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PREFACE 

The tests reported herein were authorized by letter from Office, 

Chief of Engineers, dated 10 August 1953, subject, "Investigation of 
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Sui table Recording Equipment for Concrete Batch Plants," and form a part 

of Civil Works Investigation Item CW (()1, "Research in Mass Concrete." 

With one exception, all of the equipment described in this report 

was tested in the 2-cu-yd-capacity batching plant used by the Concrete 

Division, Waterways Experiment Station. The investigation was conducted 

under the supervision of Mr. J. R. Gilbert, formerly of the Office, 

Chief of Engineers, Messrs. T. B. Kennedy, Chief, and H. K. Cook, former 

Chief, of the Concrete Division, by Messrs. C. H. Willetts, W. O. Crawley, 

W. O. Tynes, and R. A. Bendinelli, of the Concrete Division, Waterways 

Experiment Station. This report was prepared by C. H. Willetts. 
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SYNOPSIS 

Leading manufacturers of concrete batching and recording equipment 

were contacted to determine various types of new or improved batching 

and recording devices available for evaluation testing. The tests were 

conducted, except for one, at the 2-cu-yd-capacity batch plant of the 

Waterways Experiment Station. Six mixtures were employed using pea 

gravel (100 per cent passing 3/8-in. sieve) to simulate the ingredients 

normally contained in concrete mixtures. A minimum of 500 batches was 

used to evaluate the weighing and recording equipment. One ingredient 
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or group of ingredients was selected from every fifth batch to be weighed 

in order to check the accuracy of the weighing equipment. 

The tests showed that none of the manufacturers' equipment met all 

the requirements of the then current "Standard Guide Specifications for 

Concrete"; however, parts of each plant did comply with these specifica

tions. The test program achieved and presented to the various manufac

turers a clearer concept of the intent of the Corps of Engineers speci

fications regarding concrete-mixing and batching-plant equipment. 



TESTS OF WEIGHING AND RECORDING EQUIPMENT 

FOR CONCRETE BATCHING 

PART I: INTRODUCTION 

Specifications for Weigh-batching Equipment 

1. The "Standard Guide Specifications for Concrete"* permit the use 

of cumulative weigh batchers in lieu of individual weigh batchers for 

work requiring the use of not more than two separated size groups of 

coarse aggregate provided the cement is weighed and batched separately 

from the aggregate. Each weighing unit is required to include either a 

visible springless dial to indicate scale load at all stages of weighing 

from zero to full capacity, or an over-and-under indicator having a 

travel of at least 5 per cent of the capacity of the beam to show the 

scale in balance at zero load and at any beam setting. An accurate re

corder that will record on a single visible chart or tape the weights of 

materials to be batched prior to delivery to the mixer, the time of day 

to at least the nearest 15 minutes, and the batch loads before and after 

discharge into the mixer is required for all plants. 

Purpose of Tests 

2. The purpose of these tests was to determine the extent to which 

available commercial weighing and recording equipment complied with the 

requirements of the Standard Guide Specifications, and to develop stand

ardized requirements for such equipment used in the production of con

crete for the Corps of Engineers. 

Scope of Tests 

3. Fourteen manufacturers were invited to submit equipment for 

* CE 1401.01, October 1943, published by Office of the Chief of Engi
neers, Corps of Engineers, Department of the Army. 
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testing. The following six manufacturers submitted equipment: 

The Noble Company, Oakland, California 

The Conveyor Company, Los Angeles, California 

The Hardy Scales Company, Maywood, California 

The Butler Bin Company, Waukesha, Wisconsin 

The C. S. Johnson Company, Champaign, Illinois 

The Blaw-Knox Company, Pittsburgh, Pennsylvania 

4. Each of the six companies was represented by technical personnel 

during the installation, adjustment, and performance tests of equipment 

furnished by it. All installation and adjustment operations were con

ducted in accordance with the instructions of the representatives of the 

manufacturers. The companies are designated A through F, not in the 

order listed above. 

Mixtures Used for Tests 

5. The six simulated concrete mixtures used are listed below: 

a. Exterior concrete with 6-in. aggregate.* 

b. Interior concrete with 6-in. aggregate.* 

c. Mixture with 3-in. aggregate.* 

d. Mixture with 1-1/2-in. aggregate.* 

e. Mixture d limited to 1-cu-yd yield. 

f. Mixture d limited to 1.45-cu-yd yield. 

6. Each set of equipment furnished was used to produce 500 batches 

of simulated concrete. The six concrete mixtures were simulated by use 

of proportionate weights of pea gravel to represent the various in

gredients. A check weighing was made on every fifth batch. 

Batching and Mixing Plant 

7. The tests were conducted at the Jackson (Mississippi) Suboffice 

of the Waterways Experiment Station using the concrete batching and 

* Mixtures proportioned for 2-cu-yd yield. 



3 

mixing pl.ant avail.able there. This plant, shown in photograph 1, was 

obtained in 1951 and includes eight materials bins: one for 3- to 6-in. 

coarse aggregate, three for smaller sizes of coarse aggregate, two for 

fine aggregate, and two for cement and/or mineral admixtures. The ag

gregate bins are loaded by an inclined belt conveyor, the cement bins 

by a bucket elevator. The aggregate bins discharge into one cumulative 

weigh hopper. Concrete is mixed in a 2-cu-yd, revolving drum, tilting 

mixer. Material storage is sufficient for the production of approxi

mately 50 cu yd of concrete. 
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PART II: DESCRIPrIONS OF EQUIPMENT TES'rED 

Equipment Furnished by Company A 

Indicating equipment 

_a_. This -equipment consis±ed nr three units! two dial heads (one for 

aggregates and one for cement) mounted on separate stands and a central 

control cabinet. The dial heads are shown in photographs 2 and 3, and the 

control cabinet in photograph 4. The dial heads house mechanisms for en

ergizing various relays, switches, and timers in the control cabinet. The 

control cabinet houses, in addition to this electrical equipment, some 

electronic equipment and two ATC strip chart recorders. 

