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Figure 9. Variability of type 1 asphaltic concrete mixture. 

VARIABLE N MEAN SID MIN MAX (. v. 
DEV VAL VAL -----------------

STABILITY 73"6 1553. 28 21l9.96 :!45.00 :3364. 00 18.67 
C:OMPAC:TION 10031 96.36 1 .b4 86.30 103.'10 1. 70 

1 JNCH Xlf.1~5 \00.()() ().09 99.00 100.00 ().02 
:3;4 INC:H 31320 99.72 0.(i9 05.00 100.00 0.fJ9 
1/2 INC:H 3814 91 .90 4.37 71 .()0 10().00 4. 75· 
NO. 4 3816 5~j. 98 5 .11 :is. 00 77.00 9 .14 
NO. 10 3016 41 .on II • ~5 l.1 21 .00 61 .00 10.89 
NO . 40 3016 24 .~Hl 3.49 9 ()() :3u .0r:J 14 .:11 
NO. 00 3di6 .11 • ~)3 :~. 39 4. 00 2:LOO 20.72 
NO. 200 3ll15 6 .4:l 1 .55 2.00 18.00 24 .13 
A.C: . l: :lil16 5 06 0.39 3 .-00 7 .1 0 7.68 

dynamics of the overall system of materials sampling, 
testing, and construction quality assurance. However, 
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it is felt that changes can be accommodated as they 
occur. Louisiana's MATT system is geared toward 
providing an important input to the pavement manage
ment system currently under development through an 
effort funded by the Highway Planning Research (HPR) 
Program. 
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Computer-Controlled Batch Plants 
Edward A. Abdun-Nur 

Because of its tremendous capacity for and speed of calculation, the com
puter is used to produce enormous amounts of data analyses that may not 
be justified for the test data produced in construction control. The rela· 
tively crude test methods used in construction and the lack of knowledge 
about the real meaning of the tests in many instances are the reasons. 
Using the computer to produce simpler and fewer calculations to guide 
the judgment of the engineer appears to be more realistic, less costly, and, 
at the same time, accomplishes the task intended. On the other hand, 
using the computer in the control of the batching plants and the process 
of batching and mixing appears to have a higher payoff in quality control 
and quality assurance. It permits the reduction of variability and, because 
of its feed-forward capability, it can control the process and even abort 
batches out of tolerance or stop the plant when it gets out of adjust
ment. Continuous batching and mixing plants, as developed in Europe, 
have the inherent advantages of lower capital cost and lower variability 
due to the elimination of the stop-and-start cycle at every batch, permit 
more sophisticated and delicate controls, have lower maintenance costs, 
and elicit more positive operator reactions. Teamed with a computer 
that makes these plants possible, such facilities are the best that current 
knowledge and technology have to offer. 

When one talks about computers, visions of reams of 
paper filled with numbers appear. In construction, 
these numbers are often a waste of time because no one 
studies them closely. Detailed analyses of test data in 
construction are not warranted, inasmuch as the tests 
themselves are relatively crude, and rarely does one 
know what the test really measures. Therefore, fancy 
and sophisticated analyses are not only unwarranted but 
wasteful. The computer comes in handy, however, in 
process control and can contribute more to quality as
surance than such analyses. Because the variability in 
construction is higher than in most industrial operations, 
computerized control of processes to reduce such vari
ability can result in significant economic payoffs and 
improved quality control. 

In the last 20 years or so, batch plants have gone 
from a crude operation in which the operator pulled 
levers and watched weighing-scale balance beams or 
gauges to the pushing of buttons to achieve the same 
thing and on to automated plants. The automated plants 
go through a complete batching cycle simply at the push 
of one button. The sequences are controlled by punch 
cards, assigned standard batch code numbers, or other 

means that provide a succession of signals to a computer 
already programmed to operate the various units of the 
plant in the proper sequence and to generate the various 
weights required by the particular mix being produced. 
Also, a record is produced to show what is happening 
and, in some cases, to print a delivery ticket. 

It is not the purpose of this paper to get into the de
tails of the automated plants in current use, whether for 
batching concrete, bituminous mixtures, or granular 
base-course materials. Rather, this paper describes 
automated computer-controlled plants, both of the single
batch type and continuous type, that have been observed 
in England and France and that appear to me to have sub
stantial merit for use elsewhere. 

