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Problems caused by enforcement of strict compliance with spec
ifications and failure to consider the inherent variations in ma
terials, construction, sampling, and testing motivated the South 
Carolina State Highway Department to conduct the research 
project which this paper describes. 

The work was done in four parts. Phase I included the de
velopment of random sampling procedures and statistical pa
rameters for hot asphaltic mixtures. These data and experience 
led to the preparation of the elements of a procedure for process 
control and acceptance of such mixtures. In Phase II the mix
tures as placed on the roadway were investigated by sample 
survey techniques to verify the control procedures. A tenta
tive system for process control and acceptance of bituminous 
mixtures was developed from the dataand experience in Phase I 
and Phase II, and this system was tested at four locations in 
Phase III. The tentative system was further refined as a result 
of this experience. Phase IV gives the details of the system as 
developed and a procedure for adjusting the unit price for lots 
of .mixture which do not conform to the criteria. 

•IN recent years there has been great emphasis in most highway departments on literal 
interpretation of specifications requirements and strict "no deviation" compliance with 
them. This approach to construction has caused much concern among highway engi
neers. Everyone familiar with materials and materials testing knows that materials 
and test results vary. They know, also, that regardless of the control exercised, there 
is a strong probability that some results may not conform to the exact limits specified 
even though the average of all the results may be well within the prescribed limits. The 
fact that results do vary is so well established that if normal variations are not found, 
penciled or spurious data are suspected. 

There are many reasons for such variations. Some are assignable, such as those 
due to changes in the gradation of aggregate, changes in proportions of components, or 
lack of control in a manufacturing process. Others are random and may develop from 
chance causes in a production process, in selecting samples, in preparing the sample 
for testing, or in performing the test itself. Any one or a combination of assignable or 
random causes occurring in manufacturing and handling of raw materials or in mixing, 
placing, sampling and testing the product will affect individual test results. 

These problems motivated the South Carolina Highway Department to undertake this 
research. Hot bituminous mixtures were selected for study because of extensive 
use throughout the State. 

The Department requested cooperation and financial assistance from the U. S. Bureau 
of Public Roads. After a review of the proposed program, approval was given for the 
use of Highway Planning Survey funds in defraying part of the cost of the work. 

Paper sponsored by Committee on Construction Practices-Flexible Pavement and presented at the 
46th Annual Meeting. 

25 



26 

Figure l. Sampling mix from batch truck, showing grid, sampling cans, and thermometers. 

The specific aims of this investigation were as follows. 

1. Phase I. Develop statistical quality control procedures for process control and 
acceptability for hot -mix components on a proj ect under construction. 

2. Phase II. Inve::iligate the completed components, using sample survey tech
niques to verify the quality control procedures used during the construction of the 
project. 

Figure 2. Sampling mix from batch truck, showing grid, sampling device, and thermometers. 
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3. Phase III. Develop a statistical quality control program for process control and 
acceptability for regular construction of asphaltic components and test these require
ments on at least three projects in different sections of the State. 

4. Phase IV. Develop model requirements for specifications, using statistical con
cepts based on the results of studies performed on the construction components con
sidered in this research. 

Field work for Phase I and Phase II was done concurrently during the fall of 1964 on 
a project near Greenville. 

Field work for Phase III was started during the spring of 1965 and was completed in 
October 1965. Four plants located in different sections of the State were included. 

PHASE I AND PHASE II 

General 

The work plant for Phase I and Phase II made the following provisions. 

1. Sampling and testing would be entirely separate from job control. The results 
would not be used for control of current operations. 
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2. All sampling would be on a random basis using random numbers to select the 
unit for sampling. Two separate samples would be obtained from each unit at locations 
predetermined by random numbers. Each sample would be reduced to two test portions 
which would be analyzed separately. Thus, four test results would be obtained for each 
unit sampled. 

3. Samples would be obtained from the mixture in trucks at the plant, from the mix 
immediately behind the spreader, and from the finished roadway. 

4. Regular procedures used by the Department for routine job control would be 
followed in all testing. 

Randomization of Sampling 

Probably the most important single feature of this study was the development of 
procedures to eliminate bias in obtaining the samples. This idea was par amount in the 
planning for sampling and in actually obtaining the samples. All sampling was done on 
a random basis. The procedures used gave no opportunity for the sampler to discrim
inate as to when or where the sample would be drawn. The unit and/or batch to be 

--
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sampled and the location within the unit or batch were predetermined (by random num
bers) before the operator went to get the sample. Every effort was made to make the 
actual drawing of the samples as mechanical as possible to eliminate, or at least to 
minimize, personal bias. 

Logic indicates that samples obtained under the traditional approach-a representa
tive sample-usually introduce bias because the sampler can accept or reject material 
according to his judgment. This judgment depends on the training and experience of the 
sampler. Too often he is not well trained and his judgment may be affected by prej
udice, a headache, weather, etc. However, random samples provide data for obtaining 
reliable estimates of the variations in the product. Only with random samples can the 
laws of probability and statistics be applied realistically in analyzing test data. 

Sampling Procedures 

Mixture from Trucks-The truckload of mix to be sampled was determined by ran
do m numbers. A grid made from paving mesh was used on the surface of the mix to 
define the small area from which the sample was to be drawn. This grid had 30 open
ings, each approximately 12 in. square. The position of this grid on the truck body 
(front, middle or rear) was determined by random numbers, and the opening in the grid 
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TABLE 1 

UPPER AND LOWER LIMITS 

99. 7 Percent of the 95 Percent oI the 

Item 
Job-Mix Time (3a) Time (2o) 

Tolerance 
Routine Random Routine Random 

(a) Surface Mix 

Pass V2 in, ±7 ± 11. 0 . B. 6 • 7. 3 ± 5. 7 
Pass No. 4 ±4 ± 17. 3 ± 11. 7 ± 11. 5 ± 7. 8 
Pass No. 10 ±4 = 14. 8 ± 10. 3 • 9. B :I: 6. 9 
Pass No. 40 ±4 • 9. 3 • 5.1 • 6. 2 ± 3. 4 
Pass No. 200 ±2 • 4. 4 ± 3. 2 • 2. 9 ± 2. 1 
Asphalt content ± 0. 4 ± 0. 70 ± l. 11 ± o. 46 ± o. 74 

(b) Binder Mix 

Pass 1 in. ± 7 • 7. 6 ± 11. 8 . 5. I ± 7. 9 
Pass No. 4 ±4 ± 10. 8 ± 14. 2 . 7. 2 ± 9. 5 
Pass No. 10 ±4 • 9. 9 < 12. 0 . 6. 6 ± B. 1 
Asphalt content ± 0, 4 . 0. 79 • l. 24 . o. 52 ± o. 82 

from which samples were drawn was determined by random numbers. At first, 48-oz 
cans were pushed into the mix to obtain the sample (Fig. 1). This procedure worked 
well in surface mix containing small size aggregate. The cans were too fragile and did 
not take out sufficient material when the mix contained large size aggregates. A larger 
and more rugged sampling device was developed from a standard 6-in. steel concrete 
cylinder mold. This device served equally well for all mixes. To obtain the sample, 
the operator boarded the truck containing the preselected batch, placed the grid in the 
preselected position (front, middle, or rear of the truck body), then inserted the sam
pling device (cylinder mold) into the mix in the preselected grid openings (Fig. 2). 
After the mold was pushed into the mixture the operator removed the material surround
ing the mold, slipped a shovel underneath it, and slid the mold containing the sample 
from the shovel onto an aluminum pie plate. To obtain the larger sample needed to per
form Marshall tests and the Department's "basket test" for gradations of binder and 
macadam mixes, additional material was obtained from the same grid opening. The 
temperature of the batch was measured by inserting thermometers in the mixture im
mediately adjacent to the sampling device. 