9. The dial heads provide visual weight indications and house the 

electrical mechanisms shown in photograph 3. An electrical signal is 

transmitted from this mechanism to an amplifying unit in the control cab

inet (photograph 5), where the intensified signal is used to energize 

various relays and timers controlling operations of solenoid valves of 

the aggregate batching equipment or for control of the valves or screws 

used in batching cement. The signal pick-up and transmitting apparatus in 

the dial heads offers no frictional resistance to the operational parts of 

the scale portion of the dial head. 

10. The operator activates the system by turning on a POWER switch 

and adjusting a switch marked MANUAL - AUTOMATIC to the mode of opera

tion desired. A 3- to 5-min waiting period is required for the elec

tronic equipment to reach proper operating temperature. The desired 

weight of each material in a batch, less the estimated weight of the mid

air material, is then set on the weight-selector located on the control 

panel. Each weight-selector dial has graduations identical with those 

on the large scale dial. All weight settings represent accumulative 

weights of batch ingredients irrespective of the order of batching se

quence. The weight-selector dials are set in rows from left to right 

across the panel board. If more than one class of concrete is desired 

the panel board may be equipped with any number of additional rows of 

weight-selector switches. Correspondingly, the number of selections 



available on the batch selector switches need only be increased to take 

care of the extra added rows of weight-selector dials. The batch

selector-switch faceplate is numbered according to the number of rows 
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of weight-selector switches contained on the panel board. The materials 

for any class of concrete may be batched in any sequence desired in the 

weighing process by setting the gate-sequence-selector switch to the 

desired position for a particular batch ingredient. If the sequence 

on the gate-sequence-selector switch is not that desired when changing 

from one class of concrete to another, the new sequence for charging 

materials must be set on the gate-sequence-selector switches. One gate

sequence-selector switch controls only one row (top to bottom) of weight 

selector switches. It is possible to delete materials from any given 

batch by turning the gate-sequence-selector switch for that material to 

zero. The weigh cycle can be stopped and continued at the discretion 

of the operator by using the inspection switch; this arrangement greatly 

simplified the check-weighing of any given component of any batch. 

After the weighing cycle has been completed the aggregate and cement 

hoppers can be dumped by activating the pertinent discharge switches. 

Further batching cannot proceed until the dial scale indicates a full 

return to zero and that the discharge gates are fully closed. The dis

charge operation is also interlocked against dumping of an incomplete 

batch of either aggregate or cement. Approximately 30 sec were required 

to batch the aggregate and cement components used during this series of 

tests. 

Recording equipment 

11. Automatic recordings of each batch ingredient were made on 

two ATC strip-chart recorders (one for aggregates, one for cement) 

illustrated in photographs 4 and 6. The dial head instrumentation for 

the automatic recorders is shown in photograph 3. Instrumentation for 

one of the recorders housed in the operator's cabinet is shown in photo

graph 6. Each recorder can be stopped or started at any time. The 

recording pens indicate the weight or accumulative weight for each ag

gregate. Since only one cement scale was used, a single line was made 

indicating total weight. The weights for the separate batch ingredients 
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were indicated by a line drawn by the pens from left to right as each 

material was batched. The length of the line drawn varied with the 

number of materials in a batch and weight of each material batched. The 

time of day, batch numbers, or batch components were not indicated on 

the chart. 

Equipment Furnished by Company B 

Indicating equipment 

12. This equipment consisted of two dial heads (one for aggregates 

and one for cement) of standard manufacture, each mounted upon a single 

cabinet housing a programming motor with necessary relays and micro

switches. Photograph 7 shows the aggregate and cement scales. The 

necessary automatic devices for control of the indicating equipment are 

mounted on each dial head. The dial head utilizes photoelectric assem

blies, microswitches, programming motor, and interlock switches in con

trolling the various solenoid gate valves. The dial head is made up of 

three separate units: (1) the weight indicating unit, (2) a unit located 

in the front portion of the dial head used to control weigh-batching 

operations, and (3) a unit located in the rear of the dial head used to 

control the recording equipment. All three units act simultaneously to 

automatically operate the recording and weigh-batching equipment. A 

functional description of the front unit used for control of the weigh

batching operations is given in the following paragraphs. 

13. The center section of the transparent plexiglas dial face had 

been removed in order that a steel ring might be installed, as shown in 

photograph 8. This steel ring is used to support the cutoff signal 

lights and to support the body of the photo-relay housing. A lucite 

pointer fastened on the scale indicator hand is used to transmit light 

rays from the signal light to a photoelectric tube. A steel cover is 

used over this assembly to exclude the influence of outside light sources 

on the photoelectric relay system. When the operator activates the 

weigh-cycle mechanism, a programming motor starts and runs until the 

first batching phase has started. The motor then stops momentarily. 



Immediately after starting, the programming motor activates the first 

cutoff light in the dial head, a light on the operator's panel board, 

and a microswitch which energizes the solenoid air valve to allow the 

first of the material gates to open. As the material is discharged 

into the weigh hopper, the lucite indicator of the dial travels from 

zero towards the cutoff light. When the indicator receives the first 

light ray, it transmits the ray to a photoelectric tube, and the dis

charge gate is closed; the first signal light is extinguished and the 

programming motor is started for the next phase of operation. After 
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the necessary weighing phases have been completed, the programming motor 

ceases to function and through an interlocking system will not operate 

again until the lucite indicator has returned to zero. This prevents 

accumulative carry-overs of material in the weigh hopper. Approximately 

50 seconds are required to weigh all components of a simulated 2-cu-yd 

batch of 6-in. aggregate mass concrete. 

