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Abstract

Stone Mastic Asphalt (SMA) is a mixture design against rutting caused by intensive and heavy traffic loads. While modified bitumen 

needs to be used in this mixture, the use of cellulosic fibers is essential to prevent the infiltration of bitumen during the carriage of 

mixture due to high bitumen content. In this study, the effects of basalt fiber on the performance of SMA mixtures is investigated as 

an alternative to cellulosic fiber admixtures in the prevention of draindown. Raw materials commonly used in Turkey were chosen 

as Type-I graded limestone aggregate and B50/70 asphalt cement, according to the General Directorate of Highways. In total, 109 

specimens were prepared by a gyratory compactor according to the superpave design method. Sixty of these specimens were basalt 

fiber added samples with a ratio from 0.1 % to 0.8 % by dry weight aggregate. An addition of basalt fiber of 0.6 % at 25 °C seriously 

increases the resilient modulus and tensile strength of the samples. In addition, 0.4 % basalt fiber mixed samples shows that the 

greatest resistance against permanent deformation according to the results of static uniaxial creep test performed at 40 °C. Basalt 

fibers have no positive effect when a decrement of bitumen viscosity exceeds the bitumen softening point at the end of repeated 

uniaxial tests. On the other hand, bitumen draindown and water damage test results are within acceptable limits.
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1 Introduction
Stone Mastic Asphalt (SMA) was first developed in 
Germany in the 1960s and is used as an asphalt mixture 
in many other countries. SMA was industrialized to pro-
vide high resistance to wear caused by studded tires used 
in European countries and it has been used over 20 years 
for this purpose [1, 2]. The rapid deterioration of asphalt 
pavements due to increasing traffic loads has led research-
ers to find new methods and designs for improving the 
performance of bituminous mixtures. Therefore, SMA 
is a  research area for the improvement of stone mastic 
asphalt (SMA) and is a working area focused on improv-
ing the performance of asphalt pavement mixtures. It has 
been standardized and widely-used in Turkey, and also 
applied in many countries around the world, against wear 
due to heavy traffic conditions, since 1999 [3]. Design per-
formance depends on coarse aggregate content, high filler 
content, the amount of modified bitumen and the skeleton 
of aggregate which provides contact surfaces. Therefore, 
the utilization of SMA on a road surface is expected to 

increase durability and rutting resistance. In addition, 
fibers have been used to prevent the infiltration of bitu-
men while transporting high amounts of bitumen, includ-
ing gap graded mixtures [4].

The requirement of polymer bitumen modification, high 
binder content and high temperatures increases this type 
of asphalt pavement cost in order to achieve expected per-
formance values. While the polymer modification method 
is used as the most popular bitumen modification tech-
nique, it has been reported in the literature that fibers have 
been used to improve the performance of asphalt mixtures 
against permanent deformation and fatigue cracking [5].

Moreover, fibers have the potential to improve the 
cohesive and tensile strength of bituminous mixtures. 
Therefore, fibers change the viscosity of modified asphalt 
and increase the dynamic modulus, moisture susceptibil-
ity, rutting resistance and freeze-thaw resistance, while 
reducing the reflective cracking of asphalt mixtures  [6]. 
Miscellaneous fiber types, such as glass, carbon, polyester 
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and those of aramid origin, have high strength and stiff-
ness and can be used for the modification of asphalt pave-
ments. Some properties of hot mix asphalts, which are 
stiffness, resistance against low temperature and plas-
tic deformation behavior, can be enhanced via cellulose 
fiber and elastomeric chemicals containing special addi-
tives [7]. Despite improved performance characteristics, 
increasing economic and environmental requirements in 
today's conditions have led researchers to develop new 
fiber materials. For example, in addition to the extra cost 
of using cellulosic fiber, there are a number of production 
difficulties, such as spreading and compaction of mixture 
during application [8]. Therefore, a relatively new mate-
rial called basalt fiber with high mechanical performance, 
low water absorption capacity, stable chemical proper-
ties and appropriate temperature ranges, as well as being 
a nature friendly mineral-based material has been devel-
oped. In addition, this product can be directly decom-
posed in nature without causing any harmful effects. 
Basalt fiber has a wide range of applications, such as 
in the construction and automotive industries. It can be 
alternatively used instead of carbon and glass fiber due to 
its high physical and mechanical properties to strengthen 
structural elements 

