especially where third party certification is

sought and maintained.

The steps in establishing and maintaining a quality system may be

summarized as follows:

- Establish policy (where are we going?)

- Set objectives (what route shall we take?)

- Develop systems (how shall we travel, and who drives?)
- Implement system (start the journey)

- Audit (are we on the right track?)

- Review and improve (can we find a better way?)

It is the management and the work force together who must produce
the necessary procedures and to be responsible for producing quality.
QA personnel can only monitor, audit and review the work. The main

drive to make the system succeed must come from the management.

.

There are several requirements for QA to be achieved in

construction:

1. Clear definition of the responsibilities of the project teanm

(owner, consultant, contractor).

2. The need for knowledgeable field representatives who should be
familiar with the design who can really influence construction

quality.

3. Construction quality must be ‘built in’, rather than ’'inspected’

in the final product.

4. Quality must be achieved within the constraints of the project.

5. Availability of realistic and accurate plans and specifications.
Employees and workers at all levels should be convinced that

concern for quality is a requirement of their jobs. Management must

explain clearly why quality is important and express these concerns in
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company communications, training and motivation programmes.
Comprehensive training for all levels of management and workers should
teach techniques such as "quality circles” and "Just-in-Time" to

improve quality.

Monitoring 'cause and effect’ of decisions taken during the design
and construction process is fundamental if the benefits, through
planned corrective action, are to be correctly measured. Feedback

therefore, is an essential component of a QA System.

The cost of quality is defined as the sum of the costs associated

with quality assurance efforts and with correcting errors.

QA is expensive to introduce, expensive to run initially and cost
effectiveness is only gained slowly with time. There is also a
relationship with company size and complexity. A well understood QA
methodology is essential to contain development costs. There is an

optimal point in cost effectiveness which should not be exceeded.

The task of implementing QA needs effective leadership, teamwork,
understanding and commitment by senior management together with
explicit quality policies. Only then the success will be guaranteed
throughout the entire organisation, which in turn generates a momentum

for quality improvement of products and performance.

. Implementation time scale of a QA system should neither be too long
nor too short. If it is too long then it risks enthusiasm being lost,
whilst one that is too short risks false economies being made. A

reasonable timescale of initial implementation is about one year.

9.2 THE BENEFITS OF QA

The benefits of introducing QA as a management technique in the

construction process may be summarized as follows:
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1. The client receives assurance that the structure he ordered has
been constructed in accordance with established work procedures, using

materials of specified quality.

2. The contractors procedures become more efficient, wasteful
practices are reduced and communications within the company improves
because the responsibilities of people involved in construction are

better defined.

3. The contractor has a better chance of meeting his budget and
completing the project on time. Any disputes which arise should be

settled more easily by reference to the project quality records.

4, Communications between the parties to the construction work
(owners, consultants, contractors, sub-contractors, etc.) improve

through the use of more formal channels of communication.

5. More work is produced ’'right first time’, and cost savings are

made because less remedial work is required.

6. Project information, drawings, specifications, etc. are supplied
by the client’s representatives more systematically. Specifications

should also be clearer.

7. Young engineers gain experience with greater confidence, since
the written procedures they are asked to apply have been prepared by

engineers more experienced than themselves.

8. The contractor obtains assurance through audits and corrective

action that his project management is operating correctly.

9. Improvement in the control over suppliers and subcontractors,

especially those subject to third party certification.

10. Improved safety conditions by reducing the frequency of incidents

caused by inadequate procedures.




i
v

i) skl

4

RPE-FAEA Y. L1 [ PRy

11. Assurance that steps will be taken to make all the relevant

information available before design or construction commences.

12. Better basis on which to select companies able to provide a

specified level of quality.

9.3 RECOMMENDATION

The following recommendations are suggested to improve the level and

quality of QA in construction.

1. Much more work needs to be done, both in terms of containing

field trial and further quality-related studies.

2. Quality costs need further refinement optimization to make it
effective, especially in the area of accurately tracking the true
causes of deviation. Companies need to use the system on a number of
projects to develop their particular cost of quality relationships and

to reach the optimum point where these costs are minimized.

3. Preparation of a document interpreting or extending BS 5750 for

the construction industry.

4. Development of QA awareness and training courses, or the

assessment and approval of training activities run by others.

5. Research to be carried out on topics related to QA. Examples
could be:

- costs and benefits of QA for different forms of construction.
- a study of how traditional contracts and relationships between

contracting parties will be affected by the implementation of
the QA system.




