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Asphalt paving engineers liave long been aware of the importance of the 
physical properties of fine aggregates used for sand or sheet asphalt type 
paving mixes. Recent investigations by The Asphalt Institute have indicated 
that type of fine aggregate has very pronounced effects on the properties of 
dense graded asphaltic concrete paving mixtures as measured by the Marshall 
and Hveem test methods. 

Two types of fine aggregate, material passing the No. 8 sieve and retained 
on the No. 200 sieve, with different angularity and surface texture were used 
for the study in combination with several crushed rocks and uncrushed 
gravels. The coarse aggregates were sized from the - ^ - i n . sieve to the No. 8 
sieve. Mineral dust was also used. Material passing the No. 200 sieve was 
obtained by processing a commercial limestone dust. 

Seven basic gradations of mineral aggregate were used ranging from mixes 
in which all aggregate was finer than the No. 8 sieve size to those containing 
up to 75 percent of the aggregate from the % in. size to the No. 8 size. An 
85-100 penetration grade asphalt cement binder was used for all mixes. 

Families of curves showing stability values at optimum asphalt content 
plotted against the relative proportions of coarse and fine aggregates used in 
the mixes showed that the type of fine aggregate greatly influenced stability 
values as measured by the Marshall and Hveem test methods. For mixes 
containing up to 50 percent fine aggregate the effect of the type of fine 
aggregate was pronounced and had a greater effect on stability than changes 
in the relative proportions of coarse and fine aggregate or type of coarse 
aggregate used. For mixes containing less than 50 percent fine aggregate the 
effect of the type of fine aggregate decreased, but still remained significant 
with as li t t le as 25 percent fine aggregate. 

I n addition to the effect of fine aggregate type on Marshall and Hveem 
stability values, families of minimum aggregate voids curves indicated that 
fine aggregate type also had considerable effect on the aggregate voids charac­
teristics of mixes. 

AVhile the stability test methods used for evaluation of the effect of fine 
aggregate type on the asphaltic concrete paving mixes are empirical, these 
stability methods are being widely used and have been extensively correlated 
with asphalt pavement performance. I t is felt that these investigations wi l l 
provide the designer of asphalt paving mixes with basic information helpful 
in proportioning and selection of fine aggregate for mixes. 

• ASPHALT P A V I N G TECHNOLO- 1905, when sand was the predominant 
GISTS have long been aware of the mineral aggregate used for asphalt pav-
importance of the physical properties of ing mixes, Richardson (1) stated: " A l -
fine aggregates used for sand or sheet together there seems to be nothing more 
asphalt type paving mixes. As early as important for construction of a satisfac-
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220 MATERIALS AND CONSTRUCTION 

tory asphalt surface mixture than a 
thorough understanding of the peculiari­
ties of the various sands and their adapt­
ability to the purposes for which they 
are used." 

I n recent studies Goetz and Lottman 
(2) stated: "The addition of crushed 
gravel fine aggregate to round natural 
sand materially increased the strength of 
bituminous concrete mixtures and sand 
asphalt mixtures prepared with all round 
natural sand in the fine aggregate." 

Part of The Asphalt Institute's re­
search activities are devoted to a compre­
hensive investigation of the characteris­
tics of asphalt paving mixes. These 
investigations include a study of the rela­
tive effects of the variable components of 
the mix on the properties and character­
istics of the compacted asphalt pavement. 
A wide variety of aggregate types, grada­
tions, and combinations has been sub­
jected to extensive tests by the Marshall, 
Hveem, Hubbard-Field, and triaxial test 
methods. 

The data obtained from these tests in­
dicate that both type and quantity of 
fine aggregate have pronounced effects 
on the properties of asphaltic concrete 
paving mixes as measured by the Mar­
shall and Hveem test methods, the two 
asphalt-mix test methods most widely 
used at present. 

ASPHALT 

Asphalt cement used in the study was 
from a single and uniform source. I t was 
an 85-100 penetration grade meeting all 
specification requirements of The Asphalt 
Institute. 

AGGREGATES 

The study was based on the use of 
two coarse aggregate types and two fine 
aggregate types. The coarse aggregates 
were: 

1. California granite, crushed. 

2. Washington gravel, uncrushed. 

Fine aggregates were: 

1. New York trap rock, crushed. 
2. Maryland sand, uncrushed. 

The California granite coarse aggre­
gate and the New York trap rock fine 
aggregate were highly angular and rough 
textured, composed entirely of crushed 
particles. The Washington gravel coarse 
aggregate and the Maryland sand fine 
aggregate were aggregates of medium 
angularity and relatively smooth surface 
texture, both composed entirely of un­
crushed particles. 

The coarse aggregate fraction of a 
given mix was composed entirely of ma­
terial passing the % - i n . sieve and re­
tained on the No. 8 sieve f rom one of 
these sources. The fine aggregate fraction 
contained material passing the No. 8 
sieve and retained on the No. 200 sieve. 

Mineral dust (material passing the 
No. 200 sieve) was obtained by process­
ing a limestone dust f rom a single and 
uniform source. Specific gravities of all 
the mineral aggregates and mineral dust 
are given in Table 1. 

Seven basic gradations were used, 
ranging from mixes in which all aggre­
gate was finer than the No. 8 size to 
those containing up to 75 percent of 
coarse aggregate, from the %-in. to the 
No. 8 size. The range of gradations used 
in these studies is shown in Figure 1. 

Changes in gradation were accom­
plished by varying the percentages of the 
coarse aggregate fraction and the fine 
aggregate and mineral dust fraction. The 
coarse aggregate grading remained con­
stant, as did the fine aggregate and filler 
grading. The ratio of mineral dust to fine 
aggregate was constant throughout the 
study. Coarse aggregate, fine aggregate, 
and mineral dust were separated into 
sizes corresponding to all of the sieve 
sizes marked heavily in Figure 1 and 

T.UJLE 1 
SPECIFIC GRAVITY OF MINERAL AGGREGATES 

AND FILLER 

Specific Gravity 

Asgresate .\pparent Bulk 

Washington gravel 
California granite 
New York trap rock, fine 
Maryland sand, fine 
Limestone mineral dust 

2.Y22 
2.9.53 
2.023 
2.r,,,f, 
2.703 » 

2.697 
2.875 
2,764 
2,632 

* ASTM Designation 0 188, 
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ITO too 
SIEVE NO. 

