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This report describes the procedures used in the transition to "screenless 
plant operations" with control of the proportioning at the cold feed. The 
cold feeder must have the desired precision and the hot bins should be 
modified to function as only one bin for temporary storage between batches. 
The information was obtained on 3 projects constructed during the transi
tion by contractors with high-production automatic batch plants. Correla
tion samples were taken at the cold feed, dry batch samples at the pugmill, 
and bituminous mix samples for extraction. Comparison of the results of 
these samples is evidence that desired precision in proportioning can be 
obtained with the newer types of cold feeders. Tables of means and stan
dard deviations summarize the results obtained and are a basis of com -
parison since the values for standard deviation are a measure of variabil
ity. Extraction gradation results are indicative of the uniformity of the 
bituminous mix produced with this method. The control of proportioning at 
the cold feed is advantageous from the sampling standpoint and has none of 
the drawbacks of the hot bin or dry batch pugmill-mixed method of sam
pling. The desired screening efficiency can best be accomplished during 
individual aggregate production. 

•ONE OF THE PROBLEMS associated with bituminous plant mix construction has been 
the variability of the test results taken at various points in the construction process. 
This variability was often reflected by differences in appearance of the bituminous mix 
in short periods of time such as the comparison of one truck load with the next or even 
one batch with the next. 

Another primary purpose in this work was the need to increase our testing efficiency 
to correspond with the increasing capacity of the new automatic types of plants. 

First, let us give the history of the evolution of the sampling techniques of our plant
mixed bituminous mixes. 

lllSTORY OF PLANT SAMPLING 

Prior to 1964, batch plants were sampled by taking hot bin samples of the dried ag
gregate being discharged into the weigh hopper. Variability in aggregate gradation was 
apparent at this point in the production process, particularly in the fine bin. Hot bin 
gradation results were frequently not reproducible, and the variability was frequently 
greater than could be attributed to the variation of the aggregates at the cold feed. Re
gardless of the causes of this variability, its very existence resulted in noticeable vari
ability in the resultant bituminous mix. 

Another drawback to the hot bin sampling method was the need to conduct a complete 
sieve analysis on each bin sample before obtaining the final results. At best, this 
method gave only a theoretical combination and a speedier, more direct procedure was 
desired. 
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Figure 1. Cold feed blending plant. 

In 1964, to streamline the sampling procedure, a dry pugmill-mixed combined sam
ple was adopted as the basis of acceptance. Plant operations were interrupted while a 
clean -out batch was run through the pugmill, and the following batch was used for sam -
piing. Several types of samplers were developed for this purpose, and most were 
erected in an empty truck bed. Because of limited capacity without overflowing of the 
samplers, a partial or fraction of a batch was used. Possible errors in using a frac
tion of a batch for sampling, handling of a cumbersome sampler, and extremely dirty 
conditions surrounding the pugmill discharge were disadvantages of this method. The 
contractors with high production plants were opposed to the interruption of production 
for this type of sampling and the loss of processed aggregate for the pugmill clean -out 
batch and the sampled batch. 

Among the advantages of this method was obtaining the final gradation results with 
only one sample in place of the 3 or 4 sam -
ples required with the hot bin method. 

Figure 2 . Remote feeder control panel. 

SCREENLESS PLANT OPERATION 

During a panel discussion at the Kansas 
University Asphalt Conference in 1966, the 
question of "screenless plant operation" 
having the ultimate controls placed at the 
cold feed was discussed. This type of con
trol would permit continuous operation that 
is essential to uniformity and would not 
waste processed aggregate during sampling. 

Newer types of cold feeders that per
mitted accurate positive control of the pro
portioning of the individual aggregates were 
appearing on the projects. Cold feeders 
with individual belt feeders for each bin 
and with a variable speed feeder drive con
trolled by electrically operated actuators 
greatly improve the accuracy of the pro
J?Ortioning of the individual aggregates 
(Fig. 1). Adjustments in the proportioning 
can be made by simple push buttons and 
position indicators that indicate that the 
desired percentages are being maintained 
and are in constant view of the plant oper
ator and the inspector (Fig. 2). 