Mixture Directly Behind Spreader-The samples were obtained on the arrival of the 
operator at the site, and were taken from the roadway directly behind the spreader, 
before rolling. An effort was made to follow trucks from which samples had been 
drawn at the plant, but there was no practical way of determining that the mix sampled 
behind the spreader was from the specific batch sampled at the plant. Positions for 
sampling, in terms of width of spread, were selected by random numbers. 

Compacted Mix-The length of pavement to be sampled was divided into 300-ft sec 
tions and 100-ft subsections. Selection of the subsection to be sampled was by random 
numbers. Exact locations for sampling within the 100-ft subsections were determined by 
random numbers. 

Analysis of Data, Phase I 

Individual Test Results - Typical results on random samples a re compared with those 
obtained in routine plant control and with the r equirements of the specifications and the 
job-mix formula in Figures 3, 4, and 5. During this study, routine plant control was 
carried out in the usual manner. 

Figure 3 shows the asphalt content of the surface mix within the limits permitted by 
the job-mix formula 91 percent of the time by routine control samples and 70 percent 
by random samples. 

Figure 4 shows the percentage passing the No. 4 sieve in the surface mix within the 
limits permitted by the job-mix formula 50 percent of the time by routine control sam
ples and 70 percent by random samples. The extreme limits of the specifications are 
exceeded by both types of samples. 

Figure 5 shows the asphalt content of the binder mix within the limits permitted by 
the job-mix formula 86 percent of the time by routine control samples and 66 percent 
by random samples. 
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Tolerances-Table 1 gives tolerances from a mean value that would be necessary to 
include all these test results [based on individual results (n = 1) for both routine control 
and random samples]. 

The impracticality of expecting all samples to conform with tolerances permitted by 
present job-mix allowances is clearly demonstrated by these figures. 

Control Charts-The control chart technique is the core of the system of control of 
a manufacturing process by statistical methods. With "standards given" control charts 
the central value (x') is a specified standard of production. For bituminous mixes this 
would be the value stated in the job-mix formula for asphalt content or a given sieve 
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size. Control limits are established from this mean or standard value using standard 
formulas in which the Department's risk of accepting poor material and contractor's 
risk of having good materials rejected are predetermined, and the maximum allowable 
difference in the mean value for acceptable material and the mean value for unaccept
able material are specified. 

Standards given control charts were prepared from these data, using the results 
from five samples for a lot, with a lot equal to approximately a day's production. 

Surface mix-Control charts were prepared for 7 lots for the 1/2 in., No. 4, No. 10, 
No. 40, No. 200 sieves and for asphalt content (Figs. 6, 7, and 8). 
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Figure 6, passing No. 4 sieve, shows individual results and the values for lots within 
control limits. 

Figure 7, passing No. 40 sieve, shows several individual results outside of control 
limits and the values for four of the seven lots below the control limit. The indication 
is that the mix was not controlled to the job-mix value on this sieve. 

Figure 8, asphalt content, shows that the asphalt content is out of control in only one 
lot. The mean value for the test results is very close to the job-mix value. 

Binder mix-Control charts were prepared for 14 lots for the 1 in., No. 4, No. 10 
and asphalt content. Typical results are given in Figures 9 and 10 for ten lots only. 

Figure 9, passing 1-in. sieve, shows three individual results out of control, but the 
values for lots exceed the control limits in four of the ten lots. Also, the mean for the 
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data is above the value of the job-mix, which indicates that the mix was not controlled 
to the job-mix value. 

Figure 10, asphalt content, shows results that vary widely but are within control 
limits. 

Analysis of Data, Phase II 

Comparison of Plant and Roadway Results-Results from samples obtained at the 
plant from batch trucks, from the roadway immediately behind the spreader, and from 
the roadway after compaction are given in Tables 2 and 3. --
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These data show reasonably close agreement in the mean values for the samples ob
tained at the plant from batch trucks, those from the roadway immediately behind the 
spreader, and those from the compacted roadway. These results indicate that the 
methods used for sampling give realistic representations of the mixture. 

In several instances, mean values for the samples from the roadway after compac
tion show more fine material than those from other sources. In the binder mixture, the 
percentages passing No. 4, No. 10, and No. 200 on the compacted samples are higher 
in all instances than those on samples from the plant or at the spreader, indicating that 
some degradation has occurred. 

The standard deviations (sigmas) for results from the three sources are not greatly 
different, generally, for a particular measurement such as asphalt content and each 
sieve size. Inadequate data exist to make meaningful tests for significant differences. 



TABLE 2 c.o 
COMPAR)SON OF RESllLTS f'OR SURFACE MIXTUM SAMPLES OBTAINEI• O> 

FROM P!.A.'<T, SPREADER AND COMPACTED ROAOWAY-CRE&m'ILLE, S. C. 

Spec. Control ~ .nalysis of Variancea 
Extraction Test Chart 

Place Sampled Gradation Limits 
' ' ' (~) x x a, at "b' aw ae ~ 

Plant Percent pass 1/2 in. 87-97 92. 0 2. 88 91. B 3. 10 9. 62 2. 45 0 7. 60 
Spreader 90. 0 4. 00 90. 7 3. 52 12. 41 8. 74 0 3. 50 
Compacted 92. 2 3. 30 92. 1 3. 16 10. 02 0 2. 18 6. 19 
Plant Percent pass No. 4 58-72 66. 1 3. 90 66. 8 3. 92 15. 37 9. 70 0 5.15 
Sprf!:l.dl'!r 65. 2 5. 71 65. 7 5. 84 34. 06 30. 9 0 4. 75 
Compacted 65. 0 4. 32 65. 2 4. 28 18. 34 0 10. 18 8.11 
Plant Percent pass No. 10 42-58 52. 0 3. 45 52. 6 3. 69 13. 59 8, 33 1. 76 3. 69 
Spreader 53. 0 4. 98 52. 7 5. 60 31. 35 28. 15 0 5. 04 
Compacted 54. 3 3. 92 54. 5 4. 01 16.11 0 11. 36 7. 39 
Plant Percent pass No. 10 21-35 28. 1 1. 70 28. 3 1. 91 3. 64 2. 28 0 1. 40 
Spreader 28. 0 1. 41 28. 5 2. 34 5. 48 4. 92 0 1.00 
Compacted 28. 7 1. 85 28. 8 2. 08 4. 31 0 2. 51 2. 09 
Plant Percent pass No. 200 4-10 5. 7 1. 06 5. 8 1. 15 1. 32 1.15 0 0.18 
Spreader 5. 7 1.20 6. 34 1. 38 1.91 0 0 1.44 
Compacted 6. 5 1.04 6. 4 1. 03 1. 05 0. 30 0. 48 0. 20 
Plant Bitumen 5. 5-7. 5 6. 19 0. 37 6. 23 0. 37 0. 14 0. 08 0 0. 04 
Spreader 6. 00 0. 43 6. 02 0. 33 0.11 0. 06 0 0. 05 
Compacted 6. 15 0. 32 6. 12 0. 28 0. 08 0 0 o. 04 
No. of tests performed 

Pl .. t (t~k) 40 
Sp·~adur ( ro3dWeti)' ~bin.a spn!'.:l.dor) 24 
Compacted (..-y <:<>mpaclod.l 128 

a Analysis of variance data. were based on four times as many tests as control chart data. 

