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This study was conducted to investigate the effects of specimen 
thickness on both Marshall stability and Marshall flow. Cor­
rection factors were derived from regression analyses for 
both stability and flow, based on data from 18 mixes. Mixtures 
studied included both original plant mixes and remolded field 
cores. Thickness of specimens ranged from 0.5 to 3.2 in. 

•ONE of the objectives of asphalt paving mixture design is to obtain a mixture with suf­
ficient stability to satisfy, without detrimental distortion or displacement, the service 
requirements and demands of traffic. Stability of a compacted mixture may be defined 
as its resistance to such displacement or deformation. In the field, the term implies 
resistance to shoving and rutting by the action of traffic, and involves resistance to 
shearing stress. In mixture design, stability and many other mechanical properties 
have been determined experimentally in the laboratory (rather than calculated from 
theoretical stress-strain considerations) due to the heterogeneous and viscoelastic 
nature of the mixture and the complex stress conditions in a flexible pavement system. 
In the laboratory, stability is expressed in terms of stability tests on compacted mix­
tures by one or more of several available methods. Criteria have been developed for 
most of these methods by correlating the results of laboratory tests on compacted pav­
ing mixtures with the performance of the paving mixtures under service conditions. 

In this approach, it is essential that laboratory methods of sample preparation and 
testing be able to reproduce, correlate, and predict conditions and behaviors of a mix­
ture in the field during construction and while in service. 

Many studies (1-5) have proposed establishing relationships between laboratory 
specimen compaction and field compaction, and between laboratory specimen density 
and field pavement density. However, no systematic study on the relationship between 
stability of laboratory-compacted specimens .and stability of the mixture in pavement 
has been reported. It is often desirable or necessary to be able to evaluate the stability 
of an asphaltic mixture in a pavement in terms of laboratory design stability. Such an 
evaluation can provide an engineer the information to readjust laboratory design prac­
tice and criteria and field construction practice and control, and to study continuously 
the factors related to pavement behavior and the effects of time, density, and other en­
vironmental factors on stability of mixture in place or in an existing pavement. At 
present there is no reliable method or information to conduct such an evaluation. 

For laboratory analyses there are two logical approaches: 

1. Obtain slabs of pavement, remold them into design test specimens in the labora-
tory, and test for stability; and · 

2. Cut field cores the size of the design test specimen and test for stability. 

Although testing cored samples has not been officially adopted by the ASTM as a stan­
dard method in evaluating paving mixtures in place, it is often done to get some infor­
mation on the in-place mixture in question. This practice is also evidenced by the fact 
that the current Marshall method adopted by the ASTM actually suggests ~) that, for 
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core specimens other than 2. 5 in., the stability be corrected by multiplying the proper 
thickness correction factors as suggested by the Corps of Engineers. 

In order to make evaluation or meaningful comparison, it is necessary, for either 
approach, to know the exact effects of specimen thickness on laboratory mixture stabili­
ty because of the varied pavement thicknesses in place. This study was designed to in­
vestigate these effects in terms of the Marshall method. 

MARSHALL FLOW VALUE 

The Corps of Engineers (1) recognized that some device for measuring total strain 
of test specimens would be a- valuable addition to the Marshall stability test. A flow 
meter, which measures the strain occurring in a test specimen between no load and 
maximum load in hundredths of an inch, was developed. The flow value is a measure 
of plasticity and flexibility of the compacted mixture and is considered an integrated 
part of the Marshall method in evaluating the quality of an asphaltic concrete mixture 
under traffic. 

One of the primary factors affecting the flow value is the degree to which the aggre­
gate voids are filled with asphalt. Therefore, for a particular aggregate gradation, the 
flow value is largely dependent on the asphalt content. A maximum flow value is usually 
established to prevent the use of excessive asphalt resulting in a plastic mix. A mini­
mum flow value is recommended by the Asphalt Institute because mixes with abnormally 
low flow values tend to be brittle and less durable. 

