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The concrete construction industry is unique because it involves quality
control systems that must be exercised on the production and performance 
of individual materials {cement and aggregate) and also of concrete, the 
ultimate product in which these materials are used. Therefore, specifica
tions written for one material will generally affect the performance and 
ultimate consumer cost of all three materials because of the degree of 
quality control required for each material. To demonstrate the effect 
specifications may have on the ultimate cost to the consumer, examples 
from a concrete supplier's quality-control and quality-assurance program 
are presented. The equipment and manpower required for carrying out 
these programs and the ultimate effect of these requirements on the eco
nomics of product processing are described. 

Prior presentations have dealt with the significant as
pects of quality-assurance programs for individual com
ponents. As a producer of cement and other building 
materials, we are keenly aware of the problems as
sociated with the production of these components. As a 
supplier of these mate1·ials to the construction industry, 
we have likewise been keenly 11w11rP of t'1" pl:'rform.?.rrre 
requirements necessary to make these products accept
able in the marketplace. For this reason, we look at 
quality-assurance programs from a broader viewpoint. The 
relation between the components and the system plays a 
significant part in our ability to produce a quality product 
that can be sold competitively in the marketplace. 

Techniques for quality control have been consistently 
improved through the years. Improved production, pro
cess control, monitoring, testing, and data processing 
equipment and techniques have been the basic factors in 
our ability to establish new process and product per
formance standards. In cement plants, for instance, 
quality-control systems control and monitor the func
tions of quarrying, proportioning and blending at two 
stages, raw grinding, burning and cooling, finish grind
ing, and storing and withdrawing cement. For each 
function, specific sampling and control testing procedures 
are carried out and documented. Our particular control 
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system involves almost 23 000 man-hours of work an
nually. Backup technical assistance involves at least 
10 000 man-hours of work by our research laboratory 
personnel. 

Depending on the degree of sophistication built into the 
system control, the data are collected, recorded, and 
analyzed either manually or automatically through the 
use of computers for maintaining control over the operat
ing parameters. In addition to the traditional cement
testing equipment, X-ray, atomic absorption, DTA, 
microscopic, and mineralogical tests are also conducted. 

A diagram of the cement process flow and the quality
control function exercised at various stages is shown in 
Figure 1. We have established separate standards for 
each production phase. In effect, each department has 
its own quality-assurance or quality-control program. 
Standard deviations and coefficients of variation have 
been the basic statistical tools for evaluating the varia
tions in the chemical and physical properties of the 
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2 are used for visual-trend studies. At each plant, 
quality-control personnel observe these trends and are 
responsible for controlling them. 

In the aggregate industry, we have similar controls 
over the production process with particular emphasis on 
size reduction (crushing), beneficiation, and size grada
tion. For concrete, the emphasis is placed on the proper 
blending of materials of a given quality so that a concrete 
of a defined quality is produced, 

Concrete control data and graphics, similar to those 
based on the American Concrete Institute (ACI) code, are 
prepared. Examples of such information are shown in 
Figures 3 and 4. Our desire is to maintain a low stan
dard deviation from the norm. We believe that greater 
flexibility can be allowed in specifications without 
sacrificing quality standards. 

To further strengthen these quality-assurance proce
dures, test programs are established to evaluate the testing 
personnel and equipment, sine e the evaluation cone erns the 
testing agreement between testing laboratories and test
ing personnel. Many laboratories, like ours, are certi
fied by the Cement and Concrete Reference Laboratories 
of the National Bureau of Standards, 

Therefore, quality-assurance programs for individual 



Figure 1. Quality-control systems for process flow, sampling, and control loops. 
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Figure 2. Computerized production analysis report of type 1 cement. 
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Figure 3. Computerized concrete quality-control report. 
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components are already in effect. Primarily, they are 
designed to provide the producer and consumer with a 
system by which process control and product quality 
optimization can be measured and cost reduction can be 
realized. These programs do, however, require many 
man-hours, sophisticated test equipment, and com
puterization. 

However, is the quality-assurance system itself 
optimized? Does it assure that the most favorable 
quality and cost conditions under specific circumstances 
are realized? Or, are quality-assurance systems for 
individual components compatible with the objective of 
the ultimate quality-assurance system that requires a 
combination of several related systems? Too often, 
we zero in on one condition and perhaps later on we find 
we are headed in the wrong direction. 

Within our construction-related activities such opti
mization is difficult to achieve. What are the variables 
that affect our quality-assurance systems and that relate 
to quality and cost control? Some of these are type and 
source of raw materials, type and availability of fuels, 
processing machinery and equipment, control and test 
equipment, type and cost of transportation, placing 
equipment, personnel, and specifications or design cri
teria. Each of these items obviously plays an important 
part in establishing the ultimate product quality and the 
cost of the product. 

Some quality-control experts say that one should never 
consider cost when establishing criteria for optimum 

quality of the product. For this discussion, we will con
sider these factors jointly. Usually, there are many ways 
to achieve the same objectives; therefore, we must ask 
some basic questions. To what degree is the ultimate 
use of the concrete product flexible in chemical and 
physical performance characteristics? What do the 
specifications allow? To what degree can chemical and 
physical characteristics of each product (cement and 
aggregate) vary without affecting the performance criteria 
of the concrete? What flexibility can be allowed in pro
cessing, transporting, and placing without affecting the 
performance criteria? I have stressed flexibility rather. 
than rigidity because we think a quality-assurance pro
gram should have flexibility. 

