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Abstract

One of the best ways to improve the asphalt mix performance is to increase the adhesion among its components using
different additives. Considering the viscoelastic behavior of bitumen, adding the secondary additives as a complement
can improve the properties of the asphalt mix. This study aimed to conduct a laboratory research study that evaluated
the performance of asphalt mixtures prepared with ethyl vinyl acetate (EVA) modified bitumen containing different
amounts of glass fibers. For this purpose, a total of 11 types of mixtures were made, and Marshall and resilient modu-
lus tests were performed to investigate the effect of additives on specimens. The results showed that adding 5% EVA
and 0.3% glass fiber increased the Marshall Stability by about 25 and 20%, respectively. It was also concluded that the
simultaneous use of both additives increased Marshall Stability more than adding any of them separately. The highest
Marshall Stability belongs to the sample containing 3% of EVA and 0.3% of glass fiber, which is equal to 1210 kg. On
the other hand, the results of the resilient modulus indicated that by increasing the percentage of EVA and glass fiber
separately and simultaneously at two different temperatures of 25 and 40 °C, the resilient modulus of the asphalt mix
was increased. However, rising temperatures reduced the resilient modulus of asphalt mix. Based on all results, 3EF was
selected as the most optimal asphalt mix.

Keywords EVA - Glass fiber - Asphalt mix - Marshall - Resilient modulus

1 Introduction materials (RAM) to improve the technical properties of the
asphalt mix. The results improved the technical properties
of the asphalt mix [40].

Recent researches in the field of nanomaterial and fib-

Distress in HMA pavements reduces the durability of HMA
pavements and increases road maintenance costs [39].r

Researchers have evaluated improving the asphalt mix
using different additives, polymers, nanomaterial, fillers,
fibers, recycled materials, to name a few important ones
[1,7,16,26-29, 33, 34, 36, 371].

Some of these additives, in addition to their environ-
mental benefits, improve the engineering properties and
performance of the asphalt mixture [6, 11]. Also, research-
ers have used various materials such as Recycled asphalt

ers have examined the effect of these additives on asphalt
mixtures. The findings show that nanomaterials affect
the asphalt mix positively [4, 17, 25, 28, 30, 32]. Also, the
fibers are used to improve the dynamic and mechanical
properties of the asphalt mix. Polyester fiber, carbon fiber,
glass fiber, etc. are among these kinds of additives. Vari-
ous studies have been conducted to investigate the effect
of fiber on the asphalt mix. The results showed that the
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fibers significantly improved the technical properties of
the asphalt mixture [16, 19, 22, 27].

Polymers are among the useful additives for modifying
the properties of bitumen and asphalt. In their research,
Hafeez and Kamal [10] evaluate the effects of polymer on
the asphalt and conclude that it improves the technical
properties of the asphalt mix [10]. Khattak and Baladi [13]
studied the effects of using polymers as modifiers and
stated that polymers make the bitumen more resistant to
loading and less sensitive to thermal changes. It should be
noticed that while the additives may improve the technical
properties of the asphalt mix, it would be impossible to
use them in the asphalt if it is not economically justifiable.
Considering the researches done in this field, two types
of additives, including ethyl vinyl acetate (EVA) and glass
fiber, are used.

1.1 EVA

Ethylene vinyl acetate (EVA) polymer is compatible with
most types of bitumen and has good consistency at nor-
mal temperatures for transport and mixing [23]. The bitu-
men modified with EVA polymer has got a higher soften-
ing point and displays more stiffness and viscosity. It does
not need a higher admixture and compaction tempera-
ture. When modified bitumen is used in the surface layer
of the asphalt, it increases the resistance to permanent
deformation [23].

EVA is a copolymer containing the amorphous vinyl
acetate and semicrystalline polyethylene, which is used
to improve the properties of asphalt mix [24]. The poly-
ethylene blocks are probably crystallized and form areas
that act as knots for cross-linking. At ambient temperature,
EVA polymer displays viscoelastic specifications due to the
existence of crystallized areas. These areas are melted and
form a liquid [23]. Saoula et al. [20] worked on the opera-
tional improvement in the asphalt mix modified by EVA
and EVA-Waste. In their research, they used one type of
asphalt mix and tried two ways of making it. Process A
makes the polymeric bitumen and the asphalt mix, and
process B adds polymer to the asphalt mix while making
it. Marshall experiment is used to evaluate the asphalt mix.
The percentages used for EVA were 3.5 and 7, and 1 to 4
for EVA-Waste. The results of this research [20] show that:

e Increasing the percentages of EVA and EVA-Waste
decreases the penetration grade and thermal sensitiv-
ity of the modified mix, and increases the softening
point and asphaltene percentage.

e Increasing polymer percentage improves the Marshall
Stability and flow. State A (EVA) was better than state B
(EVA-Waste).
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* In both ways of making the mix, the best Marshall Sta-
bility and flow belonged to 5% of EVA and 2% of EVA-
Waste.

