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Abstract: The use of resources is increasing due to con-
tinuous increase in world population and rapid indus-
trialization, while natural resources are being exhausted
day by day. Usage of waste materials or by-products in
highway construction has substantial environmental and
economic benefits. In this study, the usage of cullet and
waste glass bottle dust as mineral filler material in hot mix
asphalt as an alternate to traditional crushed stone dust
was investigated. Optimum bitumen content was deter-
mined by the Marshall mix design method by using six dif-
ferent bitumen contents (4.0%, 4.5%, 5.0%, 5.5%, 6.0%,
and 6.5%). With the optimum bitumen content, three dif-
ferent mineral filler types (cullet, glass bottle waste, and
stone dust) and six different filler ratios (4%, 5%, 6%, 7%,
8%, and 9%) were used to prepare asphalt mixture sam-
ples. Samples were performed using the Marshall stability
test, and the results were compared. It is concluded that
cullet and glass bottle waste can be used in asphalt mix-
tures as a mineral filler alternate to crushed stone dust if
the economic and environmental factors favor it.
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1 Introduction

Growth in world population and industry requires the
use of large amounts of narural resources. Using waste
or by-product materials instead of natural materials may
have great economic and environmental benefits. Energy
consumption can be decreased by reuse of by-products
instead of using natural materials. Environmental risks
can be decreased by the use of by-products instead of
stockpiling them.

Waste glasses are grouped as industrial solid wastes.
Most of the industrial solid wastes can be used in highway
constructions and road layers from top layer to subgrade.
Higher performance and environmentally friendly road
pavements can be constructed by the use of by-products
instead of traditional materials [1].

Mineral filler has two important roles in hot mix
asphalt (HMA). The first being to fill the voids between
course and fine aggregates; hence, denser and stiffer
layers can be obtained. The second being to provide more
contact points between aggregates. Bitumen film cover
filler’s large surface area and stiffer contact points can be
generated with the aggregates. Mostly, crushed stone dust
has been utilized in hot mix asphalt as mineral filler.

The aim of this study is to investigate the usabil-
ity of waste glass dust as mineral filler in HMA. A lot
of research have been carried out using by-products or
waste materials as mineral filler in HMA, but waste glass
dust have never previously been used [2-13]. Flynn (1993)
used glass waste in hot mix asphalt as a part of its granu-
lar material, and the pavement was named “glassphalt”
[14]. Satisfactory results cannot be obtained by using
glass waste as aggregate in HMA. Notably, a stripping
problem was encountered in HMA containing more than
15% glass [1].

2 Materials and methods

In this study, crushed limestone was used as the aggregate.
Coarse and fine aggregates are supplied from the Isparta
Municipality Asphalt Center. Crushed stone dust and two
different glass waste dusts were used as the mineral filler.
Crushed stone dust was obtained by crushing limestone
rocks to dust size.

Waste glasses are grouped into two categories in this
study: domestic glass waste and scrap glass. Waste glasses
were crushed to filler size in the laboratory.

Glasses are generally categorized into three groups:
carbonate-lime, lead-alkali-silica, and borosilica [15]. The
chemical composition of glass waste is given in Table 1.
Specific gravity tests for coarse and fine aggregates and
mineral filler were performed in accordance with the



272 —— M. Saltan et al.: Use of glass waste as filler in hot mix asphalt DE GRUYTER
Table1 The chemical composition of glass waste. Table 3 Aggregate granulometry.

Composition  Carbonate-lime  Lead-alkali-silica  Borosilica Sieve Turkish specification Study values

s o . s

sio, 20-73 60-70 60-80 limits (% passing) (passing,%)
AL0, 1.7-2.0 - 1-4 19 mm (3/4”) 100 100
Fe,0, 0.06-0.24 - - 12.5mm(1/2") 83-100 91.5
Cr,0, 0.1 - - 9.5mm (3/8”) 70-90 80
Ca0 9.1-9.8 1 - 4.75mm (No. 4) 40-55 47.5
MgO 1.1-1.7 - - 2.00 mm (No. 10) 25-38 31.5
BaO 0.14-0.18 - - 0.425 mm (No. 40) 10-20 15
NaZO 13.8-14.4 7-10 45 0.180 mm (No. 80) 6-15 10.5
K,0 0.55-0.68 7 - No. 200 4-10 7
PbO - 15-25 -

B,O, - - 10-25

ASTM C 127 [16], ASTM C 128 [17], and ASTM C 854 [18]
methods, respectively. Aggregate properties are given in
Table 2.