9.4 THE FUTURE OF QA

The Companies which will follow the path of QA implementation will see
many benefits. If we look ahead over the next ten years there will be
an increasing number of companies moving to QA implementation. The
cost benefits ratio is so favourable that the implementation of QA
could be seen as perhaps inevitable in all construction companies.

The real question is not whether a particular company will implement

QA, but when.

For this to happen requires considerable changes in construction
management approaches. Managers with sound experience of implementing
QA will be in short supply and will be sought after. It is this
shortage of expertise that will be a major constraint on the spread of
QA and it will probably be a major responsibility of universities,
colleges and professional societies to provide support services to

allow QA to spread more quickly.

9.5 GENERAL COMMENTS

The study has been a very wide ranging overview of QA in construction.
It has been written with the intention of introducing the newcomer to
QA whilst critically exploring the whole concept of QA as a management

tool.

It is the author’s firm conviction that QA points the way forward into
the 1990's for the construction industry. Many new constraints are
already to be seen, the 'Green’ Revolution and the protection of the
environment, the radical political changes in the East, the force of
the new European market, the likelihood of changes to existing energy
sources hierarchy in the Middle East - all will greatly influence the

construction industry in the coming decade and beyond.

In order to be competitive and efficient the industry must adapt and
be capable of producing quality, safe, durable products to price and

programme.




QA appears to have the potential to help management to react and

compete in this rapidly changing world.

"There is gold in the mine - you just have to dig it out!" quality

assurance can provide the shovel.
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Appendix 1

EXAMPLE STATEMENT OF COMPANY QUALITY POLICY
The company carries out civil engineering construction*
The company places particular emphasis on obtaining client satisfaction by:
— meeting the specification set by the client,
— efficient construction, with value for money, and

— adherence to construction programmes and budgets.

To meet the specified requirements of the client, the company applies 3 quality system in
conjunction with other management controls. The quality manual describes this system,
and includes the allocation of responsibilities to company staff and the processes which
substantiate the effectiveness of the system.

Assurance that the specified qualities are attained is provided by the application of a com-
prehensive range of formal and documented procedures meeting the requirements of BS
5750: 1987: Part 2. '

Signed: Date:

Designation:

Director responsible for quality assurance
(Managing Director or Chief Executive)

*Other activities such as building or mechanical services should be substituted or added as
appropriate '
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ApPENDIX 2 CHECKLIST FOR MAaT

AsSURANCE/QuUALITY CONTROL

1. Quality Plans: Contents

nmON®»

!J
» O

ne

D.
E

Responsibilities for quality
Supplier performance evaluations
Design and Specification reviews
Suppiicr quaiity programs
Coordination of inspections in piant
On-site quality control

rganizational
. Quality training programs: supervisors/

cngincers

Quality training programs: inspectors/craft
Qualuity responsibilitics dcfiancd and
understood

Quality manager designated

. Quality performance a factor in pcrsonncl

evaluations

3. Design and Specification

O >

~TOmMmO

Design review systcm

Design complcte before purchasc

Design change program includes cffect on
matcrials

Specifications kept current

Standards current, accurate, applicable
Standards readily available to suppliers

Specifications revised for crrors, consistency

Coordination with matcrials management
Submittals clcarly dcfincd

4. Supplicr Relations

A
B.

mon

F
G.

. Prequalifications include quality history

Quality evaluations in selection of certain
suppliers

Supplicr quality performance computerized
Supplier contacts through buyers

Formal supplier quality programs on certain
critical items

. Supplicrs awarc of acccptance proccdures
Supplicr aware of submittal requircments and

implications

5. Preshipment Quality Control

A.
B.
C.

In-plant inspection need evaluated
Inspection coordinated with supplicrs
Inspcction levels specificd

ErIALS QUALITY

YES

[T

NO

[T

N/A

T

1.

1.

i
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K.

L

fn-house versus contract HIAPECHiOn SCTVICES
cvaduated tor cost, qualifications, specialization
. Specifications revicwed with supplicrs

 Test notification procedure set

Witness and hold points defined

Release for shipment procedure understood

_ Nonconformances noted in writing

Muterials menagcment informed of progress of
inspection releascs and nonconfermancces
Deficiencics follow-up

_ Certifications correct and properly signed

6. On-Sitc Quality Control

A

B
C
D.
E

TOm

I

. Responsibilitics for verification, handling,
storage, acceptance established
. Incoming shipments checked properly

. Overages, shortages, and danmiages reported 0

carricr and supplier

liecms checked for packing and marking

Defects noted on shipping documents (Do not

reject shipments)

Damaged items segregated

Matcrial recciving reports show dcficiencies

. Supplicr notificd to repair or rcplace damaged
or short itlcms

. Manufacturer’s instructions available

J. Adequate lift capability and equipment

K

available (spreaders, dunnage, atc.)
. Storage arcas predesignated

L. Storagc arcas for critical items clean, humidity

M

controlled. well ventilated

. Equipment properly maintained in storage
(rotation. mechanical functioning, lubrication,
etc.)

