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We’ve gut to fix this thing for good an’ all;
It’s no use buildin’ wut’s a-goin’ to fall.
I’m older’n you, an’ I’ve seen things an’ men,
An’ my experunce,—tell ye wut it’s ben:
Folks thet wurked thorough was the ones thet thriv,
But bad work follers ye ez long’s ye live;
You can’t git rid on’t; jest ez sure ez sin,
It’s ollers askin’ to be done agin.

LOWELL, Biglow Papers
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PREFACE

The purpose of this book is to provide a background of understanding of
the principles of quality management for the benefit of those called upon
to bear executive responsibility in the construction industry. It is not
intended to be a specialist treatise—such would bring it into competition
with the many expert and erudite works already in existence. More to the
point, to treat the management of quality as if it were the province of
specialists would run counter to the author’s conviction that the principles
and techniques which form his subject matter are indispensable tools for
all managers.

Managers and engineers in the construction industry are busy people.
They are men of action, although often traditional in outlook. They tend to
have little time for theories or textbooks. So, what are the benefits they may
expect to gain from the adoption of quality management?

For a start, they will be able to make a satisfactory response to clients who
make the implementation of an effective quality system a condition of
contract. This is not the best argument for adopting quality management,
but it is probably the one which many companies find the most compelling in
the first instance. The companies who benefit most from quality
management, however, are those who do so for the purpose of improving
their own efficiency by eliminating the costs, delays, waste, aggravation and
disruption brought about by failure to do things properly first time. This is
an aim worth pursuing for its own sake, irrespective of the demands of any
particular client. If an organization can succeed in doing this, and at the
same time can prepare itself to comply with mandated quality systems, then
it will have achieved the best of both worlds. The intention of this book is to
demonstrate that this can, and indeed should, be done.

In conclusion, the author apologizes to any female readers who may take
exception to the general use of the male gender. This is purely for the sake of
simplicity, and all references to he, his or him should be taken to include
women as well as men.
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1

THE QUALITY

MANAGEMENT

PHILOSOPHY

The concept of quality

In everyday usage, the word ‘quality’ usually carries connotations of
excellence. When Shakespeare wrote Portia’s speech on the quality of
mercy, he described the particular characteristics of the subject which
rendered it especially valuable. We speak of ‘quality newspapers’ when we
wish to identify those which are known to provide material which will be
of interest to an educated and discerning readership. In more class-
conscious days, people referred to as ‘the quality’ were those held to be of
high social status or of good breeding.

For reasons which will become evident, in this book, ‘quality’ will not be
indicative of special merit, excellence or high status. It will be used solely in
its engineering sense in which it conveys the concepts of compliance with a
defined requirement, of value for money, of fitness for purpose, or customer
satisfaction. With this definition, a palace or a bicycle shed may be of equal
quality if both function as they should and both give their owners an equal
feeling of having received their money’s worth.

Quality, then, is a summation of all those characteristics which together
make a product acceptable to the market. It follows that products which are
lacking in quality will in the long term prove unmarketable, and that the
purveyors of such products will go out of business. This truth applies not just
to manufactured articles, it is equally valid when applied to services such as
retailing, tourism or the practice of medicine. So the need to promote and
control quality is of fundamental importance to any enterprise. Only by
providing consistent value for money to their customers can companies hope
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to generate steady profits for their shareholders and ensure secure
livelihoods for their employees. On a wider scale, the same observations can
also be applied to nations. Those which have developed a reputation for
quality products also have low rates of inflation, low unemployment, stable
currencies and high rates of growth.

Paradoxically, the same market forces which in the long term permit the
survival only of those who satisfy their customers can also tempt the
dishonest or unwary to achieve short term profits by deceiving their
customers with sub-standard products. Such practices are insidious and
eventually fatal, and their prevention requires management action no less
determined and formalized than is customarily applied to the control of
money. These determined and formalized management actions are our
subject matter.

The achievement of quality

With the meaning of quality which has been selected, it follows by
definition that every purchaser of goods or services wishes to
maximize the quality of his or her purchases. It also follows that the
suppliers of such goods and services, if they wish to remain in
business, must also ensure the quality of their products. Harsh
experience of life, however, tells us that some suppliers put immediate
profits ahead of long-term survival, and it is incumbent on every
purchaser to protect himself from the dishonest or negligent supplier.
In legal terms this is the principle of ‘caveat emptor’, or let the buyer
beware’.

But few organizations are solely either buyers or sellers. Those who sell
also buy and those who buy also sell. In the construction industry the client
or purchaser of a project has to sell its benefits to his customers, be they
tenants, taxpayers or other kinds of consumer. The contractor who sells a
project to his client is a buyer of materials, labour and sub-contracts. The
consulting engineer or architect who sells design has to buy the services of
professional designers and draftsmen. As long as each buyer in the chain is
able to obtain an acceptable level of value for money, and as long as the
sellers are able to provide that level and still make a profit then the market is
able to function.

Chains of buyers and sellers are also to be found within organizations. For
example, in a housebuilding company the marketing department supplies
information on market requirements to the architects. The architects’
department ‘sells’ drawings and specifications to the construction
department. The construction department supplies completed houses to the
sales negotiators. Each group relies on one or more internal ‘suppliers’ to



provide the information or materials it needs so that it can then in its turn
satisfy the requirements of its customers, both internal or external.

What means are available to enable a purchaser to assure the quality of a
purchase? In early village economies, it was comparatively easy. The farmer
wishing to buy a cart would approach a local cartwright and agree a
specification and price. The cartwright would apply traditional skills in
design and in the selection of materials. The workmanship would be that of
himself or of apprentices under his personal control. Pride of craftsmanship
and the need to preserve a reputation in the locality would effectively prevent
careless or deliberate flouting of accepted standards. The coming of the
Industrial Revolution in the early nineteenth century rendered this relatively
simple quality system obsolete. With the development of new sources of
power, it became more economic to concentrate production into factories
and distribute the products of the factories to the purchasers by canal or
railway. Purchasers became separated from suppliers and the imperatives of
craftsmanship and the preservation of local reputation lost their power.

Early factories were dirty, dangerous and hopelessly inefficient, but the
demands for their products increased rapidly. This was particularly so in
America, where swelling consumer demands for manufactured goods
coincided with an unending influx of desperately poor, but unskilled,
immigrants arriving from Europe and seeking work in the factories. In the
1880s, Frederick W.Taylor (1856–1915) studied the organization of work in
factories. His purpose was to make the manual worker more productive, and
therefore better paid, and at the same time to relieve him of unnecessary and
wasteful labour. His method was to identify and analyse all the operations
which had to be performed for a given task and then to optimize the
sequence of operations to create the smoothest and most economical flow of
work. The consequent development of the techniques of mass production
has probably contributed more than any other factor to the increase in the
affluence of ordinary people in the last century.

Taylor observed that those who knew what was to be done seldom knew
how it should be done. He recognized that planning and doing were separate
activities, that the one should precede the other, and that planning would not
happen if mixed in with doing. On the other hand if planning were allowed
to become entirely divorced from doing, it would cease to be effective and
this could become a threat to performance. Unfortunately in all too many
cases, this is exactly what happened. So, with purchasers separated from
producers and planners separated from doers, what happened to quality?
Obviously, it suffered. At first this did not matter very much. The products
being made were simple and uncomplicated, and the consumers were easily
satisfied—Henry Ford offered them any colour of car they liked, as long as it
was black. Nevertheless, it was accepted that some control of quality was
necessary and inspectors were appointed for this purpose.

THE ACHIEVEMENT OF QUALITY 3
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In the United Kingdom, one of the first large scale applications of the
Taylor principles was in armaments manufacture during the First World War.
A largely female work force, quite unskilled and without any previous
experience, was drafted to the ordnance factories. They were taught simple
repetitive tasks by the few male craftsmen who remained, and set to work.
The craftsmen became inspectors, checking what was produced and
rejecting products which were not up to specification. The efforts of the
workers were heroic, and the remarkable outputs they achieved were a vital
element in the war effort, but the system was neither efficient nor cost
effective. Lying at the heart of this inefficiency was the belief that quality
could be adequately controlled solely by inspection. This, unfortunately, was
not the case.

The inspection of quality

The effect of the Taylor system was to replace the traditional skills of the
self-employed and self-motivated craftsman with those of the production
engineer. It achieved spectacular increases in productivity, but at a price.
Firstly, by separating planning from execution, it deprived workers of the
right to decide how their work should be done and at what rate. Secondly,
the organization of work into highly repetitive short-cycle activities made
the lives of the workers boring, monotonous and devoid of meaning.
Inevitably quality suffered.

The response of management was to establish independent internal
inspection departments to restore the balance. Inevitably, since they had to
be capable of distinguishing between what was satisfactory and what was
not, the inspectors were drawn from the more intelligent and
knowledgeable members of the work force. This had the immediate effect
of diluting the skills of the productive team and at the same time creating a
powerful group whose existence could be justified only if it found work
which had to be rejected. It is difficult to imagine any arrangement more
calculated to de-motivate the productive work force and create friction and
bad feeling.

The existence of inspection departments removed any remaining feeling
of responsibility on the part of the work force for the quality of their work.
The criterion of acceptability changed from ‘Will it satisfy the customer?’ to
‘Will it be passed by the inspector?’. Ways were found to deceive or bypass
the inspectors, who retaliated by requiring more frequent and more stringent
testing. There had to be enough inspectors to accommodate peaks in
workload so as to avoid the inspection department being accused of holding
up production. At off-peak periods the inspectors became under-employed
and occupied their time by creating bureaucratic procedures to further



strengthen their stranglehold on their enemies in the production
departments.

An inspector can identify a fault only after it has been committed. He may
then order the item to be scrapped or rectified in some way. Whatever the
decision, waste will have occurred and harm done which cannot be undone.
In many cases the inspector will know the cause of the fault and how it can
be prevented, but he has no incentive to pass on this knowledge to those in
charge of production. They are on the opposing side and are unlikely to
welcome his advice.

Such then, are the problems of attempting to control quality by inspection
alone. There has to be a better way, and there is.

The management of quality

After the Second World War the economy of Japan was in ruins. To attain
their military objectives, all available resources of capital and of technical
manpower had been directed to armaments manufacture, while their
civilian economy gained an unenviable reputation for producing poor-
quality copies of products designed and developed elsewhere. Unless they
were able to raise the quality of their products to a level which could
compete, and win, in the international market place they stood no chance
of becoming a modern industrialized nation.

To learn how to regenerate their industries, they sent teams abroad to study
the management practices of other countries and they invited foreign experts to
provide advice. Among the latter were two Americans, J.M.Juran and
W.E.Deming, who brought a new message which can be summarized as follows:

1. The management of quality is crucial to company survival and merits
the personal attention and commitment of top management.

2. The primary responsibility for quality must lie with those doing the
work. Control by inspection is of limited value.

3. To enable production departments to accept responsibility for quality,
management must establish systems for the control and verification of
work, and must educate and indoctrinate the work force in their
application.

4. The costs of education and training for quality, and any other costs
which might be incurred, will be repaid many times over by greater
output, less waste, a better quality product and higher profits.

These are the basic principles of the management concepts which have
since become identified under the generic term of quality management.

The Japanese developed and refined what they had learnt, adapting it to

THE MANAGEMENT OF QUALITY 5
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their own environment and to the circumstances of individual companies.
They made the management of quality an integral part of the manufacturing
process and proved that by reducing the incidence of defective goods, the
costs of production can be decreased substantially. Armed with the
techniques of quality management, the Japanese proceeded to achieve virtual
world domination in a series of key industries. At the time, who would have
guessed that thirty years later and with their economy under siege, the
Americans would be desperately trying to re-learn the lessons of quality
management from their erstwhile pupils?

Meanwhile, back in the United Kingdom, the Ministry of Defence was
facing increasing difficulties in the procurement of military equipment.
Manufacturers still operated on Taylor principles and despite internal
inspection, failures of equipment when in service were at an unacceptably
high level. For many years the Ministry had also put its own inspectors into
the factories and used the services of third-party inspection bodies, but this
did not solve the problem. The presence of external inspectors served to
remove the sense of responsibility of the internal inspectors, just as the
internal inspectors had removed responsibility from those doing the work.
Armaments were becoming more and more complex and in spite of all the
inspectors, failures in service were frequent, expensive and dangerous.

In May 1968, the North Atlantic Treaty Organization (NATO) issued the
first edition of an Allied Quality Assurance Publication known as AQAP-1.
Entitled ‘Quality Control System Requirements for Industry’, this document
specified NATO requirements for quality control systems to be operated by
their contractors. These systems were required to serve two purposes: firstly
to ensure that goods and services conformed to contract requirements and,
secondly, to provide objective evidence of such conformance. When invoked
in a contract or purchase order, AQAP-1 had mandatory effect. To assist
contractors and manufacturers to comply with its provisions and to guide
those charged with evaluating quality systems, NATO issued a further
document known as AQAP-2 in September 1968.

In response to NATO requirements the British Ministry of Defence
published its own equivalents of the AQAP documents for use in the United
Kingdom. The first of these documents was Defence Standard (DEF STAN)
05–08, issued in March 1970, but a more definitive document, DEF STAN
05–21 was published in January 1973. Unlike many subsequent standards,
DEF STAN 05–21 was a model of clarity. The concepts upon which it was
based are worth quoting:

‘(1) The quality of manufactured products depends upon the
manufacturer’s control over his design, manufacture, and inspection
operations. Unless a product is properly designed and manufactured it
will not meet the requirements of the buyer. Accordingly



manufacturers must be prepared to institute such control of quality as
is necessary to ensure that their products conform to the purchaser’s
quality requirements.

(2) Manufacturers should be prepared, not only to deliver products on
schedule at an agreed price, but in addition, to substantiate by
objective evidence, that they have maintained control over the design,
development, and manufacturing operations and have performed
inspection which demonstrate the acceptability of the products. The
design phase is considered to embrace all activities after the statement
of the operational requirement, through to the point at which the
requirement has been satisfied.’

These concepts, which incorporated some, but not all, of the principles
expounded by Juran and Deming, signified an evolution of the principle
of caveat emptor. With the increasing complexity and multiplicity of
industrial processes, it was no longer possible to judge the acceptability or
otherwise of a product by inspecting it in its finished state or even by a
series of stage inspections. Instead, the assurance of compliance with
specification that a purchaser legitimately demanded should be achieved
by the appraisal, approval and surveillance of the supplier’s management
arrangements combined with spot checks and audits to prove that they
were being implemented as agreed and were in fact achieving their
objectives. To quote again from DEF STAN 05–21:

‘For his protection the purchaser should exercise such surveillance over
the manufacturer’s controls, including inspection, as is necessary to
assure himself that the manufacturer has achieved the required quality.
Such surveillance should extend to sub-contractors when appropriate.
The amount of surveillance performed by the purchaser is a function of
the demonstrated effectiveness of the manufacturer’s controls and of
the demonstrated quality and reliability of his products. In the event
that the purchaser’s surveillance demonstrates that the manufacturer
has not exercised adequate control the purchaser will have valid reason
because of his contract stipulations to discontinue the acceptance of the
product concerned pending action by the manufacturer to correct
whatever deficiencies exist in his quality control system.’

The introduction of concepts of quality management into defence contracts
prompted the British Standards Institution to take action to provide
guidance and information on the subject to a wider industrial audience. In
1971 they published BS 4778: Glossary of terms used in quality assurance
and followed this in 1972 with BS4891: A guide to quality assurance.
Although they were only advisory, these documents served a useful purpose

THE MANAGEMENT OF QUALITY 7
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in interpreting the requirements of defence procurement standards in a
more general context. The process was completed in 1979 with the
publication of the first version of BS 5750: Quality Systems. This served as
the definitive standard in the United Kingdom until 1987 and was used as
the basis of the International Organization for Standardization’s ISO 9000
series of standards. BS 5750 was re-issued in 1987 in a form identical with
the corresponding ISO standards.

These standards introduced the words ‘quality system’ into the language of
management. They established that a quality system has to achieve two
objectives—first it has to control what is produced to make sure it meets the
requirements of the purchaser and, secondly, it has to provide confidence or
assurance that compliance has been achieved. This confidence or assurance is
needed by both the buyer and the seller, 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.

Standards and specifications for quality systems are important and their
contents are discussed in detail in Chapter 3. Many companies and
individuals make their first acquaintance with the subject of quality
management when obliged to provide evidence of compliance with a quality
system standard before or while tendering for a contract. In such cases, the
standards are used to define actions to be imposed by one party on another.
It is interesting to contrast this approach to the management of quality with
that preached by Juran and Deming and practised to such good effect by the
Japanese. The philosophy they propounded required that management
should devote its attention to the improvement and maintenance of quality
not because someone else might oblige them to do so, but because it was a
desirable end in itself.

There is a significant difference between an organization which truly
believes in the need to manage quality and one which merely prepares itself
to comply with a standard. The latter will have the systems, procedures,
manuals and so on which are required by the standard, but unless the people
who have the task of operating the systems have the right attitudes and inner
motivation, the results will not be wholly successful. These attitudes and
motivation can be inculcated only by a long-term programme of company-
wide quality improvement, initiated and supported by the overt personal
involvement of the chief executive and his senior colleagues. The strategy
and tactics of such a programme are the subject of Chapter 11.

Applications in construction

The early development work on quality management took place in a
manufacturing environment and so it is hardly surprising that most
literature on the subject is written in the vernacular of the factory. This is



unfortunate as it creates a mistaken impression in the minds of those
engaged in activities other than manufacturing that the tenets of quality
management hold no benefits for them. Nothing could be further from
the truth. Only monopolies can afford to ignore the customer’s demand
for value for money and satisfaction of his needs. Any person or
organization whose livelihood depends on successful performance in the
market place can benefit from quality management, and this includes the
construction industry.

This is not to say that quality management as practised in factories can be
transplanted unchanged into the construction industry. The differences
between the factory and the construction site cannot be ignored. There are
special factors which have to be taken into account—the susceptibility to
weather, the mobility of labour, the fact that almost every job is a prototype,
and so on. These realities undoubtedly make the introduction of quality
management more difficult than in other industries. But if it is true that the
management of construction sites is a uniquely formidable task, it does not
make sense to ignore the most significant advance in management technique
to have arrived on the scene in recent years. In any case, times are changing.
The differences between factories and construction sites are slowly but
steadily disappearing. There is more and more assembly work and less and
less craftsmanship.

So the techniques are there, available for the industry to use. Are they
needed? The answer has to be that they are. All too many buildings and
structures in recent years have failed to satisfy the legitimate requirements of
their purchasers and the reasonable expectations of the community at large.
The record is not one of which any manager or engineer can feel proud.
There are faults in concept, design, materials and workmanship. Some of
these are a result of technical advances; structures which were once designed
by experienced engineers and erected by highly trained craftsmen are now
increasingly being designed by computers and assembled by semi-skilled
labour. Analysis shows, however, that only a minority of construction defects
are technical in origin. Far more arise from inadequacies in the management
structure of the industry, from lack of training and from the commercial
pressures which stem from the almost universal custom of awarding work
only to the lowest bidder.

Recent advances in the techniques of construction management have
increased the commercial pressures. More and more organizations are
operating sophisticated computer-based programs for analysing and
presenting the facts, statistics and trends upon which management decisions
may be based. No longer need the manager, or his superiors, be unaware of
potential delays or budget overruns or cash-flow problems. The computer
will present all the information needed, and more, with speed, accuracy and
detail. These systems are powerful motivators. They enable organizations to

APPLICATIONS IN CONSTRUCTION 9
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set their managers exact goals and then report on the achievements of these
goals quickly and precisely. Managers soon come to realize that the way to
achieve recognition, salary increases, promotion and all the other rewards of
work, is to make certain that the information fed to the computer will be that
which will tell their superiors what they want to hear. It would be naive not
to recognize that the quality of the product is likely to be the first casualty as
managers succumb to the pressures and priorities exerted by the system. If
this is the case, control of total cost, which is the express purpose of most
project management systems, will be frustrated. The products of the
construction industry are intended for a long life and those who construct
them can be held liable for defects for many years after hand-over. The
normal time cycle of monetary control is too short to collect all the costs
which will eventually accrue and which should rightfully be charged against
the project or work element. Project management systems which present
their targets only in terms of cost and schedule can destroy a manager’s
natural instinct to produce work of which he can be proud. This is a very
strong argument in favour of the establishment of a quality system. It can
provide a counterpoise to the two forces of cost and schedule which, if not
resisted, will pull the site manager in the wrong direction—the analogy of the
triangle of forces will be well understood by engineers accustomed to
applying the laws of statics.

No one with experience of managing a construction site will
underestimate the magnitude of the task. But, when one reviews the
frequency of press reports of defective structures, when one considers the
poor reputation of the construction industry for the quality of its products
and, above all, when one contemplates the spiralling costs of litigation over
latent defects, it can only be concluded that we do have a serious problem.
The arguments in favour of applying the logic and rationality of quality
management to the particular problems of the construction industry are very
powerful. The following chapters will explain how this may be
accomplished.
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2

THE CONSTRUCTION

TRADITION

So far, the subject of quality management has been discussed in a general
industrial context. Before focusing on the specific requirements of the
construction industry, it is necessary to digress briefly on the evolution of
the industry to its present state and to look at traditional and existing
methods of assuring quality.

The products of construction are expensive, complex, immovable and
long-lived. They seldom offer scope for repetition, they have to be built
where they are needed and, if not designed or built correctly, there is usually
little that can be done to put things right at a later stage. Furthermore, it is
only occasionally that the potential purchaser can examine the finished
product before he has to commit himself to purchase. To overcome these
difficulties, systems of contract have evolved to facilitate the formal
commitments which are necessary before work can proceed. These contracts
define what is to be built, the roles of the various parties concerned and the
terms of the bargain between them. In so doing, they provide the framework
of quality systems, perhaps not so detailed as those described in BS 5750 or
DEF STAN 05–21, but quite effective none the less. They specify the
purchaser’s requirements, they stipulate the measures to be taken to assure
compliance and they state the remedies available to each party in the event of
default.

The contractual systems used in the construction industry reflect the fact
that it is the inheritor of two quite separate and distinct traditions, one as old
as civilization itself and the other dating back no further than the Industrial
Revolution. These two traditions are that of the architect and builder, and
that of the civil engineer. Most major construction contractors undertake
both building and civil engineering work and there is considerable
interchange of staff between the two disciplines. Likewise many of the larger
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consultancies include architecture, structural engineering and civil
engineering among the services they offer. However, the contractual
arrangements used for each discipline and the approaches they adopt
towards the management of quality still reflect the different historical
backgrounds.

Building and architecture

The purpose of a building is to provide shelter. The purpose of
architecture is to inspire. Sometimes the two come together, and we have
a building which not only provides comfort, convenience and security for
its occupants, but also excites aesthetic sensations in those who enter or
behold it.

Early buildings had few aesthetic pretensions. Stone Age customer
specifications were no doubt simple: ‘Buildings shall be warm, dry and
capable of preventing entry by marauders and wild animals’. However, the
more advanced civilizations eventually developed to a point at which they
could sustain groups of people who had the time and leisure to look beyond
their immediate survival needs and seek more spiritual forms of satisfaction.
The Aztecs built temples, the Egyptians built pyramids, and the art of
architecture was born. The Greeks, too, built temples. These were of great
beauty, designed to comply with the assumed requirements of the gods to
whom they were dedicated. From the outside, they were marvels of
proportion, symmetry and ornamentation, but they were not built to be
occupied by humans, indeed their doorways were often concealed by
colonnades as if to discourage entry. Nevertheless, any functional limitations
they may have had were outweighed by their aesthetic quality and they
established a classical tradition of architecture which was to last for
centuries.

It fell to the Romans to introduce the more mundane concepts of utility
and customer satisfaction. They developed the principle of the arch to
overcome the limits to column spacing imposed by the practical dimensions
of a horizontal architrave, thus achieving new standards of internal space
and access. The arch, and the vault which was developed from it, are
engineering concepts, applicable not only to basilicas, bath-houses and
theatres, but also to bridges, aqueducts and military fortifications.

The building of an arch or vault required stones cut precisely to shape and
size. This was the craft of the stonemason and it demanded an understanding
of three-dimensional geometry and a feel for the fracture characteristics of
rock masses. The designers of buildings were initially drawn from the ranks
of the master-masons. They carried their design knowledge in their heads,
and it grew as they moved from one construction site to another. They were



an intellectual elite, and the skills of their hands and brains were secrets to be
closely guarded from outsiders. The development of the Roman arch to the
Gothic arch, the flying buttress, the fan vault, and all the other architectural
delights of the European ecclesiastical tradition were among the
achievements of the master-masons. They became expert not just in their
original craft of cutting and placing stone. They had also to design timber
falseworks to support their stonework in its unfinished state, they could
sculpt figures and carve ornaments, they devised machines for lifting heavy
weights to great heights, and they hired, trained and managed the work
force. They were the forerunners of today’s design and construct
contractors.

Few would dispute the quality of the surviving works of the great
master-masons. No doubt they had their failures as well as their successes,
but these we no longer see as they have either fallen down or have been
pulled down. But who were the customers whose satisfaction would
provide a measure of quality? The market of the master-mason was the
patron. Many patrons were royal, others were ecclesiastical, political or
commercial. They required palaces, cathedrals, town halls and mansions.
The purpose of these buildings was not just to provide living
accommodation or meeting places, but also to symbolize the power,
spirituality or wealth of the patron. Their quality had to be judged not in
terms of durability, serviceability or economy, but on their ability to
impress and inspire. The latter is the prerogative of the artist, and the
master-masons most in demand were those who were able to combine
technical skills with artistry, that is, to be architects.

It is a remarkable feature of early buildings that their designers obeyed
basic laws of mechanics, the principles of which were not scientifically
formulated until long after the buildings were constructed. For example,
it is difficult to imagine how one could successfully design and construct
a twelfth-century Gothic cathedral without a clear understanding of the
nature of gravitational force and the laws of statics. Yet these matters
were not fully rationalized and codified until the works of Galileo and
Newton were published some five hundred years later. The great
cathedrals were exceptional in their technical demands. Most buildings
were more domestic in scale and conventional in construction, posing few
structural problems which could not be solved using empirical methods.
Architecture as an art form flourished during the Renaissance period—
indeed it is remarkable how many of the famous architects of the time
had established reputations in other artistic fields before becoming
architects.

However, the concentration of power into the hands of national
governments in the early seventeenth century brought about a change.
Art and architecture became integral parts of the system of government.

BUILDING AND ARCHITECTURE 13
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Architecture was useful to create work and to celebrate the greatness of
king and state. The French, as so often to the forefront in the pursuit of
national prestige, led the way and established an academy for
architecture. Those who achieved distinction therein became royal
architects, well paid members of the court, but dependent on the
patronage of the state. Thus was established the formal qualification of
the architect, no longer a self-made amateur, but with his status and
authority protected by statute. This development signalled the separation
of the design of buildings from their construction. The architect became a
design expert, but he no longer had mastery of the techniques of
construction—these remained the preserve of the stonemason, the
carpenter and the plumber. The architect was trained to establish the
shape of a building, the allocation of space, the surface finishes and
textures, the ornamentation and so on, but the builder was expected to
attend to the details of waterproofing, durability, economy and
serviceability, and to control the construction site.

Until the nineteenth century, the predominant construction material for
buildings was stone. Masonry structures can resist only compressive forces,
and even the most elaborate require little more than an understanding of the
triangle of forces for their analysis. However, the introduction of wrought
iron, and after 1860 of steel, created new problems. These materials can
resist tension, indeed this is their purpose. The analysis of structures
incorporating members both in compression and tension cannot
satisfactorily be undertaken by empirical methods, but requires the special
skills of the structural engineer. Thus began a trend towards increasing
specialization in building design. Most architects failed to come to terms
with the new technologies and as a result they ceased to be the sole
authorities on design matters. The designers of major industrial structures
such as textile mills and railway stations, were engineers, not architects. Sir
Joseph Paxton, who designed the Crystal Palace, one of the most significant
architectural innovations of the nineteenth century, was a distinguished
gardener and horticulturist who had become skilled in the use of iron and
glass in building conservatories and greenhouses.

In modern times we have seen the development of the skyscraper, factory-
made buildings, new plastic materials and air-conditioning. No longer are
we obliged to design our structures from the materials available, we can
design the materials for our structures. The design and specification of
buildings has come to require a synthesis of architecture and engineering.
The architect still leads the design team, determining the concept, the
proportions and style of the building, but he increasingly relies upon the
technical skills of the structural engineer, the materials engineer, the building
services engineer, and last but by no means least, the practical know-how of
the builder.



Civil engineering

Thomas Telford was born in 1757. On leaving school he was apprenticed
to a local stonemason. An ambitious youth, he left his native Eskdale
after completing his apprenticeship and sought work, at first in Edinburgh
and a year later in London. His ambition was to be an architect.

On arrival in London, Telford was fortunate to be introduced to Sir
William Chambers, who at that time shared with Robert Adam the Royal
office of ‘Architect of the Works’, and was later to become a founder of
the Royal Academy. Telford was set to work by Chambers on the
construction of the new Somerset House, trimming and setting blocks of
Portland stone. Although the excellence of his work led to promotion,
this was inadequate reward for the ambitious Telford. He sought
commissions for house improvements and was successful in obtaining
work on Westerhall House in Eskdale and the vicarage of Sudborough in
Northamptonshire. These were minor works, but they led to another and
far more important commission. This was to superintend the erection of a
new Commissioner’s house, a chapel and other buildings in Portsmouth
Dockyard. It was at this time in 1786 that Telford is reported to have
commenced the programme of scientific study which led to his later
eminence.

In Britain in the late eighteenth century there were no schools of
architecture to match those established in France in the seventeenth
century. It was not until 1841 that the University of London established the
first chair of architecture in a British university. The function of an
architect was undefined, and architects, contractors and craftsmen all
undertook such tasks as they (or their customers) considered themselves
capable. The architect for the work at Portsmouth Dockyard was one
Samuel Wyatt, brother of the more famous architect James Wyatt. Samuel
Wyatt had held the carpentry contract at Somerset House, and may have
been influenced in arranging Telford’s appointment for the work at
Portsmouth. Telford had, not long before, contemplated setting up in
business as a building contractor but had to abandon the idea because of
lack of working capital. At Portsmouth he is reported to have
‘superintended construction’ and was presumably responsible for the
quality of materials and workmanship, but he does not appear to have had
money of his own at risk.

If the role of the professional architect in the Britain of 1786 was
confused and ill-defined, that of the engineer was hardly recognized at all.
This is not to say that major engineering works had not been undertaken—
the canals of James Brindley and others were proof of this. But James
Brindley was a millwright by trade and the term ‘engineer’ was seldom
used except in the military context. The builders of canals, and later of
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railways, were brash, self-made men, lacking the social graces and
theoretical knowledge of their continental counterparts, but making up for
this with practical trade experience and the ability to hire and control large
teams of men. They were not held in high regard by society at large and the
profession of architect, which did at least carry the cachet of being an
applied art, was the target of those in the construction industry who
wished to rise in the world.

Telford’s next post was as Architect and Surveyor of Public Works for the
County of Salop. He was then aged 30. His responsibilities were wide
ranging: he built a new infirmary and a county gaol in Shrewsbury, he
designed and built churches, he undertook what we now call town-planning,
and he built bridges.

Major bridges in 1787 were built of stone, by stonemasons. They
consisted of arches or vaults, were surmounted by parapets or
balustrades and were decorated with many of the architectural features
normally found on buildings. Thus it is not surprising that bridge design
should have been considered the province of the architect. The first cast-
iron bridge, at Coalbrookdale, was designed by an architect, Thomas
Pritchard. While of great historical interest, this was a clumsy design,
imitative of timber structures and its producer failed to take advantage of
the particular properties of the new medium. When Telford was offered a
similar opportunity to design a cast-iron bridge at Buildwas, just
upstream of Coalbrookdale, he responded with a superior design, having
an arch lighter, flatter and infinitely more graceful than that produced by
Thomas Pritchard. He achieved this success because he was able to apply
scientific theory to a novel and untried material and thereby create a new
structural concept. Telford had become the first modern British civil
engineer.

The term ‘civil engineer’ in Telford’s time was all-embracing and
meant a civilian, in contrast to a military, engineer. With the progress of
mechanical and electrical engineering during the nineteenth century these
came to be regarded as separate branches of engineering, and civil
engineering eventually acquired the more restricted meaning with which
it is now associated. Telford was self-taught: engineering first became a
subject for tuition in England at Cambridge in about 1796, some fifty
years after the foundation of the Ecole des Ponts et Chaussées in Paris,
and it was not until 1838 that King’s College, London established the
first chair in civil engineering. Despite his lack of formal education,
Telford went on to build many more bridges, roads, canals and a huge
variety of other works. But the physical structures he built were not his
only achievement. He also established procedures for the execution of
civil engineering projects which still remain the basis of current
contractual arrangements.



Construction contracts

This book is not written by a lawyer and it is not the intention to provide
a treatise on contract law as it is applied in the construction industry.
However, the function of the contract in the management of quality is of
such importance that it would not be possible to deal adequately with the
latter without ensuring that the reader has a sufficient understanding of
the former. The paragraphs which follow give a general description of
conventional contractual arrangements, but it should be noted that there
is a wide range of alternatives which may be found more suitable for
particular applications.

The essence of any contract is that two parties together make a bargain
whereby one party promises to provide some consideration or payment in
exchange for some thing or service offered by the other party. Contracts
may be in many forms and do not have to be documented to be
enforceable, but, in the case of construction works, there is usually so
much money at stake that a written contract is almost always considered
desirable by both parties.

The party to a construction contract who makes the payment is the
client, who may also be referred to as the employer, the owner or the
purchaser. In most quality system standards he is known as the
purchaser, so, to be consistent, this term will be used hereafter. The
purchaser may be a private individual, a limited liability company, a
local authority, a government department or any other incorporated or
unincorporated body. The other party to the contract, who is to carry
out the works, is the contractor, otherwise known as the builder,
building contractor or civil engineering contractor. The purchaser and
the contractor are the two parties to the main contract, which usually
follows one of the standard forms of contract in common use within the
industry.

Clearly there has to be a mutual understanding between the two parties to
the main contract as to what is to be built in return for the agreed
consideration. This requires that the contract should incorporate a set of
drawings and a specification. For a purchaser having architectural or
engineering expertise within his own organization, this is no problem—his
people will prepare the necessary documents and seek tenders from
interested contractors. However, purchasers who only rarely enter the
market for construction projects are not likely to have these resources at
their disposal and they will find it necessary to enter into a separate contract
with an architect or a consulting engineer, or perhaps both, to carry out the
design work and to assist in supervising the execution of the main contract.
Again, there are standard forms of contract for the engagement of architects
and engineers and these stipulate the role and responsibilities of the person
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or persons engaged and the fees which will be paid. These conventional
contractual arrangements are illustrated diagrammatically in Figure 2.1.

During the design stage the consulting engineer or architect acts as a
contractor to the purchaser, but once it is proposed to construct the works he
may also become an agent, acting on the purchaser’s behalf to supervise and
administer the work of the construction contractor. His contract with the
purchaser normally requires that he should act in a fair and impartial
manner in his dealings with the two parties to the main contract. However,
as an agent of the purchaser, he is also required, if only implicitly, to act in
the purchaser’s interests. A staff architect or engineer in the employ of the
purchaser is expected to observe a similar duality of responsibility. This is a
remarkable arrangement, seldom encountered outside the construction
industry, and the fact that it can be sustained, even when the individual
concerned is an employee of the purchaser, reflects great credit on the
integrity of the professionals concerned.

Figure 2.1 Conventional construction contracts.



Returning to the main contract, that between the purchaser and the
construction contractor, the standard conditions of contract most frequently
encountered are known respectively as the JCT Standard Form of Building
Contract and the ICE Conditions of Contract. The JCT form of contract,
which is intended for use with all types of building work, is issued by the
Joint Contracts Tribunal, whose constituents include the Royal Institute of
British Architects (RIBA), the Royal Institute of Chartered Surveyors (RICS),
the Building Employers Confederation (BEC) and other bodies representing
local authorities and contractors. The ICE form of contract, sponsored
jointly by the Institution of Civil Engineers, the Federation of Civil
Engineering Contractors and the Association of Consulting Engineers is
designed for use in connection with civil engineering works.

Before considering the differences between these two forms of contract,
let us look at aspects in which they express a common approach to matters
which affect the management of quality. Although perhaps worded in
different ways, both forms of contract provide for the following:

1. The nomination of the person, or sometimes the firm, who will
represent the purchaser in his relationship with the contractor. This
may be an employee of the purchaser, or it may be an architect or
consulting engineer engaged to design and supervise construction of the
works. It is a convention that the purchaser’s representative is
identified in contract documentation by heading his title with a capital
letter. In the JCT form he is known as the Architect, if the person
concerned is registered as such under the Architects Registration Act
1938 or, if not, as the Supervising Officer (SO). Under the ICE
Conditions of Contract the appointee is known as the Engineer. The
term ‘engineer’ is not protected by statute in the United Kingdom.

2. The appointment by the contractor of an agent to be in charge of the
works and to receive instructions given by the Engineer or the
Architect/SO on behalf of the purchaser.

3. The stipulation that the contractor must complete the works by a certain
date, in accordance with the contract drawings and specifications and to
the satisfaction of the Architect/SO or the Engineer.

4. The establishment of the right and duty of the Engineer or the
Architect/SO to have access to the site and to inspect and examine the
progress and quality of the works.

5. The duty of the Engineer or the Architect/SO to certify payments to the
contractor for work in progress and for materials delivered to the site.

6. The prohibition of the contractor from sub-contracting sections of the
work to others without the consent of the Engineer or the Architect/SO.

7. The provision of a maintenance period (normally one year) after
completion of the works during which the contractor is required to
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make good any defects. To make sure that the contractor honours this
obligation, a retention may be subtracted from interim payments and
held back until the contractor has satisfactorily discharged his
responsibilities for maintenance.

8. The settlement of disputes by arbitration.

So much for the similarities between standard forms of contract for civil
engineering and building works. There are also substantial differences,
and these centre largely upon the respective powers of the Engineer and
the Architect. In general terms, the Architect has fewer powers and
responsibilities than does the Engineer. This is partly a matter of tradition,
but it is also a reflection of the fact that the decisions of an architect
rarely concern matters which might expose the general public to physical
hazard, whereas the converse applies to the decisions of an engineer.

The following paragraphs are based on the requirements of the two
standard forms of contract used for the engagement of architects and engineers
respectively. These are the Conditions of Appointment recommended by the
Royal Institute of British Architects (RIBA) and the Conditions of Engagement
published by the Association of Consulting Engineers (ACE).

Responsibilities of the Architect

An Architect who accepts a commission under the RIBA Conditions of
Appointment will first produce an outline design for the scheme or project
under consideration. He will seek the purchaser’s approval of his proposals
and will then develop the design, making sure that it complies with all the
relevant Building Regulations and other statutory requirements. He will
prepare the tender documents and send out invitations to tender. On receipt
of tenders, he will evaluate them and advise the purchaser on which should
be accepted. He will then provide such additional information as the
contractor may reasonably require, visiting the site as appropriate to
monitor the progress and quality of work. He will certify payment for
completed work and keep the purchaser informed on the financial status of
the project. On completion, he will give general guidance on maintenance
and provide the purchaser with a set of as-built drawings.

This is an extensive list of duties, but the Architect does not act in
isolation. Indeed, one of his first responsibilities under the contract is to
advise the purchaser on the need for other consultancy services and the scope
of these services. These consultants may include:

1. A quantity surveyor to prepare bills of quantities, to measure work
done and to prepare valuations for certification.



2. A structural engineer to design the foundations and structural
framework of the building and to supervise their construction.