S I E V E OPENING-INCHES (LOG S C A L E ) 

U. S. STANDARD SIEVES • ASTM DESIGNATION E 11-39 

Figure 1. Aggregate gradations. 

recombined for individual test specimens 
to obtain the highest possible degree of 
gradation control. Gradations vt̂ ere also 
adjusted to equivalent percentages by 
volume in order to compensate for varia­
tions in the specific gravity of the fine 
and coarse aggregates used. 

TEST METHODS 

The Marshall and Hveem test meth­
ods were used to measure certain effects 
of type and quantity of fine aggregate 
on asphalt paving mixtures. Although 
these testing methods are empirical in 
nature, they are widely used throughout 
the United States and have been exten­
sively correlated with asphalt pavement 
performance. Data trends derived from 
these studies have provided a wide va­
riety of information of value to the 
asphalt paving technologist, as w i l l be 
shown. 

The Marshall and Hveem test pro­
cedures as used in these studies are fu l ly 
described elsewhere (3). 

BASIC LABORATORY DATA 

The basic laboratory data derived 
from tests on the various aggregate com­
binations are shown graphically in the 
Appendix. (Fig. 6 shows Marshall test 
data for Gradation 1, composed entirely 
of New York trap rock fine aggregate 
and limestone dust. Figs. 7 through 12 
are Marshall data for various combina­
tions of Washington gravel coarse ag­
gregate. New York trap rock fine aggre­
gate, and limestone dust. Figs. 13 through 
18 are Marshall data for various com­
binations of California granite coarse 
aggregate. New York traprock fine ag­
gregate, and limestone dust. Fig. 19 shows 
Marshall data for Gradation 1, composed 
entirely of Maryland sand fine aggregate 
and limestone dust. Figs. 20 through 25 
are Marshall data for various combina­
tions of Washington gravel coarse aggre­
gate, Maryland sand fine aggregate, and 
limestone dust. Figs. 26 through 31 are 
Marshall data for various combinations 
of California granite coarse aggregate, 
Maryland sand fine aggregate, and lime-
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Gradation 
Curve 

Number 

T A B L E 2 

SUMMARY OF MARSHALL T E S T F R O P K R T I U S 

Percent Fine 
.'\j?i?regate and 
Mineral Dust 

Wasliin^ton Gravel Coarse Aggregate California Granite Coarse Aggregate 

100 
75 
05 

Opt. AC 
Content (%)• 

Stability 
(lb) 

Min. Agg. 
Voids (%) 

Opt. AC 
Content (%)» 

Stabilitv 
(lb) " 

(a) N E W Y O R K T R A P R O C K F I N E AUGRKOATE 

9.3 2,550 24.2 9.3 
0.8 2,500 19.4 0.8 
0.4 2,260 18.3 6.3 
5.6 2,100 10.0 5.8 
5.2 1,860 15.6 5.6 
4.9 1,510 15.1 
5.4 1,260 15.5 6.1 

(b) MAHYLAND SAND F I X E A G G R E G A T E 

6.6 1,510 18.8 0.6 
5.7 1,570 15.8 5.7 
4.9 1,565 14.6 5.2 
4.0 1,580 14.S 4.7 
4.4 1,335 

1,090 
IS.O 4.9 

4.5 
1,335 
1,090 13.5 5.3 

4.9 840 14.4 6.8 

dry weiglit of aggregate. 

2.550 
3,070 
2,810 
2,780 
2,760 
2,580 
1,780 

1,510 
1,800 
1,900 
2,140 
1,915 
2,010 
1,400 

Min. Agg. 
Voids (%) 

24.2 
19.0 
18.5 
17.6 
17.5 
17.0 
18.4 

18.8 
10.1 
15.2 
14.5 
16.0 
15.6 
18.5 

stone dust. Figs. 32 through 57 are 
parallel data for Hveem tests on these 
same materials.) 

The optimum asphalt content was de­
termined for each of these gradations 
and combinations of aggregates, in ac­
cordance with established procedures 
{3). Table 2 summarizes optimum as­
phalt contents, stability at optimum 
asphalt content, and minimum voids in 
the mineral aggregate as determined in 
Marshall tests for these mixes. Table 3 
summarizes similar data from the Hveem 
tests. These data only are used to es­

tablish trends discussed in this paper. 
The detailed data of Figures 6 through 
57 have been included, however, for use 
in further analyses by asphalt paving 
technologists. 

STABILITY CHARACTERISTICS 

One important property of an asphalt 
paving mix is stability, the ability to 
withstand repetitive traffic loadings wi th­
out displacement. Both the Marshall and 
Hveem methods of mix design include a 
measurement of stability. Data derived 

T . M S L E 3 

S U M M A R Y O F H V E E M T E S T P R O P E R T I E S 

Gradation Percent Fine 
Curve Aggregate and 

Number Mineral Dust 

Wasliiiigton Gravel Coarse .-Vggregate California (Jranite Coarse Aggregate 
Opt. AC 

Content (%)> 
Stability 

(lb) 
Min. Agg. 
Voids (%) 

Opt. A C 
Content (%)« 

Stability Min. Agg. 
(lb) Voids (%) 

(a) N E W Y O R K T R A P R O C K F I N E AOOREOATE 

100 8.1 52 23.2 
75 6.4 55 20.2 
65 5.8 55 18.3 
55 5.3 56 17.0 
45 4.7 54 15.7 
36 4.7 40 15.0 
25 4.5 35 15.2 

(5) MARYLAND SAND F I N E AGORBQATE 

100 6.4 30 17.5 
75 4.9 38 15.0 
65 4.3 44 IS.3 
65 3.9 46 13.0 
45 3.8 44 12.4 
35 3.6 39 12.5 
25 3.9 32 12.9 

' Based on dry weight of aggregate. 

8.1 
0.4 
6.0 
6.3 
4.7 
6.3 
5.3 

52 
57 
58 
58 
58 
49 
43 

23.2 
20.0 
19.0 
17.6 
17.2 
17.S 
18.6 

0.4 30 17.6 
5.2 38 16.5 
4.7 45 16.3 
4.4 49 14.1 
4.6 48 16.1 
4.7 45 15.1 
4.6 30 18.4 
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from this study provide a basis for es­
tablishing general trends in the variations 
of Marshall and Hveem stability with 
variations in proportions of coarse and 
fine aggregates. Such trends are shown 
for Marshall stability in Figure 2, where 
stability values are at the optimum as­
phalt content for the particular mix, de­
termined as previously described. 