Goetz (7, 8) and Metcalf (9) have made important studies on Lht:: significance of flow 
value in a Marshall test. Goetz attempted to examine the results of Marshall testing in 
the light of more undame al trlax1al ant.I ur11..:u.ul.w1::'1 l!vmpression t~sts . Two conclu­
sions from this work are that the Marshall test is a type of confined test due to the 
curved shape of the testing heads, and that Marshall flow is a measure of internal fric ­
tion of the compacted mixture. (An inverse linear relationship exists between the in­
ternal friction angle and Marshall flow.) By analyzing the stress conditions in a Mar­
shall tesL and_by applying a few assumption.s, Metcalf was able to show that the bearing 
capacity of a paving mixture can be related to Marshall stability and flow by the follow­
ing approximate form: 

. . ( . Stability (130 - Flow) 
Bearing capacity psi) = ~fow x 100 

The approximate unconfined compressive strength corresponding to a given Marshall 
result is 

Stability [s 11: (30 - Flow)2] 
100 - 2 10 

More significantly, Metcalf showed that bearing capacities calculated from the Mar­
shall test generally agreed with the performance of the test sections, thus demonstra­
ting the importance of the flow value in the paving mixture design and especially in the 
evaluation of in-place properties of mixtures in pavement. It was again shown that the 
ability of the Mai·shall test (and the bearing capacity calculated from lhe Mai·sball test) 
to satisfactorily predict field performance depended largely on whether or not laboratory­
prepared specimens could reproduce or be related to tJ1e properties of in-place mate­
rial in the pavement. 

The effect of sample thickness on flow value was studied within a limited range in 
the original studies of the Corps of Engineers. It was concluded that specimen thick­
ness has little effect on flow, and thus no correction factors were considered necessary 
for flow value measured for specimens that were not of a standard 2.5-in. thickness. 
No published data of systematic study support or disprove this, although it was suspected 
by some that flow might be influenced by the thickness of the specimen. The Corps of 
Engineers conclusion was based on observations on specimens thicker than 1.5 in. Con­
sequently, a study on specimen thickness effect on Marshall flow, especially for samples 
thinner than 1. 5 in., is needed to properly evaluate Marshall test results on thinner 
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specimens. This is especially desirable because thin hot-mix wearing surfacings are 
becoming more popular with highway engineers both in the United States and abroad. 

MATERIALS AND METHODS 

Materials used in this study were obtained in the field from three associated research 
projects conducted at the Bituminous Research Laboratory, Iowa State University, during 
the 1964, 1967, and 1968 construction seasons. Mixes were taken at the plants during the 
regular paving construction projects in Iowa. Four-in. cores were taken immediately 
after compaction for mixes No. 1 to 9. Cores were taken after 1 year of service from 
mixes No. 10 to 16. Core thicknesses varied from 0.6 in. to 2.5 in. Gradation and per­
cent bitumen of these mixes are given in Table 1. 

Plant mixes were heated in a laboratory oven to between 250 and 275 F and compacted 
to various thicknesses according to the standard Marshall method (50 blows on each 
side). Compacted specimens included duplicate samples of standard thickness (2. 5 in.) 
and thicknesses equal to those of the pavement cores in which the mixes were placed. 

Standard Marshall stability and flow at 140 F were determined for all samples after 
sample thickness was measured and bulk specific gravity was determined. 

After testing, both laboratory-compacted specimens prepared from original plant 
mixes and field cores were remolded (by heating in the oven to 250 F) and compacted 
by the standard Marshall method. These were again tested for thickness, bulk specific 
gravity, Marshall stability, and flow. 

RESULTS 

Results of thickness effect study on mixes No. 1 to 9 are given in Table 2. Related 
information for mixes No. 10 to 16 is given in Table 3. Each set of data represents the 
average of at least two identical specimens. 

Stability vs Specimen Thickness 

The relationship between specimen thickness and stability at 140 F was studied by 
regression analysis for all mixes that were compacted by the standard Marshall method 
(50 blows per side) and that had more than three thicknesses. Correlation coefficients 
were also calculated for each mix. Linear equations of regression, sample size n, and 
correlation coefficient r are given in Table 4(a). For comparison, the equations of re­
gression were also obtained by using the Corps of Engineers correction factors for 
standard stability of 500, 1000, and 2000 lb, designated in the table as CE 500, CE 1000, 