FIRST EXPERIMENTAL PROJECT
US- 54 NEAR TORONTO 

During the summer of 1967, a progres
sive and cooperative contractor requested 
permission to try this method on an exper
imental basis. The contractor had a new 
automatically controlled plant with a cold 
feeder having the features described pre
viously. This method was tried for a pe -
riod of 6 days producing both base course 
and surface course mixes on one project. 
Modification of the plant consisted of re
moving the screens from the screening unit 
with the exception of the scalper screen 
and placing a steel plate over approxi-
mately one-half of the bottom deck so the 
aggregate from the hot elevator would be 
delivered to and drop directly into the area 
being drawn off for weighing. The No. 2 bin 
was selected because it was more nearly 
centered over the weigh hopper and would 
permit the weighing of a full batch into the 
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Figure 3. Bin partition and screen removal. 

weigh hopper. Production was regulated so that the hot bin was not used for storage 
and was completely emptied each time a batch was weighed out. This method was cho
sen to prevent any segregation that might occur in the bin (Fig. 3). 

Corresponding samples were taken at the cold feed and of the combined pugmill
mixed dry batch as well as samples of the bituminous mix for extraction. 

The results of this experimental work were gratifying. The gradation results were 
comparable between the cold feed samples and the combined pugmill samples. More 
important, however, was the apparent uniformity of the mix from batch to batch. The 
uniformity of the cold feed samples as indicated by the values for standard deviation 
proved that excellent precision could be obtained in the proportioning of the individual 
aggregates with this type of cold feeder. This apparent uniformity is fur ther borne out 
by the r emarkable uniformity of the gradation of the extraction samples (Tables 1 and 
2). We were so pleased with all aspects of this experimental operation that we began 
looking for a means to experiment with this type of plant processing and inspection con
trol on an entire project. 

SECOND EXPERIMENTAL PROJECT-K-68 NEAR LOUISBURG 

The portion of the Standard Specifications that encourages new methods and new 
equipment was utilized to obtain permission to produce the bituminous base and sur-

TABLE 1 

BASE COURSE MIX (ACB-3) WITHOUT SCREENS-US-54 NEAR TORONTO 

Standard Deviations 
Cold Feed (n = 12) Pugmill (n = 12) Extraction (n = 12) Ex-

Screen Range Mean Range Mean Range Mean 
Cold Pug-

trac-Feed mill 
tion 

¾ 2 to 5 3.1 1 to 4 1.8 0 to 4 1.1 0.91 0.85 1.17 
¼ 22 to 31 26.7 20 to 31 24.8 16 to 27 21.8 2.75 3.41 3.33 

4 42 to 51 47 .2 40 to 52 46.3 38 to 51 44 .8 2.59 4.35 3.74 
8 59 to 65 62.7 59 to 68 63.5 58 to 65 62 .3 1.73 3.20 2.00 

16 71 to 75 73.2 71 to 79 75.3 71 to 75 73 . 5 1.13 2.58 1.45 
30 79 to 82 80.3 80 to 85 82.9 78 to 82 80 .7 0.91 1.51 1.17 
50 83 to 86 84.4 84 to 89 86.9 82 to 86 84 .6 0.80 1.31 1.00 

100 86 to 88 87 .1 88 to 91 89.8 84 to 88 87 .4 0.52 0.95 1.17 
200 88 to 90 89.0 90 to 93 91.8 87 to 90 89 . 5 0.60 0.85 0.91 
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TABLE 2 