Basalt fiber is an advanced technological industrial 
product developed by the Russian Research Institute in 
the Soviet Union after 30 years of research and investi-
gation. The first industrial production furnace was com-
pleted in 1985 at a Ukrainian fiber laboratory. Basalt fiber 
is a typical silicate fiber treated with platinum and rho-
dium alloy wires, following production with natural basalt 
rock as a raw material in a furnace after being broken 
up and melted at 1450–1500 °C [9]. Recently researchers 
have been investigating the performance of basalt fiber 
on asphalt mastic and asphalt pavements as a reinforcing 
modifier. Liu et  al.  [10] show that increasing basalt fiber 
content increases bending resistance and strength up to 
certain point. Basalt fiber modified asphalt mastic sam-
ples have lower creep stiffness and higher creep rate val-
ues at 10°C, although there is improved performance of 
modified asphalt mastic at low temperatures. Morova [11] 
investigated the effect of basalt fiber on asphalt mixture 
with the optimum basalt fiber addition being determined 
at around 0.5 % according to the strength increment within 
the results of Marshall stability and volume analysis tests. 
Wang et al. [12] examined the effect of basalt fiber on bitu-
men binder and mastic using direct tension and fatigue 
tests. The resilient modulus was increased by about 26.0 %, 

when the fiber content reached around 4.5 %. Furthermore, 
distributed fibers inside the asphalt matrix released stress 
concentration and reduced fatigue damage. 

Gu et al. [13] report that basalt fiber has an important 
strengthening effect in the following cases; high asphalt 
absorption rate, low water absorption capacity, high ten-
sile strength, high modulus of elasticity and high tem-
perature stability. Qin et al. [14] examined the effect of 
change in basalt fiber lengths and fiber content. Basalt 
fiber of 6.0 mm length had much better bitumen adsorp-
tion and strength behavior according to the largest inter-
action area in the matrix. Although crack resistance and 
high temperature rheological properties of asphalt mastics 
are influenced by the adsorption and content of the fibers, 
basalt fiber including asphalt mastic shows the best per-
formance compared with lignin fiber and polyester fiber. 

In this study, the effect of basalt fiber on the performance 
of stone mastic asphalt is investigated. The optimum bitu-
men content is first determined by the superpave method 
and the effect of basalt fiber is then investigated using a 
draindown test, an indirect tensile strength test, moisture 
susceptibility (water damage test), as well as static and 
dynamic uniaxial creep tests. The results of the proposed 
design are compared with a traditional SMA composi-
tion consisting of SBS (styrene-butadiene-styrene) modi-
fied bitumen and cellulosic fiber. A design optimization is 
offered for basalt fiber modified asphalt mixtures.

2 Materials and method
SMA mixtures contain polymer modified bitumen and cel-
lulosic fiber in standard application. Therefore, a design of 
reference mixture was made using these raw components to 
compare the effect of basalt fiber. After this, basalt fiber was 
added with a range of between 0.1 % and 0.8 % by weight 
of aggregate for the same mixture design with B50/70 pure 
bitumen. Common transportation engineering tests were 
performed to determine the mechanical behavior of the 
SMA. On the other hand, a draindown test (Schellenberger) 
was also performed to find whether basalt fiber can be used 
as an alternative instead of cellulosic fiber.