BRITISH EXPERIENCE 

Simon Plants 

Some 15 years ago, while on a trip to London, I had an 
opportunity to observe a continuous concrete batch plant 
that was being operated on a discontinuous basis to fill 
ready-mixed concrete trucks. The facility, located in 
London's West End and operated by Ready-Mixed Con
crete (London) Ltd., was known as the Fulham plant. 

This type of plant was developed by the Simon Com
pany, which was in the business of manufacturing cattle
feed batching plants and decided to extend its operations 
into the concrete field. Basically, each bin of aggregate 
discharges onto a short feed belt that, in turn, dis
charges onto a collector conveyor belt running at right 
angles to the bin feed belts. Each bin feed belt has a 
floating section that weighs the material passing over it. 
An electronic device transmits signals to the bin gate to 
adjust the opening, as the need is determined by the 
weighing device. The modulation results in a continuous 
series of adjustments that occur in fractions of seconds, 
thus essentially producing a continuous monitoring of the 
weight that passes over the belt scale. 

The collecting belt discharges into the back end of a 
horizontal twin-shaft mixer (very much like a pugmill), 
which is set at an angle of about 10° with the horizontal. 
Water was also fed into the back of the mixer, and the 
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mixed concrete moved forward by gravity and the push 
of the angled position of the mixer paddles, which were 
set on the two shafts, and was then discharged at the 
front of the mixer into the waiting truck. The plant was 
operated on a stop-and-start cycle dictated by the ar
rival and departure of the trucks into which the pre
mixed concrete was discharged. 

More recently, I inspected another of the Simon-type 
plants operated by this company on the east side of Lon
don known as the Stepney plant. The plant was es
sentially the same as the Fulham plant, but it had a suc
tion fan connected to the back end of the closed mixer, 
which sucked the cement dust out and discharged it above 
the plant into the atmosphere (it was not being returned 
to the cement bin or collected in any container for re
use). As a result, the batch room was very clean. 

The advantages of the Simon plant include the follow
ing: 

1. The operation adjusts itself to the required weights 
automatically and continuously, thus reducing vari
ability over other types of batching. 

2. When operated on a continuous basis, it reduces 
variability still further, as the variability due to the 
stop-and-start actions is eliminated. There is only one 
start at the beginning of a shift. 

3. Capital cost is materially reduced over the 
standard-type plant by using a heavy rotary-drum 
mixer-the twin-shaft mixer cost is about 60 percent 
of that for a drwn mixer with the same capacity. 

4. Because the n;iixer paddles can be changed by (a) 
opening the top door that e.xposes them, (b) unscrewi~ 
the worn paddles at the ends of the mixing arms, and (c ) 
replacing them with new ones, less maintenance is re
quired. Two persons can do the job in about 30 min. 

5. The machinery is lighter, and vibration and 
shocks due to the stop-and-start cycles are reduced. 
Thus, the machinery is subjected to less wear and tear. 

6. Only one batch person and one yard person, who 
sees that the bins remain filled, are required. 

7. Better morale and a less tiresome operation pro
duce operators who are much happier on the job. 

For ready-mixed concrete to be trucked away, this 
type of plant can be used only in a discontinuous or 
batch operation. But, for base-course material batch
ing, it is very popular with contractors for use on a 
continuous basis. It would appear to me that on dam 
construction and on large slipform pavement jobs, such 
plants could be used in the continuous mode and thus 
gain all the above advantages, particularly in helping to 
reduce variability, which means less cement (anc1 thus 
less energy) and lower cost. 

Tilcon Batching Plants 

The Tilcon plants are essentially the same as the Simon 
plants but have more sophisticated refinements and port
ability. The mobility of these plants (a plant can be dis
mantled into a few pieces in very little time and moved 
over the road) makes them ideal for contractors. The 
pieces are manufactured with all ancillary services 
(pneumatics, electrical cables, controls, and so forth) 
factory installed so that it is a simple matter to erect 
and connect the ancillary services. The plant becomes 
operational immediately . 

Basically, the plants (as in the Simon plants) have 
bins that discharge onto cross-feed belts that, in turn, 
discharge onto a collecting belt. The belt feeds into the 
mixer. Each feed belt under a bin of aggregate of a dif
ferent size has a section that weighs the volume passing 
over that section on a continuous basis. A floating roller 
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located in the center of the section moves up and down 
depending on the weight of the material on the belt. A 
sensitive counterbalanced lever is in contact with this 
roller and thus moves up and down with it. The free 
end of the lever is in contact with a transducer that con
trols the switch contacts, which open and close the 
radial gate at the bottom of each bin. This provides a 
continuous modulation of the weight of the volume of ma
terial passing over that section and, thus, controls it 
very closely within the required weighing tolerances. 

