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This p^er presents the results of experiments which show the large 
effect of filler quantity and filler type on the Marshall stability of bi
tuminous concrete. The mathematical relationship of filler (quantity 
times type) to the stability of an asphaltic concrete mixture using 
sand-gravel aggregate is shown, and a simple test described by 
which the quantitative effect of various types of fUlers on stability 
may be determined. 

•THE LARGE E F F E C T of variations in quantity of filler on the Marshall stability of 
asphaltic concrete mixtures is well known (1. through 5). In 1958, for instance, the 
authors showed (6) that the stability of a sand-gravel asphaltic concrete (NABC) was 
raised from 700 to 2,100 lb by increasing the quantity of commercial limestone filler 
in the mix from 2 to 10 percent by weight. It has also been amply demonstrated that 
equal quantities of different types of fillers have different effects on the properties of 
both filler-asphalt mortars (4, 7) and on the Marshall stability of paving mixtures 
(8, 9). 

It would be desirable to have a way of separating and measuring the relative im
portance of the effects of quantity and the effects of quality of filler on some common 
parameter, such as Marshall stability. However, a test method that would give an in
dex of quality or effectiveness of filler based on primary properties has been tradition
ally elusive. In spite of much work, previous efforts to find such a test have been 
generally unsuccessful. Various empirical methods largely related to soils technology 
have been used for specification and control purposes; for example, (7, 10). After ex
tensive research the best answer known to date remains that stated in 1937 by Traxler 
(11): 

From a practical point of view i t i s evident that i f wo want to 
know how a f i l l e r wi l l affect an asphalt, the best way to obtain 
such information i s to mix the asphalt and mineral powder and 
compare the properties of the mixture with that of the asphalt. 

There have been numerous attempts (e.g., 1. through 5) to relate one form or another 
of bulk density to filler performance. Although a broad directional trend is well recog
nized, the relationsh^ has not been generally useful. The authors' studies (7), re
ported in 1959, also failed to confirm the bulk density correlation over a wide range, 
but did show that the viscosity characteristics of the mortar, as measured by penetra
tion, softening point, and ductility, correlate well with Marshall stability and with 
known service behavior of various fillers in asphaltic concrete pavements. 

Mitchell and Lee (12) showed a correlation between the bulk volume of various fillers 
and the viscosities of both fUler-tar and filler-asphalt mortars. They determined their 
bulk volume by boiling a suspension of filler material m benzine or a similar liquid to 
remove entrapped air, and then measuring settled volume. The weight of the settled 
material was divided by its volume to obtain a bulk density number. This method in
troduces other factors (wetting by, and settlement in, an organic liquid) that are not 
encountered in the normal determination of bulk density by dry compaction. The bulk
ing concept as measured by settlement rate has, of course, demonstrated its merit in 
other areas. The Hveem sand equivalent test (13), for instance, is a good illustration 
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of the general principle, but it involves induced flocculation in an aqueous medium. 
The Mitchell and Lee findings in particular led back to reconsideration of the in

fluence of the medium on bulking characteristics. The behavior of high surface area 
particles depends not only on their physical and chemical characteristics and their 
concentration but also depends on the nature of their surroundings or the media to 
which they are e:q)osed. Inasmuch as paving fillers are for use in a bituminous mix
ture, something might be learned by applying the bulking concept in petroleum media. 
With this backgroimd for inspiration and as a logical continuation of the authors' long-
range studies of fUlers, it was therefore decided to e:q)lore further the possibility of a 
bulking factor in a petroleum hydrocarbon as an index of filler quality. 

The liquid chosen was kerosene. The procedure is detailed in the Appendix. It con
sists essentially of boiling 10 g of dry filler in approximately 50 ml of kerosene, making 
total volume up to 100 ml with kerosene, then allowing to settle for 24 hr. The volume 
of settled filler is read as the "bulk volume. " This bulk volume is then related to the 
volume that would be occupied by an equal weight of solid fiUer material. This is called 
the "solid volume" and it is obtained by dividing the weight of material used (10 g) by 
the specific gravity. The ratio of the bulk volume to the solid volume is called activity 
coefficient K. It is postulated that this parameter might reflect a combination of those 
elements of particle-size distribution, wetting and bulking in petroleum, plus factors 
still unknown, which are pertinent as a measure of filler quality in asphaltic concrete 
mixtures. 
Mathematically ^ _ bulk volume 

solid volume 
which, using the suggested procedure, becomes 

read volume of settled filler in ml .. ^„ ^„„«,„ 
weight of sample (log) ^"^^^ ^'""^^'^ gravity. 