IR R,

INIRINEIE.

IRIRIRIRIERINne
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x 3 ENGINEERING Firm QUESTIONNAIRE TO BE INCLUDED WITH

APPENDI
LeTTER INVITING CONSULTANTS TO SusmiT PROPOSAL
{. Firm namc
2. Busincss address
3. Tclephonce
4. Ycar cstablished
5. Typc of service(s) particularly qualificd to perform
6. Namecs of principals of firm and their experience
7. Names of key personnel, with expericace of cach, years of member-
ship in firm, and {ypc of specialization
8. Number on staff at this time
9. Present Activities:
Number of Projects:
Estimated Construction Cost:
10. List of completed work similar in nature to this project
1. References

APPENDIX 2 . SAMPLE CONSULTANT SeLECTION RATING Form

(ProJsecT NawmE)

Name of Consultant

NAME OF RATER TOTAL RATING

Maximum

Point Point

Critenia Assignment  Rating
1. Technical experience 25

2. Past performance/reputation (references from - -
clients. number of years in business) 25

3. Staffing (number of personnel available for this - -
project—project manager) 20

4. Project approach and objectives (concept of - -

project. innovations, familiarity with project

site, time schedule) 25

5. Proximity (time distance from consultant’s office - -
and project) S
TOTAL 100

AR At




Appendix 4: Case Study

MANAGING QUALITY INTO THE
WORKPLACE

HOWARD A. PEEK AND DONALD J. BROWN"®

Introduction

In February, 1983, our organization began a process designed to enhance
attitudes about quality in every individual member of the organization. The
process requires educating each individual, from Chief Executive Officer to Mail
Room Cilerk to Laborer, in the principles of Quality Improvement as we now
define them. To date, one thousand officers and managers have attended either
a 21 day, or a 4 day training course to learn the principles of managing the
Quality Improvement Process. Additionally, almost nine thousand supervisors
and employees have attended quality training programs to learn the individual's
role in quality improvement. The education effort was predicated on
management's <conviction that quality, as defined here, must be first among
equals with schedule and cost; that is, we must deliver our product or service on
time, at the agreed upon price and in conformance to the contract, right, the
first time. In order for that to happen, each individuael must understend and be
committed to quality and to Brown & Root's Quality Improvement Process. We
instituted a system of "Quality Management®™ — a systematic way of
guaranteeing that ‘organized activities happen the way they were planned. We
formed Quality Improvement Teams at each functional level of the organization
to devise methods to improve communications, solicit suggestions for improving
our work methods, and investigate and correct situations and conditions that
hinder individual employee's ability to do their jobs right the first time. We
stress teamwork, recognizing that no one can cause quelity improvement alone.
We have formed Corrective Action Teams, down to the field crew level, to
identify and correct problems as they arise, and to plan preventive measures to
keep problems from arising. Traditionally, each individual or operating unit has
adopted some abstract definition of quality. We now have only one definition
which everyone can understand. The system of quality control has been to
detect the defect and fix it. Our system is, ultimately, to prevent the defect
from occurring. Formerly the performance standard was a comparison to past
performance — "We reworked 10% of the fabricated pipe on the last job, and our
rework is only running 8% on this job so we are doing wellL" Now our
performance standard is zero defects —do it right the first time every time.
Measurement, too, was a comparison to historical ratios — "Historically, on a
project of this type, surplus runs about 9%. Our surplus is running 831% so we are
OK." Now we ere calculating the cost of all nonconformances for the purpose of
improvement, and applying the standard, Zero Defects.] ~The traditional
management approach to quality as opposed to our approach may be seen as

follows:

*Howard A. Peek, Construction Manager
Donald J. Brown, Ed.D., Senior Manager, Performance Improvement
Brown & Root, Inc., P. O. Box Three, HoLston, Texas 77001




BROWN & ROOTS

TRADITIONAL MANAGEMENT
APPROACH

APPROACH

Definition Conformance to agreed
requirements the first

time cvery time.