14. The cement weighing operation was as described for the ag

gregates, and was completed after one weigh cycle since only one cement 

hopper was used in these tests. 

Recording equipment 

15. This equipment, shown in photographs 9 and 10, consists of two 

sections, one located at the rear of the dial head assembly and one re

mote printing assembly. 

16. The dial head assembly consists of a motor-driven, large

diameter gear, with a sign.al lamp set at the zero position of the gear, 

a selsyn motor, lucite pointer, and photoelectric tube acting through 

various electrical relays, microswitches, and electronic equipment. 

17. The remote printer consists of a receiving selsyn motor, a 

printing unit with a reversible, accumulator-type printing head, and a 

small motor used to advance the paper. The printing unit uses a special 

waxed-back paper which will print the necessary recordings and copy 

without ink. 

18. Operation of the recorder starts as soon as the weigh cycle 

is energized. The discharge of materials into the weigh hopper causes 

the front indicator to advance. This action closes the electrical 
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circuit to the recording motor in the dial head and causes the large gear 

at the rear of the dial head to follow the advancing front indicator. 

When the front indicator stops after receiving an impulse from the cutoff 

light, the photoelectric tube in the rear of the dial head is activated. 

The weight indicator in front and the indicator in the rear are always 

in the same relative positions. When controlled by the front indicator, 

the large gear will rotate and stop slightly behind this indicator. How

ever, when the front indicator stops, a "follow-up" circuit is employed 

to control the large gear and allows the gear to proceed until a signal 

lamp, set at a predetermined zero position on the gear, is exactly op

posite the rear indicating wand. This action freezes the gear motion 

and stops a selsyn motor, the shaft of which is attached to the hub of 

the gear. The selsyn motor in the recording unit also stops from this 

action and in turn stops the numbering wheels in the recording unit. 

This action in turn activates the motor which operates the printer and 

advances the paper. An electrical impulse is sent to the programming 

motor just before the cycle has been completed causing the programming 

motor to advance to the next weigh cycle. When all weigh cycles have 

been completed the printer ceases to function with the printing of the 

last accumulative weight, but is reactivated again when the weigh batcher 

is discharged so that the printer will either print the weight left in 

the hopper or indicate a zero weight. 

Equipment Furnished by Company C 

Indicating equipment 

19. This equipment consisted of four cabinets housing the aggregate 

and cement weighing equipment. The fine and coarse aggregate weighing 

mechanisms are housed in two cabinets, one containing a tare beam with 

balance indicator (one weigh beam for each fine and coarse aggregate 

component), and the other housing microswitches, solenoids, time-delay 

switches, time-interlock switches, and the operator's panel for con

trolling the various electrical circuits. A dial scale equipped with a 

weigh printer and a batch counter is mounted on top of the latter cabinet. 



The cement weighing mechanism is also housed in two similar cabinets. 

The only difference between the cement and fine and coarse aggregate 

weighing equipment is the number of weigh beams used in each system. 

Photograph 11 shows the dial indicator, operator's panel board, and 

relay cabinet, and beam scales typical of that used for both weighing 

systems. 
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20. Aggregate weighing. When the operator activated the control 

circuit, after setting the cutoff weight on each weigh beam, a solenoid 

released the poise beam controlling the weight of the first material to 

be batched. In the meantime, the solenoid controlling the air-ram fill

ing gate had been activated placing material in the weigh hopper. When 

the beam contact switch had been broken, as a result of the weight of 

the material in the hopper causing the weigh beam to rise, contact con

trolling the filling gate mechanism was also broken. This action closed 

the filling gate for the first material. A time-interlock switch then 

allowed enough time for the scale to settle and the dial scale to stop 

oscillating before the weight and batch numbers were printed. A time

delay switch then allowed enough time for the printer to operate before 

the next weigh beam was dropped and the second discharge gate opened. 

This sequence of operations was repeated until all materials had been 

weighed and a record of the weight printed before the discharge circuit 

was set up. 

21. Cement weighing. When the operator activated the control cir

cuit after setting the cutoff weight on the weigh beam, a solenoid con

trolling the air-ram filling gate was activated, placing material in the 

weigh hopper. When the beam contact switch had been broken by the 

weight of material in the hopper causing the beam to rise, contact con

trolling the filling gate mechanism was also broken. This action closed 

the filling gate. A time-interlock switch then allowed enough time for 

the scale to settle and the dial scale to stop oscillating before the 

weight and batch numbers were printed. A time-delay switch then allowed 

enough time for the printer to operate before completing the discharge 

circuit. (For this test and because pea gravel was used to represent 

cement, the existing clamshell gate with air-ram operation was used. 



10 

Had cement been used, a rotary vane feeder with fast and dribble feed 

would have been employed.) 

22. After the discharge circuit had been activated by the operator, 

the discharge gates opened to allow all material to discharge from the 

hopper. All weigh beams were then locked out to check the balance of 

the weigh hopper. The overweight contact on the contact switch pre

vented closing of the discharge gate until the hopper, on zero weight, 

was within the tolerance set for the empty weigh hopper. Approximately 

70 to 92 sec were required to weigh all components of a simulated 2-cu-yd 

batch of 6-in. aggregate mass concrete. 

Recording equipment 

23. This equipment, shown in photograph 11, uses a roll of paper 

4 in. wide. One recorder was used for the cement and one for all the 

aggregates. The weight, or accumulated weights, are recorded on the 

left side and the batch number on the right side of the roll. When any 

one material is omitted from the sequence of weights originally pro

grammed, a number identical with the last recorded weight is repeated 

showing that no material has been added. If the programming sequence is 

known, the material omitted can be identified. 

