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ABSTRACT. In the recent decades, different kinds of fiber materials are used
for improving the asphalt mixture performance. Meanwhile, different kinds of

fiber are used excessively due to their desirable physical and chemical
properties and their easier application. The main purpose of this research is to
evaluate the characteristics of the asphalt mixture while using basalt fiber and
glass fiber. In order to provide asphalt samples, these two types of fibers are
used in different percentages. In this way, 42 samples (with different
percentages of fiber and bitumen) were made using Marshal Hammer. In the
next step, while constructing 63 asphalt samples using a gyratory device, then
mix asphalt conventional tests include the determination of indirect tensile
strength, moisture sensitivity test, and resilient modulus and creep tests
performed. The results of this research indicate that using these two types of
fibers increased the percentage of optimum bitumen and marshal resistance.
At best, adding 0.1% glass fiber resulted in 13% increase in marshal
resistance. Finally, ANFIS-GUI was used to estimate the experimental result
and the feasibility of employing neural fuzzy network to predict the laboratory
data have been evaluated.
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INTRODUCTION

ince the invention of asphalt as a composite material for the road pavement, scientists and engineers have always
sought to find a material to improve its properties [1]. The application of fibers for promoting the behavioral
properties of various materials is an old idea, as the fiber has been used 4000 years ago for the reinforcement of clay
soil and 2000 years ago for building the Great Wall of China [1]. The basalt and glass fiber used in the mix design for
asphalt concrete has been shown in various studies; for example, Ibrahim et al in 2009 used basalt in the mix design for
asphalt concrete. This research explored the basalt used in the cities of Jordan as filler in the mix design of asphalt
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concrete. Replacing 20% basalt in the mix design led to an increase in all the behavioral properties of the asphalt [1].
Morova in 2013 used the basalt fiber in the hot-mix asphalt concrete. In this research, the asphalt strength from 0-2%
basalt was used in the mix design. The results of this study show that the use of basalt as 0.05 wt% of bitumen will have
the best results [2]. Zheng in 2014 studied the fatigue of asphalt reinforced with basalt fiber, the results of which show
that the basalt improves the behavioral properties of the asphalt, such as tensile strength, maximum curving tensile stress,
curving stiffness modulus, and fatigue properties [3].Using ESEM analysis, Gao in 2018 analyzed the basalt-reinforced
hot-mix asphalted concrete. In this study, it was shown that the scanning electron microscope is capable of examining the
adhesion between fibers and asphalt in different compounds. It was found that the basalt fibers with adhesion between
the asphalt components contribute to the increased strength properties of the made asphalt [4]. Lachance in 2016
evaluated the effect of glass in the mix design of hot-mix asphalt concrete. The purpose of the study was to investigate the
possibility of using the recycled glass patticles in asphalt mixtures and study the equivalent properties and performance
instead of the conventional mixture. To this end, an asphalt mixture (ESG14) was first tested with different glass contents
according to the design method of the International Institute of Quebec. Then, the performance of the samples against
thermal cracking and the stiffness of the asphalt mixture were investigated with different glass contents [5].

Saltan in 2015 used the glass fiber in the hot-mix asphalt concrete. The glass wastes used for 4.0%, 4.5%, 5.0%, 5.5%,
6.0%, and 6.5% bitumen in the mix design of hot-mix asphalt concrete was found to be effective in improving the asphalt
strength properties [6]. Arabani (2011) studied the dynamic properties of asphalt using glass wastes. The results of the
research showed that the application of glass waste can improve the dynamic properties of asphalt [7]. The stiffness model
used in the present study was obtained by replacing %5, %10, %15 and 20% glass in the mix design at 5, 10 and 20°C.
The results show that the temperature increase leads to a reduction in the stiffness modulus, and the replacement of 15%
glass particles in the mix design, which leads to an increase in the stiffness modulus of the asphalt [8]. Ozer in 2018 used
the neural network method to estimate the fatigue cracking using the accelerated testing in accordance with the mix design
for the asphalt. In this research, a new numerical algorithm was used to estimate the behavioral properties of asphalt and
the results showed that this method is appropriate for estimating the behavioral properties of asphalt [9].

