What Is a
Quality-Assurance System?

Edward A. Abdun-Nur, Denver, Colorado

An overall approach to quality assurance that is practical and realistic is
outlined. This approach takes into consideration and gives weight to the
various factors that constitute quality. This overall or system approach
has two main subsystems, namely, the technical or engineering subsystem
and the nontechnical or social subsystem. The approach recognizes that
for the technical subsystem the level of quality is set by the designer and
is expressed in plans and specifications. Plans on the whole have served
their purpose adequately; however, specifications have given rise to many
problems in the execution of the work. Reasons and suggestions for
avoiding such problems are given. The interactions among the various
facets of the system that continually take place are discussed. A formal-
ized basis for feedback is suggested so the experience gained can be used
in future work.

Quality is defined as any predictable characteristic of a
material, ingredient, product, or object. In engineer-
ing, the word by itself is practically meaningless. A
specification for quality materials or quality workman-
ship means very little since quality to one person may
not be quality to another., However, quality level is de-
finable in engineering terms. Therefore, the word qual-
ity implies a quality level of some sort, and the contract
document needs to define that quality level.

The quality level is something more than simply the
quality of the physical materials that constitute a struc-
ture or project. The quality level is judged by how well
the finished project or structure serves society—phys-
ically, functionally, emotionally, environmentally, and,
of course, economically.

Quality assurance deals with obtaining the quality
level of construction needed for a project to perform
the functions intended and to do so within the various
human, social, environmental, and economical require-
ments and limitations. Quality encompasses determin-
ing the needs and will of the people, political considera-
tions, and social and environmental factors and how
these interact to influence design, specifications, con-
tractual relationships, production, quality control,
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sampling, testing, charting, inspection, decision making.
The key to success for a quality-assurance system is
quality-minded people at every step of the process or
system —and this requires training. Without attitudes of
positive quality at every step, it is impossible to achieve
or assure quality no matter how good the design or spec-
ifications. Such attitudes are initially needed to develop
the proper design and specifications,

QUALITY -ASSURANCE SYSTEM

Figure 1 (1) is a diagram of a quality-assurance system.
The system is divided into two main subsystems: the
technical and the nontechnical or social subsystems. The
technical subsystem is represented by a polygon in the --
figure, while the nontechnical or social factors are listed
in the center of the figure. Chronologically, the nontech-
nical or social activities usually precede the technical
activities.

The nontechnical activities start with the needs and
wishes of the people that are read and interpreted by
politicians. Planners, architects, and lawyers then be-
come involved. Engineers have usually not become in-
volved in the nontechnical activities, but should do so
because the success of their work depends to a large ex-
tent on how well they communicate in these early stages
with the persons engaged in the other disciplines.

Once the work is assigned to the engineer, the designer
sets the quality levels of the various parts of the project
through plans and specifications. The contractor then
makes an estimate and submits a bid. If the bid is real-
istic, one can expect a satisfactory quality level. How-
ever, if the contractor is desperate for work and bids
unrealistically low, the foundation is laid for a trouble-
some job for which quality will be difficult to attain.

Another important facet of the system is the prepara-
tion and training necessary for the construction phase of
both the owner and the contractor. What is expected of
each person, and what special features of the project are
different from similar features of other projects?

Control, sampling, testing, and acceptance during
construction are the critical activities within the system.
The finest designs and the most fair and equitable speci-
fications can be completely thwarted if the designs and
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specifications are improperly implemented, or if weak
designs and specifications cannot be salvaged and imple-
mented into a satisfactory structure byanalert construc-
tion manager.

The relationand interactionare complex and vary from
job to job so that they are difficult to analyze in rela-
tion to specific jobs. Therefore, this discussion focuses
on the specifications and on the field work that deals with
the training, production control, and acceptance of the
physical elements used in the structure or project.

SPECIFICATIONS

An anonymous writer defined specifications as follows:

A voluminous and painstakingly dry document designed to harass, ham-
per, and confuse the manufacturer or contractor, disturb the digestion
and emotional stability of Congressmen, gnaw at the very foundations
of democracy, and provide simultaneous discrimination against both

big and little business. It is written as a masterpiece of incoherency by
a man who never saw the commodities specified and for bidders who
won’t read it anyway. The item detailed bears no relationship to reality
as it cannot be produced as specified and would be worse than worthless
if it could. It is hopelessly incompatible with current production tech-
niques, utilizes materials that are not available, was three years out of
date when published, and it cost more to write than the items described
therein.