Equipment Furnished by Company D 

Indicating equipment 

24. This equipment consisted of two cabinets, each having five 

component parts, including a dial scale, a strip recorder, "over-under" 

indicators (all mounted on top of each cabinet), standard poise-beam 

scales, and necessary electrical equipment for control of the weighing 

sequence and quantities of materials batched. A small control box con

tains the electrical control circuits and is attached to the side of the 

main cabinet. The operating controls are mounted on the front panel of 

the control box. Each cabinet contains like equipment except that the 

cabinet housing the cement-control mechanisms contains only one beam 

balance. Photograph 12 shows the aggregate and cement weighing mechanisms 

with operating control panels. 
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25. The equipment is a beam-dial-indicator, electrically controlled 

batching device, and operating solenoid air-ram weigh-batching gates. 

The entire weighing cycle is controlled by a series of relays and a 

timer, mounted in the control box. The primary control for each mate

rial being weighed is the scale indicator mounted on top of the beam 

cabinet. The dial head mounted on top of the beam cabinet operates the 

strip chart recorder and furnishes a visual indication of the quantity 

of each batch component being weighed during batching operations. 

26. When the system is energized, the poise beams are locked out 

of operation by solenoids. This action permits the scale indicator to 

go to balance or zero position. Signal lights indicate that the hopper 

is empty and the weigh-batch-discharge gates are closed. After the 

operator starts the first weigh cycle by pressing a button, the lights 

are extinguished and the first beam lock solenoid is de-energized putting 

the first weigh beam into position on the master beam, which unbalances 

the weight indicator. A circuit is then energized to activate the sole

noid air-ram discharge gate of the first material bin. When the weigh 

hopper has received approximately all of the material scheduled, the in

dicator mechanism closes the gates of the material bin. However, since 

an unbalanced position still exists in the control circuit, a limit 

switch located on the bin gate causes the gate to reopen and close. 

This "jogging" action continues until the balance indicator shows a 

balanced or zero position. When the balanced position has been achieved, 

the second beam solenoid is de-energized and the weigh cycle is repeated. 

This cyclic action continues until the final weight balance position is 

reached, then all weigh beams are locked out of action. The indicator 

goes to the overweight position; a signal lamp on the operator's panel 

then indicates that the weigh batcher is full and can be discharged. 

The operator discharges the material by activating a circuit controlling 

the solenoid air-ram discharge gates on the weigh hopper. These gates 

remain open until a time-delay switch, activated when the scale indicator 

returns to zero balance position, becomes energized. After the gates 

have closed, it is then possible to clean out the hopper by alternately 

pressing and releasing the "open" and "close" buttons on the control 
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panel. The weigh-batching operations are fully interlocked at all times, 

me.king it impossible for any two operations to occur at the same time. 

Cement weighing operations are identical with those described for one ag

gregate weigh cycle. Approximately 41 sec were required to weigh all 

components of a simulated 1-cu-yd batch, and 47-50 sec to weigh all com

ponents of a 1.45-cu-yd batch of 1-1/2-in. aggregate mass concrete. Dis

charge time for all materials ~s 15-17 sec. 

Recording equipment 

27. This equipment, shown in photograph 13, utilizes a roll of 

paper 6 in. wide with perforated edges for the drive mechanisms. Two 

recorders were used in this series of tests, one for cement and one for 

aggregates. The recording pen indicates each weight or cumulative weight 

by drawing a line from left to right as each material is batched. The 

length of the line varies with the weight of each material batched. The 

paper has vertical reference lines, with weight identification figures 

printed at intervals along the lines, from which the recorded material 

weights can be evaluated. Time of day is not printed but is a relative 

:function of the spacing of the horizontal lines of the graph paper and 

the speed of movement of the paper. In this installation, the horizontal 

lines were spaced 1/2 in. apart, and the chart moved past the recording 

pen at a rate of 1 in. per minute. Batch components and batch numbers 

were not indicated. 

Equipment Furnished by Company E 

28. Two sets of equipment were furnished by Company E for this 

series of tests. One was installed and tested at the Waterways Experi

ment Station Suboffice at Jackson, Mississippi, the other was installed 

and tested at the manufacturer's factory. The equipment tested at the 

Waterways Experiment Station is shown in photographs 14 and 15, and 

was similar to that tested at the factory with the exceptions described 

in paragraphs 39-40. 

Equipment tested at factory 

29. The tests at the manufacturer's factory were observed by a 
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representative of the Office, Chief of Engineers, and a representative 

of the Waterways Experiment Station. The equipment was installed in a 

full-scale laboratory plant which the company maintains to permit full

scale tests of their products. The plant consists of an 11-ft-diameter, 

open-top, circular bin with cone bottom supported on legs. The top is 

25 ft 6 in. and the bottom of the cone 14 ft 9 in. above ground. 

30. A single material batcher, complete with scale frame, scale 

lever system, air-operated fill gate and weigh hopper With an air-

operated discharge gate, is suspended from the bottom of the cone. The 

air cylinders for fill and discharge are controlled by solenoid air valves. 

The weigh hopper is 4 ft in diameter and has a water-level capacity of 

38 cu ft. 

31. A batcher is suspended on an independent frame immediately 

below the single material weigh hopper. This batcher, with poise beam 

and beam-balance indicator, has no fill valve but has a manually operated 

discharge gate. The weigh hopper is rectangular in shape and has a 

water-level capacity of 80 cu ft. This weigh hopper is suspended above 

an inclined belt conveyor. All of the above is so arranged that the 

material may be drawn from the storage bin above, weighed in the single 

material weigh hopper, discharged into the weigh hopper below, weighed 

again using the weigh beam and beam balance indicator, and finally dis

charged onto the belt conveyor. 

32. The belt conveyor has an 18-in. belt 16 ft long and is equipped 

with a chute which permits the material to be discharged into the boot of 

an elevator. The elevator is of the centrifugal discharge type, approxi

mately 30 ft 6 in. high with 12-in.-by-7-in. buckets. The elevator is 

arranged to discharge into the storage bin previously described. Thus, 

it is possible to circulate the material from the bin, through the two 

weigh hoppers, and return it to the bin by means of a belt conveyor and 

bucket elevator. 

