fectively to keep the products under control within the
system. If at the same time the technician lacks con-
fidence in the testing and acceptance procedures, the
system virtually disintegrates.

Under these circumstances, when the acceptance
point is at the plant, the propensity for graft is greatly
increased. When the acceptance is more distant (as
in the case of cores taken from the finished product and
tested in central laboratories), more involved legal
battles are often encountered. In any event, the theory
and practice of good statistically based quality control
are completely undermined. I feel that this was the
status of the Addenda A specification just before the
release of the 1970 yellow Addenda A.

It is important that good delineation and coordination
be established between acceptance testing and quality
control testing. A good quality control program should
be somewhat independent of the acceptance system. Un-
der the existing Addenda A, acceptance testing dominates
and indeed, in most cases, overpowers what I consider
to be good quality control testing. In plants that have
lower rates of production, there is a tendency not to do
any testing until a ''lot sample is due' because of the
strong emphasis on acceptance samples. Indeed, if
tolerances were properly established and confidence in
correlation with central laboratory testing was ensured,
I would rather see acceptance testing performed by the
central laboratory from field samples. However, I do
not wish to minimize the problem of developing such a
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system (especially the problem associated with a central
laboratory type of operation such as that used in New
Jersey in recent years). If such a system could be ef-
fectively developed, however, a more comprehensive
quality control program could be used at the plant where
the technician could monitor the entire operation and

not just some narrow aspect of it.

Essentially, a statistically based quality control pro-
gram is a vast improvement over the typical one-sample
(pass or fail)system of the past. If it is to be truly ef-
fective in maintaining the quality of the product, confi-
dence in the system must be upheld by the establishment
of realistic tolerances and testing methods. It is essen-
tial that all of the involved parties thoroughly under-
stand the theory and application of the system.
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Process Control of Mineral Aggregates

John T. Molnar, Standard Slag Company, Youngstown, Ohio

An aggregate process control program currently used by a multiplant ag-
gregate producer is described. The success of the program is credited to
the rapid feedback of test data directly to plant management. The pro-
gram uses district and plant laboratories staffed with from one to three
technicians for conducting daily tests for gradation control and a central
laboratory for determining other important properties of aggregates and
the products in which they are used. Benefits of the program—including
savings that result from minimizing rejections, improved customer rela-
tions, and other services performed by the responsible department—are
emphasized. The importance of a working knowledge of basic statistical
concepts by both aggregate technicians and plant management is stressed.

The process control system described in this paper is
used to control the quality of aggregates at 21 plants of
the Standard Slag Company. These include 11 blast
furnace slag plants, 5 limestone plants, and 5 sand and
gravel plants. The program is directed by the Materials
Control and Research Department with a staff of 20 full-
time and 5 part-time employees. Testing facilities in-
clude six district and plant laboratories, each staffed
with from one to three technicians and equipped to con-
duct daily determinations for gradation and unit weight,
and a central laboratory equipped for determining most
physical and chemical properties specified for the ag-
gregates as well as the performance of the finished
products in which the aggregates are used.

Since gradation is the primary aggregate property over
which the plant manager has control and since failure to
comply with the specified gradation is the primary cause
for rejecting aggregate from approved sources, thispaper

deals primarily with the control of aggregate gradation
during production, handling, and recovery from stock.

The founders of our organization realized more than
50 years ago the benefits of producing quality aggregates
in terms of a favorable return on investment and repeat
sales. During our first encounter with statistical or
end-result specifications during the late 1960s, it be-
came apparent that increasing the effectiveness of our
process control system would be a sound investment in
terms of minimizing costly rejections and product lia-
bility claims and improving customer relations by sup-
plying aggregates that have a minimal variation in speci-
fied properties. Accomplishing this meant devising a
system of rapid testing and reporting that would provide
immediate feedback of production control test results to
plant management so that process adjustments, when
necessary, could be implemented and checked for their
effectiveness before a sizable quantity of nonspecifica-
tion material was produced. The system now in effect
was presented to the company's executive committee and
received their total support.

The basic procedure used for gradation control is
shown in Figure 1. Basically, each aggregate size pro-
cessed in each operation is sampled in accordance with
a prescribed sampling plan that stipulates sampling
frequency and location and the minimum sample size.

If the gradation of the sample complies with that speci-
fied, no adjustment is made. If the first sample fails

to comply, a second sample is immediately selected to
verify the results of the first and, at the same time, to
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Figure 1. Procedure for gradation control.

|EACH SIZE PROCESSED
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YES NO
COMPL1ANCE

ADVISE PLANT SUPT.
ADJUST PROCESS
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< COMPLIANCE =
v

CONTINUE PRODUCTION AS IS

Figure 3. Plant aggregate report. Report No. 122

Figure 2. Responsibilities of district laboratory technicians.
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Figure 4. Control chart.
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reduce sampling or testing error. If the second sample
also fails to comply with the specified gradation, the
technician advises the plant superintendent that an adjust-
ment in the process is necessary. Once the adjustment
is made, the aggregate is resampled to confirm that the
adjustment corrected the condition. If it did not, the
adjustment process is continued until compliance with
the specified gradation is achieved.

