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The effects of different dusty aggregate on 
bituminous hot mixtures

Abstract: Adhesion between aggregate and bitumen is an 
important parameter of the performance of bituminous hot 
mix pavements. Dust on the aggregate surface adversely 
affects bituminous hot mix pavement performance and 
leads to some types of deterioration, such as raveling, 
rutting, stripping, and segregation, decreasing long-term 
pavement performance. The main objective of this study 
is to determine the effects of different dust contents of the 
aggregate surface on the bituminous hot mixture. Two 
separate aggregate specimens with contents of three dif-
ferent dusts were used to produce bituminous hot mixture 
specimens. Specific gravity, unit weight, gradation analy-
sis, water absorption, Los Angeles abrasion, aggregate 
impact, freezing and thawing, Nicholson stripping, and 
Vialit adhesion tests were performed as aggregate tests, 
whereas Marshall stability and flow, Marshall mechanical 
immersion, and indirect tensile tests were performed as 
bituminous hot mixture tests. The study results show that 
dust content on the aggregate surface weakens adhesion, 
leading to the gradual deterioration of the characteristics 
of the hot bituminous mixtures. Because dust contents on 
the aggregate surface can vary according to the aggregate 
type, the progression of the deterioration of bituminous 
hot mixtures can also vary.
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1  Introduction

In general, bituminous hot mixtures consist of two main 
components: bitumen and aggregates. The function of the 
bitumen, which typically represents 4–7% of the pave-
ment, is to act as a binder in between the aggregate skel-
eton, giving the asphalt sufficient internal cohesion. It is, 
therefore, of vital importance that the bitumen has a strong 
adhesion to the aggregate surface. Adhesion between the 
aggregate and the bitumen is important with respect to 
the long-term performance of bituminous hot mixtures. If 
good adhesion between aggregate and bitumen cannot be 
provided, durability and resis tance to shear stresses-plas-
tic deformation-stripping decrease, whereas susceptibility 
to low-temperature cracks and potholes due to moisture 
increases [1, 2] Previous studies indicate that adhesion 
between aggregate and bitumen is affected by numerous 
factors, such as the content and chemical properties of the 
bitumen, the type of aggregate, the surface properties of 
the aggregate, and the pH of the water [3–10]. An impor-
tant factor affecting adhesion is dust on the aggregate 
surface [10, 11]. Dusty aggregates may generally be referred 
to as aggregates coated with materials smaller than 75 μm 
[11]. Chadbourn et al. [12] state that the generation of dust 
can be caused by aggregate degradation due to aggregate 
handling during loading, hauling, mixing, and construc-
tion, and degradation can cause more fines, significantly 
changing the gradation of bituminous hot mixtures. Kig-
gundu and Roberts [13] report that dust on the aggregate 
surface can enhance the formation of blisters and pits. 
These forms of film defects may lead to the rupturing of 
the film and cause moisture damage. Tarrer and Wagh [3] 
state that dust on the aggregate surface weakens asphalt-
aggregate bonding by preventing intimate contact between 
the aggregate and bitumen, and also causes stripping.

This study was designed to investigate the effects of 
different dust contents on the aggregate surface of bitumi-
nous hot mixtures. For this purpose, a Marshall design was 
performed using two different aggregates with three differ-
ent dust contents. The test results show that the properties 
of bituminous hot mixture produced from dusty aggregates 
deteriorated, no matter the amount of dust, and demon-
strate that deterioration varies by type of aggregate.
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2  Materials and methods

2.1  Materials

2.1.1  Aggregate

Two different limestone aggregate specimens (A, B) were 
used. Dust was artificially generated on the aggregate 
surfaces to create two different dust contents. Aggregate 
specimens were grouped according to dust content. A1, 
B1; A2, B2; and A3, B3 specimens had no, medium, and 
high dust content, respectively. Specimens with no dust 
content were considered washed aggregate (A1, B1).

