
132 Transportation Research Record 1034 

Effect of Specimen Thickness on Marshall Test Results 
ROBERT F. WEBB, JAMES L. BURATI, Jr., and HOKE S. HILL, Jr. 

ABSTRACT 

A problem inherent in many standard test methods in materials engineering is 
the preparation of a standard test specimen. The Marshall test, ASTM Dl559-76, 
"Standard Test Method for Resistance to Plastic Flow of Bituminous Mixtures 
Using Marshall Apparatus," is subject to variability introduced by nonstandard 
specimens. The Marshall test allows the testing of standard sized specimens 
prepared under laboratory conditions and cored specimens of varying thickness. 
This study investigated the effects of variations in specimen size, specifi
cally specimen height, on Marshall stability and flow. To determine the ade
quacy of accepted correction methods, the observed variability introduced by 
nonstandard specimen heights was compared with the accepted correction method. 
Recommendations concerning the correction of stability and flow values result
ing from nonstandard specimens are presented. 

A problem inherent in many standard test methods in 
materials engineering is the preparation of a repre
sentative or standard specimen. The Marshall test, 
ASTM D 1559-76, "Standard Test Method for Resistance 
to Plastic Flow of Bituminous Mixtures Using Mar
shall Apparatus," is subject to variability intro
duced by nonstandard specimens. The Marshall test 
allows the testing of specimens prepared under labo
ratory conditions and also cored specimens. Labora
tory specimens are to be 2.5 ± 0.05 in. in height. 
The ASTM test procedure does not allow the use of 
specimens that are outside the height tolerance and 
does not provide a correction method for out-of
tolerance specimens. 

The height of cored specimens is dependent on the 
thickness of the pavement from which the core is 
removed. The ASTM test procedure allows the use of 
specimens from LO to 3.0 in. For stability, a "cor
relation ratio" is multiplied with the raw stability 
reading to arrive at a corrected stability value. 
There is no correlation ratio for flow. 

Many state and federal agencies have developed 
Marshall test procedures tailored to agency needs 
that are patterned after the ASTM test procedure. A 
large number, recognizing the difficulty of achiev
ing laboratory specimens within the required toler
ance in the construction quality control and quality 
assurance (QC/QA) environment, have relaxed the tol
erance for the height of laboratory specimens and 
implemented a correction procedure. In most cases 
the correction procedure for laboratory specimens is 
identical to the ASTM correction procedure for sta
bility on cores. 

This study investigated the effects of variations 
in specimen height on Marshall stability and flow. 
The experimental procedure of this study relied on 
the testing of laboratory-prepared specimens. The 
test procedure did not include cored specimens. To 
evaluate the effect of specimen thickness on Mar
shall test results it is necessary to consider a 
range of different specimen thicknesses for the same 
asphalt concrete mixture. These conditions could not 
be met for cored specimens because there is no way 
to ensure that cores taken from the pavement will 
have a standard reference core that is 2.5 in. thick 
and other cores that vary above and below this 
thickness. Furthermore, the use of existing pave
ments would have introduced more unknown variables 
into the procedure. In designing the experimental 

procedure it was decided that the procedure should 
duplicate as much as possible the conditions found 
in construction QC/QA testing. It was believed that 
this approach would yield the greatest benefit be
cause QC/QA is making the greatest use of the cor
rection procedure. 

The variability of stability and flow in response 
to variations in specimen height observed in this 
experiment is compared with the theoretical vari
ability consistent with the established procedures. 
Recommendations concerning the correction of stabil
ity and flow values resulting from nonstandard labo
ratory and cored specimens are presented. 

CURRENT CORRECTION PROCEDURES 

In current practice, corrections for nonstandard 
specimen height are used for stability. The correc
tion procedure entails the multiplication of the ob
served stability value by a "correlation ratio" that 
is related to the specimen height. Correlation ra
tios are published in tabular form and appear in 
virtually all literature detailing the Marshall 
test. Table 1 is an example of such a table from 
ASTM D-1559. Correction procedures for flow do not 
appear in the literature. 