In the case of the cement silo, specially designed feed 
valves at the end of screw conveyors discharge onto the 
feed belt weighing section that controls the speed of the 
screw conveyor in the same manner as the aggregate 
belt-weighing mechanism controls the feed gate opening. 
The Tilcon mixers are of their own design and are still 
lower in cost than those at the Simon plant; but basically 
they operate on the same principle. It is understood that 
these mixers cost about one-fifth of that for a heavy drum 
mixer of the same capacity and about one-third of that 
for a Simon mixer. 

The batch-room controls are very simple. Separate 
dials control the weight of each ingredient according to 
the mix-design formula. Then, another dial for discon
tinuous concrete delivery operation can be set in terms 
of the number of cubic meters desired-essentially, a 
timer runs the plant for just long enough to produce the 
required volume. Again, the stop-and-start operation 
increases the variability (as in any batch plant), but this 
type of plant in contrast to the ordinary batch plants with 
scale-weighing mechanisms has a lower variability. 
Many of these plants are used by contractors in the field 
either for concrete or base-course batching and mixing. 
Base-course mixtures include either cement or lime and 
are operated on a continuous basis. Thus, the variabil
ity is reduced further because of the elimination of the 
start-and-stop increments of variability. It would have 
this same advantage when operated for concrete on a 
continuous basis, for example, on a dam or slipform 
paving operation. 

FRENCH EXPERIENCE 

In France, there are plants that aim to do the same 
thing as the British plants-that is, provide continuous 
modulating batching and mixing-and are operated either 
in the continuous mode or in the discontinuous mode de
pending on the circumstances. In addition, the French 
plants have developed various types of computer con
trols for the mixing cycle in batch mixing. 

Laboratoire Central des Ponts et Chaussees 

This testing and research government institution has de
veloped computer analyses and controls for batch and 
mixing plants. These have been mounted in a panel 
truck. The truck can go from plant to plant, hook up to 
the plant, and produce charts and analyses of what is 
going on. 

The most fascinating part of this work is the analysis 
of the mixing cycle through a recording wattmeter. The 
wattmeter not only records the power but draws curves 
that provide an analysis of what is actually happening in 
the mixer. Figure 1 is a theoretical delineation of such 
an analysis. The power required to rotate the empty 
mixer is Po. When the materials are introduced, the 
power rises to P1; then, as the water is mixed in and the 
mix becomes plastic, the power drops to P2. The dif
ference between P1 and P2 (aggr egates and cement being 
relatively constant) reflects the amount of water. The 
mixing time is shown as the distance t. As it is mixed, 
each batch provides a chart in front of the operator to 
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Figure 1. Mixing power cycle. 

Power P 

guide him in adjusting the process if needed. The op
erator can abort a batch that looks too far out to be ac
ceptable. This is not computer control of the mixing, 
but it provides a sophisticated tool for the operator to 
see if there is anything wrong with the process. Neces
sary and quick adjustments can then be made. 

Beton de Paris 

In France, only about 30 percent of the concrete used is 
in the form of ready-mixed concrete-a situation dia
metrically opposite to that in the United States, where 
about 80 percent is in the form of ready-mixed concrete. 
Perhaps the largest company producing ready-mixed 
concrete in one city is Beton de Paris (a subsidiary of 
Sablieres de la Seine, which produces aggregates from 
the Seine River). This company operates some 2 5 plants 
in the Paris metropolitan area. Because of heavy traffic 
and narrow streets, rarely is concrete delivered m o1·e 
than 5 or 6 km (3.1-3.7 miles) from the plant. Govern
ment wheel-load limitations do not permit more than 
6 m 3/truckload (9 yd3/tr uckload). This company buys 
its plants manufactured to its specifications and has a 
subsidiary that designs and installs automation. The · 
plants operate on a batch-to-batch cycle but are com
pletely controlled by computers. 

