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Evaluation of une Sand and Asphalt 
Mixes Containing Different Amounts of 
Crusher Waste Dust 

JAMAL A. ALMUDAIHEEM 

AD attempt was made to characterize the dun sand and a phalt 
mixe containing cn1 her wa te dust . Dune sand and aspha lc mixes 
were found to be weak , easily deformabl and to c ntain a con-
iderable amount o( air void . The optimum asphalt content l'rom 

results of Marshal l stability nnd split tensile ·trength tests wa 
about 12 percent by weight of and. he pr perries of such mixes 
were improved to a great extem by introducing cru. her wa te 
du t into the blend. Five p rcent ge f du.st by w~ight of dune 
and were used; namely, 10 20, 30, 40, and 50 percent. Not nly 

the cont nt of air void and the optimum a ·plrnll content were 
reduced by the du t, but also the stabilJty, split tensile strength, 
and resilient modulu were significantly increased. The m dified 
s~1nd mixes thnt ' ere developed have a great potential f r being 
used in low- or medium-volume road particularly in areas where 
good-q uality aggregat is carce and dune sands are abu ndant . 

In the last decade and a half, the Kingdom of Saudi Arabia 
has passed through a period of extremely rapid rate of infra­
structural developments. Construction of hundreds of kilo­
meters of freeways, urban arterials, and agricultural roads is 
an important sector of such development. Growth in socio­
economic and indu tri al sectoJS has a lso generated a great 
deal of intra- and intercity vehicle transportation. 

The Kingdom of Saudi Arabia has nearly completed the 
construction of principal highway and expre way that link 
maio cities . The development of paved highway (primary , 
secondary, and feeder over the period J97 to 1987 i shown 
in Figure I (1). The length of paved highway ha. tr m n­
dou ly increased ver tbi period . The increase in the I ngth 
of agricultural roads for the snm pcri d is shown in Figure 
2 (1). The majority of exist ing low-volume road · are dirt 
tracks (unpaved) that are hazardous and require c ntinuou · 
maintenance. One suggestion for improving and upgrading 
the quality of these roads was to co er them with a ·phalt 
concrete layers. The .high percelllages of these low-volume 
roads that run through ·and dune areas, coupled with the high 
co t of scarce good-quality aggregate that i · imported from 
other loca licies, nee ·itate th upgrading of the locally 
available dune sands for such construction purpo es. 

The primary objective of thi research was to volve ·uitable 
techniques for using locally available marginal aggregates for 
construction of low-volume roads. 

Sand and asphalt mixes made with wind-blown sands are 
characterized by high content of voids and low strength. One 
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approach for improving the strength of such mixes is to alter 
the gradation and hence modify the voids ratio by introducing 
crusher waste dust into the dune sand and asphalt mixes. 

MATERIALS USED 

Dune Sand 

Dune sand is available in abundant quantities in Saudi Arabia. 
The dune sand selected was obtained from the Al-Thumamah 
area northeast of Riyadh. The sand consists of rounded, sub­
rounded, and subangular grains with a hard, smooth surface 
texture. The sand is essentially a single-sized material with a 
nominal maximum size of Sieve #30 and almost no materials 
finer than Sieve #200. The sand has a uniformity coefficient 
of about 2. The grain size di tribution for this sand is h wn 
in Figure 3. The physical properties of the dune sand used 
are presented in Table 1. 

Crusher Waste Dust 

The crusher waste dust materials were collected from a crusher 
·itc in Al-Dariyah , n rch f Riy, dh. T his material is a by­
product of aggregate calping and cru hing of limestone boul­
ders which are weak . Th' material i produced in va t quan ­
tities, creating a disposal problem. The gradation of the cru her 
waste dust and results of the tests conducted on such materials 
are presented in Tables 2 and 3. 

Asphalt 

Asphalt cemenr of grade 60nO pen trari n , which is widely 
u ed for hot mixes in Saudi rabia was used throughout this 
study. Result or variou · tests perfo1 m~u on the a phalt are 
pre ented in Table 4. When !he te t results were compared 
to A TM pecification , th results indicated that the a phalt 
used wns within the pccificd limits. 