Expensive, solid, pretty,
shiny, big, bright, etc.

(Opinion)
Defect detection and correction. System Improvement through
(Fix it) defect prevention.
That's close enough Performance Zero defects.
Standard
Comparison to historical Measurement Cost of nonconformance
in dollars

defect ratios.
(Acceptable Quality Levels)

Zero Defects Concept

The concept of Zero Defects, traditionally maligned and misunderstood, does not
at no one is ever allowed to make a mistake. Rather, it is a sub—system
ocess. The concept, Zero Defects, is an
de, adopted by each employee is one of
ill do my very best to do my job right, in
To implement the

mean th
within the quality improvement pr
attitude and a process. The attitu
commitment. It says, in effect, T w
conformance to requirements, the first time, every time."
process, when one does make a mistake, the employee:

1)  Defines the situation — What is wrong with this piece of work?

2) Fixes it — make the nonconforming product conform to
requirements. This step is designed to keep a defective product
from reaching the client.

3) Investigate the defined situation to identify the root cause of
the defect. This can be done by oneself, or as a team effort

with co-workers, supervisors, vendors, etc.

4) Once the root cause is identified, take action to remove the
cause so that that defect never occurs agein. It is through the
systematic elimination of individual defect causes that we

approach the goal of Zero Defects.

No one can cause quality improvement alone. It takes a coordinated effort by all
parties to the project; client, contractor, sub-contractors and vendors.
Requirements, stated in such a way that they cannot be misunderstood, are
solicited from clients, provided to employees and negotiated with vendors.

Supplier Quality

A significant element of the quality improvement process is contractor-vendor
relationships. These relationships are developed and maintainred by a Supplier
Quality management team. Working in concert with key suppliers, teams are
established to enhance communication, establish requirements and plan for the

TS ek byt oy s e
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elimination of defects in vendor supplied items. The contractor's team is
comprised of representatives from procurement, QA/QC, engineering and
operations. Regularly scheduled meetings between the contractor and vendor
teams identify potential problem areas and plan for problems not to occur.
Through these teams we have gained valuable insight in each other's operations
and identified problems and constraints we tend to impose on one another.

Specific successes to date have resulted from the improved communication

systems which are a natural by-product of the quality improvement process.

One vendor nad long experienced problems in matching mill test reports (MTR's)
with shipments, causing our company extensive record keeping difficulties.
Through team negotiations, the vendor initiated a system whereby their internal
records do not indicate an order to be complete until mill test reports are
received by our project. The MTR's provided traceability of the materials for

the owner in the event of defects.

Receipt of MTR's was a client requirement. We were unable to meet this
requirement when the supplier did not provide the reports. Consequently, Brown
& Root was expending excessive manhours expediting the reports, invoices from
the supplier were delayed, and, we were often obliged to request the client to

issue waivers and/or change orders.

As a result of the supplier quality team efforts, the supplier begen listing all
MTR requirements on its order to the producing mill as a line item. The order
was not considered complete and payeble until the MTR's were received.

When all parties to the process understood and complied with the requirements,
the problem ceased, and gall parties benefited. Expediting time and cost werc
reduced, work proceeded-on schedule without the need for waivers and change
orders, and the vendor was paid in a timely manner.

Another vendor was experiencing difficulties in the timely delivery of critical
components to our project. Traditional contractor-vendor interface methods
would have eventually solved the problem, but only after considerable delay and
increased cost. The supplier quality management teams were able to quickly
identify and remove the source of the problem before it severely affected cost

and schedule.

Planning
The system, prevention, involves the design of a structured planning methodology

" to identify potential areas of concern and planning them out of the work process.

On our construction projects, structured planning begins at the project manager
level, then cascades downward through the crafts to the crew level. Each level
of the project hierarchy understands which functions they have responsibility for
planning and each planned activity is coordinated up, down and laterally as
appropriate. Nothing is left to chance. Requirements (who, what, where, when
and how) are communicated in such a way that they cannot be misunderstood.
Potential problem areas are identified and discussed, preventive measures taken
and alternate plans devised to deal with problems should they occur. When
practical, the crews assigned to do the work walk the area with the foreman or
superintendent to familiarize themselves with the work and ask questions or




support functions such &s equipment, tools,

scaffolding, etc., are provided with sufficient lead time to enable them to
schedule themselves to be where they are needed, when they are needed. A
specimen of the planning forms used is included as Attachment "A".

make suggestions. Through planning,

Quality improvement teams, comprised of senior site supervisors, are established

for the purpose of managing the on-site quality improvement process. Itis
common practice for a client representative to attend these team meetings.
rable to fixing them, these teams

Recognizing the prevention of problems is prefe
assist in developing planning systems to prevent defects and improve
productivity. The results have been encouraging.