Inasm uch as the load limit is 6 m 3, each load is 
batcJ1ed in two 3-m3 (4.5- yd3

) steps to afford the com
puter an opportunity to control and adjust the weights. 
The information for any particular mix is stored on a 
punched tape. When the tape is inserted in the Singer 
typewriter terminal, the weights for the various com
ponents of the mix are quickly printed on the top line of 
the lower half of the delivery ticket. The upper half of 
the ticket contains information about the purchaser, de
livery address, mix number and type, truck number, 
and so forth. Immediately after the calculated weights 
are printed on the ticket, the first 3-m 3 load is batched , 
mixed, and discharged into the ready-mixed concrete 
truck. Then, it is recorded on the second line imme
diately below the first line. The computer next calcu
lates what the second 3-m3 weights s hould be to com
pensate for the difference between what the computer 
ordered and what the machinery delivered in the first 
batch. This information is printed several spaces be
low on a third line. The computer orders the ma chinery 
to batch and mix the second 3-m3 batch and dis char ge it 
into the truck. At the same time, the second batch's 
actual weights are recorded immediately below the third 
line (as the fourth line). This gives a visual comparison 
between the weights ordered or calculated and the 
weights batched for each half of the total batch (the first 
line of each pa·r represents the calculated weights and 
the second line, the actual weights batched). By adding 
the second and fourth lines, one obtains the weights of 
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the total batch of the 6-m3 load. The computer also 
calculates and prints out the weight per cubic meter of 
the finished total batch. All this information is printed 
on the delivery ticket and goes to the purchaser, who 
then knows exactly what is being delivered. 

Every two plants have a quality-control engineer as
signed to them. The engineer shuttles between them in 
a panel truck with the portable testing equipment, and 
each plant has a small laboratory for heavy testing equip
ment and for storing the concrete cylinder specimens. 
In addition, the company maintains a three-story re
search laboratory in which research and development 
are carried out and where the quality-control operation 
for the whole company is centered. 

French Continuous Batch Plants 

The continuous mixing plants in France have about the 
same general pattern as those in England but differ in 
details. There were two of them in operation at the 
time of my visit, and a much bigger and sophisticated 
one was due to come on-line shortly after. 

Cergy-Pontoise 

The Cergy-Pontoise plant is operated for batching con
crete into ready-mixed concrete trucks and, therefore , 
operates on the continuous-discontinuous principle or 
cycle. It has short conveyor feed belts under the vari
ous bins of ingredients. These discharge onto a col
lector belt that, in turn, discharges into the mixer. It 
was built by using the Rousseau patent system. Basically, 
the bins have a patented design that maintains a constant 
pressure at the discharge gate, regardless of the level 
of material in the bin. This means that the same amount 
of material is continuously discharged through the gate. 
The whole short-feed belt is floating and is weighed with 
the material on it. The weight of the material on the 
belt is controlled by varying the speed of the belt and 
seeing that the amount of material discharged from the 
gate is always constant. Here again, electronic controls 
modulate the speed of the belt to maintain constant 
weight. 

Electric moisture meters measure and correct the 
weight for the water in the aggregates. The mixer is 
of the twin-shaft type so popular in Europe, and many 
of the mixers in France are imported from Germany. 
The claim is that they are better than the French 
equivalents. This is a recording plant, and the com
puter completely controls the plant and even issues the 
bills a s well as the delivery tickets with all the details. 

' 3 -It takes about 1.5 min for a 6-m batch to go through the 
plant operating on this discontinuous batching cycle. The 
plant capacity is limited by the number of trucks being 
loaded, how frequently they are available, and the time 
required to maneuver to receive the load. The capacity 
would increase significantly if the operation were on the 
continuous basis and would result in a lower-variability 
product. 

Conflans 

The Conflans plant is operated by a syndicate of con
tractors that has enough demand to permit the plant to 
operate on a continuous basis-and this is where the 
advantages of the continuous plants appear. This plant 
produces stabilized base mixes with either cement or 
lime as the stabilizing agent. It has a holding hopper to 
even out the truck traffic without disturbing the plant op
eration. It is also built in accordance with the Rousseau 
patents and is completely controlled by a computer that 
also records and issues delivery tickets that show the 
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weight of the loaded truck and its tare weight. It has a 
provision for shortcircuiting the holding bin by loading 
directly into the trucks. It produces 600 metric tons/ h 
(660 tons/h). 

