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A.

SUMMARY
The paper is a short review of the current status of quality assurance as applied in the field of civil
engineering structures. It discusses the range of current applications both formal and informal and
highlights some of the findings of the 1983 IABSE Workshop on this topic.

RÉSUMÉ
La contribution traite des formes d'applications actuelles, formelle et informelle, de l'assurance
de la qualité dans la construction. Il présente quelques résultats de l'atelier Al PC 1983 sur le
même sujet.

ZUSAMMENFASSUNG
Der Beitrag befasst sich mit den gegenwärtigen formellen und informellen Anwendungsformen
der Qualitätssicherung im Bauwesen und stellt einige Ergebnisse des IVBH-Workshops des
Jahres 1983 zum gleichen Thema vor.
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1. INTRODUCTION

Most engineers agree on what they mean by "stress", in spite of the fact that
this is a complex abstract notion. The same cannot be said of "quality
assurance"! Views differ as to what quality assurance is, whether it is always
of benefit and whether it involves anything that is actually new. The overall
aims of the Tokyo Symposium are to pool experience of quality assurance in civil
and structural engineering so that the benefits and pitfalls can be more widely
known.

The aim of this paper is to examine the concept of quality assurance, to discuss
its applications to date and to comment on its future role. In particular,
emphasis will be placed on those aspects which are considered to be
controversial. An important component of this review will be the findings of
the IABSE Workshop held at Rigi in i983 [ij. This will be supplemented by a
review of British thinking on this subject [2] and the the author's own opinions.
How better to start than by asking some questions? For many readers, the
answers may seem obvious, to others some of the questions may seem irrelevant,
but with certainty there will not be general consensus. Part of the reason for
this is that the term quality assurance is semasiologically immature. One aim
of the Tokyo Symposium could be to work towards a set of agreed answers. The

list is not exhaustive and no attempt is made to answer the questions explicitly
or in detail :

- What is quality assurance?

Is quality assurance new; what are its origins?
- Is it applicable to all civil engineering projects?
- Should quality assurance be considered an integral part of the

design-construction process, or is it or should it be separate?

- What are the elements and tools of quality assurance?

- How should it be planned and managed?

- How should quality assurance schemes be modified according to
the size and nature of the project?

- Who benefits from quality assurance?

- Is it meaningful to talk of its disadvantages?

- How can the essential features of quality assurance best be
communicated to the profession?

2. WHAT IS QUALITY ASSURANCE?

Let us attempt a definition. In a narrow sense, quality assurance is the
process of reviewing the quality of a product (in our case a civil engineering
structure or works) to assess whether it fulfils the needs of the client and, if
not, taking the necessary corrective action. This definition will be considered
again below.

The process may be undertaken consciously and deliberately, or unknowingly. For
example, the primitive nomadic tribes of parts of central Africa still build
huts from branches and leaves, to keep out animals and provide basic shelter.
These rudimentary buildings need to be strong, efficient in their use of
materials and meet a number of other requirements. These "builders" are
probably totally unaware of the concept of quality assurance; and yet it can be
argued that they practise it - their survival depends on it. Each new structure
is built using the collective experience of previous generations and each is
"checked" during construction against a set of known but unwritten rules.
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For quality assurance to be successfully applied requires, as a minimum, an
understanding of what the essential and desirable attributes for the product or
structure should be. In current British engineering usage the word "quality" in
the term "quality assurance" can be interpreted as "fitness for purpose". For
each structure, therefore, it is necessary to determine those attributes a

structure must have for it to be fit for purpose. These may be termed
"performance requirements".
The word "assurance" seems more difficult but is strictly correct, coming from
"ad + securus" - "to make safe from or against risks". It is interesting to
note that, as in "life assurance", quality assurance does not aim to eliminate
the source of the various hazards (premature death in the case of life
assurance) but employs a strategy or strategies to overcome the effects of the
hazards if and when they occur.
Quality assurance in its current usage, therefore, has a broader meaning than
simply that of assuring the quality of the final product, as used in the initial
definition above. It has developed quite naturally to mean, inter alia, the
verification of the processes that give rise to the final product, together with
any monitoring that is necessary during the life of the product to assure
continued satisfactory performance. For civil engineering structures, quality
assurance can therefore be thought of as:

"The design and controlled application of a set of product and process
verification procedures, both prior to completion of the structure and
during service, to ensure fitness for purpose with an appropriately
high probability."