The results of a study showed that the temperature sus-
ceptibility of EVA-modified asphalt was lower than low-
density polyethylene LDPE-modified asphalt [12]. Also, at a
content of about 9%, EVA-modified asphalt shows a lower
temperature susceptibility than SBS-modified asphalt [14].
In general, EVA copolymers (containing approximately
18-28% vinyl acetate content) do not change the rheologi-
cal properties of asphalt compared to SBS copolymers [31].
Behnood and Gharehveran [8] showed that the appear-
ance of a continuous polymer network occurs in the pres-
ence of a 5-6% polymer. According to studies, the addition
of EVA has improved the properties of the asphalt mixture
at low percentages. As a result, we used EVA additive to
improve the mechanical and dynamic properties of the
asphalt mix.

1.2 Glass fiber

Using fiber in the asphalt prevents the spread of cracks
and increases the life of the pavement [9]. Therefore, many
researchers tend to use the fibers to arm the asphalt. Glass
fiber is a type of fiber that is very useful in industry and
increases the stability, fatigue life, and durability of the
asphalt samples [9]. One of the features of glass fiber is
that it spreads in the asphalt mix very well and controls the
spread of cracks. At high temperatures, due to the viscosity
of the bitumen, the tensile stress applied to the asphalt
mix is not transferred to the fibers. This makes the use of
fibers at high temperatures ineffectual [15].

Zarei et al. [35], evaluated the effect of lignin and glass
fiber on the asphalt mix. According to the results, the use
of glass fibers with a length of 12 mm increases the resil-
ient modulus of asphalt mix. However, the resilient modu-
lus of the samples containing fibers with a length of 6 mm
decreases. Conducted researches on the simultaneous use
of Diatomite and glass fiber show that they increase the
resistance to rutting and fatigue compared to the control
sample. Diatomite mostly influences the resistance to
wheel effect (rut depth) while the glass fiber affects the
fatigue. However, at low percentages, none of the addi-
tives have a significant effect on the results. Generally
speaking, the asphalt samples mixed with Diatomite and
glass fiber deliver better performance against fatigue [35].

Ziari et al. [42] investigated the effect of reclaimed asphalt
pavement (RAP) and glass fiber on the crack resistance of
HMA. Based on the results of the fracture test, the use of
0.12% glass fiber resulted in a significant improvement in the
crack resistance of the asphalt mix. Also, by increasing the



SN Applied Sciences (2020) 2:1168 | https://doi.org/10.1007/542452-020-2977-8

Research Article

glass fibers and RAP content, the fracture resistance of HMA
improved due to the increase in stiffness of the mixtures [42].

Ziari and Moniri [41] evaluated the effect of polyole-
fin glass fibers on the moisture sensitivity, rutting resil-
ient modulus, fatigue, and fracture resistance of asphalt
mix. The results show that the use of 0.12% polyolefin
glass fiber improves the mentioned properties due to an
increase in the elastic behavior and stiffness of the mix-
ture. The resilient modulus was increased significantly
when the mixture was modified with 0.12% fiber. However,
the resilient modulus decreased slightly with increasing
fiber percentage to 0.18%. [41].

If the fibers are too long, there is a problem called ball-
ing [2]. As mentioned earlier, some fibers may produce a
mass which prevents them from being well mixed with
the asphalt. If the fibers are too short, they do not affect,
playing the role of an expensive filler. Improving the ten-
sile properties based on composite behavior is the main
reason for the efficiency of the fibers. They may increase
the strain absorption energy and postpone the process
of the asphalt mix failure [35]. Considering the unique
properties of the fibers in the asphalt mix, we use fibers of
12 mm in length to evaluate the effects of glass fibers on
the mechanical and dynamic properties of the asphalt mix.

1.3 The simultaneous effect of EVA and glass fiber
on the asphalt mix

There are a limited number of research done on the simul-
taneous use of two additives. Zahedi et al. and Mirbaha
et al. evaluated the effects of two additives on the asphalt
mix. The results showed that the two additives improve
the properties of the asphalt mix [16, 25]. Zarei et al. stud-
ied the effects of lignin and glass fiber on the asphalt mix.
According to their research, the effect of the two additives
increases the resistance and the resilient modulus [35].