Stability correlation ratios had their origin in 
a 1948 developmental report by the U.S. Army Corps 
of Engineers Waterways Experiment Station <1>· How
ever, this document contains only an explanation of 
the correction procedure and does not explain the 
development of the correlation ratios or the basis 
for their use. It also dismisses the possibility of 
a significant height effect on flow by stating, "A 
correction factor for flow is not necessary" (1). 
There is no evidence to support the assertion.- A 
literature search failed to uncover the basis for 
the stability correlation ratios or the apparent 
dismissal of a significant height effect on flow. 

An analysis of the stability correlation ratios 
as a function of specimen height was conducted. This 
was done in an effort to discern the physical rela
tionship between specimen height and stability that 
corresponds to the published correlation ratios. A 
plot of the correlation ratios as a function of 
specimen height revealed a curve that could only be 
explained by a complex equation. This is shown in 
Figure 1. 
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TABLE 1 Stability Correlation Ratios from ASTM Further consideration of the problem led to an 
analysis of the inverse of the correlation ratios as 
a function of height. A plot of this function showed 
that it is generally linear (Figure 2). A linear 
regression procedure performed over the range of 1.0 
to 3.0 in. yielded a regression line with a coeffi
cient of determination (r2 ) of 0.992 and a signif
icant (a = 0.05 level) regression coefficient of 
0.568. 

D-1559 

Volume of Specimen 
(cm3 ) · 

302-316 
317-328 
329-340 
341-353 
354-367 
368-379 
380-392 
393-405 
406-420 
421-431 
432-443 
444-456 
457-470 
471-482 
483-495 
496-508 
509-522 
523-535 
536-546 
547-559 
560-573 
574-585 
586-598 
599-610 
611-625 

Height 

(mm) (in.) 

38.1 1 1/2 
39.7 1 9/16 
41.3 1 5/8 
42.9 1 11/16 
44.4 1 3/4 
46.0 1 13/16 
47.6 1 7/8 
49.2 1 15/16 
50.8 2 
52.4 2 1/16 
54.0 2 1/8 
55.6 2 3/16 
57.2 21/4 
58.7 2 5/16 
60.3 2 3/8 
61.9 2 7/16 
63.5 2 1/2 
64.0 2 9/16 
65.1 2 5/8 
66.7 2 11/16 
68.3 2 3/4 
71.4 2 13/16 
73.0 2 7/8 
74.6 2 15/16 
76.2 3 
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A discontinuity in the slope of the function was 
observed at a height of 1.5 in. Because the region 
below 2.0 in. has little potential application, it 
was not considered in the experimental phases of 
this study. A linear regression analysis of the in
verse correlation ratios over the range from 2.0 to 
3.0 in. created a regression line with a slope of 
0.6405 and an intercept of -0.6016. The coefficient 
of determination for this relationship was 0. 9998, 
which denotes a nearly perfect correlation. These 
parameters were used to define the physical rela
tionship between height and the published stability 
correlation ratio table. It therefore appears that 
the original "correlation ratios• were based on the 
inverse of specimen height. 

An analysis of the laboratory procedure used to 
prepare specimens led to the conclusion that it was 
appropriate to limit the investigation to specimen 
heights of between 2.0 and 3.0 in. This provision 
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FIGURE 1 Stability correlation ratios as published in ASTM D-1559. 
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F1GURE 2 Plot of inverses of the stability correlation ratios. 

for a one-half-inch tolerance around the standard 
was considered to be a generous allowance for the 
properly trained technician conducting QC/QA tests 
in a field laboratory. In addition, the limitations 
of the height of the compaction mold and the testing 
head width dictated that 3.0 in. be the largest al
lowable specimen height. 

EXPERIMENTAL PROCEDURE 

Specimens with heights varying from 2.0 to 3.0 in. 
were prepared under control conditions in accordance 
with standard procedures. The specimens were tested 
and Marshall properties were recorded. A linear re
gression analysis with stability and flow as depen
dent responses to specimen height was conducted. 
This produced regression lines that could be used to 
estimate the effect that variations in specimen 
height had on stability and flow readings for the 
mixture under study. The experiment was conducted 
five times on different mixtures. For each experi
ment, approximately 33 specimens of varying heights 
were prepared and tested. 