3. An engineering systems (or building services) engineer to design and
supervise the installation of equipment such as boiler plants, heating
and ventilating equipment, electrical distribution systems, lifts, etc.

If the purchaser agrees to the need for these specialists, he and the
Architect will identify mutually acceptable individuals or firms who will
then be appointed, either directly by the purchaser or through the agency
of the Architect. Thereafter the Architect will be responsible for co-
ordinating the work of the specialists and integrating the contributions of
each designer into the overall concept. However, and this is most
important, each consultant is responsible to the purchaser for the quality
of his work, not to the Architect. Thus the Architect will not normally be
held liable under the contract for negligence on the part of other members
of the professional team.

During construction, the Architect will visit the site to determine that the
works are being executed generally in accordance with the contract
drawings and specifications. If the Architect and the purchaser are of the
opinion that more frequent or constant inspection is needed then an
inspector or ‘clerk of works’ will be employed. The clerk of works will
normally be employed by the purchaser, but he will operate under the
direction and control of the Architect. The basic duty of a clerk of works is to
be present on the site, to watch and record what is done and to report the
facts to the purchaser and to the Architect. Directions given to the contractor
by a clerk of works are valid only if related to a matter on which the
Architect is contractually empowered to give directions and if confirmed in
writing by the Architect within two working days. It says much for the
personal qualities and experience of many clerks of works that, despite these
rather limited powers, they frequently earn respect and influence on the site
far in excess of that provided for in the contract.

So, what are the Architect’s contractual responsibilities for the quality of
construction? The RIBA Conditions of Appointment provide for periodic,
but not constant, supervision by the Architect. Day-to-day supervision is
therefore, apparently, left to the contractor and to the clerk of works
representing the employer. On the other hand, the Architect has substantial
powers under the main contract to enable him to enforce standards. He can
call for verification that materials comply with specification. He can require
that work be opened up for inspection. He can order the removal from site of
defective materials. He can give instructions to the contractor on matters in
respect of which he has contractual powers and, if these are ignored, the
purchaser is entitled to employ someone else to give effect to the instruction
and to deduct any costs incurred from moneys due to the contractor. These
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are not inconsiderable powers. In addition, the Architect’s role in the
certification of payments to the contractor gives him the power to refuse to
certify work which fails to comply with specification.

All these powers would appear to imply a clear duty on the part of the
Architect to make sure that the finished building complies in every respect
with the specification. In practice, however, the position is ill-defined and it is
not easy for a purchaser to obtain redress under contract from an architect in
respect of a defective building. Given the nature of building work, this is not
as unreasonable as it might at first sight appear. After all, a wise man does
not accept responsibility for activities which are outwith his control. For an
architect to accept full responsibility for quality it would be necessary for
him or his representative to be present to observe, measure and test every
single element of the building. This would clearly be impractical and indeed
superfluous since the main contract obliges the contractor to comply with all
the requirements of the specification and this obligation is not diminished by
the issue of a certificate for payment.

Responsibilities of the Engineer

The sequence of activities undertaken by an Engineer appointed under the
ACE Conditions of Engagement is not dissimilar to that of an Architect as
defined in the RIBA form of agreement. On the other hand, the
responsibilities he owes to his client (the purchaser) are more extensive
and these are matched by greater powers to control work on the
construction site.

The construction of a building is a reasonably predictable process. Only
the part below ground, the foundation, is subject to unforeseeable events.
When ground is excavated the unexpected can always happen, no matter
how many exploratory investigations have been made. Likewise the
behaviour of piles can never be predicted with certainty. For this reason, the
engineer responsible for a building’s foundation has to be prepared to
respond to the unexpected and to adjust his plans in accordance with the
ground conditions that are exposed. However, once out of the ground a
builder is soon in a controlled environment entirely of his own making.

In civil engineering, the proportion of work subject to the whims of nature
is generally higher than is the case with building works. Tunnels, for
example, are never out of the ground. Earth dams and embankments are
built from natural materials and methods of placing and compaction are
subject to constant adjustment. Marine structures combine uncertain sea bed
conditions with the unpredictable effects of winds, waves and tides. Collapse
of such works, either during or after completion of construction, can have
catastrophic effects on whole communities. There is thus a need for



continuous and close involvement of the designers in the supervision of
construction of civil engineering work so that informed and competent
decisions can be made on the spot and without delay as the need arises.

Under the ACE Conditions of Engagement, the consulting engineer is
expected to provide all the expert technical advice and skills which are
normally required for the class of work being undertaken. The word
‘normally’ is important here, and there are various specialist services for
which the Engineer will not be held responsible unless specially
commissioned. These include architecture, although if the purchaser has also
appointed an Architect, the Engineer will be expected to consult with him in
connection with the architectural treatment of the work and to collaborate
in the design of building works included in the main contract. Thus, whereas
the Architect’s role is to determine the concept and appearance of a building
and thereafter to work with other consultants employed by the purchaser to
produce the completed design, the Engineer is in a position both stronger and
more onerous in that he alone is responsible to the purchaser for both
concept and all other design work apart from any specialist or abnormal
aspects which may have been excluded from his brief.

To ensure the necessary integration of the functions of design and
construction, the Engineer has powers for controlling the site which exceed
those of the Architect. For example, whereas the Architect’s authority to give
instructions to the contractor is limited to matters in respect of which he is
expressly empowered under the contract to give instructions, the Engineer
can give directions on any matter connected with the works, whether it is
mentioned in the contract or not. The materials, plant and labour provided
by the contractor, and the mode, manner and speed of construction have all
to be to the Engineer’s approval. He can call for details of the contractor’s
proposed construction methods and temporary works, and if he has good
reason not to be satisfied with these he may reject them and require the
contractor to submit new proposals.

The implementation of these and other powers requires personal
representation on the site. The Engineer’s contract with the purchaser
stipulates that if, in his opinion, the nature of the works warrants
engineering supervision of the site, the Client (or purchaser) ‘shall not object
to’ the appointment of such suitably qualified persons as the Engineer may
consider necessary. Persons so appointed are usually employees of the
consulting engineer, although very occasionally and subject to the agreement
and approval of the Engineer, they may be employed by the Purchaser. In
either case they take instructions only from the Engineer. The person in
charge of the Engineer’s site team is known as the Engineer’s Representative,
and it is a requirement of the main contract that the contractor should be
informed of his appointment and be given written details of the powers and
responsibilities delegated to him.

RESPONSIBILITIES OF THE ENGINEER 23



24 THE CONSTRUCTION TRADITION

It is of interest to compare the functions of the Engineer’s Representative
under the ICE Conditions of Contract with that of a clerk of works on a
building project. Both occupy a key role in the management of quality. At
one end of the spectrum, the role of the Engineer’s Representative may be
identical to that of a clerk of works as described on p. 21. On the other hand
the Engineer may choose to delegate a significant proportion of his powers
to his Representative who may, for example, be given authority to approve
or reject work, to give instructions and directions to the Contractor, and to
certify interim payments. He may not, however, relieve the contractor of any
of his obligations under the contract, nor commit the purchaser to any extra
payments or extensions of time. These are matters reserved for the personal
attention of the Engineer.

Sub-contracts

Few main contractors these days undertake all the work involved in a
contract on their own account. To do so would require that they maintain
resources of men and equipment which would inevitably be under-utilized
much of the time. Thus, subject to the provisions of the main contract,
they prefer to award sub-contracts whereby particular elements of the
work will be performed by others.

As mentioned on p. 19, most forms of contract prohibit sub-
contracting without the permission of the Engineer or the Architect.
There are good reasons why this should be so. For a start, if contractual
obligations are carried out by persons who are not party to the main
contract, it becomes more difficult for the Architect or Engineer to keep
track of what is going on. Or it may be that the main contractor has only
qualified to bid for the work because of his specialist capabilities which
would be denied to the purchaser if some other less-specialized company
were to do the work. On the other hand, there are times when the
purchaser (acting perhaps on the advice of his Architect or Engineer)
decides himself that parts of the work should be sub-contracted to
persons or companies he has selected. This frequently applies in the case
of specialists such as building services contractors. Sub-contracts of this
kind are known as nominated sub-contracts, and the normal procedure is
for the Architect or Engineer to obtain quotations for the work in
question direct from prospective sub-contractors and to instruct the
contractor to place an order with the chosen tenderer.

Sub-contracting work to others does not relieve the main contractor of
any of his contractual obligations to the purchaser, and he normally
remains fully responsible for the quality of the sub-contractor’s work.
Many contractors attempt to impose their own terms and conditions of



contract on their sub-contractors and these sometimes contain one-sided
provisions which place the sub-contractor at a disadvantage. On the other
hand, some sub-contractors, particularly specialists, may refuse to accept
work save on their own conditions. These problems may be avoided by
using one of the standard forms of sub-contract designed for use with the
standard main forms.

Since the purchaser has no contractual relationship with sub-
contractors it is unwise for him, or for his Architect or Engineer, to
communicate with them other than through, or in the presence of, the main
contractor. On sites where there is a large number of sub-contractors
performing a significant proportion of the total work effort, this can create
major problems in the achievement of quality unless an adequate quality
system is established and maintained by the main contractor. Particular
problems may arise in the case of nominated sub-contractors where the
main contractor is expected to accept responsibility for the quality of work
of a sub-contractor in the selection of whom he took no part, and whose
employment was imposed upon him.

Project management contracts

The traditional contractual arrangements outlined above have served
their purpose admirably in the past, but there is a trend within the
construction industry to seek other forms of contract more appropriate to
today’s conditions. The common feature of most alternative arrangements
is the appointment by the purchaser of a management contractor to co-
ordinate and manage both the design and construction phases of the
project on his behalf. The management contractor is normally paid for his
services by a fee which may be calculated in a number of different ways.
He seldom undertakes construction work himself but may sometimes
provide certain common services to the construction contractors such as
canteens, site offices etc.

One of the causes of the trend towards alternative forms of contract is the
growing proportion of work let to sub-contractors as the industry becomes
more specialized. Another cause is the difficulty increasingly experienced by
architects and consulting engineers in sustaining their often mutually
conflicting roles as designers, supervisors and impartial adjudicators.
Today’s cut-throat competition leads contractors to rely increasingly for
their profit margins on the successful prosecution of claims for disruption,
unforeseen circumstances and variations. Many of these claims arise from
the nature, adequacy or timing of design information. The Engineer or
Architect responsible for design may then be charged with making impartial
decisions on claims, some of which may arise because of his own errors or
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shortcomings. His position in such circumstances is barely tenable and as a
consequence the role of the Engineer and Architect in the resolution of
disputes is coming to be viewed with scepticism by a growing number of
authorities on both sides of the industry. There are also moves to end the
separation of responsibilities for design and construction.

Management contracts can offer partial solutions to many of these
problems and are particularly effective for projects in which time is
important and where there is a likelihood that designs will not be complete
when a main contract would normally be let. They find especial favour in the
process and offshore sectors of the industry where failure to complete on
time can be very expensive, where the integration of design and construction
is vital and where contractors have achieved a high degree of technical
proficiency. They are also becoming increasingly popular for building
projects, particularly those having a high building services content.

Figure 2.2 illustrates three alternative contractual and organizational
arrangements for project management contracts. In all cases, the design
organization retains full responsibility for design and for specifying the
standards to be achieved. However the onus of achieving quality on site
rests with the management contractor or construction manager who relies
on his authority to approve payments for work to maintain control of the
construction contractors. Although the designer’s role in construction
supervision is substantially reduced and he no longer holds the scales of

Figure 2.2 (a) The management contract.



Figure 2.2 (c) The design and management contract.

Figure 2.2 (b) The construction management contract.
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justice, he retains the right of access to the site so that he can gain
essential feedback of information and satisfy himself that his designs are
being correctly interpreted.

House building for private sale

The provision of houses for private purchase represents a major sector of
the construction market.

When projects are built under contract, construction does not commence
until there is a firm and enforceable commitment between the purchaser and
the supplier. This commitment requires that the purchaser should specify in
precise detail exactly what he wants, that the supplier should name his price
and that there should be a set of rules to ensure fair play between the parties.
By contrast, most privately sold houses are built as speculations, that is to
say the builder erects houses of his own design and at his own expense and
then offers them for sale. If he has judged the market correctly he earns a
profitable return on his outlay and his speculation has succeeded. If not, he
loses money.

Speculative housing is therefore intrinsically different from construction
under contract, indeed it has more in common with manufacturing and
retailing. There is, however, a significant difference between the buying of a
house and other private purchases in that it is usually the largest and most
important commercial transaction which most people enter into during their
lives. It introduces complex problems in respect of the legality and
obligations of ownership and usually requires the raising of finance. It is also
very difficult, if not impossible, for the average purchaser to satisfy himself
that he is obtaining quality commensurate with the price he is paying. A
good solicitor will resolve problems relating to title and ownership, and
banks and building societies are available to provide finance, but what
assurance can the purchaser have in respect of quality?

If the house is complete at the time of sale, it is open to the purchaser, or to
a qualified building surveyor acting on his behalf, to examine the property and
to satisfy himself as to its condition. This is a prudent action to take, but such
examinations cannot be expected to be exhaustive. It is very difficult, for
example, to check the condition of the foundations or the drains, or the
thermal insulation. Nevertheless, if the opportunity is there it should be taken.
A further source of assurance is provided by the fact that builders are obliged
by law to comply with Building Regulations. The purpose of these is to protect
the health and safety of the public and to prescribe minimum standards in
respect of such matters as structural stability, fire protection, sanitation,
internal heating and so on. All persons intending to erect buildings covered by
the Regulations, and this includes most dwellings, are required to give notice



of their intentions to the local authority and to deposit plans and specifications
demonstrating compliance with the design requirements. After approval,
further notices have to be given before and during construction so that local
authority inspectors can visit the site and verify that buildings are constructed
in accordance with approved drawings and specifications.

Additional protection is provided to the house purchaser by a body
known as the National House Building Council (NHBC). This is a non-
profit-making organization governed by nominees of various interested
parties including building societies, consumer protection bodies, the
professions and the building companies themselves. Its Chairman is
appointed by the Secretary of State but it is otherwise independent of
government and political parties. Most builders are registered with the
Council and almost all new houses and apartments are covered by its
arrangements. The NHBC publishes recommended specifications for design,
workmanship and materials which amplify the more basic requirements of
the Building Regulations. They employ field inspectors who make visits to
sites both on a routine basis and also at random to ensure that specifications
are being complied with. In so doing the Council acts as a third-party body
undertaking audit and surveillance as described in Chapter 7 (p. 111),
although it is not recognized by the National Accreditation Council for
Certification Bodies.

The NHBC further protects the house purchaser by publishing a form of
agreement and operating an insurance policy which registered builders are
required to offer to prospective purchasers. These provide for the following:

1. Compensation to the purchaser in respect of losses incurred as a
result of the builder’s bankruptcy. This includes costs arising from
failure to commence or complete construction to specification and
reimbursement of any advance payments to the builder which cannot
be recovered.

2. A two-year commitment by the builder to rectify, at his own expense and
within a reasonable time, any defects and consequent damage to the
property caused by a breach of the Council’s requirements. In the event
of disagreement between the purchaser and the builder, the NHBC will
provide a conciliation service. If this fails, the Agreement provides for
independent arbitration. If the builder then fails to carry out work found
necessary by the arbitrator, the NHBC will meet the costs of having it
done by someone else, subject to certain defined limits.

3. A further eight-year commitment (making ten years in all) during
which the purchaser is protected against major damage caused by a
defect in the structure or by subsidence, settlement and heave.

The NHBC agreement and insurance policies are lengthy legal documents,
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and the very brief summary of principles given above inevitably omits
many important exclusions and conditions. They are undoubtedly an
effective means of providing assurance to the house purchaser that he is
receiving a building which is fit for its purpose and protecting him from
financial disaster should things unfortunately go wrong. At the same time,
they enable the NHBC to exert a powerful influence in the promotion of
quality within the industry. Building societies are reluctant to grant
mortgages on properties built by non-registered companies. Premiums
paid by builders for registration and insurance are linked to their claims
records. These factors, together with the NHBC’s ultimate sanction of
expulsion, provide a potent incentive to builders to meet NHBC standards
and to accept their surveillance.

Contracts and the courts

There is a risk that the brevity of the foregoing summary of typical
contractual arrangements used in the construction industry may have
given a misleading impression of simplicity and clarity. Such
unfortunately is seldom the case in practice. There are very many different
forms of contract and these are frequently varied by purchasers to suit
particular circumstances. Nevertheless, during the execution of the
contract and through the ensuing maintenance period there is at least
some common understanding of the responsibilities of the various parties
involved and of the remedies available to each in the event of default by
one or another. However, the products of construction are built for the
long term and should outlast by many years the contractual obligations
between the original purchasers, designers, material suppliers and
contractors. When defects come to light after the expiry of the contractual
maintenance period, who is liable, and to whom? Ask this question of a
lawyer and he will smile with anticipation of a fortune in the offing. The
English law on construction liability is confused and frequently
incomprehensible, not just to laymen but also to the experts. Any attempt
to unravel its many strands in a book such as this would be doomed to
failure, but there are certain significant aspects which warrant attention.

The obligations of the parties to a contract cease when the contractor has
completed all the work including maintenance, the requisite certificates have
been issued and the purchaser has paid all amounts due. The contract is then
said to have been performed and is ‘discharged’. However, if latent defects
are found before the expiry of a statutory period of limitation, it is held that
the contract has not in fact been performed and is not discharged. The
purchaser then regains his right to sue for breach of contract and to claim
damages. This right applies not just to the contract between the purchaser



and the contractor, but also to that between the purchaser and his
professional advisers. The liabilities of the various parties should in theory be
clear and unequivocal and capable of resolution according to the wording of
the contract. But this is not always the case. The courts can, for example,
impose ‘implied terms’ where contracts are not precise. They can also
override clauses restricting liability if they judge them to be ‘unreasonable’.
Furthermore, it can be very difficult sometimes to decide whether a latent
defect is the result of poor design and therefore the responsibility of the
Architect or Engineer, or poor materials or workmanship resulting from
shortcomings on the part of the contractor.

Under conventional arrangements, architects and consulting engineers are
bound to exercise only reasonable care and skill in their work: they do not
warrant that their designs will be fit for the purposes for which they may be
intended. On the other hand, a contractor who accepts a commission to
design and build a structure undertakes a greater obligation. In the absence
of any express term to the contrary in the contract, the law will imply a term
that the finished work will be reasonably fit for the purpose required. There
are standard forms of contract for design and build work, and at least one of
these expressly provides that the contractor should carry no greater a
liability to the purchaser than would an architect or other professional
designer acting independently under a separate contract with the purchaser.
Under such arrangements, the dissatisfied purchaser can obtain redress only
if he can prove negligence, and this may be difficult.

Whereas only those who are or were party to the contract can make
contractual claims, any aggrieved person may exercise common law rights
and sue under the law of tort. Tort may be defined as a civil wrong
independent of contract, or as liability arising from a legal duty owed to
persons generally. This widens the scope of possible claimants to include
tenants of property, owners who were not original purchasers and, indeed,
any other user who can show that he or she has suffered from negligence. It
also exposes many more people and organizations to the risk of litigation:
for example, local authorities have been held liable to purchasers of defective
houses for negligence on the part of building inspectors.

Decisions in cases brought under tort are based on case law according to
precedents set in previous similar cases. Thus the law develops from case to
case and can adjust itself to correspond to currently accepted notions of
what the ordinary man expects. While this provides a welcome degree of
flexibility in legal decision making, it also makes it extremely difficult for
anyone to predict the outcome of a particular case. To succeed in claims
under tort, it is normally necessary to prove negligence. Negligence implies a
breach of a duty of care. But just because things go wrong from time to time
does not mean that somebody, somewhere, has been negligent. Errors of
judgement are not necessarily proof of a lack of care. If they were, then a
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professional person would be liable whenever something went wrong and
life for engineers and architects would become impossible. Lord Denning
recognized this in one of his judgements: ‘Whenever I give a judgement, and
it is afterwards reversed in the House of Lords, is it to be said that I was
negligent? Every one of us every day gives a judgement which is afterwards
found to be wrong. It may be an error of judgement, but it is not negligent.’

Because of the uncertainties of proving negligence and the likelihood of
each defending party blaming another, it is a common custom in cases of latent
defects for plaintiffs to take action against all parties concerned in the hope
that at least one will be found negligent. Since it is seldom that all the blame
can be laid at one door, the courts often allocate liability on a proportional
basis against two or more defendants according to the degree of responsibility
which they are judged to carry. At first sight, this may appear a satisfactory
form of rough justice. But what happens if, say, the builder has gone out of
business, or the architect has died, or the structural engineer has no resources?
The answer is that if a defendant is unable to pay his share the onus is
redistributed to the others on a pro rata basis. In theory, therefore, if only one
defendant has funds, he, and he alone, may have to bear the entire cost.

Claims for damages, whether in respect of tort or of breach of contract,
are subject to statutory periods of limitation after which they become ‘time-
barred’ and action cannot proceed. Since the life expectancy of the products
of the construction industry is long, these periods of limitation can have
considerable financial significance to purchasers, contractors and
professionals and they have been the subject of much controversy and legal
argument. In 1984, the Law Reform Committee made recommendations for
the reform of statutory limitations in respect of latent damage in negligence
cases. The standard period of limitation at that time was six years, but
successful legal judgements on the time at which the period started to run
had given rise to doubts as to how the law would be applied in particular
cases. The aims of the Law Reform Committee’s deliberations were:

1. To provide plaintiffs with a fair and sufficient opportunity to pursue
their claims.

2. To protect potential defendants against stale claims.
3. To eliminate uncertainty in the law so far as may be possible.

Parliament considered the Law Reform Committee’s recommendations and
subsequently embodied the following in the Latent Damage Act 1986:

1. The period of limitation for actions for breach of contract remains at six
years, or twelve years if under seal, from the date upon which the breach
is held to have occurred. The latter date may be assumed to be the date
of contract completion, or the date upon which the final certificate for



payment was issued. However, if further work is subsequently carried
out, for example, if the architect gives advice on defects coming to light
after completion, this may override the original date and the six-year
period, as far as the architect is concerned, would then be held to run
from the latest date on which professional advice was provided.

2. A similar six-year period applies to actions in tort. As in actions
under contract, this period commences from the time that the damage
occurs, which may be taken as the date of contract completion.
Architects and consulting engineers may have a continuing liability
similar to that described in 1 above.

3. Action in tort may also be commenced after the end of the six-year
limitation period providing that it is brought within three years of the
date on which a defect is discovered or becomes discoverable by the
plaintiff. The three-year period may commence during the latter half
of the six-year period, in which case it has the effect of extending the
six-year period by an appropriate amount up to a maximum of nine
years. Alternatively it may start after the expiry of the six-year
period, subject only to the ‘long stop’ described in 4. below.

4. A ‘long stop’ period of fifteen years from the last date on which there
‘occurred an act or omission alleged to constitute negligence.’

The provisions of the 1986 act now await interpretation in the courts. While
some of the obscurities which existed before 1986 have been resolved, others
have not and it remains to be seen whether the aim of the Law Reform
Committee ‘to avoid uncertainty in the law whenever possible’ will be satisfied.

Contractors do not normally carry insurance against claims for latent
defects, although policies providing such cover are available. The imposition
of heavy damages may force a company into liquidation, but limited liability
status will protect the assets of shareholders. Architects and engineers
normally act as unlimited liability partnerships or as sole practitioners. Their
exposure to risk is therefore severe since, if found negligent, they stand to
lose all their assets and even after their death, recovery of claims can still be
made against their estates. For this reason, most architects and engineers
carry Professional Indemnity insurance covering them against claims by their
clients. Premiums for Professional Indemnity insurance have risen steeply in
recent years and can be as much as 5–10% of turnover.

So, what can purchasers, contractors, architects and engineers do to
protect themselves from involvement in latent defect litigation?

1. Settle out of court. Latent defect cases are expensive and time
consuming. All the parties concerned are likely to require legal
representation and employ expert witnesses and cases last, on
average, about three years. Fees are commonly quite disproportionate
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to the costs of the defects. More than half of claimants lose their case
and have to pay for legal costs as well as for rectifying the defects.

2. Make sure that the defects do not occur in the first place. This is by far
the best remedy and one which is readily and freely available within the
industry. The faults which give rise to latent defects litigation are usually
very basic and arise because of ignorance, idleness or greed. They can
best be prevented by technical competence and careful supervision
backed up by a comprehensive and disciplined quality system.

Construction contracts as quality systems

At the start of this chapter, it was stated that traditional contractual
arrangements provide the framework of a quality system comparable to
those described in quality system standards. As will become apparent in
the ensuing chapters, one of the main purposes of a quality system is to
ensure that a purchaser’s requirements are satisfied by his supplier. To
achieve this a quality system for procurement will provide for:

1. Precise definition of the purchaser’s requirements.
2. Selection of potential suppliers who can demonstrate both the means

and the will to meet the requirements.
3. Surveillance of work in progress.
4. Verification, at source or after receipt, that the purchased products or

services are in conformance with the specified requirements.

How do traditional arrangements for procuring construction work satisfy
these criteria?

DEFINITION

The specifications and drawings incorporated in construction contracts
are usually voluminous and comprehensive, but the amount of detail they
give is subject to practical limitations. It is not possible, for example, for
the drawings of a multi-storey building to specify the precise location of
each brick or each nail. There comes a point at which the designer has to
rely on the good sense of the builder to interpret what is needed and to
follow customary good practice in carrying out the architect’s
instructions. Thus an architect might reasonably respond to a charge of
defective design resulting in a damp or leaking building by saying that a
competent builder should be aware of the need for proper damp-proof
courses and other waterproofing measures and the absence of specific
requirements for such measures on the drawings is no excuse for his



failing to provide them. Such arguments are frequently upheld by the
courts. However, the fact that litigation is being resorted to with
increasing frequency is in itself evidence of an unsatisfactory system. The
division of responsibilities for design and construction is a workable
convention only if the boundaries are clearly defined and understood.
This is frequently not the case, and the resulting confusion is the cause of
many quality problems and consequent customer dissatisfaction.

From the purchaser’s point of view, then, traditional arrangements do not
always provide for precise definition of his requirements leading to his
ultimate satisfaction. Fortunately, in most cases, the procedure of an
architect or engineer producing concept drawings for formal approval by the
purchaser and thereafter preparing detailed drawings and specifications
provides a satisfactory outcome. But a purchaser who takes possession of a
building or civil engineering structure and then finds that the designer has
failed to understand and cater for his requirements has very few practical
remedies, and this must be taken as indicative of a defective quality system.

SUPPLIER SELECTION

There are two principal ‘suppliers’ whose selection will influence the
successful outcome of a construction project. The first of these is the
architect or engineer who will design and supervise the works and the
second is the contractor.

It has traditionally been considered unprofessional for architects and
consulting engineers to advertise or otherwise tout for work and they do not
normally enter into fee competition. A purchaser wishing to engage an
architect or engineer will approach firms known to him or seek the advice of
a professional organization such as the Association of Consulting Engineers
or the Royal Institute of British Architects who will nominate members
skilled and experienced in the particular field of work. The purchaser will
interview potential contenders and make his selection according to his
judgement of their professional capability.

The ACE and RIBA conditions of engagement stipulate that fees paid to
architects and engineers will be in accordance with standard scales. These are
of two kinds. Firstly there is a percentage of the total construction cost of the
work which varies according to the size of the project (the higher the total cost,
the lower the percentage) and the type of work (opera houses earn a bigger fee
than farm buildings). Secondly there are fees charged on a time basis, normally
for staff employed on site. It can thus be argued that the selection of architects
and consulting engineers is made solely on their ability to satisfy the
purchaser’s requirements, unsullied by commercial competition. Given that
the architect’s or engineer’s fee is generally a minor item in the total cost and
that skills in design and supervision can bring benefits to the purchaser far in
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excess of their cost, there is a sound case in favour of such arrangements. On
the other hand, the architect or engineer has little incentive to control cost
inflation since his fees rise with the final bill. He is also subject to a conflict of
interest when asked to adjudicate on a claim for extra payment by the
contractor since a percentage of any sum agreed will accrue to himself.

Whereas architects and consulting engineers are usually chosen on the basis
of their skill and experience, the conventional method of selecting contractors
is by competitive tender. Award of work to the lowest bidder should in theory
be the most effective way of minimizing the purchaser’s expenditure. It is fair
to contractors who expend effort and resources in tendering and who are
entitled to know the basis upon which the successful tenderer will be chosen,
and it provides a safeguard against corruption which is particularly important
where public funds are involved. The danger in open competitive tendering is
that the lowest bidder may be ignorant of the work for which he is tendering,
and may not possess the skills and equipment needed to perform the contract
to specification and programme. To avoid this, low bids deemed incompetent
are sometimes disqualified and the work awarded to the next tenderer in line.
This wastes effort and can create friction. A better procedure is to invite
tenders only from a selected list of contractors drawn up on the basis of their
previous records or some other process of pre-qualification.

Few individuals making purchases for their own use buy only the cheapest
articles available. They prefer to weigh value against cost so as to optimize
the benefits they receive. Suppliers of manufactured goods and those in
service industries vary their specifications and prices to meet what they
perceive to be the public demand and thus secure or improve their market
share. Construction contractors tendering for work, however, do not have
the option of varying specifications in order to offer purchasers better value
for money. At best, they are permitted to submit alternative designs to
achieve the same end-product as that determined by the purchaser’s
designers. The rationale for this arrangement is that the Architect or
Engineer will already have optimized the value/cost ratio on the purchaser’s
behalf, therefore all that is needed from the tendering process is to establish
who can meet the specification at lowest cost. The assumption is made that
all bidders are equally certain to produce constructed works which do in fact
conform with the drawings and specifications—after all, the Engineer’s
Representative or clerks of works are employed to ensure that they do. The
weakness of this argument is that, however excellent the supervision, things
do still sometimes go wrong. When they do, the purchaser may seek redress
from the contractor. If he has been selected on the basis of lowest cost, not
only may he be the least likely to perform, he is also the least likely to be able
to provide adequate compensation.

The preceding paragraphs relate to traditional methods of supplier
selection in the construction industry. The growth of management



contracting and other arrangements which combine responsibilities for
design and construction is bringing about a change of mood wherein many
established customs are being questioned. Rules governing advertising by
consultants have recently been relaxed, and fee competition for design work
is now not uncommon. The trend is towards an extension of the principle of
competition in the selection of all participants in the construction process,
moderated by more intensive examination of the quality systems of potential
contenders before commitment to a contract.

SURVEILLANCE AND VERIFICATION

Supplier surveillance and verification in construction are subject to many
of the same conflicts and confusions as have been identified in the
supplier selection process.

How does a purchaser, particularly one lacking technical expertise, monitor
and check and verify the work of an architect or consulting engineer? In fact
there is very little that can be done once work starts, and the purchaser is
almost entirely dependent on the professionalism of his consultant and the
incentive he is under to maintain a reputation in order to sustain a future flow
of work. Likewise on site, the surveillance and verification carried out under
the contract by the Engineer’s Representative or by the Architect and clerks of
works is far from failure-proof and suffers from a lack of clear definition of
responsibilities. In practice neither professional designers nor contractors
provide much documentary or other evidence of compliance with
specification, it being accepted that the completion of the works is ipso facto
proof that all checks have been made and satisfied. When documentation is
supplied, it is often not the most relevant to the needs of the purchaser.

Conclusions

In conclusion, then, the conventional system for assuring customer
satisfaction and compliance with specification can only partially satisfy our
requirements for a quality system. The principal areas of concern are the
lack of integration between the designers and builders and the diffusion of
responsibility for the supervision of work on the construction site. It is a
system founded upon traditions established at a time when the few skills
needed could effectively be handed down from father to son or from
journeyman to apprentice, when much of the work depended upon brawn
and endurance rather than brainpower, and when the empirical design
methods used allowed ample margins for error. To-day’s circumstances are
very different, and it is hardly surprising that the construction industry’s
reputation for quality should be low. Reform is overdue.
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3

STANDARDS AND

TERMINOLOGY

Brief references have already been made in this book to quality system
standards, in particular DEF STAN 05–21: Quality control system
requirements for industry and BS 5750:1987: Quality systems. It is now
necessary to examine these and other standards in greater detail and to
form a clear understanding of their subject matter and terminology. In the
paragraphs which follow, certain passages from standards will be selected
for analysis and discussion. Selection is not possible without omission,
and for a full understanding of the standards there is no substitute for
careful study of the original documents.

The standards most frequently encountered in construction work in the
United Kingdom will now be described under two headings, ‘general-
purpose standards’ and ‘nuclear standards’. Both general-purpose and
nuclear standards specify systems which will maintain and assure quality;
the difference is that whereas the first category is oriented to the
requirements of the market place, the second is aimed more at satisfying the
statutory requirements imposed by regulatory authorities particularly in
respect of safety. This results in a difference of emphasis, although the
ground covered and the systems specified are not dissimilar.

General-purpose standards

Most standards in this category owe their origin to the AQAP series
established for defence procurement purposes by the North Atlantic Treaty
Organization in 1968. The AQAP series were adopted by the British Ministry
of Defence in 1970 (DEF STAN 05–08) and, following the 1977 report by Sir
Frederick Warner on ‘Standards and specifications in the engineering



industries’, the first version of BS 5750 was published by the British
Standards Institution in 1979 to rationalize what had become a proliferation
of standards issued by various purchasing and third-party organizations. BS
5750:1979 formed the centre-piece of a series of standards issued by the
British Standards Institution on a number of quality-related subjects
including metrology, reliability, measurement and calibration. Its issue
marked a watershed in the development of quality systems for general
industrial and commercial use. Its provisions were followed closely by a
number of equivalent European national standards and it provided a
foundation for the international standards for quality systems issued in 1987
by the International Organization for Standardization (ISO).

The ISO standards for quality systems are known as the ISO 9000 series.
This consists of three standards designed for contractual use, two guidance
documents and a vocabulary of terms. The series was adopted by the
European Committee for Standardization (CEN) and it now forms part of
the national standards systems of the members of CEN, which includes the
sixteen member states of the European Economic Community and the
European Free Trade Area. It has also been incorporated into the American
ANSI/ASQC series of standards. Of the major western industrial nations,
only Canada has retained its own national quality standards. In the United
Kingdom, the British Standards Institution reproduced the ISO 9000 series
of standards as the 1987 version of BS 5750. The equivalent standards in
other major national systems are listed in Table 3.1.

Thus BS 5750:1987 follows a philosophy generally similar to that of the
1979 issue, although there have been changes in detail and wording. Many
of these arose from the elimination of military terminology which had made
the standard difficult to interpret in a commercial environment. It is
supported by BS 4778:1987 Quality vocabulary, Part 1 of which is identical
with ISO 8402:1986 Quality—Vocabulary and provides definitions of 22
terms in common use in the quality context together with their equivalents in
French and Russian.

As Table 3.1 shows, BS 5750 is issued in four parts:

Part 0 Principal concepts and applications.

Section 0.1 Guide to selection and use.

Section 0.2 Guide to quality management and quality system
elements.

Part 1 Specification for design/development, production installation and
servicing.

Part 2 Specification for production and installation.

Part 3 Specification for final inspection and test.
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Table 3.1 Quality system standards

External Quality Assurance

Internal Quality Management



Part 0 is a guidance document. Section 0.1 outlines the principal concepts
and offers guidelines for the selection and use of the appropriate part of
the standard for different applications. Section 0.2 describes the basic
elements of a quality system and advises on their development and
implementation. Note that Section 0.1 gives guidance on obtaining
‘external’ assurance from suppliers or contractors, whereas Section 0.2
gives ‘internal’ advice on how to establish one’s own system.

In contrast to Part 0, which can have no contractual status, Parts 1, 2 and
3 are for use in contracts when a purchaser (or client) requires the supplier
(or contractor) to operate a quality system which will demonstrate, or give
assurance, that he is capable of controlling the work which is to be
undertaken. The three parts each describe a model system and the intention
is that the purchaser will be able to select a model which will be appropriate
to the particular product or service he is buying. As may be judged from the
titles of the three parts, the models are in decreasing order of complexity, and
whereas Part 1 specifies 19 elements of a system, Part 3 has only 12. The
following is offered as an interpretation of the three levels in the context of
construction.

Part 1 is for use when detailed specifications are not available and the
purchaser’s requirements have yet to be established or can only be stated in
terms of the performance to be achieved. The supplier is expected to develop
the design and to control quality throughout all stages of the work. Part 1
would thus be appropriate to Project Management contracts in which one
contractor undertakes total responsibility for a project including design,
construction and commissioning. They would also be applicable to contracts
for the shop-detailing, supply and erection of structural steel or for the
design, fabrication and installation of a heating and ventilating system.

Part 2 applies when the requirements of the purchaser can be stated in
terms of an established design and specification but where conformance to
these requirements can be adequately established only by inspections and
tests performed during manufacture or construction. Such specifications
could thus be applied to typical construction contracts let against drawings
and technical specifications supplied by or on behalf of the purchaser.
Other applications could include the supply of reinforcing steel or pre-cast
concrete units.

Part 3 is applicable to products of established design whose conformance
with specification can be established by inspection or testing in their finished
state. Examples of such products encountered in the construction industry
include aggregates, window glass or sanitary ware.

These quality system standards are designed for a number of uses. An
organization may, for example, decide to set up a quality system in accordance
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with a chosen standard in order to safeguard the quality of its work and to satisfy
its own management’s need for assurance that its customers are receiving the
products or services which they have specified. Guidance on establishing such a
system may be obtained from BS 5750 Part 0.2. However, the organization may
well find that an important part of its system will be the procedures to be followed
to gain assurance that its suppliers are not jeopardizing its efforts by delivering sub-
standard materials or components. If so, Part 0.1 will advise on the selection of the
appropriate system model (Part 1, 2 or 3) against which potential suppliers’
systems can be assessed or audited before a contract is entered into. The
organization may then go further and decide to make compliance with the selected
quality system standard by its suppliers a contractual requirement. Having
implemented all these activities, the intention is that the organization will not only
be more certain of its own and its suppliers’ ability to perform, it will also be able
in turn to provide similar assurance to its customers. It is well to be aware,
however, that although they are designed for this purpose, the invocation of
quality system standards in construction contracts is not without its pitfalls. These
are discussed further in Chapter 10.

The principal system elements addressed in Parts 1, 2 and 3 of BS 5750 are
listed in Table 3.2. Each will be discussed later in this book under the
appropriate chapter heading.

Nuclear standards

The system standard for nuclear construction in the United Kingdom is BS
5882 Specification for a total quality assurance programme for nuclear
installations. This follows established international practice and is
compatible with the International Atomic Energy Authority’s Code of
Practice 50-C-QA and the International Organization for
Standardization’s standard ISO 6215.

The contents of BS 5882 are scheduled in Table 3.2 alongside those of BS
5750. Reference to this table will show that the subject matter of BS 5882
differs only marginally from those of the level 1 or 2 general-purpose
standards. The differences which do exist show a greater emphasis in the
case of nuclear standards upon the verification aspects of quality
management. The term ‘nuclear installations’ includes within its scope not
just nuclear power generation, but other associated activities such as the
handling and storage of spent fuel, fuel processing, waste processing and
waste disposal. The standard covers the whole extent of these activities from
concept design through to detailed design, procurement, manufacture,
construction, commissioning, operation and eventual de-commissioning.