I t wi l l be noted that all the curves 
show an increasing and then decreasing 
stability as the percentage of fine ag­
gregate is increased from 25 to 100 per­
cent. Combinations of the more angular 
crushed New York trap rock fine aggre­
gate with both coarse aggregate types re­
sulted in api)reciably higher stability 
values than mixes containing the less 
angular, uncrushed Maryland sand fine 
aggregate. 

Numerically, the increase in stability 
that could be attributed to use of the 
more angular trap rock fine aggregate 
amounted to approximately 500 to 1,000 
lb for mixes containing more than 50 per­
cent fine aggregate and filler. When less 
than about 50 percent of the trap rock 

fine aggregate was used, the effect of fine 
aggregate type became less pronounced, 
although i t still remained quite signifi­
cant with as little as 25 percent fine ag­
gregate and limestone dust in the mix. 

The influence of coarse aggregate type 
and quantity on Marshall stability at op­
timum asphalt content is also shown by 
the family of curves. The crushed, highly 
angular, California granite mixes were 
considerably higher in stability at op­
timum asphalt content than mixes con­
taining the uncrushed less angular Wash­
ington gravel mixes. 

These curves indicate that the influence 
of fine aggregate type on Marshall sta­
bi l i ty at optimum asphalt content was 
considerably greater than the influence 
of coarse aggregate type for mixes con­
taining more than about 50 percent fine 
aggregate and mineral dust for the ag­
gregates studied. AVhen less than about 
50 percent fine aggregate and mineral 
dust was used, the effect of fine aggregate 
type on Marshall stability at optimum 
asphalt content was roughly the same or 
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Figure 2. Marshall stability characteristics. 
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slightly less than that of coarse aggregate 

A similar plot of Hveem stability val­
ues at optimum asphalt content for iden­
tical aggregates and gradations as used 
for the Marshall test series is shown in 
Figure 3. The curves for al l mixtures 
show increasing and then decreasing 
Hveem stability values at optimum as­
phalt content as the fine aggregate and 
mineral dust fraction was varied from 25 
to 100 percent. 

Mixes containing the more angular 
New York trap rock fine aggregates pro­
duced Hveem stability values at opti­
mum asphalt contents about 10 to 20 
points higher than those containing the 
less angular Maryland sand fine aggre­
gates, for fine aggregate and mineral dust 
concentrations greater than about 50 
percent. Effect of fine aggregate type be­
came less pronounced, but still remained 
significant, for mixes containing less than 
50 percent fine aggregate and mineral 
dust. 

The crushed and more angular Cali­
fornia granite coarse aggregate mixes re­

sulted in higher Hveem stability values 
than the uncrushed less angular Wash­
ington gravel coarse aggregate mixes for 
a given fine aggregate and filler. 

AGGREGATE VOIDS CHARACTERISTICS 

For a given aggregate, gradation, and 
compactive effort, as the asphalt content 
is increased in compacted bituminous mix 
specimens, aggregate voids decrease and 
then increase with further additions of 
asphalt. The effect of fine aggregate type 
and quantity upon aggregate voids may 
be shown by families of curves in which 
minimum percent aggregate voids values 
are plotted against the percent of fine 
aggregate and mineral dust for the vari­
ous aggregate types. 

Min imum aggregate voids values plot­
ted in this manner reflect specimen 
density differences due to compactive ef­
forts and methods. The development of 
aggregate voids data as described affords 
a means of comparing differences in the 
compaction methods used for the Mar­
shall and Hveem test methods. 

P E R C K N T C O A R S E A G G R E G A T E 
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Figure 4. Marshall minimum aggregate voids characteristics. 

Marshall Specimens 

Figure 4 is a plot of minimum percent 
aggregate voids vs the different percent­
ages of coarse aggregate, fine aggregate, 
and mineral dust, resulting from Mar­
shall 50-blow compaction for the various 
aggregates used in the study. As the per­
centage of fine aggregate and filler was 
increased from 25 to 100 percent, mini­
mum aggregate voids values decreased to 
a minimum and then increased. 

Mixes containing the crushed, more 
angular New York trap rock fine aggre­
gate had minimum percent aggregate 
voids values approximately 3 to 5 percent 
higher than the less angular Maryland 
sand mixes for fine aggregate, and min­
eral dust contents greater than about 55 
percent for mix compositions containing 
both Washington gravel and California 
granite coarse aggregates. As the fine 
aggregate and mineral dust content was 
decreased below approximately 55 per­
cent, the coarse aggregate type began to 
influence minimum percent aggregate 
voids values, and became a more signifi­

cant factor in minimum percent aggre­
gate voids. Results indicated that for the 
mixes containing 75 percent of the 
crushed California granite, fine aggregate 
type had no appreciable effect on mini­
mum aggregate voids values. The curves 
also indicate that fine aggregate type has 
considerable influence on the percentages 
of coarse aggregate and fine aggregate 
and mineral dust required to produce 
minimum percent aggregate voids. M i n i ­
mum percent aggregate voids were 
reached with greater amounts of the less 
angular Maryland sand fine aggregate 
than of the New York trap rock fine 
aggregate. 

Hveem Specimens 
Figure 5 is a plot of aggregate voids 

characteristics for Hveem specimens 
compacted by the triaxial kneading com­
paction method for the same aggregates 
and gradations used for the Marshall 
test series. Minimum aggregate voids 
values decreased to a minimum and then 
increased as the fine aggregate and rain-
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Figure .'j. Hveem minimum aggregate voids characteristics. 

eral dust fraction was increased from 25 
to 100 percent. Use of the crushed, more 
angular trap rock fine aggregate gener­
ally resulted in higher minimum aggre­
gate voids values than did the Mary ­
land sand fine aggregate. The magnitude 
of difference of minimum aggregate voids 
varied, but generally was about 2 to 5 
percent less for the mixes containing the 
Maryland sand fine aggregate compared 
to mixes containing the trap rock fine 
aggregate, except for mixes containing 
65 percent or more California granite 
coarse aggregate. I n this instance the 
effect of fine aggregate type was small. 
The effect of coarse aggregate type on 
minimum aggregate voids values became 
apparent when more than 25 percent was 
used. About 55 percent or more coarse 
aggregate was required before the effect 
of coarse aggregate type exceeded the 
effect of fine aggregate type on minimum 
aggregate voids. 