The purpose of this study is to investigate the behavioral properties of the asphalt mixtures modified with the
combination of basalt and glass fiber additives. For this purpose, it is tried to perform resilient modulus, dynamic creep,
and indirect tension tests for finding the correct percentage of bitumen and obtain the optimal percentage of additive in
each of the experiments. Then, the experimental results are estimated using the neural network models and the efficiency
of neural network models is evaluated for the estimation of the results. The neural network used to estimate the
behavioral properties of materials in laboratory research has recently been adopted by researchers. However, the
conducted studies are in the field of concrete mix design and there is little research on the mix design and the prediction
of behavioral properties. For example Kaur in 2000 used the fuzzy method to estimate the laboratory results. Input data
to the neural network models in this research are the construction materials, pavement thickness, road age and traffic
count as the input of the neural network and are intended to estimate the thickness of the asphalt. The Visual Basic
environment is used to build the neural network models. After performing laboratory investigations, the neural network
method is used to estimate the experimental results and to evaluate the robustness of the neural network in the estimation
of the results [10]. Sodikov in 2005 emphasized the importance of prediction cost highway project with using neural
network method. Lack of preliminary information, lack of database of road works costs, data amusingness, lack of an
appropriate cost estimation methods are some major problem in high way project [11]. Tapkin in 2010 employed MLP to
estimate physical and mechanical properties of the asphaltic mixture with PP fiber. In this study, neural network method
was employed to predict laboratory test data such as Marshall Stability and flow tests [12].

In this research, due to the fact that the temperature of the asphalt wearing coarse affects its performance (stiffness and
cracking on the asphalt surface), the neural network is used to estimate the temperature of the asphalt wearing coarse. The
main goal of this study is to investigate the physical characteristics of the asphalt mixtures by combining basalt and glass
fiber. To do this, marshal stability, resilient modulus, indirect tensile strength, and dynamic creep were done to determine
the optimum percentage of these two modifiers, then laboratory test estimation was done through this method and the
capability of ANFIS was evaluated.

MATERIALS

aggregates were used for making gravel and sand of each mixture. Moreover, stone powder was used as filler

I n this research, for producing asphalt samples without additive and conducting the experimental test, limestone
(material passing the sieve 200) [13]. The mentioned material was taken from Taloo (in east of Tehran- asphalt
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factory). Fig. 1 shows the grading of the used aggregate.
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Figure 1: Particle size distribution for stone mastic asphalt mixture.

The characteristics of the used fiber
The fibers used in this research are basalt and glass which are 6 mm long. Their characteristics and shape of these
materials are shown in Tab. 1 and Fig. 2. In this research, %1, 2%, 3% glass fiber and %1, 2%, 3% basalt fibers were used.

Charactetistic Glass fiber Basalt fiber

Color White Grey
Length (mm) 6 6
Diameter (pm) 13 8

Density (gt/cm?) 2.5-2.6 2.5

Melting point (&) 1500 1505

Tensile strength (MPa) 3000 3000
Strain rate (%) 3.5 3

Table 1: The basalt and glass fiber property [14].

Mixture design and determination of optimum bitumen percentage

Samples were produced according to the ASTMD1559 standard [15]. The bitumen and aggregates were mixed together at
145°C -150 °C and the gyratory compactor were used to compact samples. During preparation of samples, fibers (glass
and basalt) with specified percentage were added to the mixture. 7% void ratio was employed to make compaction of
indirect tension samples as well as the control samples were tested for other experimental result. Next, the stone material
was dried in the oven for 24 hours at 170 °C. Therefore, the moisture of the stone material is evaporated during this
process. In order to reach the maximum Marshal stability, minimum flow, optimum void ratio and absorbed bitumen
percentage, the optimum bitumen percentage should be compared to the proper bitumen percentage. Ultimately, the
optimum bitumen percentage should satisfy all the above mentioned criteria. To do this, 18 control samples for asphalt
mixture was used and once the corresponding tests were done, the optimum bitumen percentage was determined. The
selected percentage of the bitumen for the control samples were 4, 4.5, 5, 5.5, 6, 6.5 percent of the material weight and for
each percent of the bitumen three samples were made. Moreover, 24 other samples were made for basalt and glass fiber
mixture to predict the percentage of optimum bitumen. It should be mentioned that the selected percentage for basalt and
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glass fiber (for determining the optimum bitumen percentage) were 0.3 % of the weight of the asphalt mixture. Tab.3
shows control parameters of optimum bitumen percentage for 3 group samples.