While the record of the nuclear industry is generally very good, the
potential dangers it presents to the health and safety of the public are
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frightening to many people. Although the risks may be small in statistical
terms, such is the nature of the hazard that it raises fears in the public
mind which, some might argue, are quite out of proportion when set
against all the other dangers to which humanity is prone. Nevertheless,
public disquiet is not to be denied and, for this reason, most countries
exercise strict controls on the construction and operation of all nuclear
facilities through the activities of regulatory authorities endowed with
statutory powers. The relevant licensing authority in the United Kingdom
is the Nuclear Installations Inspectorate (NII). Any prospective owner or
operator of a nuclear facility must satisfy the NII on the arrangements for
the assurance of quality, and as part of the licensing process must submit
documentary evidence of such arrangements to NII for approval. In the
United Kingdom, compliance with BS 5882 will normally be regarded as
adequate for this purpose. It is the owner of a nuclear facility who carries
the burden of satisfying the regulatory authorities, so it is to the owner
that nuclear quality system standards are addressed. The owner is obliged
to implement a quality system for the project as a whole and to ensure
that all participants, including designers, contractors, sub-contractors and
any other parties contributing to the work all abide by its requirements.

A nuclear facility is made up of a number of elements. Some of these, such
as reactor vessels and containments, have a direct impact on plant safety.
Other elements, the canteens or maintenance workshops for example, are no
more hazardous than similar structures in non-nuclear plants. Most nuclear
quality system standards recognize this diversity. BS 5882, for example, sets
out principles which must be applied to all safety-related items and which
may be applied to other activities which affect the successful operation of the
installation. It acknowledges that ‘items and services will differ in regard to
relative safety, reliability and performance importance’ and concludes ‘it is
possible to use various methods or levels of control and verification to assure
adequate quality’. The onus is upon the owner to establish the relative
importance of different parts of the work and, subject to the approval of the
regulatory authority, to ensure that appropriate system standards (which
may include the general-purpose standards referred to previously) are
specified and adhered to.

Terminology

So far, this book has been couched in terms which, it is hoped, will be
familiar to and understood by most English-speaking persons. In writing
on the subject of quality management, this is no mean feat, since it is its
misfortune to have become so enmeshed in jargon that its essentially
simple principles are at risk of becoming lost in a fog of obscurity. This



may be due to the transatlantic origin of much of the early work on the
subject. It may also be because of the need to comply with national and
international standards which have perforce to be drafted and agreed to
by committees.

Unlike most subjects of specifications and standards, quality management
is an abstract concept. Whereas it is fairly simple to write precisely about
tangible things, it is much more difficult to define abstractions with any degree
of precision. Reference has has already been made to BS4778, which provides
definitions of terms used in related standards. BS 5882 also includes a section
which defines the terms used therein. Not only is the jargon of quality
management extensive, to add to the confusion different standards have in the
past interpreted words in different ways. With the publication and adoption of
the ISO 9000 series of standards in 1987, many of the differences in
interpretation were resolved, but a few still remain. It is thus necessary to be
aware not only that ‘Many of the terms used…have specific meanings rather
than the generic definitions used in dictionaries’ (BS 4778), but that a
definition used in one standard may not necessarily apply in others.

The purpose of labouring this point is to warn the reader of the existence
of the code of special phrases and meanings which comprise so much of the
written matter associated with quality management. When used between
experts, such a code can be useful if it enables ideas to be exchanged more
rapidly and with greater precision than can be achieved with ordinary
language. Many groups of experts use jargon ostensibly for this purpose—
the legal and medical professions are two examples. The practice becomes
reprehensible when it is used to confuse the layman or to confer a false
mantle of superiority upon the self-styled expert. The use of jargon in this
book will be kept to a minimum. When used, its meaning will be explained.
Appendix A gives the principal definitions of the more important terms, but
most readers will find that this adds to, rather than subtracts from, the
confusion. The following paragraphs will attempt to present some of the
terms in a more ‘user-friendly’ fashion.

QUALITY, PRODUCTS AND SERVICES

The following is a dictionary definition of the word ‘quality’.

Quality 1. Degree of excellence, relative nature or kind or character.
2. Faculty, skill, accomplishment, characteristic trait, mental or

moral attribute.
3. High-rank or social standing.
4. (Of proposition) being affirmative or negative.
5. (Of sound, voice, etc.) distinctive character from pitch and

loudness, timbre.
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Compare this with the British Standard definition:

Quality The totality of features and characteristics of a product or
service that bear upon its ability to satisfy stated or implied
needs (BS4778 Quality Vocabulary Part 1).

The latter definition may be pedantic, but with careful reading its
meaning becomes clear and is, of course, that ascribed to the word at the
beginning of Chapter 1. But what is meant by the word ‘needs’? BS4778
offers the following notes in clarification:

‘1. In a contractual environment, needs are specified, whereas in other
environments, implied needs should be identified and defined.

2. In many instances, needs can change with time; this implies periodic
revision of specifications.

3. Needs are usually translated into features and characteristics with
specified criteria. Needs may include aspects of usability, safety,
availability, reliability, maintainability, economics and environment.’

Under conventional contractual arrangements in the construction industry, it
is the role of the design professionals to identify the purchaser’s stated or
implied needs and to translate these into drawings and specifications suitable
for incorporation into a contract. It could thus be argued that for a
contractor, ‘quality’ need mean no more than ‘compliance with the drawings
and specifications’. The contractor builds what he is contracted to build, and
he cannot be expected to be aware of all the stated and implied needs of his
clients, let alone those of the client’s tenants or of subsequent owners.
Unfortunately, however, as was briefly discussed in Chapter 2, life is seldom
this simple and the precise legal liabilities of contractors, engineers and
architects in respect of satisfying clients’ needs are likely to remain obscure.
These are muddy waters, and while ‘compliance with drawings and
specifications’ may in some circumstances be a satisfactory interpretation of
the word ‘quality’, its validity is only partial. Both the definition and the law
recognize that implied needs have also to be taken into account.

The BS 4778 definition of quality relates to ‘products and services’. The
standard explains that these may be:

‘— the result of activities or processes (tangible product; intangible product,
such as a service, a computer program, a design, directions for use), or
— an activity or process (such as the provision of a service or the
execution of a production process).’

Quality systems therefore are not confined to processes where there is a
tangible end-product. The product of a garbage disposal organization is well-
swept streets and empty bins. The product of a management consultant is



sound advice. The product of an air-stewardess is service with a smile. All of
these activities can be done well or done badly. The measure of their quality
lies in the perceptions of those for whose benefit they are carried out.

MANAGEMENT, SYSTEMS AND ASSURANCE

The concepts of quality management and the application of quality systems
have already been discussed at some length in this book. The term ‘quality
assurance’, however, while it has been quoted in the titles of standards, has
not been referred to in the text. Its omission has been deliberate as it is an
expression which is frequently misunderstood and often misused in writings
and discussions on quality. This nettle must now be grasped.

The definitions given below are from BS 4778 Quality vocabulary. They
are chosen because they are reasonably easy to understand and they relate
satisfactorily one with another.

Quality policy The overall quality intentions and directions, of an
organization as regards quality, as formally
expressed by top management.

Quality management That aspect of the overall management function
that determines and implements the quality policy.

Quality system The organizational structure, responsibilities,
procedures, processes and resources for
implementing quality management.

Quality assurance All those planned and systematic actions necessary
to provide adequate confidence that a product or
service will satisfy given requirements for quality.

Quality control The operational techniques and activities that are
used to fulfil requirements for quality.

Thus quality management embraces all the actions an organization takes
to achieve its quality policy. Some of these actions may be
unpremeditated and unsystematic, perhaps in reacting to events as they
unfold, but most will follow organized routines and procedures
established in advance. The latter form the quality system. Such a system
must of necessity be made up of a number of elements and these elements
are identified and described in quality system standards. Some of these
elements will provide quality control by eliminating non-conformance.
Others will supply verification, or assurance, that standards have been
met—an assurance which may be made available to management, to the
customer, to regulatory authorities, or to all three.

Clarification of these concepts is provided in BS 5750 Part 0.1. Clause 4
identifies three policy objectives which an organization should seek to
accomplish with regard to quality:
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‘(a) The organization should achieve and sustain the quality of the
product or service produced so as to meet continually the purchaser’s
stated or implied needs.

(b) The organization should provide confidence to its own management
that the intended quality is being achieved and sustained.

(c) The organization should provide confidence to the purchaser that the
intended quality is being, or will be, achieved in the delivered product
or service provided. When contractually required, this provision of
confidence may involve agreed demonstration requirements.’

So, quality systems have both to control quality and to assure it. They
incorporate activities which provide operational controls, such as tests
and inspections, and those which provide assurance, such as
documentation and audits. Some activities provide both—tests and
inspections carried out for operational purposes can also supply
verification, and vice versa. The boundaries between control activities and
assurance activities within a system are often shifting and difficult to
identify and define; indeed, at any one time individuals may be
performing both control activities and assurance activities. The existence
of an effective system of quality control can, by itself, provide a potent
form of quality assurance. Conversely, in the absence of an effective
control system, no-one can have confidence in the product. The different
ways in which systems may be organized to accommodate the needs for
control and assurance are discussed in Chapter 4.

Manuals, plans and programmes

These words are used in quality system standards to identify the principal
documents developed by management to describe and implement their
quality systems. Some of these documents will be for the benefit of staff
who have to put the systems into effect. Others will be prepared for issue
to clients for assurance purposes, either before or after the signing of a
contract. Some documents may serve both purposes. The standards listed
in Table 3.1 and their accompanying vocabulary and guidance documents
unfortunately are not consistent in their nomenclature, but careful study
reveals that they do agree on the types of document needed. These may be
summarized as follows:

Category 1 A document which states the quality policy of an
organization as a whole and describes the system
established for its implementation.

Category 2 A document which gives corporate instructions on the
operational procedures to be followed to ensure product quality.



Category 3 A document which describes how a quality system will be
applied to a particular project or process and gives details of
the specific practices, resources and activities which either
have been or will be developed for this purpose.

Category 4 A document which lists or tabulates all the actions to be
taken to ensure that a particular item or element of work
will comply with specified requirements.

CATEGORY 1

This is the main reference document used in establishing and
implementing a quality system and it is known as a ‘quality manual’. BS
5750: Part 0.2 defines the purpose of a quality manual as:

‘to provide an adequate description of the quality management system
while serving as a permanent reference in the implementation and
maintenance of that system.’

Note that quality manuals describe the quality systems of ‘organizations’.
In the construction industry an ‘organization’ may be a contracting
company, a firm of consulting engineers, a county surveyor’s department
or perhaps a department or sub-division of one of these. These are all
bodies which at any one time may be executing a number of different
projects or tasks. There is therefore a need for a document which
identifies the management practices which are common to all projects.

Nuclear quality standards, such as BS 5882, do not use the words ‘quality
manual’, neither do they refer to the concept by any other term. This is
because they are not addressed to organizations. Their purpose is to set out
principles for application on specific projects and it is expected that their
requirements will be implemented by the ‘owner’ of each project in a manner
dependent on the regulatory and contractual requirements and on the nature
and scope of the work to be performed.

CATEGORY 2

Whereas quality manuals are descriptive documents, those in Category 2 are
developed for the purpose of giving instructions. They form the rule book
through which the organization carries out its business and they are expected
to be obeyed. BS5750: Part 0.2 calls them ‘operational procedures’. They
may also be termed ‘standing instructions’. Organizations establish
operational procedures for a range of activities including administration,
commercial management, marketing, operations and so on. The procedures
or instructions which have an impact on the management of quality should
be identified and referenced in the quality manual.
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CATEGORY 3

Category 3 documents take those from Categories 1 and 2 and state how
they are to be applied in respect of a particular project. There are
conflicting views on the correct term to be used for such documents. BS
4778 provides the following:

Quality plan A document setting out the specific quality practices,
resources and sequence of activities relevant to a
particular product, service, contract or project.

Compare this definition with the following, which is from BS 5882:

Figure 3.1 Hierarchy of documentation to comply with general-purpose quality
system standards.



Quality Assurance Programme A description of the overall management
and procedures covering the quality
assurance actions for the execution of a
specific contract or project.

So, a ‘quality assurance programme’ for a nuclear project can be expected
to cover virtually the same subject matter as a ‘quality plan’ for more
conventional work. Note, however, the use of the word ‘assurance’ in the
BS 5882 term and its definition. This is in line with the emphasis on
verification which characterizes nuclear quality standards. The term

Figure 3.2 Hierarchy of documentation to comply with nuclear system standards.
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‘programme’ is also frequently used in this context in the offshore and
petrochemical industries.

Thus it is well to be aware that documents put together for the
implementation of quality systems on projects may be known either as
‘quality plans’ or ‘quality programmes’. Neither term is inherently more
correct than the other, although only the former appears in BS 4778. The
author’s preference is for ‘quality plan’ and this convention will be used
hereafter.

CATEGORY 4

There is no specific definition in BS 4778 for documents relating to
specific items or elements of work. In the nuclear industry, and sometimes
in the petrochemical field, the words ‘quality plan’ may be used for this
purpose. BS 5882 quotes:

Plan A document describing or identifying specific practices and
procedures relevant to particular items, processes or services.

Obviously it is not feasible to employ the term ‘quality plan’ for Category
4 documents if its use has already been pre-empted for identifying a
higher tier of documentation. For these reasons, the author would
recommend the term ‘inspection and test plan’.

SUMMARY

Figures 3.1 and 3.2 illustrate diagrammatically the various tiers of
documents as defined in general-purpose and nuclear standards
respectively.

Manuals, programmes and plans play a significant role in the
management of quality and their preparation and use are dealt with in detail
in Chapter 5.
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4

THE QUALITY

SYSTEM

Management responsibility

Very few organizations are without systems of any kind. In small
businesses where the person in charge can observe the activities of all
employees and can personally check that no defective goods leave the
premises, the system can be very simple indeed. However, as
organizations become larger and more complex, there comes a point at
which it is impossible for one person to undertake personal supervision of
all that goes on and authority has to be delegated. At this point, the
sensible manager will publish the rules which have to be observed and the
procedures which are to be followed by members of staff exercising
authority on his behalf. Some of these rules and procedures will relate to
administrative and commercial matters, others will define how customer
satisfaction with the products or services of the organization is to be
assured. The latter category will form the kernel of the quality system.

But first it is necessary that management should define its policy and
establish its objectives. Policy is the direction in which it wishes the
organization to move. Objectives are the actions to be taken in order that it
will do so. A quality system can function effectively only if it is part of an
overall management system established to achieve stated objectives in
accordance with a defined policy. Quality policy must rank alongside
marketing policy, commercial policy, employee relations policy, and so on.
Each is dependent upon the other. The topic of management objectives is
further discussed in Chapter 11. At this point it is sufficient to note that a
policy confined to the maximization of profit cannot be a satisfactory basis
for a quality system. While profit is an important component in any
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organization’s set of objectives, management must make it clear that profit is
to be achieved by satisfying the customer, not by deceiving him.

Quality system standards require that responsibilities, authorities and
inter relationships should be clearly defined by management. People with
delegated responsibility for quality must have the freedom and authority to
stop and reject work which is sub-standard, and to take action to prevent
repetition. Staff engaged on inspection, testing and other verification are
required to be properly trained.

Having established the system, management has a duty to make sure that
everyone in the organization knows how it works and is aware of his or her
personal role. To this end, systems should be documented and this is dealt
with in Chapter 5.

Organization

A wide diversity of opinion prevails on the subject of organizational
structures for the effective management of quality. This diversity reflects
the differences in the processes, methods and cultural backgrounds of the
various industries and companies concerned.

At one end of the spectrum, there are the comprehensive systems operated
by multi-disciplinary companies which design their own products, purchase
raw materials or components from others, carry out manufacture or
assembly and then deliver the final product to the customer. By contrast,
companies which supply standard products which can be adequately tested
in their finished state will operate much simpler systems. As discussed in
Chapter 3, these variations are reflected in the three levels of detail contained
within the general purpose quality system standards. The construction
industry contains organizations in all three of the categories for which these
different levels are designed. The most comprehensive systems will be those
developed by the larger multi-disciplinary contractors and similar
consultancy practices, and it is with these organizations in mind that this
chapter has been written. It is hoped that this will not deter the reader whose
association is with smaller and less complex concerns. The principles of
quality management are not dependent on size or complexity and the
requirements of a small contractor or consultancy will differ little from those
of sub-divisions or subsidiaries of larger companies or firms.

There are few formally established quality systems operating within
construction contractors and consultancies, although most have written or
unwritten procedures intended to serve the same objectives. Because of this
lack of proven experience it is unrealistic to attempt to lay down precise
guidelines. Nevertheless, it is both possible and reasonable to examine
practice within industries where the principles of quality management have



taken root, and extrapolate from these observations to identify principles
which are likely to succeed in the construction industry.

In Chapter 3, it was established that a quality system comprises the
management processes and resources assembled and implemented to achieve
the organization’s quality policy. BS 5750: Part 0 emphasizes the link
between system and objectives:

‘The quality system should only be as comprehensive as needed to meet
the quality objectives.’
(Note to paragraph 3.3, Section 0.1)
‘A quality management system should be developed and implemented
for the purpose of accomplishing the objectives set out in a company’s
quality policies.’
(Paragraph 0.2, Section 0.2)

These quotations establish that the first objective in establishing a quality
system should be to satisfy the internal needs of the organization. It
follows therefore that it should be cost-effective, compatible with
accepted good practice within the particular industry concerned, and
beneficial to the organization. Part 0 of BS 5750, however, is only
advisory. In contrast, Parts 1, 2 and 3 of the standard are contractual, and
they lay down requirements to be imposed by the purchaser on the
supplier. Conflict may arise between what the purchaser wants in order to
satisfy his quality policy and what the supplier finds appropriate for his
own objectives. These conflicts are discussed further in Chapter 10. For
the time being, let us concentrate on systems established for internal
objectives. Most of these tend to fall into one of two general categories.
These may be identified as the ‘centralized’ or ‘de-centralized’ concepts.
Let us look at these in turn.

CENTRALIZED SYSTEMS

Centralized systems lay stress on the practice of quality control or ‘the
operational techniques and activities that are used to fulfil requirements for
quality’. These obviously vary from one application to another. However,
they will almost certainly include taking samples at various stages, comparing
them with specified requirements and rejecting items which do not comply.
Under a centralized system, these operations will be the responsibility of a
quality control department with its own management hierarchy independent
of production departments. In a large organization the quality control
department may include technical experts such as materials engineers,
metallurgists, physicists and computer programmers, as well as inspectors
and testing operatives. They will have access to the works to take samples as
required and will operate the laboratories in which testing is done.
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Such centralized organizations can be very powerful. They provide both
control and assurance of quality (QA/QC). They have the advantage that the
authority and independence of the quality manager and his staff are clearly
established and they can be effectively insulated from commercial pressures
which might compromise their judgement. The disadvantage is that quality
control departments tend to grow into separate empires working in parallel
with but in isolation from those responsible for production. While they can
be very effective in rejecting defective work, their isolation precludes them
from participating in the planning and organization of procedures for the
prevention of defects. Furthermore, in attempting to achieve and maintain
the technical initiative they are prone to duplicate, if not outdo, the skills and
qualifications of the production teams. Centralized systems therefore tend to
be both expensive and productive of friction.

DE-CENTRALIZED SYSTEMS

The difference between centralized and de-centralized systems is that in
the latter the responsibility for controlling quality is placed firmly on the
shoulders of those actually doing the work. This follows the principle that
production management has a duty to make things which comply with
specification, a duty which it should not be permitted to relinquish or to
share with others. It will be noted that this principle is in line with the
concepts of quality management described on p. 5.

In a de-centralized system, production managers are required to develop
plans, procedures and routines for inspection and testing which will ensure
that work is done properly. Inspection and testing is then carried out mainly
by staff within the production hierarchy in accordance with strictly defined
and documented quality control programmes. With such arrangements, it
requires little imagination to visualize that occasions will arise when an
inspector’s integrity will become stretched to the limit by the knowledge that
his superiors will be displeased by a rejection which will disrupt production
schedules. Protection against such pressure is provided by an independent
quality assurance manager who has powers to approve or reject quality
plans and to supervise their implementation by surveillance, random checks,
examination of documentation and formal audit.

It may well be argued at this stage that in the construction industry we
already have the bones of a de-centralized quality system. Reference to p. 19
will show that the role on site of the Engineer’s Representative under the ICE
Conditions of Contract or of the Architect under the JCT Standard Form of
Building Contract is very similar to that of a quality assurance manager as
defined above. They carry out surveillance, they do random checks, they
examine documentation and, although the term may be unfamiliar to most
of them, they audit the quality of work. In so doing, they supply verification



to the purchaser that the work done on site complies with the specification.
But is this enough? One has to conclude that it is not. The quality assurance
activities of a client’s representative on the site relate only to one project.
They cannot provide the long-term continuity of assurance required from a
contractor’s quality system. Neither do they provide assurance in respect of
design, either to the client or to the designer.

BS 5750 requires the appointment of a ‘management representative’ who,
regardless of any other duties should be responsible for maintaining the system.
In a large organization, the ‘management representative’ is likely to be a full-
time post and the person concerned may carry the title ‘quality director’ or
‘quality manager’. However, the standard does not make this mandatory, and
part-time appointments are acceptable, although a part-time quality manager
would not be able to carry out independent system checks in respect of work for
which he is responsible. The role of the management representative will depend
on the type of quality system adopted. The manager of a de-centralized system is
likely to have a smaller permanent staff at his disposal and his operations will
therefore be less expensive than those of a manager of a centralized system. Also
his activities reinforce the responsibilities of the production team rather than
detract from them. They thus serve to encourage a more serious and constructive
attitude towards quality.

Opponents of de-centralized systems would respond that such benefits are
illusory and that harsh experience teaches that to expect production teams to
control quality is tantamount to commissioning Satan to prevent sin.
Nevertheless, de-centralized systems do function effectively, and are
compatible with quality system standards.

Group management structures

Most major contracting companies and the larger consultancies operate
as groupings of subsidiary companies or divisions, each of which
concentrates on a particular market sector. In the case of contractors,
each of the subsidiary companies will have its own directors who will
have autonomy within their company, subject to general policies and
financial targets set by the board of directors and chief executive of the
group. Typically, the chief executives of the subsidiary companies will also
be directors of the main board of the group so that they can answer for
their companies’ performance and have a voice in the overall
determination of policy. Likewise, in consultancies, each division will
normally be under the control of a partner who will be responsible for the
work of his division and who will participate with the senior partner and
other partners in policy making for the firm as a whole. The paragraphs
which follow are written in the context of the contracting side of the
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industry, but it is likely that the principles described will be equally
applicable to the larger consultancies.

Suppose the directors or partners of a group decide to establish a group-
wide policy in respect of quality management. There is a number of good
reasons why such a decision should be made. One reason is that many large
multi-disciplinary projects will require input from more than one
subsidiary company or division and in these circumstances a common
approach by each is desirable. Another reason would be to provide
assurance to the group’s management that individual companies or
divisions are not jeopardising the group’s long-term future by exposing it
to loss of reputation or possible claims for compensation. A final reason,
probably the best, is that the group wishes to reduce the costs of doing
things badly so that they have to be done over again. Let us presume that a
policy decision is made to establish a quality system designed to satisfy
these objectives.

Should the group’s quality system be ‘centralized’ or ‘de-centralized’? A
centralized system would require the establishment of a quality control team
to be responsible for the inspection, testing and release of all the group’s
products and services. Few would disagree that such a system, while possibly
suitable for a factory, would have little prospect of success in a construction
organization carrying out a wide diversity of work in a multiplicity of
locations and operating under a variety of contractual arrangements. Clearly
a de-centralized system, emphasizing assurance rather than control, would
be more likely to succeed. Such an arrangement would require each
subsidiary company or division to develop its own quality system suitable
for the market in which it operates, subject to approval and audit at group
level. In this context, ‘audit’ has a special meaning which will become
apparent later.

To give effect to this decision, the chief executive of the group, or the
senior partner, would take the following actions:

1. Inform all sectors of the organization that a decision has been made
to establish a group-wide quality system, explain its general nature
and require that all staff co-operate in its implementation.

2. Appoint a director or manager as ‘management representative’ to
initiate and monitor the operation of the system.

The initial announcement is an important document and requires careful
thought. It should be confined to general principles and not go into detail.
Most important, it should establish the fact that the quality system and
those charged with its implementation have the whole-hearted support of
top management. Many people will see the system as a threat to their
own interests since it will cast light on matters normally kept hidden and
may bring about change. It will therefore meet resistance, and unless



those in charge have a clear mandate from the top, their efforts will be
frustrated and the system will fail.

The success of the quality system will depend heavily on the personal
qualities of the quality manager. It is a task which requires tact, integrity,
persuasiveness and patience as well as a broad technical understanding. His
or her location within an organization needs to be established with care.
Impartiality and credibility demand a position which is free from immediate
commercial pressures, and the need to command respect requires a status
which will indicate that the holder has the confidence and support of the
chief executive. A quality manager cannot function effectively without the
understanding and support of all senior management, including production
management. To this end, it is essential that he should have access to the
decision makers of the organization he serves and be in a position which
affords equality of status with those upon whose co-operation he depends.

In manufacturing industry it is common for the quality manager to be
appointed a director of the company. This may also be the case with a major
contracting group, although it is more likely that the role would be combined
with other technical functions and represented at board level by a group
technical director. In the latter case it is probable that the technical director
would delegate the day-to-day implementation of the quality system to a full
time quality assurance manager, whose functions might be listed as follows:

1. Preparation of a group quality manual (see Chapter 5).
2. Preparation of model quality system documentation.
3. Advice to operating companies or divisions on systems and

documentation.
4. Periodic auditing of functioning of quality systems in operating

companies or divisions.
5. Provision of an independent functional reporting line for quality

management staff in operating companies or divisions.
6. Presentations to clients of group companies.
7. Co-ordination of recruitment and training of quality assurance staff

throughout the group.
8. Preparation of periodic reports to the Group Technical Director for

board presentation.

To fulfil these functions the group quality assurance manager would
require a small staff, comprising perhaps a secretary, a deputy to assist in
auditing and to stand in for him in his absence, and possibly one other to
be available to assist operating companies with particular projects. Small
is beautiful in this context, not only to minimize expenditure but also to
refute those who might claim that formalized quality systems inevitably
create large and unnecessary bureaucracies. Likewise, the group quality
manual can be a slim document. It will state the group’s quality policy,
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describe the organization at group level for its implementation and set out
guidelines for the establishment of quality systems in operating
companies. It is not likely to include or refer to standing instructions,
since these are best promulgated at operating company level.

Company management structures

Let us now consider the quality systems of operating companies. In major
groupings these are likely to be widely diversified. Their activities may
include, for example, housebuilding, property development, civil
engineering, commercial and industrial building, petro-chemicals,
laboratories, management contracting, international contracting, and so
on. To maintain a common thread in the midst of this variety, the first
step is to issue an instruction requiring each company to appoint a
director or senior manager to take responsibility for the establishment of
a company quality system in accordance with group policy. The person
appointed should be directly responsible to the chief executive of the
operating company and have the necessary delegated authority and
freedom from production pressures to enable him to discharge his duties
effectively. This person would be the principal point of contact with the
group quality assurance manager and his duties would typically include:

1. Plan, implement and maintain a company quality system.
2. Compile, update and issue a company quality manual.
3. Evaluate and approve quality systems and manuals of divisions and

projects.
4. Provide an independent functional reporting line for quality staff in

divisions or on projects.
5. Plan and direct internal quality audits.
6. Represent the company when it is audited by purchasers or third parties.
7. Liaise with the group quality assurance manager and respond to

group quality audits.
8. Report to the company chief executive on quality matters.

Typical reporting lines and responsibilities of group and company quality
directors and managers are illustrated in Figure 4.1. This indicates that the
quality director is of equal status with the construction directors who
control the company’s projects and to whom all site staff are ultimately
responsible. He is also of equal status to the directors responsible for the
technical, commercial and administration functions. Although the quality
director has overall custody of the quality system, the standing instructions
(or procedures) which provide for its implementation have to be prepared
and enforced by the appropriate line management and functional directors.



They know best what is to be done and they, and only they, can exert the
discipline necessary to ensure that instructions are adhered to.

Note that the director responsible for quality assurance has a direct line of
communication to the group quality assurance manager, and through him to
the group technical director and the group main board of directors. This line
establishes the group quality assurance manager’s right to request
information and to carry out audits. Its presence also serves to discourage
attempts to compromise the integrity of the company quality director.

Figure 4.1 Quality management reporting relationships in a construction group.
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Project management structures

The final tier in our management structure is the individual contract or
site. These may vary in size from those supervised by just one or two full-
time staff, to multi-million pound projects requiring a staff numbered in
hundreds. The larger projects are likely to warrant a resident quality
assurance management team implementing a project quality system, but
this would not be economic for smaller projects if they can be adequately
serviced on a visiting basis either by the company quality assurance
manager himself or perhaps by a regional or divisional representative.

A typical organization chart showing the various management
responsibilities on a major project is given in Figure 4.2. Let us consider the
management posts identified on this chart.

The Project Manager would be appointed by, and would report to, the
construction director responsible for the relevant market sector. His task
would be to execute the project to specifications, budget and timescale. To
achieve these objectives, he would have to delegate, and the chart indicates
four departmental heads answerable to the project manager for the
respective functions under their control. In making these appointments, the
project manager should observe the two golden rules of delegation:

1. Delegation of duties from a delegator to a subordinate does not
detract from the delegator’s ultimate responsibility for the duties
concerned.

2. Duties should only be delegated to subordinates who are competent,
trained and experienced enough to perform them.

Each of the four departmental heads on our chart would be of equal
status and all would be expected to communicate and co-operate with
each other to bring the project to a successful conclusion. The project
quality plan would contain a brief description of their respective duties.

The Construction Manager would be accountable to the project manager
for the performance of work on site. The work would be as defined in the
drawings and specifications and it would be the construction manager’s duty
to ensure that the finished product is performed within the permitted
tolerances. The tests and checks which are necessary to achieve and verify
compliance with specification are an inseparable part of the construction
process and it therefore falls to the construction manager to organize the
work in such a way that the requisite resources and time are made available
for the tests and inspections which have to be carried out.

The Commercial Manager’s participation in the project quality system is
likely to include the selection and control of sub-contractors and the
purchasing of bought-in materials. He would also be responsible for stores



managers and through them for the checking of materials on arrival at the
site, for storage and security, and for final issue for use.

The Chief Engineer would be accountable to the project manager for the
specific technical matters listed and he would also act as functional head of
all engineers engaged on the project. He would be responsible for the
overall planning of the work and for temporary works design. He would

Figure 4.2 Typical project organization chart.
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institute systems for the receipt and issue to site of drawings and other
technical documents. Inspection staff engaged in the surveillance of work
carried out in suppliers’ works would answer to him, as would specialist
inspectors for site operations such as the non-destructive testing of
metalwork. Site laboratories would also be under his control.

The Quality Assurance Manager would occupy a position on the site
analogous to that of a company quality assurance manager within the
corporate structure. He would report on a day-to-day basis to the project
manager who would delegate to him the task of preparing a project quality
plan in accordance with the company’s quality policy and in compliance
with any contractual requirements of the purchaser. The project manager
would approve the project quality plan and thereafter ensure that its
requirements are correctly implemented by all personnel on the project.

Although reporting on the site to the project manager, the project quality
assurance manager would also have access to the company quality assurance
manager and through him to the board of directors. He would be responsible
for managing the site quality assurance team which would be independent of
other functional departments. The role of the quality assurance team would
be to provide assurance that the requirements of the purchaser’s contract
specification have been correctly identified and complied with. It would
verify that the project quality plan is effective and being complied with, that
work is being done as instructed, that the required tests and inspections are
being carried out, that documentation is complete and factual and that the
appropriate levels of management are being informed of any shortcomings.

Note that a project quality assurance manager would discharge the role of
‘management representative’ as defined on p. 57. He would not be
responsible for quality control. This, together with the preparation of
procedures and work instructions, and the training and indoctrination of
personnel would be line management responsibilities. These responsibilities
would also embrace the supervision of sub-contractors and suppliers,
including the approval of their procedures and work instructions, and the
execution of inspection and testing programmes.

System review and audit

All management systems need to be regularly examined if they are to
continue to be effective. Quality systems are no different, indeed they are
particularly prone to deteriorate into ritual unless systematic measures are
taken to ensure that they are functioning effectively and are responsive to
current needs. In the jargon of quality assurance these systematic
measures are known as ‘system review’ and ‘audit’. The following
definitions of these terms are from BS 4778:



Quality system review A formal evaluation by top management of the
status and adequacy of the quality system in relation to
quality policy and new objectives resulting from changing
circumstances.

Quality audit A systematic and independent examination to determine
whether quality activities and results comply with planned
arrangements and whether these arrangements are
implemented effectively and are suitable to achieve objectives.

These definitions establish that the essential difference between a review
and an audit is that the former is carried out by those responsible for
managing the operations being examined whereas the latter is undertaken
by some independent body.

The purpose of a system review is to carry out an examination to
determine whether a system is succeeding in achieving its objectives with a
view to changing it if it is failing to do so. It follows necessarily that such an
examination can be undertaken only by the management responsible for
operating the system since only they can judge its objectives and only they
have the power to make changes if these are found to be advisable.

Quality system reviews may be seen as analogous to preventive
maintenance programmes for mechanical equipment. They need to be
undertaken at prescribed regular intervals, by qualified people following pre-
planned procedures and check lists. Their purpose is to reveal and correct
defects or irregularities before they cause breakdowns or accidents and to
lubricate or eliminate points of friction or overheating. Here is a typical
check list for a quality system review:

1. Are the objectives and policies stated in the quality manual still valid,
or have they become obsolete due to changes in the business
environment?

2. Is the organization structure for quality management functioning
satisfactorily and is there proper delegation of responsibilities to
nominated personnel?

3. Are the procedures identified and described in the manual appropriate
to achieve current objectives and policies?

4. Are the procedures being adhered to?
5. If procedures are being ignored or changed without authority, why is

this so and what action should be taken?
6. If procedures are being adhered to, are they achieving the desired effects?
7. What changes in the quality system, if any, are required to make it

more effective?

Who should undertake system reviews? One option is that the line manager
himself should take the lead, perhaps in unison with the quality assurance
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manager, or at least with his assistance. The alternative is for the quality
assurance manager to carry out the enquiries, assemble the facts and make
recommendations to the line manager. Whichever arrangement is chosen,
the responsibility for taking action lies with the line manager. It is his
system and only he can issue instructions to the people who operate it.

In quality jargon, a quality assurance manager’s contribution to a quality
review would be termed an audit. The essential characteristic of a quality
audit is that it is undertaken by independent persons or bodies having no
direct interest or responsibility in respect of the organization or project being
examined. Audits may be internal, such as those contributing to quality
reviews, or they may be undertaken by second parties (purchasers) or they
may be carried out by third parties acting on behalf of a purchaser. The latter
two types of audit are dealt with in more detail in Chapter 7.

Not all internal audits take place as part of a system review. They may be
carried out whenever management has a need for factual information on the
extent to which its quality objectives are being met. The executive board of a
group of companies may, for example, wish to audit the quality systems of
subsidiary companies to prevent any one subsidiary from harming the
reputations of the remainder. A company managing director may similarly
order audits of projects being undertaken by his organization to ensure that
buoyant current profit-and-loss statements are not being achieved at the risk
of future heavy maintenance costs or warranty claims.

Internal audits may be undertaken by a specialist team within an
organization, or by staff on short-term secondment from other work similar to
that being audited, or a combination of the two. Whatever the composition of
the team, three factors are of vital importance: the auditors must be trained for
the task, the terms of reference for the audit must be clearly defined by those to
whom the team will report, and the purpose and mode of conduct of the audit
must be acceptable to the management of the work being audited. An internal
audit is often seen by those subjected to it as an unwelcome form of prying,
and there is a risk that they will exert resistance to thwart its objectives.
Legitimization of the activities of the audit team by management is an essential
condition of success. After all, if something is wrong, it is preferable that the
management should find out about it before the customer does.

Both general-purpose (BS 5750) and nuclear (BS 5882) quality system
standards stipulate that internal system audits should be carried out on a
regular basis. Their requirements may be summarized as follows:

1. Internal audits are necessary to verify compliance with the quality
system and to determine its effectiveness.

2. Audits must be planned and documented.
3. Audits must be performed in accordance with written procedures or

check lists.



4. Auditors must be independent of any responsibility for the work
being audited.

5. The results of the audits must be documented and brought to the
attention of the management of the areas of work audited.

6. The responsible managements must determine the actions needed to
correct any deficiencies found.

7. Corrective actions must be followed up within an agreed time scale to
verify that they have achieved their purposes.

There can be little doubt that a quality system which is not subject to
independent audit lacks credibility. In this respect, quality system
standards provide a significant benefit in that they provide both parties to
an audit with a common framework within which to work and a standard
against which judgments can be made. The practice of quality auditing
has become increasingly widespread in recent years as industry’s
traditional dependence on the inspection function has reduced. Some
quality managers spend the bulk of their time either auditing others or
being audited. Techniques of both auditors and auditees have become
more refined as each tries to gain the upper hand. There are dangers in
this specialization. Audits are not an end in themselves and they should
not be permitted to become rituals in which the protagonists become
locked in battle on the semantics of quality system standards and
procedure documents while the real world outside slips into bad habits.
The techniques of auditing form the subject of Chapter 9.

Training

No matter how carefully devised and comprehensive a quality system may
be, it can only be put into effect by people. If the people do not know how
to operate it, or if they do not want to operate it, then failure will result.
To give people the knowledge and skill to operate the system, they need to
be trained. To give them the will, they need to be motivated.

The construction industry has suffered for many years from a chronic
neglect of training. In many ways this is not surprising. The cyclic nature of
the construction work load and the nomadic life-style of many construction
workers have contributed to an attitude of mind which finds it difficult to
look beyond the end of the current contract and which recoils from long-
term investment in people. In times gone by, this did not matter very much.
Structures were simple and repetitive, and designed with factors of safety
large enough to tolerate wide variations in the standards of materials and
workmanship. Work which did require particular skills was performed by
craftsmen who had learned their trades through long periods of
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apprenticeship. Contractors maintained their standards through the
activities of a core of experienced general and trades foremen, many of
whom would have received little formal education but who expected, and
merited, the respect of everyone on the site.

Those days have gone forever. Structures are now more complex, design
techniques are more precise, factors of safety have been reduced and new
materials are rendering the old craft skills redundant. At the same time, more
and more work is sub-contracted and intense competition has led to greater
speeds of work with less supervision. It is hardly surprising that there has
been a general lowering of standards, that some buildings are requiring
extensive remedial works within a year or two of completion, and that major
structures are facing demolition after lives of only twenty years because they
have become dangerous or uninhabitable.

It would be unreasonable to attribute all these woes to lack of training.
Equally, there can be no denying that improved skills at every level would
make a substantial difference. Whereas, once upon a time, workers such as
treadmill operatives or galley slaves might have been able to perform their
work satisfactorily solely by the use of muscle power, those days are
fortunately past and it is difficult to envisage any task in modern industrial
society which cannot be done better by an appropriately trained person
rather than by one without such training. In the industrially developed
countries of the world there is a clear and direct relationship between
national prosperity and training effort.

So, how can our quality system help an organization make more money
by employing better-trained people? First, it can require that formalized
systems be set up to identify the training needs of each activity and to ensure
that people are not allocated to tasks for which they have neither the training
nor the experience. The concept that inexperienced people should be
‘dropped in at the deep end’ of a job in the hope that, by chance, they will
learn enough to survive, is archaic and wasteful. Secondly, people can be
trained to manage quality. They can be taught the techniques of fault
analysis. They can be instructed on how to identify the causes of failure and
how to eliminate them. They can be encouraged to assess the costs of poor
quality and to make rational decisions on the value of preventive measures.
They can be trained to control quality in the same way as they are trained to
control costs.