SAMPLE PREPARATION 

Six different percentages of crusher waste dusts were blended 
with dune sand: 0, 10, 20, 30, 40, and 50 percent of crusher 
waste dusts by weight of sand. These blends are hereafter 
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designated as blends SF-0, SF-10, SF-20, SF-30, SF-40, 
and SF-50, respectively. 

The precalculated wcigbt f combined aggregate was adjusted 
to produc a c mpacted Marshall specimen that was heate l 
in an oven at I 0°C ± 2°C for at I.east 4 hr. The a pha lt was 
heated in small containers to 155°C ± 3°C in an electric oven 
for not more than 1 hr. These two temperature values were 
used to ensure that the mixing and compaction temperatures 
were 155°C ± 4°C and 144°C ± 4°C, respectively. The mixing 
and compaction temperatures were establi ·hed from the vis­
co ity versw temperature chart for lhe asphalt cem nts u ed , 
which corresponded to viscosities of 170 ± 20 and 280 ± 30 
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centistokes, respectively (2). The hot-aggregate mix (sand and 
desired portion of cru her waste du ·t) was dumped into a 
preheated mixing bowl and mixed U1oroughly by hand. The 
required amount of heated a phalt was then added to the 
aggregate mix. Mixing wru performed with a mechanical kitchen 
mixer type Hobart N- 50 mixer at medium peed for about 
L.5 min to ensure a uniform disper ion of a phall . The hot 
mixture was then compacted in Marshall molds using a Mar­
shall electric compactor consisting of a 10-lb hammer falling 
through a height of 18 in. Fifty blow on each side were 
applied. This number of blows was appropriate for the traffic 
category (i.e. , for road of low traffic volume). 
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FIGURE 3 Gradation of dune sand (ASTM C-136). 

TABLE 1 PHYSICAL PROPERTIES OF DUNE SAND USED 

Property 

Bulk specific gravity: 

Oven dry condition 

ASTM 
Designation 

Value 

Saturated surface dry condition 
C-128 
C-128 

2.653 
2.663 

Apparent specific gravity C-128 2.680 

Water absorption (%) C-128 0.370 

Sand Equivalent value (%) D-2419 77 

Centrifugal kerosene equivalent (CKE) 4.5 

LABORATORY TESTS 

The prepared specimens of the entire mixes were evaluated 
u ing Mar hall tability , unit weigh! and v ids '1naly ·i , static 
te ting to determine the indirect tensile strength and dynamic 
testing to determine resiHent modulus. Tests for a ll mixes were 
run on Marshall-sized specimens, 4 in. in diameter and 2.5 
in . in height fabricated at different ratios of asphalt contents 
and filler to sand. Two duplicates of each sample were u ed 
throughout this study. 

Samples to be tested for indirect tensile strength were pre­
pared and maintained at 25°C for at least 2 hr to ensure 
constant temperature through the ·ample . The samples were 
then tested al a stroke rate of 2 in./min until fai lure . The 
ultimate load was recorded to determine the indirect tensile 
strength from the following equation (3-5): 

a, = 2Phrdt (1) 

where 

<J, = split tensile strength (psi) , 
P = total applied load at failure (lb), 
t = specimen thickness (in.), and 

d = specimen diameter (in.). 

For each mix, the average a, value for each set of two 
samples was calculated. 

The diametral resilient modulu i obtain d from a dynamic 
test response by which the ela. tic modulu of aspha lt mixes 
can be determin d . The tc t consists of pplying H cpctitiv 
dynamic load diamctrally on the specimen and measuring the 
corr ponding horizontal resilient strain by us of linear var­
iable differential transformers (LVDTs) at vari us numbers 
of load repetition . Th y ' tern used to tc. t the pecimen 
was that for the r peated diametral te t described in A TM 
D4123. Loads and strains were recorded with a two-channel 
oscillographic recorder. The specimens were tested using a 
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pulse load duration of 0.1 sec applied at a frequency of 0.5 
Hz. A seating load of 10 lb was used to prevent hammering 
action and to hold the specimen in place. Four levels of pulse 
loads, 50, 100, 150, and 200 lb, were selected. These loads 
were selected to ensure that the applied load could engage 
10 to 50 percent of the tensile strength of the specimen, as 
recommended by ASTM D4123. Room temperature was 
maintained at 25°C throughout the test period by conducting 
the test inside a controlled-temperature chamber. 