Figure 2: The shape of fiber (a) basalt fiber b) glass fiber [14].

Glass fiber Basalt fiber
Lellenaront Ot Oxide mass Element mass  Oxide mass Element mass
petrcentage petcentage petrcentage percentage
Al AlL,O3 11.86 6.3 17.35 9.17
Si SiO, 58.25 24.24 42.43 19.76
Ca CaO 21.09 15.05 8.88 6.37
Fe Fe O3 0.3 0.21 11.68 8.17
K KO 0.43 0.36 2.33 1.94
Mg MgO 0.54 0.32 9.45 5.7
Na Na,O 0.3 0.22 3.67 2.81
Ti TiO, 0.41 0.25 2.55 1.53
Table 2: Component for basalt and glass fiber material [14].
Parameters Glass Basalt Coiigiol.
Samples
Marshal stability at optimum percentage 883 807 854
Flow at optimum percentage 4.2 3.6 3.15
Percentage of empty space filled with bitumen 74.7 75 74.3
Percentage of empty stone materials per percentage of possible bitumen 15.6 15.7 15.2

Table 3: Parameters for controlling optimum bitumen percentage.

EXPERIMENTAL TEST

Indirect tensile strength test

asphalt samples are divided into two groups, dry and wet. In order to produce dry samples, before breaking them,

I ndirect tensile strength test is often used for evaluation of moisture sensitivity of asphalt mixtures. The produced

their temperature should reach to the room temperature. For this purpose, the samples can be put in plastic bags to
prevent it from getting wet and then they should be saturated at least for 1 hour in water at 25°C temperature. For
producing wet sample in vacuum, the wet samples should be put in vacuum instrument. Saturate ratio should be between
55 - 80 percent of the asphalt vacant place. If the samples saturation is more than 80%, that sample should be removed.
Then, the samples are put vertically between the two jaws of the indirect tensile strength instrument. Diagonal load is
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applied to the sample by 50m/min speed so that the load reaches to its maximum amount and the sample breaks. After
recording the maximum load, the indirect tensile strength of the asphalt samples is determined. The higher indirect tensile
strength shows that the mixture had a proper resistance against the moisture damage. Also, the sample which can bear
high strain before breaking, have higher cracking resistance, compared to the samples with low strain [16].

ITS =2z (1)

where:
ITS = indirect tensile strength (Pa), P, == maximum applied load (N), t = thickness of specimen (mm), d = diameter of
specimen (mm).

Resilient Modulus

The Resilient Modulus is used for evaluation and analysis of comparative quality of the asphalt mixtures as the input data
of pavement design. In this study, the UTMS5 device at 25°C and the semisynthetic load was employed such that the
selected load is 400N. Finally, the mean of the five last resilient modulus steps was collected and named the resilient
modulus of the mixtures. Fig. 3 shows UTMS5 set-up which was used for resilient modulus and dynamic creep test.

Figure 3: UTMS5 set-up which was used in the experimental test.

Dynamic creep

Dynamic creep test which shows the permanent deformation of asphalt mixture is recognized as one of the most
prevalent damages in the hot mix asphalt concrete research. Several thousand loads which were repeated in cyclic pattern
have been employed to make permanent displacements. To reach this aim, UTM5 was used to perform dynamic creep
test, the stress level of 450 kPa and a temperature of 50 ° C is considered as a constant vatiable in this research and
sample loading is started up to 0.01 strain rate [17]. The diameters of the cylinders were 100 to 150 (mm) and the height of
them is 60 (mm) [18]. According to the Witzak theory [18], the number of beginning loading process before the starting of
the third region is considered as a flow number. The numbers of cycles are equal to the minimum value of the strain rate
which was derived from the strain rate graph.