70/100 penetration asphalt cement, which was
obtained from the Isparta Municipality Asphalt Center,
were used for the study. Penetration tests for the bitumen
were carried out according to ASTM D5-97 [19]. Specific
gravity for the bitumen was also determined in accord-
ance with ASTM D70-03 [20].

The aggregate gradation used in this study is given in
Table 3 together with the General Directorate of Turkish
Highways specification limits. It can be seen that the
selected aggregate gradation is appropriate to Turkish
Highway specification for bituminous course. The Mar-
shall method was used for the mix design [21].

Table 2 Properties of aggregates.

Property Value Standard
Specific gravity of limestone 2.695 ASTM C 127
coarse aggregate

Saturated specific gravity of 2.605 ASTM C127
limestone coarse aggregate

Water absorption of limestone 1.3 ASTM C127
coarse aggregate (%)

Specific gravity of limestone 2.72 ASTM C 128
fine aggregate

Saturated Specific gravity of 2.83 ASTM C128
limestone fine aggregate

Water absorption of limestone 1.12 ASTM C 128
fine aggregate (%)

Specific gravity of limestone 2.56 ASTM C 854
filler aggregate

Specific gravity of cullet glass 2.44 ASTM C 854
filler aggregate

Specific gravity of domestic 2.49 ASTM C 854

glass waste filler aggregate

Voids in mineral aggregate (VMA) are defined as the
voids between aggregate particles of compacted bitumi-
nous mixtures and calculated as a percentage of the total
volume.

For a given asphalt and aggregate gradation, the
durability is enhanced if adequate film thickness is
attained. For the given effective asphalt content, the
film thickness will be greater if the aggregate gradation
is coarser. This can most effectively be accomplished by
decreasing or minimizing the percentage of fine content.
Establishing adequate VMA during mix design and in
the field application will help to establish adequate
film thickness without excessive asphalt, which causes
bleeding or flushing [13].

Asphalt mixtures with limestone aggregate and lime-
stone mineral filler were prepared with a 4%, 4.5%, 5%,
5.5%, 6%, and 6.5% rate of bitumen content. The optimum
bitumen content was calculated by taking the average
values of the following four bitumen contents [13]:

1. Bitumen content corresponding to maximum stability

2. Bitumen content corresponding to maximum bulk
specific gravity

3. Bitumen content corresponding to the median of

designed limits of percentage air voids in the total mix

(for 4%)

4, Bitumen content corresponding to the median
of designed limits of percentage voids filled with

bitumen in the total mix.

The maximum stability was obtained in 4% bitumen
content, which can be easily seen in Figure 1. Relation-
ships between bitumen contents and air voids and percent-
age voids filled with bitumen in the total mix are shown in
Figures 2 and 3. Hence, bitumen contents corresponding to
the median of the designed limits of percentage air voids (for
4%) and percentage voids filled with bitumen in the total
mix (for 80%) were obtained as 6.22% and 6.46%, respec-
tively. The maximum specific gravity value was obtained in
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Figure 2 Relationship between air voids and bitumen content.

6.5% bitumen content. The optimum bitumen content can

4.00+6.50+6.46+6.22

4
The flow value reflects the properties of plasticity

and flexibility of asphalt mixtures. Marshall samples,
corresponding to the deformation of the load, that are
broken, which represents a measure of the flow, is an
indicator of the internal friction. Flow has an inverse
linear relationship with internal friction [22]. The rela-
tionship between flow and bitumen content is shown
in Figure 4. A linear relationship between the bitumen

now be calculated as

=5.80.

content and flow was obtained from the experimental
results. Increasing the asphalt cement percentage also
increases the flow value. Flow value in the optimum
bitumen content is 3.43. The flow value falls in the speci-
fication limits.

The filler type change may affect the optimum bitumen
content so that the optimum bitumen content procedure is
repeated for the other filler types. As described above, the
optimum bitumen contents for the mixtures with domes-
tic and cullet glass waste filler materials were obtained as
5.94 and 5.85, respectively.
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Figure 3 Relationship between air voids filled with bitumen and bitumen content.
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Figure 4 Relationship between flow and bitumen content for limestone mineral filler.

3 Results

3.1 Results of limestone mineral filler

In this study, not only the different filler types but also
the different filler ratios (5%, 6%, 7%, 8%, and 9%) were
used. Each mineral filler type and filler ratio asphalt mix-
tures prepared in optimum bitumen content was sub-
jected to the Marshall stability test. The Marshall stability
test results for all mineral filler types and ratios are shown
in Figures 5-8.

The amount of filler should be considered carefully.
When the filler amount is excessive, the mineral filler
material acts as a binding material sliding over each of the
other grains. This situation negatively affects the stabil-
ity. When an inadequate filler amount is used in HMA, a
dense layer cannot be achieved, and strong contact points
cannot be generated. Optimum filler ratio should be used
in order to prevent this drawback.

