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The f i r s t phase of the general project 
" I n v e s t i g a t i o n o f the Design and Control 
of Asphalt Paving Mixtures" (1) was the 
selection or development of a simple meth­
od of asphalt pavement design and control 
which would u t i l i z e e a s i l y portable t e s t ­
i n g apparatus t h a t could be used i n the 
f i e l d . I t was p a r t i c u l a r l y desired t h a t 
the apparatus be adaptable t o the C a l i f ­
ornia Bearing Ratio (CBR) t e s t i n g equip­
ment which was a v a i l a b l e t o Corps o f 
Engineers troops. This paper covers the 
primary aspects o f the i n v e s t i g a t i o n made 
to select a method of design and co n t r o l 
which would f i t these requirements. 

TULSA REPORT 
P r i o r t o the i n i t i a t i o n of the i n v e s t i ­

g a t i o n described i n t h i s symposium, the 
Tulsa D i s t r i c t , Corps o f Engineers, con­
ducted a comprehensive laboratory i n v e s t i ­
g a t i o n which I S summarized i n an unpub­
lished report prepared by that o f f i c e and 
t i t l e d "Comparative Laboratory Tests on 
Rock Asphalts and Hot-Mix Asphaltic Con­
crete Surfacing M a t e r i a l s . " (2) Included 
i n t h i s report was a comparative study o f 
the r e l a t i v e merits o f four t e s t methods 
which were most w i d e l y i n use a t t h a t 
time. Comparative t e s t s i n d i c a t e d t h a t 
the Hubbard-Field t e s t was the most sat­
i s f a c t o r y method o f the four f o r general 
u t i l i t y . 

SELECTION OF MARSHALL EQUIPMENT 
Tbe r e s u l t s o f the Tulsa i n v e s t i g a t i o n 

were studied, and t h e i r conclusions ap­
peared t o be reasonable based on t h e i r 
data. However, other f a c t o r s had t o be 
c o n s i d e r e d i n t h e s e l e c t i o n o f t e s t 
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equipment to meet the requirements of the 
Corps o f Engineers. I n ad d i t i o n t o s e l ­
e c t i n g or devising a t e s t method which 
was r e l i a b l e and sensitive t o the various 
f a c t o r s entering i n t o the design o f as­
pha l t pavements, i t was also considered 
th a t the t e s t equipment should be adapt­
able t o the CBR t e s t apparatus and t h a t 
i t should be e a s i l y portable. The a v a i l ­
able t e s t equipment most nearly conforming 
t o these l a t t e r requirements was t h a t 
which had been devised by Bruce G. Mar­
s h a l l while working w i t h the M i s s i s s i p p i 
State Highway Department. The Marshall 
s t a b i l i t y equipment, however, hadnotbeen 
included i n the Tulsa i n v e s t i g a t i o n pre­
v i o u s l y referenced. I n order t o deter­
mine the o v e r - a l l adequacy of the Marshall 
equipment i n the design o f a s p h a l t i c 
pavements the d e c i s i o n was made t o con­
duct a series of comparative t e s t s using 
both the Marshall and the Hubbard-Field 
equipment. The Hubbard-Field equipment 
was chosen for these comparative t e s t s on 
the basis o f the data contained i n the 
Tulsa r e p o r t and because i t was one o f 
the most widely used methods o f asphalt 
pavement design at that time. 

A de t a i l e d description of the Hubbard-
F i e l d method and apparatus may be found 
i n a publication by the Asphalt I n s t i t u t e 
t i t l e d "TTie R a t i o n a l Design o f Asphalt 
Paving Mixtures." (3) 

The t e s t apparatus r e q u i r e d f o r the 
Marshall t e s t i s r e l a t i v e l y simple and 
compact. Figure 1 shows a view o f the 
t e s t i n g machine and the M a r s h a l l t e s t 
head as developed at the s t a r t of the i n ­
v e s t i g a t i o n by the F l e x i b l e Pavement 
Laboratory o f the Waterways Experiment 
Station. Figure 2 shows the o r i g i n a l 
adaptation of the Marshall t e s t apparatus 
t o the CBR t e s t i n g frame f u r n i s h e d t o 
t r o o p s . 
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The sample of asphaltic mixture to be • 
tested by the Marshal 1 method was prepared 
by a standard compaction procedure i n a 
4-in. diameter mold to a height of 2}'2 i n . . 
This procedure consisted of compacting; 
the specimens on one side only by 15 blows^ 
of a 10-lb. hammer f a l l i n g 18 i n . on a; 
2-in. diameter f o o t , followed by a 5000-
Ib. s t a t i c l e v e l i n g load applied over the ; 
surface of the specimen. The prepared 
sample i s inserted i n t o the Marshall t e s t 
head (see Figure 3) a f t e r being heated i n 
a hot water bath to 140 F., and the load 
i s applied t o the peripheral area of the 
specimen. The s t a b i l i t y of a specimen i s 
the maximum load i n pounds which the com-