RESULTS 
The activity coefficient K as determined by this method is given in Table 1 for some 

common fillers. Generally, the K-values range from about 2 to about 11. These values 
are dependent on the test procedure used. A different solvent, different equipment, or 
a change in settling time would, of course, result in different numbers. However, it 
is their relative values, rather than the testing details, that are currently under pre
liminary study as a means of measuring relative filler activity. There is no intention 
at this time to attempt correlation with primary filler properties. Therefore, detailed 
physical data on most of these fillers are not included in the paper. 

The relation of K to particle size for a given single filler type is illustrated by the 
data given in Table 2. Here four samples of ground silica having the same chemical 
analysis, but of different parUcle sizes, (surface area range from 8,386 to 20,600 sq 
cm per g) are related to K (range 3.8 to 9. 2). As would be e}q>ected from Stoke's Law, 
K, under these conditions, proved to be inversely proportional to average particle size 
and directly proportional to mean surface area over the range studied. Marshall sta
bility of standard mixes made with equal quantities of these four silica fillers showed 
good correlation with both K and with the normal particle-size or surface area parame
ters. The case for different particle sizes of the same filler material would thus seem 
to be comparatively simple and straightforward. Even here, however, the activity 
coefficient K might have worthwhile application because of relative ease of testing. 

Unfortunately different fillers can impart widely different properties to bituminous 
mixes that cannot be e:q>lained by or correlated with dimensional factors alone. 
Further, ordinary bulk density correlations have not been satisfactory over an ac
ceptable range, nor have numerous attempts to relate behavior in a mix to other filler 
properties been successful. Thus, though particle size and shape are undoubtedly im
portant considerations, there are other forces that influence filler activity or quality. 
It is this combination of dimensional and "other" factors that needs to be pinned down 
and measured as an index of filler quality. If K should prove to be a means of tying 
together the effects on Marshall stability of a number of different fUler types when used 
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TABLE 1 concentrations covering the prac t i ca l 
VALUES OF ACTIVITY COEFFICIENT K Working range, this might be a correc t 

FOR VAMOUS FILLERS jg^^j 
The five f i l l e r s underlined in Table 1, 

having wel l -separated K-va lues , were se 
lected for use in the Marsha l l stability test 
s e r i e s . Both bas ic and acidic types of m a 
ter ia l s ordinari ly used as f i l l e r s are r e p 
resented. They were used at two concen
tration levels in a standard sand-gravel 
mix. T h i s i s a relatively noncrit ical , 
3 / 8 - i n . maximum s ize , wel l -graded mix, 
which the authors have used for a number 
of different studies and which is described 
in detail in the l i terature (14). A single 
asphalt content, which had previously been 
found to be near optimum, was used for a l l 
specimens. Because this i s a noncrit ical 
mix, deviations due to asphalt content 
adjustment are not considered significant 

for purposes of this paper. The making and testing of the Marsha l l specimens was in 
accordance with A S T M Designation D 1559-60T. The two leve ls of f i l l e r concentration 

used in these experiments were 0. 55 and 0.30 f i l l e r to bitumen ratio by volume, ^r^— . 
^ B 

These rat ios are roughly equivalent to 7 and 4 percent f i l l e r by weight of total mix. A l l 
granular f i l l e r s were screened through the 200-mesh sieve before being weighed into the 
mix. 