Trends in minimum aggregate voids 
values for the Marshall and Hveem spec­
imens were quite similar for the aggre­

gates and gradations used in the study. 
The most notable differences were as 
follows: 

1. Triaxial kneading compaction used 
for the Hveem method resulted in higher 
densification of mixes which contained 
the less angular and smoother surface 
textured aggregate types, than did the 
Marshall method compaction. 

2. The Marshall compaction method 
resulted in approximately the same or 
slightly higher densification of mixes 
which contained highly angular and 
rough surface textured aggregate types, 
than did the compaction used for the 
Hveem method. 

OPTIMUM ASPHALT CONTENTS 

Both the Marshall and Hveem meth­
ods of mix design include criteria for 
selection of optimum asphalt content. 
Results of optimum asphalt content de­
terminations by the Hveem method indi­
cated that in all instances the mixes con-
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taining the crushed New York trap rock 
fine aggregate required more asphalt than 
did mixes containing the less angular 
Maryland sand. This was true when the 
trap rock fine aggregate was used in com­
bination with the California granite 
coarse aggregate and the Washington 
gravel coarse aggregate. Optimum asphalt 
contents determined by the Hveem 
method for the various combinations of 
New York trap rock fine aggregate and 
Washington gravel coarse aggregate aver­
aged 1.2 percent higher than for combi­
nations of Maryland sand fine aggregate 
and Washington gravel coarse aggregate. 
Hveem method optimum asphalt con­
tents for the various combinations of 
New York trap rock fine aggregates and 
California granite coarse aggregates av­
eraged 1.0 percent higher than for com­
binations of Maryland sand fine aggre­
gates and California coarse aggregates. 

Marshall method optimum asphalt 
contents were also higher in all instances 
for mixes containing New York trap rock 
fine aggregates than mixes containing 
Maryland sand fine aggregate regardless 
of the coarse aggregate type used. Opti­
mum asphalt contents determined by the 
Marshall method for the various combi­
nations of California granite coarse ag­
gregate and New York trap rock fine 
aggregate averaged 1.0 percent higher 
than did the combinations of California 
granite coarse aggregate and Maryland 
sand fine aggregate. Marshall optimum 
asphalt contents for combinations of 
Washington gravel coarse aggregates and 
New York trap rock fine aggregates av­
eraged 1.1 percent higher than combina­
tions of Washington gravel coarse aggre­
gates and Maryland sand fine aggregates. 

Also of interest is the fact that for all 
aggregates and gradations used in the 
study, Marshall method optimum asphalt 
contents averaged approximately 0.6 per­
cent higher than optimum asphalt eon-
tents determined by the Hveem method. 

SUMMARY AND CONCLUSIONS 

The type and quantity of fine aggre­
gate used for asphaltic concrete paving 

mixes have pronounced effects on Mar­
shall and Hveem test properties. For the 
aggregates and gradations included in 
this study, the following conclusions may 
be drawn: 

1. Increased angularity and roughness 
of surface texture of fine aggregates pro­
duced increased Marshall and Hveem 
stability values in asphaltic concrete 
mixes at optimum asphalt content. 

2. Relative proportions of coarse and 
fine aggregate in asphaltic concrete mixes 
required to produce maximum Hveem or 
Marshall stability at optimum asphalt 
content appeared to be related to the an­
gularity and surface texture of both 
coarse and fine aggregate fractions. 

3. Increased angularity and roughness 
of surface texture of fine aggregate pro­
duced increased minimum percent aggre­
gate voids in asphaltic concrete mixes 
compacted by the methods specified for 
the Marshall and Hveem methods. 

4. Increased angularity and roughness 
of surface texture of the fine aggregate 
fractions used in asphaltic concrete mixes 
produced increased optimum asphalt con­
tents determined in accordance with the 
criteria for selection of the optimum as­
phalt content for the Marshall and 
Hveem test methods. 

5. Similar trends in optimum asphalt 
content, stability at optimum asphalt 
content, and minimum aggregate voids 
resulted for the Marshall and Hveem 
test methods as the types of fine and 
coarse aggregates were varied in asphal­
tic concrete mixes. 

I n conclusion, i t is again pointed out 
that trends discussed in this paper rep­
resent only a small part of the informa­
tion which can be derived from these lab­
oratory data. I t is hoped that asphalt 
paving technologists w i l l familiarize 
themselves with details of these data and 
use them to good advantage in the design 
of asphalt paving mixes. The data pre­
sented here represent only one segment of 
a comprehensive study of factors influ­
encing the behavior of asjjhalt paving 
mixes. Other segments of this study wi l l 
be presented as developments suggest. 
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ĵ̂^

 f>
pg

ip
n 

R
in

di
es

 
C

oa
rs

e 
A

gg
re

ga
te

: 
ft

s 
* 

T
yp

e:
 p

^l
if

nv
ni

a 
r,

ra
ni

te
—

 
Fi

ne
 A

gg
re

ga
te

: 
79

.0
 

"°
 

T
yp

e:
 N

cM
i Y

nr
lr

 T
ra

p 
R

nc
k 

M
in

er
al

 D
us

t:
 

6.
P 

"T
™

- 
1 

im
ps

l''
"'

' 
_

—
-—

 
A

sp
ha

lt 
C

em
en

t 
Id

en
t. 

u_
a5

/l 
00

 P
pn

 ,
 

fir
ad

e 

3.
5 

4J
3 

. 
4,

5 
„

5
.0

 
, 

5.
5 

6.
0 

6.
5 

^
A

C
V 

W
gt

- 
of

 A
gg

. 

F
ig

ur
e 

43
. 

O
 3 M
 o > > O
 o >;
 

o w
 

M
 

H •tJ
 > < 



16
0r

 

. 
15

8 
= 

a. 
: 

S 
15

4-

'3
 

=>
 

15
2-

i5o
E

 

X 

12
r 

10
 :

 

4.
0 

4.
5 

5.
0 

5.
5 

6.
0 

%
AC

 
by

 W
gt

. 
of

A
gg

. 
6.

5 

7C
r3

 

3(
 =

 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

6.
0 

%
 A

C 
by

 W
gt

. 
of

 A
gg

. 

50
(b

 

m
': 

3o
r-

20
(:

 

lO
tH

 

4.
0 

4.
5 

5.
0 

5.
5 

6.
0 

7o
A

C
 b

y 
W

gt
. 