SURFACE COURSE MIX (HM-3) WITHOUT SCREENS-US-54 NEAR TORONTO 

Standard Deviations 
Cold Feed (n = 17) Pugmill (n = 17) Extraction (n = 15) Ex-Screen Range Mean Range Mean Range Mean Cold Pug-

trac-Feed mill 
tion 

'!. 12 to 25 19 .8 11 to 20 16.1 14 to 19 16.3 3.16 2.35 1.44 
4 38 to 47 42 . 2 30 to 42 37 .7 37 to 43 40.5 2 .84 3.67 1.73 
8 52 to 60 56.2 47 to 57 52.8 54 to 58 56 .1 2 .32 3 .20 1.42 

16 63 to 69 66.0 59 to 67 63.5 64 to 68 66 .3 1.73 2.72 1.10 
30 73 to 78 75.1 71 to 77 74 .2 73 to 77 75 .7 1.32 1.80 1.17 
50 83 to 87 84.6 83 to 86 85.0 83 to 86 85.1 1.00 1.12 0.96 

100 88 to 91 88.9 88 to 92 90.8 89 to 92 90.4 0.97 1.20 0.84 
200 90 to 92 90 .B 91 to 94 93.1 90 to 93 9·2 .1 0 .79 0.87 0.80 

a .---------------- 1J ,r-=------...:---=--=-=====.::;.-=-=== 
11: r- --- --------
✓ 11 1 

II' I: c,,,,t,c ,,,/ 
I /1-.M, J,o,M' Mol'or 

Figure 4. Asphalt plant layout. 

face on a 9-mile project with the automatic batch plant and the precision cold feeder 
previously described. A written description of the method of plant production was 
submitted by the contractor and approval was granted on a performance basis. This 
project was constructed during the summer of 1968. 

For the convenience of sampling the cold feeder, the contractor installed a stub 
conveyor between the blending conveyor of the cold feeder and the auxiliary conveyor 
leading to the dryer. This permitted the plant inspectors to take a cross section of 
the blended aggregates at any time without any delay or stoppage of the plant produc
tion (Figs. 4 and 5). 

The batching arrangement through only one hot bin was as previously described; 
and again production was regulated so this bin was not used for storage, and it was 
emptied each time a batch was weighed out. 

We were again pleased with the results of this "screenless plant operation" on an 
entire project. Dry, combined pugmill samples were the basis of acceptance but, with 
the correlation that was being obtained between the cold feed samples taken from the 
stub conveyor and the pugmill samples, the frequency of pugmill sampling was reduced 
to 2 samples per day. 

The gradation results were acceptable from either location and, in terms of stan-
dard deviations, the cold feed samples were more uniform than the pugmill samples. 

Figure 5. Cold feed sampling arrangement. 

With exceptions on only 2 screens, the 
standard deviation of the cold feed sam
ples is lower or smaller than the standard 
deviation of the pugmill samples. 

The overall variance as determined by 
the average or mean percentage retained 
on each sieve was not as great as had been 
expected. The only significant variation 
was the stack loss amounting to essentially 
one percent on the No. 200 sieve. The 
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correlation samples demonstrated that adjustments can be made in the cold feed pro
portioning if necessary to compensate for any altering of the aggregate during plant 
processing (Tables 3 and 4). 

The pleasing appearance and the uniformity of surface texture plus the smoothness 
as determined by roughometer readings were evidence that highly desirable bituminous 
pavements can be constructed with this method. 

THIRD EXPERIMENTAL PROJECT-US-59 NEAR CHETOPA 

Another project was constructed early in 1969, using the new methods and new equip
ment option as previously described. The same type of automatic batch plant and with 
variable speed cold feeder drives having r emote controls was used, but the plant was 
owned by a different contractor. The aggregate used was a siliceous chert (commonly 
known as chat) and would not be subject to degradation in the drier or the pugmill. The 
base course aggregates were accepted at the cold feed, and pugmill samples were taken 
only for correlation purposes. 

Control of the base course was equally as good at the cold feed as were the correlat
ing pugmill samples. 

In terms of normal distribution and standard deviations, the gradation of the extrac
tion samples was the best, followed in this order by the cold feed and then the pugmill 
samples (Table 5). The gradation of the extraction samples was remarkably uniform 
as they had been on every project using the "screenless plant" and cold feed control. 
This was also indicative of the uniformity of the bituminous mix being produced with 
this method. 