2.1 Materials
Standard raw materials, such as an aggregate, bitumen 
and filler were used to prepare the SMA mixtures. Certain 
physical properties of the aggregate determined in the 
laboratory are given in Table 1. Grain size distribution of 
the aggregate, including upper and lower limit specifica-
tions [3] for SMA Type-I, are given in Fig. 1.
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In the preparation stage of the mixtures, B50/70 bitu-
men recommended by technical specification [3] was used, 
as well as polymer modified bitumen providing required 
criteria was utilized.

The elastomeric type polymer with the commercial 
trademark Stiren-Butadien-Strien (SBS) was used for 
bitumen modification. The addition of the SBS polymer 
prevents permanent deformation, as well as increasing 
bitumen viscosity and creep resistance at high tempera-
tures. Moreover, it decreases brittleness and, therefore, 
increases road cracking resistance at low temperatures. 
This polymer consists of a granular form that contains dif-
ferent combinations made from blocks of polystyrene and 
polybutadiene of a precise molecular weight. It is added to 
4.0 % of bitumen weight and then mixed for 45 minutes 

using a high shear mixer at a speed of 5000 rpm at 175°C. 
The physical properties of the B50/70 bitumen and SBS 
polymer modified bitumen are given in Table 2. 

In addition, basalt fiber was also used to improve per-
manent deformation and to prevent the formation of 
cracks in the road. The length of the basalt fiber was cho-
sen as 12.0 mm according to the manufacturer. A normal 
view and microscopic image of the basalt fiber are given in 
Fig. 2 with the physical and mechanical properties being 
given in Table 3.

Table 1 Physical properties of the crushed aggregate used in the SMA 
mixtures

Size of 
aggregate Properties Related standard Result

Coarse 
(19–4.75 mm)

Los Angeles  
abrasion (%)

ASTM C131/
C131M−14 [15] 24.00

Soundness (%) ASTM C88/ 
C88M−18 [16] 2.90

Flakiness index (%) TS EN 933-3 [17] 11.00

Polished stone value TS EN 1097-8 [18] 53.10

Stripping  
Resistance (%) Tayebali et al. [19] 45-50

Bulk specific gravity

ASTM C127-15 
[20]

2.77

Apparent specific 
gravity 2.84

Water absorption (%) 0.86

Fine (4.75–
0.075 mm)

Bulk specific gravity

ASTM C128−15 
[21]

2.78

Apparent specific 
gravity 2.86

Water absorption (%) 1.02

Filler 
(0.075–0 mm) Specific gravity TS EN 1097-7 [22] 2.79

Fig. 1 Gradation curve and specification limits for the SMA Type-I

Table 2 Physical characteristics of bituminous binders used in the SMA 
mixtures

Properties Related standard
Result

Limits
B50-70 SBS 

Mod.

Penetration
(25 °C, 0.1 mm)

D5/D5M−13 [23]
65.0 49.0 50–70

50–90

Retained 
penetration (%) 72.3 76.0 ≥ 50.0

Softening point 
(°C) D36/D36M−14e1

[24]

49.0 58.0 46–54 
or >52

Increase in 
softening point (°C) 4.0 3.0 ≤ 9.0

Ductility at 5 cm/
min (cm) D113-17 [25] >102.0 - >100.0

Flash point (°C) D92−18 [26] 304.0 318.0 >230.0

Specific gravity D70−18 [27] 1.04 1.03 1.00 to 
1.05

Penetration index C1125−89 [28] -0.68 0.35 -1.50 
to 0.70

Loss on heating (%) D6/D6M−95 [29] 0.06 0.07 ≤ 0.50

(b)
Fig. 2 Morphology of basalt fiber, (a) Photographic image and 

(b) Microscopic image (20x magnification factor)