TABLE 1 

GRADATION AND BITUMEN CONTENT OF MIXES STUDIED 

Mix No. 
Property 

10 11 12 13 14 15 16 2 3 4 6 7 8 9 

Percent 
passing 
sieve 

lin. 100 100 100 100 100 100 100 100 ½tn. 100 100 100 100 100 99 100 100 
½ in. 97 91 95 93 96 91 92 94 78 
'/eln. 86 77 79 78 81 78 77 100 100 100 100 77 100 100 62 
No. 4 65 56 59 57 63 60 59 81 89 92 78 60 85 85 49 
No. 8 51 44 46 45 52 48 47 62 67 58 59 43 67 63 
No. 16 36 37 33 34 41 34 44 
No. 30 28 32 25 27 31 27 28 30 34 34 31 25 35 35 23 
No. 50 16 21 17 19 18 17 19 16 21 23 18 19 25 25 
No. 100 8 10 12 12 12 9 12 12 13 13 13 9 13 
No. 200 5.7 7 .7 7.8 8.0 8.5 7.2 7 .0 9.3 9.9 9 .4 9.4 7 .1 8.4 8.9 6.7 

Percent 
bitumen 5.3 5;7 5.5 5.3 4.8 4.3 4.8 7.5 6.3 6.3 7.5 5.0 7 .0 5.3 5.5 

Year 1964 1964 1964 1964 1964 1964 1964 1967 1967 1967 1967 1968 1968 1968 1968 
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TABLE 4 

EFFECT OF THICKNESS 
(a) Thickness t vs Stability S 

Mix No. Sample Correlation Standard-Size 
and Equation Size CoeHicient Specimen stability 

Type n r So 

p s 1019 t - 520 9 0, 9622• 2060 
x 0. 495 Sot - 0. 253 So 

2 p s = 907 t - 328 5 0. 9969• 1960 
• 0. 463 Sot - 0. 167 So 

2 CR-O s = 939 t - 378 6 0. 9779• 2200 
~ 0. 427 Sot - 0. 172 So 

3 p s = 1071 - 674 7 0. 9897• 2020 
= 0. 530 Sot - 0. 307 So 

3 CR-O s = 1158 t - 590 G 0. 9977• 2300 
• 0. 503 Sot - 0. 257 So 

4 p s = llH - 276 0. 9688• 2710 
z 0. 433 Sot - 0. 102 So 

4 p + 1 s = 1138 t - 345 3 0. 9968• 2550 
~ 0. 446 Sot - 0. 135 So 

4 CR-O s = 1003 t - 184 7 0. 9226* 2700 
= 0. 371 Sot - 0. 068 So 

6 p s = 977 t - 433 0. 9035* 2000 
= 0. 489 Sot - 0. 217 So 

7 p s = 577 t - 228 11 o. 9063* 1300** 
= 0.444 Sot - 0. 175 So 

8 p s = 901 t - 358 10 0. 9879* 1900 .. 
= 0.475 Sot - 0. 191 So 

8 CR-O s = 863 l - 311 5 0. 9964• 1840 
= 0. 469 Sot - 0. 169 Sq 

9 p s = 868 t - 385 6 0. 9499* 1800 
= 0. 482 Sot - 0. 214 So 

10 p s = 614 t - 47 3 0. 9722 1510 
- 0.407 Sot - 0.031 So 

11 p s = 1291 t - 742 4 0. 9609* 2490 
~ 0. 518 Sol - 0. 298 Su 

12 p s = 1222 t - 731 6 0. 9676* 2640 
= n 48 1 Sot- Or 2ll6 --SO 

13 CR-12 s = 873 t - 206 4 o. 9932* 1950 
• 0. 448 Sot - 0. 106 So 

14 C-12 s = 544 t - 476 3 0. 9997• 850 
= 0. 641 Sot - 0. 560 So 

15 CR-12 s = 1933 t - 395 4 0. 9935 1650** 
= 1. 172 Sot - 1. 936 So 

16 CR-12 s = 2090 t - 3047 0. 0637* 1310 
= 1. 713 Sot - 3. 234 So 

(;J,: ~00 8 = 29b t - 242 lb U. 99bb* 500 
= 0. 592 Sot - 0. 484 So 

CE 1000 s = 592 t - 484 15 0. 9966* 1000 
• o. 592 Sot - o, 484 so 

CE 2000 s = 1185 t - 968 15 0. 9966* 2000 
• 0. 592 Sot - 0. 484 So 

(b) Thickness t vs Flow F 

Mix No. Sample Correlation Standard-Size 
and Equation Size Coefficient Specimen Flow 