Neural network part

An adaptive neuro-fuzzy inference system (ANFIS) is a type of neural network which was worked according to Takagi—
Sugeno fuzzy inference system. This method used from the futures of both neural networks and fuzzy logic system. In
this study, this method is employed due to estimate asphalt mixture’s properties. For reach this goal, all laboratories data
which were extracted through experimental test with their variables were imported to MATLAB GUI software as the
output variable. The previous studies that used this method considered the output and input variable in MATLAB as a
fixed variables [19], but, in this present study, the input variables were produced randomly with using the average and
variance value which obtained from experimental test. To do this, the input variables are additive percentage to bitumen
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combination (glass fiber and basalt) as well as the output variables are the value of flow number, resilient modulus and
tensile strength in wet and dry condition, marshal stability test. The variance for input and output values have been
considered 0.1* mean value with log-normal fit distribution. After generating data with MATLAB software and
experimental test, ANFIS- GUI and experimental data (output and input values) were used in order to prediction process.
Ultimately, the number of data extracted from ANFIS GUI is 99 for marshal stability test and 99 for flow as well as 63 for
other test such as resilient modules, ITS and flow number. All variables are divided into three subsets data as train, test
and validation group. The possible surfaces for output variables were predicted according ANFIS rules such that these
surfaces show to what extend different additives able to change output variables.

RESULT

Selection of optimum bitumen percentage for three sample groups
fter calculating the optimum bitumen percentage for the fiber-reinforced asphalt mixtures, the samples were
A prepared with 0.1, 0.2, 0.3, 0.5 and 0.7% basalt fiber and glass. The results of the Marshall stability are presented
in Fig. 4. In all figures BF was used as indicator for basalt fiber and GF was used for glass fibers.

1000 M [ixperimental test

1 -=ANFIS data
900 -

800 +
700 -
600 4
500 -
400 +

Marshall Stability(Kg)

300 +
200 4
100 ~

0 4
CO 0.1BF 02BF 03BF 0.5BF 0.7BF 0.1GF 02GF 03GF 05GF 0.7GF

Samples
Figure 4: Marshall Stability for optimal bitumen percentage in control and fiber-reinforced mixtures

The results of Fig. 4 show that the Marshall stability could be increased if the fiber is used in the asphalt mixtures. In fact,
the use of 0.1% basalt fiber resulted in 4% increase in the Marshall stability comparing the control sample, but it hereafter
led to the loss of Marshall Stability, so that in the case of using 0.3% fiber, the Marshall stability reached about 800 kg.
This can be explained by the fact that the use of fibers up to 0.2% probably caused the reinforcement of the asphalt
mixtures, but hereafter, the fiber balling phenomenon was occurred. Therefore, increasing the percentage of fiber
intensifies the reduction of the Marshall stability.

The same is true for the variations in the Marshall stability for the glass-fiber-reinforced samples, but there are also some
differences. For example, if the maximum value of the glass fiber is used, the Marshall stability for the modified sample
will not be less than the control sample. It should be noted that when using 0.1% glass fiber, a 13% increase will be
observed in the Marshall stability. On the other hand, as can be seen, increasing the Marshall stability for the samples
made with glass fiber is far more than those containing basalt fibers. There are two main reasons to justify this difference:
first, the difference between the Marshall Stability values may be due to the difference in the bitumen percentage of the
samples. Second, the effect of the chemical properties of both types of fibers should not be considered the same and it is
possible that the difference in the values of the Marshall stability is due to the properties of the constituent materials of
the fiber.
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In general, it could be stated that there is no significant change in the use of glass fibers, but if the glass fiber is used, the
relative improvement will be achieved; although; if more glass fiber is used, the Marshall stability will be decreased. At
best, adding 0.1% glass fiber resulted in a 13% increase in the Marshall stability. Previous studies showed that adding glass
fiber to the asphalt mixture causes 45% increase in the Marshall stability. On the other hand, according to research, the
addition of fiber to the asphalt mixture decreases the parameter by 10%. It could be concluded that more precise research
is needed on the use of glass fiber in the asphalt mixtures. Moreover, figure 7-10 show the result of experimental test
which were obtained from laboratory test and ANFIS method .The results of ANFIS are close to experimental test and
that means this way can predict experimental result correctly. ANFIS has been employed as neural network in some other
previous researchers [19] and in these studies, also this relationship (proximity between laboratory and numerical data
shows the efficiency of ANFIS method.