O
fA

gg
. 

.5
 

4.
0 

4.
5 

5.
0 

5.
5 

%
 A

C 
by

 W
gt

. 
of

 A
gg

, 6.
0 

6.
5 

H
V

E
E

M
 M

E
T

H
O

D
 

Jo
b 

Id
en

tif
ic

at
io

n:
 

M
ix

 D
es

ig
n 

St
ud

ie
s 

C
oa

rs
e 

A
gg

re
ga

te
: 

75
 

%
 

T
yp

e:
 C

al
if

or
ni

a 
G

ra
ni

te
 

20
.7

 
F

in
e 

A
gg

re
ga

te
: 

T
yp

e:
 N

ew
 Y

or
k 

T
ra

p 
R

oc
k 

M
in

er
al

 D
us

t:
 

4.
3 

%
 

T
yp

e:
 

L
im

es
to

ne
 

D
us

t 
A

sp
ha

lt 
C

em
en

t 
Id

em
.- 

«S
/1

0n
 P

en
, 

r.
ra

de
 

6.
5 

F
ig

ur
e 

44
. 

14
8 

14
6 

: 
14

4 

S 
14

2 50
 4.

0 

50
0 

40
0 

30
0 

20
0 

10
0 

4.
5 

5.
0 

5.
5 

6.
0 

6.
5 

" 

%
A

C 
by

 W
gt

. 
O

fA
gg

. 

12
 4.

0 
4.

5 
5.

0 
5.

5 
6.

0 
6.

5 
%

 A
C

 b
y 

W
gt

. 
O

fA
gg

. 
7.

0 

4.
5 

5.
0 

5.
5 

6.
0 

6.
5 

7o
 A

C
 b

y 
W

gt
. 

O
fA

gg
. 

7.
0 

H
V

E
E

M
 M

E
T

H
O

D
 

Jo
b 

Id
en

tif
ic

at
io

n:
 M

ix
 D

es
ig

n 
St

ud
ie

s 
C

oa
rs

e 
A

gg
re

ga
te

: 
Q

 
%

 
T

yp
e:

 
" 

Fi
ne

 A
gg

re
ga

te
: 

82
.9

 
%

 
T

yp
e:

M
ar

yl
an

d 
Sa

nd
 

M
in

er
al

 D
us

t:
 

17
.1

 
T

yp
e:

 L
im

es
to

ne
 

D
us

t 
A

sp
ha

lt 
C

em
en

t 
Td

en
t.-

 
s^

/in
n 

Pr
-n

 
r.

ra
ri

e 

^•
|A

C
=•

b°
yw

|t^
f^

A
L

. 

F
ig

ur
e 

45
. 

to
 

00
 

> > D O
 

O
 

03
 

d o o 



15
1 

. 
15

0 

a. I 
14

9 
•s,

 I 
14

8 

'c =•
 

14
7 

60
0 

50
0 

40
0 

30
0 

20
0 

10
0 

4.
0 

4.
5 

S.
O

 
5.

5 

%
A

C
 b

y 
W

gt.
 

of
 A

gs 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

6.
0 

6.
5 

%
 A

C
 b

y 
W

gt
. 

of
 A

gg
. 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

6.
0 

%
 A

C
 b

y 
W

gt
. 

of
 A

gg
. 

6.
5 

H
V

EE
M

 
M

ET
H

O
D

 

Jo
b 

Id
en

ti
fi

ca
ti

on
: 

M
ix

 D
es

ig
n 

St
ud

ie
s 

C
oa

rs
e 

A
gg

re
ga

te
: 

25
 

T
yp

e:
 

W
as

hi
ng

to
n 

G
ra

ve
l 

F
in

e 
A

gg
re

ga
te

: 
62

.2
 

T
yp

e:
 

M
ar

yl
an

d 
Sa

nd
 

M
in

er
al

 D
us

t:
 

12
.8

 
T

yp
e:

 
L

im
es

to
ne

 D
us

t 
A

sp
ha

lt
 C

em
en

t 
Id

en
t. 

• 
85

/1
00

 P
en

, 
r.

ra
df

i 

3.
5 

4.
 

F
ig

u
re

 
46

. 

15
: 

. 
is

: 
u Q.

 
L 

15
1 

•&
 I 

15
C

 

14
* 3.

0 

50
0,

 

3 
40

0 

S 
30

01
 

U 
10

0 3.
0 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

%
A

C
 b

y 
W

gt
. 

of
 A

gg
. 

6.
0 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

%
 A

C
 b

y 
W

gt
. 

of
 A

gg
. 

6.
0 

ft
 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

%
A

C
 b

y 
W

gt
. 

of
 A

gg
. 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

%
 A

C
 b

y 
W

gt
. 

of
 A

gg
. 

H
V

E
E

M
 

M
ET

H
O

D
 

Jo
b 

Id
en

ti
fi

ca
ti

on
: 

C
oa

rs
e 

A
gg

re
ga

te
: 

T
yp

e:
 W

as
hi

ng
to

n 
G

ra
ve

l 

M
ix

 
D

es
ip

i 
St

ud
ie

s 
_2

5_
 

F
in

e 
A

gg
re

ga
te

: 
53

.9
 

T
yp

e:
 M

ar
yl

an
d 

Sa
nd

 
M

in
er

al
 D

us
t:

 
11

.1
 

T
yp

e:
 L

im
es

to
ne

 D
us

t 
A

sp
ha

lt
 C

em
en

t 
Id

en
t.

. 
ft

5/
in

nP
f>

n 
GT

-̂i
Ht̂

 

6.
0 

F
ig

u
re

 
47

. 

K a > tr'
 

> n o •z
 

o ta
 

H
 

H
 > < X to
 

CO
 



15
4 

15
3 

15
2 

15
1 

14
9t

 
3.

0 
3.

5 
4.

0 
4.

5 
5.

0 
5.

5 
6.

0 
%

AC
 

by
 W

gt
. 

of
 A

gg
. 

so
n 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

%
 A

C
 b

y 
W

gt
. 

of
 A

gg
. 

6.
0 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

6.
0 

%
A

C 
by

 W
gt

. 
of

 A
gg

. 