FUler ^c i f i c Bulk Vol. 
Gravity (ml/10 g) K 

Lake sand 2 601 7 1 1 8 
Limestone 2 801 7.5 2.1 
Wheat flour 1 436 15.4 272 
Fly ash 2.475 12.0 3.0 
Aluminum silicate 2. 588 24 4 6.3 
Asbestine 2.780 23.8 6.6 
Ground silica 

30 2. 636 14 3 3.8 
15 2.639 22 0 O 
10 2. 649 26.0 6.9 

5 2. 615 35.0 9.2 
Hydrated lime 2 463 27.2 m 
Magnesia-

200 mesh 3.102 24.8 7.7 
325 mesh 2. 775 34.9 9.7 

Kaolin clay 2.553 42.9 11.0 
Asbestos, 7M 2 617 50.0 13.1 

TABLE 2 
RELATION OF ACTIVITY COEFFICIENT K TO PARTICLE SIZE, GROUND SILICA' 

Property 
30m, 

Cumulative i F i n e r Than 

15p, lOp, 5|j, 

Part ic l e s ize (̂ j,): 
40 99.7 
30 98.2 
20 90.5 99. 7 
15 79.8 98. 2 
12 99.7 
10 61.8 90.0 98.7 
6 99.6 
5 35.6 60.0 80.0 98.1 
4 94.0 
3 23.7 40.0 57.0 85.5 
2 28.5 40.0 68,0 
1 36.0 

Average part ic le s ize (surface mean) (p,) 2.7 2.0 1.6 1.1 
Surface a r e a (sq cm/g) 8,386 11,300 14,100 20,600 
Activity coefficient K 3.8 5.8 6.9 9.2 
Marsha l l stability (lb) 1,210 1,360 1,440 1,640 

From " M i n u s i l " P e n n s y l v a n i a P u l v e r i z i n g Company. Chemica l a n a l y s i s ( i ) : S1O2, 9 9 . 2 ; 
FsaOa, 0 . 0 l 6 j AI3O3, O.Ok; T i O s , O.OO8; CaC, t r a c e ; MgO, t r a c e ; l o s s on i g n . , 0 . 0 9 . 
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TABLE 3 
RELATION OF ACTIVITY COEFFICIENT K 

TO MARSHALL STABILITY 

Filler Identi
fication K V F ^ F 

^ B 
Calculated 
Stability^ 

Marshall Test Results 
Stability Flow 

Commercial Ai 0.30 0.82 771 730 8 
limestone A2 2. 1 0.55 1.50 1,159 1,085 10 

Ground silica Bi 0.30 0.77 767 740 7 
30^ B2 3. 8 0. 55 1.41 1,241 1,210 9 

Hydrated lime Ci 0.30 0.72 758 795 8 
C2 6. 7 0.55 1.32 1,341 1,405 10 

Ground silica Di 0.30 0.76 833 825 8 
5n 9. 2 0.55 1.39 1,639 1,640 11 

Clay El 0.30 0.74 828 825 8 
(kaolin) E2 11. 0 0.55 1.36 1,733 1,735 11 

ly = 660 + 250 ^F 
(o.U ^ - 0.25) (K + 3.6). 

Marshall test results are given in Table 3. Marshall flow varies with filler concen
tration but is essentially independent of K. There is, however, a linear relationship 
between the K-value and Marshall stability at both levels of concentration, as shown in 
Figure 1. When these data were analyzed, it was found that the regression equation re
lating the filler-bitumen ratio and K with Marshall stability could be reduced to 

Marshall StabUity = 660 + 250L^ - 0.25)(K + 3.6) 
^B 

This equation contains a concentration factor T T — and an independent "quality" factor K. 

For the benefit of those who might stiUf ind it easier to visualize filler concentration by weight, 
an approximation of this equation in terms of filler-bitumen ratio by weight is 

Marshall StabUity = 660 + 250(0.4 0. 25)(K +3.6) 
B 

(This approximation is based on assuming an average asphalt gravity of 1.03 and an 
average filler gravity of 2.6). 

The weight-basis equation is used herein to facilitate illustration of the principles 
of this approach for evaluating filler activity. Though suitable for purposes of this 
preliminary report, the more precise and technically sound volume basis should be 
used for testing the relationship over a broader range of fillers and mixes. 

Figure 2 shows the comparison of calculated stability values using the weight-basis 
formula vs the actual test results. Even usmg the approximate equation, the correla
tion is excellent and brackets the 45° diagonal line. This line represents data obtained 
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Figure 1. Marshall stability vs activity coefficient. 
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Figure 3. Effect of f i l l e r quantity times quality on Marshall stability. 

at two different concentration levels, using five different fillers of widely varying 
physical and chemical properties. Hius, it would appear that at last, there is a po
tentially valid means of separating the effects of quantity and the effects of quality. 