The asphaltic concrete samples were obtained from 
commercial hot mix plants located in proximity to 
the laboratory facility. The material was sampled 
from a truck immediately after loading in accordance 
with ASTM D-979-74, "Sampling Bituminous Paving Mix
tures.• The total sample weighed approximately 100 
lb and had a temperature of approximately 310°F. The 

material was transported to the laboratory where it 
was placed in a heated oven. The material was main
tained at a temperature of 280°F in an oven until it 
was removed and placed in the compaction mold. The 
asphaltic concrete was sampled from material that 
was produced as a surface or binder course for a 
South Carolina Department of Highways and Public 
Transportation (SCDHPT) contract subject to statis
tical quality control (4). Job mix formulas for the 
mixes are given in Table 2. The material consisted 
of crushed granite coarse aggregate with natural or 
manufactured sand and an AC-20 asphalt cement. 

The compaction temperature of the mix was 250°F. 
This temperature was selected to be consistent with 
two procedures that are widely used at the national 
level. These procedures are MILSTD-620A (~) of the 
Department of Defense and the Federal Aviation Ad
ministration Eastern Region laboratory procedure (3) • 

A mechanical hammer was used to prepare the spec
imens. Fifty blows were applied to each face of all 
specimens. The same hammer was used throughout the 
experiment. 

For each mix, specimens of varying target heights 
were prepared in random order. This was done in an 
effort to minimize potential effects of inconsisten
cies in the mix and the possible effects of time on 
the experiment. This randomization should minimize 
the possibility of introducing bias. 

The determination of bulk specific gravity, sta
bility, and flow was accomplished in accordance with 
ASTM D-1559 and ASTM D-2726-73, "Standard Test 
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TABLE2 Job Mix Formulas for the Five Mixes Tested 

Asphalt Percentage Passing by Weight 
Content 

Mix (%) 3/4 in. 1/2in. 3/8 in. 

1 6.2 100 98 94 
2 5.7 100 98 93 
3 6.2 100 98 93 
4 5.2 95 70 
5 5.0 100 99 80 

Method for Bulk Specific Gravity of Compacted Bitu
minous Mixtures Using Saturated Surface Dry Speci
mens." Specimen heights were calculated from volu
metric data. A Marshall test press with an automatic 
load and deformation recorder was used for all test
ing. 

EXPERIMENTAL RESULTS 

Two separate analyses were 
search. Results of analyses 

conducted in the re
ef the stability and 

flow results are presented next. 

Analysis of Stability Results 

A significant (a = 0.05 level) correlation between 
specimen height and stability was observed to exist 
for each of the mixes tested. A slope and an 
intercept describing a linear regression line were 
calculated for each mix. These estimates and the 
coefficient of determination (r2 ), a measure of 
correlation, are given in Table 3. A t-test of each 
of the regression coefficients showed them to be 
statistically significant at the 5 percent level 
(i.e. I :l = 0.05) • 

TABLE 3 Summary of the Linear Regression Analysis of 
Stability and Calculation of Stability Correction Line 
Parameters for Each of the Five Mixes Tested 

Regression Line 

Mix N" ab be Ss1l 

1 34 -1454.1 1689.0 2768 
2 41 -791.2 1389.1 2681 
3 23 -193.3 7~1.7 1636 
4 33 -312.2 1090.2 2413 
5 35 -727.2 1460.3 2924 

1111 Numbar of !JMJcimeru:. 
b1n1orccp1 of te~sslon lino. 
c.Slopo of rC?Jrcsslon llna. 
dstabUity or '2..50-in. 111acfman of the regression line. 
0 Coortlolon t or dolormln•lion. 

Correction Line 

a/Sstd b/Sstd 

-0.525 0.610 
-0.296 0.518 
-0.118 0.447 
-0.129 0.452 
-0.249 0.499 

(r2)" 

0.662 
0.627 
0.537 
0.548 
0.646 

The regression lines for stability were converted 
to "correction lines" corresponding to the line of 
inverse correlation ratios that was derived from the 
published correction method. This was accomplished 
by dividing the intercept and slope of the regres
sion line by the standard stability (Sstdl of a 
2.5-in. specimen. The standard value used was the 
value predicted by the regression equation at a 
height of 2.5 in. By performing this operation, a 
function was defined that had as its ordinate the 
ratio of the stability at any specimen height to the 
stability of a standard 2.5-in. specimen. This can 
be demonstrated by dividing both sides of the equa
tion for the regression line by Sstd• such that 

Sx/Sstd = (a/Sstdl + (b/Sstdlx (1) 

No. 4 No. 8 No. 30 No. 100 No. 200 

68 54 33 13 6 
62 49 31 13 6 
71 58 35 13 6 
40 32 
39 29 

where 

Sx stability value at any height x, 
Sstd stability of a 2.5-in. specimen, 

a = regression intercept, 
b regression slope, and 
x = specimen height. 