But all of this activity will be fruitless without constant direction and
stimulation from the top. There has to be clear evidence that senior
management wants work to be done properly and that employees who
would seek a quick profit by deceiving a customer are offending against the
corporate ethos and will not be tolerated. This cannot be achieved by mere
exhortation; words are not enough. People are motivated by what
management does, not by what it says.  
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DOCUMENTATION

Purpose

A quality system cannot function effectively unless everybody in the
organization knows what it is. Not only do people need to know what
they are expected to do, they also need to know what their colleagues are
doing in respect of operations which border or impinge upon their own
responsibilities. Therefore, to make sure that everyone has a common
understanding, it needs to be documented. Documenting a quality system
renders it amenable to management control. Companies which depend on
unwritten systems for the assurance of quality, and many still do, can find
it difficult to cope with change. They rely on long-serving members of
staff who know how things have always been done to pass on their
knowledge to newcomers. In times when change was slow and when
people were accustomed to staying in one job with one employer for long
periods, such arrangements could be tolerably successful. This,
unfortunately, is no longer true. In many industries, and particularly in
the construction industry, staff come and go with great rapidity. There is
no time for them to absorb company procedures by word-of-mouth, even
if such methods of communication could be relied upon. Furthermore,
customer demands, designs, materials and methods are all evolving and
changing at an unprecedented rate. Procedures for quality management
have to be adapted to meet these new demands. It is the role of
management to decide what changes should be made and to inform those
people who will be affected. This is the main purpose of quality system
documentation. It provides a powerful tool for controlling change.
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Definition

The following definition is from BS 5882:

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

This definition is in two parts. First it establishes that documentation is
‘recorded or pictorial information’, and it then goes on to establish the
purposes for which such information may be used. Let us take these two
aspects in turn.

The essential characteristic of information which is ‘recorded’ or
‘pictorial’ is that it has a degree of permanence which enables it to be referred
to, studied, analysed, or otherwise made use of, repeatedly and for an
unlimited period of time. It ceases to have the potential for error of the
spoken word or the human memory. On the other hand, because of its
permanence and the possible multiplicity of uses and users, great care must
be taken to eliminate that which is false or misleading. The traditional means
of achieving permanence and a wide distribution is to commit facts to paper.
Drawings, specifications, reports and memoranda have been commonplace
in industry since Noah first noted down the specification for the Ark.
Nowadays, however, an increasing proportion of documentation is in the
form of magnetic tape, microfilm or floppy disk.

Turning now to the purposes of documentation, our definition
encompasses two distinct categories of document. Firstly there are those
which are produced in advance of the work to which they refer. In the words
of the definition, they ‘describe, define or specify’ and their purpose is to
influence or control activities which will take place in the future. In contrast,
the second category of documents ‘reports or certifies’ events which have
already happened. Both categories are essential to good quality
management, the former to ensure quality control and the latter to provide
quality assurance. In practice, however, the divisions between the two
categories are not as distinct as might at first sight appear. Each category has
a dual role. For example, the existence of a comprehensive series of control
documents in itself provides evidence of an effective quality system.
Likewise, reporting documents often contain information which will
subsequently be used as an instrument of control or to provide feedback
which can be used to modify or refine the control documents.

In quality jargon, documents whose principal purpose is to describe or
instruct are known as ‘manuals’, ‘instructions’ or ‘procedures’. Those which
report or certify are known as ‘records’. The ensuing paragraphs will discuss
each of these forms of documentation in turn.



Quality manuals

On p. 49 the purpose of a quality manual was defined as ‘to provide an
adequate description of the quality management system while serving as a
permanent reference in the implementation and maintenance of that
system’. To the extent that each company is unique, it follows that every
company’s quality manual should be an original document. Nevertheless,
a pattern has evolved for quality manuals, and a typical example for a
construction company is included as Appendix B. The author is aware
that he is offering a hostage to fortune in putting forward such a model.
Opinions differ on the optimum layout and contents of quality manuals.
However it would not be possible to deal adequately with the subject
without an illustration of this kind. It is offered as just one example of a
document which is both useful and practical and which can satisfy quality
system standards. There are many other ways of achieving the same
objectives.

The company to which the manual relates (Alias Construction Ltd)
is, as its name implies, a figment of the imagination. It is a subsidiary of
a large group (The Alias Group) which has widely diversified interests
within the construction industry. Alias Construction undertakes
medium- to large-size contracts for civil and building works, mainly in
the United Kingdom. The Alias Group has introduced a quality policy
with which all its subsidiary companies are required to comply and has
set out the ground rules for a common approach to its implementation.
These ground rules require that manuals should be succinct, easy to
read and as brief as possible. The amount of detail is to be kept to a
minimum in order to emphasize important matters and to avoid the
need for frequent revisions. In keeping with the Group’s corporate
image, manuals and quality plans are required to display a uniformity
of appearance. They therefore follow an established format and are
typed on a pre-printed sheet which displays the Group’s logo and has
standard locations for the document heading, document number, page
number and date.

Each section of the manual will be discussed in detail in subsequent
paragraphs, but before embarking upon this it is as well to clarify the uses for
which it is designed. These are two-fold:

1. To inform staff within the organization of the quality policy which
has been adopted by management and to advise them of the means by
which the policy will be achieved.

2. To demonstrate to clients and purchasers that the organization
operates a quality system capable of assuring the quality of its
products or services.
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The manual is in five sections:

1. Control
2. Corporate philosophy
3. Company organization
4. Company standing instructions
5. Project quality assurance.

It is issued in a good-quality ring binder which complies with the Group’s
corporate image and displays the company’s logo.

TITLE PAGE

The title page serves a number of functions. It identifies the company’s
name and address, it quotes the document’s code number (which is also
its word processor file reference) and it indicates its issue status. It also
has spaces for the name of the person to whom the manual is issued and
the unique copy number allocated to him. Note, too, that the title page
also contains two statements, one which concerns copyright and the other
which identifies the contractual and legal status of the Manual. The
purpose and background of these statements are discussed further on p.
85 under the heading ‘Contractual and Legal Aspects’.

Immediately after the title page there comes a signed statement by the
Chairman and Chief Executive. The purpose of this statement is to
substantiate the document’s authority and to demonstrate management
commitment at the highest level to achieving the objectives which it sets out.
It makes clear, at the outset, that the quality system is to be taken seriously
and that all employees are required to play their parts in making it effective.

Next comes the Table of Contents. This serves the conventional function
of providing the reader with a guide and reference to the structure and
content of the document.

1. CONTROL

This section introduces the manual to the reader, establishes its
authority and describes the method adopted to keep the manual up-
to-date and to inform users of changes that have been made. Quality
manuals are living documents, and just as an organization has
constantly to adapt itself to changing circumstances, so too must the
manual which describes its quality system. However, while changes
are necessary, they can also present a hazard unless they are
controlled. Methods of change control for documents are discussed
further on p. 79.



2. CORPORATE POLICY

This section is an extract from the Alias Group Quality Manual and it is
incorporated in all Alias company quality manuals. It states the corporate
objectives and establishes the principles with which company quality
systems are expected to comply. It then goes on to describe the
arrangements made at Group level to monitor and report on compliance
with quality policy.

3. COMPANY ORGANIZATION

This section describes the activities of Alias Construction Ltd and sets out
its management structure. It defines the responsibilities attached to the
principal managerial posts and establishes the status and duties of the
company quality assurance manager.

4. COMPANY STANDING INSTRUCTIONS

This section schedules and describes all company standing instructions which
relate to the management of quality and cross-references them to the relevant
paragraphs of BS 5750: Part 1 and BS 5882. The purpose of the cross-
reference is to facilitate the task of external auditors who will wish to satisfy
themselves that each of the requirements of the standard against which they
are auditing has been addressed in the company’s documentation. As an
alternative to providing a cross-reference, some organizations produce a
procedure covering each of the clauses of the standard they are seeking to
satisfy. While this may be of considerable benefit to an auditor, it is likely to
detract from the value of the procedures as instruments of management. It
also ties the documentation to one particular standard.

Note that of all the standing instructions scheduled, only the five issued by
the Company Quality Assurance Manager could be described as ‘quality
assurance procedures’. All the rest are instructions by management as to how
work should be done. Alias Construction has avoided the trap of producing
‘QA procedures’ whose only purpose is to satisfy a quality standard. Such
procedures encourage the misconception that quality assurance consists of
an additional bureaucratic routine designed to satisfy auditors. As the
schedule shows, the Alias Construction standing instructions do in fact
address all the requirements of the two standards referred to. This, however,
was a secondary objective in their preparation. The first was to improve the
performance of the company.

Alias Construction favours the term ‘company standing instruction’ in
preference to ‘company procedure’ mainly because it already had a set of
standing instructions in operation within the company at the time that the
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decision was made to formalize its quality system. The newly-appointed
company quality assurance manager discovered that many of the topics
which needed to be addressed were already dealt with quite satisfactorily in
existing standing instructions. He therefore proposed that rather than create
a new set of procedures serving the quality system only, he would graft the
additional documentation on to the stem of the existing system. His
proposals were accepted and, because of his obvious talent, he was invited to
take on the harmonization and administration of all company standing
instructions.

5. PROJECT QUALITY ASSURANCE

This section sets out the procedure for the assignment of quality
assurance engineers to projects and outlines their duties. It then describes
the preparation of project quality plans and project procedures.

Quality plans

The purpose of a quality plan is to specify how the quality system
described in the quality manual will be applied to a particular project and
to give details of the specific practices, resources and activities which
either have been or will be developed for this purpose. Quality plans for
design work and for construction are discussed further in Chapters 6 and
8 respectively. A specimen quality plan for a small construction site is
attached as Appendix D.

Standing instructions and procedures

It is one of the most essential of management tasks to ensure that those
responsible for executing work should know what they have to do and
how they should go about doing it. Quality system standards require that
this should be achieved by the ‘establishment, maintenance and
implementation’ of ‘documented procedures and instructions’. The use of
both words ‘procedure’ and ‘instruction’ implies that there is a difference
in meaning between the two, but this is not explained in the current
version of BS 4778. The following definitions are from the 1979 edition
of BS 4778 and from BS 5882 respectively.

Instruction The written and/or spoken direction given in regard to what
is to be done, including the information given in training.

Procedure A document that specifies or describes how an activity is to
be performed.



These definitions identify two distinctions. Firstly, an instruction decrees
what is to be done but a procedure tells how. Secondly, a procedure is
always documented but an instruction need not be. The latter distinction is
perhaps petty, but the former is important since it indicates that whereas all
instructions are by definition mandatory, a procedure need not be so unless
accompanied by an instruction which says ‘do it this way’. In practice the
words are virtually interchangeable, and it would be pedantic to dwell
further on the matter. It is interesting to note, however, that the Alias
Construction Ltd Quality Manual contrives to make all procedures
mandatory by including the following words in para 1.2 ‘Authority’:

‘All personnel…shall perform their duties…in compliance with
company standing instructions and project procedures.’

In most companies, instructions fall into two categories: standing instructions
or procedures, and work instructions. Instructions in the first category
prescribe the routines governing departmental or inter-departmental
operations which normally remain constant and are applied to all projects
being executed or all products being manufactured. They might cover, for
example, an organization’s procurement system, the rules for hiring and
firing staff, the procedure for approving and paying personal expenses
claims, or the arrangements for checking design work. Some, such as the first
and last of these examples, can have a direct influence on product quality,
and these should be included, or referred to, in the company quality manual.
Work instructions, as the name implies, relate to specific work elements or
products. They are discussed in more detail later in this chapter.

The purpose of standing instructions and procedures is to ensure uniformity
of understanding and performance and to provide continuity when personnel
changes occur. They define what is to be done, how it should be done, who
should do it, and when. Since they are intended to be mandatory, provision has
to be made for enforcement. It follows that they must be issued under the
authority of the management responsible for the work which they cover. This
will normally be the relevant departmental or project manager. Standing
instructions which cross departmental boundaries are best prepared by the
appropriate functional head and endorsed by the chief executive.

It is an unfortunate fact that many excellent managers and supervisors
baulk at the task of producing written instructions for work for which they
are responsible. They know what has to be done and can tell people what
to do, but they lack the ability to organize their thoughts on paper. Quality
managers are often pressed to prepare instructions for line managers who
plead lack of time or resources to produce them themselves. Such pressures
should be resisted. A quality manager who produces and issues instructions
in respect of work for which he is not responsible is not only usurping the
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role of the manager who should be responsible, he is also collaborating in
an activity which will inevitably weaken the work-force’s support for the
system. It is a pre-requisite of success that production management should
support the aims of the quality system and communicate this support to
their subordinates. A production manager who, however unwittingly,
portrays the attitude that procedures are the prerogative of some other
person who is trying to impose additional burdens will soon find his work-
force devising ways to frustrate the system rather than co-operating in
making it work.

There is a further benefit which can accrue to line management through
the production of documented instructions. Organizations which are
accustomed to operating through custom and practice communicated by
word of mouth frequently have a propensity to indulge inefficient practices
which are followed unquestioningly because they are part of a tradition.
Very often the assembly of facts, the thought and the analysis necessary to
prepare a written instruction can expose areas of weakness or duplication
which, if changed, can result in significant savings of money through the
reduction of waste, repairs and delays.

Most construction work is carried out on a project basis. Thus,
contractors can expect at any one time to be working on behalf of a number
of clients and on a variety of different classes of work. Each project may be
governed by its own particular form of contract and clients also have the
right to impose their own preferred methods of operation. Circumstances
inevitably arise when the contractor’s standard procedures are clearly
unsuitable or inadequate for application on a particular project. There is
therefore a need for a mechanism which can provide for the preparation and
issue of project procedures, either by amendment of company procedures or
by the creation of new procedures in respect of subject matter for which no
company procedures exist. This subject is addressed under the heading
‘Project Quality Assurance’ in the company quality manual of the fictional
Alias Construction Company which is attached as Appendix B.

To make the task of preparing procedures and instructions less daunting
to the busy manager, and to achieve a degree of uniformity in their format,
Alias Construction also issues a ‘procedure for procedures’. This is identified
in the table on page 13 of their quality manual as CSI QA-02 ‘Preparation
and Administration of Instructions and Procedures’ and a copy is attached as
Appendix C. As with the quality manual itself, the format it defines is that
which has been found acceptable in other companies within the Alias Group
and this procedure is included in the documentation of all Alias companies
with only minor modifications to suit particular markets. Again, it is offered
to the reader as just one way of preparing documents which can function
both as useful tools of management and as a means of satisfying the
requirements of quality system standards.



Appendix C is designed to be self-explanatory and its contents will not be
discussed in detail. However, it is worth summarizing the nomenclature
which Alias Construction has selected for the different categories of
instructions and procedures, and to note the alternative and equally
acceptable terms commonly in use for the same documents:

Company standing instructions These give directives on standard
departmental or inter-departmental methods of operation for head office
and project activities which remain relatively constant regardless of the type
of work currently being done.

Alternative terms are:

Company standard procedures
Corporate procedures
General procedures.

Project procedures These specify standard methods of operation to be used
on a particular project or site. Such methods will normally follow standing
instructions but occasions inevitably arise when, for one reason or another,
these are not suitable. In such cases, project procedures are created either by
amending standing instructions or by preparing new documents.

Alternative terms are:

Project standing instructions
Site procedures
Site instructions.

Work instructions

The instructions and procedures discussed in the previous pages related
mainly to procedural and organizational matters which remain
reasonably constant even in a construction organization undertaking a
variety of different classes of work. We now consider a further tier of
documents whose purpose is to ensure that those responsible for
executing work understand the specification requirements and receive
clear instructions as to how they should go about their business.

There is a number of ways in which such work instructions can be
conveyed. Some organizations depend upon the spoken word. For example,
when Trooping the Colour, the Guards Regiments rely solely on verbal
commands to order a large body of men to perform complex manoeuvres
with precision and style. But there are limits to the effectiveness of the verbal
method. The number of different instructions needed to troop a colour
without serious mishap is quite small, probably not more than thirty, and the
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order in which they will be given can reasonably easily be anticipated. Even
so, it is necessary for the personnel concerned to undergo a lengthy period of
training and rehearsal before they can perform to specification and satisfy
the customer. This is not to decry the parade ground method: there will
always be a need for direct personal command, but most organizations,
including the army, realize that there is no substitute for the written word for
communicating any but the simplest of instructions.

Here are some examples of documented work instructions which may be
found on a typical construction site:

Drawings issued for construction
Contract specifications
Construction method statements
Temporary works drawings
Wall posters
Welding instructions
Maintenance manuals
Sketches from an engineer’s duplicate book.

This is an extensive list, and it effectively counters the argument that
paperwork introduced as part of a quality system adds unnecessary
burdens to the construction site. The paperwork, and the bureaucracy, are
with us already. Some is essential, some less so, some could no doubt be
dispensed with altogether. Clearly there is a need here for control. The
question is: How much? Some guidance is offered by quality system
standards. BS 5750 requires that processes which affect quality shall be
carried out under ‘controlled conditions’. It then goes on to say that
controlled conditions include:

‘documented work instructions defining the manner of production and
installation, where the absence of such instructions would adversely
affect quality’.

The above extract indicates an acceptance of the need for judgement in
deciding whether a documented work instruction is necessary for the
control of a particular task. The standard does not say that every activity
on the site has to be covered by a written work instruction. There can be
no dispute that the absence of drawings, or specifications, or welding
instructions would have an adverse affect on quality. But to stretch this
assumption to argue a need for a written instruction saying, for example,
‘Remove the rubbish from that hole and put it into the skip’ would defy
common sense and would not be a reasonable interpretation of the
standard’s requirements.



So, what steps should be taken to make sure that work is adequately
covered by documented instructions? Here are some suggestions:

1. Examine the drawings and specifications. Are they complete, and do
they show adequately what is to be done and how? If not, additional
instructions and drawings must be made.

2. Is the work of a kind that can be performed satisfactorily using
current good practice and the craft skills likely to be available? If not,
then special instructions must be issued.

3. Is any of the work of an innovative nature or does it use conventional
materials in an unconventional manner? If so, people must be made
aware of any new techniques which are required.

4. Did the planning and pricing of the work require the development of
special construction methods to cope with specific problems? If so,
these should be committed to paper and issued to the Project team.

On a well managed project, the above matters will be attended to at the
planning stage. After deciding what is to be done, the planning staff
should prepare and issue properly drawn sketches or flow charts, giving
clear and complete information to the recipients. The list of examples of
typical instructions on p. 78 ends with ‘sketches from an engineer’s
duplicate book’. On a well-planned site, such instructions should not be
necessary, still less should there be instructions written on the backs of
envelopes or on cigarette packets. Instructions of this kind are not
‘controlled conditions’ as required by the standard, nor do they have any
place in an effective quality system.

Document control

All the documents mentioned in this chapter are subject to change. If
these changes are not controlled, the system will break down. This should
not be interpreted as a disadvantage of a documented system. Change is
inevitable, and it is easier to revise and re-issue written instructions than
it is to countermand a verbal order.

Document control commences at the point of origin. This may be the
drawing or planning office for pictorial documents, or it may be the office of
a departmental head responsible for the issue of standing instructions. There
is a need for a documented procedure which identifies the persons
responsible for the original preparation and approval of documents and
which ensures that subsequent changes are reviewed and approved, either by
the originators themselves, or by other persons who are both properly
authorized and in possession of all the relevant background information.
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The procedure should go on to establish how changes are to be recorded,
how all recipients should be informed, how obsolete documents will be
removed from circulation and what records must be kept.

Procedures for controlling changes to drawings or other single-page
documents are familiar in the construction industry and are dealt with
briefly on p. 101. The control of multi-page documents such as manuals or
procedures is a more complex problem. Changes may be minor, affecting
only one or two words on a single page, or they may involve major rewriting
or rearrangement. Many organizations operate systems whereby
amendments are dealt with by the publication of revised versions of the
appropriate pages followed by a general re-issue only when the number of
revisions becomes excessive. These systems rely on the diligence of the
recipients for the correct insertion of revised pages and the discard of those
which are obsolete. When establishing its systems, Alias Construction
decided that since its quality manual and standing instructions were fairly
slim documents and were not expected to be subject to rapid change, it
would be more cost-effective to re-issue these documents as a whole when
this became necessary rather than attempt to revise them page by page. The
system they decided to adopt is described in Section 4.7. of the standing
instruction enclosed as Appendix C.

Organizations in receipt of documents, such as construction sites, should
establish similar procedures for controlling the receipt and re-issue of
documents. On a small site, a conventional drawing register is usually all
that is needed. Large sites, particularly those employing substantial numbers
of sub-contractors, may find it beneficial to introduce computerized systems.

The ease with which documents can now be duplicated can render control
more difficult. The recipient of a controlled document who prints and issues
uncontrolled copies makes it impossible for the appointed register holder to
keep track of what is happening. Similarly the user of an uncontrolled copy
may be innocently unaware that the version of a document in his hands has
been superseded. There is thus a need for strict discipline to be imposed on
the recipients of controlled documents, with severe penalties being imposed
on those who make unauthorized copies.

Not all copies of controlled documents need to be controlled. For
example, copies of quality manuals may be issued to clients as part of a
prequalification submission. It would be neither practicable nor necessary
to trace such copies or to follow up with amended versions. In such cases,
the normal practice is to stamp copies with the words ‘uncontrolled copy’,
or ‘not subject to change control’. No record of issues need then be kept
and users will be aware that the document in their possession may no
longer be valid.



Records

The purpose of compiling records is to chronicle what has taken place
and provide reliable, factual information for future use. In a quality
system, records are required in order to demonstrate that the system is
functioning satisfactorily and that the required standards are being
achieved. They supply objective evidence to enable a manufacturer or
contractor to exert control over his operations and they provide
verification to a purchaser that the goods or services he is buying will
comply with his requirements.

Records supply alarm signals to warn of dangers or adverse trends. They
supply the factual information needed for statistical quality control. They
provide input for cost control. They provide proof of compliance with
specification. Whether presented on paper or on more exotic media such as
microfilm, magnetic tape or floppy disk, they provide the facts and information
without which no system can operate. Consider two categories of record:

1. Records whose primary purpose is to control future actions.
2. Records whose primary function is to provide factual information.

It is necessary to insert the word ‘primary’ into both these category
descriptions since many records fulfil both functions to a greater or lesser
extent. Take, for example, a documentary record used in a service industry:
a travel ticket. Its primary purpose is to control access to a means of
transport, be it train, flight or coach. It provides evidence that the holder
has paid the requisite fare and enables staff to divide those entitled to travel
from those not so entitled. However, once the journey is over, it has served
its purpose and will be discarded. Its value as a control document is vital at
the time, but its use as evidence is short lived because the benefit it bestows
is ephemeral and the information it contains of little interest to posterity.

Compare the latter example with the records kept of the construction
details of a multi-storey commercial building. The life of such a structure
may be a hundred years or more and it is likely to undergo many changes of
use during this period. Suppose it is decided to install a communications dish
aerial on the roof, or an air-conditioning unit. The original designers could
not possibly have contemplated such an eventuality and the structure may be
quite unable to support the additional loads without being strengthened. In
such cases, as-built records are invaluable to the user of the building.
Although not compiled with specific control purposes in mind, they are
worth all the effort of preparation and storage, even though those who
prepared them could not have imagined the eventual use to which they
would be put.

These two examples relate the purpose of a record and the type of
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information it contains to the period for which it should be retained. All too
often, for lack of careful thought, records are either discarded prematurely
or stored well beyond the expiry of their practical value. In the case of
quality records, the latter seems more often to be the case and this is perhaps
the reason why, in the minds of many people, the operation of a quality
system has become associated with a proliferation of unnecessary records.
Such views are often encountered among those who have experienced the
operation of quality systems imposed upon suppliers by purchasers. All too
frequently/such mandated systems become unreasonably bureaucratic as
purchasers seek to eliminate every conceivable possibility of non-
conformance and to require paper verification of every requirement. There is
a need for balance and a rational approach towards the generation and
subsequent storage of records.

Clients, consultants and contractors are subject to varying influences
which determine their policies in respect of the maintenance of records.
Contractors keep records to substantiate requests for additional payments or
extensions of time and to guard against claims for compensation by clients or
others arising from alleged defective work. Consultants, too, require records
for defensive purposes, and they need data to enable them to deal justly with
contractors’ claims. They also have a need for records which preserve
knowledge of designs and techniques which may be applied on future
projects.

Clients need records which will correctly identify the ‘as-built’ condition
of the structure for retention during its lifetime. If specific information is
required for operational or maintenance purposes, this should be defined in
advance by the client or his advisers so that the appropriate manuals can be
compiled as work proceeds. Records may also be necessary in order to gain
the approval of regulatory authorities. In the case of nuclear facilities, it is a
requirement that records ‘shall be maintained by or for the owner for the
useful life of the item from manufacture through storage, installation,
operation and decommissioning’, and that ‘records shall be stored and
maintained in such a way that they are readily retrievable in facilities that
provide a suitable environment to minimize deterioration or damage and to
prevent loss’ (BS 5882).

In non-nuclear work, commercial and legal considerations normally prevail
in determining the types of record to be kept and the times of retention. Page
32 outlines the periods of limitation during which a plaintiff may pursue
claims for negligence causing latent damage. These have a ‘long stop’
maximum of fifteen years and this is the period most frequently used to govern
retention times for records. However, the ‘long stop’ provision only governs
the period within which proceedings must be issued. In the case of High Court
proceedings, the defendant need not become aware that proceedings have been
issued against him until a writ is served, and the rules of the Supreme Court



permit service of a writ at any time up to one year from the time of issue. To
allow for this eventuality, it is wise to add one year to the fifteen years period
when deciding on the duration of protection to be adopted.

A further trap for the unwary is posed by the possibility of a claim under the
Civil Liability (Contribution) Act, 1978. This stipulates that a defendant, against
whom judgment has been awarded, may recover a contribution towards his
damages from a third party who is wholly or partly to blame for the plaintiffs
loss. Under the Act a defendant may commence a contribution action at any
time up to two years after judgment has been made against him. Bearing in mind
that it may take several years for the original action to come to trial, consultants
and contractors may be in jeopardy as potential third parties for very much
longer periods than those laid down in the Latent Damage Act 1986.

Let us consider first the records maintained by contractors’ agents and
resident engineers to support or adjudicate on claims for additional
payments or extensions of time. Procedures for dealing with such claims are
outlined in standard conditions of contract. Records kept for claims
purposes include:

Daily diaries
Start and finish dates of each activity
Allocations of staff, labour, plant and other resources
Normal hours worked and resources working abnormal hours
Weather affecting the work
Strikes or other industrial disputes
Causes and extent of delays
Investigations, tests and inspections
Consents and permits
Dates of dispatch and receipt of drawings
Issue and processing of requests for variations.

These documents may be discarded once final payment is made.
A second category of records are those which may be required to

substantiate a case in court. They include:

Original contract documents
Sub-contracts
Sub-contractor warranties
Orders on suppliers
Site meeting minutes
Site manager’s diary
Resident Engineer’s diary
Correspondence between Contractor and Architect/Engineer
Correspondence between Client and Architect/Engineer
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Correspondence between Client and Contractor
Sectional and final Certificates of Practical Completion
Certificates of making good defects
Documents confirming concessionary acceptances
Final issues of construction drawings
Final Certificates of Completion.

All the above should be retained for at least sixteen years by the
contractor or consultant as the case may be, and should then be destroyed
only after consideration of any potential litigation which might require
their subsequent production in court.

Finally, let us consider the records generated during the course of the work
to verify compliance with specification. These will include:

Materials conformance certificates
Inspection reports
Laboratory test results
Piling records
Concrete placing records.

These all contribute to the issue by the Architect or Engineer of a final
completion or maintenance certificate at the end of the contractual
maintenance period. Once this has been issued, it effectively supersedes
the quality control records, which thereby become redundant and could,
in theory at least, be destroyed. Whether this would be a wise move in
any particular circumstance must depend on the contractual
arrangements. Some standard conditions, such as the JCT Standard Form,
state that subject to some qualifications a Final Certificate may be held to
provide conclusive evidence that the quality of materials and standard of
workmanship are to the satisfaction of the Architect or Supervising
Officer. The ICE Conditions of Contract, however, state that the issue by
the Engineer of a Maintenance Certificate should not be taken as relieving
the Contractor or the Employer of any of their obligations to each other.
The possibility of a later need to produce quality records in the event of
litigation should therefore be considered before any are destroyed. On the
other hand, the sheer volume of space occupied by quality records and the
consequent storage costs are sufficient to persuade many contractors and
consultants to dispose of them at the earliest opportunity.

The archive storage of documentation should be considered at the start of a
project and filing systems established to select material for long-term storage
as it is generated. If this is done, all that is needed at the end of the contract is
to compile a register scheduling the content and location of each file. Storage
facilities should be secure, dry, fire-proof and protected from vermin. To



reduce the volume of archive records, documents may be microfilmed.
However, in order to be admissible as evidence in legal proceedings, the
production of microfilm must be shown to be part of a normal business
procedure. To do this, the following criteria should be observed:

1. Documents microfilmed must be in a logical order without any
omissions.

2. An authorization certificate (signed by a responsible official and the
camera operator) must be included at the start and end of each run of
film. This certificate should state that the microfilms are being made
as a normal business practice.

3. Once filming has been completed, the microfilm must be checked to
ensure that it is an accurate record of the documentation. A written
record of these checks must be maintained and signed by the checker.

4. On completion of the above, the responsible manager may give
authorization for the original documents to be destroyed. A written
record of what has been destroyed should be maintained.

It is best to keep two copies of each microfilm in separate locations and in
fire-proof cabinets. If one set is ‘jacketed’ for ease of reference, the other
should be kept uncut as the master copy.

Contractual and legal aspects

One of the purposes of a quality manual and related documentation is to
provide information on an organization’s quality system for the benefit of
potential purchasers. Manuals may be offered as part of a sales package,
or they may be given in response to a call for pre-qualification
information, or they may be submitted with a tender. What is the
contractual status of such documents?

On p. 31, reference was made to the power of the courts to impose
‘implied terms’ of contract. A document or statement issued or made prior to
the signing of a contract can be held to be a ‘representation’ and enforceable
as an implied term of the contract. It is conceivable that quality manuals and
similar documents could be viewed in this light. A purchaser might then be
able to argue that a contractor had an obligation to implement procedures
contained or listed in a quality manual, and that departure from such
procedures without approval would be a breach of contract. This would tilt
the contractual balance steeply in the purchaser’s favour and limit the
contractor’s freedom to select and develop the most economic methods of
achieving specified standards of materials and workmanship. To guard
against this eventuality, it is advisable to clarify the status of quality manuals
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and other documents by stating on the title page that they do not form part
of any contract and are not intended to imply any representation or
warranty. The quality manual of Alias Construction (Appendix B) and the
specimen procedure (Appendix C) both have such a statement. They also
have a statement which establishes ownership of the documents and their
contents and prohibits disclosure without the consent of the company.

Quality managers would do well to consult their company legal advisers
on these matters, since the law is open to different interpretations and its
application in specific cases can be difficult to foresee. Quality system
procedures are not usually written as legal documents, indeed they would
probably be useless if they were. It is therefore wise to clarify their status at
the outset so that the chances of later misunderstandings are minimized.

Moving from the general case to the particular, there are circumstances
when the instructions and procedures described in a quality manual are
required to be contractually enforceable. This applies particularly in the case
of nuclear work where contractors may be required to submit outline
descriptions of their quality systems with their tenders and be prepared to
agree contractually binding arrangements if successful. Obviously, in such
cases, the recommended disclaimers would not be appropriate and should be
removed once negotiations are at an end and purchaser’s approval has been
granted.

The application of quality assurance to mainstream construction work is
still in its infancy and possible conflicts arising from the invocation of quality
system standards alongside standard conditions of contract have yet to be
tested in the courts. Meanwhile it is wise to take reasonable precautions.
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DESIGN

The design process

A design organization may be likened to a factory. Raw material in the
form of design briefs, standards and codes of practice are fed in at one
end. These are then processed by designers and computers and an output
is produced, consisting mainly of working drawings and specifications.
This analogy is perhaps controversial and some may question its total
validity. However, it is sufficiently near to the truth to illustrate that the
principles of good quality management are as relevant to the design of
building and civil engineering works as they are to their construction.
Furthermore, the analogy serves to focus the mind on the chain of events
which must be controlled if a design office is to meet the requirements of
a purchaser. But, who is the purchaser?

An immediate answer to this question could be that the purchaser is the
person or organization acting as client, to whose brief the work is done and
from whom payment will be expected. Such a response is only partially
correct. An architect commissioned in the conventional way may be paid by
his client, but the recipient of his product is the building contractor engaged
to construct the works. An architect who concentrates on satisfying the
aesthetic, economic and functional requirements of his client, while
neglecting to provide clear and unambiguous documents to the builder is not
doing his job properly. He is equally at fault if he fails to produce work on
time to meet the construction programme, or if his designs do not take
account of the practical limits of the construction techniques and skills likely
to be available. This is an argument in favour of the combined design-and-
construction contract in which the designer is hired and paid by the
contractor to receive the client’s brief and to prepare drawings and
specifications for the contractor. Such an arrangement clarifies the designer/
contractor interface and renders it easier to control.
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Design quality systems

Design organizations may stand alone, for example as firms of architects
or consulting engineers, or they may be departments within companies for
whom design may be only one of a number of activities. An example of
the latter would be an internal design department of a housebuilder or
contractor. Such departments may carry out the design of permanent
structures or temporary works, or both. Quality management is as
germane to temporary works design as it is to permanent works.

Although design control is addressed in quality system standards as just
one of a number of activities which should be covered in an organization’s
quality system, it is recommended that in most cases it is preferable to treat a
design office as an organization in its own right, even if it does not exist as an
independent body. This is the arrangement adopted by the design
department of the fictitious Alias Group, the parent company of Alias
Construction Ltd whose quality manual is enclosed as Appendix B. Alias
Design, which is a division of Alias Services Ltd, has its own quality manual
to describe its quality system. The manual is similar in format and content to
Appendix B and it includes the same Section 2 ‘Corporate Policy’ which
describes the quality philosophy of the Alias Group. Note that the Alias
Construction company standing instruction entitled ‘Design of Permanent
Works’ (CSI OPS-07) is concerned solely with the commissioning and
control of design consultants engaged by the company (including Alias
Design) and does not deal with matters of design control. CSI OPS-08
‘Design and Construction of Temporary Works’ does include some design
control procedures, but these relate only to the site design of minor
structures.

A quality manual of a design department should contain a statement of
authority signed by the Senior Partner or whoever is in charge. It should
illustrate and describe the organizational structure, giving brief job
descriptions of the principal managerial roles. It should include a schedule
of standing instructions or procedures together with brief descriptions of
their scope. To ease the task of auditors, the schedule could be cross-
referenced to the requirements of quality system standards. The delegation
of responsibility for quality assurance in a design organization requires
careful thought. All design offices have to contain their overheads and only
the larger consultancies can be expected to sustain full-time quality
managers. The arrangements adopted will depend on the type of work
undertaken and on the verification and documentation requirements of
clients, statutory bodies and certifying authorities. The latter are
particularly onerous in nuclear and offshore work. The following
guidelines are suggested:



Offices of less than 20 persons
In a small office, the person in charge has to take personal responsibility
for many of the functions which, in a larger organization, would be
delegated to others. He is likely to do his own marketing, his own
administration and his own technical supervision. He himself will perform
such calculation checks as are necessary and will sign off the drawings. In
these circumstances he will be operating his own quality system and will
be his own quality manager.

Offices of 20 to 100 persons
As an organization grows, there comes a point at which it ceases to be
practicable for the person in charge to check everything done on his
behalf. He then needs to establish a quality system and to delegate its
operation to one of his staff. This need not be a full-time appointment. In
a small partnership, for example, the role may be combined with that of
librarian, or research officer. In the case of a contractor’s design office,
one quality assurance manager may serve two or three departments or
subsidiary companies. The essential criteria are that he should not have
executive responsibility for budget or programme, that he should have the
confidence of the management and that he should be able to win the
respect of those upon whose co-operation he will depend.

Offices of more than 100 persons
Large organizations require a full-time quality manager, although the break
point at which this becomes necessary will vary considerably according to
the field of practice. The role of a design office’s quality manager will be
similar to that of a company quality manager as outlined on p. 60.

Administration

A design office’s Administration Procedure should describe all the
nontechnical routines necessary to introduce work into the office, to keep
track of what is happening, and to ensure that the bills are paid. Here is
a typical table of contents:

1. Introduction
2. Scope
3. Personnel Responsible

Administration Manager
Commercial Manager
Project Managers
Chief Draughtsman
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4. Procedure
Collection and distribution of mail
Facsimile messages
Telex messages
Filing
Cost estimates
Time-sheets
Expenses
Printing
Leave of absence

5. References
6. Exhibits.

‘Exhibits’ should include copies of all standard forms, calculation sheets,
drawing title blocks, etc. used in the office.

Review and confirmation of the brief

A construction project comes into existence to meet the needs of a
purchaser or owner. Conception occurs when purchaser meets
designer and explains to him what he requires. At this point
purchasers usually know roughly what they want and how much they
are prepared to pay. Unfortunately, and this is particularly true of
those who only rarely enter the construction market,  many
purchasers find it difficult to articulate their requirements in a form
which will enable the designer to devise an optimum solution. As a
result, misunderstandings occur which can have a damaging influence
on the quality of the project which cannot be corrected or
compensated for at a later stage.

It is therefore necessary for a design office to follow a procedure which
will enable the right questions to be asked at the right time to elucidate the
information which is required. Such questions may include:

What is the purpose of the project?
One definition of quality is ‘fitness for purpose’. If the designer of a
structure does not know and understand its purpose, it is most unlikely
that his proposals will fit. It may be that the purchaser himself does not
know, or has not decided, what the purpose will be. Perhaps he does not
intend to use the project himself, but to sell or rent it to someone else. In
such circumstances the onus is on the designer to establish the criteria to
be satisfied and to obtain the purchaser’s agreement to these before
proceeding.



What aesthetic qualities are required?
This is a matter of great significance in some designs, but less so in others.
For example, many building owners require structures solely to create a
suitable internal environment, in which case their primary interest is to
maximize volume for minimum cost. Other purchasers may require a style
and appearance which will reflect their business image and add to their
prestige. Maybe the project will be subject to the approval of an
environmental protection body such as the Fine Arts Commission.

What loadings will structures have to support?
Before he can start work, a designer needs to be aware of all the forces
which are likely to impinge upon his structure. These will include
standard loadings such as those specified by highway departments for
bridge structures. Account has also to be taken of external environmental
conditions such as wind and snow. Other loadings may have to be
deduced from the intended use of the structure. For example, in a factory,
what equipment will be installed? What will it weigh? Will it create
vibrations? Will it require special air conditioning equipment? The client
himself may be unable to respond to these queries and may refer the
designer to other sources of information such as equipment
manufacturers.

What information is available?
Depending on the stage in the development of the project at which the
designer receives his brief, much of the technical data required for his
design may already have been obtained. This could include:

Feasibility studies
Topographical surveys
Site investigation reports
Hydrological or hydrographic reports
Traffic surveys
Details of adjoining structures
Details of existing services.

If vital information is not available, it is necessary at this stage to advise the
client of the steps which should be taken to put the necessary studies in hand.

What funds are available?
In any design there has to be a balance between perfection and economy.
Purchasers like to have both, but this is not possible. The designer has to
perform an iterative process to reach the compromise most acceptable to
the purchaser, and it helps if he has a target to aim at.
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What is the required lifetime of the project?
A designer is entitled to know the projected lifetime of the structure he is
designing, and the policy which will be adopted towards its maintenance.
Does the purchaser wish to optimize the combined costs of initial
construction and lifetime maintenance, or is he more interested in minimum
first cost? Such considerations can have a significant impact on design.

