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Abstract: This study is focused on the effect of basalt fiber on the road performance of the asphalt
mixture. The road performance of asphalt mixture with different dosages of basalt fiber was
comprehensively evaluated using Marshall Stability test, the wheel tracking test, the three-point
bending beam test and the freezing-thaw splitting test. The road performance of lignin fiber reinforced
asphalt mixture and polyester fiber reinforced asphalt mixture also were tested to compare with
the road performance of basalt fiber reinforced asphalt mixture. The results showed that basalt
fiber can enhance mechanical properties, the low-and high-temperature performance and water
sensitivity of the asphalt mixture significantly. Considering the road performance and economic
benefits, the appropriate dosage of basalt fiber is about 0.3%. Marshall Stability (MS), dynamic
stability (DS), the maximum bending strain and the tensile strength ratio (TSR) of asphalt mixture
with 0.3% basalt fiber were increased by 19.6%, 25.5%, 22.2% and 6.0%, respectively. Basalt fiber has
certain advantages in improving the low-temperature performance of asphalt mixture by comparison
with lignin fiber and polyester fiber.
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1. Introduction

With economic development, a large number of highways have been built in Jiangxi Province,
China. Due to its advantages, like less expensive and wear-resisting, asphalt mixture is one the
most commonly used building materials in the pavement construction of Jiangxi Province. However,
because of the harsh climate and the increasing traffic volume, traditional asphalt mixtures are difficult
to meet the durability requirement of asphalt pavement. Jiangxi Province is located in southern China
and belongs to the humid subtropical climate zone. Permanent deformation of asphalt pavement, such
as rutting, crowding, pushing and waves, are formed under heavy loads at high temperatures. In the
rainy season, water damage, such as looseness, spalling, pits and pitted surfaces, are prone to appear.
Meanwhile, in recent years, large-scale natural disasters, such as low temperatures, rain, snow and
freezing, have also occurred in the Jiangxi Province. After severe natural disasters, large-area cracking
of asphalt pavement appears which will reduce its life expectancy.

In order to improve the durability of asphalt pavement, many researchers add different types
of fibers in the asphalt mixtures, such as lignin, polymer, polyester, mineral, rubber, carbon, rock,
wool, plastic and so on [1–4]. Sheng et al. [5] utilized both the polyester fiber and mineral fiber to
enhance the performance of the SMA mixture. Putman et al. [6] evaluated the permanent deformation
and moisture susceptibility of asphalt mixture with waste fibers produced from scrap tire processing.
Yooet al. [7] proposed that a new type of plastic fiber can be used to improve structural integrity of
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the asphalt mixture. Guan et al. found that brucite fiber could increase the strength and toughness
of asphalt mixture. Meanwhile, the addition of fibers also can prevent the degradation of asphalt
during transportation and construction [8–10]. C.Celauroet al. [11] found the usability of basalt fibers
in asphalt mixture has improved its resistance to permanent deformation. Chadbourn [12] studied the
high temperature property of asphalt mixture.Ahmad Muhammad et al. [13,14] discussed the water
sensitivity and high-temperature performance of magnesium phosphate cement mortar with different
dosages of basalt fiber by means of microscopic analysis. Aminul Haque, M. et al. demonstrated that
the addition of three different fibrous materials can effectively improve the bending properties and
compressive strength of the phosphate cement composites [14–16]. Several studies have shown that
the road performance of asphalt mixture can be enhanced by the addition of fibers [17–20]. However,
different types of fibers have different performance improvements on asphalt mixtures.

Basalt fiber is produced from extremely fine fibers of basalt and hasexcellentphysical properties,
high thermal stabilityand excellent chemical resistance [21,22]. As a new kind of high-performance
fiber, basalt fibersalso areabundant in JiangxiProvince. However, it is usually used for structural,
electrical technical purposes, such as electromagnetic shielding structures, aircraft, ships and household
appliances, etc.In order to solve the problem of insufficient road durability in Jiangxi Province and
promote the application of basalt fiber in pavement engineering, it is necessary to study the road
performance of basalt fiber with a comprehensive evaluation.

In this article, the road performance of basalt fiber asphalt mixture was tested and comprehensively
analyzed by the Marshall Stability test, the wheel tracking test, the three-point bending beam test and
the freezing-thaw splitting test. The results show better performance with the optimum content of
basalt fiber in the asphalt mixture. Besides, parallel contrast laboratory tests were studied between
basalt fiber, polyester fiber and lignin fiber-reinforced asphalt mixture.