3
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4 -=ANFIS data

3.5 -
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1.5 -
1 -
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0.5 4

0 4

CO 0.1BF 02BF 03BF 05BF 0.7BF 0.1GF 0.2GF 03GF 05GF 0.7GF

Samples

Figure 5: Flow value for different samples

Flow value

Fig. 5 presents the values for the flow in the control and modified samples. As can be seen, there will generally be an
increase in the flow value when using the fibers. The use of 0.3% basalt fibers led to a 10% increase in the flow value. The
glass fibers also increased the flow value, so that the flow value for the samples made with 0.3% glass fiber reached 4.2
mm. On the other hand, it is observed that for the percentages higher than 0.3% fiber, the flow value exceeded the
allowable limits of the regulation and the flow value was significantly increased, so that for the samples made with 0.7%
fibers (whether basalt or glass), an increase about 50% is achieved. As mentioned eatlier, based on the results of the
Marshall Stability and flow, 0.5 and 0.7% fibers were removed and the remaining tests were performed using other
percentages. In order to justify the flow increase in the case of using basalt and glass, two approaches are considered: it
seems that even though the basalt and glass fibers have a high melting temperature, the surface of the fiber melts during
the asphalt curing and increases the viscosity of bitumen. This causes the bitumen to be less adsorbed onto the surface of
the aggregates and to remain in the space between the aggregates. In this way, the presence of additional bitumen in
aggregates increased the flow of samples. On the other hand, the flow, in fact, is the rate of sample deformation at the
moment of failure. Now, the fibers cause the bonding and adhesion of different parts of the sample to each other and
make the specimen exhibit more deformation at the moment of failure.

Previous studies have discussed the glass fibers and their application to hot-mix asphalt concrete. The flow number is
increased in previous studies for increasing the percentage of glass fiber. For example, Taherkhani (2016) added glass fiber
and Nano clay in the mix design of the hot-mix asphalt concrete, adding 0.2, 0.4 and 0.6 glass fiber. In this research, it was
tried by providing more percentages (0.1-0.7) and comparing the results to show that the flow number is increased with
the use of glass fiber in the mix design. The increase for 0.6 glass fibers is 1.16 times the control sample in the Taherkhani
study [20], and in this study, it is approximately 1.4 times. It could be stated that the addition of glass fibers led to the
maximization of the flow number. On the other hand, the results of previous research, such as Nihat Morova [21] on the
use of basalt in the mix design for asphalt concrete. This research indicates an increase in the flow number for adding
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basalt to the asphalt mix design. The results of this study also show that the use of glass fibers can further increase the
flow number. The placement of the both materials together in the same mix design shows that the application of glass
fiber comparing the basalt for 0.3 optimum bitumen, can lead to the maximum increase in the flow number, while in the
percentages below 0.3; the use of basalt fiber further changes the flow number.

Test results of indirect tensile strength

A total of 42 samples were taken to perform the indirect tensile strength test. According to experimental ITS test which
was mentioned in previous part of this paper, half of the specimens were dried and the rest were tested in the saturated
state. It should be noted that in order to minimize the errors in each percentage of the fibers, three samples were made,
and the results are presented based on the averaging. Fig. 6 shows the results of the indirect tensile strength test for the
dry specimens.

mdry = ANFIS for dry samples

200 4

100 -

Indirect Tensile Strength (KPa)

Co 0.1BF 0.2BF 0.3BF 0.1GF 0.2GF 0.3GF
samples
Figure 6: Indirect tensile strength results for dry condition.