(a)
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2.2 Mixture design and preparation of specimens
Samples were prepared according to specifications offered 
by Technical Specification of Highways  [3]. The  SMA 
samples were prepared using a Gyratory compactor 
(Fig. 3) of 600 kPa pressure, 100 gyrations and 4.0 % air 
void [8]. 0.6  % cellulosic fiber was embedded into bitu-
men, and used as a control specimen for bitumen stabi-
lization. 5.0 %, 5.5 %, 6.0 %, 6.5 % and 7.0 % bitumen 
ratios were used to prepare the SBS modified samples of 
100.0  mm diameter and, in total, twenty-five specimens 
were tested in this step. The volumetric specific gravity of 
the compacted samples [30] was specified according to the 

method of theoretical maximum density of loose asphalt 
samples as mentioned in AASHTO  T  209  [31]. Mixture 
design parameters, such as air void in compacted mix-
ture  (VA), voids in mineral aggregate  (VMA) and voids 
filled with asphalt (VFA) are determined according to test 
results. The design parameters of the controlled and SBS 
modified mixtures are given in Table 4.

There are generally two methods, wet and dry, for the 
modification of asphalt mixtures. In the wet method, addi-
tives are directly mixed with bitumen. However, additives 
are adding during the preparation of mixtures in the dry 
method [32]. In this study, the dry method is used due to the 
high melting point of basalt fiber. Morova [11] shows that the 
addition of basalt fiber at an optimum bitumen value gives 
the same result for each percent of fiber added mixtures. 
Therefore, samples were prepared at an optimum bitumen 
ratio (6.5 %) for basalt fiber included cases. In the prepa-
ration of basalt fiber added samples, 1200 g of aggregate 
was first mixed with fiber for approximately 2 minutes and 
then put into an oven at 170°C for a minimum of 2 hours. 
Bitumen was heated up to 145°C and then mixed with the 
aggregate for about 2.0  minutes at an optimum bitumen 
content. All of the specimens were compacted using a 
Gyratory compactor under 600 kPa pressure and 100 gyra-
tions. Basalt fiber was added by weight of aggregate at per-
centages of 0.1 %, 0.2 %, 0.4 %, 0.6 % and 0.8 %. It can be 
seen from Table 5 that void filled with asphalt (VFA) and 
density decrease while air void in the mixture (VA) and 
the voids in the mineral aggregate (VMA) increase with an 
increase in the amount of fiber. This depends on the opti-
mum amount of bitumen and compaction energy. Although 

Table 3 Physical characteristics of bituminous binders used in the SMA 
mixtures

Properties Values

Thermal

Operating temperature range (°C) -260
982

Melting temperature (°C) 1450

Thermal conductivity range (W/(m°K)) 0.030
0.038

Physical/mechanical

Density range (g/cm3) 2.6
2.8

Filament diameter range (µm) 9
23

Modulus of elasticity (GPa) 89

Tensile strength (MPa) 4840

Elongation at break (%) 3.2

Water absorption (%) 0.2

Fig. 3 Gyratory compactor

Table 4 SMA mixtures design

Type of mixture OAC
(%)

VA
(%)

VMA
(%)

VFA
(%)

Density 
(g/cm3)

Control mixture 6.5 4.01 16.30 75.4 2.509

SBS modified 
mixture 6.5 4.00 16.57 75.9 2.501

Specification [3] ≥ 5.8 3-4 ≥ 16.0 ─ ─

Table 5 Volumetric properties of the SMA mixtures with basalt fiber

Content of basalt 
fiber (%)

OAC
(%)

VA
(%)

VMA
(%)

VFA
(%)

Density 
(g/cm3) 

0.1 % 6.50 3.98 16.23 75.50 2.511

0.2 % 6.50 4.02 16.27 75.30 2.510

0.4 % 6.50 4.17 16.40 74.60 2.506

0.6 % 6.50 4.32 16.53 73.90 2.502

0.8 % 6.50 4.55 16.73 72.80 2.496
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the calculated void ratio values for 0.4 %–0.8 % basalt fiber 
content are located above the limit value of 4.0 %, the max-
imum increase around 0.5 % did not create serious differ-
ences in the results of the performance tests.