The goal of this paper is to optimize mixes with a com-
bination of fiber and EVA. Given that the effect of the two
types of additives in previous research has led to satisfac-
tory results, the effect of ethylene-vinyl acetate (EVA) and
glass fibers on the mechanical and dynamic properties
of the asphalt mix was evaluated both separately and
simultaneously.

2 Materials and preparation of samples
2.1 Material
The aggregates of Kermanshah Asphalt Company located

in Ghazanchi were used to make the laboratory samples.
Table 1 shows the ratios of the aggregates in the surface

Table 1 Mixing ratios of the aggregates

Aggregates proper- Medium sand Tiny sand Sand Filler
ties

Particle size 4.75-25mm  0-19mm 0-6 mm Micron
Mixing percentage 8 23 68 About 1

100

-u+ Low range
4 Highrange

804 -1 @Gradation 4

Percentage of passing

0 0.075 0.15 0.30 2.36 4.75 9 12.5 19.0

Size of grains (mm)

Fig. 1 Gradation graph of surface course

layer. Figure 1 shows the gradation curve obtained by mix-
ing the weight percentages of aggregates.

The bitumen used for this study was from the Isfahan
oil refinery. The properties of the bitumen are presented
inTable 2.

The EVA polymer was from Alsapa Company (Hanwha
brand). The polymer grade was in 1528. It was made in
the form of clear Granol, which was made of almost 20%
of vinyl acetate (Fig. 2).

Glass fiber has got a suitable strength and stiffness and
preserves its mechanical properties in high temperatures.
It has got a suitable moisture and corrosion resistance.
Glass fiber is rather inexpensive. In this study, glass fib-
ers (type A) with a length of 12 mm were used. These fib-
ers were cut industrially at a length of 12 mm. The glass
fiber used in this research was produced in Boloorin-Tar
Company. Figure 3 shows the properties of these fibers.
Physical properties of glass fiber are presented in Table 3.

2.2 Preparation of samples
2.2.1 Making bitumen modified with EVA

In order to make the asphalt samples, first, the bitumen
was mixed with different percentages of EVA polymer,
and then, the asphalt samples were made using the
modified bitumen. The bitumen and EVA were mixed
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Table 2 Test results on bitumen

Pure bitumen test

Test result Result base
on ASTM

AASHTO ASTM

Standard speci-
fications pure
bitumen (60-70)

Min Max
Specific gravity at 25 °C T228 D70 1.019 - -
Penetration at 25 °C (100 g-5 s) T49 D5 60 60 70
Softening point (ball-ring) in Celsius T53 D36 49.5 49 56
Ductility (5 cm/dk) T51 D113 125 100 -
Solubility in tertiary chloride T44 D2042 99.23 99 -
Frasse breakpoint (Celsius)—UK standard P80 * * -14 - -
Flash point (°C) T48 D92 300 232 -
Kinematic viscosity at 120 °C (CStux) T201 D2170 587 - -
Kinematic viscosity at 135 °C (CStux) T201 D2170 354 - -
Kinematic viscosity at 160 °C (CStux) T201 D2170 146 - -
Thick bitumen glaze (163-5 h) T179 D1754
Heat loss percentage 0.8 0.029 038
Degree of penetration after heat loss tests - 39 -
Percentage of the degree of penetration after testing to the degree of primary penetration - 63.33 -
The amount of stretch of bitumen after thermal loss test at 25 cm - +50 -
Bitumen thermal sensitivity
Pl—(in terms of degree of penetration at 25 °C and softness point of bitumen) - -0.89 -
PVN—(per degree of penetration of 25 cm and viscosity in Cstux at 135 °C) - —-0.943 -

Fig.2 A diagram of EVA

based on AASHTO-M320 and ASTM-D6373 standards.
According to these standards, the bitumen was first
heated up to 160 degrees centigrade. Then, the poly-
mer was gradually added to the bitumen. The mix was
stirred with the shear mixer (5000 rpm) at a stable tem-
perature for 30 min to mix the bitumen and polymer in
the best way possible (Fig. 4).
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Fig.3 Glass fibers (12 mm in length)

Table 3 Physical properties of glass fiber

Specifications Value
Diameter (mm) 0.01
Elegance (denier) 2
Density (g per cubic centimeter) 244
Tensile strength (Mpa) 2310
Young's modulus (GPa) 68.9
Melting point (°C) 705
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2.2.2 Adding glass fiber

There are two ways for adding the glass fibers to the
asphalt mix:

Wet method
Dry method

In the wet method, the fibers are first mixed with bitu-
men, and then, the aggregates are added to the mix. The
major flaw of this method is the balling of the fibers in

Fig. 4 Admixture of bitumen and EVA polymer

the bitumen, which makes the mixing process unfit. In the
dry method, the fibers are first added to the aggregates,
and then, the bitumen is added, and the asphalt mixture
is produced.