Generally, the tensile strength is increased by adding fibers to the asphalt materials. The highest increase is seen in the case
of using 0.1% glass fiber, which is about 6% higher than the control sample. The same effect is observed if the same
amount of basalt fiber is used. On the other hand, with an excessive increase in the percentage of fibers, there is a
decrease in indirect tensile strength. The highest reduction is seen for the sample made with 0.3% glass fiber. Also, if the
basalt fiber is used, the indirect tensile strength values for the different percentages of the fibers are approximately the
same, but on the contrary, in the case of glass fibers, considerable vatiations will occur in the indirect tensile strength. Fig.
(7) presents the results of the indirect tensile strength test in the saturated state.

The results of this diagram show that by increasing the percentage of basalt fiber and glass, the value of indirect tensile
strength is decreased. The fibers are not resistant to moisture sensitivity, as the highest tensile strength occurs in the
saturated state for the control samples and the lowest one occurs for the samples containing 0.3% basalt fiber. The results
show that in the worst case, the indirect tensile strength is decreased by 26% comparing the control sample. Finally, the
calculations ate done for the values of the wet to dry ratio of indirect tensile strength. Information about this ratio,
commonly known as TSR, is shown in Fig. (8).

Fig. 8 shows that the highest TSR belong to the control sample (89%) and the lowest one is for the sample containing
0.3% basalt fiber (with the rate of 70%). It should be noted that the samples with GI materials essentially do not have a
high sensitivity to the moisture damages. The minimum TSR value is neatly 75% in the asphalt specimens with the
samples made with 0.3% basalt fiber and 0.3% glass fiber. Regarding the negative effect of the glass fiber and basalt fiber
in high percentages (0.3%) on the performance of moisture sensitivity, it could be stated that when using the fiber, as the
absorption rate of bitumen is increased, the potential for the absorption of moisture is also increased, leading to a decrease
in the indirect tensile strength in the saturated state.
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Figure 7: Indirect tensile strength results for wet condition.
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Figure 8: Tensile strength ratio (ISR) of control and fiber-reinforced samples.

Resilient Modulus

Totally, 21 specimens were built to perform the resilient modulus test, so that 3 specimens were built for each percentage
of the fibers, and the amount of resilient modulus was determined by averaging for the samples containing the same
percentages of fibers. Fig. (9) shows the results of the resilient modulus test for the control samples as well as the samples
containing the basalt and glass fibers.

As seen in Fig. 9, increasing the amount of basalt fibers increases the resilient modulus. The highest increase in the
resilient modulus is observed using 0.3% fiber, so that the resilient modulus is increased by about 50% (from 2660 to 3963
MPa). The use of glass fibers also led to an increase in the resilient modulus, so that the resilient modulus of the samples
containing 0.2% glass fiber reached over 3300 MPa.

In this part of the research, we first compare the results of the present research with previous studies to determine how
consistent the results with the previous tresearch. It should be noted that the research on the basalt and glass fiber
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additives for testing the resilient modulus has been considered in few studies. The present study tries to compare the both
additives while working on them.

4000 .‘ M Experimental data

= ANFIS data
3500
£ 3000
=
5 2500
3
2 2000
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5 1500
2 1000
500
0
coO 0.1BF 0.2BF 0.3BF 0.1GF 0.2GF 0.3GF
Samples

Figure 9: Test results of resilient modulus.

In the Marshall test, the amount of strength is increased with increasing the fiber percentages, but in this experiment, it is
observed that with the increase in the fiber percentage, the amount of the resilient modulus is raised. Therefore, at first
glance, it seems that the results of this test are not consistent with other previous tests. However, carefully looking the test
procedure, one can answer the question of why the results of the experiments are in conflict. As it is known, in the
Marshall test, the compressive loads are applied and the specimen is subjected to the compression till the failure. Basically,
the use of reinforcing materials in the process will not be so useful with applying the compressive load and may have a
negative effect on the compressive strength. However, the resilient modulus test has a tensile nature and, generally, if the
fibers are used, the tensile properties of the asphalt mixture are increased.