Figure 3 presents a way of co mbining these relationships to show graphically tlie effects 
of both quality at different concentration levels, and the effects of quantity for anyjgiven 
quality of filler. It is evident that quality differences (between Kof 2 and 11, forlnstance) 

W 
are not as significant at the lowconc entration (T=T— of 0.75) as they are at higher cone entra-

tions of filler. Conversely, analysis alongthe vertical scale shows that the concentration . 
factor is not as critical with a low K-fiUer, such as limestone (K =2.1), as it is wlthclay 
( K = 11.0). Although these general directions for individual types of fillers have, of 
course, been known for some time, there is now means of separating these factors for 
better visualization of interrelations and for studying both quality and quantity influences. 

CONCLUSIONS 
The following conclusions are based on observations of the behavior of a limited 

number of granular fillers used in a sand-gravel mix only. Althou^ a somewhat 
broader range of fillers and concentrations than are reported herein have been checked 
out, no attempt, has been made as yet to test these relationships over a wide range of 
materials or mixes. The purpose and scope of this paper is limited to a preliminary 
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report of an approach to evaluating f i l ler activity and for mathematically and graphi
cally expressing the effects of f i l ler concentration and f i l ler type or activity on Marshall 
stability for a given bituminous concrete mix. At this stage, only enough experimental 
data are presented to illustrate the methods and technique. It is hoped that others will 
also find these concepts to be of interest and wil l join in further evaluating the poten
tials of the approach. 

1. Marshall stability is a function of both f i l ler concentration and f i l ler type or ac
tivity. Differences in effect on stability due to f i l ler activity increase as the concen
tration level is increased. 

2. Marshall flow at constant asphalt content for a sand-gravel mix is a function of 
f i l ler concentration but essentially independent of f i l ler type over the range studied. 

3. The ratio (K) of the bulk volume, as determined by the described method, to 
the solid volume of various inert, granular f i l lers, is an index of their relative ef
fect on Marshall stability. 

4. For a given f i l ler type (ground silica), the activity coefficient K is directly pro
portional to mean surface area over the range of 8,386 to 20, 600 sq cm per g. 

5. For a given bituminous concrete mix, the effects on stability of changes in f i l ler 
concentration and f i l ler type or activity (as measured by K) may be conveniently ex
pressed both mathematically and graphically, using techniques described. 

Appendix 

DETERMINING ACTIVITY COEFFICIENT OF MINERAL FILLERS 
Purpose 

To determine an activity coefficient K that will indicate the relative effect of various 
inert, granular, f i l le r materials on fUler-asphalt mortars and on the stability of as
phalt paving mixtures. 

Equipment 
Pyrex 100 m l graduated cylinders (Thomas 4409-F). 
Pyrex 100 ml volumetric flask. 
Balance, sensitive to 0.01 g. 
Stirring rod approximately 12 in. long. 
Bunsen burner and associated equipment. 

Method 
1. Oven dry approximately 100 g of fUler material to constant weight at 100 C and 

cool in desiccator. 
2. Remove lumps by sieving. Only that portion of granular f i l ler materials passing 

the No. 200 sieve is used in the following tests. 
3. Determine specific gravity in accordance with ASTM D 854-52 using kerosene op

tion and removing air by boiling. 
4. Weigh 10 g of dry f i l ler into graduated flask. Add approximately 50 ml of kero

sene. 
5. Place graduated cylinder over suitable heat source and boil gently for 10 min. 

Stir initially to keep f i l ler in suspension until boiling starts. 
6. At end of boiling period remove cylinder from heat, place in support, and f i l l to 

100-ml mark with kerosene. 
7. Stir until all fUler is in suspension, then let stand undisturbed for 24 hr. 
8. At end of 24-hr period, mix settled f i l ler gently with stirring rod to break up 

stratification, but do not stir f i l ler into suspension. 
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9. Read and record level of settled filler; this is the bulk volume, 
10. Compute activity coefficient K by dividing bulk volume by solid volume of filler, 

or 

K .bum^olume^.^^^ ^^^^^^ ̂ ^^^.^ 
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