The dry method was used to mix the fibers with aggre-
gates. A stable weight percentage of glass fiber was used
for all samples, i.e., 3% weight of mix (with a length of
12 mm).

2.2.3 Laboratory process

This research studies asphalt mix samples made by pure
bitumen and compares them with asphalt mix samples
made by modified polymeric bitumen reinforced with
glass fiber. The samples are categorized into four groups:
additive-free (control) samples, samples made by polymer,
samples reinforced with glass fiber, and samples made by
EVA polymer and glass fiber.

For simplicity, we use E to represent samples having EVA
polymer and F for samples having glass fiber. A total of
11 asphalt mixes were carried out for different conditions;
three repetitions on samples were performed; Table 4
names the asphalt samples used in this research. It should
be mentioned that bitumen percentage of all samples is
identical and equal to optimum bitumen content (OBC) [9,
35, 36]. Also, the air void percentage was about 4%.

3 Testing methods

3.1 Marshall test

In order to determine the unit weight of the asphalt mix,
the samples are put in 60 degrees centigrade water for

30 min. Using the Marshall machine, the strength and flow
of the mix were immediately tested based on ASTM-D1559

Table 4 Combination percent of EVA additive in bitumen and glass fiber in the aggregates in asphalt mixtures

The name of combination Explanations Number of
repetitions
OEOF Base state 3
3E 3% of EVA polymer 3
5E 5% of EVA polymer 3
7E 7% of EVA polymer 3
1F 0.1% of glass fiber sample by weight (1200 gr) 3
2F 0.2% of glass fiber sample by weight (1200 gr) 3
3F 0.3% of glass fiber sample by weight (1200 gr) 3
4F 0.4% of glass fiber sample by weight (1200 gr) 3
3EF The combination of 3% of EVA polymer and optimal percentage of glass fiber 3
5EF The combination of 5% of EVA polymer and optimal percentage of glass fiber 3
7EF The combination of 7% of EVA polymer and optimal percentage of glass fiber 3
SN Applied Sciences
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(Fig. 5). The samples in this research were 6.83 cm in
height. A correction coefficient of 0.86 was used to report
Marshall Stability. It should be noted that for each sample,
3 identical asphalt mixes were tested, and the final result
was reported in the form of a numerical average.

3.2 Resilient modulus test (Mg)

Since the load applied in the resilient modulus test is small,
this test is considered nondestructive. So, the existent sam-
ples can be used in other tests. In the ASTM-D4123 stand-
ard, the process of determining the resilient modulus of
the asphalt mix is expressed by the indirect tensile test. In
this research, based on the standard mentioned above, the
UTM14 machine is used to determine the resilient modu-
lus; to do the resilient modulus test, first, the samples are
put in oven at the desired temperature for 14 h.Then, after
the semi-sinusoidal loading, the resilient modulus of the
asphalt samples is determined with 1 HZ frequency and a
loading period of 0.1 s (0.9-s rest). It should be noted that
the relationship mentioned in the ASTM D4123 standard is
used to determine the resilient modulus by the UTM soft-
ware. Resilient modulus is a vital variable in mechanical
designing approaches for pavement structures.

In this study, the resilient modulus test was done with
1 Hz frequency and semi-sinusoidal loading at 25 degrees
centigrade. The average amount of resilient modulus from
3 tests was determined as the resilient modulus for each
sample. The repetitive loading at 25 degrees centigrade
was decided to be 15% of indirect tensile resistance of
the mix (the machine has considered it to be 1000 N) to
maintain the linear viscoelastic behavior. The preloading
cycles were selected to be 200 cycles; therefore, to main-
tain the effects of the production method and compaction
in two vertical directions, the resilient modulus test was
done for each sample, and the average of the two numbers

Fig.5 Jack and Marshall
bathroom
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was selected as the modulus for each sample. It should be
noted that the UTM14 was used to determine the resilient
modulus of the samples (Fig. 6).