Flow number

It is observed that the addition of fibers increases the flow number, so that the flow number for the control sample is
about 1500, and when using 0.1% basalt fiber, it is increased by about 20% to 1800. An increase in the percentage of
basalt fiber leads to a decrease in the flow number. This decrease is such that using 0.3% basalt fiber causes a 21%
decrease in this parameter. The glass fiber has the same functionality as the basalt fiber, so that the flow number is
gradually reduced by increasing the glass percentage. However, it should be noted that the effect of glass fiber in the
higher percentages is greater than that of the basalt fiber. In the creep test, increasing the flow number means that the
asphalt mixture is relatively harder and the rutting potential in such samples is relatively lower. It is inferred from Fig. (10)
that the samples containing 0.1% fiber have the best performance against the rutting,

Nihat Morova in 2013 studied the use of basalt as different percentages of bitumen. In this research, 4.5, 5 and 5.5%
bitumen were used in the mix design with different percentages of basalt fiber (0-2%). The maximum flow number in this
research was 1%, and for all three percentages of bitumen in the Morova's research is 1.5% and hereafter, it is 1%. In that
study, the highest flow number was for 5 and 5.5% bitumen (highest flow number). In this study, the optimal bitumen
percentage was obtained for 5.1% basalt samples, and the results of Morova's research showed that for the optimum
bitumen percentages of 5 and 5.5%, the maximum flow number is obtained for replacing 1-1.5% basalt. Also, according
to Morova's research and the current results, the excessive use of 2 and 3% basalt for 5% bitumen leads to a decrease in
the flow number [21].

Subsequently, testing on the addition of glass fiber in the mix design of hot-mix asphalt concrete showed that the use of
1% glass fiber also resulted in the improvement of the flow number, which compared with the basalt samples, the glass
fiber-reinforced samples had higher values. Nguyen (2013) used the glass particles in the hot-mix asphalt concrete [22].
The use of glass fiber in the mix design resulted in a drop in the flow number, because the researcher selected the
percentage of fiber from 0 to 2%, which in the present study, increasing the glass fiber to 2 and 3% resulted in a decrease
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in the flow number. On the other hand, the higher the percentage of increase in the glass fiber for both studies, the more
the drop in the flow number. The results of previous research show that the flow number has not yet been compared in a
specific mix design for adding basalt and glass fibers. Comparison of the results showed that the application of 1% basalt
and 1% glass fiber could obtain the maximum value of flow number.

M Experimental data
2000 9 -=ANFIS data

1800 -
1600 -
1400 +
1200 -
1000 -
800 o
600 -
400 -
200 o

Flow Number

CcO 0.1BF 0.2BF 0.3BF 0.1GF 0.2GF 0.3GF
Samples
Figure 10: Flow number for asphalt samples

The decrease of the flow number in the values of 0.2 and 0.3 is due to the fact that some percentage of bitumen is kept
around the fiber. This can reduce the bitumen thickness around the aggregates and reduce the strength. Although, the
reduction in the strength and stiffness can increase the flexibility and improve the fatigue properties, but in order to avoid
excessive reduction of bitumen thickness around the aggregates, the amount of fiber should be limited according to
previous and current research. The reduced thickness of bitumen, in addition to the adverse effects on the strength, also
has undesirable effects on the endurance of the mixture against moisture. In this section, it is tried to compare the results
of research with other laboratory studies.

NUMERICAL PART

previous research [23].According to this research, all neural networks such as ANFIS, ANN and SVM ways have
the highest performance when the amount of R? is near to 1 and the RMSE value is close to zero. Table 4 shows
these values for ANFIS neural network which were built in this research.

T he proficiency and reliability of ANFIS system was checked according two parameters (R? and MSE) based on the

Training set Testing set Validation set
Output Layer
R? RMSE R? RMSE IRE RMSE
Flow (mm) 0.880 0.08 0.80 0.03967 0.9892  0.3568
Indirect tensile strength test (kPa)  0.8540 0.0062 0.94 0.0005 0.81 0.0025
Flow number 0.9490 0.03967 0.9545 0.0469 0.8960  0.0560
Resilient modulus (MPa) 0.9688 0.0420 0.9586 0.0560 0.8754  0.0610

Table 4: ANFIS results for R? values and RMSE of: training set, testing set, and validation set
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Figure 11: ANFIS result for indirect tensile test, resilient modulus and dynamic creep.