On one project, drawings for a shut-down were received four working days prior
to the shut-down. The client estimated the work would take fourteen, 10-hour

days to complete. Through application of the structural planning concept, the

work was completed in ten, 10-hour, and three, 8-hour days. More significantly,

in testing the work, client inspectors found no defects and cid not prepare &
punch list.

Another shut—-down was estimated to require twenty-two people working
fourteen, 10-hour days to complete, and require a 140-ton crane for 1% days. By
applying the structured planning concept, the shutdown was accomplished by
seventeen people working seven, 8-hour days and use of the crane for 8 hours.
Again, testing was successful and no punch list was required.

These successful shut-downs occurred because of accurate planning, quality
workmanship and full client and vendor cooperation. .

The impact of the quality improvement process on the quality professional has
been significant. Most importantly, it has validated his concept of quality; ie.,
that quality is attained when the requirements of the specifications, procedures.
and codes are met. It has also removed him from the position of arbitrator. No
longer must he negotiate from that unenviable position because the concept of
nthat's close enough" is simply unacceptable. The work in question either

conforms to requirements or it does not.

The quality improvement process is a major, permanent, and critical element of
our company's long range goals. It began with a firm commitment and dedication
to quality by our corporate executives. A corporate quality policy, which reads -
as follows, has been established and com municated throughout the organization:

It is the policy of Brown & Root and associated companies
that we perform our jobs and deliver services and
products in conformance to agreed requirements. Quality
shall be first among equals with schedule and cost. Every
individual and operational unit shall adopt a standard of
performance that demands conformance to requirements

and doing things right the first time.
It has been implemented world-wide and involves every aspect of our business.

We are realizing tangible benefits from the process now, but when it fully
iness throughout the organization, we will have

becomes a way of doing busi
created an environment in which the quality professional can truly do his job.




e et R SR

BIBLIOGRAPHY

A. REFERENCES

0'Grady, P.J.: "Putting the Just-in-Time Philosophy into Practice”,
Kogan Page Ltd., 1988.

Naoto Sasaki and David Hutchins: "The Japanese Approach to Product

Quality", Pergamon Press Ltd., 1984.

Oakland J. : "Total Quality Management", Heinemann Professional
Publishing Ltd., 1989.

Choppin, John: "Total Quality Education", Quality Today, January 1989,
pp-18-22.

Wilson, Ian: "Just-in-Time and Total Quality Management”, Quality
Today, October, 1988, pp.19-21.

Lime, T.E.: "Are Japanese TQC Practices Dependent on Environmental

Factors?", Quality Today, November, 1988, pp.l4-15.

Barr, Andy: "No Holds Barred in the Search for Quality", Quality
Today, September, 1988, pp.10-11.

Prine, H. E: "Writing More Performance Specs", Concrete International,
Vol. 12, No. 3; March 1990, pp.79-80.




it s b o ANE '3

ROREET

Saarinen, Arthur: "Setting and Meeting Requirements for Quality”,
Journal of Management in Engineering, Vol. 6, No. 21. April, 1190,
pp.177-185.

DeFraites, Arthur: "Fee Versus Quality,” Journal of Professional

Issues in Engineering, Vol. 115, No. 2, April 1989. pp.125-128.

"Fundamentals of Quality Assurance on site: Guidance and Notes",

Slough: C&A Concrete and Cement Association, 1986.

National Economic Development Office, "Achieving Quality on _Building
Sites", London NEDO 1987.

Stebbing, L.: "Quality Assurance, the Route to Efficiency and
Competitiveness", Chichester, Ellis Hcward Ltd.

Iffland, J.S.B.: "Quality, Out of the Manual into the Field", Civil
Engineering, May 1988, ASCE, pp.54-56.

Morse, D: "Opening the Manual for Questions", Civil Engineering, May
1988, ASCE, pp.57-59.

Gilly, B.A. Touran, A., Asai, T. "Quality Control Circles in
Construction", Journal of Construction Engineering and Management,

Vol. 113, No.3, September, 1987. ASCE.

Burgess, J.A.: rAssuring Quality in Design Engineering®, Journal of
Management in Engineering, Vol. 114, No. 1, January, 1988. ASCE,
pp.16-22.