2. Materials and Methods

2.1. Materials

SBS-modified asphalt binder, which has been produced by the Guolin Petrochemical Industry (Xi’an,
China), was used in all experiments. The indicators of the SBS-modified asphalt are given in Table 1.
Basalt was selected as coarse aggregate and limestone were used for fine aggregate. The main technical
indicators were shown in Tables 2 and 3. The characteristics of limestone mineral filler were given in
Table 4. Basalt fiber provided by Shi jin basalt Co., Ltd (Dongyang, China). Polyester fiber and lignin fiber
were also chosen to make a comparison with basalt fiber. Polyester fiber and lignin fiber were obtained
from Tie Cheng Co., Ltd (Xi’an, China). Their properties were shown in Table 5. Figure 1a presents the
appearance of basalt fiber. Figure 1b shows the micrograph of basalt at 50 µm.As it is shown in Figure 1
that basalt fiber has a regular cylindrical shape with a diameter of about 11 to 13 µm.Appl. Sci. 2020, 10, 1561  3  of  12 
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Figure 1. Optical and scanning electron microscopy picture of basalt fiber: (a) appearance and 

(b) 1000 times. 
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Indicators  Unit  Test Results  Test Basis 

Penetration(25°C,100 g,5s)  0.1mm  65  ASTM D5‐97 

Softening point  °C  76  ASTM D36‐06 

Ductility (5 °C, 5 cm/min)  cm  48  ASTM D113‐99 

Elastic recovery(25 °C)  %  98.5  ASTM D3344‐90 

Solubility (trichloroethylene, %)  %  99.82  ASTM D70‐76 

Flash point  °C  356  ASTM D92‐02 

RTFOT (163 °C,75min) 

Mass loss  %  0.03  ASTM D2872‐04 

Penetration ratio(25 °C)  %  71  ASTM D5‐97 
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Crushing value  %  ≤20  11.0  － 

L.A. abrasion value  %  ≤28  8.7  － 

Apparent specific gravity  g/cm3  ≥2.60  2.829  2.837  2.718 

Soft stone content  %  ≤3  0.7  1.2  － 

Polishing value  PSV  ≥42  46  － 

Table 3. Physical characteristics of fine aggregate. 

Characteristics  Unit  Technical Standard  Test Results 

Apparent specific gravity  g/cm3  ≥2.50  2.731 

Sturdiness  %  ≤12  2 

Angularity  %  ≥30  34.9 

Table 4. Physical characteristics of mineral filler. 

Characteristics  Unit  Technical Standard  Test Results 

Apparent specific gravity  g/cm3  ≥2.50  2.730 

Hydrophilic coefficient  ‐  <1  0.9 

Plasticity index  %  <4  2.3 

Figure 1. Optical and scanning electron microscopy picture of basalt fiber: (a) appearance and (b) 1000 times.
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Table 1. SBS-modified asphalt test results and technical indicators.

Indicators Unit Test Results Test Basis

Penetration (25 ◦C, 100 g, 5s) 0.1
mm 65 ASTM D5-97

Softening point ◦C 76 ASTM D36-06
Ductility (5 ◦C, 5 cm/min) cm 48 ASTM D113-99

Elastic recovery (25 ◦C) % 98.5 ASTM D3344-90
Solubility (trichloroethylene, %) % 99.82 ASTM D70-76

Flash point ◦C 356 ASTM D92-02

RTFOT (163 ◦C, 75 min)

Mass loss % 0.03 ASTM D2872-04
Penetration ratio (25 ◦C) % 71 ASTM D5-97

Table 2. Physical characteristics of the coarse aggregates.

Characteristics Unit Technical Standard
Test Results

10–15 mm 5–10 mm 3–5 mm

Crushing value % ≤20 11.0 -
L.A. abrasion value % ≤28 8.7 -

Apparent specific gravity g/cm3 ≥2.60 2.829 2.837 2.718
Soft stone content % ≤3 0.7 1.2 -

Polishing value PSV ≥42 46 -

Table 3. Physical characteristics of fine aggregate.

Characteristics Unit Technical Standard Test Results

Apparent specific gravity g/cm3 ≥2.50 2.731
Sturdiness % ≤12 2
Angularity % ≥30 34.9

Table 4. Physical characteristics of mineral filler.

Characteristics Unit Technical Standard Test Results

Apparent specific gravity g/cm3 ≥2.50 2.730
Hydrophilic coefficient - <1 0.9

Plasticity index % <4 2.3

Table 5. Main characteristics of basalt fiber, polyester fiber and lignin fiber.