TABLE 3 

COMPARISON" OF RESULTS FOR BlNDE.R MIXTUR!: SAMPLES OllTAINE.D 
FROM PLANT, SPR&i\DER AND COMPACTED ROAOWi\Y-CREEN\'lLLE, S. C. 

Spec. Control 
"1alysis of Variancea Extraction Test Chart Place Sampled Gradation Limits 

(~) 11 ' ' •w1 .. 
" a •t "t "b e 

Plant Percent pass l in. 80-97 93. 4 3. 95 93. 9 4. 13 17. 09 0 2. 60 13. 04 
Spreader 93. 8 5.19 93. 3 4. 07 16. 56 3. 35 0 12. 25 
Compacted 93. 4 4. 70 93. 7 4. 48 20. 07 4. 59 0 15. 43 
Plant Percent pass No. 4 35-50 40. 6 4. 76 40. 8 4. 61 21. 25 8. 47 5. 37 7. 52 
Spreader 40.1 6. 79 41. 3 6. 01 36. 14 21. 20 0 12. 87 
Compacted 43. 1 4. 42 42. 9 4. 54 20. 60 4. 23 7. 36 8. 67 
Plant Percent pass No. 10 25-35 32. 2 4. 06 32. 2 3. 90 15. 24 7. 22 3. 68 4. 43 
Spreader 32. 2 5. 46 32. 9 4. 83 23. 3 14. 03 0 8. 38 
Compacted 34. 8 3. 51 34. 6 3. 74 13. 96 0 5. 86 5. 91 
Plant Percent pass No. 40 None 18. 0 2. 09 18. 1 2.18 4. 74 2. 17 1. 14 1.46 
Spreader 18. 3 2. 66 18. 5 2. 34 5. 48 3. 18 0 2. 37 
Compacted 19. 7 2. 00 19. 9 3. 62 13. 15 2. 24 0 10. 87 
Plant Percent pass No. 200 None 4.1 o. 53 4.1 o. 54 0. 30 o. 17 o. 05 0. 09 
Spreader 4. 0 O. 49 4. 1 0. 58 0. 33 0.18 0 o. 18 
Compacted 4. 3 0. 67 4. 3 0. 67 0. 44 0. 11 0. 18 0. 15 
Plant Bitumen 3.7-4.7 4. 26 o. 41 4. 26 0. 38 o. 15 o. 04 0. 04 0. 06 
Spreader 4.18 0. 59 4. 26 0. 54 0. 29 o. 17 o. 05 o. 08 
Compacted 4. 32 o. 47 4. 30 0. 45 0. 20 0. 09 o. 06 0. 06 
No. of tests performed 

l'llln< lu,,ck) 284 
Sprendcr (roadw:.y behind sp:-Cil.dor) 68 
Com1)3.Cltt.~ (ro~y compac1edl 380 

a Analysis of variance data were based oa four times as many tests as control chart data.. 
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TABLE 4 

PLANT DATA, PHASE ID 

Local designation Allendale Walterboro Pacolet Darlington 

Docket no. 3. 330 and 15. 355 11. 1046 and 17.1018 and 
25. 302 44. 1040 34. 1031 

Contractor J. F. Cleckley and Co. Same as Allendale Sloan Constr. Co. R. B. Pond 

Sampling started March 26 May 11 July 12 August 26 

SampHng completed April :rn May 25 Oct. B Sept. 15 

Plant Barber Greene Barber Greene Barber Greene Hetherington Burner 

Type Volumetric continuous Volumetric continuous Batch-0-Matic Batch fully automatic 
(manually operated) 

Nominal capacity 250 tons/hr 300 tons/hr 6000 lb batch 6000 lb 

Type of mix Binder type 2 Sand asphalt Sand asphalt Not included 

Aggregates Crushed stone, Local sandJ fly ash Screenings, local sand Not included 
local sand 

No. samples 40 cold feed 55 mix from trucks 45 mix from trucks Not included 
40 mix from trucks Not included 

Type of mix Surface type 2 Not included Surface type 3 Surface type 3 

Aggregates Crushed stone, Not included Crushed stone, Gravel, local sand 
screenings, local sand screenings 

No. samples 55 mix Irom trucks Not included 96 mix from trucks 45 mix from trucks 

Location of testing Central laboratory Central Laboratory Field laboratory Central laboratory 

Comparisons with Specifications-The data in Tables 2 and 3 indicate, in many in
stances, that the mean value of the test results is considerably different from the mean 
of the specification limits. Such variation places the center of the normal curve either 
to the right or left of the center of the specifications. In such instances a higher pro
portion of the test results fall outside the limits than would be the case if the mean value 
coincided with the mean of the specification limits. 

Analysis of Variance, Phase I and Phase II 

In this particular study the total variance (ot 2 ) for either asphalt content or for the 
percentage passing a certain sieve is composed of the variation from batch to batch or 
unit to uni t(ob2)plus the variation within a batch or unit(ow2)plus the variation due to 
the testing operations (oe 2). 

To provide data for this analysis, the sampling plan provided for obtaining separate 
samples from two randomly selected locations from each randomly selected unit ·and 
reducing each such sample to two test portions. 

The data for surface mix are given in Table 2 and for binder mix in Table 3. The 
computed values for the components of total variance do not give conclusive indications. 
Generally, the effect of batch-to-batch variation is the greatest. The variation due to 
testing is next in order. The within-batch variation is least and frequently not signifi
cant. 

Batch-to-batch variations are essentially problems of manufacturing. Variations 
due to testing are problems of inspection. The many instances of a high ratio of testing 
variance to total variance indicates a need for careful study to reduce variations due 
to testing. 

PHASE III 

General 

This part of the research included the preparation of a tentative system for process 
control and acceptability based on the experience in Phase I and Phase II and the field 
operations for testing this system at four plants. 

Field Operations 

The work plan for this phase provided for testing the tentative system for process 
control and acceptance at several plants. To broaden the base of experience, this 
series was planned to include different producers, different aggregates, and different 
types of plant equipment. Details concerning plant locations, projects, contractor's 
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Figure 11. Standards given control chart: typical results. 

equipment, aggregates, number of samples, etc., are given in Table 4. Sampling was 
done from loaded trucks using the grid method developed for the Greenville project. 
The time or batch to be sampled, the position of the grid in the truck body, and the 
opening from which the sample was drawn were all predetermined by random numbers. 

It was expected that extraction tests would be made on the project using facilities 
separate from those used for job control. However, for three of the projects, samples 
had to be tested in the central laboratory because equipment for performing the tests 
on the project was not available. Arrangements were made with the contractor oper
ating the plant at Pacolet to produce mix under the proposed system of control. At this 
plant, the samples were tested in the job laboratory by project personnel. 
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Figure 12. Standards given control chart: typical results. 

Standards Given Control Charts 

The data for gradation of aggregate and for asphalt content for each plant were 
plotted on control charts. The mean or central value for each chart was the value of 
the approved job-mix formula. Control limits were calculated by standard formula 
using standard deviations developed from the data obtained on the project at Greenville. 
In a few instances, sigmas for a certain sieve size were estimated. 