For short it might be better described as "performance assurance", (P.A.
perhaps

It should be noted that the concept of probability needs to be included in the
above definition since there will still be many residual uncertainties affecting
the engineer's ability to predict the performance of the structure during its
design life, even for structures subject to the highest standards of quality
assurance. Moreover, the separate attributes or performance requirements which
the designer wishes the structure to have may need, for economic reasons, to be
associated with different probabilities of not being achieved.

It has been agreed [ 1] that quality assurance for civil engineering structures
should cover all phases of a structure's life from the initial planning stages
right through to de-commissioning. What is less clear, however, is the extent
to which the process of "quality assurance" can logically be separated from the
design and construction process itself.
To return to the African tribesman: in this case, the building process and the
quality assurance process are intimately linked and are carried out by the same
person, but at the same time the "builder" and the "checker" are in some sense
"ego" and "alter-ego". This is the basis of so-called "self-control" or
"self-checking", which is the most basic form of quality assurance. A better
example of the "self-checking process" is demonstrated by the person who first
designs, then builds and finally test-flys a small aeroplane. He has a strong
motivation to get it right! There are equally poignant examples in the field of
civil engineering. On very small projects, therefore, it is clear that quality
assurance is an integral part of the design-construction-use process; but what
happens when the project or structure becomes larger or more complex?

Formalised quality assurance programmes started in the manufacturing industry,
e.g. [3], as an extension of product quality control procedures and have shown
considerable growth in areas such as the design and operation of nuclear power
plants, e.g. [4], and more generally, e.g. [5]. Similar developments have taken
place in many countries. However, with the exception of its involvement in the
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nuclear, offshore and petro-chemical industries, the civil engineering
profession has been relatively slow in taking up quality assurance in a formal
way. There are a number of reasons for this. First, the civil engineering
profession is different from the manufacturing industry in that it is generally
involved with one-off structures. Second, the construction industry is
typically conservative and employs a large pool or relatively unskilled labour.
Third, some poor experience with formalised quality assurance has been
counter-productive. There are undoubtedly other reasons also.

3. FORMALISED QUALITY ASSURANCE IN CIVIL ENGINEERING

The need for formalised quality assurance arises partly for safety reasons,
partly to control the flow of information, and partly for reasons of
organisation and management.

As mentioned above, formalised approaches to quality assurance have been
developed to the greatest extent in the nuclear and offshore industries - the
common factors being that projects are of great complexity, involve many people
from different disciplines, require high levels of investment and are such that
the consequences of a major structural or other system mal-function could be
serious from economic, environmental, as well as from human, standpoints.
In all these industries, the initiative to introduce formal quality assurance
procedures has almost certainly come from the process engineering side rather
than from structural engineers. However, in a structure such as a tension-leg
oil-production platform, the structural system and the oil production system are
so closely interrelated that separate treatment of the two would be foolish.

3.1 The need for a formal approach

For each sub-task that goes to make up a complete programme of work (whether it
is part of design or construction), there are at least five activities that need
to be undertaken:

to decide how to do the task and how it relates to other tasks

- to decide how to check that the task has been correctly carried out

- to carry out the task itself
- to check that the task has been done correctly, and finally
- to make, as necessary, any corrections, modifications or repairs

(e.g. corrections to calculations, drawings and specifications; modifications
to various procedures in the construction process; repairs/modifications to
parts of the completed structure; and/or, amendments to the control and
checking procedures)

It is suggested that these distinct activities are always required for a
successful project. In the short-term, success might still be achieved without
some of the checking stages, but in the long-run such omissions are likely to
lead to disaster.
In the design and construction of a relatively small structure, the number of
sub-tasks is relatively small and can be envisaged by a single person. As the
size of the project becomes larger (or more particularly, as the rate of
expenditure increases) this is no longer possible and a sharing of
responsibility becomes essential.
One way of doing this is to subdivide the work into a series of manageable parts
in a linear fashion. An alternative approach is to create a parallel
operational management structure in which one branch undertakes the active,
physically creative work, whilst the other serves in a more passive, checking
role. The latter approach can be thought of as formalised quality assurance and