Figure 1. Marshall Testing Machine and 
Compaction Equipment Available i n 

Field CH< Testing K i t s 

pacted specimen w i l l withstand. Load i s 
ap p l i e d t o the t e s t head by means o f a 
mechanical j a c k a t a r a t e o f 2 i n . per 
minute. The load i s measured by means of 
a c a l i b r a t e d proving r i n g . 

DEVELOPMENT OF FLOW METER 
P r i o r t o the i n i t i a t i o n of the com­

parative laboratory test series using the 
Marshal] and Hubbard-Field equipment i t 
was recognized that some device f o r the 
measurement o f s t r a i n of the t e s t speci­
men would probably be a valuable addition 
t o the Marshall s t a b i l i t y t e s t . Accord­
i n g l y , a device named the " f l o w meter" was 
or i g i n a t e d . The flow meter measures the 
t o t a l amount of movement between the two 
halves of the compression r i n g , or Mar­
sh a l l t e s t head, as the specimen i s f a i l ­
ed. The operating p r i n c i p l e of the flow 
meter may be observed by refere n c e t o 
Figure 3. The flow meter i s a device con­
s i s t i n g of a sleeve w i t h i n which there i s 
a c y l i n d e r graduated v e r t i c a l l y on i t s 
side i n u n i t s of one-hundredth of an inch. 
The i n t e r n a ] c y l i n d e r f i t s snugly i n t o 
the sleeve so t h a t s l i g h t pressure i s 
required t o move the cylinder with respect 
t o the sl e e v e . By means o f the f l o w 
meter the s t r a i n o c c u r r i n g w i t h i n the 
t e s t specimen between no load and maximum 
load (Marshall s t a b i l i t y ) i s determined. 

COMPARISON OF HUBBARD-FIELD 
AND MARSHALL TEST APPARATUS 

In the comparative t e s t series three 
primary v a r i a b l e s were introduced i n t o 
the specimens compacted and tested by the 
two methods under study. I n one series . 
of t e s t s the gradation o f the aggregate 
blends used was varied from mixtures con­
t a i n i n g only 30 percent of gravel (mater­
i a l coarser than No. 10 size) to mixtures 
containing 70 percent of gravel. I n an­
o t h e r s e r i e s o f t e s t s two basic sand 
gradations were used and the f i l l e r con­
t e n t o f the mixtu r e s was v a r i e d . The 
t h i r d v ariable consisted of changing the 
asphalt content i n the two t e s t s e r i e s 
o u t l i n e d above. Specimens were prepared 
i n q u a d r uplicate f o r each c o n d i t i o n o f 
te s t i n order t o obtain good average data 
on which t o base the comparison of the 
methods. 

Hie t e s t data obtained i n t h i s i n i t i a l 
comparative series of t e s t s and i n other 
phases o f t h i s i n v e s t i g a t i o n are consid­
ered t o be too voluminous f o r extensive 
presentation i n t h i s symposium; therefore, 
the f i n d i n g s i n t h i s comparative t e s t 
series are discussed only i n genera] terms. 
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(General View Close-up 

Figure 2. Adaptation of Marshall S t a b i l i t y Testing Head to F i e l d 
GBR Testing Frame 

and the d e t a i l e d data are not presented 
h e r e i n . 