Figure 2 shows an outline of the responsibilities of
the district laboratory technicians. It should be noted
that sampling and testing encompass all of the steps out-
lined in Figure 1.

District technicians are responsible for calculating
the test data and preparing two reports. The daily plant
report (Figure 3) is a comparison of the gradations of
current production with the specified gradings (because
the reports cited here use U.S. customary units of mea~
surement, no SI equivalents are given). To provide im-
mediate feedback of test results, the technician discusses
the results and supplies the plant superintendent with his
or her copy immediately after completing the daily tests.
The technician also sends a copy to the central office for
further action and distribution as shown in Figure 2, In
addition, immediately after completing the daily tests,
the technician brings the control charts up to date. The
control charts (Figure 4) show up to 25 sieve analyses
of a given aggregate size and provide the plant superin-
tendent with a running account of the variation of each
size processed.

Again, to provide the necessary immediate feedback
of test results to the plant superintendent, the technician
keeps the superintendent's copies of the control charts
in a looseleaf binder in the plant office and brings them
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Figure 5. Sampling procedure for central laboratory tests.
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up to date on the day the tests are conducted. The tech-
nician also brings his or her own copies up to date at the
same time. Note that, besides the upper and lower
specification limits for each sieve, caution bands are
included to alert the superintendent that he or she may
be operating too close to the specified limits.

In preparing the control charts, a circle is plotted
for each test result. Also, starting with the fifth test
result, a square is plotted on the control sieve to rep-
resent the moving average of five results. The moving
average reduces the variation of individual test results
and is used to predict causes of potential problems, such
as wear of production components.

At the end of each month, the technicians calculate
the average, standard deviation, and potential failure
for each sieve specified based on a normal curve. These
figures are shown at the right of each plot. Each tech-
nician is provided with a statistical calculator for ease
in determining these parameters. The technicians then
send their copies to the central office (Figure 2) where,
if necessary, further action is suggested. Copies are
then distributed to the general manager of operations,
the district manager of operations, and the district sales
representative.

District technicians also select samples of all sizes
produced at each operation at prescribed intervals and
ship these to the central laboratory (Figure 5) to be
tested for specified properties not determined at the dis-
trict level. A typical laboratory report is shown in Fig-
ure 6.

The quality control program generates five reports.
In addition to the daily plant report, the laboratory re-
port, and the control charts already mentioned, the in-
formation from the daily plant reports are tabulated by
the department secretaries on a monthly report (Figure
7). The average, standard deviation, minimum, max-
imum, range, and potential percentage of failure are
computed by using a tape-programmed calculator. Dur-
ing December of each year, the data from the monthly
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Figure 6. Interoffice aggregate report.
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Figure 7. Monthly gradation report.
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Figure 8. Annual aggregate report.

Material Size
Physical Properties

PLANT:

Unit Weight, 1b/fe3

Dry Loose

Dry Compact
Specific Gravity,

Bulk Dry
Absorption, %
Moisture as Rec'd

B Grading

C Grading
Soundness, % Loss
Shale, %
Thin & Elongated,

Average Gradation

Sieve Size Spec | Avge.
11/2" 100 100
by 95-100 99
3/4" 79
1/2" 25-60 42
3/8" . 18
#4 0-10 2
#8
#16

Wash Loss, %
200 Sieve 1.1

o B
Los Angeles Abrasion, % Loss

%

LIMESTONE
18 MATERIAL SOURCE: 2
57 | 8
Hi | Tow “Avge.| Hi | Tow |Avge.
. | Chemical Properties
87.8 |83.6 {85.7 |82.0 |80.2 |81.2 e
98.0 [93.6 ,95.6 |91.8 | 89,6 |90.7 Constituents  Total % by WE.
‘ , S 3.3 .2
2.52| 2.45 2.49| 2.48| 2.2 | 2.6 Al283 il W
3.80 | 2.93, 3.27| 4.55! 3.75| 4.12 Ca0 3377 | 3463
7.0 4.0 56 | 8.0 | 5.0 6.7 Mg0 16.85 |16.96
i s 0.084 | 0.100
1.3 ,26.3 . 28.6 a5V oy Vongs Fe203 0.12 | 0.15
I (31 . - Ign. a4.61 |44,
55 | 15 36 67 | o %50 PR o I
0,0 0 .0 o |0
3.2 1.6 2.4 1 9.3. 50! 7.5
57 N=220 A B N=108 )
| M | Low | R ;S ¢« F  Spec | Avge. T Hi low | R | S E
H | | |
100 [ 100 | 0 (0 |0: !
100 95 1+ 5 10.91 0 ; .
99 66 | 33 4.6 | }
59 26 133 1621 1 100 | 100 |100 100 ofofo
43 5 | 38 .5.8 185-100 | 95 99 | 8 |10 |17 0
9 0 9 L2, 0 ;10-30 | 17 5 | 9 |14 [3.1] 2
| L0203 ) 5 ) 2 3 (10| 0
; 0-5 1 1 | 1 0{0]0
|
.30 0.7 ot 16l 05
TOTAL PERCENT PASSING

Figure 9. Example control charts used in training sessions.
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reports are used to construct an annual report for each
plant (Figure 8). This report, which shows the yearly
average and the variation of properties of each size ag-
gregate processed at each plant, provides valuable data
to the marketing, operations, and plant engineering de-
partments as well as a comparison of the capability of
each operation to maintain or upgrade the quality of its
products.