33. Indicating equipment. The last lever in the lever system for 

the upper batchers is connected to the pull rod of the dial unit by a 

small-diameter, stranded, stainless steel wire which passes over a pulley 

designed to operate with a minimum of friction, thus effectively 
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transmitting the scale pull from the last member in the scale lever system 

to the dial unit itself. The scale pull-rod is hooked to a draft band 

which is wrapped around a hub concentrically mounted on a shaft to which 

a pendulum is attached. In operation, the pull on the transmission wire 

produced by the weight of material in the hopper is balanced by the moment 

of the pendulum weight. A long rod is pivotally connected to an arm on 

the pendulum shaft. This rod is vertical, or nearly so. Rotation of 

the pendulum shaft causes the rod to rise and fall. Another vertical 

rod is suspended from a pivot block which is pinned to the top of the 

first rod. The second rod rises and falls between guide rollers which 

effectively hold it in the vertical position. This rod has a small rack 

which engages a pinion on the dial-pointer shaft thus causing rotation of 

the pointer with rotation of the pendulum shaft. The unit is so con

structed and calibrated that the weight of the material in the hopper is 

directly indicated on the dial by the dial pointer. 

34. The operator, when turning the selector switch to the "batch" 

position, completes the fill-valve circuit which energizes the air-valve 

solenoid thus opening the fill valve. The fill valve will stay open 

until this circuit is interrupted, which occurs, as will be explained, 

when the preselected weight of material is in the weigh hopper. 

35. On the pivot block at the top end of the two vertical rods are 

three contact pins, side by side, which rise and fall with changes of 

weight in the weigh hopper. When the hopper is empty these pins are in 

their lowermost position. Three solenoids are mounted above these con

tact pins. Each solenoid has an armature which is normally suspended 

3/8 to 1/2 in. below its centered or energized position. The whole as

sembly is so arranged that as material flows into the weigh hopper and 

the pivot block rises the pihs make contact with the bottom of the arma

tures. At the instant each contact is made a circuit is completed en

ergizing the solenoid and causing the armature to jump away from the 

contact pin thus relieving the scale of any effect of the contact weight 

while at the same time the circuit which caused the fill valve to open 

is destroyed, thus closing the fill-gate valve and cutting off the flow 

of material. 
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36. Three contacts are provided, one for a preliminary cutoff 

which reduces the rate of material flow, a second contact is set for the 

final weight, and the third is the overloRd contact. 

37. The armatures and solenoids are supported by a frame which 

may be positioned so that final contact is made anywhere between zero 

and full-scale readings. Its position is established by one of twelve 

selector screws, all mounted in a turret. These screws are individually 

preset to produce final cutoff at the desired weight. The turret is 

rotated by means of a rack and pinion, and its position is controlled 

by a mix selector handle which is mounted on the upper right-hand corner 

of the case. This allows the operator to bring into action any one of 

the twelve mix selector screws. 

38. Recording equipment. The recorder is mounted in the lower 

portion of the control case. It consists of power-driven and rubber

type rolls over which the 36-in. plain white paper travels, a stamp that 

stamps the time of day, the day, month, and year every time a batch is 

discharged, and a stamp for sequence numbering. The rubber-type rolls 

print the weight indication or reference lines as the paper moves from 

the supply roll to the windup roll. The pens, which graphically record 

the weight of the material in the weigh hopper, are mounted on pen arms 

firmly attached to the pendulum shafts of the dial units above. Rota

tion of the shaft causes the pens to sweep across the paper. Since, by 

design, a lateral displacement of the pen is proportional to the weight 

of the material in the weigh hopper, the pen produces a graphic record 

which indicates the weight in the weigh hopper. Both the time and date 

stamps and the sequence counter are actuated by small air cylinders 

which in turn are controlled by small solenoid valves. 

Equipment tested at Waterways 
Experiment Station Suboffice 

39. The equipment tested at the Waterways Experiment Station Sub

office was similar in many respects to that described above. The re

corder, in this case, was mounted in a separate cabinet and the pen 

position was controlled by two induction coils, one mounted with the 

dial unit and one mounted with the pen and so arranged and electrically 
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connected that displacement of the pendulum shaft caused corresponding 

displacements of the pen in the recorder unit. 

4o. A further variation between the two sets of equipment tested 

was that the set tested at the Waterways Experiment Station Suboffice had 

two dial units, each housed in a separate case. One of the dials was con

nected to the cement scale and was complete with mix selector. In this 

respect it was similar to the equipment tested at the manufacturer's 

factory. The other was arranged for accumulative weighing of aggregates. 

In this case the turret was equipped with five selector screws, one for 

each of the five materials weighed accumulatively. The turret was ro

tated by an electric motor to which a rotary selector switch was con

nected. When the operator turned his control switch to the batch posi

tion the motor turned the turret through an angle of tfJ degrees, bring

ing into position a selector screw and closing a circuit through one 

point of the rotary selector switch. This selector screw positioned the 

cutoff assembly for the proper amount of the first material which was to 

be weighed accumulatively. The turret remained in this position until 

final weight was reached, at which time the motor rotated the turret 

again, bringing the second selector screw into the operating position. 

The rotary selector switch served to select the fill valve which was to 

be operated in conjunction with the material selector screw. In this way 

the cutoffs were progressively changed and the fill gates progressively 

selected to allow automatic weighing of each one of the five aggregates. 

41. Six different turrets, each with a full complement of screws, 

were supplied with the unit thus allowing the presetting of six different 

mix selections and requiring that the turret be changed only when one mix 

was changed to another. 