4 Results and discussion
4.1 Marshall test

4.1.1 The effect EVA on Marshall Stability of the asphalt
mix

As can be seen in Fig. 7, adding EVA to the asphalt mix
changes the Marshall Stability. The changing process is
irregular. According to results, adding 3% of EVA poly-
mer decreases the Marshall Stability, while adding 5% of
EVA increases it. Then, increasing the amount of additives
causes a descending process in the Marshall Stability. As a
result, compared to the control sample, the stability of the
asphalt mix made by this kind of bitumen decreases. On
the other hand, a decrease in Marshall Stability in amounts
more than 5% may be the result of the unsuitable com-
paction of samples after increasing the viscosity of the
bitumen modified by EVA polymer. As EVA increases, the
viscosity increases, and the temperature required for mix-
ing and compaction increases. So, the stability decreases
slightly.

4.1.2 The effect of glass fiber on the Marshall Stability
of the asphalt mix

In order to create cohesion among different components,
the fibers make the asphalt mix more solid and increase its
resistance to the load applied. As shown in Fig. 8, up until
F3, changes in the Marshall Stability of the asphalt mixes
are ascending, and after F3, the changes are descending.
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Fig.6 UTM machine

OEOF 3E 5E 7E
Additives

Fig. 7 Marshall Stability of asphalt mixes modified by EVA

As the percentage of fiber in the mixture increases, the
friction between the aggregates decreases, and eventu-
ally, the Marshall STABILITY decreases. In general, with
increasing fiber length, the effect of arming is increased,
and finally, bearing of the asphalt mix is increased. How-
ever, by increasing the length of fiber to more than 10 mm,
the resistance decreases [36].

1200
1150
1100
1050
1000
950
900
850
800
750
700
650
600
550
500

1120

Stability (Kg)

OEOF 1F 2F 3F 4F
Additives

Fig. 8 Marshall Stability of asphalt mixes reinforced with glass fiber

4.1.3 The simultaneous effect of EVA polymer and glass
fiber on the Marshall Stability of the asphalt mix

Considering the changes in Marshall Stability of the sam-
ples in Fig. 8, the highest stability belongs to the mixes
made by 0.3% of glass fiber in 12 mm length. Thus, this
percentage (0.3%—12 mm) was chosen as the optimal
amount of glass fiber order to evaluate the two additives
conjointly. So, in this paper, in common amounts of the
two additives, F represents 0.3% of glass fiber.

Figure 9 shows the Marshall Stability of the mixes
made by different percentages of EVA and 0.3% of glass
fiber in 12 mm length. When the combination of the
additives mentioned above includes up to 3% of EVA,
the Marshall Stability increases. However, increasing EVA
to more than 3% causes the changes in Marshall Stabil-
ity to follow a descending pattern. It can be said that
by increasing the EVA polymer, the viscosity of the bitu-
men and, consequently, the combination temperature
and compaction increase. These changes are small in
mixes with 3% of EVA polymer; therefore, the combina-
tion and compaction are much better, and adding the
fibers makes a more solid mix. It seems that by increas-
ing the percentage of additives (at constant temperature
and constant bitumen content), mixing and compaction
operations are not performed well. Therefore, the sta-
bility of asphalt mixtures was reduced in 5EF and 7EF
samples. It should be mentioned that the least amount
of Marshall Stability was recorded for 7% of EVA polymer
and 3% of glass fiber in 12 mm length, which is still more
than the stability of the control mix.
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Fig.9 Marshall Stability of the asphalt mixes modified by glass
fiber and EVA

4.1.4 The effect of EVA on the flow of the asphalt mix

Adding EVA to the asphalt mix up to 3% by weight of bitu-
men increases the flow. Then, increasing the additives up to
5% causes a decrease in the flow. Moreover, by adding 5-7%
of EVA, the flow increases again. This increase may be related
to the chemical reaction of EVA and bitumen. It should be
mentioned that in all the mixes, adding EVA polymer causes
the flow to be more than the control sample (Fig. 10).

4.1.5 The effect of glass fiber on the flow of the asphalt mix

As shown in Fig. 11, increasing the fibers up to a certain
point causes a decrease in the flow, and then, after reach-
ing 0.3%, an increase in the flow can be seen. Increas-
ing the fibers causes an increase in the flow because it
develops the empty space between the aggregates and
decreases the connectivity and friction between them. As
a result, internal friction decreases, and the flow increases.
It seems that the low percentages of the fibers cause a
decrease in the flow. These findings show that adding the
glass fibers causes an increase in the resistance to defor-
mation. Compared to the control sample, all the mixes
modified by fibers are less flow.