These are just some of the questions which a designer may wish to raise.
Only rarely does he get all the answers before he starts work. More
frequently, the purchaser’s requirements become available over a period of
time as design meetings are held to discuss specific queries. The decisions
reached at such meetings have commercial as well as technical implications.
Questions may arise from the first creative conceptual studies and the
answers to such questions should be confirmed in writing in accordance with
a procedure agreed between the designer and the purchaser.

Having asked the necessary questions and recorded the responses, it is
useful to assemble the design basis on a standard format. Figure 6.1
illustrates a specimen check list which may be used for this purpose.

Design planning

Once the brief is established, the next step is to draw up a Quality Plan
for the work. This should identify the resources to be deployed and
indicate how the work is to be controlled to ensure technical integrity and
compliance with programme. A design Quality Plan may include the
following:

1. The names of the staff members delegated to manage the work and to
take professional responsibility for its adequacy.

2. Summaries of the delegated responsibilities of the staff named above.
3. The name of the client and his nominated representative, if any.
4. A summary of the design requirements identified in the Client’s brief.

This may comprise a standard form such as Figure 6.1, together with
attachments.

5. A bar chart or similar illustration showing phases of the work and
key dates for the receipt and provision of data

6. A schedule of the departmental and other procedures to be
implemented to ensure technical adequacy. These will include the
standards, specifications and codes of practice to be followed, and the
regulations of statutory bodies with which compliance will be
necessary.

7. The procedure to be used to measure and control the progress of the
work.



Figure 6.1 Design information check list.
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8. A communications matrix for correspondence, minutes of meetings,
drawing and specification control, design change notes, technical
queries etc.

9. Arrangements for consulting with the Client and for obtaining
approvals when necessary.

10. A schedule of design reviews and system audits.
11. A schedule of records to be produced and their retention periods.

Provision should be made for reviewing and updating the design Quality
Plan as work proceeds. It should be a ‘controlled document’ (see p. 79).

Conceptual design

In contrast to most other aspects of design and construction, the quality
of conceptual design is not generally susceptible to improvement by
working to predetermined procedures. The creative impulse cannot be
programmed in advance.

A client wants a river crossing. Should it be a bridge or a tunnel? If a tunnel,
should it be bored or sunk as submerged tubes? If bored, should it be round in
section or horseshoe shaped? If round, should it be lined with cast iron or
concrete? One could set up a flow chart to guide the designer in arriving at the
optimum solution to this sequence of decisions, identifying the criteria to be
applied at each point of choice. It is doubtful, however, if such a chart would
be of much assistance to an engineer fully experienced in the field of work.
Once appraised of all the relevant information, he would arrive at his decision
apparently as if by instinct, but in fact it would be the sub-conscious sifting of
years of experience of similar problems within his mind which would lead him
unerringly to the correct conclusion. Prudence would no doubt then lead him
to check his decision by costing the alternatives, but this would come after the
creative flight of fancy, not before.

If this be the case with a prosaic example such as that given, still more is it
true when decisions have to be made on matters of beauty or shapeliness. An
architect is asked to design an office block. He is shown the site and told the
area of space required. Should he make it tall and thin or short and squat?
Should he clad it in brick or glass? What colours or textures should he select?
An architect’s reputation is based on his ability to decide upon issues such as
these. His decisions will reflect his years of training and experience and his
artistic flair. Planning and procedures may assist these attributes but cannot
compensate for their lack. It implies no disrespect to the techniques of
quality assurance to note that Michelangelo succeeded in painting the Sistine
Chapel without the benefit of such concepts as change control, non-
conformance reports or design audits.



Design control

Once the basic concepts have been established, the next steps are to carry
out such structural and other analyses as are necessary to verify their
validity and then to create the working drawings and specifications which
will enable contractors to price and subsequently to construct the works.
Procedures for controlling these operations include:

CALCULATIONS

The purpose of a calculations procedure is to ensure that calculations
are produced in a consistent and methodical fashion, to minimize the
risk of errors and to maximize intelligibility. It should identify the
process by which the engineering judgment of senior design staff is
brought to bear upon specific problems and the techniques adopted for
their solution.

As an aid to designers, the calculations procedure should include a
schedule of the approved computer programs in use within the office,
identifying their purpose, capabilities and limitations. It may also include, or
refer to, design charts, nomograms and conversion tables which have been
developed within the office to cope with particular problems. It is essential
that all calculations should carry an identification indicating the project to
which they relate and brief details of their particular function. The procedure
should provide examples of preferred presentation and should give
instructions concerning numbering systems and arrangements for filing.
Finally, the procedure should address the system to be used for checking
calculations. This should include a mathematical check by another designer
(‘yellow line’ check) and a review by senior staff for compliance with the
design philosophy and final approval. Figure 6.2 illustrates a typical
calculations check procedure and Figure 6.3 gives an example of a
calculations check list.

DRAWINGS

This procedure should describe the routine operations of the drawing
office. Its aim should be to provide a technically competent newcomer to
the office with all the information he or she requires to become
functionally effective with a minimum of additional instruction. It should
establish standards of draftsmanship and give advice on matters such as
layout, format and scales. Sections of the procedure should deal with
drawing numbers, revisions, filing and issue.

The procedure should include a description of the system to be used for
checking drawings before issue from the office. Figure 6.4 gives a flow chart
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Figure 6.2 Calculation check flowchart.



Figure 6.3 Calculation check list.



Figure 6.4 Drawing check flowchart.



Figure 6.5 Drawing check sheet.
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illustrating a checking sequence and Figure 6.5 gives an example of a
drawings check list. Note that these examples apply only to drawings
produced by a single discipline. If a number of disciplines are involved in
a project, a further inter-disciplinary check is required as described later
in this chapter under the heading ‘Control of design interfaces’.

SPECIFICATIONS

Many design organizations maintain libraries of standard specifications
covering the more common construction tasks and these are often applied
unchanged to most projects. However, design engineers should examine
each case on its merits and should test the validity of all standard
specifications before they are issued.

Particular care should be taken when specifying construction tolerances
as these are the cause of many quality problems. In the real world of
construction, exact dimensions cannot and do not exist. Any dimension
entered on a drawing will be subject to unavoidable imperfections in
materials, measuring instruments, equipment and workmanship which,
either singly or in combination, will result in a larger or smaller value in the
finished work.

The specification of unreasonably tight tolerances can result in greatly
increased costs without any compensating benefits. On the other hand, if
the tolerances specified are very wide, or if none are specified, serious
problems can arise on site from lack of fit. Given the extent to which
construction work these days consists of the assembly of pre-manufactured
components (particularly in building), this is a matter deserving of careful
attention. The guiding rule should be always to specify the minimum
standards that are acceptable. The practice of specifying high standards in
the hope that they can be achieved, followed by an expedient relaxation
when they are shown to be impossible or unreasonable is a mistake since it
implies to those doing the work the notion that all other specification
requirements are equally flexible and open to negotiation. What is more,
the contractor of integrity who prices the work as specified will be
undercut by his less scrupulous competitors who tender on the basis that
lower standards will prevail, with or without the knowledge and
agreement of the Engineer or Architect.

CHECK AND APPROVAL SIGNATURES

Evidence of control of design is normally provided by signatures or
initials placed in the appropriate boxes of title blocks or check lists. By
themselves, however, these marks are meaningless and do not provide
sufficient verification of control for the benefit of auditors or of others



who may be interested. There is therefore a need to validate signatures so
that there can be no doubt that checks and approvals have been carried
out by properly qualified and authorized persons.

Engineers delegated to assume professional responsibility for projects or
sections of projects should select staff eligible to sign as checkers and
approvers of documents on their behalf. They should maintain registers of
authorized signatories and their signatures, identifying the categories of
work within their competence.

Control of design interfaces

Most design projects require inputs from more than one technical
discipline. There is a need, therefore, for a procedure to ensure that the
work of each is compatible with all the others. This procedure should
identify a communication system which will circulate all design teams
with information on design proposals as they mature, so that conflicts or
gaps can be detected and resolved in an orderly fashion.

Inter-discipline check (IDC) procedures require the preparation of
distribution matrices for each discipline indicating the circulation
requirements for the various categories of documents. A sample IDC
circulation matrix is given in Figure 6.6. To control the circulation of
documents, it is normal practice to establish a document control centre
whose purpose is to expedite and keep track of movements. After carrying
out their internal checks, originating disciplines supply the document control
centre with an original of the document to be circulated. According to the
circumstances and degree of urgency, the document control centre may then
either circulate a single copy on a series routing to every interested discipline,
or print a number of copies and make a parallel issue. Comments received
from the IDC circulation should be reviewed by the originating discipline.
Further discussion between disciplines may be necessary to resolve
disagreements. In the event of changes in principle, revised drawings should
be re-submitted to the document control centre for a second IDC.

Change control

It is a rare event indeed for a design document to remain unchanged
throughout its lifetime. More often it will be issued in a succession of
modified editions. There is a variety of reasons why this should be so:
perhaps circumstances have changed, equipment may have become
obsolete, someone may have thought of a better way, or it may simply be
that the purchaser has changed his mind. Whatever the reason, it is vital that
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Figure 6.6 Interdisciplinary check distribution matrix.



the correct editions of documents, and only the correct editions, should be
used for the performance of any given task.

Change control commences with the control of incoming documents.
These will include the client’s brief, and the standards, codes of practice and
statutory regulations with which design work has to comply. The system
should ensure that every copy of these documents can be located so that the
new can be substituted for the old, apart from a master copy of each edition
which should be kept for record purposes. Beware, however, of contracts
which specify particular editions of standards. The correct edition in such
cases may not necessarily be the latest edition.

Drawings and specifications originating from within the office require
similar control procedures. Evidence of control is provided by the data
supplied in title blocks and in Document Registers which should record
issues and recipients. Note that amended documents should undergo the
same checking processes as the originals, and that they should be checked
and approved by properly authorized persons.

Design reviews

In addition to the routine control activities described above, it is good
practice to institute a programme of periodic reviews by persons outside
the project team to ensure that design work is proceeding on the right
lines and that the objectives defined in the brief are being achieved. It is
frequently the case that those who are intimately concerned with the
minutiae of design will overlook important matters which happen not to
appear within their fields of vision but which are immediately apparent to
an experienced outside observer.

Design reviews may be undertaken by higher tiers of management, by
peers of the project team or by specialized review panels. There are
significant advantages if the client can be persuaded to take part. Typical
questions addressed within design reviews include:

1. Are the design techniques which are being used appropriate for the
particular type of work?

2. Are members of the design team suitably trained and qualified for the
tasks they are required to perform?

3. Have all factors relative to the design been taken into account?
4. Do the designs satisfy health and safety requirements?
5. Are the designs ‘buildable’?

To speed the conduct of design reviews, project teams may be required to
make formal presentations of their work. This is a most valuable
discipline as it obliges the team to marshal its thoughts in advance and to
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anticipate the questions likely to be asked. This exercise can be beneficial
in itself and may bring to light important issues even before the design
review is held. The results of design reviews should be documented.

Computer software

The quality assurance of computer software is a topic about which much
has been written. It is a subject requiring considerable specialist expertise,
most of which is outside the scope of this book. The paragraphs which
follow deal only with routine procedures for the control of software
which are appropriate to a design office serving the construction industry.
Computer applications in design offices may be categorized as follows:

1. Administration Examples include the processing of time sheets, network
planning, accounting systems and the payment of wages and salaries.

2. Equipment Equipment incorporating software includes computer-
aided drafting machines, digitizers and word processors.

3. Computation This category comprises the software used by designers
for analysis and calculations.

Software for categories 1 and 2 will not be discussed in detail because of
its specialist nature. The most important category for design engineers is
Category 3, since this is likely to have the greatest influence on design
quality. Let us consider the principal hazards which a computation
software control procedure should be designed to prevent:

Use of unapproved programs
Defects (bugs) in software
Erroneous input
Misinterpretation of output.

In well-established design offices, the purchase, custody and
administration of computer software and hardware are likely to be the
responsibility of a nominated manager. Let us call him the Computer
Systems Manager. He, the discipline heads, the project engineers and the
project staff will combine to implement the software control procedure
which should be subject to regular audit by the Quality Manager. The
following is a typical allocation of duties:

Discipline heads
1. Advise Computer Systems Manager on the specification and purchase

of new programs.
2. Ensure the technical integrity of programs, including the soundness of

their theoretical basis.



3. Ensure the adequacy and completeness of documentation.
4. Make recommendations for modifications.
5. Establish training programmes for users and verify their competence.

Computer systems manager
1. Maintain a register of approved programs.
2. In collaboration with discipline heads, specify and purchase new

programs.
3. Test and approve the originals and all modifications of programs and

accompanying documentation.
4. Write new programs when requested by discipline heads.
5. Maintain archive records of superseded program revisions.
6. Control, maintain, up-date and issue User Manuals.
7. Investigate bug notifications and take appropriate actions.
8. Provide a security system to prevent the irresponsible or illicit use of

computer facilities.

Project engineers
1. In consultation with discipline heads, establish the schedule of

programs approved for project use.
2. Apply to Computer Systems Manager for the provision of computer

facilities and a Project User Identification.
3. Nominate project staff to have access to project computer facilities

and advise them of passwords and logging-on procedures.
4. Authorize major computer runs.
5. Maintain computing log for project.
6. Protect User Identification, passwords, programs and data against

unauthorized disclosure.
7. Review or re-validate User Identifications when necessary and change

access passwords in accordance with security procedures.
8. Report program defects (bugs) to Computer Systems Manager.
9. Ensure that appropriate checking procedures are followed.

Project staff
1. Follow User Instructions in operating programs.
2. Carry out manual checks to verify computer calculations.
3. Report program defects (bugs) to the Project Engineer.

Note that most of the activities scheduled above are directed either to
preventing the use of unapproved programs or to the elimination of
program defects. Important though these measures are, it needs to be borne
in mind that design errors are more likely to be caused by incorrect input
data or the misinterpretation of output than by defective or inappropriate
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software. The only means of preventing such errors is the employment of
designers who have a sound engineering training which equips them to
understand the manipulations which the computer is carrying out on their
behalf and enables them to check by manual calculations, or by instinct,
that the answers to their calculations are correct.

Feedback

Quality in design requires that designers should receive adequate feedback
on the realization and practical performance of their designs. In
construction work, this feedback may be of three kinds:

1. The designer needs verification that the criteria upon which the
design is based (for example, on ground conditions) are valid.

2. The designer needs to satisfy himself that the works are in fact
constructed in accordance with his instructions.

3. The designer needs to be aware of the performance of his designs,
both during the construction period and in their finished state.
Without such knowledge, errors will be repeated and the steady
improvement and refinement of design technique which are essential
to success will not take place.

To obtain this feedback, the designer requires unimpeded access to the
construction site. One of the principal advantages of traditional contractual
arrangements is that the rights and obligations of the Architect and the
Engineer to participate in the construction process are established in the
contracts. Any restriction of these rights should be resisted.

Records

The general points contained in Chapter 5 on the subject of records apply
as much to design as they do to construction. Design offices maintain
records for the following purposes:

1. To satisfy clients’ requirements for construction details.
2. To provide evidence in substantiation of requests for payment.
3. To preserve knowledge of designs and techniques for use on future projects.
4. For possible presentation in rebuttal of claims for compensation in

respect of negligent work.

The purposes for which records are maintained will influence the times of
retention and each item needs to be considered on its merits. Microfilming
of records achieves savings in space, but the rules governing admissibility
as evidence in legal proceedings need to be observed. (See p. 85.) 
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PROCUREMENT

Introduction

It is difficult to imagine any commercial organization which is so
selfsufficient that it does not need to purchase materials, components and
services from others. Such is the interdependence of modern society that
we are all buyers and sellers, and every company relies on the skills of its
procurement department to ensure an inward flow of defect-free goods
and services, on time, and at the right price.

In the construction industry, the traditional procurement sequence
commences with a primary purchaser, usually referred to in contracts as the
Employer. The Employer purchases design and site supervision from an
Architect or Engineer and places a contract for construction work with a
contractor. The contractor purchases materials and components from
suppliers for incorporation into the works and may also place sub-contracts
for parts of the construction work with other, usually smaller, contractors.
Some of the sub-contractors may also purchase construction materials, and
they may further sub-let parts of their sub-contracts, and so on. There is thus
a wide range of interlocking transactions, embracing many different parties,
all of which have to be controlled if the Employer’s needs for a satisfactory
project are to be fulfilled. The same variety of transactions, although perhaps
in a different sequence, will also take place if the Employer opts for non-
traditional methods of procurement such as management contracting, or a
design-and-construct contract.

The one common feature in all these transactions is that a commodity is
purchased. The commodities may be completed projects, such as a length of
motorway, or manufactured articles like pumps or bricks, or the performance
of services where there is no visible end-product except perhaps a sheaf of
drawings or a test certificate. Writers of quality system standards appear to
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have had difficulty in finding a suitable generic term capable of encompassing
the whole range of things bought. Standards derived from the early association
of quality assurance with defence procurement, such as DEF STAN 05–21 and
early versions of BS 5750, used the term ‘materiel’. This is a word of French
origin, used to describe the baggage and munitions of an army. BS 5882 takes
a simpler line. It uses the word ‘item’ which it defines thus:

Item: An all-inclusive term covering structures, systems, components,
parts or materials.

These definitions may be adequate for material purchases, but they do not
cover contracts for services which are by their nature intangible. BS 4778
does not define ‘services’, but the following is from an American
specification, ‘Quality Assurance Program Requirements for Nuclear
Facilities, ANSI/ASME NQA-1’:

Services: The performance of activities such as design, fabrication,
inspection, non-destructive examination, repair or installation.

The 1987 version of BS 5750 solves the problem quite satisfactorily by
dispensing with definitions. It simply uses the word ‘products’ and
explains in a preamble that ‘…“product” is also used to denote “process”
or “service”, as appropriate…’. For convenience, the same convention
will be used in this chapter.

The principal features of procurement quality systems are the same for all
buyers of products, whether they are primary purchasers, such as the
Employer in a construction contract, secondary purchasers (main contractors)
or tertiary purchasers (sub-contractors or material suppliers). They are:

Selection of potential suppliers
Definition of requirements
Verification of compliance.

Let us consider each of these functions in turn as they may be
implemented at different stages in the construction sequence.

Selection of potential suppliers

It makes good sense to ensure that suppliers of products should have both
the means and the will to comply with the requirements of an order. In
the construction industry it has long been the custom for contractors to be
obliged to provide information about their financial standing, their
resources of people and equipment, and their record of past work in order
to pre-qualify for inclusion on tender lists. An effective quality
management system will similarly require a demonstration of a supplier’s



capability to control the works and to assure conformance with specified
requirements. In some quality system standards, potential suppliers are
referred to as ‘vendors’. A ‘vendor’ becomes a ‘supplier’ when a purchase
order has been issued or a contract has been signed.

BS 5750: Part 0.2 lists the following methods of establishing a vendor’s
capability:

(a) on-site assessment and evaluation of supplier’s capability and/or
quality system

(b) evaluation of product samples
(c) past history with similar supplies
(d) test results of similar supplies
(e) published experience of other users.

APPROVED LISTS

Many purchasing departments use the above methods to assemble an
‘approved list’ of potential and existing suppliers and sub-contractors.
These lists may be based on a simple card-index system or, in larger
organizations, they may be maintained on a computer database to
provide rapid updating of information and easy access to a number of
users. Approved lists may contain:

1. Supplier’s name and address.
2. Contact name and telephone number.
3. Commodities or services for which approval has been granted.
4. Details of current orders.
5. Details of recently completed orders.
6. Feedback reports from users.
7. Details of recent company pre-contract assessments or other audits.
8. Registration by accredited third-party certification bodies.

PRE-CONTRACT ASSESSMENT

A pre-contract assessment is a formal procedure to determine a potential
supplier’s eligibility for inclusion on an approved list or to tender for a
specific order. An assessment is a form of quality audit, the techniques of
which are dealt with in detail in Chapter 9.

Before embarking on a pre-contract assessment, a purchaser normally
seeks preliminary information by means of a questionnaire such as that
illustrated in Figure 7.1. If this indicates that a formal assessment is justified,
the next step will be a more detailed examination of documentation
submitted by the supplier. The documentation required will be specified by
the purchaser together with identification of the quality system standard (if
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Figure 7.1 Quality system questionnaire.



any) against which the audit will be made. Typically, the documentation
requirement will be satisfied by the supplier’s quality manual, possibly
supplemented by additional material specific to the product or contract
under contention. Any significant omissions or deviations from the
standard are notified to the supplier so that appropriate amendments or
improvements can be made. The appraisal of documentation is then
followed by a visit to the supplier’s factory, head office or site to confirm
that the description of the quality system given in the manual is factual
and can be supported by evidence.

Assessments carried out by purchasers are known as second-party
assessments. These can be very expensive, both for purchasers and suppliers.
Even a very cursory assessment will require the time of two or three persons
for one or more days and major audits may involve teams in excess of ten
people for periods measured in weeks. Suppliers can find themselves
continually being assessed by potential purchasers, with only a small
minority of assessments leading to actual orders. Likewise, it can be a major
task for a purchaser to assess all suppliers with whom he may wish to do
business. This wastage of resources can be reduced by the practice of third-
party assessment.

Third-party assessments are undertaken by independent bodies
established for the purpose. They carry out audits and surveillance following
procedures similar to those of second parties and award a mark or
registration to suppliers who succeed in meeting their standards. Provided
the third-party organization has recognition and status in the eyes of
purchasers, the mark or registration it awards will eliminate the need for
second-party assessment and surveillance as long as it remains valid.
Organizations undertaking third-party assessment and surveillance are
known in the United Kingdom as ‘certification bodies’. Some, such as the
British Standards Institution, have for many years carried out third-party
product certification (the ‘kitemark’ scheme is an example of this) and, for
these, an extension of their operations into the certification of companies is a
logical step. Other certification bodies have been formed on the initiative of
groups of companies within specific sectors of industry who have perceived a
need for independent certification. These moves by industry have received
substantial encouragement from government through the provision of
financial support and the establishment of the National Accreditation
Council for Certification Bodies (NACCB). This organization is responsible
for publishing guidelines for the proper constitution of certification bodies
covering such areas as technical competence, financial probity, consumer
representation and so on, and thereafter for examining applications and
accrediting those which comply. The criteria against which it makes its
judgments are based on harmonized international guidelines to encourage
reciprocal recognition of certification arrangements.
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There are four categories of certification for which aspiring bodies may
seek NACCB accreditation:

1. Certification of quality management systems
2. Product conformity certification
3. Product approval
4. Certification of personnel engaged in quality verification.

Of the above categories, the first two have the most significance for the
construction industry. Bodies with category 1 certification (known as
‘assessment bodies’) assess and register the quality systems of suppliers with
respect to published criteria, such as BS 5750. Their functions do not include
the certification of products, processes or services and they do not carry out
any checks to verify that these comply with specifications. Organizations to
whom registration is granted receive a certificate and become entitled to
display the certification body’s symbol or logo, subject to certain restrictions.
They may not, for example, use the symbol or logo on a product, or in a way
that may be interpreted as denoting product conformity.

Certification bodies accredited for product conformity certification go
much further. In addition to assessing quality systems, they take representative
samples for both initial and subsequent audit testing and they arrange for
testing to be carried out in suitably accredited laboratories. Not only do they
issue registration certificates, they also grant permission for their symbols or
logos to be displayed on the recipient’s products. The United Kingdom
Certification Authority for Reinforcing Steel (CARES) is an example of a
certification body accredited to assess suppliers for product conformity.

Pre-contract assessments will frequently reveal that some potential
suppliers do not have quality systems which satisfy quality system standards,
or indeed may not have any identifiable quality systems at all. This need not
necessarily disqualify them from tendering for work. There would be very
few bricklaying sub-contractors on construction sites if all had to operate
documented quality systems. A supplier who has performed satisfactorily on
similar work in the past, or who is able to demonstrate that his product
consistently meets specification requirements can justify inclusion on an
approved list on these grounds alone.

Even after taking all the actions outlined above, a purchaser may still be
faced with a predicament in which an unapproved vendor submits a tender
substantially below those received from approved vendors. In a competitive
situation, such offers are difficult to ignore. The correct response is to add to
the unapproved vendor’s offer a sum of money which will provide sufficient
additional supervision by the purchaser himself to give a degree of
confidence equivalent to that demonstrated by the other vendors. If his offer
is still the lowest, he is entitled to the work.



Figure 7.2 Supplier performance summary.
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FEEDBACK

The final test of a supplier’s competence is his ability to deliver the goods.
This requires a reporting routine whereby the users of products or services
are able to record the degree of satisfaction they have received. A typical
standard form for providing this information is illustrated on Figure 7.2.

Definition of requirements

If a purchaser cannot, or will not, define what he wants, he has little
cause for complaint if the products he receives fail to satisfy his needs.

Apart from private housing, it is only rarely that buyers of construction
products can see their purchases in their finished state before committing
themselves to spend money. One cannot look at dams, or bridges or office
blocks in a showroom and decide which model to buy. It is therefore
incumbent on the purchaser of construction products to identify his needs
and communicate them to his designers and suppliers in an unambiguous
fashion. The normal means of communicating the Employer’s requirements
to a contractor is by way of technical specifications and drawings. However,
before these can be prepared, the designer has to be aware of the Employer’s
needs so that he can embody them in his designs in a manner which merits
the Employer’s approval. Chapter 6 discussed this subject in some depth.

As the Employer’s requirements move down through the stages of
procurement, they tend to acquire an accretion of detail as each participant
adds his particular requirements. For example, a primary purchaser might
instruct his designer that he requires a pump to extract fluids from a sump. The
designer will determine the type and characteristics of the pump and pass these
to the contractor. The contractor will select the supplier, and confirm to him
the technical specification, together with requirements for stage inspections,
packing, spares, delivery dates etc. The pump manufacturer will specify the
detailed requirements of each component and pass these to his suppliers and so
on. There is thus a proliferation of detailed information much of which does
not concern the primary purchaser, but some of which may. Employers deal
with this problem in different ways. At one extreme there are those who
require copies of every purchase order, sub-order and sub-sub-order so that
they may maintain tight control at each stage. Others take the view that,
having selected their suppliers and given them a contractual responsibility, the
suppliers should be left to sort out the details for themselves.

THE REQUISITION

Definition of the requirement normally commences with the preparation



of a document known as an indent or requisition. This provides a
description of the materials, equipment or services required and forms an
instruction to the buying staff to obtain quotations or to commit the
expenditure of money. The preparation of requisitions should be a
technical function, and in the case of substantial projects should be
delegated to suitably qualified personnel within the project team.
Organizations undertaking a number of small projects may alternatively
maintain a head office team for the task. For the purchase of conventional
building materials, the requisition may comprise a simple single-page
document pre-printed with spaces for the project name and number, a
materials schedule, the specification requirements, the required delivery
date and the signatures of the originator and the site agent. Such indents
may be ‘for enquiry’, in which case the buyer is expected to obtain
quotations and revert to the originator to seek authority to purchase, or
they may instruct the buyer to go ahead and purchase on his own
initiative.

Complex equipment calls for a more comprehensive procedure. There
may be a requirement for a technical review of bids as well as a commercial
assessment, and there may also be a need to obtain the Employer’s
approval of the proposed purchase. In such cases, the requisition will grow
to a multi-page dossier and pro-formae to incorporate the following will be
required:

1. A general description of the materials or equipment to be purchased
or the service required.

2. Schedule of recommended suppliers (if available).
3. Delivery date(s).
4. Budget value.
5. Shipping instructions.
6. Signature of approving authority.

The above will be attached to a Materials List and a Specification
Package. The Materials List will schedule the quantities and items to be
purchased and give reference to the appropriate specification
requirements. The Specification Package may include the following:

1. A schedule of standard specifications to be complied with.
2. Copies of project specifications.
3. Drawings.
4. Data sheets.
5. Audit, inspection and certification requirements.
6. Requirements for suppliers’ documentation (specifications, drawings,

operating manuals, etc).
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7. Packing specification.
8. Tagging requirements.
9. Spare-part requirements.

THE PURCHASE ORDER

The evolution of a requisition into a purchase order is illustrated by the
flow chart on Figure 7.3. In this example, the Enquiry Requisition is
passed to the Purchasing Department where it is combined with
appropriate commercial documentation to form an Enquiry Package
capable of being priced by potential suppliers. Tenders received in
response to the Enquiry Package undergo commercial analysis and, if
necessary, a technical review and are returned to the originator together
with summaries and recommendations.

The originator’s task is then to decide upon the most acceptable offer
and to prepare a ‘for purchase’ version of the requisition incorporating
any approved amendments arising from the chosen supplier’s offer. The
flow chart on Figure 7.3 shows that before transmittal to the Purchasing
Department, the requisition is subjected to a quality assurance review.
The quality assurance function will wish to satisfy itself that the
requirements for documentation, surveillance and audit are adequately
catered for and that the procedures for pre-qualifying and selecting
suppliers have been adhered to. Quality assurance reviews are sometimes
also made of enquiry requisitions, particularly if there is a likelihood that
the quality assurance requirements might have a significant effect on the
tenderer’s quotations. This is unlikely in the case of most standard
building materials, but when more complex purchases are concerned the
costs of documentation, surveillance, records, etc. may be considerable.
There may also be a requirement that enquiries should be solicited only
from suppliers on an approved list or who have been assessed by an
accredited certification body.

A rule that all requisitions must be reviewed by the quality assurance
function both at the enquiry and purchasing stages can be a blunt
instrument. Such arrangements can inadvertently contribute to the
misapprehension that quality management is a paper-chasing ritual. It is
better to have a procedure which enables requisition originators to select
those which require a quality assurance review by using pre-determined
criteria. These may be based on the category of work, the value of the order
or the commodity being purchased. Such criteria should form part of the
Project Quality Plan.

The approved purchase requisition finally reaches the Purchasing
Department where it becomes the basis of the formal Purchase Order to the
supplier.



Figure 7.3 Purchase order flowchart.
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Verification of compliance

One of the functions of a Purchase Order is to define the procedure to be
followed to give confidence to the purchaser that the specification
requirements relating to the purchased products are complied with. There
is a number of options, which includes:

1. The purchaser may specify that the supplier implements a particular
formal quality assurance system.

2. The purchaser may rely on the supplier’s own quality system.
3. The purchaser may rely on the supplier’s reputation.
4. The purchaser may require the supplier to provide documentary

evidence of compliance.
5. The purchaser may institute his own inspecting and testing regime,

either in place of, or in addition to, that of the supplier.

Let us consider examples of the above five options as they may be
exercised in the construction context.

OPTION 1

An electricity generating board wishes to construct and operate a nuclear
power station. The national licensing authority requires that it should
comply with a specification for a quality assurance programme for
nuclear installations both in respect of its own operations and its suppliers
and contractors. The board therefore makes it a condition of contract
that all concerned will comply with the quality assurance specification
and defines in detail the steps which the contractors will have to take in
order to do so. The board gives itself the right to approve or disapprove
quality documentation, to audit contractors’ systems and to impose
corrective actions.

OPTION 2

A consulting engineer arranges for a testing laboratory to carry out a
series of tests on soil samples taken as part of a site investigation. The
laboratory’s quality system has been assessed by the National
Measurement Accreditation Service (NAMAS) and has been granted their
registration in respect of the tests to be carried out. The consulting
engineer recognizes NAMAS accreditation as an adequate demonstration
of the laboratory’s capability, and concludes that the test results supplied
may be relied upon.



OPTION 3

A lay client engages an architect to design a building on his behalf. The
selection is made on the basis of previous work undertaken by the
architect for the client, and on the architect’s high reputation in designing
buildings of the type required. The architect signs an undertaking that he
will ‘exercise reasonable skill and care in conformity with the normal
standards of the architect’s profession’ in designing the building and
supervising its construction. The client takes it on trust that the architect
will operate a quality system appropriate to the work and that the
resultant building will be to his satisfaction. The architect has not offered
fitness for purpose, and there are no contractual sanctions available to the
client in the event of default other than termination of the engagement
after a reasonable period of notice. The entire deal rests upon the
architect’s professional skill and integrity. The client relies upon this as
the sole source of confidence that his needs will be met.

OPTION 4

A contractor issues a Purchase Order to a supplier of cement. The order
specifies the type and quantity of cement and the standards with which it
is required to comply. It also requires that the supplier should forward a
test certificate confirming that at the time of delivery the cement complied
with the requirements of the standard and recording the results of
physical tests carried out on samples taken from the consignment.

OPTION 5

An Employer engages a contractor to construct a bridge. The contract
requires that the work should be in accordance with drawings and
specifications provided by an appointed Engineer acting on behalf of the
Employer. It also requires that the contractor should carry out tests on
materials and workmanship as specified and paid for. An Engineer’s
Representative is appointed to watch and supervise the works and to ensure
that the specified testing regime is adhered to. He is empowered to reject
materials which are not of the required standard and to order the removal
and re-execution of work which is not in accordance with the contract.

The activities on the site of the Engineer and his representative do not
detract from the contractor’s responsibility to build the bridge in accordance
with the drawings and specifications, and to carry out the necessary tests.
Their function is the provision of confidence to the purchaser that the
contractor is, in fact, carrying out his contractual duties and that the works
are, in truth, as specified.
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Criticality rating

The range of options exemplified above demonstrates that the degree of
confidence required by purchasers varies according to circumstances. A
purchaser who in one case will demand total and unshakeable proof of
compliance with specification may in others be quite prepared to accept a
supplier’s word that he has performed as required. A quality system
should be able to accommodate these differences. It implies no
compromise on the obligation to comply with specification to conclude
that in any project there will be elements of work which will differ from
one another in their importance with regard to safety, reliability,
complexity and so on. A practical balance has to be struck between the
costs of the various measures which may be taken to assure quality and
their benefits.

‘Criticality Rating’ is a formalized technique for measuring the
importance to be assigned to an element of work or piece of equipment as
measured by the consequences of its failure. There are many criteria by
which criticality may be judged and some organizations operate procedures
which allocate points for various aspects such as safety, stand-by availability,
the financial consequences of failure, access for replacement and so on. The
points allocated to each element or area of work are then used to determine
the intensity of the control measures to be applied.

As an example of the application of a criticality rating system, let us
consider the case outlined in Option 1 on p. 118. In the United Kingdom, the
national standard for nuclear quality assurance is BS 5882 A total quality
assurance programme for nuclear installations. This sets out a
comprehensive series of rules for assuring quality to bring about a safe and
successfully operating installation. However, as was discussed in pp. 43 and
44, not all elements of a nuclear facility are critical in terms of safety. The
standard therefore allows alternative methods or levels of control and
verification and offers guidelines as to how these should be graded.

In the nuclear industry, the word ‘criticality’ carries ominous overtones
arising from its use to describe a particularly dangerous stage in a nuclear
reaction. In the discussion of this example the words ‘safety grading’ will be
used instead of ‘criticality rating’. They describe the same process without
any hidden meanings, and serve to demonstrate that the paramount
(although not only) purpose of nuclear quality assurance is the achievement
of safety. In the public mind the possibility of a major nuclear accident is
regarded as a uniquely horrifying event. The most stringent category in a
safety grading system must therefore encompass components or systems, the
failure or lack of availability of which might contribute to such an accident.
Let us call this category ‘Q’. These items will require the full application of
BS 5882.



Next there will be aspects of the work which while not having a direct
effect on nuclear safety, may either have serious non-nuclear safety
implications or may have a major influence on the operational functioning of
the plant. Let us allocate these to category ‘SO’.

A further category comprises items which, while not critical in terms of
safety or operations, could nevertheless cause serious delays or cost
overruns. This would apply where there is innovation, or the use of non-
standard equipment or cases where complexity of design or manufacture is
likely to cause trouble. Call this category ‘E’.

Finally there are products which have negligible effect on the safety or
operational efficiency of the plant and where normal commercial standards
will be adequate. These items will be in category ‘N’.

It is the responsibility of the owner of the proposed plant to allocate
gradings and to inform potential suppliers of the verification requirements
applicable to each of the products or services to be supplied. Table 7.1 is an
example of a purchaser’s schedule of requirements for quality control and
verification in respect of the four safety gradings detailed above. This
would be issued to tenderers together with a matrix or table identifying the

Table 7.1 Typical grading of control and verification

Key: Ap: For approval; Inf: For information; Yes: Item required; No: Item not required.
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allocated grading of each item to be priced (Table 7.2). As part of the
prequalification process, tenderers would be called upon to demonstrate
their ability to comply with the requirements of the most stringently
graded item contained in the respective work packages, and would
thereafter be expected to allow for the costs of meeting these requirements
in their tender prices.

Table 7.2 Typical grading for a nuclear installation

Key to Building Groups: 1 Nuclear Island; 2 Turbine House, Cooling Water System,
Switch Yard; 3 Other Buildings.
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8

THE CONSTRUCTION

SITE

The quality management of work on the construction site takes place in
three phases:

1. Planning what is to be done.
2. Controlling the execution of the plan.
3. Providing verification that the work has been carried out according to

plan.

Let us consider the requirements of a quality system in the context of
these phases.

Planning

The steps to be taken to ensure that specified standards are met need to be
planned in a systematic fashion and they have to be taken into account
when overall work plans are being prepared. Design plans, constructions
plans, cost plans, and so on, are part of everyday site management. So,
too, should be quality plans.

CONTRACT REVIEW

Before starting work, the contractor should make sure that his client’s
requirements are clearly understood, and should clear up any ambiguities
or contradictions. He should also make sure that his organization is
equipped to do the work. Most contractors carry out a review of this kind
before tendering. It makes sense to repeat it, with the co-operation of the
client or his representative, before starting work. It is also important to
keep appropriate records of agreements made.
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QUALITY PLANS

Chapter 3 (p. 50) quoted the following international definition from
BS4778: Part 1.

Quality Plan A document setting out the specific quality practices,
resources and activities relevant to a particular process,
service contract or project.

BS 5750: Part 0.2 further advises that quality plans should define:

1. The quality objectives to be attained;
2. The specific allocation of responsibility and authority during the

different phases of the project;
3. The specific procedures, methods and work instructions to be applied;
4. Suitable testing, inspection, examination and audit programmes at

appropriate stages (e.g. design and development);
5. A method for changes and modifications in a quality plan as projects

proceed;
6. Other measures necessary to meet objectives.

The above headings bear a close resemblance to those of a Quality
Manual as discussed in Chapter 5. This is predictable since the purpose of
a quality plan is to give effect to the company quality system in the
context of a particular project. Note that in work governed by BS 5882 A
total quality assurance programme for nuclear installations and in the
petrochemical and offshore fields, such documents are commonly known
as ‘quality programmes’.

To be of value, the first issue of a quality plan must be made before the
commencement of work on site. It is also essential that it should be a
document which will be read, valued and used by those in control of work.
These two statements may be considered self-evident, but it is an unfortunate
fact that quality plans are all too often late, overweight and disregarded by
those whose efforts they are meant to assist. Their preparation should be
commenced at the tender stage as part of the normal routine of construction
planning. It should not be an additional ritual imposed on the site team by
outside agencies.

The quality manual of Alias Construction Ltd, which is reproduced as
Appendix B, outlines the company’s policy on the preparation of quality
plans (para 5.3). More detailed instructions are given in Alias Construction’s
Company Standing Instruction CSI OPS-03 ‘Quality Plans’. This instruction
is not reproduced in this book, but an example of a quality plan assembled in
accordance with its instructions is included as Appendix D. The fictitious
project to which the plan relates is the construction of a small-to-medium-
sized commercial building and the example is presented as a typical first



post-tender version of a project quality plan. The main purpose of the quality
plan is to focus the minds of those in charge of work upon the prevention of
defects. The example in Appendix D would require perhaps one day’s work
by the three persons concerned. Its preparation would involve the
examination of drawings and specifications to identify problem areas and
the allocation of resources and time for devising and documenting the
methods to be used to overcome them. The plan also requires that decisions
should be made on ‘Who does what?’ and on how the various checks and
inspections are to be recorded. Most people would agree that these are all
examples of sound construction management practice.