H
V

EE
M

 
M

ET
H

O
D

 

Jo
b 

Id
en

ti
fi

ca
ti

on
: 

M
ix

 D
es

ig
n 

St
ud

ie
s 

C
oa

rs
e 

A
gg

re
ga

te
: 

45
 

%
 

T
yp

e:
 W

as
hi

ng
to

n 
G

ra
ve

l 
F

in
e 

A
gg

re
ga

te
: 

45
.6

 
T

yp
e:

 M
ar

yl
an

d 
Sa

nd
 

M
in

er
al

 D
us

t:
 

9.
4 

T
yp

e:
 L

im
es

to
ne

 D
us

t 
A

sp
ha

lt 
C

em
en

t 
Id

en
t.:

 
85

/1
00

 P
en

. 
G

ra
de

 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

6.
0 

%
 A

C 
by

 W
gt

. 
of

 A
gg

. 

F
ig

ur
e 

48
. 

15
1 

14
91

 
2.

5 

40
0t

 

2D
0f

 

Ct
 

2.
5 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

%
AC

 b
y 

W
gt

. 
of

 A
gg

. 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

%
 A

C 
by

 W
gt

. 
of

 A
gg

. 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

%
A

C 
by

 W
gt

. 
of

 A
gg

. 

10
 

3 o S- •i o > 

5.
5 

5.
5 

2.
5 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

%
A

C 
by

 W
gt

. 
of

 A
gg

. 

H
V

EE
M

 
M

ET
H

O
D

 

Jo
b 

Id
en

ti
fi

ca
ti

on
: 

M
ix

 D
es

ig
n 

St
ud

ie
s 

C
oa

rs
e 

A
gg

re
ga

te
: 

55
 

%
 

T
yp

e:
 W

as
hi

ng
to

n 
G

ra
ve

l 
F

in
e 

A
gg

re
ga

te
: 

37
.3

 
T

yp
e:

 M
ar

yl
an

d 
Sa

nd
 

M
in

er
al

 D
us

t:
 

7.
7 

T
yp

e:
 

L
im

es
to

ne
 D

us
t 

A
sp

ha
lt

 C
em

en
t 

Id
en

t.-
 

85
/1

00
 P

en
. G

ra
de

 

F
ig

ur
e 

49
. 

O
 

> H W
 3 > > o O

 o H w
 (1
 

o H o 



I 

2.
0 

SO
n 

40
-

30
-

20
-

1(
 =

 

40
C

-

30
C

 =
 

20
(:

 

10
(-

* 
-

3.
0 

3.
0 

3.
5 

4.
0 

4.
5 

%
A

C
 b

y 
W

gt
. 

5.
0 

5.
5 

of
 A

gg
. 

6.
0 

2.
0 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

%
 A

C
 b

y 
W

gt
. 

of
 A

gg
. 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

%
 A

C
 b

y 
W

gt
. 

of
 A

gg
. 

6.
0 

H
V

EE
M

 
M

ET
H

O
D

 

Jo
b 

Id
en

ti
fi

ca
ti

on
: 

M
ix

 D
es

ig
n 

St
ud

ie
s 

C
oa

rs
e 

A
gg

re
ga

te
: 

65
 

7o
 

T
yp

e:
 W

as
hi

ng
to

n 
G

ra
ve

l 
F

in
e 

A
gg

re
ga

te
:^

 
29

.0
 

T
yp

e:
 M

ar
yl

an
d 

Sa
nd

 
M

in
er

al
 D

us
t:

 
6.

0 
T

yp
e:

 L
im

es
to

ne
 D

us
t 

A
sp

ha
lt

 C
em

en
t 

Id
en

t. 
• 

8S
/i

nn
 P

m
. 

G
ra

de
 

15
6 

15
4 

15
2 

•6
 I 

15
0 50
, 

20
 

10
 

14
61

 
2.

5 

50
0 

40
0 

30
0 

20
0 

10
0 

2 3 o 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

%
A

C
 b

y 
W

gt
. 

of
 A

gg
. 

5.
5 

2.
5 

3.
0 

3.
5 

4.
0 

4.
5 

%
A

C
 b

y 
W

gt
. 

of
 A

gf
 

2.
5 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

A
C

 b
y 

W
gt

. 
of

 A
gg

. 
5.

5 

H
V

E
E

M
 

M
ET

H
O

D
 

Jo
b 

Id
en

ti
fi

ca
ti

on
: 

M
ix

 D
es

ig
n 

St
ud

ie
s 

C
oa

rs
e 

A
gg

re
ga

te
: 

75
 

%
 

T
yp

e:
 W

as
hi

ng
to

n 
G

ra
ve

l 
F

in
e 

A
gg

re
ga

te
: 

20
.7

 
T

yp
e:

 M
ar

yl
an

d 
Sa

nd
 

M
in

er
al

 D
us

t:
 

4.
3 

T
yp

e:
 L

im
es

to
ne

 D
us

t 
A

sp
ha

lt
 C

em
en

t 
Id

en
t. 

• 
85

/1
00

 
Pp

n.
 G

ra
de

 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

%
 A

C
 b

y 
W

gt
. 

of
 A

gg
. 

5.
5 

F
ig

ur
e 

51
. 

O
 3 >^
 3 a > a > t-'
 > > > H O
 

O
 

n > O
 X •a
 

c!
 

M
 

O
l 



•I
 I 

i5
6n

 

15
4:

 

15
2:

 

i5
o:

 

14
8 3

 
14

6b
 

40
F 

20
c 

3.
5 

2 
30

0C
 

•»
 2

oo
|: 

u 
lo

ot
 

3.
5 

S 1 

3.
5 

4.
0 

4.
5 

5
.0

 
5

.5
 

6
.0

 
A

C
 b

y 
W

gt
. 

of
 A

gg
. 

6.
5 

4.
0 

4
.5

 
5.

0 
5.

5 
6

.0
 

%
A

C
 b

y 
W

gt
. 

of
 A

gg
. 

6.
5 

4.
0 

4
.5

 
5.

0 
5.

5 
6

.0
 

%
 A

C
 b

y 
W

gt
. 

of
 A

gg
. 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

6.
0 

A
C

 b
y 

W
gt

. 
of

 A
gg

. 
6.