2.3 Test procedure
First, the amount of infiltrated bitumen was indicated by 
a binder draindown test for the various ratios of cellu-
losic fiber and basalt fiber added SMA mixtures. Next, a 
moisture susceptibility test, and static and dynamic creep 
tests were also conducted to determine the characteristic 
behavior of SMA mixtures.

2.3.1 Draindown test
Problems related with the infiltration of bitumen may 
occur during the transportation and laying processes of 
SMA mixtures that have high bitumen content. Therefore, 
different methods are used to determine the percent of 
fiber in the SMA mixtures in order to prevent draindown 
problems. In this study, a Schellenberger bitumen drain-
down test [33] was performed as follows. First, aggregate 
and fiber were stirred at a temperature of 150 °C for 30 sec-
onds under dry conditions. Then the required amount of 
bitumen satisfying the optimum value was added to the 
fiber mixed aggregate and the mixture was stirred for no 
longer than three minutes. Before pouring it into a beaker, 
the mixture was left to stand for 90 seconds. After pour-
ing the mixture, it was put into an oven at 170°C for one 
hour. After this, the mixture was removed from the oven 
without shaking and the beaker was weighed again with 
a sensitivity of 0.1 g, with the weight loss being expressed 
as a percentage.

2.3.2 Resilient modulus
Resilient modulus is widely-used to determine the stress-
strain characteristics and elasticity properties of bitumi-
nous mixtures. The resilient modulus of asphalt concrete 
is a basic material parameter used in pavement design and 
estimation of performance. This parameter was obtained 
on 21 specimens using an indirect tensile test according 
to TS  EN  12697-26  [34], which is an efficient for prac-
tical use in both artificially produced samples and cored 
specimens. The tests were performed at 25 °C for a 40ms 
pulse load period with each pulse including rise time and 
unloading time. Finally, the resilient modulus was deter-
mined by applying a 2000  ms pulse load time with five 
conditioning pulses followed by a further 3000 ms pulse 
load time with five load pulses.

2.3.3 Static creep test
Deformation strength caused by permanent traffic loads 
should be determined for the SMA mixtures to prevent 
rutting on the asphalt pavement. Therefore, permanent 
deformation of 21 samples, each of 100 mm diameter and 
produced by gyratory compactor, are determined using 
a  static creep test for purpose. This is a practical exper-
iment to determine the permanent deformation and creep 
rigidity of SMA mixtures. In this test, a ratio of between 
5 % and 25 % of compressive load is applied causing dete-
rioration of the specimen. This preliminary stress is a sinu-
soidal characteristic with a loading time of 0.1 seconds in 
a period of 1 second and a rest period 0.9 seconds. After 
this stage, the temporary deformations are measured and 
the modulus of elasticity is determined. After a pre-load-
ing case, the actual load is applied. The creep test should 
be carried out at low stress levels (not exceeding 207.0 kPa) 
and at low temperatures (not exceeding 40°C) [8, 35]. This 
is because the sample will prematurely deteriorate with-
out obtaining real creep data. Finally, the resilient mod-
ulus of each sample is calculated at 1, 10, 100, 1000 and 
3600 seconds and deformation vs. time curves are drawn. 
In this step, a minimum of three specimens, including the 
experimental sets, are carried out with a single loading of 
200 kPa at a temperature of 40°C for 60 minutes.

2.3.4 Dynamic creep test
In the dynamic creep test, stresses in the waveform of hav-
ersine with different loading and rest periods are applied. 
This test is important due to it better reflecting traffic 
loads. Therefore, a uniaxial pressure of 200 kPa, a loading 
time of 0.1 seconds and a resting time of 0.9 seconds were 
applied. Experiments were carried out on 21 specimens at 
50°C up to the 3600 revolutions of loading period or con-
tinued up to the limits of the displacement transducers. 
The value of strain and number of repetitions of yield were 
determined at the point where the creep curve reaches the 
third region [36, 37].