2.1.2  Bitumen

A 50/70 penetration bitumen, acquired from Aliaga refin-
eries, was used. The rheological properties of the bitumen 
are given in Table 1.

2.2  Methods

The testing procedure consisted of four different stages.  
In the first stage, aggregate specimens were cycled for arti-
ficial dust generation on the aggregate particle surfaces. 
The second stage was aggregate tests, the third stage was 
stripping and adhesion tests, and the fourth stage con-
sisted of bituminous hot mix tests.

The first stage consisted of obtaining different dust 
contents on the aggregate surface. Dust on bituminous 
hot mix aggregates is one of the most common factors 
that cause raveling, stripping, and segregation. Although 
the aggregates are washed when they are produced at the 
source, a significant amount of dust may be generated 
during transportation and handling, particularly with 

Table 1 Rheological properties of the bitumen.

Properties Specification used

Source Aliağa/Turkey –
Penetration grade 50/70 –
Penetration at 25°C 63 ASTM D 5
Specific gravity 1.060 ASTM D 70
Softening point (°C) 49 ASTM D 36
Loss on heating (%) 2 ASTM D 6
Flash point (°C) 296 ASTM D 92
Ductility (5 cm/dk)  > 100 cm ASTM D 113
Viscosity at 135°C 0.420 Pa s ASTM D 4402
Viscosity at 165°C 0.114 Pa s ASTM D 4402

crushed limestone. To investigate the effect of dust on the 
aggregate-binder bond, it was decided to prepare bitumi-
nous hot mix aggregate test specimens using aggregates 
with three different dust contents (zero, medium, and 
high).

Instead of artificially adding dust to the aggregate 
specimen, it was decided to allow the aggregate to gen-
erate its own dust under conditions somewhat similar to 
field conditions (i.e., handling). This was done in the labo-
ratory using cylindrical drum test equipment. This cylin-
drical drum was placed on a milling device and rotated 
for a specified duration. Preliminary tests showed that too 
much dust is generated when steel balls are used, which 
also do not accurately mimic field dust generation condi-
tions. Therefore, the milling drum equipment was used 
without steel balls. The duration of the drum rotation 
affects the amount of dust generated.

After preliminary trials, the dust contents were evalu-
ated, and 30 and 40 min of drum rotation were selected 
to represent the conditions of medium and high dust 
content. Washed aggregate specimens (A1 and A2) were 
accepted as not having any dust content. Before putting 
them in the milling drum equipment, all aggregates were 
washed then dried in a drying oven for 24 h. The aggre-
gates were then stored in bags until the bituminous hot 
mixture specimens were prepared.

The second stage consisted of aggregate tests. These 
were gradation analysis, unit volume weight, Los Angeles 
abrasion, aggregate impact, freezing-thawing, and resist-
ance loss after freezing-thawing tests.

Adhesion and stripping tests were conducted in the 
third stage of the study. To determine the effects of dif-
ferent dust contents on adhesion, the Vialit adhesion 
test was conducted. Similarly, to determine the stripping 
resistance of aggregate specimens, the Nicholson strip-
ping test was performed.

The fourth stage consisted of bituminous hot mixture 
tests. Marshall stability-flow tests were conducted to 
determine the optimum bitumen ratios. Marshall stability-
bitumen content %, Marshall flow-bitumen content %, 
void %-bitumen content %, bulk specific gravity-bitumen 
content %, void filled with bitumen-bitumen content %, 
and void in mineral aggregates (VMA) %-bitumen content 
% charts were plotted. A mechanical immersion test [14] 
was performed for each of the aggregate specimens, then 
afterwards compared with the calculated loss of stability 
values of the specimens. An indirect tensile test [15] was 
also performed on the bituminous hot mixture specimens 
produced with optimum bitumen content to compare the 
fatigue life of the specimens. A flowchart of the testing 
procedure is shown in Figure 1.
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Testing procedure