4.1.6 The simultaneous effect of EVA and glass fiber
on the asphalt mix flow

As it can be observed, the simultaneous increase in EVA
and glass fiber causes a decrease in the flow of the asphalt
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Fig. 10 Marshall flow of the asphalt mixes modified by EVA

mix compared to the control sample modified by 3% of
the polymer. However, increasing EVA in a stable percent-
age of glass fiber (the amount of flow in the optimum
state: 0.3%=2.5 mm) causes an increase in the flow of the
asphalt mixes (Fig. 12). It seems that fibers have a more
significant impact on the result.

4.1.7 The Marshall ratio of asphalt mixes

Marshall ratio is an empirical parameter that some road
administrations in the world, such as UK’s TRRL, consider
as a criterion for rutting phenomenon [5]. Marshall ratio
is defined as the Marshall Stability ratio on the kg scale
to the sample’s flow on the mm scale. According to the
previous studies, the more the Marshall ratio is, the more
the asphalt mix resistance to rutting is. Figure 13 shows
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Fig. 11 Marshall flow of asphalt mixes reinforced with glass fiber
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Fig. 12 Marshall flow of the asphalt mixes modified by glass fiber
and EVA

the Marshall ratio of all the samples of this research. As
can be seen, Marshall ratio changes differently based on
different additives. The highest Marshall ratio belongs to
the asphalt mix made of 3% of EVA and 3% of glass fiber.
The lowest Marshall ratio belongs to the asphalt mix made
of 3% of EVA. According to the findings, compared to the
EVA polymer, the fibers strongly affect the Marshall ratio of
the samples, and the glass fiber has increased the Marshall
ratio of samples.

4.2 Resilient modulus test

Resilient modulus is a very important engineering feature
used to characterize unbound pavement materials [18]. In
the following, we discuss the findings of experiments done
on the samples studied in this research. For this purpose,
the resilient modulus test was performed at a temperature
of 25°Cand 40 °C.

448.0

4500 - 113 .
290.6 282.1

3000 1 mm243.2

2500 -

200.0 A

150.0 A

100.0 A

50.0 -

S5 7 1F 2F 3F

0.0
OEOF 3E AF 3EF 5EF 7EF

448.1

Marshall Ratio

Additives

Fig. 13 Marshall ratio of asphalt mixes with different percentages
of additives

4.2.1 Resilient modulus of asphalt mixes modified
with EVA polymer

4.2.1.1 Resilient modulus of asphalt mixes modified
with EVA polymer at 25 degrees centigrade Figure 14 shows
the changes in the resilient modulus of asphalt mixes at
25 degrees centigrade. As shown in the figure, EVA poly-
mer increases the resilient modulus of the asphalt mixes.
Increasing EVA up to 5%, resilient modulus follows an
ascending pattern. For higher amounts, a descending pat-
tern can be seen. The interactions between bitumen and
additives in the modified asphalt mixes can strongly influ-
ence the behavior of the mix. As the percentage of EVA
increases, the interaction between bitumen and the EVA
changes, and the polymer phase becomes more domi-
nant. Therefore, with increasing polymer phase in bitu-
men, the adhesion between bitumen and EVA increases;
this increases the locking of the modified bitumen and
aggregates, which improves the properties of the mixture.
In amounts higher than the optimal percentage, polymer
dominates, and it destroys bitumen structure. As a result,
the strength and stiffness of the mix decrease [21].

4.2.1.2 Resilient modulus of asphalt mixes modified
with EVA polymer at 40 degrees centigrade As shown in
Fig. 15, EVA-containing samples have got a higher resil-
ient modulus than the control sample. By increasing EVA,
resilient modulus increases at 40 degrees centigrade. The
changes in resilient modulus are almost similar to the
findings of the previous part. As the temperature rises
(25-40 °C), the asphalt mixture becomes softer, and the
effect of EVA on the asphalt mixture increases. Therefore,
it seems that at high temperatures, EVA increases the resil-
ient modulus of the asphalt mixture by increasing the vis-
cosity of the bitumen. It seems that the presence of EVA,

6000
1%
Q 5000 4928
5 4576
g . 4000 73872
ENG 3520
25 3000
s 2
S 2000
k>
7 1000
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Fig. 14 Resilient modulus of asphalt mixes modified with EVA at 25
degrees centigrade
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Fig. 15 Results of the resilient modulus on the MPa scale at 40
degrees centigrade for samples containing different EVA percent-
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Fig. 16 Resilient modulus changes caused by temperature

due to its properties, improves the mechanical properties
of asphalt mixtures.