Control charts for 10 of the 19 lots tested at the plant at Pacolet are typical of the 
results obtained (Figs. 11-15). 
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Figure 13. Standards given control chart: typical results. 

Detailed analysis of the 35 charts showing the data for the four plants led to some 
revisions in the tentative system and to the following conclusions. 

1. The procedure for obtaining random samples, both as to predetermining the lo
cation and actually drawing the material for the sample, is practical for operation by 
regular job inspectors. 

2. The system for control and acceptance of bituminous mixtures is practical, both 
from the standpoint of the Department and the contractor. 

3. Standards given control charts using the values of the job-mix formula for the 
mean or central value and calculating upper and lower control limits using standard 
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Figure 14. Standards given control chart: typical results. 

deviations developed on other projects in this research can be developed initially for 
each project by the testing division. 

4. For the production to stay in control, it is necessary that the mean value for the 
mixture produced be as near as practicable to the value of the job-mix. When adjust
ments are made, the change should be aimed at attaining the job-mix value, not to get 
results barely within the limits of tolerance. 

5. Once the control charts are established by the testing division, they can be used 
for routine control by district inspectors after a short training period. 



42 

7.o 
~~ !:..:~ 7_ - -- ,____ ,_.__ ~ --- --

xt,c, ATA) c;;,o ~'" 
~ r< A ~ArA) 0,/ i-_, 

x·~( 
'~ 

c~ 

, u 

~' 
.(.~. ~:fl ,__ -- --~- ..---t- - - -.--

-

- , - - -
i(': ~ / I'--~p- "'-'ATA ~::"G>, /. ~ 

.v ~ v " v ~ L--' 

,/. C,,. : .s . .;;~ 

IS t--+---+---+----+~-

~ R 
~ /.o t-c.~:t.-;-::7-0'~,-±--=--+----it---+---t----t----t--1 

~ as r--T-;r--t---+--+----11----r---i----r--?1~--i 
0 .___,..__~2--3'---~~---'5'---~-'---~7'---IJ_.__,~--<10 

-tor A/U1'10ER 

CO/lfP/JIYENr Pr /l/(illltlAr- fvR,,r.ACE Sl'f~lf/C CHAR. % A.c. 
toCATltl/I/ OF SAMPl.ES- 7/?""cA:' ( Exr/Ac:,;nt.}A) ;'Er/) 
SAMPtE .nrE-n:s 5/AN.oAR.o .oEJ//Ano,v 
i.o r Sl.2£- /Zt;;O ~,,vf ~~ 0, :?7S

(6/FEA////..(,:'.E) 

Figure 15. Standards given control chart: typical results. 

6. The standard deviations used to establish the limits for the control charts in 
routine work should be examined at intervals to determine the advisability of revising 
values for any certain measurement. As more data become available, it is probable 
that revisions of the values will be needed. 

7. The data on variations available so far are not sufficient to indicate the effect of 
differences in the types of aggregates or in the types of proportioning or mixing plants 
on values of standard deviations. 

8. This system of control and acceptance must be supplemented by visual inspection 
of the operations and the mix produced to eliminate batches in which an obvious error 
has been made. 
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TABLE 5 

TABULATIONS OF STANDARD DEVIATIONS EXTRACTION TESTS ON RANDOM SAMPLES 

Greenville Allendale Walterboro Pacolet Darlington 

Test Property 
Binder Binder Surf. Sur!. Binder Surf. Sand Sand Surf. Surface Surface 
Mlxa Mixb Mixa Mixb Mlxa Mix a Asphalt a Asphalt a Mlxa Checka ML'{a 

No. of tests 71 234 35 140 40 55 55 8~ 00 45 
Pass 1 in. 3. 95 4. 13 
Pass l• in. 4. 044 
Pass /'2 in. 2, 880 3. 10 2. 974 
Pass :% in. 1. 238 I. 171 
Pass No. 4 4. 76 4. 61 3. 90 3. 92 3. 743 4. 113 2. 741 2. 731 
Pass No. 8 3. 170 4. 190 2, 932 4. 306 
Pass No. 10 4. 06 3. 90 3. 45 3. 69 
Pass No. 30 2. 993 2. 094 2. 758 
Pass No. 40 2. 09 2. 18 l. 70 I. 81 
Pass No. 100 l. 417 I. 177 
Pass No. 200 0. 53 0. 548 l. 060 1.147 o. 859 1, 127 0. 493 
Asphalt content 0. 414 o. 385 o. 375 0. 357 o. 318 o. 360 0. 161 o. 153 o. 159 o. 173 0. 353 
Basket tests 70 280 40 
Pass 1 in. 2. 57 2. 52 
Pass 3

/,. in. 2. 374 
Pass No. 4 4. 62 4. 16 2. 781 
Pass No. 8 2. 561 
Pass No. JO 4. 02 3. 71 

~ Sl9 on 1 random sample per unit. 
T &!es on 2 random samples and 2 test portions each unit made for analysis of variance. 

Evaluation of Tentative Syste m for Cont rol and Acceptance of Bituminous Mixtures 

Quality and Uniformity of Mix Produced-At Pacolet, when the plant was operated 
under the proposed syste m there were only four instances of failure to conform to cri
teria on gradation and one failure of asphalt content to conform. 

At other locations there are many instances where the production is out of control. 
The fact that the average of the test results did not conform to the value of the job-mix 
caused most of these problems. When the data are compared with a revised job-mix 
value equivalent to the mean of the data, the production is generally in control. 

No specific checks were made of problems encountered in placing these mixtures ; 
but, as far as known, all the mixtures were placed without difficulty. No complaints 
of lack of uniformity were received. 

Problems Encountered by Contractor-The Pacolet plant was the only one operated 
under the proposed system. As far as known, no special problem in production of mix 
was encountered by the contractor. In fact, the data show that the production at this 
plant was under better control and had fewer variations than at the other plants. 

Problems Encountered by the Department-At the Pacolet plant, after a short train
ing period, regular project inspectors did the sampling and testing. The plotting and 
interpretation of the control charts was done by laboratory inspectors. The project 
inspectors had no trouble in following the sampling procedure and in keeping up with 
the testing. 

PHASE IV 

General 

The procedures for process control and acceptance of bituminous mixes as devel
oped, refined, and demonstrated to be practical in this research are presented next. 

Standard Deviations for Control Charts 

A necessary first step in the development of control charts is to determine the 
standard deviations which will be used to calculate the limits. Table 5 gives a list of 
standard deviations developed on the five projects studied in this research. These 
values reflect the differences in plant operation, plant equipment, raw materials, 
sampling, and testing. They are the background for establishing the standard devia
tions to be used for calculating control and acceptance limits for work in the immediate 
future. As more data become available it is probable that some changes in these values 
will be advisable. 
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The standard deviations recommended for use are based on those given in Table 5 
plus knowledge of the materials, equipment and personnel involved at the several plants 
where the tests were made. 

Gradation 

Pass 1-in. sieve 
Pass %-in. sieve 
Pass Y2-in. sieve 
Pass %-in. sieve 
Pass No. 4 screen 
Pass No. 8 screen 
Pass No. 30 screen 
Pass No. 100 screen 
Pass No. 200 screen 

Asphalt Content 

Binder mix 
Q,,,....,f,,.,..,, TV'\;,, ....,_ ...... _"'_ ...... ~-
Sand-asphalt mix 

Recommended 
Standard Deviation 

4.00 
4.00 
3.00 
3.00 
4.00 
3. 50 
2. 50 
1. 25 
1. 00 

0.38 
n ~!'l 

0.24 

For passing %-in. sieve, the data indicate a value of about 1. 25, but judgment dic
tates that the value should not be very different from that for passing a Y2-i11. sieve. 