2. Aggregate tests

3. Adhesion and
  stripping tests

4. Bitiminous hot
  mixture tests

• Bulk specific gravity and
  water absorption test
• Aggregate gradation analysis
• Los angeles abrasion test
• Aggregate impact test
• Freezing-thawing test

• Vialit adhesion test
• Nicholson stripping
              test

• Marshall stability and
flow test

• Mechanical Marshall
immersion test

Result

• Indirect tensile test

1. Obtaining difference dust content on
aggregate surface

Figure 1 Flowchart of the testing procedure.
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Figure 2 Preliminary trials of drum rotation for dust generation on the aggregate surface.

3  Test results

3.1   The results of artificial dust generation 
on the aggregate surface

The amount of dust retained on the aggregate surfaces 
was determined and plotted in Figure 2 as “percent dust 
retained”. The trend line of these 40-min points turned 
out to be linear. Dust generation on the aggregate surface 
obtained from drum rotation for 30 and 40 min was enough 
to obtain aggregates specimens with medium (A2, B2)  
and high (A3, B3) dust content.

In this study, aggregates with artificial dust generated 
on their surfaces were used. The most important reason 
for this was to create two different dust contents on the 
same specimen. If natural dusty aggregate was used, we 
would not have been able to create specimens with two 
different dust content for each aggregate specimen. With 

artificial dust generation on aggregate surfaces, we are 
able to see clear differences for all specimens of mixtures.

3.2  Aggregate test results

The selected design gradations of aggregate specimens 
used to produce bituminous hot mixture specimens for 
wearing course layer are given in Table 2. Specific gravity, 
water absorption, and unit volume weight test results are 
shown in Tables 3 and 4. As shown in the results of the 
water absorption test, aggregate B was more porous than 
aggregate A. This means the surface of the B specimen 
kept more dust than the A specimen.

Various wearing tests were performed on the aggre-
gate specimens. The wearing loss of both of the specimens 
was within specification limits. However, the wearing loss 
of the B specimen was higher than that of the A specimen. 
Similarly, freezing-thawing and loss of resistance after 
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Figure 3 Nicholson stripping test results.

Table 2 Selected design gradation of the aggregate specimens.

Sieve  
no.

Sieve  
(mm)

Passing  
(A) %

Passing  
(B) %

Lower–upper 
limits

3/4″ 19.0 100 100 100
1/2″ 12.5 92.0 92.0 83–100
3/8″ 9.5 80.0 80.0 70–90
No. 4 4.75 48.0 48.0 40–55
No. 10 2.00 32.0 32.0 25–38
No. 40 0.42 15.0 15.0 10–20
No. 80 0.180 11.0 11.0 6–15
No. 200 0.074 7.0 7.0 4–10

Table 3 Test results of specific gravity and water absorption.

Samples Apparent 
specificgravity 

(g/cm3)

Bulk specific 
gravity  
(g/cm3)

Water 
absorption 

(%)

A ( > No. 4) 2.84 2.84 0.34
A (No. 4–No. 200) 2.81 2.75 0.68
A (mineral filler) 2.87 – –
B ( > No. 4) 2.72 2.72 0.80
B (No. 4–No. 200) 2.69 2.66 1.40
B (mineral filler) 2.65 – –

Table 4 Test results of unit volume weight. 

Properties/samples A ( > No. 4) A ( < No. 4) B ( > No. 4) B ( < No. 4)

Loose unit volume 
weight (g/cm3)

1.55 1.62 1.62 1.46

Dense unit volume 
weight (g/cm3)

1.62 1.69 1.69 1.51

The test results showed that the A specimen was more sen-
sitive to stripping under water than the B specimen. Inad-
equate resistance to stripping in aggregates may adversely 
affect the physical properties of the mixture. Indeed, the 
A specimen’s indirect tensile strength was lower than that 
of the B specimen. The Nicholson stripping test results are 
shown in Figure 3.