Correction line parameters that resulted from this 
operation are given in Table 3. It should be noted 
that each of the correction line slope estimates was 
less than the slope parameter of the published 
method. 

To estimate the parameters of a stability correc
tion line with acceptable precision and confidence, 
it was desirable to combine the data of all five 
tests into a single linear regression model. There
fore it was necessary to standardize the stability 
readings of the separate mixes to permit the pooling 
of data. To this end, a stability ratio (SR) was 
calculated for each observation by dividing the ob
served stability such that 

(2) 

A prerequisite for combining the results of dif
ferent tests into one regression model is a condi
tion of homogeneity of regression lines. Before 
pooling the stability ratios of the five tests into 
one regression model, a test for homogeneity was 
performed to determine if the regression lines of 
any of the mixes differed significantly from those 
of the other mixes. The test for homogeneity con
sisted of an analysis of covariance. The analysis of 
covariance model indicated that there were no sig
nificant differences in the regression lines of the 
separate mixes at the 5 percent level of signifi
cance. 

When the attempt to establish that significant 
heterogeneity existed within the correction line 
results of the five experiments failed, all of the 
observed stability ratios of the separate experi
ments were pooled and a regression analysis was per
formed. The regression analysis resulted in the cal
culation of statistically significant estimates for 
the regression parameters. Using 166 observations, 
an intercept of -0.2707 and a slope of 0.5082 were 
calculated. The coefficient of determination (r 2 ) 

was 0.607. A plot of the combined stability ratio 
data is shown in Figure 3. This figure illustrates 
the correction line that has the ratio of the sta
bility at any specimen height to the standard sta
bility as its ordinate. 

The experimental correction line was compared 
with the correction line that was representative of 
the published correction methods. A t-test for homo
geneity of the experimental regi;ession coefficient 
and the slope derived from the published method af
firmed that a significant difference existed at the 
5 percent level. This disparity is shown in Figure 4. 
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F1GURE 3 Combined stability ratio data of the five mixes tested with the 
resulting regression line and 95 percent confidence limita. 
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Analysis o ·f Flow Results 

The analysis of flow results parallels the analysis 
of stability results. Each of the mixes studied dem
onstrated that a strong relationship between Mar
shall flow and specimen height existed. This is em
phasized by the high coefficient of determination 
(r 2 ) and the observation of statistically signifi
cant (a = 0.05 level) regression coefficients. 
These estimates are given in Table 4. 

As was done for stability, the flow regression 
lines were converted to correction lines by dividing 
the regression parameters by the standard flow value 
of each mix (Fstdl. The correction line parameter 

TABLE 4 Summary of the Linear Regression Analysis of Flow 
and Calculation of Flow Correction Line Parameters for Each of 
the Five Mixes Tested 

Regression Line Correction Line 

Mix N" ab be Fstd 
d 

a/Fstd b/Fstd (r2)e 

1 34 -0.355 5.297 12.89 -0.028 0.411 0.817 
2 41 0.458 4.694 l2.08 0.038 0.385 0.792 
3 23 0.076 3.694 9.31 0.008 0.397 0.596 
4 33 -0.820 5.200 12.18 -0.067 0.426 0.768 
5 35 -3.148 6.523 13.16 -0.239 0.496 0.812 

~Numb~r of !!ipa:cimons:. 
lncen:epr or rl)a:rt:sslon Uno. 

~Stopa of rcgn.ulon Jina. 
Flow of 1 .SO·lo . s.peclm11:.n o n the regression line. 
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estimates that resulted from this operation are 
given in Table 4. 