42. The recording unit tested at the Waterways Experiment Station 

was equipped with two drive motors, a high speed and a normal speed, to

gether with overrunning clutches allowing either one to drive the recorder 

paper. This high-speed drive caused the pen to produce a straight line, 

corresponding to the weight of the material in the weigh hopper, each 

time one of the fill gates was closed and prior to the opening of the 

next fill gate, thus producing a record from which the amount of material 
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in the weigh hopper could readily be determined in successive steps, as 

the various aggregates were batched. 

Zero interlock 

43. The dial unit tested at the manufacturer's factory was supplied 

with a reverse contact to provide an "empty hopper" interlock. This 

contact was made when the pivot block returned to its zero dial position. 

In order to remove any effect of contact pressure on the scale, even at 

the zero dial position, a solenoid was included to cause retraction of 

the zero dial contact similar to that described in connection with the 

control contacts. 

Equipment Furnished by Company F 

Indic_a ting equipment 

44. This equipment consisted of three component parts, a standard, 

back-balance, 6-poise-beam scale cabinet with automatic and manual lock

out controls for fine and coarse aggregates, a standard, back-balance, 

1-poise-beam scale cabinet with automatic and manual lockout control for 

cement, and one operator's control stand. Full vision, beam-balance 

indicators were mounted on top of each of the beam cabinets. Photo

graph 16 shows the cement scale and photograph 17 shows the aggregate 

scale with the beam control relays. 

45. The automatic beam scales for weighing the concrete mix mate

rials were operated through a series of time-delay switches, micro

switches, time-interlock switches, and a photo-relay assembly, all of 

which were used to control various solenoid valves. When the operator 

activated the weigh cycle circuit, current passed through a master 

clock switch, to the poise-beam-unlocking switch to a solenoid valve 

which operated a cam that unlocked the poise beam of the first material 

to be batched. When the poise beam was unlocked, it fell and rested on 

the suspended saddle of the master beam and upset the normal balanced 

position of this beam. This action pulled the weight indicator to 

"under" which allowed a small light to stimulate the photo-relay as

sembly resulting in activation of the solenoid valve which operated 
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the air ram of the appropriate clamshell gate on the material hopper. 

This action allowed the gate to open and discharge the material into the 

weigh hopper, thus causing the weigh indicator to rise. When the weigh 

indicator reached the cutoff position the light stimulaing the photo

relay assembly was "blacked out," closing the circuit to the solenoid 

valves operating the air ram on the clamshell gates, and resulting in 

gate closure. Approximately 4o sec were required to weigh all components 

of a simulated 2-cu-yd batch of 6-in. aggregate mass concrete. 

46. When the weight indicator of the aggregate beam scales reached 

the cutoff position, other master clock circuits were closed and other 

microswitches activated so that a continuous weigh schedule was main

tained until all materials for the batch had been weighed. The cement 

weighing operation was completed after one weigh cycle since only one 

cement hopper was used in these tests. When the batch was dumped the 

poise beams of both scale cabinets were locked out and the weight in

dicators came back to zero position when the weigh hopper was empty. 

Recording equipment 

47. This equipment, shown in photographs 18 and 19, uses a roll of 

paper 19 in. wide with round, center perforations for the drive mechanism 

and oblong perforations on the left and right margins to allow for paper 

expansion and contraction. The cement (and water when actually making 

concrete) are recorded on the left half of the chart and the sand and 

four sizes of coarse aggregate on the right half. A clock mechanism 

moves the roll of paper at a slow rate of speed whenever materials are 

being batched. The recording pens, one for each side of the paper, draw 

lines from left to right as the cement and aggregates are weighed. The 

length of line drawn varies with the weight of material being batched. 

Reference lines are drawn by cliplike inking pens attached to a bar 

across the top of the chart. The positions of the reference lines were 

changed each time the mix was changed. The line drawn on the aggregate 

side of the chart represented the accummulated aggregate weight with 

small jogs in the line where the weighing of one size material stopped 

and another size started. The recorder printed the time of day to the 

nearest 15-min interval and designated the component weighed by printing 



3/4, 1-1/2, 6, etc., in appropriate position over the lines on the 

chart. The recorder does not number the batches. 
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PART III: TEST MATERIAIS AND PROCEDURES 

Materials and Mixtures 

Materials 

48. Pea gravel (100 per cent passing 3/8-in. sieve) was used to 

simulate each of the ingredients normally contained in the concrete mix

tures. The weight of each ingredient was automatically recorded as it 

was batched. 

Simulated concrete mixtures 

49. Not less than 500 simulated concrete batches each of 2-cu-yd 

volume were produced from four basic mixtures (a, b, c, and d), using the 

weighing and recording equipment furnished by Companies B, c, E, and F. 

The equipment furnished by Company A was used to test mixtures c and d 

only. Data on the batches are as follows: 

Material Mixture a Mixture b Mixture c Mixture d 

Cement, lb 752 423 564 94o 
Sand, lb 1290 1510 1780 2030 
No. 4 - 3/4-in. material, lb 78o 905 1410 2385 
3/4 - 1-1/2-in. material, lb 1175 1210 1970 2385 
1-1/2 - 3-in. material, lb 1765 1815 2255 ---------
3 - 6-in. material, lb 2055 2115 --------- ---------Water, lb 376 326 338 470 
Total (without water), lb 7817 7978 7979 774o 
Total aggregate, lb 7065 7655 7415 68oo 
CF, bags per cu yd 4.oo 2.25 3.00 5.00 
Sand-aggregate ratio, ~ 18.0 20.0 24.o 30.0 
Water-cement ratio (by wt) 0.50 0.77 o.€io 0.50 
Mixture type 6-in. ex- 6-in. in- 3 in. 1-1/2 in. 