The standard deviation for asphalt content of surface mix produced at Pacolet is 
considerably below the figure 0. 35 given in the foregoing table. However, because of 
values at other plants, the figure of 0. 35 is considered representative of average con
ditions. 

The standard deviation for sand-asphalt mix, as previously indicated, is considerably 
larger than those obtained at the two plants in this research project. However, the use 
of a low value for standard deviation in preparing standards given control charts for 
future work would result in very narrow tolerances which might be unnecessarily re
strictive for this type of work. The value of 0. 24 is suggested for the immediate fu 
ture. This value should be readjusted as soon as more data justify-a change. 

System for Process Control and Acceptance of Bituminous Mixes 

This system for process control and acceptance of bituminous mixtures is to be used 
only after the plant has been adjusted, trial batches have been tested and approved, and 
the plant is ready for normal operations. 

General Requirements-The system as described is predicated on the following. 

1. Statistical methods will be used for random sampling, for preparing and main
taining control charts, and for analyzing test data. 

2. All samples will be obtained by the random sampling procedure described here
after. 

3. Testing will be done by standard methods used by the Highway Department. 
4. Control charts will be prepared for each size sieve specified and for bitumen 

content. The central value on these charts will be the figure of the approved job-mix 
formula. Upper and lower control limits will be calculated from previously determined 
statistical values of variability (sigmas) for each control property. 

5. Interpretation of results will follow criteria given hereafter to determine when 
adjustments in the operations are required and to establish guidelines for acceptance 
of the product. 

6. When an adjustment is made in operations because a property is out of control, 
the goal shall be the central value for that property. An adjustment merely to attain a 
result just within the tolerance is unsatisfactory because of normal variations in the 
process. 
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Lot Size-Acceptance of the product is based on test results determined on random 
samples obtained from a certain lot of the material. For bituminous mixtures the size 
of this lot should be the quantity of production on which control is desired. An average 
day's run of the plant has been considered a normal lot. However, due to the inter
mittent operations of most plants, a certain tonnage figure approaching that of a nor
mal day's production is considered more practical. Lot sizes of 1, 260, 1, 500, and 
1, 800 tons have been used. The lot size for a specific plant should be established by 
the engineer. 

Number of Samples-The number of samples required for acceptance of a lot varies 
with the degree of importance of the property being measured, the variability of the 
product, and the risks assumed by the Department and the contractor of accepting or 
rejecting material outside of limits within which a satisfactory product is obtained. 
Asphalt content, as determined by the extraction test, is of major importance in 
judging a bituminous mixture, and according to criteria, five samples per lot are re
quired. As five samples are obtained for determination of asphalt content, gradations 
tests are made also on all five samples. 

Random Sampling Procedure-Details for the procedure for obtaining random sam
ples of mixture are given in the Appendix. 

Preparing Control Charts-A control chart for each sieve size and for asphalt con
tent will be prepared. Values for the standard deviation will be furnished by the en
gineer. In each case the central value for individual results and grouped data (n = 5) 
shall be the figure of the job-mix formula. The upper and lower control limits (tol
erances) for individual results will be calculated by the formula x' ±2. 33 a. For 
grouped data, n = 5, upper and lower control limits (tolerances) will be determined by 
the formula x' ± 1. 04 a. For range the upper control limit will be established by the 
formula 4. 92 a. 

Interpretation of Results on Control Charts-The criteria for determining when ad
justment in the operations should be made are prepared on the assumption of close 
cooperation between the plant inspector and the contractor's plant superintendent. For 
the first few projects in which this system of control is used, the criteria are prepared 
so that the decision as to when an adjustment should be made is the plant inspector's. 
How to attain the adjustment is, of course, the responsibility of the contractor. As 
experience is gained in using this system and personnel become familiar with the de
tails of its operation, it is expected that the contractor can assume the responsibility 
for detailed control of the production. 

Test data will be plotted on the appropriate control chart as soon as they become 
available. The following criteria will be applied. 

1. Individual Test Results. When a result is outside of the control limits the in
dication is that this property is out of control. An adjustment should be made to bring 
the property to the central value-the figure of the job-mix formula. If the divergence 
beyond the control limit is small, then it may not be necessary to stop the plant to make 
the adjustment. If the divergence beyond the control limit is large or if the result is 
markedly different from previous results, the plant should be stopped until the adjust
ment is made. In either case, a new sample should be obtained and tested as soon as 
the adjustment is made. This sample should be obtained from the same grid opening 
and with the grid in the same position as the former sample. However, the results on 
this new sample are to confirm the adjustment and they should not be included in the 
average for the lot. 

If the average of the first three individual results indicates that the average for the 
lot will be outside of the control limit for grouped data n = 5, an adjustment should be 
made to avoid producing an unacceptable lot. 

2. Grouped Data n = 5. This figure is the average of the results on the five random 
samples from a lot. 

When this value exceeds a control limit, the whole lot is unacceptable from a statis
tical standpoint. A lot which is found unacceptable according to this criteria may be 
permitted to remain in place on the road subject to an adjustment in the unit price 
based on the amount of the excess and the probable effect of this excess on the service
ability of the product. 
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When the average value for a lot is outside of control limit, the adjustment nec
essary to bring the property to the value of the job-mix must be made before more mix 
is produced. 

If two (or three) consecutive lots have average values which vary from the central 
value in the same direction by more than 75 percent of the tolerance permitted, then 
an adjustment to bring the property to the value of the job-mix will be required. 

3. Range. Range is the difference between the maximum and minimum values in a 
lot. It is a measure of variability of test results. 

When the range in results in a lot exceeds the control limit, the lot is unacceptable 
from a statistical standpoint. However, in this research the range has exceeded the 
control limit in only a few instances. In each case the result was outside of the control 
limit for individual results. Adjustment in the operation would be required as given 
previously for individual results. Acceptance would be based on the results and analy
sis of grouped data n = 5 as previously described. 

Adjusting the Unit Price for an Unacceptable Lot of Mixture 

Background-When the average of the five random samples from a lot exceeds a 
control.limit, the whole lot is unacceptable from a statistical standpoint. 

Based on the experience in this research project, there snouw oe no occas10n oi 
having a lot of mix outside of control and acceptance limits if the system of process 
control is observed with due diligence. However, such an occasion is a possibility due 
to assignable causes, and a procedure for making a decision on unacceptable lots of 
mixture is a necessary supplement to the system for process control and acceptance. 

In practice, bituminous mixture is placed on the road and compacted at approxi
mately the rate of production from the plant. The result is that by the time the test 
data on the five samples from the lot are complete, the mixture is in place on the road. 
At this stage of construction, adjustment to correct the deficiency cannot be made. The 
practical solution is to permit the mix to remain on the road and make an adjustment in 
the unit price to be paid for it. The excess outside of control and acceptance limits 
may be very small and relatively unimportant from the standpoint of the serviceability 
of the mixture. An example would be a divergence beyond the control limit of a per
centage point on the No. 4 sieve. However, the excess may be relatively large and of 
great importance to the serviceability of the mixture. An example would be very high 
(or low) asphalt content. These factors are considered in the procedure for adjusting 
the unit price described below. 