This definition may be exaggerated, but serves to em-
phasize that a specification should say what it means
and mean what it says. Very few specifications meet
that criterion, and this is why they have not served
their purpose. Much of the bickering between engineer
and contractor during construction and many of the
claims after completion of the work can be traced to
inadequate, unrealistic, or arbitrarily enforced speci-
fications.

One of the main weaknesses of most specifications
is that they are assembled mostly by copying from other
documents that were previously used on other work, some-
times of a different type, in a distant geographical area.,
Most often, the writing of specifications is given to some-
one who is satisfied with sitting at a desk and writing or
copying whatever looks satisfactory for a finished docu-
ment. The writer is rarely acquainted with the signifi-

Figure 1. Diagram of a system to promote quality assurance.

cance or philosophy of the design, design criteria, field
conditions, field procedures, and contractual relation-
ships. Although the plans may be studied by the designer
before they are signed and issued, the specifications are
rarely seen or studied. The specifications are as impor-
tant as the plans since what is on the plans is the result
of a careful design. In the same manner, specifications
should be designed just as carefully (2).

Another weakness is that, in the past and to an appre-
ciable extent currently, specifications have mostly pro-
vided a sharp line of demarcation between passing or
failing to pass., This is perhaps due to the engineer's
educational background regarding precision and accuracy
but is not realistic. For specifications to be realistic,
tolerances must be provided. Under the circumstances,
the best approach to acceptance is the probability ap-
proach. Everything known or observed in nature and in
our environment is found to be definable, and its occur-
rence and variability can be predicted through the vari-
ous mathematical probability laws or systems, It is for-
tunate that engineers can observe variations and can
approximate, predict, or express them through normal
distribution (3,4). This distribution is represented
graphically by a bell-shaped curve (the mathematical
expressions are found in many statistical publications)
and can be handled with little, if any, difficulty. It is
unfortunate that specifications or control based on the
probability approach has been labeled statistical. This
labeling has delayed the acceptance of the probability
approach because many engineers are not familiar with
statistics. At the same time, this approach has inter-
jected a sophistication and complexity that are neither
needed nor justified in construction. The engineer's
sampling is crude; the tests are relatively crude; and
the results from these tests provide little assurance
that the parameters are directly related to the service
provided by the facility. The computer is probably to
blame—it is accessible and engineers use it and fall in
the trap of unnecessary sophistication and statistical
complexity. Some 150 years ago Henry Clay said that
statistics are no substitute for judgment.

Still another weakness is that most specifications are
written to keep the engineer in control; therefore, in ef-
fect, the engineer is designated the responsibilities of the

DESIGNER

(Sets Lev:} of Quality)

,
(FEEDBACK) 7
,
/7
7
7

CONSTRUCT I ON
CONTRACTOR
ORGANIZAT [ ON

OWNER'S

PRODULT INSPECTION ACCEPTANCE

REPRESENTATIVE

INSPECT ION

N
\
\\
\iDEFINES IT IN)
N
N
N
S
N

NON-TECHNICAL or .

SOCTAL FACTORS Y

Will of the PEOPLE DRAWINGS AND
Political LEADERS SPECIFICATIONS

CONTROL (control) 1 TESTING

(ORGANIZ|NG
AND TRAINING)

1

t
!
1
|
!

0

o

F
ONTRACT

(acceptance)

S em G e Gem e e Gem Gum fem G

Planners & Architects
Economic Considerations
financing Problems "
Legal Problems

Human Factors ‘,
Environmental Factors "

Pressures for RUSH
’%ADVERTISE
/ FOR Bi0S)
e
"4

CONTRACTOR
ESTIMATES
PRICES

(SUBMITTAL OF BIDS) "



contractor. This turnaround upsets the normal legal re-
lationships, and in effect the engineer becomes respon-
sible rather than the contractor, It is time that the con-
tractor is allowed to assume the responsibilities (5).

Finally, the most serious weakness is that the engi-
neer and lawyer who write the owner's specifications
have managed to give these a tone that foments adver-
sary relationships between the owner's representatives
and the contractor. The reason behind this antagonism
was expressed succinctly in a journal article:

A remarkably high percentage of respectable, God-fearing consulting en-
gineers, men who are generally at peace with themselves and who love
their neighbors, are convinced that all contractors are crooked and would
substitute rubber bands for rivets if they could save 15 cents on a $10
million job.

This attitude raises costs, frequently delays the work,
and negatively affects the desired quality., What is
needed is contract documents that engender cooperation
and teamwork and that are above all equitable to both
sides. This cooperation is the only way to reduce costs,
expedite the work, and assure the attainment of quality.