STANDARD SPECIFICATIONS 

A Special Provision to the Standard Specifications was published early in 1969, and 
was included in the contracts beginning in June 1969. Screenless plant operation is 
optional with the contractor and is on a performance basis. 

TABLE 3 

BASE COURSE MIX (ACB-3) WITHOUT SCREENS-K-68 NEAR LOUISBURG 

Standard Deviations 
Cold Feed (n = 46) Pu~mill (n = 46) Extraction (n = 7) 

Ex-
Screen 

Range Mean Range Mean Range Mean 
Cold Pug- trac-
Feed mill 

tion 

¾ 19 to 34 23.3 15 to 29 21.0 17 to 21 19.1 2.63 3.81 1.47 
4 40 to 56 47.7 38 to 54 45.6 41 to 44 42 .7 2.80 3.79 1.35 
8 54 to 70 64.8 51 to 70 64.0 59 to 61 60.1 2.50 3.46 0.92 

16 62 to 79 75 .0 60 to 79 75.3 70 to 73 71.7 2.39 3 .04 0 .9 1 
30 68 to 84 81.4 67 to 85 81.8 77 to 80 78.7 2.25 2.71 0.91 
50 80 to 88 85.3 80 lo 88 85.8 82 to 83 82.6 1.15 1.61 0.57 

100 87 to 90 88.3 86 lo 91 88.9 85 to 86 85.6 0 .76 1.24 0.57 
200 89 to 92 90.2 88 lo 93 90.9 87 to 89 88. l 1.87 1.08 0.71 

TABLE 4 

SURFACE COURSE MIX (HM-3) WITHOUT SCREENS-K-68 NEAR LOUISBURG 

Standard Deviations 
Cold Feed (n = 26) Pug mill (n = 26) Extraction (n = 6) Ex-

Screen 
Range Mean Range Mean Range Mean Cold Pug- trac-

Feed mill tion 

¾ 17 to 27 22.0 14 to 25 20.2 16 to 22 17 .8 2.57 3.21 2.57 
4 40 to 47 43.3 36 to 45 41.3 39 to 41 40 .2 1.88 2.56 0.77 
8 51 to 59 55.2 49 to 59 53.7 52 to 54 52.8 1.66 2.62 0 .. 77 

16 60 to 67 63.4 58 to 68 61.9 60 to 62 61.2 1.77 2.37 0.77 
30 67 to 73 70.4 66 to 74 69.6 67 to 70 68.5 1.57 1.81 1.00 
50 78 to 86 81.8 78 to 86 82.0 77 to 84 80.2 2.78 2.55 2.79 

100 89 to 92 90.2 86 to 93 90.7 88 to 91 89.7 1.08 1.37 1.00 
200 91 to 93 92.4 89 to 95 93 .1 91 to 93 92.0 0.20 1.17 0.63 



68 

TABLE 5 

BASE COURSE MIX (ACB-1) WITHOUT SCREENS-US-59 NEAR CHETOPA 

Standard Deviations 

Cold Feed (n = 45) Pugmill (n = 26) Extraction (n = 21) Cold Pug- Ex-
Screen trac-Range Mean Range Mean Range Mean Feed mill 

tion 

¾ 0 to 1 0 .04 0 to 1 0.42 0 to 1 0.33 0.20 0.49 0.45 
4 14 to 23 18.24 15 to 28 21.62 17 to 22 19.62 2.27 2.64 1.32 
8 33 to 46 41.60 38 to 53 46.31 42 to 47 43.86 2.63 3.71 1.28 

16 51 to 67 59.98 57 to 73 64.58 60 to 65 61.86 2.78 3.68 1.47 
30 68 to 79 74.22 73 to 84 78.92 74 to 79 75.62 1.86 2.93 1.50 

100 83 to 91 88,80 88 to 95 92.58 89 to 92 90.33 1.32 1.70 0.87 
200 89 to 93 92.02 91 to 97 95.27 92 to 95 93 . 57 0.78 1.40 0.67 

Individual Aggregates 

The contractor shall establish gradation limits and the proportions in the final mix 
of each individual aggregate he proposes to furnish. The resulting combined gradation 
will automatically meet the gradation requirements specified in the contract. Individ
ual aggregate shall be fed through a separate feeder that can be easily and accurately 
calibrated and be capable of maintaining a constant and uniform flow throughout the 
range of its calibration. 