Magnitude of the Excess-Determination of the amount of the excess is a first step 
in estimating the eff ct of the divergence on the serviceability of the mix. The larger 
the excess the greater the probability of detrimental effect. However, excesses in 
some properties are more important in their effect on the serviceability of the mix 
than others. 

To calculate the magnitude of the excess, the amount outside of the control limit is 
determined, and this quantity is expressed as a percentage of the tolerance permitted 
(1. 04 x er). For example, assume the following: 

Passing %-in. sieve, lot 8 
Average value for 5 results for the lot = 87. 8 percent 
Control limit job-mix value (93 %) - tolerance (4. 1 %) = 88. 89 percent 

Amount outside of control limit 1. 09 percent 

Percentage of excess (outside of control limit) \.
0i x 100 = 26. 6 % 

Adjusting the Unit Price - The effect of an excess beyond the control limits (toler
ances) on the sei·viceability of a mix is a matter of engineering judgment. It would 
perhaps be agreed that a divergence of a percentage point on one sieve is not as detri
mental as excesses of several percentage points on several sieves. Also, it would 
probably be agreed that a divergence of one-half of a percentage point on asphalt con
tent is not as detrimental as an excess of one percentage point. Such factors are 
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Figure 16. Adjusting contract unit price for unacceptable lot of mixture out of control on gradation. 

background. Suggested percentages of the contract unit price for payment for lots 
failing to conform to criteria are given in the following tables. The percentages were 
chosen with the intent of adjusting the unit price downward in steps from almost no 
reduction when the divergence outside of control limits is small to no payment when the 
excess is large and there is little doubt that it will impair the serviceability of the mix. 

These percentages are graduated in increments to a value approximately equal to two 
sigmas (Figs. 16 and 17). This value has been arbitrarily selected as the boundary for 
rejection. It is highly improbable that an average of five test results will reach this 
value except when the mix is completely out of control due to assignable causes. When 
such a condition occurs, operations of the plant should be stopped until the proper ad
justments are made. 

When a lot of mix is out of control and does not conform to acceptance limits on one 
size sieve, the unit price for payment will be adjusted as follows. 

Percent of Excess 

0. 1 to 15 
15 to 30 
30 to 60 
60 to 92. 5 
Over 92. 5 

Percent of Contract Price 
Per Ton of Mixture 

99 for payment 
97 for payment 
90 for payment 
70 for payment 

No payment. Engineer 
will direct whether to 
leave in place or remove. 
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Figure 17. 
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Ad justing contract unit price for unacceptable lot of mixture out of control 
content. 

TABLE 6 

APPLICATIONS OF PROCEDURE FOR ADJUSTING UNIT PRICE 
(Test Data, Phase ID) 

Excess 
Percentage 

Test Average of the Conlrol Beyond Percentage of the 
Lot Tolerance Contract Property 5 Results Limit Control of Excess 

Unit Price Limit 
for Payment 

Pass% in. e 87, 8 88. 89 -1. 09 4. 11 26. 6 97 
Pass No. 4 8 34, •I 35, 05 -0. 65 4. 95 13.1 99 
Asphalt content 5 4. 22 4. 27 -0_ 05 o. 43 11. 6 95 

6 4. 17 4. 27 -0. 10 o. 43 23. 2 90 
Pass~. in. 4 89. 8 90. 22 -0. 42 2. 78 15. l 97 
Pass No. 4 7 34. 2 35. 20 -1. 00 4. 80 20. 8 97 
Pass '12 in. n 95. 3 92. 99 +2. 31 2. 99 77. & 70 
Pass No. 4 G 72, 8 69. 05 +3. 75 4. 05 92. 6 70 
Pass No. B 3 59. 7 58. 59 +1.11 3. 59 31. I 90 

6 64. 1 58. 59 +5. 51 3. 59 154. 0 No payment 
Pass No. 30 I 35. 6 35. OJ +O. 57 2. OJ 28. 2 97 

0 38. 9 J5. OJ +3. 87 2. OJ 191. 0 No payment 
Asphalt content 2 5. 41 5. 61 -0. 20 0, 39 51. 2 70 

I 5. 58 5. 61 -0. 03 0, 39 7. 'l 99 
Asphalt contenta 0 5, 99 5. 97 +O. 02 o. 17 11. 8 95 
Pass No. ea IS 56. 00 55. 59 +O. 41 J. 59 11. 4 99 
Pass No. 10oa 5 10. 58 10. 65 -0. 07 1. 35 5. 2 99 
_a 6 9. 8 10. 65 -0. 85 1. J5 63. 1 70 
Pass No. 20oa ' 7. 4 7, I +O. 30 1. 10 27. J 97 
Pa.ss No. 30 5 30. J 30. 97 -0. 67 2. OJ JJ, I 90 
Pass No. 200 2 2. 7 2. 90 -0. 20 1. 10 18. 2 97 

5 1. 5 2. 90 -1. 40 1.10 127. 0 No payment 
Asphalt content • 4. 88 4. 91 -0. 03 o. 39 7. 7 99 

aOata from plant being operated under proposed system o! control ; other data from plants not adjusted lo 
produce mix conforming to the mean of the data. 

on asphalt 
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When a lot of mix is out of control and does not conform to acceptance limits on two 
or more sieves: the percentage payment for each sieve will be determined by the fore
going method. The contract price will be multiplied in series by the percentage for 
payment for each sieve to obtain the adjusted unit price. For example, assume values 
out of control on the following: 

Passing %-in. sieve - 99 percent for payment 
Passing No. 100 sieve - 97 percent for payment 
Contract price per ton - $4. 50 

Then, $4. 50 x 99 percent x 97 percent= $4. 321, adjusted unit price. 
When a lot of mix is out of control and does not conform to acceptance limits on 

bitumen content, the unit price for payment for the mixture will be adjusted as follows. 

Percent of Excess 

O. 1 to 7. 7 
7.7to15.4 

15. 4 to 30. 8 
30. 8 to 46. 2 
46. 2 to 69. 2 
69. 2 to 92. 5 

Over 92. 5 

Percent of Contract Price 
Per Ton of Mixture 

99 for payment 
9 5 for payment 
90 for payment 
80 for payment 
70 for payment 
50 for payment 

No payment. Engineer 
will direct whether to 
leave in place or remove. 

Application of Procedure for Adjusting Contract Price-In Table 6 the procedure 
outlined in the foregoing paragraphs is applied to test data in the standards given con
trol charts of Phase III. Twenty-three instances of excesses outside of control limits, 
and therefore unacceptable from a statistical standpoint, are indicated. These figures 
are to demonstrate the procedure. Except for the five cases marked, the plants at 
which the data were obtained were not adjusted to produce mix conforming to the mean 
of the data. 

The percentages for adjusting payment for unacceptable lots of mixture need very 
careful review and consideration before being adopted. As far as can be determined, 
there is no background or precedent for the procedure outlined herein. The procedure 
is practical, but the percentages for payment may require adjustment to be more le
nient. The work in Phase III demonstrated conclusively that with reasonable care there 
should be no difficulty in producing mixtures conforming to the calculated control and 
acceptance limits. 

The full report contains drafts of special provisions to be used with the Standard 
Specifications of the South Carolina State Highway Department to utilize the procedure 
for control and acceptance, including price adjustment as described herein. It is 
expected that bids will be received in the near future on the first projects containing 
these special provisions. 