Type n r Fo 

p F ~ 1.79t+2.7 9 0. 7652* 7 
= 0, iii6 Fot + 0. 386 Fo 

2 p F = 4. eo t + 1. 4 5 0. 8438 
2 CR-O F - 2. 47 t + 3. 1 5 0. 9138* 8 

• 0. 309 Fat + 0. 388 Fa 
p F = 2. 66 t - 1. 7 7 0. 9144• 9 

• 0. 296 Fat - 0. 196 Fa 
3 CR-O F = 2. 33 t + 3. 2 0. 9465* 9 

~ 0. 259 Fat + 0. 356 Fo 
4 p F ~ 4.06t+1.6 4 0. 9494• 10 

~ 0. 406 Fot + o. 160 Fa 
1 p I 1 l' - 3.73t+3.4 3 o. 0816 
4 CR-O F - 2.16 t I 3. 2 7 0, 9574• 10 

• 0.246 Fa+ 0.320 Fa 
6 p F = 2. 89 t + 1. 1 9 0.8319• 8 

= 0. 361 Fot + 0. 137 Fo 
7 p F = 1. 12 t + 3. 1 11 0. 7802* 6 

% 0. 187 Fat + 0. 500 Fa 
8 p F = 0. 83 t + ~. 2 10 0.M3~'1' 7 

= 0. 119 Fot + 0, 743 Fa 
8 CR-O F - 1. 03 t + 5. 5 5 0. 8830'1' 8 

- 0. 129 Ful + 0. 088 Fu 
9 p F x 0. 83 t + 4, 9 6 o. 8048 

10 p F • 5. 65 t - 2. 3 3 0. 9876 
11 p F ~ 23,10 t - 49.0 4 o. 9422 
12 p F • 3.49t+3.9 6 o. 8344* 13 

• 0. 268 Fot + 0. 300 Fa 
13 CR-12 F = 4.33t+0.5 4 0. 9225 
14 CR-12 F 5.09 t - 2.9 4 0. 7077 
15 CR-12 F 22. 83 t 30. 4 3 0. 9726 
16 CR-12 F 16. 83 t - 22. 4 4 o. 7349 
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TABLE 4 (Continued) 

(c) Thickness t vs Bearing Capacity B 

Mix No . Sample Correlation 
and Equation Size Coefficient 

Type n r 

1 p B = 129. 59 t + 13. 3 9 0 . 8168• 
2 p B = 32.35t + 84.0 5 0 . 6134 . 
2 CR-O B = 80. 35 t + 38 . 6 5 0 . 8149 
3 p B = 102. 9 t + 19. 6 ? 0 . 8270• 
3 CR-O B = 109 . 89 t + 11.1 5 0 . 9951• 
4 p B = 44.86t + 138.7 1 0 . 4898 
4 p + 1 B = 58. 06 t + 84. 7 3 o. 9816 
4 CR-O B • 62. 65 t + 121. 6 7 0 . 8933• 
6 p B = 59.06 t + 130. 6 9 0 . 4528 
7 p B c 103.77 t - 8.3 II o. 9242• 
B p B ~ 140.66t - 40.9 10 0 . 9796• 
B CR-O B ~ 113.63t - 24.9 5 0,9971* 
9 p B = 126. 38 t - 19, 6 0 o. 8911* 

10 p B = -13.55 t + 169.4 3 -0 . 9861 
11 p B = -277 . 02 t + 989.4 4 -0 . 8937 
12 p B = 64. 40 t + 39. 7 6 0. 7598 
13 CR- 12 B =6.31t+ 173. 6 4 o. 1987 
14 CR-12 B = 22.39 t + 3.6 4 0 . 7540 
15 CR-12 B = 40.55 t - 34.7 3 0. 8065 
16 CR-12 B = 33. 83 t - 19. 2 4 0. 4980 

(d) Thickness t vs Corrected Bearing Capacity B 

Mix No. Sample Correlation 
and Equation Size Coelficient 

Type n r 

1 p B = -11.68 t + 365.0 9 -0 . 7010* 
2 p B = -88.35 t + 392.B 5 -0. 8163 
2 CR-O B = -36.29 t + 331.6 5 -0 , 4227 
3 p B = 4.09 t + 284.9 7 0 . 0356 
3 CR-O B = -12.49 t + 315.3 5 -0 . 4517 
4 p B = -110.16 t + 539.B 4 -0 . 5994 
4 p + 1 B = -90.81 t + 457.1 3 -0. 9994* 
4 CR-O B = -133.12 t + 576. 2 7 -0 . 7864• 
6 p B = -77.51 t + 471.0 9 -0. 4563 
7 p B = -6.11 t + 249.9 11 -0 . 0694 
8 p B = 65.03 t + 176.1 10 0 . 7534* 
8 CR-O B = 34.89 t + 173 . 4 5 0 . 8575 
9 p B = 24.25 t + 242 . 3 6 0 . 2781 