The resilient modulus M, was calculated using the following 
equation ( 6): 

P,(ii., + 0.2734) 
M, = t·t::.H 

where 

P, = applied dynamic pulse load (lb), 
µ, = Poisson ratio ( = 0.35 for asphaltic materials), 
t = specimen thickness (in .), and 

t::.H = total horizontal elastic strain (in .). 

(2) 
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Before taking any reading, 50 or more load applications 
were applied to properly seat the loading strips on the 
specimen (7), and to allow the deformation to stabilize. 

TEST RESULTS AND DISCUSSION 

A presentation of the entire results for the mixes investigated 
would be lengthy. The shapes of the curves found for the 
different types of mixes were identical and in general agree­
ment with the normal shape of the curves for Marshall sta­
bility, density, voids ratio, voids in mineral aggregate (VMA), 
tensile strength, and resilient modulus. Typical mix design 
results for mix SF-30 are shown in Figures 4-6 . A summary 
of the properties of the sand and asphalt mixes at optimum 
bitumen content, as a function of filler content, is indicated 
in Table 5 and Figure 7. The optimum asphalt content values 
were obtained from results of the Marshall stability, split 
tensile, and resilient modulus tests . 

TABLE 2 HYDROMETER ANALYSIS FOR CRUSHER WASTE DUST 

Particle diameter (D)' mm % Finer 

0 . 075 100.00 

0.0488 96.7 

0.0356 90 . 8 

0.0260 84.9 

0.0189 78.9 

0.0137 73.1 

0.0100 67.1 

0.0072 59.8 

0.0048 49. 7 

0.0035 38.5 

0.0013 21.1 

TABLE 3 CHARACTERISTICS OF CRUSHER WASTE DUST 

Property Result 

Apparent Specific Gravity 2. 715 

Atterberg Limits: 

Liquid Limit (%) 22.80 

Plastic Limit (%) 17.20 

Shrinkage Limit (%) 15.82 

Plasticity Index 5.60 
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The following trends summarize the basic properties of the 
mixtures: 

1. Marshaii Stabiii1y. The resuits generaiiy indicated that 
stability tends to increase when the crusher waste dust content 
is increased . The stability values of dune sand and asphalt 
mixes did not exceed 73 lb at an asphalt content of 12 percent. 
This low stability at such high and uneconomic asphalt content 
has been increased by more than 4- and 40-fold by the addition 
of 10 and 50 percent by sand weight, respectively , of crusher 
waste dust at even lower optimum asphalt contents. However, 
the optimum asphalt content monotonically increases with 
increasing percentage of dust in the range investigated. This in­
crease is explained by the increase in surface area contributed 
by dust particles with the increase of dust percentage. 

The addition of 10 percent crusher waste dust does not 
improve the stability value to a satisfactory level to sustain 
traffic loading [specified by the Asphalt Institute to be a min-
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imum of 500 lb for conventional mixes (2)] even under low­
traffic conditions. This mix is still weak and does not satisfy 
the minimum criteria of stability. Hence , no further tests were 
conducted on this mix. 

High stability values were possible by increasing the dust 
content beyond 10 percent. As indicated in Table 5 and Figure 
7, stability values greater than 800 lb were obtained by the 
addition of 20, 30, 40, and 50 percent by sand weight of 
c1 usher waste dust. The stability is linearly proportional to 
the dust content as shown in Figure 7. 

The addition of crusher waste dust does not affect the flow 
values appreciably in the range of asphalt contents investi­
gated. This fact indicates that the stiffness of mixes is not 
affected by introducing dust. 

2. Density. The density of a compacted mix depends on the 
density of its constituent materials and the percentage of air 
voids. Because the percentage of air voids is reduced with 
increasing dust percentage, the density of mixes increases, as 

TABLE 4 CHARACTERISTICS OF ASPHALT CEMENT USED 

Property 

Qri<Jinal Asphalt 

Penetration (0 . 1 mm) 
@ 25cc (100 g, 5 second) 

Kinematic viscosity, 
est (135CC) 

Absolute viscosity by 
vacuum capillary 
viscometer, poises 
(60CC) 

Ductility, cm 
(25cc, 5 cm/min) 

Flash point (CC) 

Fire point (CC) 

Specific gravity 

Softening point (CC) 

Loss on heating (%) 