CONCLUSIONS 

Field Procedures and Testing 

The successful application of statistical methods to materials control and specifica
tions presupposes that unbiased samples will be obtained and that the testing will be 
performed correctly. 

Practical procedures for obtaining unbiased (random) samples were developed. 
These procedures depend on predetermination, by means of random numbers, of the exact 
locations from which the samples will be drawn. 

In particular, the method devised for sampling trucks at the plant, using the grid and 
sampling device, shows promise for development as a standard. It comes nearer to 
removing the personal element for sampling than any procedure known to the consultant. 

Large variations in asphalt content (in the extraction test) occurred in many cases 
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between the two tests on the same sample. These were apparently random variations 
and may be inherent in the test method. A study of this test procedure is needed. 

Phase I 

The present methods of routine job control do not insure that all mixtures accepted 
and placed on the road are in conformity with specifications. The tolerances of the 
job-mix formula were exceeded frequently on asphalt content and on gradation by both 
random and routine samples. 

Random samples show greater variations in asphalt content than are shown by routine 
job control samples. Usually, random samples show greater variations in gradation 
than are shown by routine job samples. In a few instances, smaller variations are 
shown by the random samples. The average or mean values for random samples differ 
considerably in some cases from those for routine samples. 

Standards given control charts can be prepared using as the mean or central values 
the figures of the approved job-mix formula and calculating upper and lower limits with 
standard deviations previously determined. The data from random samples so plotted 
can be used for process control and acceptance of mixtures. The data from the random 
samples as plotted on the charts show many instances in which the process was out of 
control. 

rT'\L- ---"---.!- -.C -----.!-----'------.LL- -1!.l!--L -.!' --------'1 .C--L---- .LL-.L ---L-.!1.-- . .L- L- ------
.L .L.L'll;i a.UQ..LJ 0.1.IUI V.I. v Q,.L .L~J.V\J OJ..LVYY 0 LJ..L...:; ..::;.1..1.ic:;vL V.L .::I'll;;; v 'C'.L Q,J. .LQ.VLV.I. ~ L.L.LQ.L VU.UL.I. .1.UU.'-'-' L.V v v \J.L -

all variance. Generally, the variations from batch-to-batch or unit-to-unit are great
est. The variations within batches or units are smaller and frequently not significant. 
The variations due to the testing operations are quite large in many cases. They in
dicate need for a study of test procedures with the goal of reducing the variability in 
testing operations. 

Phase II 

The mean values for randomly selected samples from the trucks at the plant and 
from the roadway directly behind the spreader agree quite well. The standard devia
tions for samples obtained from directly behind the spreader are larger than those 
from the truck samples. However, four times as many samples were obtained from 
trucks as from behind the spreader. These results show that the random method of 
sampling trucks gives realistic information on the mix placed on the roadway. 

The mean values for the samples obtained from the roadway after compaction show 
that some degradation occurs during compaction. This effect is more pronounced in 
the binder mix than in the surface mix. 

Because of degradation, it is unrealistic to expect samples obtained from the road
way after compaction to conform to the same specification limits that are used for 
plant control of the mix. 

Comparison of the data with specifications shows a considerable number of results 
outside of limits. Samples obtained at the plant show fewer such variations than sam
ples from behind the spreader, and samples from behind the spreader show fewer than 
samples from the compacted mix. The differences are more pronounced in binder 
than in surface mix. 

Phase Ill 

The procedure for obtaining random samples, both with regard to predetermining 
the location and actually drawing the material composing the sample, is practical for 
operation by regular job inspectors. 

The variations in the mixtures produced under the proposed system for process 
control are lower than those obtained on mix produced at other locations where plants 
were operated under routine control procedures. 

The system for control and acceptance of bituminous mixtures is practical, both 
from the standpoint of the department and the contractor. 

Standards given control charts using the values of the job-mix formula as the mean 
or central value and calculating upper and lower control limits with standard devia
tions developed on other projects in this research can be used in the operation of this 
system. These charts should be developed initially for each project by the testing 
division. 



51 

For the production to stay in control, the mean value for the mix actually being pro
duced should be maintained as nearly as practicable to the value of the job-mix formula. 
When adjustments are made to conform with criteria, the change should be aimed to 
attain the job-mix value and not to get results just within the limits of tolerance. 

Control charts prepared by the testing division can be used for routine control by 
district inspectors after a short period of training. The standard deviations used to 
establi~h the limits for the control charts in ro.utine work should be examined at inter
vals to determine the advisability of revising values for any particular measurement. 
As more data become available it is probable that revisions will be needed. 

The data on standard deviations available so far are not sufficient to indicate the 
effect of differences in types of aggregate, or in types of proportioning or mixing plants. 

This system of control and acceptance does not take the place of plant inspection. 
Visual inspection of the operations and the mix produced are needed, in addition to the 
sampling and testing, to eliminate batches in which an obvious error has been made. 

Phase IV 

The work in Phases I, II and Ill provides the background and experience for the sys
tem for process control and acceptance of bituminous mixes. The lot or quantity to be 
controlled and accepted as a unit can be the tonnage in a normal day's run. 

Five random samples per lot are required because asphalt content is of major im
portance in controlling and accepting bituminous mixes. Control and acceptance of lots 
of mixture will involve obtaining random samples, testing tham as prescribed, plotting 
the test data on standards given control charts, and analyzing these charts according 
to the prescribed criteria. 

The central value for the standards given control chart should be the value of the 
approved job-mix formula. Upper and lower control limits for these charts can be 
calculated using standard deviations determined in this research project. 

Interpretation of the data on these control charts according to the criteria will show 
when adjustments in the mix are needed and when the mi.Xis out of control and un
acceptable. 

A necessary supplement to the system for process control and acceptance of bitu
minous mixes is a procedure for making a decision regarding lots of mixture that are 
found unacceptable according to the statistical criteria. The limits are suggestions and 
should be revised as experience and judgment indicate. Once the limits are established, 
adjustments in the unit price for an unacceptable lot can be calculated by the simple 
procedure given herein. 

RECOMMENDATIONS FOR FUTURE RESEARCH 

The following recommendations are made for future research. 

1. The testing procedures used for asphalt mixtures should be studied to determine 
the factors contributillg to variations in test results and to refine these procedures 
where feasible. The variations inherent in the procedures due to chance causes should 
be determined so that the test results can be used with greater confidence. 

2. Looking toward more extensive use of statistical methods, a field study should 
be made of completed pavement to determine the limits within which satisfactory work 
is obtained. This study should be a comprehensive investigation of all elements: sub
grade, subbase, base, and surface courses. The mean values and variations of the 
properties by which each element is controlled should be determined by statistical 
methods. To attain sound specifications from the standpoint of lowest initial cost, the 
scope of this reseafch should include investigation of work that is rendering satisfactory 
service and work whose serviceability is questionable. 

3. The system for control and acceptance of bituminous mixes as outlined in Phase 
IV should be utilized on a trial basis on two or three projects before being incorporated 
into a standard specification. It is probable that refinement will be needed. 

4. Studies should be continued to develop the data needed to prepare standards 
given control charts for temperature and stability of the mix. The system for control 
and acceptance is also applicable to these measurements. 
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Appendix 

RANDOM SAMPLING PROCEDURE 

For statistical laws to operate effectively, it is necessary that the test data be based 
on random samples. Therefore, all samples must be obtained in accordance with the 
following procedure. 