To determine the adhesion resistance of the aggregate 
specimens and the bitumen, a Vialit adhesion test was 
performed. The test results showed that the number of 
falling aggregates increased parallel to the dust content 
of the aggregate surfaces (Figure 4). Because of the higher 
porosity of the B specimens, the number of falling aggre-
gate particles was less than in the A specimens.

3.4  Bituminous hot mix test results

3.4.1  Marshall test results

Both of the aggregate specimens with three different dust 
contents were used, and Marshall design with six differ-
ent wearing course layer bituminous hot mixtures were 
carried out (A1, A2, A3, B1, B2, B3). Bituminous hot mixture 
specimens were prepared according to the curve within 
the Turkish General Directory of Highways (TCK) [16] 
wearing course specification limit, and gradation curves 

Table 5 Test results of the aggregate specimens.

Aggregate tests Value Limit Specification

Sample A Sample B

Los Angeles abrasion value (%) 23.7 29.1  < 35 ASTM C131-89
Aggregate impact value (%) 10.2 11.4  < 18 ASTM D3744
Loss of freezing-thawing (%) 1.3 1.9  < 12 TS EN 1097-2
Loss of resistance after freezing-thawing test (%) 35.2 38.9 – TS EN 1097-2

freezing and thawing were higher in the B specimen than 
in the A specimen (Table 5).

3.3   Vialit adhesion and Nicholson stripping 
test results

To determine the stripping resistance of the aggregate 
specimens, a Nicholson stripping test was performed.  
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and tests were scheduled on the basis of 0.5% increments 
of bitumen content. Three bituminous hot mixture speci-
mens were prepared for each different bitumen content. 
Marshall stability-flow tests were conducted; the weights 
of specimens in air and water and the surface dry-saturated 
weights of the specimens were measured; and stabil-
ity-% bitumen content, bulk specific gravity-% bitumen 
content, void filled with bitumen-% bitumen content, and 
void %-bitumen content curves were plotted. Optimum 
bitumen contents were calculated from the curves for 
each of the design groups. While the amounts of optimum 
bitumen were determined as 4.35, 3.93, and 4.18 for speci-
mens A1, A2, and A3, respectively, the amounts of optimum 
bitumen were determined as 4.98, 4.70, and 4.93 for 
the specimens B1, B2, and B3, respectively. The relation 
between % bitumen and Marshall stability is shown in 
Figure 5.

Stability is one of the important features of bitumi-
nous hot mixtures. It determines the strength of bitumi-
nous hot mixtures against pressure, shear, and horizontal 
stresses.

As can be seen in Figure 6, with the increase in the 
amount of dust on the aggregate surface, the values of 
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Figure 5 Relation between % bitumen and Marshall stability.
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Figure 4 Vialit adhesion test results.

maximum stability decreased for both A and B design 
series. However, the decrease in the stability of A3 and B3 
was clearer than in the others. Bitumen-aggregate adhe-
sion was weakened, as the dust content of A3 and B3 was 
more than the other specimens.

Density is another important feature for bitumi-
nous hot mixtures. An increase in density leads to better 
impermeability, durability, and resistance to aging, strip-
ping, and raveling [17, 18]. According to the test results, 
the maximum stability value is inversely proportional 
to the dust content on the aggregate surface. However, 
a decrease in the values of bulk specific gravity was not 
observed. The researchers proposed that some of the dust 
on the aggregate surface exhibited a mineral filler effect 
in the mix and caused an increase in mix density. The 
maximum density values of A1, A2, and A3 were obtained 
as 2.572, 2.583, and 2.568 g/cm3, respectively, whereas the 
maximum density values of B1, B2, and B3 were obtained as 
2.425, 2.441, and 2.445 g/cm3, respectively. In the A and B  
series of specimens, the relation between bitumen and 
maximum bulk specific gravity is shown in Figure 6.