Flow ratios (FRs), the ratio of the observed flow 
value (Fxl to the appropriate standard flow (Fstdl, 
were calculated for all observations such that 

(3) 

An analysis of covariance test for homogeneity of 
the regression lines of flow ratios of the separate 
experiments was conducted. From this analysis it was 
concluded that no statistically significant differ
ence existed between the regression lines of any of 
the mixes at the 5 percent level of significance. 

Because significant heterogeneity within the re
gression lines of the flow ratios of each of the 
five mixes was not identified, the flow data from 
all of the mixes were combined into a single linear 
regression model. This procedure resulted in the 
calculation of statistically significant estimates 
(a = 0.05 level) for the regression line param
eters. Using all 166 observations, an intercept of 
-0.0576 and a slope of 0.4230 were calculated with a 
coefficient of determination of 0.765. This regres
sion line corresponds to a flow correction line. The 
ordinates of this function equal the ratio of the 
flow at any specimen height to the flow of a stan
dard specimen. Figure 5 shows the flow ratio obser
vations and the resulting regression line. Figure 6 
shows the difference between this experimental cor
rection line and a correction line corresponding to 
published methods--specifically, no correction. 
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FIGURE 5 Combined flow ratio data of the five mixes tested with the 
resulting regression line and 95 percent confidence limits. 
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F1GURE 6 Comparison of accepted flow correction line (no correction) 
with the experimentally derived correction line. 

DISCUSSION 

The results of this study can be divided into two 
areas, those that relate to the Marshall stability 
results and those that relate to the Marshall flow 
values. 

Stability Correction P.rocedure 

The results of this study indicate a high correla
tion between specimen height and Marshall stability 
readings. This finding supports the concept of lin
ear adjustment that is presented in published test
ing procedures. However, the table of correlation 
ratios that is presented in published testing proce
dures is not consistent with the experimental re
sults of this study. The application of the pub
lished correction method to each of the mixes tested 
would have yielded inaccurate estimates. Table 5 
gives correlation ratios derived from the experimen
tal correction line (Figure 4). These factors differ 
significantly from the accepted values. 

To illustrate the magnitude of the difference, a 
comparison of the published stability correlation 
ratio with the observed ratio at a height of 2.0 in. 
is useful. The published correlation ratio is 1. 4 7 
(Table 5). The experimental correlation ratio is the 
inverse of 0.746, the ordinate of the stability cor
rection line at a 2.0-in. height (Figure 4). This 

TABLE 5 Stability Correlation Ratios Baaed on 
Experimental Results 

Height Experimental Published 
Volume Correlation Correlation 
(cm3) (mm) (in.) Ratio Ratio 

406-420 50.8 2 1.34 1.47 
421-431 52.4 2 1/16 1.29 1.39 
432-443 54.0 2 1/8 1.23 1.32 
444-456 55.6 2 3/16 1.19 1.25 
457-470 57.2 2 1/4 1.15 1.19 
471-482 58.7 2 5/16 1.10 1.14 
483-495 60.3 2 3/8 1.07 1.09 
496-508 61.9 2 7/16 1.03 1.04 
509-522 63.5 2 1/2 I.OD I.DO 
523-535 64.0 2 9/16 0.97 0.96 
536-546 65.I 2 5/8 0.94 0.93 
541-559 66.7 2 11/16 0.91 0.89 
56(}.573 68.3 2 3/4 0.89 0.86 
574-585 71.4 2 13/16 0.86 0.83 
586-598 73.0 2 7/8 0.84 0.81 
599-610 74.6 2 15/16 0.82 0.78 
611-625 76.2 3 0.80 0.76 

value, recorded in Table 5, is 1. 34. The ratio of 
the published correlation ratio to the experimental 
ratio is 1.097. Therefore, given a stability reading 
at 2.0 in., the standard stability value obtained 
from the published method will exceed the value ob
tained by using the experimental ratio by 9. 7 per
cent. At 3.0 in., the ratio of the published corre-
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lation ratio to the experimental ratio is 0.95. 
Given a stability reading at a height of 3.0 in., 
the standard value obtained using the published 
method will be 95 percent of the value obtained 
using the experimental ratio, for a 5 percent dif
ference. Inaccuracies of this magnitude may not re
flect a true appraisal of the quality of the tested 
material. 