Combined Aggregates 

A provision is required to obtain a sample of the combined aggregates prior to en
tering the drier. The sampling device and procedures used shall be such that the con
tinuity of the operation will not be interrupted. 

In order to determine the amount of aggregate breakdown through the drier and also 
to determine the stack loss, the engineer will take samples of either the dried aggre
gate or the mixed bituminous material. The results of tests on these samples shall be 
used as a basis for adjusting cold feed proportions in order to produce the required 
combined gradation. 

Samples will be taken until a satisfactory correlation between the cold feed and the 
final product is obtained. Thereafter, random samples will be taken in order to verify 
the process. The intent of this specification is to encourage continuous production by 
requiring processed aggregates that can be combined with the desired precision at the 
cold feed. Initial correlation tests are taken to determine the alteration taking place 
in the plant processing, and, when this is once established, the acceptance would be 
based on the blended aggregate samples taken at the cold feed. 

Plant Operation 

Batch Plants-The discharge into the weigh hopper shall be made from one bin only, 
which shall discharge into the center of the weigh hopper. The amount of storage in 
the bin at any one time shall not exceed one batch in weight and shall be fed into the bin 
in such a manner so as to prevent sluffing or segregation. 

Continuous Flow Plants -The storage in each bin being used shall be limited in 
amount so that sluffing or segregation will not occur. Each bin used shall be equipped 
with 2 indicators, one of which will indicate the position of the aggregate at the lower 
quarter points and the other will indicate the position of the aggregates in the upper 
quarter points. 

If more than one bin is used by either type of plant, separation shall be accomplished 
in such a manner so as to ensure uniform flow to each bin and to preclude segregation 
of the total material as obtained from the individual bins. 

CONCLUSIONS 

On the high production plants , we believe the drier capacity and the aggregate flow 
exceeds the capacity of the screening unit to efficiently screen uniform sizes of aggre-
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gates in the various hot bins. Under these conditions of inefficient screening, it is det
rimental to the uniformity of the bituminous mix if segregation occurs in the hot bins. 

We believe the desired screening efficiency can best be accomplished at the individ
ual aggregate production site and the desired proportioning can be accomplished with 
the precision of the variable speed feeder drives controlled by electrically operated 
actuators. The plant only processes the ingredients of the mix and necessarily turns 
out what is put into it. 

The hot bin is necessary only for temporary storage between batches and should be 
emptied each time a batch is weighed out. 

Continuous plant operations are essential to the uniformity of the bituminous mix. 
The aggregate is maintained at a more uniform temperature by continuous production. 

Extraction gradation results are indicative of the uniformity of the bituminous mix 
produced with this method. On each project the extraction gradation results were the 
most uniform in terms of normal distribution and standard deviation. 

The procedures used were a smooth transition to "screenless plant operations" with 
correlation samples being taken to ensure that the required combined gradation was 
being obtained. Correlation samples have demonstrated that equally consistent results 
can be obtained with cold feed control when compared with control by pugmill sampling. 

The Special Provision to the Standard Specifications requires the contractor to fur
nish processed aggregate of such gradation that the resulting combined gradation will 
automatically meet the gradation requirements specified in the contract. These pro
cessed aggregates must be stored properly so there will be no appreciable segregation 
in handling or stockpiling. Keeping the aggregate stockpiles separated and orderly is 
good practice for any type of bituminous plant construction. 

Several major projects with this Special Provision were under construction in late 
1969. 
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