The feature of “void filled with bitumen” controls 
the plasticity, durability, and friction coefficient of the 
mixes, and also provides a final bitumen film around the 
aggregate particle [17, 19]. Because of its effect on resist-
ance to stripping, raveling, and atmospheric effects (rain, 
snow, freezing-thawing), the value of the void filled with 
bitumen is important. The percentage of void filled with 
bitumen versus the optimum bitumen ratio was 76%, 
73%, and 76% for A1, A2, and A3, respectively, and was 
75%, 72%, and 74% for B1, B2, and B3, respectively. With 
the increase of dust content on the aggregate surface, the 
percent values of void filled with bitumen has decreased. 
The decrease in the B-series mixtures was more stable. 
Therefore, if the dust content on aggregate surface 
increases, the durability of bituminous hot mixtures 
decreases. According to the Turkish State Highway Speci-
fication, the value of the void filled with bitumen should 
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be between 65% and 75% [16]. The relation between the 
void filled with bitumen and bitumen in the A and B spec-
imens is given in Figure 7.

Percent void is another important parameter for bitu-
minous hot mixtures. The lower and upper limits have been 
described in the specification for bituminous hot mixtures 
of wearing courses [16]. If the void value is higher than 
the specification’s upper limit, the stability of the bitumi-
nous hot mixtures can decrease or premature failures can 
be seen on the pavement. However, to avoid flushing in 
hot climates, hot bituminous mixtures should have some 
amount of void volume [18]. The percentage void versus 
the optimum bitumen content was 3.0%, 2.5%, and 2.8% 
for A1, A2 and A3, respectively, and was 3.4%, 3.8%, and 
3.3% for B1, B2, and B3, respectively. The test results showed 
that the percentage void of A2 and A3 are lower than the 
specification limit. The percentage void in other speci-
mens was within the specification limits. The researchers 
believe that the dust content of the A2 and A3 specimens 
behaved like a filler, such that the void decreased in these 
specimens. In the B series of specimens, the dust content 
on the aggregates caused a decrease of adhesion and com-
paction, and caused an increase in the void. The relation 
between percentage void and percentage bitumen in the A 
and B series of specimens is shown in Figure 8.

The flow value provides information about the fea-
tures of plasticity and flexibility of bituminous mixtures 
under traffic loads, and also measures the interface fric-
tion of compacted mixtures [17, 18, 20]. The values of flow 
were 2.92, 2.96, and 3.14 mm for A1, A2, and A3, respectively, 
and were 3.16, 3.40, and 3.48 mm for B1, B2, and B3, respec-
tively. According to the Turkish State Highway Specifica-
tion, the value of flow should be between 2 and 4  mm 
[16]. Thus, according to the results of the flow test, with 
the increase in dust content on the aggregate surface, the 
susceptibility to plastic deformation of bituminous hot 
mixture specimens also increased. The relation between 
% bitumen and % Marshall flow is given in Figure 9.

VMA is an important parameter with respect to dura-
bility and the locking of aggregates to each other [17, 19]. 
The % VMA versus percentage optimum bitumen of A and 
B series of specimens was 12.8%, 11.6%, 12.4% and 13.9%, 
14.0%, 13.7%, respectively. In general, with an increase 
in dust content on the aggregate surface, VMA also 
decreased, as dust on the aggregates absorbs the available 
bitumen in the mix, decreasing the percent value of VMA. 
Chadbourn et al. [12] also report that with increasing dust 
content, % VMA decreased in both of their specimens. 
The relation between % VMA and % bitumen is shown in 
Figure 10.
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3.4.2  Mechanical Marshall immersion test results

Another disadvantage of dust on the aggregate surfaces is 
stripping due to water action. To determine how dust on 
the aggregate surface affects stripping in the bituminous 
hot mixtures, a Marshall immersion test was performed. 
The loss of stability value of the A and B series of aggre-
gate specimens increased parallel to the dust content on 
the aggregate surface. The mechanical Marshall immer-
sion test results are shown in Figure 11. The test results 
show that if the dust content on the aggregate surfaces is 

increased, the durability and strength of the bituminous 
hot mixtures against environmental effects will decrease.