terior terior 

50. Not less than 500 simulated concrete batches were produced from 

two basic mixtures using the weighing and recording equipment furnished 

by Company D. Simulated coarse aggregate larger than 1-1/2 in. was not 

used because the equipment tested contained only three aggregate weigh

ing units. Data on these batches are as follows: 



Material 

Cement, lb 
Sand lb 
No. 4 - 3/4-in. material, lb 
3/4 - 1-1/2-in. material, lb 
Water, lb 
Total (without water), lb 
Total aggregate, lb 
CF, bags per cu yd 
Sand-aggregate ratio, % 
Water-cement ratio (by wt) 
Volume of batch, cu yd 

Mixture e 

470 
1015 
1200 
1200 

267 
3885 
3415 

5.00 
29.7 
0.57 
1.00 

Procedures 

Mixture f 

682 
1470 
1730 
1730 

387 
5612 
4930 

5.00 
29.7 
0.57 
1.45 
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51. One ingredient or group of ingredients was selected from every 

fifth batch to be reweighed to check the accuracy of the weighing equip

ment. A general outline of the reweighing routine is given below. De

tailed schedules of the reweighing procedure are shown in tables 1, 2, 

and 3. 

Mix
ture 

a 

b 

c 

d 

No. of Batch 
Batches Checked 

1 5 
through 10 

20 15 
20 

21 25 
through 30 

(io 35 
40 
45 
50 
55 
(io 

61 65 
through 70 

80 75 
80 

81 85 
through 90 

100 95 
100 

Batch Component Weighed 

Cement 
3/4-in. aggregate 
3/4- plus 1-1/2-in. aggregate 
Total batch including cement 

Cement 
Cement 
3/4-in. aggregate 
3/4- plus 1-1/2- plus 3-in. aggregate 
3/4- plus 1-1/2- plus 3-in. aggregate plus sand 
Total aggregate 
3/4- plus 1-1/2-in. aggregate 
3/4-in. aggregate 

Cement 
3/4-in. aggregate 
3/4- plus 1-1/2- plus 3-in. aggregate 
Total aggregate 

Cement 
3/4-in. aggregate 
3/4- plus 1-1/2-in. aggregate 
Total aggregate 

Note: This sequence was repeated for batches 101 to 200, 201 to 300 1 301 
to 400, and 401 to 500. 
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52. Batches to be check-weighed were caught in a specially prepared 

dump truck and taken to the weighing area where the weight of the batch 

was determined by use of a dial scale having a maximum capacity of 2~0 

lb. Batches that were not check-weighed were caught in dump trucks and 

taken to the conveyor belt hopper aild returned to the overhead bins of 

the batch plant. 
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PART IV: SUMMARY OF RESULTS 

53. The equipment was tested in a cumulative-weighing plant. How

ever, all equipment tested is considered satisfactorily adaptable to 

either a cumulative-weighing plant or an individual-weighing plant. 

54. All equipment tested provided a satisfactory interlock to pre

vent a batching cycle from being started before all batchers were empty. 

55. All equipment tested provided satisfactory indicating devices 

either in the form of a springless dial which indicates scale loads at 

all stages of the weighing operations, or in the form of an over-under 

indicator which shows the scale in balance at zero load and at any beam 

setting. The over-under travel of the Company C and the Company F in

dicators is less than 5 per cent of the weigh-beam capacity. 

56. The accuracy of the batching and recording equipment, as de

termined by check-weighings, is summarized in the tabulation below. For 

material weighed in the aggregate batcher, accuracy is expressed as the 

percentage of separate weighings in which the variation between the scale 

setting and the actual weight and the variation between the recorded 

weight and the actual weight is less than 2 or 3 per cent. For material 

weighed in the cement batcher, accuracy is expressed as the percentage 

of separate weighings in which the variation between the scale setting 

and the actual weight and the variation between the recorded weight and 

the actual weight is less than 1 per cent. 

Material Weighed in Material Weighed in 
Aggregate Batcher Cement Batcher 

Scale vs Recorder vs Scale vs Recorder vs 
Actual Wt Actual Wt Actual Wt Actual Wt 

Company <2Cf0 <3% ------ <2Cf0 <3% <lCfO <1% 

A 98 100 99 100 85 90 
B 90 93 97 97 90 85 
c 84 97 94 100 6o 70 
D 80 93 83 98 85 70 
E ~at WES~ 56 76 20 36 44 16 
E at mfr 100 100 20 100 30 20 
F 84 93 * * 75 * 
* Recorder of Company F does not record weight of material. Scaling to 

determine weight is not accurate. 
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57. The characteristics of the recorders tested are tabulated 

below: 

Recorder Characteristics Yes 

1. Graphic recorder ADEF 

2. Printing recorder BC 

3. Housed in single cabinet ADEF 

4. Capable of being locked ABDEF 

5. All recorded on single chart EF 

6. Time recorded at not more than 15-min intervals EF 

7. Records identity of each batch EC 

8. Variations in batch weights readily observable ABCDEF* 

9. Indicates weights before and after discharge ABDEF 

10. Convenient for observation ABCDEF 

No 

BC 

ADEF 

BC 

c 
ABCD 

ABCD 

ABDF 

c 

* Recorder of Company F shows variations in batch weights but does not 
permit accurate determination of the degree of variation. 
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PART V: CONCLUSIONS 

58. The conclusions drawn from results of this investigation are 

as follows: 

a. None of the equipment met all of the then current require
ments of the "Standard Guide Specifications for Concrete." 

b. Clarification of the- ±ntem o~ the- "stand.a.rd Guide- Speei~ 
fications for Concrete" was achieved with respect to the 
detailed requirements for the accuracy of equipment for 
weighing and recording materials batched for use in mass
concrete structures being built for the Corps of Engineers; 
this will permit a better presentation of these require
ments. 

c. An evaluation was made of recording equipment that had not 
been evaluated prior to this series of tests. 

d. Better relations with manufacturers of concrete weighing 
and batching equipment were promoted and achieved by ex
plaining the Corps of Engineers requirements and evaluating 
the equipment with these requirements. This study provided 
data from which certain revisions are to be made by the 
Office, Chief of Engineers, regarding the weighing and 
batching equipment specified in the "Standard Guide Speci
fications for Concrete." 