Type Diameter
(µm)

Length
(mm)

25 ◦C
Relative
Density

Tensile
Strength

(MPa)

Melt
Temperature

(◦C)

Basalt fiber 11–13 1.5 2.416 >2000 1500–1600

Polyester fiber 20 6 1.317 570 260

Lignin fiber 45 1.1 0.830 110 >1000

2.2. Sample Preparation

The traditional AC-13 asphalt mixture is frequently used in the construction of asphalt pavement.
In this study, the effect of basalt fiber on the performance of AC-13 was investigated. The gradation
of the AC-13 asphalt mixture was given in Table 6 and Figure 2. The basalt fiber was added in the
AC-13 asphalt mixture as an additive, and the proportions of basalt fiber in the AC-13asphalt mixture
were 0%, 0.2%, 0.3%, 0.4% and 0.5% by weight. The optimum content of polyester fiber and lignin
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fibers in asphalt mixtures were 0.2% and 0.3%, which was provided by the manufacturer. In order to
make the fibers dispersed evenly, basalt fiber asphalt mixture was prepared by the dry-mix method.
At first, the fiber mixed with the aggregate in a rotary mixer for 90s to reduce the clumping or balling
of fibers. Then, the asphalt and mineral filler were added, and the mixture was blended at 75 rpm for
180 s. The prepared mixture was placed in molds by the compaction method. Each sample extruded
from the mold prior to the test after curing for 24 h.

Table 6. Gradation of the asphalt mixture (AC-13).

Sieve Size (mm) 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
Passing (%) 100.0 94.5 75.3 49.3 32.2 24.8 18.4 13.7 10.1 6.9
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2.3. Scanning Electron Microscopy (SEM) Analyses

The microstructure of basalt fibers and basalt fiber-reinforced asphalt mixtures were directly
examined using a scanning electron microscope (SEM) device (Hitachi S-4800, Tokyo, Japan).At first,
samples were dried in the drier for 10 h. Then, gold was sprayed on the surface of the sample. Finally,
we put the sample into the sample stage for testing. The electron density in SEM was 105 A/cm2.
The scanning voltage was 1.0 kV.

2.4. Marshall Design Test

According to the Marshall design method in Chinese standard JTG E20-2011 [23] and asphalt
adhesion-temperature curve, at the appropriate iso-viscous temperature, standard Marshall Specimens
with 63.5mm±1.3mm in height and 101.6mm in diameter were molded by a Marshall compactor
through double compaction 75 times. The number of specimens for a set was not less than 4. Then,
the specimens were placed to cool at room temperature for 48h. The bulk specific gravity, air voids
(VV), voids in the mineral aggregate (VMA), asphalt saturation (VFA), Marshall Stability (MS) and
flow values (FL) of asphalt mixture with different dosages of basalt fiber were determined. According
to that, the change curves of the Marshall physico-mechanical indexes with the asphalt contents were
drawn. Finally, the optimum asphalt content (OAC) was determined.

2.5. Wheel Tracking Test

Wheel tracking test was used to measure the high temperature performance of basalt
fiber-reinforced asphalt mixture in accordance with JTG E20-2011 [23]. Wheel tracking test was
carried out using asize of 300 mm × 300 mm × 50 mm. After curing for 6 h at 60 ◦C in the testing
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chamber, a solid rubber tire moved backward and forward on the surface of the specimen. The moving
length of the tire was 230 ± 10 mm.

The test load was applied at a constant load 0.7 MPa in the chamber, which temperature was
controlled at 60 ◦C. The wheel was rolling with a velocity 42 cycles/min. The wheel tracking test
evaluation index had dynamic stability. The dynamic stability was calculated using Formulation (1).

DS =
(t2 − t1) ×N

d2 − d1
×C1 ×C2 (1)

where DS was the dynamic stability of the mixture in cycles/mm, d1 was the deformation corresponding
to t1 (45 min), d2 was the deformation corresponding to t2 (60 min) and C1 was the type of test machine;
in this paper, 1. C2 was the specimen coefficient; in this paper, 1. N as the rolling speed, 42 cycles/min.