3.4.3  Indirect tensile test results

To determine the strength of the bituminous hot mixtures 
against plastic deformation in different temperature con-
ditions (5°C, 25°C, 40°C), an indirect tensile test was per-
formed. The indirect tensile test determined how indirect 
tensile strength varied with different dust contents of the 
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aggregate for the six different bituminous hot mixture 
specimens (A1, A2, A3, B1, B2, B3). The variation of indirect 
tensile strength of the A and B specimens is shown in 
Figures 12 and 13, respectively.

The test results show that the B specimens have a 
fine adhesion strength and stripping resistance, and also 
have better indirect tensile strength than the A specimens. 
As the dust content on the aggregate surface increased, 
the indirect tensile strength of bituminous hot mixes 
decreased in both of the A and B specimens, at 5°C and 
25°C. Because the bitumen may reach its softening point 
at 40°C, the indirect tensile strength of the specimens 
decreased at this temperature; however, different dust 
contents did not affect the indirect tensile strength of the 
specimens at 40°C.

4   Conclusions and 
recommendations

On the basis of the results derived from the laboratory, the 
following conclusions can be drawn:

 – According to the Marshall stability test results, the 
variation of the maximum stability of the A and B 
series of specimens was A1 > A2 > A3 and B1 > B2 > B3. 
Owing to their high dust content, the decrease in the 
value of maximum stability in the A3 and B3 specimens 
was clearer than in the others.

 – The Marshall immersion test results show that with an 
increasing dust content, both A and B specimens had 
decreased resistance to moisture effects. The main 
reason for this decrease could be a further weakening 
of aggregate adhesion with increasing dust content on 
the aggregate surfaces.

 – With an increase of the A specimen’s dust content, 
the percent void of the specimens decreased. The 
most important reason for this is that dust affected 
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Figure 13 Variation of the indirect tensile strength of the B specimens.

the A specimens like a filler, while it affected the 
B specimens as dust. Indeed, the loss of Marshall 
stability in the B specimens was higher than in the 
A specimens, even as an increase of dust content in 
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both of the specimens resulted in an increase in the 
densities of the mixtures. Increasing dust content on 
the aggregate surfaces led to a decrease of VMAs.

 – The flow test results show that if the dust content 
on the aggregate surface is higher, the susceptibility 
trend to plastic deformation of the bituminous hot mix 
pavement was slightly higher. While this trend is clear 
in all of the A series of specimens, only B3 displays a 
clear effect within the B series of specimens.

 – The test results show that dust on the aggregate 
surface has a negative effect on the properties 
of hot bituminous mixtures without taking into 
consideration the differences between aggregates. The 
dust contents of the aggregate surface were   ≥  0.8% 
and   ≥  1.1% in the A and B specimens, respectively, 
while the bituminous hot mixture properties also 
markedly deteriorated.

 – According to the Marshall immersion test results, 
confirming the results of Kandhal et  al. [21], 
when bituminous hot mixtures produced from 
dusty aggregates were exposed to moisture, early 
deteriorations, such as stripping, occurred. This result 
is due to the ability to keep dust on the surface, which 
was higher in B specimens than in the A specimens; 

also, the loss of stability in the B specimens was 
higher than in the A specimens.

 – Factors such as type of aggregate, porosity, wearing, 
and surface properties also affect dust generation 
on the aggregate surfaces. Thus, according to the 
artificial dust generation test results, more dust 
collected on the surface of the B specimens, which 
had higher wear values and porosity.

 – Dust content on the aggregate surface leads to a 
weakening of adhesion, such that the characteristics 
of the hot bituminous mixture gradually deteriorated. 
Because dust contents on the aggregate surface can 
vary according to the aggregate type, the progression of 
deteriorations in bituminous hot mixtures can also vary.
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