ANFIS models able to predict experimental results exactly so that the value of R? is near to 1.00 and RMSE is near to
zero. Moreover, ANFIS models, which have been produced in this research, have capability of predicting output value
close to real data; Fig. 4 to 10 shows this fact. Fig. 11 shows the relationship between two input variables (fiber glass and
basalt) and the output layers (flow number, tensile strength and dynamic creep and flow value). Fig.11a indicates the
resilient modulus variation related to the basalt and glass fiber. This figure shows that the maximum variation of this
parameter is related to 0.3B (basalt) and 0.2F (glass) and the sutrface variation decreases by reducing the value of basalt and
fiber glass. Fig.11b shows the flow number surface for the basalt and fiber glass. Also, figure 11b shows the highest
surface belongs to 0.2 B (basalt) and 0.2 glass fiber and the variation of surface decrease while the value of basalt or fiber
glass have maximum value. Fig.11c shows the variation of ITS surface for the basalt and glass fiber. This figure emphasize
this issue that the maximum point is for 0.2 basalt fiber and 0.2 glass fiber and this surface decrease with increasing the
value of glass fiber to 0.3% and basalt fiber to 0.3%. Fig.11d shows the variation of flow surface for the basalt and fiber
glass and in this figure flow is known as dependent variable. This figure displays the maximum value belongs to 0. 6 basalt
and 0.4 glass fiber and the surface reduce when the value of basalt and fiber glass increases.

CONCLUSION

preparation of hot-mix asphalt concrete samples. After conducting the experiments test, the neural network was used

for the estimation of the laboratory results. The research results show that:

e The optimum bitumen percentage for the asphalt mixture is 4.9% and for the asphalt mixture made with basalt
and glass fibers is found to be 5.1% and 5.8%, respectively. Generally, when using the fiber in the asphalt
mixtures, the increase in the Marshall stability can be seen. At best, adding 0.1% glass fiber resulted in a 13%
increase in the Marshall stability.

I n the present study, two basalt and glass fiber additives were used as an alternative for the optimum bitumen in the
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e In the case of using fibers, there will be an increase in the flow value. The use of 0.3% basalt fibers resulted in a
10% increase in the flow value. The use of glass fibers also increases the flow value, so that the flow value for the
samples made with 0.3% glass fiber reaches 4.2 mm.

e The Marshall stability and flow for the samples made with 0.5 and 0.7% fibers are completely inappropriate and,
accordingly, the use of these percentages is not justifiable for other tests. The results are such that when using
0.7% of fibers, the flow parameter was increased by more than 50% and exceeded the allowable limit of the
regulation.

e Generally, the tensile strength in the dry state is increased by adding fibers to the asphalt materials. The highest
increase is seen if 0.1% glass fiber is used. This change is such that it rises by about 5% from 450 to 470 kPa.

e With the increase in the percentage of basalt and glass fibers, the indirect tensile strength is decreased in the wet
state. The highest reduction is observed if 0.3% fiber is used, with the indirect tensile strength decreasing by more
than 20% compared with the control sample.

e The highest TSR value is related to the control sample (89%) and the lowest one is for the sample containing
0.3% basalt fiber (70%).

e By increasing the amount of basalt fiber, the resilient modulus is increased. The highest increase in the resilient
modulus is observed using 0.3% fiber, so that the resilient modulus is increased by about 50% (from 2660 to 3963
MPa).

e The use of glass fibers led to an increase in the resilient modulus, so that the resilient modulus of the samples
containing 0.2% glass fiber is increased by 25% to over 3300 MPa.

e The addition of fibers increases the flow number, so that the flow number for the control sample is about 1500,
and when using 0.1% basalt fiber, it is increased by about 20% to 1800.
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