Christofides, N.D.: "The Role of Quality Assurance in Design of Civil

Engineering Projects”, MSc(Eng.) Dissertation, University of Leeds,
September, 1989.

CIRIA: "Quality Assurance in Construction®, Special Publication 64,
1989.




Caa

dg ki o

isy

American Society of Civil Engineers: "Quality in the Constructed
Project, A Guideline for Owners, Designers and Constructors", Vol. 1,

May, 1988.

Juran, J.M., Gryna, F.M. "Juran’s Quality Control Handbook, "4th
Edition. McGraw Hill, 1988, pp.31.3.

Bywater Technology: "Quality Assurance, 2a One Day Management

Overview", 1987.

CIRIA: "Quality Management in Construction - Certification of Product
Quality and Quality Management Systems," Special Publication 72,

1989.

Building Employers Confederation: "Quality Management for Builders",

The Chartered Institute of Building, 1989.

Stukhart, G.: "Construction QA/QC Systems That Work: Case Studies",
ASCE, 1985.

IBC Technical Services Limited: "Quality Assurance in Construction”,

Conference Documentation, London, June 1988.

CIRIA: "Quality Management in Construction, Interpretations of BS 5750
(1987) - 'Quality Systems'’ for the Construction Industry", Special
Publication 74, 1990.

British Standards Institution: BS 5750, 1987, Quality Systems

Part O: Section 0.1/ISO 9000 Principal Concepts and Applications,
Guide to Selection and Use.

Part O: Section 0.2/ISO 9004 Principal Concepts and Applications,
Guide to Quality Management and Quality System Elements.

Part 1/IS0 9001 Specification for design, manufacture and
installation.

Part 2/1S0 9002 Specification for Manufacture and Installation.

Part 3/ISO 9003 Specification for Final Inspection and Test.

British Standards Institution: BS 4778, 1987; Quality Vocabulary.




i .;‘&%}’

[ S PRl

B

¢
Sy

Sudgrove, B.M: "Quality Assurance in Construction - the Present

Position", June, 1987, London CIRIA Special Publications, 49, 1987.

"A Client's Guide to Quality Assurance,” London CIRIA Special

Publication 55, 1988.

Power R.D.: Quality Assurance in Civil Engineering," London CIRIA

Report 109, 1985.

Crosby, P.B.: "Quality is Free", New York, McGraw Hill, 1979.

"National Forum on Quality Assurance in Construction - a Call for

Unity", London, CIRIA 18, February, 1988.

Gilly, Bruno: "Quality Control Circles in Construction", Journal of
Construction Engineering and Management, Vol. 113. No. 3, September,
1987, ASCE, pp.427-438.

Grover, C.W.: "Construction Materials Engineering, A Perspective,”
Journal of Construction Engineering and Management, Vol. 110, No. 3,

September, 1984, ASCE, pp.387-389.
B FURTHER READING

Concrete Society: One Day Symposium and Exhibition: "Quality Assurance

in Construction," 15th March 1988.

Department of Trade and Industry, :"Quality Circles", London: Her

Majesty's Stationery Office.

Harrow, J.H.: "Quality Audits: an invitation to Management", Quality

Progress, January, 1987, pp.11-13.

Institution of Civil Engineers: "Quality Assurance in Civil
Engineering: Proceedings to a One Day Seminar," Donnington, East

Midlands, East Midlands Association, 1987.




IBC Technical Services Ltd.: "Quality Assurance in Comstruction " Two-

day Conference, 1-2 June, 1988.

Burt, M.E., "Quality Assurance in Construction”, BRE News - Building
Research Establishment, No. 52, Winter 1980, p.l.

Quinion, D., "Paper on Quality Assurance,” Federation of Civil

Engineering Contractors, January, 1985.

ACI Committee 121, "Quality Assurance Systems for Concrete

Construction", ACI Journal, Vol. 82, No. 4, July, 1985. pp._537-5&3.

Feigenbaum, A.V., "Total Quality Control - Engineering and

Management”, New York, McGraw Hill, 1961.

Deming W. Edwards: "Quality, Productivity and Competitive Position,”

Massachusetts Institute of Technology, 1982.

Gravin, David, A.:"Managing Quality"”, Collier Macmillan Publishers,

London, 1982.
Price, Frank: "Right First Time", Gower Publishing Co. Ltd., 1986.

Shetty, Y.K.: "Quality, Productivity and Innovation", Elsevier

Science, 1987.

CIRIA: "Construction Industry and Information Association", Sample

Quality Assurance Documents. London, 1985, Technical Notes. No. 121.