10 p B = -53.81 t + 269.7 3 -0 , 9955* 
11 p B = -312. 95 t + 1072. 7 4 -0 , 9120 
12 p B = -37. 14 t + 286. 9 6 -0 . 4269 
13 CR-12 B = -77. 94 t + 384. 6 4 -0 . 9305 
14 CR-12 B =-3.86t + 68 . 2 4 -0 . 1152 
15 CR-12 B = 23. 53 t + 10. 8 4 0 . 3422 
16 CR-12 B = 8.28 t + 44.6 4 o. 1454 

*Significant at 5 percent level 
**Esti1noted stability 

So = Stability for standard size 2.5-in. specimen 
Fa = Flow value for standard size 2.5-in. specimen 

and CE 2000. Since the equations are functions of standard stability (stability of stan­
dard 2.5-in. specimen), they were also expressed in terms of standard stability So in 
the following form: 

S = a Sot + b So 

where 

S = stability of specimen with thickness t, lb; 
So= stability of 2.5-in. specimen, lb; 

t = thickness of specimen, in.; and 
a, b = constants (a being the slope, b the y intercept). 

The following can be noted: 

1. Stability is significantly correlated with thickness of specimen for all mixes over 
the thickness range studied (i. e., from 0. 5 in. to 3. 2 in.) regardless of the type of mix, 
asphalt content, aggregate gradation, cores or remolded cores, as long as the compac­
tive efforts are the same. 
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2. The relation between stability and thickness is linear. When expressed in terms 
of standard stability So, the relation can be stated as 

S = a Sot - b So 

Constant a varied from 0.37 to 1.71 and constant b varied from 0.03 to 3.23. If core 
samples are disregarded due to small sample size and possible variation due to coring, 
the ranges of a and bare narrowed to between 0.37 and 0.53 for a and between 0.07 and 
0.31 for b for those mixes whose correlation coefficients are significant at the 5 percent 
level. The averages of all these mixes are 0. 47 for a and 0. 20 for b, compared with the 
constants derived from the Corps of Engineers data of 0.59 and 0.48 respectively. As­
suming that the relationship is linear over the range of thickness of 0.5 in. to 3.5 in., 
the comparsion in Table 5 can be made between this study and the Corps of Engineers 
data for a mixture with a standard stability of 1000 lb. 

From Table 5 it is obvious that the Corps of Engineers correction factors cannot be 
used for specimens or cores less than 1 in. thick, which are often used for thin hot-mix 
wearing courses. 

Flow vs Specimen Thickness 

The relationship between Marshall flow and specimen thickness in terms of equations 
uf regression and correlation coefficients is given in Table 4(b). Except for core sam­
ples, coefficients were positive and significant for essentially all mixes regardless of 
type of mix and asphalt content. The rela.tion was linear-an increase in thir.knP.ss rP.­
sulted in higher flow value for the same mix and compactive effort. The table also 
shows the flow value F at thickness t as a function of standard-size specimen flow Fo 
for all the mixes that showed significant correlation at the 5 percent level. The average 
equation relating F, Fo, and t for all mixes is 

F = 0.26 Fot + o.::Hi Fo 

For a mix with a flow of 10 at 2. 5 in., a difference of 0. 5 in. in specimen thickness 
will mean a difference of one unit in flow. As an approximation the correction fadu1·s 
for flow for specimens other than 2. 5 in. thick should be 

Thickness (t) 
Correction 

Thickness (t) 
Correction 

Factor Factor 

0.5 2.08 2.5 l.00 
1.0 1.64 3.0 0,88 
l.5 l.35 3.5 0.79 
2.0 1.15 

The Corps of Engineers recommendation that flow correction is not necessary is 
essentially correct within a narrow range of thickness variation, since the flow change 
is not sensitive to small thickness change. 

Bea.J.•ing Capacity vs Specimen Thickness 

It bas been repeatedly pointed out by many that the Marshall stability alone cannot 
adequately measure the ability of a paving mixture to resist dh:11Jla.ctHmml uuder load. 
Bearing capacities, as suggested by Metcalf (9), were calculated for all specimens and 
mixes because they offer means of evaluating- Marshall 1:1 la.l>ility and flow jointly. The 
relationship between specimen thickness and bearing ca:pacity, as calculated directly 
from stability Sand flow F of specimens of varied thickness [B = S/F x (120 - F)/ 100), 
is given in Table 4(c). The relationship between thickness and bearing capacity when 
thickness is taken into consideration [B = S/tF x (120 - F) / 140 J (termed as corrected 
bearing capacity) is given in Table 4(d). 