An increase in limestone filler ratio caused a decrease
in stability (Figure 5). Maximum stability is obtained at
a 5% filler content. Specific gravity and air voids filled

with bitumen values are not affected by the change in
mineral filler ratios (Figures 6 and 7). Air voids decrease
with increasing limestone mineral filler ratios (Figure 8).
Grain size of the mineral filler affects this situation. Voids
in aggregates may be filled with a smaller-sized mineral
filler.

Maximum Marshall stability was obtained at 5.5%
filler content for limestone mineral filler (Figure 5). Spe-
cific gravity and void-filled bitumen were not affected
by the change in filler content and tend to be horizontal
(Figures 6 and 7). Voids filled with bitumen and voids
ratios changed between 52.75% and 65.29% (Figure 7) and
3.61% and 3.86% (Figure 8), respectively. These values
satisfy the specification limits.

3.2 Results of cullet glass dust mineral filler

For the change in filler ratio, the Marshall stability test
results for cullet glass dust are shown in Figures 5-8. Sta-
bility increased with the increase in filler ratio up to 6%,
and then, stability decreased with the increase in filler
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Figure 5 Relationship between Marshall stability and filler ratio.
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Figure 6 Relationship between specific gravity and filler ratio.

ratio (Figure 5). The Marshall samples with cullet dust
filler has specific gravity values at the 2.36-2.37 band, and
air voids filled with bitumen values ranged from 78% to
80%, which seems to be not affected with the filler ratio
change (Figures 6 and 7). Air void ratios look stable with
the change in filler ratio (Figure 8). Air void ratios are
smaller for the cullet glass filler materials in comparison
with the limestone mineral filler. Maximum Marshall sta-
bility was obtained for 6% cullet glass mineral filler ratio
(Figure 5). Maximum specific gravity was obtained for 9%
cullet glass dust (Figure 6).

3.3 Results of domestic glass waste dust
mineral filler

Marshall stability test results for domestic glass waste
dust mineral filler with different ratios are shown in
Figures 5-8. Stability increased with the increase in filler
ratio up to 7%, and then, stability decreased with the
increase in filler ratio (Figure 5). Specific gravity and air

9 10

voids filled with bitumen values increased with increas-
ing mineral filler ratios (Figures 6 and 7). But air void
ratios decrease with increasing filler ratios for domestic
glass waste dust (Figure 8). When filler types were com-
pared, a sharper change in air voids occurred in domestic
glass waste dust filler. Maximum Marshall stability was
obtained at 7% filler ratio for domestic glass waste dust
(Figure 5). Maximum specific gravity was obtained for
9% domestic glass waste dust (Figure 6). Voids filled with
bitumen and voids changed between 49.71% and 82.40%
(Figure 7) and 4.36% and 3.55% (Figure 8), respectively.
These values satisfy the specification limits. The relation-
ship between flow and filler ratio can be seen in Figure 9
for all filler types.

4 Conclusions

In this study, the usability of cullet glass and domestic
glass waste dust in HMA as mineral filler material was
investigated. To define the optimum bitumen content
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Figure 7 Relationship between air voids filled with bitumen and filler ratio.
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Figure 9 Comparison of flow values.

for the mixtures with limestone aggregate and limestone
mineral filler, Marshall samples were prepared with 4.0%,
4.5%, 5.0%, 5.5%, 6.0%, and 6.5% bitumen contents. The
optimum bitumen content was found to be 5.8%. Repeat-
ing the procedure for cullet and domestic glass dust filler
materials, the optimum bitumen contents were found to
be 5.85% and 5.94%, respectively. For each filler type and
optimum bitumen contents, 4%, 5%, 6%, 7%, 8%, and
9% filler percentages were used in preparing the Marshall
samples.

The Marshall stability and flow values for all the
filler types (limestone, cullet glass, and domestic glass
waste) satisfy the General Directorate of Turkish High-
ways specification limits. The Marshall stability values
of the mixtures with cullet glass and domestic glass
waste filler are slightly smaller than the mixtures with

the limestone mineral filler material (Figure 5). Although
using only the Marshall test method would not give
appropriate results and evaluations in Turkey, the mix
design of hot mix asphalts still relies on the Marshall
method as in many other countries. This study will be a
basis for a more detailed further research and extra test
methods, such as bending, fatigue, and wearing tests
can be done.

In conclusion, cullet glass and domestic glass waste
dusts can be used in asphalt concrete mixtures as mineral
filler materials according to the Marshall method. Using
glass waste in hot mix asphalt pavements would be very
useful in view of waste management.
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