As a means of continually upgrading the quality con-
trol program, all technicians and other members of the
Materials Control and Research Department are required
to annually attend a 2%-d seminar conducted at the cen-
tral laboratory that includes sessions on new and pro-
posed aggregate specifications, sampling and testing
techniques, and basic statistics and reporting techniques.
The technicians also attend seminars sponsored by state
aggregate associations and qualify as registered tech-
nicians in those states that require certification.

So that the test data that result from the program are
thoroughly understood, several half-day seminars that
are conducted annually by personnel of the Materials
Control and Research Department are held on a district
basis for operating personnel and cover such areas as
understanding control charts and stockpile recovery to
minimize segregation. Typical training aids used in
these sessions are shown in Figures 9 and 10.

In an effort to reduce sampling and testing time, we
have incorporated automatic sampling and testing in our
largest operation, which loads aggregate into lake ves-
sels at 1090 Mg/h (1200 tons/h). At the touch of a but-
ton, a sample that weighs approximately 227 kg (500 1b)
is sliced from a conveyor-belt transfer point, conveyed
to a testing tower, split, sieved, and weighed in separate
size fractions. In less than 10 min from the time the
sample is taken, the technician has a printout of the
gradation. In several of our district laboratories, we
dry fine aggregate samples by using microwave ovens
that reduce the drying time to about one-third of that re-
quired when an electric oven is used. We have recently
incorporated the pycnometer method for determining the
material finer than the 0.075-mm (No. 200) sieve, which
eliminates the necessity for drying the aggregate and
saves considerable time.

At this point, the question probably arises, What re-
turn on investment can I expect from an efficient process
control program? Our experience has demonstrated that
the cost of this program ranges between $0.02 and $0.03/
Mg ($0.018 and $0.027/ton). After recently reviewing

the program, the chairman of the board of the Standard
Slag Company stated that '"quality control is the most
economic insurance we can purchase."

If a quantity of aggregate is rejected because of fail-
ure to comply with the specified gradation after it is in-
corporated in a project, the aggregate producer could at
least incur the cost of production, transportation to the
project, placement, and removal. These costs could
well exceed the selling price of the aggregate by five or
more times. On the other hand, applying process con-
trol to one of our plants that produced a large riprap
order last year resulted in our technicians handling and
testing samples that weighed 2727 kg {6000 1b) or more,
but also resulted in shipping more than 272 700 Mg
(300 000 tons) of this material without a single rejection.

Additional savings result from having process control
personnel perform other services within the organiza-
tion, such as the following:

1. Testing of equipment performance, which would
include analyzing the input and output of crushers to de-
termine their effectiveness in size reduction and reduc-
tion of deleterious material to provide the necessary par-
ticles with onc or more fractured faces and to produce
the desired particle shape;

2. Analyzing material from prospective deposits;

3. Providing technicial service for customers; and

4. Management of air and water quality.

In summary, an effective process control program in
a corporation must have at least the following essential
elements:

1. The total backing of top management,

2. The cooperation of plant production personnel who
should immediately report malfunctions in production or
loading components since it is not possible for the ma-
terials technician to be at all points of production or
loading at one time, and

3. Rapid sampling, testing, and reporting procedures
to provide immediate feedback of test results to the plant
superintendenl so that when a process adjustment is
necessary the superintendent can rapidly determine
whether the adjustment produced the desired effect.

Publication of this paper sponsored by Committee on Quality Assurance
and Acceptance Procedures.

Probabilistic Model of Aggregate
Plant Production Systems

Donn E. Hancher, School of Civil Engineering, Purdue University

Ping Kunawatsatit, Chulalongkorn University, Bangkok

A probabilistic model that could be used to evaluate the product charac-
teristics of an aggregate processing plant was developed by combining
several theories and mathematical models. The model interest was con-
fined to crushing and screening subsystems. The final model is in the
form of a computer programming model that is ready for application to
similar plant systems. The computer model will store and compile a
series of subroutines; each subroutine performs a specific function, and
the whole model analysis procedure is controlled by a main program.

A simulator is used to generate desired data to provide for the evalua-
tion of the statistical nature of the output products. Through the use
of the high-speed computer, parameters of plant production control—
such as raw material feed rate, crusher settings, screen mash sizes, com-
bining and splitting of certain production flow streams, and appropriate
production demand schedules—can be easily evaluated. By varying the
data on raw feed material, the model evaluates the tonnage and grada-
tion of the flow streams in the production plant as well as variability.