This analysis of stability results leads to the 
conclusion that although a correction method based 
on a linear stability response is appropriate for 
the material tested, the slope of the published cor
rection line is too great, resulting in inaccurate 
estimates. As demonstrated, this problem is crucial 
for specimen heights of between 2.0 and 2.5 in. be
cause it results in an overestimate of the standard 
stability value. This suggests that the correction 
line slope should be adjusted to more accurately re
flect the stability response to variation in speci
men height. 

Flow Correction Procedure 

The flow test results of this study confirm a high 
correlation between specimen height and Marshall 
flow readings. This finding suggests that it is ap
propriate to use a correction method similar to that 
used for stability to adjust for variations in spec
imen height. The current practice of ignoring varia
tions in specimen height prevents the accurate ap
praisal of the Marshall flow for specimens other 
than those 2.5 in. in height. 

Experimental correlation ratios were derived from 
the flow correction line (Figure 6) and are given in 
Table 6. For a 2.0-in. specimen, the correlation 

TABLE 6 Flow Correlation Ratios Based on 
Experimental Results 

Height Experimental 
Volume Correction Correlation 
(cm 3 ) (mm) (in.) Factor Ratio 

406-420 50.8 2 0.788 1.27 
421-431 52.4 2 1/16 0.814 1.23 
432-443 54.0 2 1/8 0.841 1.19 
444-456 55.6 2 3/16 0.868 1.15 
457-470 57.2 2 1/4 0.894 1.12 
471-482 58.7 2 5/16 0.921 1.09 
483-495 60.3 2 3/8 0.947 1.06 
496-508 61.9 2 7/16 0.974 1.03 
509-522 63.5 2 1/2 1.000 1.00 
523-535 64.0 2 9/16 1.026 7.97 
536-546 65.1 2 5/8 1.053 7.095 
547-559 66.7 2 11/16 1.079 0.93 
560-573 68.3 2 3/4 1.106 0.90 
574-585 71.4 2 13/16 1.132 0.88 
586-598 73.0 2 7/8 1.159 0.86 
599-610 74.6 2 15/16 1.185 0.84 
611-625 76.2 3 1.211 0.83 

ratio of 1. 27, the inverse of the correction line 
ordinate at 2.0 in., indicates the need for a 27 
percent increase in the flow reading from the test. 
At 3.0 in., the correlation ratio indicates the need 
for a 17 percent reduction in the reading obtained 
from the test. Further, the correction factors de
termined in the study corresponding to 2. 0 and 3. 0 
in., 0.79 and 1.21, respectively, indicate that the 
actual flow readings taken at the extreme heights of 
2.0 and 3.0 in. differ from the standard flow by 21 
percent of the standard flow value. Variation by 
this amount requires the standardization of flow 
values to reflect a meaningful appraisal of the Mar
shall flow of the material. 
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CONCLUSIONS 

The experimental results presented in this study in
dicate a correlation between stability and specimen 
height. Because of this, the use of a stability cor
rection procedure for nonstandard laboratory speci
mens is a sound and practical solution to the prob
lem of specimen height variability. However, the use 
of ASTM D-1559 correlation ratios that are intended 
to correct the stability values of nonstandard cored 
specimens is not consistent with the observed sta
bility-specimen height linear regression estimated 
in this study. 

A correction line for stability was calculated on 
the basis of the data taken from five mixes. For 
each mix, it was observed that the accepted table of 
correlation ratios would yield inaccurate results 
because the accepted correction line slope, derived 
from ASTM D-~559 correlation ratios, was too steep. 
Table 5 gave a set of correlation ratios that are 
based on the correction line parameter estimates of 
this study. 

Marshall flow was observed to exhibit a linear 
response to specimen height. Variations in flow read
ings over a range of specimen heights were large 
enough to require adjustment. These results would 
indicate that the development of a flow correction 
procedure for laboratory specimens would be benefi
cial. The observed correlation of flow and specimen 
height supports the development of a flow correction 
procedure similar to the previously discussed sta
bility correction procedure. A correction line based 
on observation of the Marshall flow of five mixes 
was calculated. A table of correlation ratios (Table 
6) derived from the correction line was presented. 