5 

H
V

EE
M

 
M

ET
H

O
D

 

Jo
b 

Id
en

ti
fi

ca
ti

on
: 

M
ix

 D
es

ig
n 

St
ud

ie
s 

C
oa

rs
e 

A
gg

re
ga

te
: 

25
 

%
 

T
yp

e:
 c

^a
lif

or
ni

a 
G

ra
ni

te
 

F
in

e 
A

gg
re

ga
te

: 
62

.2
 

T
yp

e:
 M

ar
yl

an
d 

Sa
nd

 
M

in
er

al
 D

us
t:

 
T

yp
e:

 L
im

es
to

ne
 D

us
t 

A
sp

ha
lt

 C
em

en
t 

Id
en

t. 
• 

85
 /1

00
 P

en
. 

G
ra

de
 

15
8[

-

. 
1

5
6

: 

1 
i 

' 
15

4t
 

•6
 I 
' 

O
 

15
0t

 

40
 

20
 

10
 

Oi
 

3.
5 

50
0 

40
0 

30
0;

 

20
0 

10
0 

2 

3.
5 

4.
0 

4.
5 

5.
0 

5
.5

 
6

.0
 

A
C

 b
y 

W
gt

. 
of

 A
gg

. 
6.

5 

4.
0 

4.
5 

5.
0 

5.
5 

6.
0 

%
A

C
 b

y 
W

gt
. 

of
 A

gg
. 

6.
5 

ii 

4.
5 

5
.0

 
5

.5
 

6
.0

 
; A

C
 b

y 
W

gt
. 

of
 A

gg
. 

6.
5 

H
V

EE
M

 
M

ET
H

O
D

 

Jo
b 

Id
en

ti
fi

ca
ti

on
: M

ix
 D

es
ig

n 
St

ud
ie

s 
C

oa
rs

e 
A

gg
re

ga
te

: 
35

 
%

 
T

yp
e:

 C
al

if
or

ni
a 

G
ra

ni
te

 
F

in
e 

A
gg

re
ga

te
: 

53
.9

 
T

yp
e:

 M
ar

yl
an

d 
Sa

nd
 

M
in

er
al

 D
us

t 
T

yp
e:

 L
im

es
to

ne
 D

us
t 

A
sp

ha
lt

 C
em

en
t 

Id
en

t.
. 

f^
^n

nn
 P

»n
 

G
ra

de
 

*^
A

cV
y^

^
gt

^
fi

|g
. 

6.
0 

6
.5

 

to
 

to
 

> > o o o i o 

F
ig

ur
e 

5
2

. 
F

ig
ur

e 
5

3
. 



1S
8 

. 
15

7 
o a ' 

15
6 

t Voids - Total Mix 

1S
8 

. 
15

7 
o a ' 

15
6 

t Voids - Total Mix 

1S
8 

. 
15

7 
o a ' 

15
6 

t Voids - Total Mix 

1S
8 

. 
15

7 
o a ' 

15
6 

t Voids - Total Mix 

1S
8 

. 
15

7 
o a ' 

15
6 

t Voids - Total Mix 

1S
8 

. 
15

7 
o a ' 

15
6 

t Voids - Total Mix 

Unit Weight 

t Voids - Total Mix 

Unit Weight 

t Voids - Total Mix 

Unit Weight 

t Voids - Total Mix 

Unit Weight 

Percen 

Unit Weight 

Percen 

10
 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

%
AC

 b
y 

W
gt

. 
of

 A
gg

. 
6.

0 

60
, 

40
 

30
 

3 
50

0 

S 
40

0 
u I I 

30
01

 

I O
 

20
0 

10
0 3.

0 3.
0 

3.
 
n

4.
5 

5.
0 

5.
5 

y 
W

gt
. 

O
fA

gg
. 

6.
0 

3.
0 

3.
5 

4.
0 

4
.5

 
5.

0 
5.

5 
%

A
C 

by
 W

gt
. 

O
fA

gg
. 

6.
0 

H
V

EE
M

 M
ET

H
O

D
 

Jo
b 

Id
en

tif
ic

at
io

n:
 M

ix
 D

es
ig

n 
St

ud
ie

s 
C

oa
rs

e 
A

gg
re

ga
te

: 
45

 
%

 
T

yp
e:

na
ll

fo
m

ia
 

G
ra

ni
te

 
F

in
e 

A
gg

re
ga

te
: 

45
.6

 
%

 
T

yp
e:

 M
ar

yl
an

d 
Sa

nd
 

M
in

er
al

 D
us

t:
 

9.
4 

% 
T

yp
e:

 I
.tm

es
tn

Ti
R

 r
>i

ist
 

A
sp

ha
lt 

rp
m

fin
t 

Td
en

t. 
: 

85
/1

00
 P

en
. 

G
ra

de
 

3.
5 

4.
0 

4.
5 

5.
0 

%
A

C 
by

 W
gt

. 
O

fA
gg

. 
5.

5 
6.

0 

F
ig

ur
e 

5
4

. 

16
0 

15
8 

15
6 

15
4 

15
01

 

60
, 

40
 

30̂
 

2r
f 2.
5 

3.
0 

60
C

t 

3 
so

ot
 

S 
40

C
t 

6 U 
20

0.
 

3.5
 

4.
0 

4.
5 

5 
AC

 b
y 

W
gt

. 
O

fA
gg

 5.
0 

5.
5 

2 
10

 
3 

2.5
 

3.
0 

3
.5

 
4.

0 
7o

 A
C

 b
y 

W
gt

. 
O

fA
gg

, 5.
0 

5.
5 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

%
 A

C 
by

 W
gt

. 
of

 A
gg

. 

H
V

EE
M

 M
ET

H
O

D
 

Jo
b 

Id
en

tif
ic

at
io

n:
 

M
ir

 D
es

ig
n 

St
ud

ie
s 

C
oa

rs
e 

A
gg

re
ga

te
: 

55
 

%
 

T
yp

e:
 C

al
if

or
ni

a 
G

ra
ni

te
 

F
in

e 
A

gg
re

ga
te

: 
37

.3
 

T
yp

e:
 M

ar
yl

an
d 

Sa
nd

 
M

in
er

al
 D

us
t:

 
T

yp
e:

 
L

im
es

to
ne

 
D

us
t 

A
sp

ha
lt 

r^
m

P^
t 

Tr
iB

nt
.: 

85
/1

00
 P

en
. 

G
ra

de
 , 

2.
5 

3.
] I

 
3

.5
 

4.
0 

4.
5 

I A
C

 b
y 

W
gt

. 
O

fA
gg

. 
5.

0 
5.