M.J BAKER 19

can be considered to be the more desirable. It is interesting to note that the
two types of organisational structure have their parallels in system reliability
analysis.
In situations where formal quality assurance procedures are applied, the five
activities listed above are likely to be undertaken as follows: the first is the
responsibility of the main engineering team, but the procedures will need to be
agreed with those responsible for quality assurance; the third will also be
carried out by the main engineering team; the second and fourth are part of
quality assurance; and the last depends on the nature of any error found. When
the sub-task itself is essentially a checking procedure (e.g. the making and
testing of concrete cubes or cylinders) this remains the responsibility of the
appropriate engineering team. The parallel activity for the quality assurance
staff is to devise procedures to check whether the former is being correctly
carried out and whether the appropriate action has been taken in the case on
non-compliance.
For smaller construction projects where there is no formal quality assurance
organisation, or where the q.a. functions are carried out by the same group of
engineers, there is a greater risk that one or more of the five activities is
overlooked. None is trivial.
In conclusion, and as agreed at the the Rigi Workshop [1], the increasing need
for emphasis of formal methods of quality assurance stems from:

- the increasing complexity of engineering structures
- the increasing complexity of engineering project organisation

the increasing public awareness of, and concern for, the safety and
serviceability of structures
the increasing costs of maintenance and repair.

4. FACTORS AFFECTING QUALITY OR STRUCTURAL PERFORMANCE

Many factors affect the quality and performance of structures and it can be
argued that within economic limits each should be taken into account in quality
assurance.
These sources of influence can be roughly divided into those parameters which
exhibit random behaviour and which can be monitored statistically (e.g. many
material properties and loads) and those uncertainties in behaviour or loading
which occur as a result of a gross error being made at some stage during the
design-construction-use process. The former, provided they are resistance
parameters, may be made the subject of quality control measures (e.g. material
properties).
Gross errors occur for a number of reasons and can be classified according to
the stage in the design-construction-use process at which they occur and
according to whether they induce "failure" in a mode which could have been
reasonably predicted [6]. They are generally less amenable to statistical
analysis since they tend to form a non-homogeneous population. However, there
is no reason why they should not be included in probabilistic models of
structural behaviour, see e.g. [6]. Nevertheless, it is clear that quality
assurance can provide effective control against only those types of gross error
which can be foreseen. It is of almost no value when the profession as a whole
is unaware of a phenomenon or a combination of circumstances which may cause
failure or inadequate performance. Fortunately these circumstances are rare.
Most failures (in general, failures to meet performance requirements) occur for
reasons that are well understood.
A topic related to the occurrence of gross errors is data control - the
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handling, storage and communication of numerical data and other information.
The possibility exists for incorrect actions or decisions to be taken because of
incorrect information. The potential for this increases with the size of the
project and the number of personnel involved. On very large projects, the
amount of information required for the successful completion of the project is
enormous - specifications, drawings, revised drawings, material test
certificates, results of non-destructive tests on the partially completed
structure, variation orders, minutes of meetings, as well as all the
documentation necessary for the financial and labour control, together with many
other categories of information. On a recent large project known to the author,
approximately 200,000 non-destructive tests were made and reported on alone,
each requiring subsequent action.
What is important is to be able to sort the essential information from the
non-essential in a reliable way. The creation of a system which will enable
this to be done comes within the scope of quality assurance. There would appear
to be considerable potential for computerised data bases in this context.

5. SOME FURTHER COMMENTS

Partly because of the large amount of effort that has to be put in to
information handling, quality assurance is often seen by outsiders as a purely
paper exercise with few real benefits. However, with the types of quality
assurance schemes that are now being introduced by some major companies [7] this
does not seem a likely outcome. The introduction of formalised quality
assurance has given an opportunity for revisions of management structure and a
better definition of roles. Nevertheless, without personal motivation,
individual staff may perform as badly under one scheme as another.

Unfortunately, controlled experiments to determine the relative overall
advantages of various methods of project management and quality assurance
(formalised or informal) do not seem to be practical.
Finally, two further criticisms. First, many current quality assurance schemes
seem to operate within the rather narrow limits of existing codes. This seems
far too restrictive and not sufficiently far-sighted as many design problems
arise at the interface between codes. Second, there is a hint in some quality
assurance documentation, that the purpose of the exercise is the collection
sufficient information to prove that the structure is fit for purpose. Is the
prospect of possible future litigation the real driving force?
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