Both the Marshall and the Hubbard-Field 
equipment were found to be s e n s i t i v e t o , 
and t o detect by measurement, changes i n 
gradation, v a r i a t i o n s i n f i l l e r content, 
and changes i n asphalt content. I n e i t h ­
e r t e s t the s t a b i l i t y o f the prepared 
samples increased with increasing asphalt 
c o n t e n t to some maximum v a l u e , a f t e r 
which the s t a b i l i t y decreased. Both t e s t 
methods indicated that a maximum s t a b i l ­
i t y was a t t a i n e d when the mixtures con­
t a i n e d a p p r o x i m a t e l y 50 - 60 p e r c e n t 
c o a r s e a g g r e g a t e i n t h e p a r t i c u l a r 
blends usied f o r these t e s t s . Both t e s t 
methods i n d i c a t e d t h a t i n sand-asphalt 
mixtures,, where f i l l e r content was varied, 
the s t a b i l i t y o f the mixture increased 
with increasing f i l l e r content as indica­
ted below. I n the coarse-graded sand-
asphalt mixtures, 15 percent f i l l e r pro­
duced maximum s t a b i l i t y by both methods, 
and additional amounts of f i l l e r decreased 
the s t a b i l i t y o f the mixtures. I n the 
fine-graded sand-asphalt mixtures, the 
s t a b i l i t y by both t e s t methods continued 
to increase with increasing f i l l e r content 
up t o 20 percent, the maximum used i n 
these t e s t s . Results o f the t e s t s de­
s c r i b e d above i n d i c a t e d t h a t both t e s t 

methods were s e n s i t i v e i n a comparable 
manner t o changes i n asphalt content and 
t o changes i n aggregate g r a d a t i o n and 
f i l l e r content. 

Density determinations on specimens 
compacted as prescribed i n the two t e s t 
methods i n d i c a t e d t h a t d e n s i t y o f the 
compacted specimens increased with incre­
ments of a s p h a l t cement to a maximum 
value, a f t e r which they decreased, For 
any given mix, however, the maximum u n i t 
weight, as determined by the high p o i n t 
of the curve, was greater i n a l l cases for 
the Hubbard-Field than f o r the Marshall 
compaction procedure. A comparison w i t h 
a v e r y l i m i t e d amount o f f i e l d d a t a 
a v a i l a b l e a t t h a t time i n d i c a t e d t h a t 
compaction by the method used w i t h the 
Marshall test more nearly duplicated den­
s i t i e s obtained during normal construction 
than d i d compaction by the Hubbard-Field 
method. 

I n g e n e r a l , i t was noted t h a t the 
amount of asphalt required to produce max­
imum s t a b i l i t y was roughly about 2 percent 
less i n the Hubbard-Field than i n the Mar­
shall t e s t . H i i s difference i s a t t r i b u t ­
able to the greater densities obtained i n 
samples compacted by the Hubbard-Field 
method. I t was apparent t h ^ t an optimum 
asphalt could be selected on the basis of 
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Figure 3, Marshall Specimen i n Testing 
Position 

s t a b i l i t y by e i t h e r t e s t ; the questionable 
factor being only the density t o which the 
specimen need be compacted. The develop­

ment of compaction technique was not con­
sidered p e r t i n e n t t o t h i s phase of the 
study; however, subsequent l a b o r a t o r y 
work, described i n a l a t e r paper, d e a l t 
very thorough] y w i t h compaction procedures. 

Comparative res u l t s on flow values were 
not possible i n t h i s i n v e s t i g a t i o n since 
the Hubbard-Field t e s t d i d not include a 
comparable measurement. Flow values were 
measured, however, on the Marshall speci­
mens, and i t was noted that the flow v a l ­
ue increased i n a lo g i c a l manner wi t h i n ­
creasing asphalt content. I t was con­
sidered that when properly evaluated, the 
flow value would be a valuable measure­
ment i n the t e s t procedure. 

CONCLUSIONS 
On the basis o f the study b r i e f l y out­

l i n e d above i t was concluded t h a t the 
Marshal] equipment compared f a v o r a b l y 
w i t h the recognized Hubbard-Field equip­
ment as t o measurement o f s t a b i l i t y , 
s e n s i t i v i t y t o asphalt content, and r e ­
production o f t e s t r e s u l t s . Since the 
Marshall apparatus u t i l i z e d equipment that 
could be r e a d i l y i n c o r p o r a t e d i n t o the 
CBR t e s t apparatus and would be e a s i l y 
p o r t a b l e , i t was decided t o adopt the 
Marshal] apparatus and t o develop and 
p e r f e c t i t f o r both design and c o n t r o l 
o f bituminous pavements i n the f i e l d . 