2.3.5 Moisture susceptibility test
The moisture susceptibility test of the SMA mixtures is 
defined as the disturbance of the asphalt mixture by water. 
If water intrudes into the asphalt mixture, it causes dam-
age to the bond between the aggregates and the asphalt 
binder, thereby accelerating the deterioration on the pave-
ment [38, 39]. In this step, the moisture susceptibility test 
was conducted according to the AASHTO T283 [40] pro-
cedure as follows. First, each mixture group of optimum 
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bitumen content was divided into two groups with each 
having at least three specimens with close specific grav-
ity values. The indirect tensile strength of 21 conditional 
and 21 unconditional samples were determined. The con-
ditional samples were saturated by applying a vacuum for 
about 5 minutes (Fig. 4(a)) and wrapped tightly in a plas-
tic film layer. Then each wrapped sample was placed into 
a plastic bag containing 10 ml of water. Subsequently, the 
samples were kept inside a freezing-thawing machine for 
16 hours at -18°C (Fig. 4(b)) and for 24 hours at 60°C in a 
water bath (Fig. 4(c)). Finally, the samples were subjected 
to an indirect tensile test after waiting 2.0 hours at 25°C 
in a water bath.

3 Results and discussion
3.1 Draindown test
The bitumen infiltration values of basalt fiber were added 
to the proposed mix designs at various fiber contents were 
compared with traditional SMA mixtures containing 

cellulosic fibers. Both additives were added as 0.1  %, 
0.2 %, 0.4 %, 0.6 % and 0.8 % of the weight of the mix-
tures. The test results according to the Schellenberger 
method are given in Fig. 5. The results show that increas-
ing the amount of additive decreases bitumen infiltration. 
It is evident that basalt fiber provides less stabilization 
around 2.0–3.0 % of the mixture compared to cellulosic 
fiber, since the viscosity of the polymer bitumen plays an 
important role. 0.6 % and 0.8 % basalt fiber and cellulosic 
fiber added mixtures have about same draindown val-
ues individually. Therefore, it is appropriate to select the 
optimum amount for basalt fiber as 0.6 % by considering 
other performance test results. On the other hand, all of 
the specimens exceeded the minimum draindown value of 
0.3 % as mentioned as standard according to the results.

3.2 Resilient modulus
Resilient modulus is defined as a ratio of applied stress to 
recoverable displacement. When the additives in a mix-
ture increase, the resilient modulus of the mixtures also 
tends to increase. After it reaches the maximum value of 
0.6  % fiber content, this parameter starts to decrease in 
value as shown in Fig. 6. The addition of basalt fiber to the 
SMA mixtures improves rigidity and resistance against 
deformation. The resilient modulus of the specimens 

(c)
Fig. 4 The conditioning procedure of the specimens, (a) Vacuum 

application, (b) Freezing step and (c) Heating in a water bath

(a) (b)

Fig. 6 Change in resilient modulus values due to the fiber content

Fig. 5 Draindown test results due to the fiber content
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prepared at an optimum content of 0.6 % are 240.0 % and 
45.0 % greater than the control samples and SBS added 
mixtures. Moreover, the indirect tensile stress, rigidity 
and creep behavior of basalt fiber increased remarkably at 
lower temperatures according to previous studies [10, 12].

3.3 Static creep test
The test results of the basalt fiber and SBS added mixtures 
compared to control samples on the time-displacement 
curves of mixtures are given in Fig. 7. The axial strain 
values of all the fiber added specimens decrease compared 
with the control samples. The best results in terms of 
resistance against permanent deformation were obtained 
at 0.4 % basalt fiber added mixtures. It can be seen that 
the amount of deformation increases in the initial load-
ing period for fiber ratios higher than this value. In addi-
tion, sudden deformation behavior is observed in the first 
stage of the curves due to the void ratio of the mixtures. 
On  the other hand, a deformation value of 0.4  % basalt 
fiber added specimens is greater than the reference sample 
and the SBS added specimens, with the ratios of 108.0 % 
and 36.0 %, respectively. These results prove that the addi-
tion of basalt fiber improves the deformation properties of 
the mixtures at high temperatures.