5 

F
ig

ur
e 

5
5

. 

w »3
 

3 H > z a > > > a > o o o s;
 

o I a > <:
 z o t-H

 X ts3
 



16
2:

 

16
0 

= 

15
8:

 

15
6:

 

15
2H

 

X I u 

3.
0 

60
Q

 

•2
 

50
3 

2 
40

0 

lO
r 

3.
5 

4.
0 

4.
5 

%
AC

 b
y 

W
gt

. 
5.

0 
5.

5 
of

 A
gg

. 
6.

0 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

%
A

C 
by

 W
gt

. 
of

 A
gg

. 
6.

0 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

%
 A

C 
by

 W
gt

. 
of

 A
gg

. 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

%
 A

C
 b

y 
W

gt
. 

of
 A

gg
. 

6.
0 

H
V

EE
M

 
M

ET
H

O
D

 

Jo
b 

Id
en

ti
fi

ca
ti

on
: 

M
ix

 D
es

ig
n 

St
ud

ie
s 

C
oa

rs
e 

A
gg

re
ga

te
: 

65
 

%
 

T
yp

e:
 C

al
if

or
ni

a 
G

ra
ni

te
 

F
in

e 
A

gg
re

ga
te

: 
29

.0
 

T
yp

e:
 M

ar
yl

an
d 

Sa
nd

 
M

in
er

al
 D

us
t:

 
6.

0 
T

yp
e:

 
L

im
es

to
ne

 D
us

t 
A

sp
ha

lt 
C

em
en

t 
Id

em
.: 

85
/1

00
 F

en
. 

G
ra

de
" 

F
ig

ur
e 

56
. 

15
5r

 

15
4 

I 
15

2 

15
1 

15
0t

 
3 3.

0 

a 
30

0 3.
0 

^ 
10

 

m
 

4.
0 

4.
5 

5.
0 

5.
5 

iA
C 

by
 W

gt
. 

of
 A

gg
. 

6.
0 

3.
0 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

AC
 b

y 
W

gt
. 

of
 A

gg
. 

6.
0 

3.
5 

4.
0 

4.
5 

5.
0 

5.
5 

%
 A

C 
by

 W
gt

. 
of

 A
gg

. 

H
V

EE
M

 
M

ET
H

O
D

 

Jo
b 

Id
en

ti
fi

ca
ti

on
: M

ix
 D

es
ig

n 
St

ud
ie

s 
C

oa
rs

e 
A

gg
re

ga
te

: 
75

 
%

 
T

yp
e:

 C
al

if
or

ni
a 

G
ra

ni
te

 
F

in
e 

A
gg

re
ga

te
: 

20
.7

 
T

yp
e:

 M
ar

yl
an

d 
Sa

nd
 

M
in

er
al

 D
us

t:_
 

T
yp

e:
 L

im
es

to
ne

 D
us

t 
4.

3 

A
sp

ha
lt 

C
em

en
t 

Id
en

t.
: 

85
/1

00
 P

en
. 

G
ra

de
 

.5
 

4.
0 

4.
5 

5.
0 

5.
5 

6.
0 

i A
C

 b
y 

W
gt

. 
of

 A
gg

. 

F
ig

ur
e 

57
. 

to
 

ft
) > > a o o o o 5;
 



DISCUSSION: A S P H A L T I C CONCRETE P A V I N G MIXTURES 255 

DISCUSSION 
J . A. LEFEBVRE, Research Department, 
Imperial Oil Limited, Sarnia, Ont. •— 
I t is gratifying to observe that, in gen­
eral, the conclusions drawn by the 
authors are the same as those arrived at 
by the writer in a similar paper pre­
sented at the 1957 meeting of the Associ­
ation of Asphalt Paving Technologists. 
Of particular interest is the fact that the 
Hveem procedure, which the writer had 
not included in his study, shows the same 
general trends as the Marshall procedure 
regarding stability and voids character­
istics. Nevertheless, the effect of varia­
tions in percentage of coarse aggregate on 
Marshall stability, as illustrated by Fig­
ure 2 of the authors' paper, is less pro­
nounced than that found by the writer. 
For three cases out of the four illustrated 
in the authors' Figure 2, there is li t t le or 
no tendency for a well-defined peak to 
occur at some definite percentage of 
coarse aggregate. 

The writer believes that this happens 
because the authors have not divided 
from each other the separate roles of 
coarse aggregate and mineral dust insofar 
as their influence on Marshall stability is 
concerned. The authors state: "The ratio 
of mineral dust to fine aggregate was con­
stant throughout the study." I t should be 
clearly recognized, however, that this 
means that as far as the mixture as a 
whole is concerned, every time the pro­
portion of fine aggregate was altered, the 
percentage of mineral dust in the mixture 
was also changed. Consequently, as the 
percentage of coarse aggregate was in­
creased from that of Grading No. 1 to 
that of Grading No. 7, for example, the 
percentage of the total mix passing No. 
200 sieve was decreased from 17.1 to 4.3 
percent. 

I t is a well known fact that, within 
limits, an increase in either percentage of 
coarse aggregate or percentage of mineral 
dust wi l l increase the Marshall stability 
value of a paving mixture. Consequently, 
for the mixes tested by the authors, the 
increase in stability ordinarily expected 
from an increase in percentage of coarse 
aggregate was wholly or partially can­
celled by the reduction in stability asso­
ciated with the decrease in the fraction 
passing No. 200 sieve that occurred at 
the same time. I t is believed that this is 
the reason that well-defined peaks do not 
occur in three of the stability curves in 
the authors' Figure 2 as the percentage of 
coarse aggregate was varied. 

G R I F F I T H AND KALLAS, Closure — The 
authors wish to express their appreciation 
for M r . Lefebvre's pertinent remarks. 
They certainly agree that changes in the 
quantity of mineral dust have significant 
effects on Marshall stability values and 
that i t is possible that changes in mineral 
dust quantities could wholly or partially 
cancel changes in stability that might re­
sult from changes in the relative pro­
portions of coarse and fine aggregate. 

The method of varying aggregate 
gradations used for these studies was de­
signed to result in mineral dust contents 
comparable to amounts commonly used 
in practice for various aggregate grada­
tions. Thus, the gradation of the fine ag­
gregate fraction, including the mineral 
dust, was maintained constant. 

Recognizing the possible effects of 
quantity of mineral dust on the proper­
ties of asphalt paving mixes, additional 
studies using these same aggregates and 
mineral dust are being made by The 
Asphalt Institute. 