Obviously, these questions indicate the need for cor
relation analysis. The chemical and performance char
acteristics of each component must be correlated with 
the chemical and performance characteristics of every 
other component to determine what variables have the 
greatest impact on achieving the ultimate objective, and 
how the variables can be controlled. Otherwise, ill
conceived quality-assurance programs may be too costly 
and cumbersome to maintain. 

The programs often call for control efforts and in
formation that have an insignificant effect on the final 
objective and are costly. Mainly these efforts include 
what we might call cookbook criteria such as organiza
tion structure, job descriptions, and internal plant com
munication forms. Do such requirements make the con-



65 

Figure 4. Computerized graph for quality control 
of concrete. 
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crete better achieve the performance objectives, or do 
they perhaps cause us to miss some of the more im
portant points ? 

While reviewing the cement and aggregate re
quirements for highway construction in our marketing 
areas several years ago, we found that most of the 
states would call for AASHO standard specifications 
and then add specific exceptions to the specifications for 
use in their own areas. At that time, we were sure 
that each state had a legitimate reason for adding other 
restrictions to ensure product quality and desired field 
performance. However, as control and evaluation 
techniques are improved, the need for added restric
tions is no longer supported by fact. Today, the need 
for the costly practice of silo testing and sealing has 
virtually disappeared. Inventory, sampling, and testing 
costs were reduced for all parties without sacrificing 
quality control. 

The experience with aggregate is similar. There 
were 215 dissimilar coarse aggregate gradations specified 
throughout the United States. AASHO specifications 
called for 19 gradations. However, in this case, the 
flexibility of state specifications was based on local 
aggregate availability and on the knowledge that, although 
the gradation was different, its impact on the ultimate 
desired quality of the concrete was not significant. 

Quality-assurance programs should, therefore, be 

structured to primarily flag those characteristics that 
have a significant impact on product performance, product 
costs, and placement costs. 

It is now possible through the use of computer tech
niques to make the necessary correlation analysis to 
determine the critical characteristics that have a sig
nificant impact on the ultimate performance and cost of 
the products. One of the best examples of such a cor
relation effort is found in the three-part Building Science 
Series (1). We suggest a similar method for correlating 
product performance inter r elations, concrete performance 
interrelations, and finally the performance interrelation 
between both. Initially, this would be a tremendous task 
because of the many variables that would have to be con
sidered. However, this task would not be impossible. 
We should first determine what the high-risk, high-cost 
factors are. 

Alkali in cement and aggregate is an important factor. 
Quality aggregates will become in short supply in many 
areas. Environmental considerations and raw material 
availability are influencing the level of alkali in cement. 
Historical data indicate that cement alkali should be low 
when used with an alkali-reactive aggregate. 

As a result of several specific case histories in which 
low alkali may have been required, we now find a general 
demand for low-alkali cements in many areas where its 
use would have no significant effect on the purpose or 
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performance of the concrete produced. In other areas, 
the available aggregate or crushed stone may not require 
low-alkali cement. Good quality-assurance programs 
would build in such flexibility by using historical per
formance facts. 

Fineness of cement is another area of controversy. 
Some demand a coarse cement and others demand fine 
cement for better strength; however, the actual support
ing correlation data are not available to substantiate such 
demands. 

I have already mentioned the numerous sizes of gra
dation required. Suppose each gradation used with the 
same cement produced the desired strength and durability 
required. Would the specific gradation specifications 
have been necessary? A properly designed quality
assurance program would determine if such flexibility 
could be acceptable. 

Some of the criteria for each component relate to the 
following: 

Cement Aggregate Concrete 

Chemical composition Chemical composition Cement content 
Silicates Limestone Aggregate con-
Aluminates Basalt tent and size 
Alkalies Slag Sand content 
Sulfates Gravel and size 
Rare element Sand Water content 

impurities Admixtures 
Physical characteristics Physical characteristics Setting time 

Fineness Size Workability 
Setting time Gradation Volume change 
Workability Soundness Durability 
Strength 
Volume change 

This list makes it obvious that, if we are to design 
a quality-assurance program to satisfy the hopes that 
variability will not occur, we must use all the informa
ation available from producers, testing agencies, and 
laboratories and put them together in a well-designed 
quality-assurance program. Certainly, even these 
variables are not all the variables related to the chemical 
and physical properties. 

Has anyone conducted a correlation analysis based 
on the performance characteristics of these three com
ponents? Such analyses have to be conducted to deter
mine what significant effect the variables of the com
ponents will have on the ultimate concrete. Has anyone 
_, __ _____ _:..] ____ 1 .&.1 __ _! __ ,&. ________________ ..... ---'1-.&..! ____ ..__ .Ll_. _ 
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Crete performance? We feel the industry or specification 
writers still have an important step to take before estab
lishing the true relation of each variable to the final 
product. We may well find that some of our specifica
tions, as written, could be made more flexible and still 
protect the consumer. At the same time, producer and 
user would realize significant cost savings in mineral 
resource conservation, energy requirements, and 
capital costs. Quality-assurance programs need not be 
cumbersome or costly to protect the consumer and still 
minimize process and product costs. 
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