3.4 Dynamic creep test
It can be seen from Fig. 8 that basalt fiber added curves are 
close to each other and close to the control sample curve 
in an examination of permanent deformation resistance 
under the dynamic effects arising from traffic load sim-
ulation. Bitumen became more viscous and basalt fiber in 
the matrix lost its effectiveness since the test temperature 
(50°C) was greater than the softening point of bitumen. 
The slopes of the deformation curves of the control sam-
ple and mixture that contained 0.1 % basalt fiber remained 
constant at the second zone. However, the slopes of the 
other curves for 0.2 %, 0.4 % and 0.6 % basalt fiber added 
mixtures increased after 2500 cycles and passed through to 
the third zone. This situation can be attributed to a reduc-
tion in the cohesion of the bitumen because of the increase 
in the proportion of basalt fiber in the matrix. On the other 
hand, higher displacement values were achieved under a 
small number of cycles due to a lack of confining pres-
sure. In addition, the bitumen softening point of the SBS 
modified samples was not exceeded. Therefore, it has less 
deformation than both control specimens and the basalt 
fiber added ones. It should also be noted that excessive dis-
placement behavior was observed in the 0.8 % basalt fiber 

included specimens (Fig. 9) and that meaningless results 
were obtained in this case due to its heterogeneous struc-
ture. As a result, the permanent deformation curve of the 
related specimen was removed in Fig. 8.

3.5 Moisture susceptibility test
The indirect tensile strength values of the conditioned and 
unconditioned specimens are given in Fig. 10. It can clearly 
be seen that maximum value obtained at 0.6 % fiber added 
mixture was greater than the 75.6  % and the 11.7  % of 

Fig. 7 Time-accumulated strain curves in the static creep test

Fig. 8 Loading cycles-permanent deformation curves in the dynamic 
creep test

Fig. 9 An excessive heterogeneous matrix due to surplus fiber content



306|Cetin et al.
Period. Polytech. Civ. Eng., 65(1), pp. 299–308, 2021

the control sample and the SBS added samples for condi-
tioned cases, respectively. In addition, 105.0 % and 11.6 % 
increment values were observed in the same order for the 
unconditioned cases. Although the tensile strength of the 
other specimens increased up to the amount of this fiber 
content, it decreased in the case of the 0.8 % fiber con-
taining samples. The moisture susceptibility results of 
the basalt fiber addition improved the properties of the 
asphalt in terms of tensile creep behavior and cracks at 
low temperature, as well as satisfying the resilient mod-
ulus test results. Furthermore, the numerical index of 
the resistance against the effect of water is expressed as 
the inverse ratio between the resistance to the original 
strength and the strength after freeze/thaw conditioning, 
as given in Fig.  11. This tensile strength ratio (TSR) of 
0.1 % and 0.8 % basalt fiber added samples and the control 
underperformed the value of 70.0 %. The maximum TSR 
obtained at the 0.4 % basalt fiber added sample is greater 
than the 15.2 % and 4.7 % of the control sample and SBS 
added samples, respectively. In addition, the 0.6 % basalt 
fiber specimens have 11.0 % higher strength than the con-
trol samples as well as a close result with the SBS added 
case. Despite the fact that the addition of basalt fiber to the 
SMA mixtures increases the adhesion between aggregate 
and bitumen, the water effect decreases adhesion.

The summary of comparative experimental results due 
to the reference specimens (no fiber additive) are given in 
Table 6. The best performance behavior were observed at 
0.6 % basalt fiber added specimens in terms of resilient 
modulus and indirect tensile strength values, while 0.4 % 
fiber amount has the most effective accumulated strain in 
static creep test and tensile strength ratio. Moreover, SBS 
added ones have least permanent strain within dynamic 
creep test.