2.6. Bending Test AtlowTemperature

The bending test at low temperature was measured using the MTS 810 material test systemin
accordance with the Chinese standard JTG E20-2011 [19]. At least 5 prismatic specimens (30 mm ×
35 mm × 250 mm) were used in the bending test at low temperature. After curing for 1h at −10 ◦C
in a constant temperature bath, the specimen was tested with the three-point bending method and
test temperature was controlled at −10 ◦C. The load was applied to the middle of the specimen with
aspanlength of 200 mm at 50 mm/min. Five specimens per group were tested. The maximum bending
strain was determined with Formulation (2).

εB =
6hd
L2 (2)

where εB was the maximum bending strain; h was the height of the cross-section, mm; L was the span
length, mm; d was the mid-span deflection at the specimen failure, mm.

2.7. The Freezing-Thawing Splitting Test

The freezing-thawing splitting test was conducted to assessthewater stabilitybasalt fiber-reinforced
asphalt mixturein accordance with the Chinese standard JTG E20-2011 [23]. The test temperature was
maintained at 25 ◦C, with a loading rate of 50 mm/min. At first, the specimens were frozen at −18 ◦C
for 16 h. Then, the frozen specimens were put in the tank, which was heated to 60 ◦C using the hot
water for 24 h. After the freezing-thawing treatment, the specimens were immersed in water at a
temperature of 25 ◦C for about 2 h. When the specimens were destroyed by the failing load, the tensile
strength ratio (TSR) was determinedby Formulation (3)~(5). Five specimens per group were tested.

RT1 = 0.006287 PT1/h1 (3)

RT2 = 0.006287 PT2/h2 (4)

TSR =
RT2

RT1
× 100 (5)

where TSR was the tensile strength ratio (%), RT1 was the average splitting strength without freeze-thaw
(MPa) of the untreated sample, RT2 was the average splitting strength with freeze-thaw (MPa) of the
conditional sample and PT1 was the maximum loads of the control groups (N). PT2 was the maximum
loads of the test groups (N).
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3. Results

3.1. Marshall Parameters

Figure 3 shows Marshall parameters of the asphalt mixture containing different dosages of basalt
fiber, including the optimum asphalt content (OAC), the percent air voids in bituminous mixtures
(VV), bulk specific gravity and Marshall stability.

Figure 3a displays the OAC of asphalt mixture containing different dosages ofbasalt fiber.When
the dosage of basalt fiber in the asphalt mixture is 0.1%, 0.2%, 0.3%, 0.4% and 0.5%, the OAC of asphalt
mixture is 4.87%,4.98%, 5.00%, 5.20% and 5.30%, respectively. As the basalt fiber dosage increases,
the value of OAC increases significantly.Basalt fiber hasa large specific surface area, which results in
absorbing more asphalt. Therefore, the OAC increases after adding the basalt fiber.

Figure 3b displays the bulk specific gravity of asphalt mixtures containing different dosages of
basalt fiber. The values of the bulk-specific gravity were between 2.383 and 2.368.As the dosage of
basalt fiber increases, the value of bulk-specific gravity decreases slightly. The basalt fiber density is
small and occupies a certain space. For the same volume of specimens, the mass of the asphalt mixture
with the fiber is lower, which results in the decrease of the bulk-specific gravity.Appl. Sci. 2020, 10, 1561 7 of 12 
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Figure 3c shows that the value of VV increases with the increase of basalt fiber dosage. When the
dosage of basalt fiber reaches 0.5%, the value of VV increases by 4.53%.The basalt fiber was mixed in
the mixture, the gross bulk density of the mixture decreased and the elastic modulus of the basalt fiber
is large. Therefore, the structure of the mixture is not as dense as that of the ordinary asphalt mixture
under the same compaction condition.

Figure 3d displays the value of Marshall Stability (MS) of asphalt mixtures containing various
basalt fiber dosages. As the amount of basalt fiber dosage increases, the value of MS increases first
and then decreases. The reason may be that excessive fiber dosage leads to uneven fiber dispersion in
asphalt mixture. These defects inside the mixture will lead to a decrease of MS. When the fiber dosage
was 0.3%, the maximum MS value was obtained. Compare with the control sample, the MS value of
asphalt mixture containing 0.3% basalt dosage was increased by 19.6%. Liu found that asphalt mixture
with higher values of MS always have a better anti-crack resistance property [19].