CONTROL OF QUALITY BY TRAINING

Training for the construction phase for both owner and
contractor organizations is important for the attainment
of a quality-assurance program. Each training program
has to be designed for the specific situation, and the
training is needed to indoctrinate experienced persons
into the special problems of the project. Training is
also needed to develop the persons who lack experience.
There are several tools that can be used to assist in
the planning and conducting of such training (7,8). How-
ever, this field is changing and is being upgraded so
fast that the most current practices are likely to be found
in the last job rather than in the literature. I no sooner
finish a job than I already have ideas about how to do the
same job differently. The important point is that there
is rarely enough time for training, and this does not per-
mit adequate control to be obtained at minimum cost.

CONTROL OF QUALITY DURING
CONSTRUCTION

The person who actually does the work controls the qual-
ity during construction. An inspector or a supervisor
can stand over a worker, but cannot move the hands of
the worker or manipulate the brain that directs the
worker's hands, This is why training is so important
for developing not only the proper skills to attain the
desired quality, but also for attaining the proper atti-
tudes.

In addition, control of quality during the construc-
tion phase depends on control during earlier phases.
Controlling quality by testing the cylinders, slump, or
air content in concrete is too late since the quality de-
sired is either there or it is not, If it is not, the ma-
terial may have to be rejected.

With these two points in mind, how does one go about
controlling quality during construction? Control in
the field should be divided into two aspects that are par-
allel with the two basic responsibilities during construc-
tion:

1. Product control and inspection by the contractor
to assure that the work will meet the requirements that
have been contracted, and

2. Acceptance at various stages by the owner's engi-
neer to assure that the contractual agreements have been
met,
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Both activities use the same principles, philosophy, and
skills, but for different purposes and, therefore, require
different approaches. Another interesting approach to
the control of construction activities in the field is out-
lined by Riley (9).

Control by the Contractor

By the provisions of the contract, the contractor is re-
sponsible for providing a controlled product that will
meet the requirements of the plans and specifications,
The contractor purchases materials, assigns equipment
and personnel, and oversees work being done by the
workers. The contractor is also responsible for the re-
sults obtained. But contractors are not prequalified to
be quality minded~the lowest bidder receives the job (10).

Besides training, there are two basic aspects of a pro-
gram that will permit the contractor to control the prod-
uct for assurance of acceptance and to do the job for
minimum cost, First, the contractor has to set up a
sampling (11), testing, and charting program (12) that
will predict what the performance will be (based on the
information developed at the beginning of the work or
based on historical data that have been developed from
similar work). Second, the contractor has to set up in-
spection to check on items that cannot be sampled and
tested (13, 14). The contractor must, therefore, have
a control group responsible to management and not re-
sponsible to the superintendent or production people.
The control group must have testing facilities on the
site and must develop sampling plans, sampling proce-
dures, testing, and charting for use in predicting and in
finding problem areas and solutions. The control group
develops data and relays information and perspective to
both production and management. The production group
decides whether to use the information (15). The control
group and the production group should not interfere with
the work of each other, but management must see that
the production group takes advantage of the information
developed by the control group.

For the system to work, there must be give and take
at the working level. The control group supervisor or
manager must establish a friendly relationship with the
production superintendent. If such a relationship is not
established, the program cannot succeed. Therefore,
the personalities of the persons heading the two groups
have to be compatible, and management has to insist
that they work together even though neither is the boss
of the other, The best way to achieve this is to promote
a person who is already in the organization, who is ac-
cepted by everyone, and who can be trained to head the
control work. This person has a better chance of estab-
lishing a rapport with the production group than would a
stranger who is brought in from the outside. Sometimes
a small start like this will enable the program to be ac-
cepted, and a person from the outside who is more highly
trained can be brought in without difficulty. However,
the program must be sold first,

Many other factors of quality control are not subject
to codification or formalization, and these are perhaps
more important than the formal sampling, testing, and
charting, For the most part, these factors are items
that are peculiar to each job. For example, there is one
sieve size for a particular aggregate that is a critical
factor. This factor can be checked very quickly in the
middle of the process, and future complications can be
avoided. Another example is to be aware of a noise or
action that gives a warning signal that an adjustment is
needed. There are also some simple informal tests that
guide workers and supervisors, assure them that the pro-
cess is going smoothly, or warn them that it is not.

The control activity by the contractor cannot be dele-
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gated to an outside group because such a delegation will
fail to imbue the contractor's organization with attitudes
about control that must permeate the entire organiza-
tion from top management down to the lowest ranking
laborer.

Control by the Owner

If the contractor is responsible for results, the owner
has no legal right to tell the contractor how to work,
what equipment to use, or how to administer the job.