Thickness t 
(in.) 

0.5 
1.0 
1. 5 
2.0 
2.5 
3.0 
3.5 

TABLE 5 

COMPARISON OF DATA 

Iowa State University 

S = So(0.47 t - 0.20) 
= 470 t - 200 

Stability s Correction 
(lb) Factor 

35 28 , 60 
270 3. 70 
505 1.98 
740 1. 35 
980 1.02 

1210 0 . 83 
1450 0 , 69 

Corps of Engineers 

S =So(0.59t-0.48) 
= 590 t - 480 

Stability S Correction 
(lb)* Factor* 

-165 (-) (-) 
110 (180) 9. 10 (5. 56) 
405 (450) 2.47 (2. 78) 
700 (680) 1. 43 (1. 47) 

1000 (1000) 1.00 (1.00) 
1290 (1320) 0.78 (0. 76) 
1590 (-) 0. 63 (-) 

*Figures in parentheses were obtained by using the recommended correction factors 
rather t~an from the regression equation 
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Eight of the 20 mixes indicated significant correlation between thickness and imcor­
rected bearing capacity, all positive. This is to be expected since the stability in­
creases with increasing sample thickness. However, no general equation can be estab­
lished either as a function of thickness t or in terms of thickness t and standard bearing 
capacity Bo. 

Theoretically the corrected bearing capacity of a mixture should be independent of 
specimen thickness. Data in Table 2 and the correlation coefficients in Table 4(d) gen­
erally support this. The fact that 5 of the 20 mixes showed significant correlation 
could be attributed to: (a) the assumption that the stability is directly proportional to 
specimen thickness in corrected bearing capacity calculation, and (b) measurement 
error or repeatability of the stability test. 

CONCLUSIONS 

Within the limits of this study, the following conclusions can be drawn: 

1. Both Marshall stability and flow should be corrected to properly evaluate and 
compare specimens of nonuniform and nonstandard thicknesses. The Corps of Engi­
neers correction factors are not adequate for thin specimens. 

2. Further research is needed to establish criteria for evaluating results of sta­
bility tests on core specimens and evaluating flow values of specimens other than stan­
dard size. 

ACKNOWLEDGMENT 

The author wishes to thank Professors Ladis H. Csanyi and Robert M. Nady, both 
of the Department of Civil Engineering, Iowa State University, for reviewing the manu­
script, and Messrs. Ken Bettis and Dennis Tripp for most of the testings. 

REFERENCES 

1. Investigation of the Design and Control of Asphalt Paving Mixtures. U. S. Corps of 
Engineers, Waterways Experiment Station, TM No. 3-254, 1948. 

2. Dillard, J. H. Comparison of Density of Marshall Specimens and Pavement Cores. 
Proc. AAPT, Vol. 24, p. 178-209, 1955. 

3. Parr, W. K., et al. Michigan State Highway Experimental Bituminous Concrete 
Construction Project. Proc. AAPT, Vol. 24, p. 210-233, 1955. 

4. Parr, W. K., and Serafin, P. J. Four-Year Test Trend on the Michigan Bituminous 
Experimental Test Road. Proc. AAPT, Vol. 28, p. 295-313, 1959. 

5. Campen, W. H., et al. The Effects of Traffic on the Density of Bituminous Mixtures. 
Proc. AAPT, Vol. 30, p. 378-397, 1961. 



62 

6. Standard Method of Testing for Resistance to Plastic Flow of Bituminous Mixtures 
Using Marshall Apparatus. Book of ASTM Standards, ASTM D 1559-65, 1967. 

7. Goetz, w. H. Comparison of Tria.xial and Marshall Test Results. Proc. AAPT, 
Vol. 20, p. 200-245, 1951. 

8. McLaughlin, J. F., and Goetz, W. H. Comparison of Unconfined and Marshall Test 
Results. Proc. AAPT, Vol. 21, p. 203-217, 1952. 

9. Metcalf, C. T. Use of Marshall Stability Test in Asphalt Paving Mix Design. HRB 
Bull. 234, p. 12-22, 1959. 