The observations concerning the flow response to 
specimen height also have potential impact on the 
testing of cored specimens. The variability of flow 
in response to height variability was firmly estab
lished in laboratory-prepared specimens. It is log
ical to infer that the flow of cored specimens would 
vary similarly. Currently, there is no recognized 
flow correction procedure for cored specimens. It is 
probable that such a correction procedure, similar 
to the stability correction procedure, could be de
veloped with further testing and regression analysis 
of cored specimens. It is important to. point out 
that the results of this study weaken the assumption 
that flow is not subject to variability because of 
variations in specimen height. It would appear that 
the flow results of cored specimens that vary from 
the standard height should not be used without cor
rection for height variation. 

The experimental results presented in this study 
represent the testing of five asphaltic concrete 
mixtures produced within a single geographic area. 
This small sampling cannot be used as the sole basis 
of a definitive correction method applicable to the 
large number of materials that are available. How
ever, the results of this study may be used as a 
basis for suggesting the implementation of a correc
t ion method that improves on current practices. The 
new method must conform more closely to the response 
of Marshall properties to variations in specimen 
height as observed in this and future exper !mental 
testing. 
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Computer-Assisted Random Sampling 

RICHARD M. WEED 

ABSTRACT 

Many state transportation agencies use statistical quality assurance specif ica
tions to govern construction work. A vital step in the application of these and 
other types of specifications is the selection of random samples to obtain a 
valid estimate of the quality received. Random-sampling procedures are often 
tedious and time consuming but can be considerably simplified with computer 
assistance, either by using special forms generated by computer or by working 
directly at an interactive terminal. Examples of several applications are pre
sented, 

Of the various theoretical conditions on which sta
tistical acceptance procedures are based, the as
sumption of random sampling is one of the most im
portant. Only when all vestiges of personal bias are 
removed can the laws of statistical probability be 
relied on to function properly. 

Random sampling is often defined as a manner of 
sampling that allows every member of the population 
(lot) to have an equal opportunity of appearing in 
the sample. This condition holds in the case of 
stratified random sampling for which the lot is di
vided into as inany equal-sized sublets (strata) as 
there are samples to be drawn. A single random sam
ple is then obtained from each sublet. 

A more fundamental method of random sampling, 
sometimes called simple random sampling, allows 
every possible subset of the required sample size to 
have an equal chance of being selected. This is a 
less restrictive definition but it has some practi
cal drawbacks that will be discussed shortly. 

A variation of conventional stratified random 
sampling, discrete stratified random sampling, has 
also been found to be useful. With this type of sam
pling, discrete units (such as truck,loads of mate
rial) are divided into subgroups and a random sample 
is chosen from each. Examples of this approach will 
also be given. 

SIMPLE RANDOM SAMPLING 

The least restrictive definition of random sampling 
is that of simple random sampling <ll for which all 
possible subsets of the required number of sample 
units are equally likely to be selected. However, a 
drawback of this type of sampling is that the sample 

locations occasionally tend to be clustered. For ex
ample, if a quarter mile of pavement were defined as 
a lot from which five thickness cores were to be ob
tained, it would be possible with simple random sam
pling for all five cores to be located in the first 
100 ft of pavement. Although this sample would be 
statistically valid, neither the highway agency nor 
the contractor would believe that it adequately rep
resented the lot. As a result, most agencies employ 
stratified random plans that force the sample loca
tions to be spread more uniformly throughout the 
work. 

STRATIFIED RANDOM SAMPLING 

Stratified sampling plans for highway construction 
items are designed to avoid the clustering problem 
and tend to be quite similar. First, most plans di
vide the lot into equal-sized sublots on the basis 
of area, weight, or other appropriate measure. Then, 
within each sublot, provisions are made to ,select a 
single random sample. A typical example of this ap
proach is shown in Figure 1. The uniform random num
bers between 0 and 1 are obtained from standard 
tables or may be generated by computer. 

In practice, some agencies carry this method one 
step further. In sampling bituminous concrete, for 
example, it may be more convenient to sample di
rectly from the appropriate trucks than to wait un
til after the material has been placed. In this 
case, the random locations in Figure 1 are used to 
determine which trucks are to be sampled. This is 
normally done in advance on the basis of known total 
quantities and truck capacities. 