Equipment Required 

Grid-The grid should have openings approximately 1 ft square, and it should be 
approximately one-third the length of, and about 6 in. narrower than, the body of 
trucks hauling mixture from the plant. This grid can be made with steel rods approx
imately % in. in diameter welded together. Wire mesh reinforcing of the types used in 
concrete pavement is suitable. The openings are numbered consecutively, beginning 
with the upper left-hand square as 1 and continuing horizontally for that row, returning 
to the left-hand square in the second row, etc., continuing to the lower right-hand 
square. 

Sampling Tube-This tube should be approximately 6 in. in diameter and 12 in. high 
with a strap or handle welded across the top. A steel concrete cylinder mold makes a 
convenient device. 

Miscellaneous-In addition to a grid and a sampling tube, the following items are 
required: a i·om1d point shovel, thermometer, pans or buckets, wood planks 8 in. wide 
and longer than the width of the truck body, and a table of random numbers. 

Safety-The procedure requires that samples be obtained from the surface of piles 
of hot asphalt mix (about 300 F) after it is dumped into a truck. The operator is urged 
to observe the greatest caution at all times. 



Predetermining Location to Sample 

This sampling data must be determined for an entire lot before sampling begins. 

Select a series of random numbers from the table, for example, 0. 509, 0. 025, 
o. 794. 

Use a set of three numbers as follows: 

First number x tons in lot = ton to be sampled 
0. 509 x 1, 500 (assumed) = 764 ton 

Second number = position of grid in truck body 
0. 00 to 0. 33 = front position 
0. 34 to 0. 66 = middle position 
0. 67 to 1. 00 = rear position 

0. 025 = front position 

Third number x No. openings in grid = opening from which sample drawn 
0. 794 x 40 (assumed) = 32 
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Similar calculations are made for each set of random numbers. The first sample is 
drawn from the smallest ton figure obtained by these calculations. The second sample 
is obtained from the next smallest, etc. Samples can only be drawn from the top of the 
mix in a truck, so it will not be possible to sample the exact batch. The sampler 
should keep a close check on the accumulated total production and should draw the sam
ple from the truckload which contains the ton indicated by the random number. 

It may be advisable to sample on a time basis rather than on a tonnage basis. If so, 
the ton to be sampled can be converted to a time basis as follows: 

Assume that the plant produces the 1, 500 ton lot in 10 hours. 
Convert the ton to sample to a fraction of the tons in the lot as 764/1, 500 = O. 509. 

The time to obtain the sample would be 10 hr x 0. 509 = 5. 09 hr after production of 
this lot started, if the plant operated continuously. If the plant started at 7:00 a. m., 
the time to obtain this sample would then be 12:05 p. m. 

Drawing the Sample-When the indicated ton has been produced, the hauling truck is 
stopped at the sampling platform. The sampler places the grid in the predetermined 
position and locates the preselected opening. The sampling cylinder is pushed down 
into the mix for a distance of 4 to 6 in. The mix is removed from around the cylinder, 
and a shovel or trowel is slipped under the bottom of the cylinder so that the bottom is 
entirely closed. The apparatus and contents are then removed, and the sample is de
posited in a suitable container. If a larger sample is needed for stability or other tests, 
the additional material is obtained from the same opening. 

Discussion 
KALANKAMARY P. GEORGE, Associate Professor of Civil Engineering, University 
of Mississippi-This report represents a valiant effort to introduce a procedure, based 
on statistical methods, for control and acceptance of bituminous mixtures. 

The authors conclude that the average or mean values for random samples differ 
considerably in some cases from those for routine samples. The writer assumes that 
the conclusion was based on the data shown in Figures 3, 4 and 5, respectively, for 
asphalt content, percent passing No. 4 sieve, and asphalt content of the binder mix. In 
Figure 3, for example, the characteristic values of the distribution for random sam
ples are X1 = 6. 19, <l"l = 0. 370 and N1 = 35; corresponding values for routine samples 
are X2 = 6. 09, 0'2 = 0. 233, and N2 = 27. Is the difference, X1 - X2 = O. 10, attributable 
to sampling procedures or may it be inherent random variation? To answer this ques
tion, we set up the null hypothesis that the population difference is equal to zero. Table 
7 summarizes the calculations to test the foregoing hypothesis according to the procedures 
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TABLE 7 

SUMMARY OF STATISTICS FOR COMPARISON OF TWO GROUPSa 

Sampling Number of Samples Degrees of 
Freedom 

Random (Ni) 35 34 
Routine (N2 ) 27 26 

Sum • 60 

0
Pool ed mean squa re= S2 =~ = 0.1 011 

s'~ = ./ 10.11o1) (62J =ooa4 5x1-x2 = N1 N, 1 945 . 

, =x,-x, =~ = 119 d r =60 
SX1 - X.2 • • , • • 

TABLE 8 

CONCLUSIONS FROM "STUDENT'S" t-TEST 

Asphalt content, 
surface mix 

Passing No. 4 
sieve, surface mix 

Asphalt content, 
binder mix 

o. 25 Not s ignificant 

o. 32 Not significant 

o. 35 Not significant 

Mean 
(%) 

6. 19 
6. 09 

Diff. = X, - X, 
= o. 10 

Sample Standard 
Deviation (%) 

o. 370 
0. 233 

Sum of 
Squares 

4. 6546 
1. 4118 

Sum = 6. 06641 

suggested by Snedecor (11). It is assumed 
that the population is thesame as that from 

1•, '""' l'I - - - _ __ , _ _ ------ --.lLL-J.. .LL-
WJJ.1.\,;.11 4.lJ. LHC i:=.4.UJ!-'.L'Ci"Q VU.1.U.'Ci"J CJ..JJU. l..l.lQ..l. L.Ll..:. 

difference is primarily due to sampling 
procedures. 

The corresponding probability is about 
P = 0. 25 (11, p. 46), so the null hypothesis 
would presumably not be rejected. In other 
words, the difference in the two mean 
values of asphalt content from the two sam
pling procedures does not appear to be 
statistically significant. 

Table 8 summarizes the results of this statistical test on the data that appear in 
Figures 3, 4, and 5. 

The writer concludes, therefore, that whereas the two sampling procedures are 
capable of producing data that conform to distributions of different standard deviations, 
the means of those distributions are not significantly different. 
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WILLIAM H. MILLS, Closure-The discussion submitted by Professor George is very 
interesting. The mathematics used in his analysis is apparently correct. However, 
the statement in the paper that "the average or mean values for random samples differ 
considerably in some cases from those routine samples" was intended as a simple 
statement of fact and it was not based on the application of statistical methods of 
analysis. 

Furthermore, the routine samples were obtained under the traditional approach of 
representative sampling. This approach involves the use of judgment by the person 
obtaining the sample in which he undertakes to obtain a sample which will be the aver
age of the product being produced at that time. However, the plan under which the 
random samples were obtained provided for the use of random numbers to determine 
when and exactly where the sample would be drawn. The operator was given no dis
cretion to include or exclude material. 

Although in our paper some statistical parameters were calculated on data from the 
routine sample, we believe that these values are of academic interest only and that 
methods of statistical analysis cannot be applied realistically to data from these rou
tine samples because they were not randomly selected. Therefore, even though the 
mathematics is correct, the comparisons are invalid. 