32777 



Mixture 

a 

b 

c 

d 

Table 1 

Schedules of Batches Check-weighed during Tests of 
Equipment Furnished by Companies B, C, E, and F 

No. of 
Batches 

1 
through 

20 

21 
through 

6o 

61 
through 

80 

81 
through 
100 

Batch 
Checked 

5 
10 
15 
20 

25 
30 
35 
40 
45 
50 
55 
6o 

65 
70 
75 
80 

85 
90 
95 

100 

Cement 
Sand 

Component Weighed 

No. 4 - 3/4-in. aggregate 
Total batch including cement 

Cement 
Sand 
1-1/2- and 3-in. aggregate 
3/4 - 1-1/2-in. aggregate 
3 - 6-in. aggregate 
Cement 
No. 4 - 3/4-in. aggregate 
Sand 

3/4 - 1-1/2-in. aggregate 
Cement 
1-1/2 - 3-in. aggregate 
Sand 

Total aggregate (No. 4 - 6 in.) 
Sand 
No. 4 - 3/4-in. aggregate 
3/4 - 1-1/2-in. aggregate 

Note: The above sequence was repeated for batches 101 to 200, 201 to 
300, 301 to 4oo, and 401 to 500. 



Mixture 

c 

d 

Table 2 

Schedule of Batches Check-weighed during Tests of 
Equipment Furnished by Company A 

No. of 
Batches 

250 

250 

Batch 
Checked 

5 

Component Weighed 

Cement 
10 Sa-nd-
15 No. 4 - 3/4-in. aggregate 
20 Total batch including cement 
25 Cement 
30 Sand 
35 1-1/2 - 3-in. aggregate 
40 3/4 - 1-1/2-in. aggregate 
45 Total aggregate (No. 4 - 3 in.) 
50 Cement 

255 
26o 
265 
270 
275 
280 
285 
290 
295 
300 

No. 4 - 3/4-in. aggregate 
Sand 
3/4 - 1-1/2-in. aggregate 
Cement 
Total aggregate (No. 4 - 1-1/2 in.) 
Sand 
Total aggregate (No. 4 - 1-1/2 in.) 
Sand 
No. 4 - 3/4-in. aggregate 
3/4 - 1-1/2-in. aggregate 

Note: The sequence for mixture c was repeated for batches 55 through 
250; mixture-d sequence was repeated for batches 305 through 500. 



Mixture 

e 

f 

Table 3 

Schedule of Batches Check-weighed during Tests of 
Equipment Furnished by Company D 

No. of 
Batches 

1 
through 

50 

51 
through 

100 

Batch 
Checked 

5 
10 
15 
20 
25 
30 
35 
4o 
45 
50 

55 
E)o 

65 
70 
75 
Bo 
85 
90 
95 

100 

Cement 
Sand 

Component Weighed 

3/4-in. aggregate 
1-1/2-in. aggregate 
Cement 
Total aggregate 
Sand 
3/4-in. aggregate 
1-1/2-in. aggregate 
Total batch including cement 

Cement 
Sand 
3/4-in. aggregate 
l-1/2-in. aggregate 
Cement 
Total aggregate 
Sand 
3/4-in. aggregate 
1-1/2-in. aggregate 
Total batch 

Note: The above sequence was repeated for batches 101 to 200, 201 to 
300, 301 to 4oo, and 4ol to 500. 



Photograph 1. Waterways Experiment Station concrete batching equipment 



Photograph 2. Cement and aggregate dial scales of Company A 
automatic batching equipment 



Photograph 3. Mechanism for transmitting weight from scale to recorder 
of automatic batching equipment of Company A 



Photograph 4. Cabinet housing electronic operating and recording 
mechanism of automatic batching equipment of Company A 



Photograph 5. Panel fully opened showing electronic equipment used for 
weighing and discharging concrete materials. Automatic 

·batching equipment of Company A 
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Photograph 6. Panel partially opened showing electronic equipment for 
recording devices. Automatic batching equipment, Company A 



Photograph 7. Automatic aggregate and cement scales and panel board 
from Company B 



Photograph 8. Company B automatic aggregate batching scale with 
protective front cover removed and panel door open 



Photograph 9. Front and left side of Company B print recorders with 
top cover removed 

Photograph 10. Right and left side of Company B print recorders with top 
and side covers removed 



Operator's panel board 

View showing dial indi
cator, recorder cha.rt, 
operator's panel board, 
and relay cabinet ~or ag
gregate scale beams with 
cover removed 

Aggregate beams showing 
poises 

Photograph 11. Company C weighing and recording equipment 



Photograph 12. View showing beam scale and dialJ over-under indicator and the electrical control 
;:iechanism of Company D automatic batching equipment 



Photograph 13. Beam scale and dial, autographic recorder and control panel of Company D 
automatic batching e~uipment 



TURRET SELECTOR 

,-.}[ 
Photograph 14. Scale dials and turret selectors for aggregates and cement furnished by Company E 



Photograph 15. Autographic recorder showing pens, numbers stamp, time and date stamp, 
of' Company E equipment 



Photograph 16. Cement scale of Company F automatic batching equipment 



Photograph 17. Aggregate scales with beam control relays of 
Company F automatic batching equipment 



Photograph 18. Autographic recorder with door open, for use with Company F beam scales 



Photograph 19. Autographic recorder used with Company F automatic batching equipment with chart and 
drive mechanism swung free of cabinet to allow ready access to circuits for servicing 