4 Conclusions
The following conclusions can be drawn from this study, 
which consists of the effect of basalt fiber addition to the 
alternative usage of conventional cellulosic fiber on design 
performance of SMA:

•	 When the additives in the SMA mixtures increase, 
the infiltration of bitumen decreases due to the drain-
down tests. The amount of fiber at around 0.6 % and 
0.8 % made the draindown values stable. Basalt fiber 
provided 2.0–3.0 % less stabilization value than the 
cellulosic fiber used in SBS-modified mixtures due 
to the viscosity of the polymer bitumen. However, the 
draindown values of all the percentages are above the 
standard limit of 0.3 %.

•	 It was determined that the resilient modulus increased 
by up to the 0.6 % fiber content and thereafter the 
related parameter decreased. Furthermore, the addi-
tion of basalt fiber to the SMA mixtures seriously 
improved the rigidity and resistance against defor-
mation of the SMA samples.

•	 While the amount of deformations decreased com-
pared to the control samples at all the additive rates, 
the best results in terms of resistance against perma-
nent deformation were obtained at the 0.4 % addition 
case according to the results of the static creep test.

Fig. 11 Tensile strength ratio (TSR) for asphalt mixtures with various 
basalt fiber content

Fig. 10 Indirect tensile strength of unconditioned and conditioned 
specimens

Table 6 Normalized experimental values due to reference ones

Content of basalt fiber (%)
SBS

0.1 0.2 0.4 0.6 0.8

Resilient modulus 1.06 1.17 1.85 3.40 2.45 3.25

Acc. strain at 3600 sec. 0.65 0.55 0.48 0.72 0.81 0.65

Perm. strain at 2000 
cycles 0.96 1.08 0.99 1.02 - 0.42

Indirect tensile 
strength (uncond.) 0.99 1.10 1.14 1.76 1.40 1.57

Indirect tensile 
strength (cond.) 1.04 1.27 1.41 2.06 1.52 1.84

Tensile strength ratio 1.04 1.15 1.25 1.18 1.10 1.17

Note: Green color indicates the increasing, while red color shows 
decreasing.
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•	 Since the temperature of the experiment is higher 
than the softening point, the bitumen reached the 
viscous region and the basalt fiber partially lost its 
positive effect in the matrix. Therefore, the perma-
nent strain values of both the fiber added samples and 
the control sample were close to each other due to 
the dynamic creep test. On the other hand, the SBS 
added samples had much less deformation than the 
other specimens had, while the softening point value 
of the bitumen was not exceeded.

•	 The greatest indirect tensile strength results, includ-
ing both the conditional and unconditional cases 
with respect to the moisture susceptibility test, were 
observed with values of around 1.6 MPa and 1.1 MPa 
for 0.6  % basalt fiber content. In addition, the ten-
sile strength ratio values were located above the limit 
value for 0.2 % to 0.6 % fiber addition, although the 
water-conditioning effect decreased the interaction 
resistance between the bitumen and aggregate.

•	 In general, the experimental results show that the 
addition of basalt fiber improves less in the case of 
exceeding the softening point and decreasing the vis-
cosity at high temperatures. However, it improves the 
tensile strength and creep strength at normal and low 
temperatures, because of the creation of new bonds 
in the matrix.

•	 It is appropriate to select the optimum amount of 
basalt fiber at around 0.6  % to prevent the drain-
down of bitumen as well as considering the results of 
the earlier mentioned performance tests. Therefore, 
basalt fiber can be confidently used as an alternative 
to cellulosic fiber in the design of SMA mixtures. 
On the other hand, the permanent deformation char-
acteristics of different fiber lengths can also be inves-
tigated due to the more homogenous matrix and can 
be obtained by adding shorter fiber lengths.
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