COMPUTER ADVANTAGES AND 
DISADVANTAGES 

Computers have become more and more available today
almost as available to people as the washing machine or 
the automobile. Add to this the fact that computer manu
facturers are lowering the cost and increasing the speed 
of producing calculations, and we have a situation where 
everyone is tempted to rely on reams of paper filled with 
calculations generated by computers. Because of avail
ability and speed, the computer is asked for much more 
than we need or even know what to do with at the current 
stage of our knowledge. This is particularly so in the 
case of calculations for quality acceptance and quality 
control in the construction materials industry. The tests 
performed are relatively crude when compared with the 
statistical analyses available through computers. Simple 
analyses are adequate for the conclusions that can be 
realistically drawn from such data. 

The computer to control the batching and mixing pro
cesses is a much more realistic and valuable tool to 
achieve the production of quality materials with rela
tively low variability and to maintain proper records, 
that is, process control. If materials are batched or 
processed correctly, one needs very little testing and 
such testing is for historical record rather than for ac
ceptance. Batch or process it right, and it cannot be 
anything but right (1). The plants described in this paper 
do just that and, it Ts felt, are more useful than the com
puters that crank out reams of paper filled with numbers 
that leave one aghast and that are really, in many cases, 
not justified by the physical facts of the work (2). 

The mixers in all the plants described in this paper 
are more realistic in their design than the heavy drum 
mixers that consume more energy and metal to manu
facture, use more energy to run, and cost more to main
tain. Moreover, they do not produce mixtures that are 
any better than the twin-shaft type of mixers that are 
lighter, have lower operating costs, and require less 
maintenance. It is time to take this twin-shaft type of 
mixer more seriously in order to lower capital invest
ment costs, lower energy used in running the mixers, 
and lower maintenance cost. 

Computer-Controlled Plants 

The computer is capable of feed-forward that permits it 
to correct errors before the mixture is discharged or to 
even abort it, if it cannot be corrected within the ac
ceptable tolerances. It relieves the strain on the op
erators. It also increases the accuracy and lowers the 
variability of the production, whether on a batch-to
batch cycle or on a continuous cycle operation. The 
operators are happier and develop better attitudes 
toward their work. 

Continuous Proportioning and Mixing 

By eliminating the stop-and-start operation of the plant, 
continuous batching and mixing reduce all the vibrations 
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and surges due to the stop-and-start operation that in
troduce variability in each cycle. It is less hard on 
mechanisms to operate continuously than to take the 
shocks and efforts induced by the stop-and-start cycle; 
therefore, the wear and tear and the maintenance drop 
appreciably. In addition, the first cost is reduced due 
to the possibility of a lighter plant that does not have to 
withstand the shocks; of the starting and stopp ing of heavy 
mixer s. As a result, more s ophisticat ed control is pos
sible because delicate controls do not get as easily out 
of adjustment due to reduced vibration and shocks in the 
stop-and-start cycle. In essence, then, one gets better 
control, more sophisticated p r oportioning, and reduced 
variability (which is the real payofO-all at lower overall 
capital and operating costs. Finally, side benefits are 
less strained, happier, and more satisfied operators and 
better productivity. 

CONCLUSIONS 

The following conclusions may be drawn regarding 
computer-controlled batch plants. 

1. Because of their huge capacity and speed in pro
ducing calculations, computers tend to be used to pro
vide sophisticated analyses of test data that have little 
significance and need in construction. This is due to the 
fact that we know very little of the real meaning of such 
tests and their relative crudeness compared with the re
fined and sophisticated data developed in this fashion. 
A much smaller number of calculations to give direction 
to the decision-making process appears adequate for 
construction-engineering purposes. 

2. On the other hand, computer-controlled batching
and-mixing process operations have a higher payoff in 
reducing variability, correcting the process as need 
arises, and recording what transpired. The computer's 
feed-forward capability permits it not only to correct 
itself but also to abort batches that are way out of toler
ance. 

3. The continuous batching-mixing plants have a 
lower capital cost, lower maintenance, more sensitive 
control mechanisms, lower inherent variability, and 
more positive operator reactions. These advantages are 
all enhanced by the computer control that lowers varia
bility still further and operates the plants more effi
ciently-thus resulting in increased productivity. Ac
tually, without the computer, such continuous plants 
would not have been possible. 

4. When such computer control is used in conjunc
tion with the continuous batching-mixing plants in use in 
Europe, it enhances and controls their operation to pro
duce the best that current technology has to offer in this 
field. 
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