If the owner gives the contractor directions and the con-
tractor can show that he followed directions, then the
results become the owner's responsibility. The owner
has the privilege of either accepting or rejecting the
work at various stages. Depending on circumstances,
the owner can check for acceptance either through sam-
pling, testing, charting, or inspecting. The same type
of sampling, testing, and inspecting should be done by
the contractor but for a different purpose. Actually,
the contractor's facet of the control program requires
more frequent sampling and testing and more detailed
inspection than the owner's acceptance activities. If the
owner can rely on the data developed by the contractor,
then the owner's work for acceptance becomes minor and
simple. On the other hand, if the contractor fails to
carry out proper control, then the owner's sampling and
testing should be intensified, and inspection will be in
order (16). The contractor is in the position of the
owner when he tests and inspects supplies and subcon-
tractors for acceptance.

Incentives

Control during construction can be more easily achieved
if the specifications have incentives for the contractor.
The specifications should also include provisions for
varying the levels of the owner's testing and inspection;
such levels will automatically operate depending on the
contractor's control performance. This check by the
owner will add incentive for the contractor to properly
control because intensified sampling, testing, and in-
specting by the owner will make it tougher on the con-
tractor and raise costs (17).

When a program of this type is operating properly,
the contractor saves cost by control since rejections
are reduced and efficiency is improved. Normally, this
procedure should more than pay for the contractor's
share of the program. If the owner employs minimal
sampling and inspection, savings are also made. On
future work some of the saving obtained by the contrac-
tor is bound to be passed on to the owner in competitive
bidding, so the saving is not only in the control and ac-
ceptance costs but ultimately in the bid prices.

It is essential that there be cooperation between the
field forces of the owner and the contractor; otherwise,
costs go up, control is lost, the owner becomes a police
man, and the contractor tries to get by with anything the
policeman will not catch.

INTERACTIONS AND FEEDBACK

The various facets of the quality-assurance system in-
teract among one another not only in the technical but
also in the nontechnical areas. These interactions vary
from situation to situation and according to the persons
involved.

For such a system to function effectively, there must
be feedback from the various facets to permit adjust-
ments or to learn lessons for the future. The most im-
portant areas of feedback are from the field to the de-
sign office and from the field to the contractor's organi-

zation (mainly between quality control manager and esti-
mators)., Other important feedback areas are the plan-
ning teams and the environmental and ecological staff.
All such feedback should be preplanned and should be
regularly scheduled if it is to be effective, This plan-
ning also helps to tie together the various groups and
disciplines involved.

DISCUSSION AND SUMMARY

This approach to quality assurance has proved itself,
even when applied in a limited manner for as long ago

as 20 years on the Illinois Toll Highway. It is simple.
It is based on fundamentally correct approaches., It im-
proves efficiency and reduces costs. It maintains the
integrity of contractual relationships. It makes contract
administration much simpler. Basically, it is an adap-
tation to construction of the same principles used suc-
cessfully in industry for many years. Why then is it

not being widely used? There are several reasons.

People accept change slowly and reluctantly. Because
the persons in charge of policy have a vested interest in
the status quo and because they had a hand in developing
the status quo, they hate to see it change. It has been
said that truth does not triumph because its opponents
are made to see the light but rather because they even-
tually die and a new generation arises that recognizes
the truth,

Although this outlook may be realistic, it is pessi-
mistic and offers little hope of progress through the
people in key policy positions. Every once in a while,
one does find a key person who has a sufficiently pro-
gressive outlook to try new approaches, and this is how
progress takes place.

Quality assurance is not achieved through testing and
inspection by the owner's engineers. The control of
quality is an overall activity that starts with the designer
who sets the level of quality and expresses this level of
quality in the plans and specifications. The contractor
exercises control of quality when he plans how to build
a project and estimates the cost for the bid.

After a contract is signed, the contractor and owner's
engineers develop organizations that must be properly
trained and indoctrinated if the quality desired is to be
attained and attained at minimum cost. During construc-
tion the contractor needs to establish a control group
that is independent of the production group. The func-
tions of this control group are to set and carry out sam-
pling plans, test the samples, keep control charts, and
inspect and report both to management and to production.
The owner's engineers also need an acceptance group
that will evaluate the data and charts developed by the
contractor's control group, and carry out additional
sampling, testing, charting, and inspection as needed.
Finally, the experience from the field operations must
be made available to the designer so realistic quality
levels for future projects can be attained. This feed-
back is the most important. Failure in any one of these
facets can cause failure in performance. It is by the use
of this overall concept that the quality desired can be
achieved at minimum cost.
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