At the time of the first issue of a project quality plan, many of the
problems brought to light will not have been resolved. Others will not yet
have emerged, since it is rare for the design of a project to be completed
before construction starts. It is therefore necessary that the plan should be
updated as the project proceeds, with regular reviews to check that the
planned activities are in fact taking place and that newly identified tasks
have been taken into account.

The Appendix D quality plan is a slim document compared with plans
commonly produced for petrochemical or nuclear projects. Many of these
may run to between fifty and one hundred pages of subject matter specific to
the project. Their issue is the fruit of weeks of discussion and negotiation
between teams representing client and contractor. No doubt such documents
have their value, but to impose procedures appropriate to major high-
technology projects on to the typical average-size building site would be
wasteful in the extreme. There is a need for a perspective which takes into
account the type of work, the nature of the likely defects and the
requirements of the market. The cost of preparing a quality plan must not
exceed the likely benefits which can be expected to accrue from its use.

WORK INSTRUCTIONS

Section 5 of the sample quality plan identifies the elements of work which
are to be covered by written work instructions. This is a topic which was
discussed at some length in Chapter 5 in the context of the documentation
requirements of quality standards. It was pointed out that work
instructions on a construction site may come in a variety of forms and can
originate from many different sources. Examples of these sources found in
the sample quality plan are:

Project staff
Sub-contractors
Equipment or component manufacturers
Outside experts.
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Some organizations publish standard instructions covering particular
construction operations. These have their merits, particularly in the case
of specialist operations which are wholly under the organization’s own
control. Typical examples of such operations may include the erection of
timber frames for houses or the splicing of steel reinforcement using
proprietory couplers. In such cases the work instruction becomes an
extension of the technical specification and can have similar mandatory
status.

When tackling its quality system documentation, Alias Construction
considered whether it should prepare standard work instructions for the
more common construction trades: earthworks, concrete, masonry,
steelwork and so on. It came to the conclusion that the standard techniques
used for such operations are well known to qualified tradesmen and that
mandatory instructions emanating from head office would be superfluous,
resented and probably ignored. The problems and defects which occur are
seldom due to lack of knowledge of basic techniques, they are more likely to
arise because well-known precepts of good practice have been ignored, or
because particular designs require non-standard methods of work. Such
problems are not susceptible to cure by prescriptive instruction documents.
What is needed is good site discipline, well-trained supervisors and a
procedure which causes potential problems to be identified and resolved in
good time. These are the prerogative of site management, not head office
management.

Having decided against issuing standard work instructions for the
basic trades, Alias Construction became aware that site staff faced with
the task of producing work instructions needed a ready source of
information on available construction techniques. There was a risk that
the same problem would be solved in different ways on different
projects and that the lessons learnt on one site would not be passed to
others. They therefore prepared a technical handbook containing a
distillation of the company’s technical experience which could be used
as a basis of site work instructions. The contents of the book had no
company-wide mandatory status, but its recommendations could be
given mandatory effect on any site by incorporation into a project work
instruction.

Given the variety of sources of work instructions, Alias Construction
decided that it would not be practical to insist that all should follow a
common format. However, to provide instruction to their staff, they issued
Company Standing Instruction CSI OPS-04 which laid down the rules for
preparing work instructions on site. The controlled receipt, storage and issue
of work instructions is covered in CSI OPS-09 ‘Documentation and Change
Control’.



IDENTIFICATION AND TEACHABILITY

The process of planning requires that packages of work should be broken
down into discrete elements so that the relationships between them can be
analysed, and time and resources can be allocated for their
accomplishment. Having identified the elements, the planning engineer
will number or label them to establish a code which he himself will use in
constructing his plans and which will enable the user of plans to
understand his proposals.

As an example of such an identification system, consider the planning of a
reinforced concrete structure. The engineer will first divide the whole into a
number of separate pours or lifts. He will number these and assess their material
demands and work content. The latter will form the basis of his construction
plans and the lift or pour numbers will supply a means of identification, both at
the planning stage and thereafter during construction and beyond. They are
likely to appear for example on the following documents:

Construction programmes
Reinforcement schedules
Formwork drawings
Concrete order forms
Pre-pour check sheets
Concrete delivery tickets
Pouring records
Concrete cube test results
Payment certificates.

These documents, if properly completed, can provide a trail whereby one
can trace the origins of the materials of each element in a structure and
can verify the circumstances of each stage in its construction. This
traceability can be of significant benefit later in the life of a structure,
particularly if there are reasons to doubt its structural integrity. Engineers
called upon to decide the future of buildings constructed with high-
alumina cement or with aggregates susceptible to alkali-silica reaction, for
example, will find such records invaluable.

INSPECTION AND TEST PLANS

Having established the sequence and method of construction, the next
step is to determine the system whereby management ensures that the
finished product will comply with the specification. Construction
specifications are lengthy and detailed documents and they frequently
contain cross-references to other specifications such as those produced
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by national standards organizations. It is often the case that careful
study and research are necessary to establish the totality of inspections
and tests which are necessary to prove compliance. Such studies are best
carried out at the planning stage with the preparation of inspection and
test plans.

The purpose of an inspection and test plan is to assemble in one document
all the testing and inspection requirements relevant to a particular operation
or element of work. The plan, which may be presented as a schedule or flow
chart, will list and reference all the relevant tests and inspections in the
sequence in which they should be performed, together with the
documentation to be used to record the results. Figure 8.1 is an illustration of
a typical inspection and test plan. It relates to concreting operations to be
undertaken in the course of construction of the supermarket which is the
subject of the quality plan reproduced in Appendix D. The form is pre-
printed with columns in which the user may list the checks which have to be
carried out, the references which define the acceptance criteria and the
documents to be used to record verification. The two right-hand columns
headed ‘N’ and ‘H’ are for use when the purchaser has stipulated that he
requires to be given advance notice of the contractor’s intentions. It is
envisaged that these requirements may relate to one or other of the
following:

Notification points (N). These are stages in the construction process of
which the purchaser has to be made aware in advance in order that he may
witness tests or approve actions which the contractor proposes to take. In the
event that he elects not to exercise his right to be present or to give his
approval, then provided the necessary notice has been given, his absence or
lack of response may be taken to signify approval.

Hold points (H). These are points beyond which the purchaser has specified
that work may not proceed without approval by designated individuals or
organizations.

The example given in Figure 8.1 relates to conventional work where the
inspection and test plan has been produced by the contractor in order to
clarify the specification requirements for the benefit of his own staff. It
would be up to the contractor to decide whether to offer it to the Resident
Engineer or Architect for his approval. In nuclear works it is a specification
requirement that: ‘A performance test programme shall be established where
necessary to ensure that all testing required to demonstrate that items will
perform satisfactorily in service is identified, performed and documented’
(BS5882). The inspection and test plan then becomes a controlled document,
subject to the approval of the purchaser and not to be amended without his
agreement.



Figure 8.1 Inspection and test plan.
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QUERIES

One of the principal benefits of the planning process is that it exposes any
errors, gaps or discrepancies which may exist in the drawings and
specifications defining the purchaser’s requirements. To resolve or clarify
such matters, it is useful to establish a documented procedure whereby the
contractor’s queries and the designer’s responses can be recorded
formally. The main contractor is usually the party in the best position to
institute such a system. Not only will his own planners require responses
to queries, he will also be in receipt of similar enquiries from his sub-
contractors and suppliers. All will benefit if a standard method of
documentation is adopted. Figure 8.2 illustrates a typical ‘Technical
Query’ form. This identifies the originator, date and detail of the query
and provides space for the response. It supplies a record of what has
transpired and facilitates follow-up at review meetings.

Control

RECEIPT OF MATERIALS ON SITE

Verification of compliance with specifications commences when materials
or supplies are received at the site. The criteria for compliance are usually
defined in the specifications, together with the appropriate sampling and
testing regimes.

Testing and inspections are not the only acceptable means of verification
of compliance. Materials which carry product certification such as the BSI
Kitemark or the British Board of Agrément Certificate should not need to be
tested on receipt, nor should those accompanied by other evidence of control
at source such as a compliance certificate issued by a supplier of proven
capability. It also needs to be remembered that random sampling and spot
checks are a satisfactory form of verification. There is therefore no need
always to check every brick in a consignment or to open every pot of paint to
check that it is the right colour. The extent to which materials should be
inspected on receipt should be carefully planned, bearing in mind the costs of
inspection and the possible penalties which may arise from building sub-
standard items into the works.

Procedures should ensure that non-conforming materials are quarantined
or otherwise prevented from being used.

SPECIAL PROCESSES

In construction work, it is seldom possible to establish compliance with
specification solely by examining the finished article. The final standards



Figure 8.2 Technical query.
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achieved are influenced by many intermediate factors such as the quality of
the raw materials, the method of processing, the levels of discipline of the
work force and so on, and each of these needs to be controlled if the final
results are to be satisfactory. In the jargon of quality system standards, such
operations are termed ‘special processes’, a term defined in BS 5750 as:

‘processes, the results of which cannot be fully verified by subsequent
inspection and testing of the product and where, for example, processing
deficiency may become apparent only after the product is in use’.

Examples of special processes carried out on a construction site include the
placement and compaction of concrete, welding, tunnel grouting and painting.
All these operations depend on operator skill and care. The standard stipulates
that to ensure that specified standards are met, such processes require
‘continuous monitoring and/or compliance with documented procedures’. The
word ‘monitor’ is frequently used in the various parts of BS 5750, but is not
included in BS 4778 Quality Vocabulary. It does, however, appear in the
following definition of ‘surveillance’ which is extracted from BS 5882 A total
quality assurance programme for nuclear installations:

Surveillance Monitoring or observation to verify whether an item or
activity conforms to specified requirements.

This is a long-winded way of describing the kind of supervision normally
undertaken on a site. It confirms that concepts of quality assurance are
not a substitute for the conventional supervision of work. Indeed, they
support and demand its application. On the other hand, there are cases
when monitoring or supervision are not by themselves a practicable
means of ensuring compliance with specification. An example of such a
case is welding. This is a highly skilled operation, almost entirely
dependent upon operator technique. Continuous monitoring of welders
by a supervisor would not only be wasteful, it would be ineffective since
only the welders themselves are in a position to see and judge the quality
of their work. It is for such cases that BS 5750 recommends ‘compliance
with documented procedures’ as an addition to, or substitute for,
continuous monitoring.

The standards therefore offer a wide degree of choice on the techniques to
be used for the control of special processes. At one end of the spectrum there
are operations, for example the compaction of concrete, for which
documented procedures would be of little value and which are best dealt
with by traditional supervision by trained and experienced foremen or
gangers. In contrast, operations like welding require that work be carried out
by trained operatives subject to regular qualification and supervision and
following approved documented procedures. The documented proceures
required to control special processes have been discussed earlier in this



chapter under the headings ‘Work instructions’ and ‘Inspection and test
plans’. Note that the standards require documented work instructions only
‘where the absence of such instructions would adversely affect quality’. This
discretion is best exercised during the preparation of the quality plan when
the activities requiring written work instructions can be identified and
resources allocated for their production.

DOCUMENT CONTROL

The subject of documentation tends to dominate the popular image of
quality management. It is seen as a creator of paperwork, much of which is
unnecessary and all of which costs money to create, distribute and store.
This is unfortunate and need not be true. In a properly managed quality
system all forms of documentation are reviewed regularly by responsible
managers, and if found not to be serving a useful purpose, are scrapped.
Nevertheless, much will inevitably remain and this must be controlled.

Chapter 5 identified two distinct types of document: those produced in
advance of work (instructions of one kind or another) and those generated
after work is done (records). Let us concentrate on documents in the former
category which are used on construction sites. For these, a procedure must be
established which will ensure that the right document, and only the right
document, is available at the time and place it is needed.

The procedure should first define the documents which can directly
influence the quality of the product. Typically, these may include the following:

Drawings
Specifications
Quality plans
Project procedures
Work instructions
Inspection and test plans.

Like company quality manuals and company standing instructions (see p.
79), these should be classified as ‘controlled documents’. This means that
a register should be kept of each document listing the date of origin or
receipt of each version (or revision), and the dates and locations of issues.
The procedure should identify the person responsible for holding and
maintaining the registers and should define the system and documentation
to be used.

To comply with BS 5750, the procedure for document issue has to be
capable of ensuring that:

‘(a) The pertinent issues of appropriate documents are available at all
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locations where operations essential to the effective functioning of the
quality system are performed.

(b) Obsolete documents are promptly removed from all points of issue or
use’.

These requirements may be satisfied by the use of a numbered document
issue slip which identifies the recipient, lists the accompanying documents
and has a tear-off section to be signed by the recipient as a receipt. This
should be returned to the drawing registry together with superseded
versions of the documents listed.

SAMPLING

Control and verification of compliance with specification are provided by
inspection and testing. But however hard we may try, certainty of
compliance with specification will always be beyond our grasp. Even if
our quality plans were to require 100 per cent inspection and testing of
every component, it would not assure perfection since there is always the
possibility of faulty testing equipment or neglectful personnel. In many
cases, even if it were desirable, 100 per cent testing would not be
feasible—one can hardly test every match in a box to make sure it will
light. In such cases, the practical solution is to take representative samples
of a batch or lot and to judge the acceptability of the whole according to
the performance of the sample. Such practices introduce risks which
cannot be entirely eliminated. However, they can be reduced to an
acceptable level by applying sound statistical theory to the sampling
process. There are many British Standards and other publications which
provide detailed guidance on such matters as the proper relationship of
sample size to batch size, methods of sampling and the quantitative
analysis of results.

It is possible for an entire quality system to be undermined by faulty
sampling procedures. Records can be meaningless and controls can become
ineffective. It is essential that procedures for sampling receive the close
attention of responsible management and that clear and precise instructions
are given to those undertaking the work.

INSPECTION, MEASURING AND TEST EQUIPMENT

The degree of confidence that may be had in measuring and testing
procedures is dependent upon the accuracy and reliability of the
measuring and testing equipment. Control must therefore be exerted to
ensure that only the correct equipment is used and that it is systematically
maintained and calibrated. A quality system should include a procedure



which identifies the types of equipment needing calibration and prescribes
the methods to be used, the frequency and the records to be kept.

BS 5750: Parts 1 and 2 commit the supplier to a lengthy list of actions to
assure the accuracy of measuring equipment. These are no doubt essential
measures in establishments where articles are being manufactured to fine
tolerances, but they go far beyond normal custom and practice in the
construction industry. If the requirements of the standard were to be
interpreted literally and applied to all measuring equipment on a
construction site, there can be little doubt that costs would rise
substantially with only minimal benefits. For example, there is a
requirement that the supplier shall ‘calibrate…all inspection, measuring
and test equipment and devices that can affect product quality at
prescribed intervals, or prior to use, against certified equipment having a
known valid relationship to nationally recognized standards’. To apply this
rule to a builder’s level, a pocket tape or similar site measuring equipment
would not be reasonable.

On the other hand, there can be no denying that site measuring equipment
does suffer wear and tear, and expensive errors can and do result from the
use of equipment which is out of calibration. Good survey technique can
minimize these effects and at the same time give warning of incipient
instrument defects. For example, the reading of theodolite angles on both
faces of the instrument will both reveal and compensate for most of the
errors to which these instruments are prone.

Equipment used for linear measurement is particularly vulnerable to wear
and damage, and subsequent errors cannot always be detected. On a large
site or in a regional headquarters where instrument stocks are held, it makes
good sense to establish a standard baseline. This should ideally be 100 m
long with intermediate marks at 10 m intervals, and it should be measured
using a steel band which has been calibrated against a national standard. The
baseline can be used for routine checks of distance measuring equipment
including tapes and electromagnetic instruments (EDM). Tapes which are
found to be outside permitted tolerances should be scrapped and EDMs
similarly defective should be returned to the manufacturer or his service
agent for repair and adjustment.

Table 8.1 is offered as a notional schedule of measuring and testing
equipment on a typical construction site. The frequencies of calibration
suggested are minima and any equipment which suffers damage or is
found to be measuring incorrectly should immediately be quarantined
until checked and, if necessary, repaired and re-adjusted. In the case of a
large project, a schedule of this type should be included in the project
quality plan together with the nomination of the person to be responsible
for ensuring that the calibrations are carried out and for keeping
appropriate records.
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INSPECTION AND TESTING

During the course of the work the checks and tests scheduled in the
Inspection and Test Plans are carried out in order to control quality.
Under conventional contractual arrangements, the primary responsibility
for quality control rests with the contractor or supplier, with the
purchaser or his representative undertaking a monitoring role. Such
arrangements are consistent with quality system standards, although the
latter impose requirements for the organizational status of those who
carry out inspection and testing which are absent in normal construction
conditions of contract. The purpose of these is to safeguard the
independence and integrity of inspectors and checkers and to protect htem
from unreasonable pressures.

BS 5750: Parts 1 and 2 require that ‘the responsibility, authority and the
interrelation of all personnel who manage, perform and verify work
affecting quality shall be defined’. This is stated to be particularly necessary
for personnel who need the ‘organizational freedom and authority’ to carry
out functions such as identifying and recording quality problems, verifying
the implementation of solutions and controlling non-conforming products.
They further require thar people carrying out verification activities should be
properly trained and that design reviews and system audits should be by
persons independent of those responsible for the execution of work. These
requirements are not incompatible with traditional construction

Table 8.1 Calibration of equipment



arrangements. It is generally accepted that designers, contractors and sub-
contractors should employ competent people who will check their own work
as they proceed. A contractor is required to provide competent
superintendence of the site and to implement a regime of control which will
make sure that required standards of materials and workmanship are
achieved. Likewise, sub-contractors are usually required to supervise and
take responsibility for the quality of their work.

The question arises, however: Do quality control staff as conventionally
deployed on construction work in fact have sufficient ‘organizational
freedom and authority’ to discharge their responsibilities without undue
pressure? Should there not be on each site, an inspection team which is
separate from the engineers, sub-agents and foremen in charge of getting
work done, and which reports to a higher level of management? This, it may
be argued, is what is meant by ‘organizational freedom and authority’ and
only such an arrangement will satisfy the standard.

In nuclear work, there is a clear requirement that suppliers should
maintain separate inspection teams. BS 5882 A total quality assurance
programme for nuclear installations, requires that the organizational
structure and functional responsibility assignments shall be such that:

‘(a) attainment of quality objectives is accomplished by those who have
been assigned responsibility for performing work (e.g. the designer,
the welder, or the nuclear facility operator); this may include interim
examinations, checks, and inspections of the work by the individual
performing the work;

(b) verification of conformance to established quality requirements is
accomplished by those who do not have direct responsibility for
performing the work (e.g. the design reviewer, the checker, the
inspector, or the tester)’.

No doubt, the particular hazards of nuclear work justify this more rigorous
approach. A common response of suppliers to BS 5882 is to appoint a
single manager with responsibilities for both quality assurance and quality
control. This ‘QA/QC’ arrangement is also frequently encountered in petro-
chemical and off-shore work (see p. 56). To what extent is it reasonable to
apply these principles to more mundane construction work?

The answer to this question should depend on the contractual arrangements
between purchaser and supplier and the degree of supervision exercised by the
purchaser himself or his representatives. The minimum need is for one party to
carry out the tests and checks required for control purposes, and for another to
provide independent verification (by monitoring and spot checks) that the tests
and checks have been properly executed and truthfully recorded.
Conventionally, the former role belongs with the contractor and the latter with
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the purchaser or his representative. A purist might respond that monitoring by
the purchaser’s representative does not count because it does not relieve the
contractor of his responsibilities. On the other hand there has to be a practical
limit to the number of tiers of inspection and verification. Only on very large
or particularly sensitive projects can it really be cost-effective to require both
QC and QA (or QA/QC) from the contractor and another level of QA from
the purchaser’s representative.

The wider implications of invoking the requirements of quality system
standards in parallel with conventional conditions of contract are discussed
further in Chapter 10. For most construction projects, the presence on site of
a purchaser’s representative with powers to carry out such surveillance
(including spot checks) as may be necessary will provide an adequate degree
of assurance. In such circumstances, the contractor’s quality system, and any
additional surveillance which it may introduce, will be at the contractor’s
discretion and not part of the contract.

As an alternative to the above, the purchaser may place the whole
responsibility for control and assurance on the contractor, and restrict the role of
his site representative to the approval of quality plans followed by system audits.
To make such an arrangement effective it would be necessary for contractors to
undergo a rigorous system appraisal as part of the prequalification process, and
the contract documents would have to contain precise instructions specifying the
structure of the contractor’s quality organization, including the independence of
those responsible for inspection and testing.

INSPECTION AND TEST STATUS

A system should be operated to indicate the inspection status of material
during intermediate stages of processing or manufacture so that it is at all
times possible to distinguish that which has been inspected and found
acceptable from that which has not. In many cases, inspection status can
conveniently be indicated by the attachment of stickers or labels. Another
method is the use of a check list. For example, airliner crews use pre-
printed check sheets to tick off all the checks they are obliged to carry out
at each stage of a flight. When signed by the captain the sheets also
provide verification that the airline’s quality system is being complied
with. Although the presence of a signature or initials against an item on a
check sheet does not by itself prove that the item is correct, the necessity
to make one’s mark does have a deterrent effect on those who may
otherwise turn a blind eye.

An example of a check sheet for use on a construction site is shown on
Figure 8.3. This is one of the ‘verification documents’ scheduled on the
Inspection and Test Plan illustrated in Figure 8.1. It serves to record that the
checks specified to be made prior to placing concrete have been correctly



Figure 8.3 Concrete pre-placement check sheet.
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carried out by the contractor’s supervisor and the purchaser’s inspector,
that all was found to be in order, and that concreting may proceed.
Record sheets of this kind provide a discipline for the checking of work.
This discipline can be strengthened if they are also used to supplement or
even supplant the quantity surveyor’s measure for payment. A sub-
contractor who knows he will not be paid until documentary evidence of
compliance with specification is complete will take more care than one
who has only to satisfy a quantitative measure.

For small and movable articles, it is often convenient to indicate
inspection status by location. For example, in the receiving area of a store,
specific areas may be marked out for goods received but not inspected, goods
inspected and found acceptable, and a special quarantine area for goods
found to be defective. Such areas may be partitioned and fitted with security
locks to ensure that there is no possibility of sub-standard materials entering
the manufacturing process.

CONTROL OF NON-CONFORMING PRODUCT

Despite the emphasis of our quality system on matters of prevention, it is
inevitable that sooner or later the production or construction process will
yield some defective work. When this happens it is necessary that there
should be a procedure to prevent any further harm being done and to put
right that which is wrong. There are three stages to be dealt with in this
procedure:

Identification
Segregation
Disposition.

Identification is necessary to make sure that defective goods are not
inadvertently mixed with conforming materials and put back into the
production process or shipped to the customer. Methods of identification
must be such as to prevent accidental removal, and may include marking
with colour-coded paint, or fixing labels or tags. After marking, the non-
conforming items should, if possible, be removed to special holding areas
or quarantine stores until their disposition is decided. At this point it is
necessary to establish who will make the decision. Obviously it must be
someone with authority and with the knowledge to understand the
implications of the decisions he is making. It may be necessary also to
consult the purchaser or his representative.

If a non-conformance is significant and not capable of rectification, there
will be no alternative other than to scrap the offending article. On the other
hand, the purchaser may be prepared to accept it in its existing state, possibly
for some less demanding purpose than that originally intended and perhaps



at a reduced price. More likely it will be necessary to ‘repair’ or ‘rework’ the
article. These are jargon terms, best defined in BS 5882, A total quality
assurance programme for nuclear installations:

Repair The process of restoring a non-conforming characteristic to an
acceptable condition even though the item may still not conform
to the original requirement.

Rework The process by which an item is made to conform to the original
requirement by completion or correction.

Decisions on acceptance, repair or rework need to be recorded, and it is
advisable for suppliers or contractors to have standard forms for
recording descriptions of non-conformances, the causes, concessions
agreed to by the purchaser and details of any repairs or rework carried
out. Repaired or reworked items must be re-inspected in accordance with
the original quality plan before being fed back into the system or being
handed over to the customer.

CORRECTIVE ACTION

‘Corrective action’ is a jargon term for measures taken by management to
ensure that conditions which may impede or prevent the achievement of
specification requirements are identified and corrected. The need for
corrective action may be indicated by evidence that non-conformances
have already occurred, for example through inspectors’ reports or
customer complaints. Alternatively, management reviews or audits may
have revealed defects in the quality system which are likely to lead to non-
conformances in the future. In either case, it is necessary to hold an
investigation to establish causes and to decide on the actions necessary to
eliminate or minimize the subsequent incidence of defective work.

The responsibility and authority for instituting corrective action should
be defined as part of the quality system. In a factory or on a large
construction site the role might be assigned to the quality assurance manager.
However, while the quality assurance manager may be able to co-ordinate,
record and monitor corrective actions, the analysis and execution must
involve the line management responsible for the work or product in
question. On smaller construction sites it will normally be the project
manager or agent who will initiate corrective action.

A useful first objective for such an investigation is to determine whether or not
the circumstances which have led or may lead to defective work are susceptible to
correction by the operatives alone, or if action by management to change the
system is required. To enable them to function properly, operatives require:
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Knowledge of what they are supposed to do
Knowledge of what they are in fact doing
A means of controlling what they are doing.

If these needs have been met, then any defective work which may arise
can reasonably be attributed to lapses by the operatives. If, however, it
becomes evident that operatives are not properly equipped, trained or
informed, then management action to put this right is needed. It is
important to distinguish between these two cases. When people make
mistakes, it is necessary that they should be corrected, but they should not
be blamed for errors over which they have no control. Inadequacies of
equipment, training or information are symptoms of a faulty quality
system. Only management can change the system, and unless they do so,
defective work will continue to occur.

The nature of construction work is such that a large proportion of non-
conformances are the results of lapses by operatives. A survey published in
1985 by the United Kingdom Building Research Establishment entitled
Achieving Quality on Building Sites showed that of nearly 200 examples of
defective work attributable to site management (as opposed to design
management), on some 50 construction sites, about 45% were brought
about by lack of care, nearly twice as many as were caused by lack of skill or
knowledge. The only corrective actions likely to cure lack of care are
increased supervision or the reduction of financial incentives to maximize
output. The trouble is that whereas such actions may well be beneficial in the
long term, their immediate effect is to increase a contractor’s costs and
preclude him from competing successfully for work. The market therefore
tolerates a level of defective work regarded by many as unacceptably high,
but which is due in large measure to the purchasers’ own procurement
policies.

Why should this be so? Perhaps the answer lies in the relationship
between the degree of perfection which the purchaser would like and that
which he is prepared to pay for. If there is a risk of one in a thousand that a
particular defect will occur, an action to prevent it will be unnecessary 999
times in every thousand. In construction work it is often cheaper to repair or
tolerate the one defect when it occurs rather than take unnecessary
preventive measures 999 times. This argument will be of little comfort to the
one purchaser in a thousand who suffers the defect, but in the long term it
may well be in the interests of the thousand to bear this risk rather than pay
the cost of perfection. This argument can only be taken so far. Defects caused
by lack of care seldom follow a predictable statistical pattern, and this makes
their effects particularly difficult to evaluate and to prevent.



Verification

The final phase of a site quality management system is the provision of
objective evidence that work has been carried out in compliance with the
drawings and specifications. Quality system standards envisage that most
of this evidence will be provided by documentary records, as was
discussed in Chapter 5. They require that records should be maintained
both to provide proof of compliance and to demonstrate the effectiveness
of the quality system.

Traditional contractual arrangements in the construction industry vary in
their demands for the provision of documentary evidence. The JCT Standard
Form empowers the Architect/Supervising Officer to require the contractor
to provide vouchers to prove that the materials and goods he is supplying
comply with specification. The ICE Conditions of Contract do not contain
such a requirement, although specific instructions to this effect are
frequently included. These arrangements are compatible with BS 5750
which states: ‘Where agreed contractually, quality records shall be made
available for evaluation by the purchaser or his representative for an agreed
period’.

On construction sites, additional verification for the purchaser’s benefit
may be provided by the activities of his professional advisers and
representatives. These conventionally include the Engineer and his
Representative on a civil engineering site and the Architect/Supervising
Officer on a building project. When work is carried out under a management
contract a similar verifying role is undertaken by the management
contractor. All these parties normally sign certificates of completion of work
for payment purposes, and so must assure themselves that the work
measured for payment is in compliance with specification. The means by
which they gain this assurance, and the responsibilities which they thereby
assume, depend upon their terms of engagement. These matters have already
been discussed at some length in Chapter 2, and the theme will be developed
further in Chapter 10.

Finally, a quality system provides verification and assurance through the
practice of reviews and audits, which takes us to the next chapter.

VERIFICATION 143



144

9

QUALITY AUDITS

The background to quality auditing has already been discussed in
Chapters 4 and 7. This chapter will deal with the techniques of auditing
as they may be practised in the construction industry.

Principles of auditing

All management decisions should be based on a knowledge of the relevant
facts. Decisions made without a knowledge of the facts, or those based on
false information, are likely to be bad decisions which will not achieve
their desired objectives.

In most organizations there is no shortage of information. People are
bombarded with paper, reports, memoranda and talk. The difficulty is to
select the information which is relevant, and which can be relied upon to be
factual. In this respect those at the bottom of the management tree are often
more fortunate than those at the top. They need do no more than obey
properly authorized instructions and ignore everything else. The senior
manager, however, is in a more difficult position. Much of the information he
receives will have flowed upwards through the various tiers of management
in the hierarchy, and in the process it is likely to have become distorted. His
subordinates will try to ensure he hears only what they want him to hear. The
bad news may be filtered out or so submerged in extraneous material that it
becomes impossible to find. This accounts for many of the delusions held by
some managers who believe that all is well because no-one tells them that it
is not. It is only when disaster strikes that they become aware of the true facts
and by then it may be too late.

It is for these reasons that finance managers require that audits should be
held by trained and independent experts to provide information which can



be trusted. Financial audits are carried out in accordance with formal
procedures to provide specific facts which will enable sound commercial
judgements to be made. Quality audits fulfil a similar purpose to these
financial audits. Indeed, they are complementary. Financial assurance will
provide a more complete view of a business when accompanied by quality
assurance. If profits have been achieved at the expense of quality, they are
likely to prove illusory. Companies seeking long-term survival need reliable
information on the quality of their product as well as on their current
financial status.

There are other ways in which quality audits can contribute to the health
of an organization. The lines of communication which they provide can
enable people at all levels to contribute to the improvement of management
systems. People in the lower levels of a hierarchy are often in a better
position to judge the effectiveness of systems than are their seniors. They
know when procedures have become out of date or superfluous, and will say
so if asked. Quality audits provide opportunities for them to make
suggestions about the activities which affect their working lives. This can
bring significant benefits in terms of morale and motivation.

So far we have discussed reasons for self-auditing. Many organizations
audit also their suppliers or contractors. This may be because they want
information on their capabilities to enable them to decide whether to enter
into a contract or otherwise do business, or they may already have a contract
and wish to satisfy themselves that the supplier’s quality system is continuing
to function properly to assure the quality of their purchase.

Sceptics, and there are many of these in the construction industry, may
feel inclined at this stage to point out that there is nothing novel in the
concept of managers talking to people in the lower echelons and seeking
their advice, nor is it anything other than common practice for purchasers to
investigate, pre-qualify and oversee their contractors and materials
suppliers. Unfortunately, while such informal arrangements may serve a
limited purpose, in large organizations they cannot be relied upon to provide
all the information needed. To pursue the analogy with financial audits, few
finance managers would be prepared to judge commercial viability on the
basis of casual conversations. Like financial audits, quality audits have to be
organized on a formal and official basis if they are to achieve their objectives.
These and other characteristics are summed up in the standard (BS 4778)
definition of a quality audit:

Quality audit A systematic and independent examination to determine
whether quality activities and related results comply with
planned arrangements and whether these arrangements
are implemented effectively and are suitable to achieve
objectives.
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This definition identifies that the purpose of a quality audit is to
compare ‘quality activities and related results’ with ‘planned
arrangements’. In many organizations the planned arrangements consist of
documented procedures put together in accordance with a system standard
such as BS 5750. When this is so, the first stage of an audit consists of
checking whether or not the documented system does, in fact, comply with
the standard. This is then followed by a second stage at which it is
established whether or not the procedures are being implemented
effectively. Audits carried out against a system standard have the
advantage that their results can be related to an agreed benchmark. The
standards also provide a common format to which both auditors and
auditees can become accustomed. On the other hand, although it may be
desirable, compliance with a standard is not essential. Any organization
which has defined its objectives and has established planned arrangements
to achieve these objectives can be audited. It follows, however, that in the
absence of planned arrangements no comparison can be made and auditing
as defined cannot take place.

Audits which examine quality systems only are also known as
‘assessments’. Those which go further and examine the product as well are
known as ‘product conformity audits’. This chapter will deal only with
audits of systems, since the checking of product conformity by inspectors
and clerks of works is already a well-established routine within the
construction industry and does not require further discussion. Hereafter, the
terms ‘quality audit’ and ‘quality assessment’ will be synonymous.

Types of audit

Most audits fall into one of three categories.

INTERNAL AUDITS (1ST PARTY)

These are audits undertaken by an organization to examine its own
systems and procedures. They may be performed by people from within
the organization or by teams hired from outside. Note that internal
auditors must be independent of the people being audited in order that
their objectivity will not be compromised.

EXTERNAL AUDITS (2ND PARTY)

These are audits undertaken by an organization to examine the quality
systems of its suppliers. Again, they may be performed by in-house teams
or by outside agencies hired by purchasers.



THIRD-PARTY AUDITS

These are audits undertaken by bodies with no existing or intended
contractual relationship with either the purchaser or the supplier. They
are almost invariably made against a recognized system standard and
include audits by accredited certification bodies (see p. 111).

Auditor selection and training

Quality auditing is a skilled function and, like all other skills, requires
specific personal talents, specialized training and broad experience. Let us
consider these requirements in turn.

PERSONALITY

In many respects, quality auditing is akin to police work. It involves the
same careful sifting of evidence and the questioning of witnesses to arrive
at the truth. Cross-examination can arouse emotions between questioners
and respondents, with aggression on one side and apprehension and
resentment on the other. The relationships are inevitably tense and if not
properly handled, can quickly deteriorate into personal antagonism. An
auditor must, therefore, have a good understanding of human
behavioural patterns and be able to control the emotional temperature if
there are signs of overheating; he or she must be tactful and diplomatic.
In addition to these qualities, auditors must have orderly minds capable of
sorting and analysing the evidence presented to them. They must be
patient, firm, and good listeners. Above all, they must be honest and
trustworthy—if not, their findings will always be suspect.

TRAINING

Auditors must be trained in the techniques of auditing. These include
audit preparation, the tactics of auditing and the preparation of audit
reports. To be able to audit against quality system standards, they must
have a thorough knowledge of the contents of the standards and the ways
they may be interpreted in the context of the particular industry sector
concerned. Training courses covering system standards and the techniques
of auditing are available from many sources. Most last for about one
week and include periods of tuition and case-study work. In the United
Kingdom, the Institute of Quality Assurance administers a scheme for the
approval of auditor training courses and for the certification of trained
auditors. This is known as the Registration Scheme for Lead Assessors
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and Assessors of Quality Assurance Management Systems. To become
registered as an Assessor, a candidate has to hold certain educational
qualifications and to have successfully completed a recognized training
course. Assessors can achieve Lead Assessor status by participating in a
minimum number of assessments under controlled conditions.

EXPERIENCE

Auditor training is essential but experience, too, is needed. This includes
practical experience of auditing and experience of the particular type of
work being examined. In the opinion of the author, it is a fallacy to suppose
that auditor training and auditing experience can by themselves enable a
person to examine and make judgements on work of which he has no
knowledge or understanding. Without the latter, it will be all too easy for
an auditee to exploit his ignorance. Furthermore, there is a risk that any
adverse reports he makes will generate ill-feeling. Most people are prepared
to be judged by their peers, but are likely to take offence if criticized by
those whom they consider to be inferior in knowledge or experience. In this
respect, the analogy with financial auditing breaks down. Financial systems
do not vary much from one industry to another, and a good accountant can
satisfactorily audit all kinds of commercial operations. But quality systems
do vary, and quality auditors need practical experience of the work in hand
if they are to come to sensible judgements.

The need for relevant experience has to be taken into account when
selecting audit teams. Some organizations maintain a permanent staff of
qualified assessors who carry out all internal and external audits. This
arrangement has the advantage that the people concerned are able to develop
their auditing skills to a high level, but they are unlikely to have experience of
all the different types of work they will be called upon to audit. An alternative
is to maintain a small core of experienced lead assessors and supplement them
with other line managers who have also received training in the techniques of
assessment. The advantages of this arrangement include the following:

1. Audit teams can benefit from the practical experience of line
managers.

2. Line managers have an opportunity to examine outside bodies and
other parts of their own organizations. This cross-fertilization can be
a most valuable source of new ideas and understanding.

3. By auditing others, line management will learn how to respond to
being audited themselves.

The right to audit

A successful audit requires active co-operation between auditor and



auditee. This co-operation will not automatically be forthcoming. There
are many reasons why an auditee may feel resentment at being coerced
into submitting to examination by outsiders, and this natural emotional
response may make it quite impossible for even the most skilled auditor to
carry out his task. It is the duty of those commissioning the audit to
establish its legitimacy in the eyes of both parties.

In the case of external audits, the consent of the auditee may derive from
the hope or expectation of future business, as in the case of pre-contract
assessments. Alternatively, the right of the purchaser to audit may be written
into a contract which, by definition, signifies consent between the parties
that certain actions will be taken. Similar considerations will apply in the
case of third-party audits.

Establishing the legitimacy of internal audits can be more difficult.
Auditees have neither the motivation of benefits to come nor are they under
a contractual obligation. It thus becomes the duty of the senior managers
concerned to agree between themselves the ground-rules under which audits
will be held. These must then be communicated to both auditors and
auditees so that each side is aware of the other’s rights and obligations. It is
recommended that this communication should be in the form of a written
brief signed by the managements of both parties.

Audit procedures

There is not, as yet, any national or international standard specifying the
procedure to be followed in carrying out an audit or assessment. On the
other hand, there does exist a reasonable consensus on the most suitable
procedures to be followed, and this forms the basis of the training courses
recognized by the Institute of Quality Assurance. The following
paragraphs describe the principal steps in a conventional assessment.
These are illustrated on the flow chart in Figure 9.1.

PREPARATION

On receipt of an instruction to carry out an audit, the lead auditor’s first
action should be to make contact with the auditee and establish that there
is a common understanding of the background to, and purpose of, the
audit. He should then agree dates for the supply of preliminary
information, and for the audit itself. Having established the programme,
the auditor should confirm it in writing and, at the same time, make a
formal request for the information required for his preliminary studies.
These studies are an essential part in the audit programme. They can
ensure that the audit will proceed smoothly and that the assessors will be
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able to secure all the information they need within the shortest possible
time with minimum disruption to the auditee’s operations.

In carrying out his preparations, the auditor will seek to achieve the
following objectives:

1. To establish whether the auditee has a documented system capable of
satisfying the requirements of the audit.

2. To select matters in the documents which require clarification.

Figure 9.1 Audit flowchart.