4.2.1.3 Thermal sensitivity (MR changes caused by the rise
in temperature) Generally speaking, the more the dia-
gram slope is, the more the thermal sensitivity is. It can
be observed that increasing the EVA polymer, the diagram
slope, and thermal sensitivity decrease (Fig. 16).

4.2.2 Resilient modulus of asphalt mixes reinforced
with glass fiber

4.2.2.1 Resilient modulus of asphalt mixes reinforced
with glass fiber at 25 degrees centigrade Based on Fig. 17,
the glass fibers make the mix components more solid
and increase the resilient modulus. Increasing the glass
fiber up to 0.3%, the changes in the resilient modulus are
ascending. In higher percentages, a descending pattern
can be seen. It is also observed that lower amounts of
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Fig. 17 Resilient modulus of asphalt mixes reinforced with glass
fiber at 25 degrees centigrade
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Fig. 18 Results of the resilient modulus on the MPa scale at 40
degrees centigrade for samples containing different percentages of
glass fiberin 12 mm length

glass fiber (0.1%) do not have a substantial effect on the
asphalt mix. The presence of glass fiber seems to improve
the mechanical properties of the asphalt mixture due to
its elasticity.

4.2.2.2 Resilient modulus of asphalt mixes reinforced
with glass fiber at 40 degrees centigrade As shown in
Fig. 18, samples containing glass fiber have got more
resilient modulus than the control samples. Increas-
ing the amount of glass fiber, the resilient modulus
increases at 25 degrees centigrade. The changes in resil-
ient modulus are almost similar to the results of the pre-
vious part.

4.2.2.3 Thermal sensitivity (MR changes caused by a rise
in temperature) As can be seen, adding 0.1% of glass fiber
to the asphalt mix decreases thermal sensitivity, and add-
ing 0.2% of glass fiber increases it. In higher percentages,
thermal sensitivity follows a descending pattern (Fig. 19).



SN Applied Sciences (2020) 2:1168 | https://doi.org/10.1007/s42452-020-2977-8

Research Article

4
3.8
3.6 \\ @ OEOF
N 34 .\ m1F
32 A2F
/-& .
> 3 3F
N
® 2.8 X 4F
S 26
2.4
2.2
2
10 20 30 40 50
temperture °C
Fig. 19 Resilient modulus changes caused by temperature
6000
g 5000
& = 4386
5 4000 4252
= E 3520
25 3000
E N
= 2000
2
2 1000
=7
0

OEOF 3EF SEF 7EF
additives

Fig.20 Resilient modulus of asphalt mixes containing both EVA
and glass fiber at 25 degrees centigrade

Generally, the thermal sensitivity of the asphalt mixture is
not affected by the glass fiber.

4.2.3 The resilient modulus of asphalt mixes reinforced
with glass fiber and EVA polymer

4.2.3.1 The resilient modulus of asphalt mixes reinforced
with glass fiber and EVA polymer at 25 degrees centi-
grade As shown in Fig. 20, having a stable percentage of
glass fiber (0.3%) and increasing the polymer up to 3%,
the changes in the resilient modulus of the samples follow
an ascending pattern. In higher percentages of polymer, a
descending pattern can be seen. However, it is still more
than the resilient modulus of the mix in the control state.

4.2.3.2 The resilient modulus of asphalt mixes reinforced
with glass fiber and EVA polymer at 40 degrees centi-
grade Asshown in Fig.21, adding two kinds of additives
to the mix, the resilient modulus increases at 40 degrees
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Fig.21 Results of the resilient modulus on the MPa scale at 40
degrees centigrade for samples containing different EVA percent-
ages and 3% of glass fiber in 12 mm length
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Fig. 22 Resilient modulus changes caused by temperature

centigrade. The reason is related to the behavior of EVA
in asphalt. As mentioned, at high temperatures, EVA
increases the viscosity of bitumen, which increases the
resilient modulus of the asphalt mixture in an ascending
pattern.

4.2.3.3 Thermal sensitivity (MR changes caused by a rise
in temperature) Considering the results mentioned
above, as shown in Fig. 22, adding 3% of polymer to the
asphalt mix containing 3% of glass fiber increases ther-
mal sensitivity. In higher percentages of polymer, ther-
mal sensitivity follows a descending pattern. (Compared
to the previous two modes, it is tangible.)