Res i due from TFOT 

Penetration (0.1 mm) 
@ 25cc (100 gm, 5 sec) 

Retained penetration, 
% of original 

Kinematic viscosity, 
est (135CC) 

Ductility, cm 
(25cc, 5 cm/min) 

MOC* 
ASTM Specification 

Designa- Result Min. Max. 
tion 

D5 60 60 70 

D2170 403 200 

D2171-85 2459 

Dll3 100+ 100 

D92 340 232.2 

D92 370 

D70 1.035 

D36-86 50.2 

D6 0 . 016 0 . 8 

DS 41 

68 . 3 52 

D2170 553 

Dl13 65 50 

*MOC Ministry of Communications, Kingdom of Saudi Arabia 
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shown in Figure 7. The addit"ion of 50 percent dust causes 
aboul a 15 pt:rcent increase in the density. The curve tends 
to peak at 50 percent dust content because there is no more 
ai1 iu ue repiaced by dust. This behavior is clear from the 
curve of percentage air voids versus dust content where the 
curve starts to level off beyond 40 percent dust content. 

3. Air Voids and VMA. Air voids content in dune sand 
and asphall mixes i extremely high, ranging from 23.5 percent 
at 5 percent aspha lt content to 9 pen.:ent at 15 pt:rcen t asphalt 
content becau e the mixes are single-size aggregates having 
uniform textures. The low percen tage fair voids content at 
optimum asphalt content indicated in Table 5 is attributed to 
the high optimum a phalt content value of 12 percent. The 
dusL decreases the percentage of air voids by fil ling the void 
spaces between the sand particles, hence producing denser 
mixes. 

The addition of 40 percent dust or more produces mixes 
with percentage of air void that is be low the specified per­
centage . Tber fore using such high du t p rcentag hould 
be avoided. 

VMA al. o decreases with increa ing dust percentages. The 
VMA curve how the same trend as the air voids curve in 
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the sense that it starts to level off when air voids replacement 
becomes impo ible. 

4. Split Tensile Strength. From Figure 7, the tensile strength 
increases as the dust content increases. The dune sand and 
asphalt mix without any improvement of crusher waste dust 
had low strength. The strength was improved many times by 
adding dust. 

Mixes with 30 percent or more crusher waste dust had strength 
values comparable wi th the strength of conventional mixe . . 
Figure 7 also shows that there might be an optimum dust 
content for tensile strength because the curve tends to level 
off, suggesting that the dust in excess of the optimum reduces 
the free binding agent. Huschek and Angst (8) found that the 
maximum split tensile strength for a pavement mix showed 
a tendency to peak at an effective filler concentration of 
approximately 0.6. 

5. Resilient Modulus. Results of resilient modulus values 
for the designated mixes SF-20, SF-30, SF-40, and SF-50 
are shown in Figure 7 at their optimum asphalt content values. 
As the dust content increases, the resilient modulus increases 
because the increase in ·tiffness of asphalt mixes is directly 
proportional to the stiffne s of the binder (9). 

TABLE 5 PROPERTIES OF SAND AND ASPHALT MIXTURES AT OPTIMUM ASPHALT CONTENT FOR VARIOUS 
AMOUNTS OF FILLER 
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FIGURE 5 Split tensile strength versus asphalt 
content for SF -30 mixes. 
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CONCLUSIONS 

1. Dune sand and asphalt mixes are weak, unstable, and 
easily deformed under light loads. The mixes are character­
ized by a considerable amount of air voids content . 

2. The dune sand used in this study had an optimum asphalt 
content of 12 percent by weight of sand. This value was obtained 
from results of Marshall stability and split tensile strength. 

3. The introduction of crusher waslt: <lust to the dune sand 
and asphalt mixes at different ratios improved the mix prop­
erties. The modified sand mixes that were developed have a 
great potential for use in low- or medium-volume roads, espe­
cially in desert-like areas where the dune sands are available 
in abundant quantities and hot-asphalt concrete mixes are 
uneconomical . 

4. The air voids content of the dune sand and asphalt mixes 
was reduced by introducing crusher waste dust. The per­
centage decrease in air voids is directly proportional to the 
amount of dust added. 

5. The optimum asphalt content of sand and asphalt mix 
was substantially decreased by the introduction of crusher 
waste dust. 
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