3. To identify the functions or departments in the auditee’s organization
which he will wish to examine and to draw up a check-list of
questions applicable to each.

In most cases, a copy of the appropriate company quality manual or
project quality plan will provide the necessary information. On occasion,
it may also be necessary to call for copies of procedures or standing
instructions, but this is to be avoided if possible since procedures manuals
tend to be bulky documents. Many auditees will resist requests to submit
procedures manuals on the grounds of confidentiality—they are prepared
to offer them to an auditor for inspection but will not permit them to be
taken from their premises. This is a reasonable stance for an auditee to
take, and it should be respected.

If the purpose of the audit is to determine whether the auditee’s quality
system complies with a standard such as BS 5750, the first step will be to
examine the documentation to check that each relevant clause of the
standard is addressed. As discussed earlier in this chapter, this is not the only
basis on which a system can be assessed. The alternative is to establish
whether or not the auditee’s system satisfies the requirements of the party
which has commissioned the audit. This demands that the auditee’s declared
objectives be acceptable and that the system should be capable of meeting
these objectives. The question of objectives is important. An organization
which states that it exists solely to maximize its own profit is not likely to
endear itself to its customers as the profit will be gained at their expense. The
exercise of examining system documentation to establish its compliance with
a standard or its ability to achieve acceptable objectives is sometimes know
as a ‘system audit’.

Having completed his examination of the documents, the auditor should
prepare an audit plan identifying the sequence and timing of the interviews
he wishes to conduct. This should be sent to the auditee for his consideration
with a request that the appropriate members of staff should be asked to hold
themselves available at the stated times. A typical audit plan is illustrated in
Figure 9.2. This is for a comparatively small-scale audit undertaken by a
team of only two persons. With a larger team it is possible to divide the audit
team into groups and conduct a number of interviews in parallel.

THE AUDIT

It is usual to commence the audit with an opening meeting attended by the
audit team and the heads of the auditee’s departments which are to be
assessed. The purpose of this meeting is to ensure that all concerned
understand the background and purpose of the audit and are aware of the
procedure to be followed. Here is a typical agenda for an opening meeting:
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Figure 9.2 Audit plan.



1. Introdution
2. Background and purpose
3. Confirmation of audit plan
4. Nomination of escort
5. Identification of auditee management representatives
6. Logistics: working hours, office accommodation, lunch, closing

meeting, etc.
7. Questions.

The nomination of an escort is to ensure that there is someone to guide
the audit team from one department to another and to introduce them to
the management representatives who will be responsible for responding to
questions.

After the opening meeting, it is recommended that the auditors should
seek to obtain an overall perspective of the organization which they are
assessing. If it is a construction project, a quick tour of the site is valuable. If
it is an office, then it is useful to ask for a brief description of the various
departments and the interfaces between them. This initial overview should
not be allowed to take up too much time. The auditors must be constantly on
their guard against time-wasting by the auditees. Lengthy presentations,
liquid lunches, frequent coffee breaks and similar ploys may be used to
consume time and distract the auditor’s attention from areas which the
auditee does not want probed too thoroughly.

The auditors may now move on to examine compliance with the
documented procedures. Their purpose should be to seek ‘objective evidence’
that the work-force is aware of the requirements of the system, that they
understand their personal roles and that the system is being put into practice.
This requires that they ask questions and, when necessary, probe the truth of
the answers they receive. Most of the enquiries will be directed to the
appropriate management representative, but it will also, on occasion, be
necessary to put questions to supervisors and operatives. As a matter of
courtesy, the management representative’s permission should be sought
before so doing.

At the start of each interview, it is suggested that the auditors should
resolve any queries which may have arisen from their study of the
documentation. They should point out the deficiencies they have identified
and invite the auditee to correct any misconceptions that may exist. The
auditee may be able to offer further documentation which will provide a
satisfactory resolution of the problems raised. It is at this stage of the audit
that the auditor’s skills in interviewing come to the fore. He should phrase
his questions carefully, making them as open-ended as possible. Having
asked a question, he should listen carefully to the response and make sure he
has understood it. He should make notes as he goes along and for this
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purpose it is useful to frame question check-lists with spaces for responses
alongside each question. Written notes may also be amplified by further
comments recorded on a dictating machine.

When deficiencies are detected, these should be discussed at the time with
the management representative to make sure that there is no
misunderstanding. Some auditors make it a practice to prepare a ‘deficiency
report’ for on-the-spot signature by the management representative each
time a discrepancy against a procedure is observed. Others may regard this
practice as unnessarily officious but it does have the undoubted benefit of
preventing future arguments about the facts.

On completion of the interviews it is usual to hold a closing meeting at
which the auditors present a verbal summary of their findings. Time should
be allowed in the programme for the auditors to review the responses to their
questions and to prepare their presentation. As a preface to the presentation,
it is wise to point out that an audit is only a sample, that the absence of non-
compliances in any particular area at the time of audit cannot be taken as
proof that they do not exist at other times, but that if the sample did contain
discrepancies or deficiencies then the likelihood exists that they would
continue to occur unless prevented.

After the findings have been presented, the management representatives
should be given any further explanations they may ask for, but it is wise not
to engage in further debate about the facts or their interpretation. On the
other hand, if the auditee is able to demonstrate that any particular audit
finding is incorrect, it should be withdrawn without further argument and
suitable apologies should be given. After completing their exposition, the
auditors should outline the procedure to be followed for the issue of formal
reports and for recording and implementing management’s responses. They
may then, if there are no further questions, thank their hosts for their
hospitality and depart.

REPORT AND FOLLOW-UP

The audit reporting procedure will depend upon the type and purpose of
the audit. Its primary aim will be to provide information to the party
which has commissioned the audit. In the case of a pre-contract
assessment, this is the only purpose. The purchaser requires information
in order to determine his future relationship with the supplier. He may, at
his discretion, inform the supplier of his findings, but is not under a duty
to do so, since the rectification of deficiencies in the auditee’s system is
not his concern. On the other hand, in the case of an internal audit, the
main objective is to improve the performance of the auditee and it is
therefore necessary to inform him of the auditor’s findings, to obtain his
response and to follow up corrective actions to put right any deficiencies



which may have emerged. Similar considerations will apply in the case of
audits by third-party bodies to determine eligibility for registration, or
when there is a contractual relationship between the parties which
empowers the purchaser to oblige the supplier to carry out corrective
actions to his approval. In such cases as these, the audit is not complete
until corrective actions have been implemented and their implementation
has been followed up and checked by the auditor.

A typical format for an internal audit report is illustrated in Figures 9.3
and 9.4. Figure 9.3 is a front sheet which contains important reference data
and a summary of the principal findings. The front sheet is designed to be
accompanied by a series of Corrective Action Requests (Figure 9.4), each of
which deals with a specific audit finding and has spaces for entering the
auditor’s report, the auditee’s response, the agreed corrective actions and,
finally, verification that corrective actions have been implemented.

It may be possible for the audit findings and responses to be fully
documented before the audit team leaves the auditee’s premises. More
often, the auditee will require time to consider his responses. When this is
so, the auditor may issue the auditee with a preliminary report consisting
of the front page with its summary of findings, together with a set of
Corrective Action Requests with Part 1 completed for each finding. The
auditee’s management should be asked to return the latter with their
responses and proposals for corrective actions entered in Part 2. There
may then be a period of negotiation between auditor and auditee to agree
the corrective actions and the programme for implementation. When
agreement has been reached, the auditor completes Part 3 of the
Corrective Action Request and the Audit Report is issued to the
nominated list of recipients. When it is decided to adopt this staged
procedure, it is essential that both the auditor and auditee adhere to a
mutually agreed timetable for each step.

It is generally desirable, and in the case of internal audits it is essential,
that decisions on corrective actions should rest with the auditee’s
management. The auditor may offer advice but he is unlikely to have, or
want, the power to impose his own solutions. If he believes that an action
proposed by the auditee is an inadequate response to a particular audit
finding, or if the auditee fails to implement an agreed corrective action, his
recourse is to the party who commissioned and established the legitimacy of
the audit. In this respect, audits which are undertaken against a system
standard are easier to conduct and to report upon than those which require
assessment of the acceptability of the auditee’s objectives and planned
arrangements. In the former, findings can be specific and objective—either
the standard is being complied with, or it is not. There is no call for
subjective judgements on the suitability of procedures and documentation
or on their commercial justification. On the other hand, it can be argued
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Figure 9.3 Audit report.



Figure 9.4 Corrective action request.
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that an audit which takes no account of the commercial background in
which an organization operates is only of limited value.

The final stage in the audit consists of the auditor checking that each of
the corrective actions has taken place by the agreed date. He may then sign
Part 4 of the appropriate report sheet and close his file.

The auditee’s reponse

So much for the techniques of the auditor; what of the auditee? He too
needs to make preparations and to train his staff so that they will give a
good account of themselves and present their company or department to
its best advantage. First impressions are important. For this reason it is
vital that the documentation sent to the auditor in advance of the audit
should be well-presented, clearly worded and indicative of competence
and good order. It should give the auditor the information to which he is
entitled in a simple and straightforward manner without unnecessary
padding and verbosity. While presentation is important, few auditors are
likely to be impressed by glossy binders or superfluous bulk. Clarity,
brevity and above all, truth, are the qualities which will win their favour.

Similar precepts should rule during the audit interviews. Questions should
be answered honestly and openly. Auditors quickly learn to sense when they
are being deceived, and the simple request ‘show me’ can be a trap for those
who might try to draw the wool over their eyes. It is wise to establish in
advance who will respond to questions in respect of each subject or
department. Some auditees ask for all questions to be put to a chairman who
either answers them himself or calls upon one of his team to contribute. This
may seem pedantic, but it has the advantage that it prevents members of the
auditee’s team arguing among themselves as to how a particular function is
carried out. Such signs of internal dissension will be seized upon by an
auditor as evidence of lack of control on the part of the auditee, and should
be avoided at all costs.

Auditees should be aware that there is a positive side to audits and that
there are potential advantages which they can gain from the process. A
professionally executed audit can provide independent management
consultancy without charge. It can goad management into making
improvements in procedures and techniques which it knows are necessary,
but for which neither time nor money can be found. It can puncture
complacency and self-delusion.
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Contracts and system standards

Chapter 2 included a general description of the principles underlying the
more common forms of contract encountered in the construction industry.
It referred in particular to:

Architect’s Conditions of Appointment
(Royal Institute of British Architects)

Conditions of Engagement
(Association of Consulting Engineers)

The JCT Standard Forms of Building Contract
(Joint Contracts Tribunal)

ICE Conditions of Contract
(Institution of Civil Engineers).

These forms of contract are produced by representative bodies and are
generally accepted as establishing a reasonable balance between the
conflicting interests of the various parties involved in a construction
project. They are legal documents. They are couched in terms which can
be interpreted with an acceptable degree of precision and many of their
provisions have been tested in the courts over a number of years.
Although many could argue that they are out-of-date and do not always
function as well as one would like, they are a working system which
everyone understands. They represent the status quo.

One of the functions of standard forms of contract is to provide purchasers
with an adequate degree of confidence or assurance that the construction
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works designed or built on their behalf will satisfy their needs. It can therefore
be argued that there is no need for purchasers to take any additional measures
to protect their interests. Nevertheless, an increasing number of purchasers are
requiring their suppliers to comply not only with conventional conditions of
contract but also with the requirements of quality system standards. There is a
variety of reasons why this action is being taken, and it includes:

1. The existence of legislation which requires that certain types of work
should be carried out under a quality system complying with a
specific standard. An example of this is the obligation on owners of
nuclear installations to comply with standards such as BS 5882 or
IAEA 50-C-QA as a condition of being granted a licence to operate.

2. The decision by a purchaser to operate a quality system of the type
described in BS 5750 in respect of his own operations. In so doing, he
would institute a procedure to review the quality systems of his
suppliers (including architects, consulting engineers and contractors)
and invoke compliance with an appropriate quality system standard
in his procurement documents.

3. The conclusion by a purchaser that conventional contractual
arrangements are inadequate to assure the quality of his purchase and
that he will benefit from the additional powers which a quality
system standard will confer upon him as purchaser and the additional
obligations it will impose on designers and contractors as suppliers.

Such contractual requirements seem set to become increasingly
commonplace. Indeed, one of the purposes of quality system standards is
that they should be invoked in contracts. To quote from BS 5750: Part O,
Guide to the principal concepts and applications, Section 1:

‘In the contractual situation, the purchaser is interested in certain
elements of the supplier’s quality system which affect the supplier’s
ability to produce consistently the product or service to its
requirements, and the associated risks. The purchaser therefore
contractually requires that certain quality system elements be part of
the supplier’s quality system’.

The following are typical of clauses included in Invitations to Tender to
specify the obligations of the contractor in respect of quality assurance:

1. The Contractor will develop and operate a formal Quality Assurance
System in accordance with BS 5750: Part 2 and to the approval of the
Supervising Officer (SO) and shall appoint and name a representative
on-site to oversee its implementation.

2. The Quality Assurance System will cover management organization
and procedures for the contract.



3. In the event of the Contractor being awarded the contract, he will
submit within 4 weeks of receiving contract notification a complete
version of his proposed Quality Plan to the SO for his approval.

4. The approved Quality Plan will be considered as forming part of the
contract documentation and the Contractor will operate in
accordance with its requirements. Any changes to the plan shall be
agreed with the SO.

To examine the implications of such demands, let us consider some of the
requirements of a typical quality system standard and compare them with
the provisions of a typical form of contract. The standard selected is BS
5750: Part 2 Quality systems—Specification for production and
installation. For comparison purposes, let us choose the JCT Standard
Form of Building Contract for Local Authorities with Quantities.

SCOPE

BS 5750: Part 2 is designed to specify quality system requirements for use
‘where a contract between two parties requires demonstration of a
supplier’s capability to control the processes that determine the
acceptability of product supplied’.

The JCT form of contract does not require any specific demonstration of
a supplier’s capability. It merely stipulates that the Contractor is required to
carry out and complete the works as defined in the contract documents using
materials and workmanship as specified or to the reasonable satisfaction of
the Architect or Supervising Officer (SO). The wise purchaser will very often
take the elementary precaution of checking a contractor’s capability before
inviting him to tender, but any pre-qualification documents produced by a
contractor in substantiation of a quality system are most unlikely to form
part of the contract.

FIELD OF APPLICATION

BS 5750: Part 2 declares itself to be applicable when the following two
conditions apply:

(a) the specified requirements for product are stated in terms of an
established design or specification;

(b) confidence in product conformance can be attained by adequate
demonstration of a certain supplier’s capabilities in production and
installation.

The first of these two conditions applies in conventional contractual
arrangements. The specified requirements for the products of construction
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are usually voluminous, far more so than those of many other industries.
We are all well used to this. The second condition, however, is an
altogether different matter. Whereas in other industries there may be
circumstances wherein compliance with specification can adequately be
verified solely by the demonstration of a supplier’s capability, to suppose
that this can be the case on a construction site requires a quite
unreasonable suspension of disbelief.

MANAGEMENT

Quality system standards require the establishment and definition of
management structures for the assurance of quality. They stipulate, for
example, that responsibilities for attaining quality objectives should be formally
assigned; that there should be a management representative who, irrespective
of other responsibilities, should have defined authority and responsibility for
ensuring that the requirements of the standard are implemented; that
systematic management reviews should be instituted, and so on.

In contrast, the JCT contract merely requires that the contractor ‘shall
constantly keep upon the works a competent person-in-charge’. The
Architect or Supervising Officer is entitled (but not unreasonably or
vexatiously) to ‘issue instructions requiring the exclusion from the Works of
any person employed thereon’ but otherwise there is no constraint on the
contractor’s freedom to manage the site as he wishes.

PURCHASING

In comparison with the previous topic, BS 5750 says comparatively little
about purchasing. It confirms the contractor’s responsibility for ensuring
that bought-in materials comply with specification and draws attention to
the need for clarity in purchasing data. It also prescribes the right, if
specified in the contract, of the purchaser or his representative to inspect
at source or upon receipt.

The JCT form of contract is far more specific and detailed. It states that
the contractor (or supplier) may not sub-contract work without permission
and it endows the Architect/SO or his representative with substantial powers
to sample and test materials and to reject those which are not satisfactory. It
also requires that the Architect/SO or any person authorized by him shall
have access to workshops or other places off the site from which materials or
equipment are being obtained.

CONTROL OF WORK

In the language of quality system standards, construction work is a



‘special process’. That is to say, it is a product which cannot be verified by
inspection and testing in its final state and in which deficiencies may
become apparent only after use by the customer. The means of control
recommended for special processes in BS 5750: Part 2 is that they should
be carried out under ‘controlled conditions’. Examples given of
‘controlled conditions’ include documented work instructions and the
certification of processes and equipment. It is also recommended that
there should be ‘monitoring’.

Unless supported by some other sanctions, these measures for the control
of work are weak. The requirements of the JCT form of contract are far
stronger and more explicit. There is provision for a Clerk of Works whose
duties are to watch and supervise the works and to test and examine any
materials used or workmanship employed. The Contractor may be
compelled to uncover and open up works for examination and will have to
bear the costs of such opening up and the subsequent making good if tests
show that materials or workmanship do not comply with the contract. If he
defaults by failing to proceed regularly and diligently, or by disobeying a
legitimate Architect’s written notice to remove defective work or improper
materials, the Employer may determine the contract and engage another
contractor to take over and complete the works. In this event the first
contractor may be required to compensate the Employer for any loss or
damage caused by the determination.

On the other hand, it can be argued that the obligations which quality
system standards impose upon a supplier to prepare documented procedures
for the execution of work, for inspection and testing and for the control of
non-conformances, provide valuable additional weapons for the purchaser’s
armoury. This is particularly true if the procedures are subject to the
approval of the purchaser and enforceable under the contract. The JCT
conditions of contract do not provide such powers.

RECORDS

All quality system standards place emphasis on the need for
documentation and the keeping of records. BS 5750 says that ‘Quality
records shall be maintained to demonstrate achievement of the required
quality and the effective operation of the quality system’. Note the two-
fold purpose of this requirement. Suppliers (contractors) are required to
produce records to verify both the quality (i.e. compliance with
specification) of the product, and the effectiveness of the system. By
contrast, the JCT Conditions of Contract merely require that the
contractor shall, ‘upon request’, provide ‘vouchers to prove that the
materials and goods’ are ‘so far as procurable of the respective kinds and
standards described in the Contract Bills’. The principal verification of
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quality available to the purchaser derives from the supervision,
inspections and tests carried out by or on behalf of the Architect/SO.

COMPARISON

The above examples expose a fundamental difference in philosophy
between quality system standards and the JCT conditions of contract.
Similar studies of the ICE conditions of contract used for civil engineering
work lead to the same conclusion. Quality system standards are based on
the premise that the quality of a product can adequately be assured by the
appraisal of the management capabilities and techniques of the producer,
followed by monitoring and the examination of documentary evidence of
compliance. In contrast, construction contracts adopt a more sceptical,
and perhaps a more old-fashioned approach. While responsibility for
complying with specification is firmly placed with the supplier, the
unspoken assumption is made that unless the purchaser maintains his
own representation on the site to ‘watch and supervise the works’, the
resultant structures or buildings will not be in conformance with
requirements. The purchaser is therefore empowered to take an active
role in controlling the quality of work, but is granted only minimal
influence on the methods used or the management systems adopted. These
are deemed to be the sole prerogative of the contractor since he carries
both the financial risk and the responsibility for meeting the specification.

Which of these two philosophies is the more suited to construction work?
The question is an important one since in many other industries the
techniques of quality assurance have been startlingly successful in improving
standards and reducing costs. Managements in these industries would not
contemplate abandoning these techniques, and would probably regard the
arrangements in the construction industry as archaic. Let us list some of the
characteristics of classes of work which may be considered susceptible to
control by system appraisal, monitoring and documentation:

1. Environmental conditions are controllable.
2. The work force is constant.
3. The techniques used do not change.
4. The materials used are of consistent quality.
5. The product consists of batches of identical articles capable of being

sampled on a mathematically valid basis.
6. Work can be organized in such a way that all personnel will be

motivated to do it properly.

Many of the tasks which form part of construction comply with these
criteria. The production of reinforcing steel, the manufacture of



trussed rafters, the laying of floor tiles and the testing of samples in a
laboratory are examples which spring to mind. A purchaser, whether a
client employing a main contractor, or a contractor employing a sub-
contractor, could quite reasonably conclude that a system of audited
self-certification or supervision by an approved third-party
certification body would adequately protect his interests in respect of
such work.

However, only a minority of the tasks undertaken on a typical
construction site are capable of control solely by techniques of quality
assurance. Tasks which are constantly changing, or which are weather
dependent, or which rely on natural materials, or which are customarily
carried out by casual labour, all require continuing supervision. This
supervision can be supplied only by those who carry the financial risk if
things go wrong. It is inconceivable at this stage in the industry’s
development that a contractor might say to himself: ‘that bricklaying sub-
contractor is certified by an approved body which has appraised his system
and carries out random checks on his activities at six monthly intervals,
therefore I will not myself attempt to supervise his work’.

So much for construction contracts. What of the contracts between clients
and their professional advisers? These define the duties and obligations of
architects and engineers and establish the terms of payment. They do not
address the possibility of failure to perform, neither do they require that
designs should have fitness for purpose. All that is required of the
professional is that he should exercise ‘reasonable skill and care’ in his work.
There are no contractual sanctions available to the purchaser in the event of
default other than termination of the engagement after a reasonable period
of notice.

This is not an unreasonable arrangement. The most valued asset of a
consultant is his professional reputation, and the power to threaten loss of
reputation is a strong sanction in the hands of the purchaser. Moreover,
consultants have not traditionally been required to compete on price
(although this practice is changing). Unlike contractors, they have not so
often been tempted to compromise their integrity for the sake of short-term
profit. It could well be argued that they offer a quality of work which is
adequately assured by their reputation and that further measures such as
purchaser supervision or audit are quite unnecessary. On the other hand,
the high proportion of construction defects which are found to have their
origin in the design office is perhaps an indication that not all is well.
Furthermore, the growth in fee competition for consultancy work will
inevitably increase the pressure on designers to reduce the costs of design
even if this leads to an increase in total costs, either through errors or
because designs which are cheap to produce may be more expensive to
build and maintain.
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The contractual options

One is forced to conclude that while quality system standards and typical
conditions of contract may share many of the same objectives, they follow
quite different philosophies in the methods chosen to achieve these
objectives. Both philosophies have their merits. How can clients select the
best of both worlds to improve standards of construction performance?
Should they, for example, include a requirement for compliance with a
quality system specification in their purchase orders or contracts?

As mentioned earlier in this chapter, section 0.1 of BS 5750 would appear
to advise that they should. Section 0.2, however, leaves the option open by
suggesting a number of ways in which a supplier may provide assurance of
compliance with specification and concludes:

‘The assurance provisions should be commensurate with the needs of
the purchaser’s business and should avoid unnecessary costs. In certain
cases, formal quality assurance systems may be involved’.

Suppose a purchaser does make compliance with a system standard a
condition of contract, how does he enforce this requirement? One option
may be to use only those suppliers who are registered under accredited
third-party certification schemes. For such suppliers, enforcement of
compliance is undertaken by the certification bodies and there need be very
little change in the contractual relationship between purchaser and supplier.
All the purchaser needs to do is make continued registration by the
certification body a contractual requirement. He may also require suppliers
to put up some form of bond which would become forfeit in the event of
de-registration. It could be argued that, under such an arrangement, any
form of supervision by or on behalf of the purchaser would become
superfluous since compliance with specification would be assured by the
surveillance activities of the certification body. On the other hand, it needs
to be borne in mind that certification against a system standard establishes
a supplier’s or contractor’s capability. But capability alone will not
guarantee performance, particularly in the construction industry. A
certification body would not be able to maintain a permanent presence on
the site, nor could it resolve design problems, nor would it be in a position
to certify work for payment. It therefore seems most unlikely that the role
on site of the Engineer or the Architect/Supervising Officer will disappear,
although it is conceivable that there could be a reduction in the numbers of
inspectors or clerks of works deployed on the purchaser’s behalf.

In the event that there are no suppliers of a given product or service who
are registered under a suitable accredited third-party certification scheme, a
purchaser may decide simply to include in his tender documents a clause



requiring compliance with a standard such as BS 5750. Such action can have
its pitfalls. While BS 5750 is quite specific in the obligations it imposes on
suppliers, a purchaser’s ability to enforce these requirements will depend on
the powers vested in him or his representative through the terms of the
contract. The differences in philosophy and detail between standards and
conventional conditions of contract which were discussed earlier in this
chapter, and the need for interpretation of the standard’s requirements in the
context of the particular class of work, can make this a difficult and tortuous
arrangement and it is not to be recommended.

To provide a better means of enforcement, some purchasers adopt the
approach exemplified on p. 160 and require that all the contractor’s or
designer’s procedures and documentation should be to their approval. They
may go further and give themselves the right to audit supplier’s systems and
to impose corrective actions if these audits reveal departures from the
standard. A supplier who fails to follow approved procedures, or who
ignores demands for corrective action may then find himself in breach of
contract and subject to all the sanctions contained in the contract for this
purpose.

Such an approach represents a significant change in contractual
philosophy and could have far-reaching effects. The purchaser is taking
power, not just to satisfy himself that the works he is buying comply with his
requirements, but also to control the organization structures, the
management systems and the working procedures of all those who
contribute to their design and construction. There is likely to be conflict
between the quality system operated by the supplier to meet his internal
objectives and that imposed by the purchaser. Quality system standards are
open to more than one interpretation and they include requirements which,
while justifiable in particular cases, could if applied out of context,
substantially increase a contractor’s or designer’s costs without
compensating benefits. Such a move would be detrimental to the interests of
contractors who could not be expected to price works over which they
would not have control and is likely to be equally unwelcome to professional
architects and engineers. It could also have profound implications on the
apportionment of risk and of liability.

So, what actions should the discerning client take to improve confidence
that the construction works he is about to purchase will satisfy his
requirements? The following guidance is offered:

1. Require evidence of an effective quality system as a condition of
prequalification. This applies to design consultants as well as
construction contractors, particularly in circumstances of fee
competition. In the event that there are too few tenderers with
adequate quality systems to form a market, be prepared to load the
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price of unqualified tenderers to compensate for the additional work
which will have to be done by someone else to provide an equivalent
level of assurance. Do not assume that a contractor will be able to set
up a quality system on your project on a ‘one-off basis. If he believes
in quality assurance, he will have a company-wide system already. If
he does not believe in it, no system he sets up will be effective.

2. Take advantage of existing accredited third-party certification
schemes for contractors and suppliers, and specify their use whenever
possible.

3. Do not make compliance with a quality system standard a condition
of contract.

4. If additional assurance beyond that provided by the contract is
required, select clauses of a quality system standard that are
appropriate, and include them as ‘special conditions of contract’. For
example, there may be elements of work for which a contractor
should produce formal procedures subject to the approval of the
Architect or Engineer; there may be special requirements relating to
records and documentation; the purchaser may wish to institute a
system of quality audits; there may be particular requirements for the
control of sub-contractors and suppliers, and so on. If this is the case,
spell it out so that the contractor can allow for any additional costs in
his tender.

5. Be wary of imposing conditions of contract which restrict the
contractor’s obligation and right to manage the site and to select the
most economic methods and techniques for achieving compliance
with specification. He carries the commercial risk and cannot be
expected to give up the reins of control.

6. In conclusion, do not expect quality assurance measures to be
effective unless you, as client, have staff experienced in their
application in the context of construction. Quality assurance will save
you money if it is applied properly. It will cost you money if it is not.
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11

A STRATEGY

FOR SUCCESS

We have now examined all the main elements of a quality management
system for construction work. The final task is to put it all together and
make it work. The Bible tells the parable of the foolish virgins, who got it
wrong, and the wise virgins, who got it right. A similar parable can
illustrate how to get things wrong, or alternatively right, on a
construction project. Let us consider two scenarios.

The foolish way

THE START

Picture day one of a two-year programme for a construction project. The
contract has been awarded after competitive tendering on the basis of
drawings and specifications produced by a reputable architect assisted by
an equally well-known structural engineer. The client is a fast-growing
commercial organization who has made it very clear to the architect that
he wants his project completed on schedule and within his budget.

The contractor’s construction director was relieved to have been awarded
the contract. His company had been going through a lean period and, but for
this success, would have had to institute a programme of staff redundancies.
There were, however, some small clouds on the horizon. One was the fact
that his price of £12 million was about £500,000 below that of the next
lowest bidder. On going through the tender make-up again, he had
discovered some errors and misjudgments which, when costed out, showed
that at the price awarded there would be no profit left in the job. All those
involved in the tender process had been suitably admonished. They seemed
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to take it philosophically—it was probably a change from being told that
coming second was not good enough and that if they did not ‘sharpen their
pencils and get some work’ they could expect to have to look for
employment elsewhere.

However, price was not the only problem troubling the construction
director. This was a larger project than any his company had tackled before
and contained some technically complex work of a type unfamiliar to his
staff. He knew that he had only been included on the tender list because of
some rather questionable arrangements which he would prefer not to go into
too deeply. Still, with a bit of luck he would be able to get some good sub-
contract prices for the awkward bits. The fact that he had allowed very little
in his price for technical supervision was perhaps unfortunate, but the
building inspectors and clerks of works could probably be relied upon to
prevent anything terrible happening.

The Architect too, was worried. The client had been difficult during the
pre-tender stage. He kept changing his mind and had refused to co-operate in
the preparation of a documented design brief. When the Architect had
attempted to confirm his understanding of what was required, the client
either changed his mind again or failed to respond altogether. The Architect
was also worried about the contractor. He was sure that he did not really
understand the technicalities of the work and that this was the reason for his
low price. The Architect had in fact recommended that his bid be
disqualified, but the client did not see why he should pay £0.5 million more
than was necessary, and he had had no support from his senior partner when
he discussed the matter with him. It was a mystery how the contractor got on
the tender list in the first place.

Then there was the matter of the site investigation. The structure required
the construction of a deep basement. The structural engineer had had some
boreholes sunk to check the ground conditions, but when the report came in
there were one or two points which caused him concern. It appeared there
was a possibility of running sand in the north-west corner. The structural
engineer had wanted more boreholes, but the client had refused to sanction
any more money. The site investigation budget had been used up and, in any
case, there was no time. Any problems would have to be sorted out during
construction.

The contractor’s Agent had mixed feelings. He was new to the company
and he was determined to make a name for himself. He was aware that his
performance would be watched carefully. His company had recently
implemented a new computerized system for monitoring progress and any
failure on his part to achieve cost or programme targets would bring
immediate and unpleasant retribution from Head Office. He was aware, too,
of the technical problems ahead of him. The basement excavation might
prove tricky, but his quantity surveyor reckoned that it should be worth a



few hundred thousand pounds in claims. In this and other areas, the
Architect had obviously had to cut corners to meet the client’s budget. Some
of the drainage arrangements and waterproofing details to the multi-storey
car park above the supermarket seemed quite inadequate. There might be
some claims there too. In any case, he was well aware that his superiors
regarded technical details to be of little interest. The important thing was to
make a profit, and although the board paid regular lip service to the concepts
of ‘quality’ and ‘customer satisfaction’, he did not take such exhortations
seriously.

HALF-WAY

After a year, the project was already two months behind programme.
Most of the delay occurred during construction of the basement. The
structural engineer’s suspicion of running sands in the north-west corner
had proved only too true. The contractor eventually overcame the
problem, but claimed that his costs in so doing should be borne by the
client as the scale of the problem was not made apparent by the soils
investigation and could not reasonably have been foreseen. Far from
accepting any responsibility himself, the client appeared to hold the
Architect to be at fault. This was not the only cross the Architect had to
bear. The contractor had written to him implying that some of his
drainage and waterproofing details were inadequate. Given the standard
of work produced by some of the sub-contractors, this was a bit rich, and
probably just a ploy to cause him embarrassment. He had replied in no
uncertain fashion that the contractor’s job was to build the works in
accordance with the drawings, and that if he wanted to put in any more
damp-proof courses or additional drainage, it would be at his own
expense.

Although the contractor hoped to be reimbursed for his additional work
on the basement, the debts were hurting his cash flow. The underpricing was
also beginning to show, and the sub-contractors who had been prepared to
take the work at prices he could afford were not performing well. One had
already gone bankrupt, and another was threatening to do so if obliged to
perform according to the contract specifications. The Agent decided that it
would be best not to press them too hard. In any case he had no staff to
supervise them. He himself was far too busy chasing the Architect for
information and working on the claims to spend time walking around the
site. There were times when it was better not to know.

The contractor’s new financial control system appeared to be proving its
worth. It had signalled potential losses in the first few months, but suitable
pressure had been applied to the Agent and he was now producing more
satisfactory figures. Clearly he had learnt where his employer’s priorities lay.
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All in all, the project was not working out too badly, certainly the losses
would not be as serious as the construction director had earlier feared. It had
been decided not to make an issue of the waterproofing details since the
company was hoping that the Architect would recommend them for another
contract for which he was responsible, and it would be a mistake to do
anything that might lose his favour.

TEN YEARS LATER

The project reached substantial completion about six months late.
Smarting at the delay and consequent loss of rental, the client took
possession and his tenants started to move in. The contractor’s books
showed a small profit but this was whittled down almost to nothing
during the Defects Liability period by the need to maintain a team of
tradesmen on the site to carry out remedial works, most of which were
due to poor workmanship by sub-contractors who had long since left the
scene. However, eventually the work was finished, the claims were settled
and the Architect issued the Final Certificate. The eventual Contract Sum
was £1.5 million above the tendered figure which angered the Employer,
but he had no option but to pay up.

After a few months, rain-water started to leak into the supermarket below
the multi-storey car park. The car park itself was also showing signs of
trouble. It was clad in brick because it was in a prestige location and the
client wanted a ‘quality’ image. Unfortunately the brickwork was showing
signs of stress and was becoming badly stained where rain-water discharging
from the top deck cascaded down the outer walls. Some of the courses of
brickwork were breaking loose and the local vandals were lobbing bricks
into the car dealer’s yard next door. They then added graffiti to complete the
air of neglect. The contractor was called back, and with bad grace he
plugged the leaks, cleaned off the encrustations of lime and repaired the
brickwork. But more than mere patching was needed.

Three years after assuming occupation, the tenant of the supermarket, his
patience now exhausted, made a formal complaint to the building owner
about the ingress of rain-water into his store and threatened legal action. The
owner, stung at last to action, engaged a consulting engineer to examine the
building and advise on what action should be taken. The consultant’s report
was devastating. He found that the waterproofing membrane to the top floor
of the multi-storey car park was defective, that the arrangements for shedding
rain-water were quite inadequate and that there were insufficient movement
joints to provide for the expansion and contraction of the expensive brickwork
cladding. In addition to these design faults, his investigations showed
widespread bad workmanship. Many of the damp-proof courses were badly
laid. Brick-ties were missing or incorrectly fixed. In some of the few brickwork



movement joints which had been provided, plywood sheets used for forming
the joints had been left in place, accentuating still further the already
inadequate arrangements for coping with expansion and contraction. The
total cost of rectification was estimated to be £500,000.

There followed a further period of minor repairs and patching, causing
continued inconvenience and discomfort to the users without curing any of the
underlying defects. Finally, five years after taking possession, the client issued a
writ for compensation, naming the contractor, the architect and the structural
engineer as joint defendants. In the protracted arguments which ensued, the
architect claimed that it was not his job to design every single detail in the
building, nor could he be expected to supervise the contractor’s men all the
time. He had used ‘reasonable skill and care’ and this was all he had contracted
to do. The contractor admitted faults in workmanship but pleaded that in the
main he had built what was on the drawings after having pointed out to the
architect that there were details that did not comply with accepted practice.
The structural engineer said that the cladding and drainage had nothing to do
with him; he had only designed the structural framework.

Eventually an out-of-court settlement was agreed whereby the plaintiff
would be awarded the sum of £300,000, of which the architect and
contractor would pay 40% each and the structural engineer would pay 20%.
Had the settlement not been reached and had the case gone to court, the legal
costs alone could have reached much the same amount. The owner had
hoped for more, but he realized that the quicker a settlement was made, the
better. He was right—a year later he might have received nothing, since by
then the structural engineer was dead, the architect had gone abroad and the
contractor had filed for bankruptcy.

Eight years after completion, the building was again shrouded in
scaffolding as another contractor undertook the major repairs which were
necessary to correct the bad design and bad workmanship which had
plagued it from the start. What had been intended as a prestige city-centre
development bringing in high rents to the owners and giving comfort and
convenience to the public had become instead an ugly and dilapidated slum,
rejected and vandalized by those whom it was intended to serve.

The better way

THE START

The client had spent many years and a great deal of money in developing
his plans, in assembling the project finance and in purchasing the site. He
was under considerable pressure to start construction as quickly as possible.
However, his past experience led him to resist the temptation to rush into
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things too fast. He knew the catastrophic effects which late design changes
can have on a construction programme. His first act was to appoint a
senior member of his own staff to act as the Client’s Representative. The
person selected had a thorough knowledge of the requirements of the new
project. He had the full confidence of other senior management within the
company and was given the authority to act for the Client in resolving the
day-to-day problems which would arise during construction. He was told
to work closely with the Architect to make sure that a precise and
comprehensive design brief was developed, and to be the main point of
contact with the construction contractor soon to be appointed.

The Client’s Representative’s first task was to select and engage the
Architect. The firm chosen had a good local reputation. They were also able
to demonstrate that they operated an effective quality management system.
On their recommendation, a firm of structural engineers was appointed to
design the foundation and structural frame. The structural engineer was
quick to specify and order a site investigation. This proved more expensive
than expected because some of the strata exposed required further
examination. The Client’s Representative was prepared to sanction the
additional expenditure rather than risk claims for unforeseen ground
conditions at a later stage.

The Client’s Representative advised the Architect that tenders for
construction should be invited only from a prequalified list of contractors
and that the prequalification process should include checks on financial
status, track record, staff resources and quality systems. The lowest valid
tender of £12.5 million was just within budget and was therefore accepted. It
was a requirement of the contract that the contractor should institute a series
of internal quality audits of his work, the first to be carried out one month
after entry to the site and the remainder at six month intervals thereafter. The
prequalification enquiries had shown that the selected contractor had
suitable auditing procedures and staff qualified to put them into effect.
Reports of audits, including details of resultant corrective actions, had to be
copied to the Client’s Representative.

As part of the tender planning, the Agent-designate, together with the
company chief engineer, had prepared a first draft of the project quality plan.
The purpose of this was to establish staffing requirements for quality
management and to identify particular elements of the work which could be
expected to lead to quality problems and for which written work instructions
would be required. Some of these elements required further study so that
outline solutions could be arrived at for pricing purposes. In cases where the
work element concerned would be sub-contracted, it was necessary to advise
potential sub-contractors that they would be required to prepare written
work instructions for the contractor’s approval and that they should make
allowance for so doing in their tenders.



After the work was awarded, the quality plan was brought up to date,
responsibilities for quality management were defined and allocated, and
arrangements were made for the work instructions to be finalized and issued.
The plan also identified the inspection and testing regimes which would be
implemented (including tests to be carried out by sub-contractors), the
record documents to be produced and the programme of audits to be held in
order to verify the effective functioning of the system. Finally, in recognition
of the fact that the design work was still incomplete, arrangements were
made for updating and amending the quality plan on a regular basis.