In general, it seems that the presence of EVA in the
mix improves the characteristics of the asphalt mixture.
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Conclusion

This research evaluates performance changes in
the asphalt mix used in a surface layer of asphalt
pavements. These changes are done by adding two
kinds of additives, including the common industrial
arming additives (glass fibers) and useful polymers
(EVA). Based on laboratory tests, the mechanical per-
formance of asphalt mixes was studied. The weight
of the bitumen was stable, and the amount of each
additive was changed. The simultaneous effect of
both additives was also investigated. After comparing
the results of the tests, the following findings were
reported:

The pattern of changes in the Marshall Stability is not
a clear and disciplined one. Increasing 3-5% of EVA
polymer increases the Marshall Stability due to the
increased viscosity of the bitumen. The highest Mar-
shall Stability belonged to the asphalt mix containing
5% of EVA, which is equal to 1170 kg.

Glass fiber in 12 mm length increases the Marshall
Stability of the asphalt mix due to the arming of the
asphalt mix. By increasing 3% of glass fiber, the Mar-
shall Stability changes from 930g to 1120 kg.
Adding 3% of EVA to the asphalt mix reinforced with
0.3% of glass fiber caused an increase in the Marshall
Stability compared to the control sample (1210 kg).
However, increasing the polymer and keeping the
glass fiber in a stable point caused a decrease in the
Marshall Stability so that by adding 7% of EVA poly-
mer, the Marshall Stability reached 1080 kg.
According to the results, the highest Marshall Stability
belongs to the sample containing 3% of EVA and 3%
of glass fiber, which is equal to 1210 kg. The reason is
related to the increased viscosity of bitumen and the
arming of the asphalt mix.

Increasing the polymer, the flow of the samples con-
taining EVA polymer has got an unclear pattern. Add-
ing 3% of EVA polymer increases the flow (3.7 mm),
and adding 5% of EVA polymer decreases it (3.4 mm).
Increasing EVA up to 7% causes an increase in the
flow (3.9 mm).

Increasing the fibers up to 3% decreases the flow of
the asphalt mix (2.5 mm), but higher amounts of the
fibers increase the flow (3.1 mm).

In asphalt mixes containing both additives, increas-
ing EVA (while glass fiber is stable) causes a decrease
in the flow (2.5 mm). In higher amounts, the flow
increases so that increasing EVA up to 7% causes the
flow to reach 3.4 mm.

The highest Marshall flow belongs to the mix contain-
ing 7% of EVA (3.4 mm), and the lowest Marshall flow
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belongs to the sample reinforced with 0.3% of glass
fiber (2.5 mm).

Generally speaking, the simultaneous combination
of both EVA and glass fiber causes the Marshall ratio
to increase compared to the related combinations
(combining the two additives causes the resistance
to rutting to increase more compared to other mixes).
Marshall ratio in mixes made by glass fiber is higher
than mixes made by EVA (glass fiber is more influen-
tial than EVA in increasing resistance to rutting).
The highest Marshall ratio belongs to the sample 3EF
(asphalt mix containing 3% of EVA and 3% of glass
fiber), which is equal to 448.1 (kg/mm), and the low-
est Marshall ratio belongs to the sample 3E (asphalt
mix containing 3% of EVA).

Due to the dominance of the polymer phase and
the increase in mechanical and dynamic properties,
by increasing the EVA polymer, the resilient modu-
lus increases compared to the control sample so
that increasing EVA up to 5%, the resilient modulus
changes from 3520 to 4928 MPa.

Using glass fibers in amounts of less than 2% does
not influence the resilient modulus of asphalt mixes.
However, increasing the glass fiber makes the differ-
ence in resilient modulus considerable so that a 3%
increase in glass fiber changes the resilient modulus
of asphalt mixes from 3520 to 5702 MPa.

In mixes containing both additives, increasing EVA
polymer up to 3% causes an increase in the resilient
modulus (4890 MPa). However, in higher percentages
of EVA, when the fiber is stable, the resilient modulus
decreases.

Generally speaking, the rise in temperature decreases
the viscosity of the bitumen and leads to a decrease
in the resilient modulus of asphalt mixes, adding EVA
to the bitumen, the viscosity, and resilient modulus
increase. By increasing the stiffness of the bitumen,
the glass fiber plays a vital role in increasing the resil-
ient modulus. The important point to mention is that
the polymer has got a more significant influence than
fiber. Having a stable percentage of glass fiber, and
changing the polymer percentage, an increase in the
resilient modulus can be seen. However, the polymer
still plays a more important role on its own.

The highest resilient modulus belongs to the sample
containing 3% of glass fiber, and the lowest resilient
modulus belongs to the control sample.
Considering the Marshall Stability, 3EF was selected
as the most optimal asphalt mix.
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