HALF-WAY

The first issue of the contractor’s quality plan was made just before he
moved on to the site. One of the work instructions scheduled in the plan
related to the installation of brick cladding. While preparing this
instruction, the engineer to whom the work had been delegated became
concerned at the lack of movement joints. He brought the matter to the
attention of the company chief engineer who had wide experience of the
problems associated with brick clad buildings. He concurred that the
joints were inadequate, and wrote a courteous but well-argued letter to
the Architect suggesting that he should re-examine his proposals. After
discussing the matter with his structural engineer, the Architect accepted
the contractor’s arguments and made the necessary changes to his
drawings. Being a much smaller organization, the Architect’s office
operated a less formal quality system than that of the contractor.
Nevertheless, the senior partner made it a rule to carry out his own
regular reviews of work done by his more junior partners. In the course of
his first review, he examined the arrangements for waterproofing and
draining the top deck. He came to the conclusion that the falls were not
steep enough to prevent ponding, that the sealing of construction and
movement joints was inadequate and that the drains and down pipes were
liable to become clogged with rubbish. Fortunately these matters were
discovered well in advance of the work being carried out, so the necessary
changes to the drawings were made at minimal expense.

The contractor’s Agent, who had only recently joined the company, was
sceptical about the quality system. Some aspects he was prepared to accept:
the quality plan, for example, seemed to be a useful discipline for
preventing defective work. He was, however, far from happy at the
thought of his project being audited. This seemed to him a quite intolerable
invasion of his territorial rights. Before commencing the first audit, the
auditors took pains to reassure him that the purpose of the audit was to
evaluate the effectiveness of the company’s systems, not its people. It was
not intended to point a finger of blame at him or at any of his staff. If the
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systems were inadequate or were not being implemented, it was to
everybody’s advantage that the facts should be known so that they could
be modified if necessary. The auditors had no power to require him, or
anybody else, to do their bidding. All they would do would be to draw
attention to what seemed to them to be evidence of system breakdown. It
would be up to the management to decide whether action was needed and
what that action would be.

The first audit duly took place on schedule one month after the granting
of access to the site. Since the project was still at a very early stage the audit
took only one day and the Audit Report was brief. It established that an
acceptable quality plan had been issued and that responsibilities for technical
supervision had been allocated. It drew attention to the fact that the
company’s own planning procedures were not being followed—the planning
engineer was new to the company and had not been issued with a copy of the
planning manual so he was using the system he had become used to with his
former employer. It was also found that the technical documentation
attached to some of the sub-contract enquiries failed to give sufficiently clear
instructions on the quality control activities to be performed by the sub-
contractors. A copy of the Audit Report together with details of the
corrective actions proposed by site management was sent to the Client’s
Representative.

The next audit took place six months later. By then the project had
settled down. The quality plan had been re-issued twice in the light of new
design information emanating from the Architect’s Office. All the work
instructions had been issued and were being followed. The auditors
queried one point however: they observed that payments to sub-
contractors were being certified by the quantity surveyor on the basis of a
quantitative measure only and that this had led to instances of payment for
non-conforming work. The site was operating a new procedure whereby
critical items of work were formally checked and signed off by the project
engineer and the clerk of works. It was suggested that copies of the
resultant documentation should be sent to the quantity surveyor. He would
then be able to verify that work was satisfactory before he certified
payment, and many of the measurements he had formerly undertaken
would become unnecessary.

By the time the half-way audit was due, the Agent was becoming
reconciled to the concept. The findings of the first two audits had not been
used as weapons of retribution, indeed in the discussions which took place
afterwards, he was able to have his say on a number of the system
improvements which were considered. Nobody had been humiliated, the
auditors had been courteous and professional in their approach to him and
to his staff, and his position as Agent was respected. Quality auditing had
become as much a routine part of life as financial auditing.



TEN YEARS LATER

The project was completed on time, the client took possession and his
tenants moved in. A few small repairs were made during the Defects
Liability period. Approved contractor’s claims for extra work totalling
£0.5 million raised the Contract Sum to £13 million.

The building functioned as it should. There were no leaks, no litigation
and no bankruptcies. The legal profession was denied its pound of flesh.

The choice

What conclusions are to be drawn from these two hypothetical case
studies? Firstly, the quality problems of the construction industry seldom
arise from new or intricate technology. Most of the defects recorded in ‘the
foolish way’ were simple matters, well within the state of the art. Secondly
the common causes of poor quality are greed, idleness and ignorance. In
‘the foolish way’ the client failed to brief his architect properly and thought
that the way to have his project built at minimum cost was to let the work
to the lowest bidder. The architect was weak in his approach to his client
and vain in dealing with the contractor. The contractor was desperate for
work, badly organized and lacking in scruple. Yet each of these parties, at
the time, believed that what they were doing made good commercial sense.

There is a variation of Murphy’s Law which states ‘Once you have made
a mess of things, anything you may do to put them right will only make them
worse’. Trying to put things right after the event is not only unlikely to be
effective, it is also costly. Table 11.1 puts some figures to the costs of the two

Table 11.1 The cost of getting it right
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scenarios we have considered. So, the first Client ended up £1m worse off
than the second in direct costs alone. He also suffered substantial indirect
costs in respect of wasted management time, loss of goodwill and
disruption. Likewise, although the first contractor managed to negotiate
£1m more in claims than the second, his profits were quickly swallowed
up in defect rectification, legal costs and compensation. The second
contractor not only made more money, he came out of the contract with
an improved reputation, a satisfied client and the prospect of negotiated
repeat orders. Similar comparisons can be made between the first and
second architects.

These examples are, of course, deliberately contrived to make the point
that an organization can serve its own self-interest by establishing effective
systems of quality management and encouraging its suppliers to do likewise.
If the participants in the second scenario are presented as unreasonably more
intelligent and more virtuous than those in the first, the author hopes that
this will be accepted as a pardonable exaggeration, but one which can be
justified by the fact that quality systems do, in fact, encourage employees to
adopt an intelligent and conscientious approach to their work. They can
initiate a ‘virtuous circle’ whereby attitudes, systems and skills combine to
develop a momentum of improvement to the benefit of everyone.

Let us, however, leave our hypothetical scenarios and return to the hard
and dirty world of construction. It has to be faced that the concepts and
theories of quality management, with their emphasis on planning, control
and verification, do not have an immediate appeal to many of those who
spend their lives building large structures. There is a machismo which
attaches to the virile construction boss who can sense what is wrong with a
project and then wrest it back from the brink of disaster. This, to many, is
what makes life worth living, and it is far more exciting than planning, or
developing procedures, or assembling records.

Any construction organization contemplating the establishment of a
quality system, whether it be to achieve certification by an accredited body,
to enable it to pre-qualify for particular types of work or simply to improve
its own efficiency, faces a long and difficult path. The fact that the theories of
quality management can lead to successful and profitable operations in
factories cuts little ice in the minds of those steeped in the traditions of
construction. They feel in their bones that they differ from and, dare one say
it, are superior to people who work in factories. They are probably right, but
if it is true that the management of construction sites is a uniquely difficult
task, it is all the more important that those who are charged with the task
should have access to the latest and most effective management techniques.

These are all matters which warrant the careful consideration of top
management. There is, however, a final and fundamental question which
needs to be addressed: Does the organization want to run its business on a



basis of integrity and compliance with the rules, or does it wish to pursue
short-term profits by tolerating bad practices and short-changing its clients?
If the answer is the latter, then any quality system which might be established
will be a sham, the people operating it will be frustrated and it will be an
additional cost burden. Furthermore it will not deceive a client or a
certification body. On the other hand, if it is management policy to get things
right and to require its employees to adopt an honest and conscientious
attitude to their work, a formal quality system will provide an excellent and
economic means of so doing. What are the steps which must be taken to
achieve this objective?

The company ethic

Management gets the employees which it deserves. If there is laxity or
dishonesty at the top of an organization, or if people perceive this to be
the case, sooner or later there will be laxity or dishonesty at other levels
as well. This will inevitably lead to poor quality and customer
dissatisfaction. Conversely, staff respect honesty and integrity in their
managers and will tend to apply similar standards in the conduct of their
own affairs. To set the standard, the chief executive must make a public
statement of his personal attitude in these matters.

In 1978, the president of the Japanese construction company Kajima
Corporation announced in his inauguration address his intention to
introduce a company wide system of ‘TQC (Total Quality Control). The
purpose behind this innovation was defined as follows: *

1. Enhancement of the spiritual resolve of each individual to serve the
needs of society through the company’s vigorous entrepreneurial
activities.

2. Elevation of the spirit of loyalty to the company’s as well as society’s
needs and prosperity.

3. To build up a healthy and capable entrepreneurial entity to ensure the
long lasting prosperity of the company as well as the society under
which the company operates.

4. To get the whole organization united as a body to realize the
foregoing basic policy.

Such sentiments may appear a trifle pious to those used to British
understatement, but they are typical of the policy declarations of Japanese
companies who have become world leaders largely through meticulous

* Extract from paper ‘Total Quality Control and Quality Assurance in the Construction
Industry’ presented in Singapore, April 1985.
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attention to the quality of their products. On issues such as these, there is no
harm in management wearing its heart on its sleeve, but it should beware of
humbug and not pretend to policies it has no intention of implementing.

The scholar Abraham Maslow once examined the effects of various
stimuli and their powers to satisfy and motivate human beings. He
concluded that the first and most basic needs are for food and shelter to
ensure survival. Once these have been satisfied, people seek escape from
danger or anxiety. Having achieved security they pursue the friendship and
esteem of others. Finally there is the ultimate satisfaction of personal
accomplishment and self-realization. A similar ‘hierarchy of needs’ can be
discerned in organizations. If survival is at stake, profit is the most powerful
motivator. Companies which are not faced with impending bankruptcy or
extinction, and thankfully this is the majority, do not need to pursue the
profit motive to the exclusion of all others. Yet, if asked to define the
fundamental purpose of their business, the immediate response of many
boards of directors would be that it is to maximize profit. If this were true,
they would not be in the construction business. There are many easier and
more secure methods of making money than competing for construction
contracts. Some of them are legal.

Even if the pursuit of profit were to be an organization’s most important
goal, there is the question of time scale. Is the aim for profit to be short,
medium or long term? The ethics of a labour-only sub-contractor faced with
the overriding imperative of paying the wages at the end of the week can be
expected to differ significantly from those of a mature business, dependent
upon the continued loyalty of its work force and with a reputation to
maintain. In its Quality Manual (Appendix B), Alias Construction quotes the
corporate objective of its parent group (para 2.1). This recognizes the basic
needs for survival and security (‘to maintain and improve upon its position
as a leading construction contractor and builder of houses’) but then sets out
three conditions which have to be met to satisfy these needs: reputation, the
welfare of the work-force and profitability. These are goals to which the
work-force can respond. If profitability is management’s only objective, it
can not complain if the work force follows its lead and works only to
maximize its own income. This can be a short cut to disaster.

These are matters of considerable interest to potential purchasers who
need to know the kind of organization they are dealing with. Presentation of
the corporate ethic is an important part of marketing strategy. Companies
adopt many ruses to demonstrate their position in the ‘hierarchy of needs’.
They contribute to charities, they sponsor the arts or sporting events, they
endow university chairs, and so on. These activities win esteem and instil a
feeling of personal pride in their employees. They provide evidence that the
company has developed beyond the survival stage and can be relied upon to
go about its business in a mature and responsible fashion.



The management commitment

So, the first step in the establishment of a quality system is to establish the
philosophy or set of beliefs which will provide a sound foundation for
what is to come. This requires action by the Chief Executive and his
board of directors since these are matters which only they can articulate.
But their involvement does not end here. Having nailed their flag to the
mast, they have to provide sustained leadership or their fine words will be
wasted. Quality systems can be implemented only from the top down.
The process requires that long-established customs be examined and
perhaps abandoned. Skeletons have to be brought out of cupboards and
vested interests have to be challenged. Inevitably many people will find
this process disturbing and uncomfortable. When the going gets rough, as
it will, management must maintain the momentum.

The magnitude of the task must influence the choice of people appointed
to tackle it. Many organizations make the mistake of delegating the leading
role to someone approaching retirement or to a candidate for sideways
promotion. Others see it as an appointment to be reserved only for those
with a technical background. It is an error to assume that an expert in quality
control can easily make the transition to quality management. Indeed, the
reverse is often true, and such appointments carry a further disadvantage in
that they can reinforce the misapprehension in the minds of other managers
that quality management is a function of technical specialists. This is not so;
there is no reason why people trained in accountancy, law or even quantity
surveying should not become effective quality managers.

The selection of the quality system manager will inevitably be viewed by
the work-force as a measure of management’s interest and commitment to
the project. The task requires energy, good communication skills and a
knowledge of the business. People with these characteristics are in short
supply and those who have them may well be reluctant to enter what may
appear to be a career cul-de-sac. To overcome such difficulties, it is suggested
that the task should be presented as a five-year project in management
development. Not many companies will be able to establish an effective
system in less than this time span and by limiting the length of the
appointment the commission becomes more attractive to those possessing
the necessary dynamism and ambition.

It is wise at this stage to establish the priorities to be followed in setting up
the system. Is the main purpose to enable the organization to demonstrate
compliance with a particular system standard, such as BS 5750? If so, will
the organization seek third-party certification? Are these, on the other hand,
more distant objectives to be considered only after an effective and economic
system has been established? The answer to these questions can best be
determined by studying the needs of the purchaser. If the market requires
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compliance with a system standard and accepts third party certification as
adequate proof of compliance, then certification should be the main
objective. Conversely, if purchasers prefer to select their suppliers on the
basis of open competitive tender and to rely upon traditional contractual
arrangements for the assurance of quality, then the requirements of system
standards must take second place to the commercial needs of the company.

The appointed system manager will require a written brief. This should
set out the purpose of the appointment and establish the ground rules to be
observed by the manager himself and those upon whose co-operation he will
have to rely. In preparing the brief, it needs to be borne in mind that the
system manager should not be put in a position where he might usurp, or
appear to usurp, the powers and obligations of line management. While it
will be his responsibility to make recommendations that certain actions be
taken, the authority to determine how and by whom the recommendations
should be put into effect, and to give instructions, must remain with the
responsible line managers. However, before he can make recommendations,
the system manager will need facts and to obtain these he will have to ask
questions. The power to call for information, and to probe the truth of this
information, is the most important weapon in a quality system manager’s
armoury.

The conversion

Let us assume that the first steps have been taken. The corporate policy
has been formulated and made public; senior management has decreed
that a quality system to give effect to the policy will be established, and a
management team has been appointed to make it all happen. What comes
next?

Even the most well-managed organizations have difficulty in bringing
about internal changes. This is particularly true of the construction industry
where traditional attitudes tend to be deeply entrenched. The announcement
of policy and the declaration of intent are only a start—they have to be
followed by a sustained programme of explanation, education and
persuasion in order to win the willing co-operation of those who will be
affected. The quality manager has to be prepared to argue his case on its
merits. If he cannot do this, then the possession of a mandate from the top
will be of limited use to him. The corporate body will treat the quality system
as a transplant from an incompatible donor and will reject it.

The strategy of the campaign of persuasion will be influenced by the
organization’s objective in establishing the system. If the primary purpose is
to qualify for registration by a certification body, the role of the system
manager will be to describe and explain to line managers the measures which



the certification body requires and to assist in their implementation. The
motivation for reform will arise from the decision to apply for certification,
and provided the chief executive proclaims his intention with force and
clarity, this should suffice to overcome any opposition.

The development of a quality system to improve the internal efficiency of
an organization is a more difficult task. When opposition to reform is voiced,
it will not be possible for the system manager merely to respond: ‘That is
what the certification body requires us to do. It may not make sense, and it
may even cost us money, but that is not the point. We have decided to go for
certification and if this reform is a condition of achieving this objective, it has
to be done’. In the absence of such an incentive the quality system manager
will have to be prepared to argue his case in respect of every move he makes.
This can be an arduous and time-consuming activity but, in the long term, it
can result in a better system, since every change which is made will arise
from an analysis of the real needs of the organization, and not from a desire
to satisfy the whims of an outside body.

Here are some of the arguments which a quality system manager can
expect to encounter:

‘Our quality performance is no worse than that of our competitors.
The measures you suggest are therefore unnecessary’.

This statement discloses a state of complacency which it is necessary to
puncture. The quality manager can pre-empt such arguments by
commencing his presentation with a short video or tape-slide sequence
containing examples of poor quality work culled from the recent history
of the organization. If he can back these up with the associated costs of
rectification, this will make the message even more telling.

‘Even if there is scope for improvement in our quality performance, the
system you propose will not be effective.’

This is a more difficult argument to counter. One can cite cases where
quality systems have been successful elsewhere, but people tend to see their
own circumstances as different from those of anyone else and therefore do
not accept such comparisons. The best approach is to discuss each of the
elements of a quality system in the context of the work carried out by the
organization in question. If a particular element has no relevance, this
should be acknowledged. The likelihood is that most of the requirements
can be presented as examples of normal good management practice which,
in the heat of battle, tend unfortunately to be neglected. This neglect gives
rise to problems which then escalate the heat of battle, leaving even less
time for good housekeeping and the prevention of defects.
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Another device is to suggest that in the case of the examples of defective
work shown previously, the senior management responsible could not have
been aware of what was being perpetrated on their behalf, otherwise they
would have taken action to stop it. A quality system would at least have
provided a mechanism which would have ensured that they were informed.

‘What counts in our industry is people. If the people are good, you do
not need systems.’

This proposition is superficially attractive, but does not withstand close
examination. The first sentence is clearly correct: a well-trained and
enthusiastic team is essential if any worthwhile objective is to be
achieved. However, people who are so gifted that they can operate
without any system, or who can create their own systems as they go
along, are extremely rare. To have a whole team with such talent would
be wasteful and probably end in conflict.

Most human beings are not especially gifted. They forget things and make
mistakes. They sometimes arrive late or fall ill. These shortcomings can be
minimized if they work in an orderly environment and it is the task of
management to create this environment through the establishment of
systems appropriate to the work in hand. Managements who neglect this
obligation are not only failing in their duties to their employers and their
work-forces, they are encouraging the proliferation of people who are able
to claim indispensability because no one knows what they do or how they do
it. These are often the very persons who raise this particular argument.

The establishment of a quality system need not stifle initiative or require
blind adherence to rules which have no point. It can enhance the performance
of those of only average talent and enable genius to shine even more brightly.
Even Mozart had to follow the rules of harmony and composition.

‘What you are suggesting will add to our overheads and make us
uncompetitive. We cannot afford it.’

This is an argument so fundamental that it needs a section to itself.

The costs

Very few organizations measure the costs of poor quality. It is therefore
exceedingly difficult to prove that systems for the prevention of defective
work are cost-effective. Whereas the direct costs of a quality system can
be quantified with some precision (the salaries of the system manager and
his staff, the costs of documentation, expenditure on audits, and so on),
the corresponding benefits are far more difficult to assess. However, to
counter the argument that quality systems cost more than they save, some



assessment has to be made. Here are some of the items which contribute
to the costs of poor quality:

Repair of defective work.
Purchase of replacement materials and components.
Delay or disruption while repairs are carried out or replacements
obtained.
Handling of customer complaints.
After-sales remedial works.
Wastage of marketing effort.
Legal representation.
Court costs.
Compensation payments.

Companies which have seriously attempted to quantify these costs usually
arrive at totals varying between 10% and 40% of turnover. By
comparison, the typical cost of a quality system for conventional
construction work is likely to lie in fractions of 1%. Even in extreme
cases, such as off-shore or nuclear construction, it is unlikely to exceed
5%. So, even if the quality system can prevent only a small proportion of
the costs of non-quality, the potential for savings is enormous. But, how
can this be proved?

The reason why so few organizations are aware of the value of resources
wasted as a result of poor quality is the human instinct of self-protection. For
fear of retribution, the costs of having to do things twice, or of re-ordering
wasted materials, are spread elsewhere. Sometimes materials are deliberately
over-ordered in anticipation of waste: if the waste does not happen they are
thrown away or pilfered. The effect of these actions is to conceal from senior
management the long-term chronic problems within the organization which
are sapping its strength. Instead of directing attention to areas where genuine
savings can be made, the cost figures will just show that labour or material
costs are rising or that overheads are too high. To respond to these indicators
merely by, for example, withholding a wage increase or seeking cheaper
material suppliers or reducing expenditure on supervision would be treating
symptoms instead of causes and will only make matters worse. But this is
what tends to happen.

The proof

A quality manager is unlikely to be able to obtain the cost data needed to
prove his case from existing accounting systems. The custodians of
financial information tend to guard their territory with ferocity, and any
suggestion that the costing system should be enlarged to collect and

THE PROOF 185



186 A STRATEGY FOR SUCCESS

publish the costs of quality mismanagement will meet opposition from
both the accounting and the production functions. What is more, the time
taken to establish the cost categories, re-program the computer and set
the system in motion is likely to be far too long. But the need is not for
precise and comprehensive data. All that is required is enough
information to show whether or not an opportunity to make major cost
reductions exists and, secondly, where this opportunity is concentrated.
For these purposes, no great accuracy is needed. For example, if the cost
of poor quality is assessed at 30% of total expenditure, it matters not that
this figure may err by as much as 10%, high or low. Even 20% wastage
is far too high, and if only half of this can be avoided, the effect on
profitability will be substantial.

Figures with an adequate degree of accuracy and reliability can be
obtained reasonably inexpensively by means of a pilot study. This may be
run on a specific project or work area. As an example, let us consider how a
housebuilding company could carry out a study of the quality costs of one
particular housing development.

The first step is to select the sample. This must be done with great care. It is
usually best to choose a site in the most profitable and best managed part of the
organization. The better the management, the more likely they are to understand
the purpose of the study and give it their co-operation. Furthermore, if the results
show that there are savings to be made on a site which is known to be well run,
the conclusion will be drawn that even greater potential benefits will be derived
if the experiment is repeated in less well-managed areas.

Having selected the site, it is necessary to devote time, energy and
resources to explain the objectives to the site management and to convince
them of the benefits which they will receive from the exercise. It may be
explained to them that one of the reasons they have been selected is the high
regard in which they are held. It is also essential to bring in representatives
from higher tiers of management to show that they, too, support the
experiment and want it to succeed.

The essence of the pilot study should be to maintain a log of all events and
expenses associated with poor quality and to allocate the relevant costs to a
small number of cost headings. For a housing development, these may comprise:

Missing or incorrect design information.
Waiting for materials.
Sub-standard materials delivered to site.
Waiting for sub-contractors.
Rectification of sub-contractors’ work.
Material wastage.
After-sales remedial works.
Other causes.



The principal burden of collecting costs will inevitably be borne by the
site management, but they should be assisted by a member of the quality
team whose role would be to make a daily collection of data, to look for
costs which might be missed, and to maintain interest. He should ensure
that management time spent in dealing with quality problems is picked up
and allocated. Some managers spend more than half their time fighting
fires and shooting troubles. By the end of, say, one month, it should be
apparent whether or not the cost of mismanaging quality on the site is
significant. If it is, the next step is to identify the major causes of lost
profit so that they may be tackled in order of importance. This may be
done by means of a ‘Pareto’ analysis.

Vilfredo Pareto was an Italian economist whose studies of the distribution
of income and wealth enabled him to demonstrate that the major proportion
of the world’s wealth was held by a minority of the population, while the
majority of the population had to share only a minor proportion of the
wealth. J.M.Juran found that this principle could be applied to many other
activities, including the distribution of quality-related losses (see
Management Breakthrough, Bibliography). The basis of a Pareto analysis is
a tabulation of the cost headings in descending order of magnitude. The
usual outcome is that the top 20–30% of items will account for a
disproportionately high share of the total cost (perhaps in excess of 70%).
Conversely, the lower 70–80% of the table will represent only a minor
fraction of the total. Such an analysis enables management to separate the
significant few items from the insignificant many. Effort can then be
concentrated where it will be most effective.

Table 11.2 is a conjectural example of a Pareto analysis resulting from a
pilot study of a housing development. It indicates that two causes of waste
stand out above all others as matters in urgent need of management

Table 11.2 Pareto analysis of causes of lost revenue
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attention. It may be argued that this is the result which most experienced
people would expect. But while it remains only a suspicion, nothing will
happen. Once identified, the problem areas can be studied more closely
and actions taken to eliminate their causes. A successful pilot study can
provide the quality system manager with a most valuable weapon. He no
longer need be on the defensive, since he can prove his case in a language
to which people will listen—the language of cost reduction. Furthermore,
he will have concentrated peoples’ minds on the subject. In many cases,
the act of measuring the costs will have more effect then the actual
numbers obtained. To persuade management to accept that these costs are
incurred and to participate in their measurement can have wider
educational benefits beyond those which may flow from an analysis of the
figures. In this case, the process can be more important than the product.

The documents

Having won the propaganda battle, what does our quality system
manager do next?

Most construction companies and consultancies already operate quality
systems of a kind. Their proud records of successfully completed projects are
proof of this. The principal difference between such systems and the more
formal arrangements described in this book is that the latter are required to
be documented. This documentation presents the greatest obstacle to be
overcome. It is likely to be seen by many as unnecessary, bureaucratic and
stifling of individual judgment and enterprise. Nevertheless, it is essential. If
an organization already has a set of standing instructions or written
procedures covering the various functions which affect quality (design,
planning, purchasing, sub-contracting, site management, etc.) the first step
towards establishing a quality system will already have been made. If not, or
if there are gaps, the managers responsible should be required to produce
written descriptions of how they expect the activities for which they are
responsible to be carried out.

The point has been made several times in this book that responsibility for
producing documentation lies with those in charge of the work concerned. It
has also been observed that managers and supervisors often show extreme
reluctance to commit their requirements to paper. They tend to prevaricate,
to wriggle, and to shed their responsibilities on to others. They are likely to
explain that they have neither the time nor the resources to prepare written
instructions and that, in any case, these are quite unnecessary since all the
people in their teams know perfectly well what they have to do already.
What is more, it will be said, their departments face imminent
reorganization, rationalization or computerization, so there is no point in



writing down what is happening to-day since by next month it will all be
different. To overcome these, and all the other excuses which will be made,
the quality system manager will have to exert constant and unyielding
pressure.

Before the quality system manager can exert pressure on managers to
produce procedures for work under their control, he has first to establish
where the various responsibilities lie. This should be evident from the
organization’s management structure. Unfortunately, some organizations do
not publish their management structure—some even make a virtue of the
fact, calling it ‘flexibility’. In other cases, the official management hierarchy
recognized by senior management may be quite different from the unofficial
(but actual) structure developed at lower levels of the organization to
accommodate the idiosyncrasies of particular individuals. The quality
system manager who succeeds in focusing attention on these matters can
already claim a success, since an effective organization structure is a
prerequisite of any quality system. Having identified where the real power
lies, the quality system manager then has to bring pressure to bear on the
individuals concerned. It is almost certain that he will need support from his
Chief Executive at this stage, indeed this is likely to be the first test of
management’s determination to make the system succeed. If the support is
not forthcoming, the chances of ultimate success are very slim.

So, the first task is to establish the status quo in the form of written
procedures produced by, or on behalf of, the functional managers. The
quality manager should then assemble and rationalize these to a common
format and examine them to see if they contain contradictions, overlaps or
gaps. If so, these should be brought to the attention of the managers
concerned so that they can make such changes as may be necessary. This,
too, can be a most fruitful exercise.

When the procedures have been agreed and issued, it becomes possible to
determine the extent to which the quality system they describe already
satisfies the requirements of quality system standards. If a decision has been
made that the organization will comply with a certain standard, the
discrepancies from this standard can be identified and the additional
procedures needed to secure compliance can be established. The advantage
of this approach is that it enables an organization to identify the additional
routines which it needs to introduce to comply with a given system standard.
If they are judged beneficial and cost-effective, the managers responsible
should willingly introduce them. If they are not judged beneficial, then they
can at least be costed so that the true expense of complying with a standard
can be assessed satisfactorily.

It is now possible for the quality system manager to complete his
documentation by preparing and issuing a quality manual. The content and
layout of this document are discussed in some detail in Chapter 5 and do not
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need further elaboration at this point. It is, however, worth noting that many
organizations make the preparation of a quality manual the first step in the
establishment of their quality systems. This is only a practicable policy if a
reasonably comprehensive set of standing instructions or procedures is already
in existence. If this is not so, then the manual will only indicate an intent to
create a system, not its existence. It will therefore carry little credibility in the
eyes of a potential client or with the organization’s own staff.

Quality systems and the control of change

The quality system has now been established and documented, and its
performance can be monitored by a programme of audits and
management reviews. This does not mean that the quality manager can
relax his efforts. The world does not stay the same, and the one aspect
of the construction industry which can be predicted with certainty is
its continuing unpredictability. A state of change is normality, and
when things stop changing it means that either bankruptcy or
mortality have taken over. The quality system must therefore be
dynamic. It should be an instrument of change and not a means of
preserving the status quo.

As we move from the twentieth to the twenty-first century, the enterprises
which will survive and prosper will be those who learn to perform a difficult
double-act. First they must so organize themselves that their product
constantly, consistently and without deviation, meets its requirements—they
must prevent the unwanted changes which lead to non-conformance. At the
same time, they will have continually to transform their processes, systems
and structures to cope with ever increasing environmental change. In nature,
we find that organisms which are highly specialized for a specific purpose
become extinct when the environment changes, and they do not. In the world
into which we are moving, organizations will have to develop a capability
for stable self-transformation. They will have to learn to manage their own
change without at the same time throwing themselves into turmoil.

Many organizations find it difficult to cope with change because they
have organization structures established on militaristic lines with vertical
lines of authority. Such structures fail to take account of the fact that most of
the communications and interactions within teams of people take place
along horizontal or lateral lines. Management can find great difficulty in
controlling these interactions and may seek to prevent them by dividing the
organization into self-contained units who can only communicate with each
other through their respective managements. These arrangements not only
fragment the processes of the enterprise, they also reinforce the
misconception that the primary business functions (marketing, design,



production, financial control, etc.) have objectives which are in conflict with
each other and with the interests of the purchaser. In pursuit of these false
objectives, people can become so proficient in producing substandard goods
that it is eventually found necessary to establish specialist quality control
departments to identify and reject the dross before it reaches the customer.
This is not a good way to run a business. It is tantamount to a drunkard
employing a servant to keep him away from the bottle—not only does it not
work, it costs money and creates bad feeling.

An effective quality system spans across departmental boundaries. The
concept of the internal customer, whose needs must be satisfied, encourages
lateral communication and reduces the need for management domination.
When management has established a quality culture, people know how they
are expected to behave, what is right and what is wrong. They have norms
and principles to guide their behaviour and judgement. They are able to
make decisions in the best interests of the enterprise when faced with new
situations.

But there is a paradox here. Much has been said in this book about the
definition of management structures, the preparation of written procedures,
formal systems of audit and compliance with system standards. Surely these
concepts will lead to a greater emphasis on vertical lines of authority and a
strengthened resistance to change? They undoubtedly will if management
allows the system to fossilize. This can be prevented from happening by
making full use of the upward flow of information generated by the audit
process. This arrives on the desks of senior management unfiltered and
unadulterated by any intermediate tiers of the hierarchy. It enables them to
see the organization as it really is, and not as their subordinates would like
them to see it. They are then able to carry out a continual fine-tuning of the
management system as it becomes necessary, and not have to wait until it
deteriorates to a point at which radical surgery is the only cure.

So we can envisage a future in which people are motivated by being made
accountable for satisfying the needs of their internal and external customers
in accordance with a company culture which they have come to accept and
respect. Managers can then be freed from the need to act as policemen and
firefighters and can concentrate on the duty which they, and they alone, can
discharge; that is, to refine, adjust and improve management systems to
achieve ever higher standards of quality, performance and economy.

This is a vision which may be difficult to sustain when viewed against a
backcloth of the rough, tough world of construction. However, we all need
a dream of the future, even if it is not immediately achievable. We cannot
stand still and we cannot go back. Quality management as it has been
described in this book is a goal worth aiming for. It is an objective which
can be achieved
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APPENDIX A

Glossary of
terms

References

1. BS 4778:1987, Quality Vocabulary, Part 1, International terms.

ISO 8402–1986, Quality—Vocabulary.
2. BS 5882:1980, Specification for a total quality assurance programme

for nuclear installations.

Defect (1) The nonfulfilment of intended usage
requirements.

Design Review (1) A formal, documented, comprehensive and
systematic examination of a design to
evaluate the design requirements and the
capability of the design to meet these
requirements and to identify problems and
propose solutions.

Documentation (2) Any recorded or pictorial information
describing, defining, specifying, reporting or
certifying activities, requirements, procedures
or results.

Inspection (1) Activities such as measuring, examining,
testing, gauging one or more characteristics
of a product or service and comparing these



with specified requirements to determine
conformity.

Item (2) An all-inclusive term covering structures,
systems, components, parts or materials.

Non-conformity (1) The nonfulfilment of specified requirements.
Procedure (2) A document that specifies or describes how

an activity is to be performed.
Purchaser (2) Any individual or organization who places

an order for items or services.
Quality (1) The totality of features and characteristics of

a product or service that bear on its ability
to satisfy stated or implied needs.

Quality Assurance (1) All those planned and systematic actions
necessary to provide adequate confidence
that a product or service will satisfy given
requirements for quality.

Quality Audit (1) A systematic and independent examination
to determine whether quality activities and
related results comply with planned
arrangements and whether these
arrangements are implemented effectively
and are suitable to achieve objectives.

Quality Control (1) The operational techniques and activities that
are used to fulfil requirements for quality.

Quality Management (1) That aspect of the overall management
function that determines and implements the
quality policy.

Quality Plan (1) A document setting out the specific quality
practices, resources and sequence of activities
relevant to a particular product, service,
contract or project.

Quality Policy (1) The overall quality intentions and direction
of an organization as regards quality, as
formally expressed by top management.

Quality Surveillance (1) The continuing monitoring and verification
of the status of procedures, methods,
conditions, processes, products and
services, and analysis of records in relation
to stated references to ensure that specified
requirements for quality are being met.

Quality System (1) The organizational structure, responsibilities,
procedures, processes and resources for
implementing quality management.
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Quality System A formal evaluation by top management of the
Review (1) status and adequacy of the quality system in

relation to quality policy and new objectives
resulting from changing circumstances.

Repair (2) The process of restoring a non-conforming
characteristic to an acceptable condition even
though the item may still not conform to the
original requirement.

Review (2) An independent appraisal undertaken by an
individual or group competent in the area
being considered.

Rework (2) The process by which an item imade to
conform to the original requirement by
completion or correction.

Specification (1) The document that prescribes the
requirements with which the product or
service has to conform.

Standard (2) A document approved by a generally
recognized body which results from the
process of formulating and applying rules for
an orderly approach to a specific activity.

Verification (2) The act of reviewing, inspecting, testing,
checking, auditing, or otherwise verifying
and documenting whether items, processes,
services, or documents conform to specified
requirements.
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Accreditation 111–12
Adam, Robert 15
Agrément, British Board of 130
Approved list 109
Architect, the 14, 17–22, 35, 143
Architecture 12
Assessment, see Quality assessment
Association of Consulting Engineers

19, 22, 159
Assurance, see Quality assurance
Audit, see Quality audit
Auditor selection and training 147
Audit plan 151
Audit procedure 149
Audit report 154–8

Brief, design 90
Brindley, James 15
British Standards Institution 7, 39,

111
Building 12
Building Employers Confederation 19
Building Regulations 28

Calculations 95
Calibration 134
CARES (Certification Authority for

Reinforcing Steels) 112
Caveat emptor 2, 7
Certification bodies 111, 166, 181
Chambers, Sir William 15
Change control 72, 79, 101, 190
Check lists 97, 99, 138, 151
Chief executive 8, 179–81
Civil engineering 15, 22
Clerk of works 21, 36, 163

Client, the 17, 166, 169, 173
Closing meeting 154
Coalbrookdale 16
Company ethic 179
Computer software 104
Conditions of contract 19, 30, 56,

143, 159–68
Consulting engineers 17, 165
Contractors 17, 57, 164
Contracts 11, 17, 34, 85, 159–68
Control of non-conforming products 140
Control of work 130–42, 163
Corrective action 141, 155
Criticality 120
Crystal Palace 14

Defect 9, 192
Definition of requirements 34, 114
Deming, W.E. 5, 8
Design 87–106
Discrepancy 154
Document control 72, 79, 101, 133
Documentation 69–86, 188, 192
Drawings 95

Employer, the 17, 166
Engineer, the 19, 22, 25, 35, 143
Engineer’s Representative 23, 36
European Committee for

Standardization (CEN) 39
External audit 146, 149

Federation of Civil Engineering
Contractors 19

Feedback 106, 114



First-party audits 146

House building 28

Identification and traceability 127
Indent 115
Inspection 4, 136, 163, 192
Inspection and test plan 52, 127–9,

175
Inspection and test status 138
Institute of Quality Assurance 147
Institution of Civil Engineers 19, 159
Instruction 74
Interface, design 101
Internal audit 66, 146, 149
International Organization for

Standardization (ISO) 39
Item 108, 192

Joint Contracts Tribunal 19, 161
Juran, J.M. 5, 8, 187

Kitemark 111, 130

Latent defect 10, 30, 32, 82
Lead assessor 147
Liability 30
 
Maintenance period 19, 30
Management contracting 25, 36
Management representative 57, 64,

162
Management structure 57–64, 181,

189
Manual, quality, see Quality manual
Maslow, Abraham 180
Materials control 130
Materiel 108
Measuring and test equipment 134
Microfilm 85, 106
Monitoring 132, 163

National Accreditation Council for
Certification Bodies (NACCB) 29,
111

National House Building Council
(NHBC) 29

National Measurement Accreditation
Service (NAMAS) 118

Needs 46

Negligence 31, 82, 173
Non-conformance 140, 163, 192
Nuclear construction 42, 120, 137,

160
Nuclear Installations Inspectorate 44

Objectives 53, 145
Opening meetings 151
Operational procedures 49, 74–7
Organization 54

Pareto analysis 187
Paxton, Sir Joseph 14
Plan, quality, see Quality plan
Planning 92, 123
Pritchard, Thomas 16
Procedure 74–7, 189, 193, 217–25
Process control 78, 130
Procurement 107–22, 162
Product 1, 46, 108
Product conformity 112, 146
Programme, quality, see Quality

assurance programme
Project management 25, 62
Purchaser, the 17, 160, 193
Purchase order 116

QA/QC 56, 137
Quality 1, 45–7, 193
Quality assessment 109, 112, 146
Quality assurance 47, 193
Quality assurance programme 51,

124
Quality audit 58, 65–7, 144–58, 175,

193
Quality control 47, 193
Quality management 5, 47, 57–64,

88, 193
Quality manual 49, 71–4, 196–216
Quality plan 50, 74, 92, 116, 124,

174, 193, 227–31
Quality policy 47, 53, 73, 179, 193
Quality system 8, 34, 47, 53–68,

178, 193
Quality system review 65, 193
Quality system standards 38–52,

159–68
Quantity surveyor 20
Queries 130
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Receipt of materials 130
Records 81–5, 106, 163
Repair 141, 193
Requisition 115
Review 65, 194
Review, contract 123
Review, design 103, 175, 192
Review, system 65
Rework 141, 194
Royal Institute of British Architects

19, 20
Royal Institute of Chartered

Surveyors 19

Sampling 134
Second-party audits 116, 146
Services 1, 46, 108
Special processes 130
Specifications 17, 100, 115, 194
Standards 38–52, 194
Standing Instructions 49, 73–7, 189,

217–25

Sub-contracts 19, 24
Supervising Officer 19
Supplier assessment 109–14
Supplier selection 35, 108
Surveillance 37, 132

Taylor, Frederick 3
Telford, Thomas 15
Third-party audits 111, 147
Tolerances 100
Tort 31, 33
Traceability 127
Training 67, 147

Vendor 109
Verification 37, 118, 136, 143, 194

Work instructions 77–9, 125, 163,
174

Wyatt, Samuel 15
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