3.2. High-Temperature Stability

The results of dynamic stability (DS) of asphalt mixture containing various dosages of basalt fiber
were given in Figure 4. As the dosage of basalt fiber increases, the value of DS increases first and then
decreases. Figure 4 shows that when the dosage of basalt fiber is 0.3%, the DS reaches the maximum
value 5568 times/mm. The value of DS of asphalt mixture with 0.3% basalt dosage is 1.25 times that
of the asphalt mixture without basalt fiber. Test results prove that the high-temperature property of
mixtures can be enhanced significantly by the addition of basalt fiber. Basalt fiber can absorb the
light components in asphalt and increase the viscosity of asphalt mortar. Therefore, the bonding
strength between the asphalt and the aggregate was increased. Moreover, the bonding strength was
also increased by the fiber bridging effect [23].Appl. Sci. 2020, 10, 1561 8 of 12 
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3.3. Low-Temperature Property

Figure 5 displays the maximum bending strain of the asphalt mixture containing different dosages
of basalt fiber. As seen from Figure 5, the development of low-temperature property is similar to that
of the high-temperature stability with the increase of basalt fiber dosages. When the dosage reaches
0.4%, failure strain reaches the maximum value. It is worth noting that the maximum bending strain of
asphalt mixture containing 0.4% dosage of basalt fiber is only 2% higher than that of asphalt mixture
containing 0.3% dosage of basalt fiber. The maximum bending strain of the asphalt mixture is increased
by 24.8% when the dosage of basalt fiber reaches 0.4%.Test results prove that the low-temperature
property of mixtures can be enhanced significantly by the addition of basalt fiber. Basalt fiber randomly
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dispersed in the three-dimensional spaces of the asphalt mixture. It can transfer and disperse stress
and avoid concentrating stress excessively. Figure 6 shows the anti-cracking action in the asphalt
mixture. Basalt fiber plays a “bridge” role, which also retarded the development of cracks.
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3.4. Water Sensitivity

Figure 7 shows the tensile strength ratio (TSR) of asphalt mixture containing various dosages of
basalt fiber. When the dosage of basalt fiber is less than 0.4%, as the amount of basalt fiber increases,
the value of TSR increases. When the basalt fiber dosage is 0.4%, the TSR reaches the maximum value.
It indicated that the optimum dosage of basalt fiber for the water sensitivity of the asphalt mixture
is 0.4%. In contrast with control sample, the value of TSR of asphalt mixture containing 0.4% basalt
fiber is increased by 8.3%. The main reason for this phenomenon is that the surfaces of the basalt fiber
and asphalt are alkaline and acidic, respectively. Additionally, the specific surface area of the fiber
is relatively large. Basalt fiber absorbs the light components in asphalt and increases the thickness
of asphalt film and improves the bonding strength between the asphalt and the aggregate, which is
beneficial for preventing moisture from entering the interface between the asphalt and aggregate [11].
After the dosage of basalt fiber is more than 0.4%, the value of TSR is reduced greatly. The reason may
be that excessive fiber dosage leads to uneven fiber dispersion and excessive porosity of the mixture,
which reduces water stability of the asphalt mixture.
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3.5. Compared with Different Fiber-Reinforced Asphalt Mixture

Figure 8 shows the test results of the Marshall Stability, high-temperature stability, low-temperature
stability and water sensitivity of asphalt mixture containing a different type of fiber. The optimal dosage
of each fiber was added in the asphalt mixture. According to the test results above, the optimum dosage
of basalt fiber is about 0.3%. The optimum dosage of polyester fiber and lignin fibers are 0.4% and
0.35%, which were recommended by the manufacturer. In contrast with the control group, after adding
basalt fiber, polyester fiber and lignin fiber, the MS of asphalt mixture increases by 19.6%, 14.5% and
6.8%, respectively. Figure 8a also shows that the value of MS of asphalt mixture containing basalt fiber
is higher than the other fibers. Figure 8b shows that the value of DS of basalt fiber-reinforced asphalt
mixture and the polyester fiber-reinforced asphalt mixture are higher than lignin fiber-reinforced
asphalt mixture. It can be seen from Table 5 that basalt fiber and polyester fiber have better mechanical
properties than lignin fiber, which is beneficial for improving the rutting resistance and the shear
capacity of asphalt mixture. Figure 8c shows the maximum bending strength of asphalt mixtures
containing different kinds of fibers. As can be seen from Figure 8c, the maximum bending strength of
basalt fiber-reinforced asphalt mixture is higher than that of lignin fiber-reinforced asphalt mixture
and polyester fiber-reinforced asphalt mixture. The basalt fiber with higher tensile strength crosses
the crack faces and slows down the delimitation growthof asphalt mixture. This may be the reason
why the basalt fiber asphalt mixture has better anti-cracking properties at low temperatures. Figure 8d
shows the value of TSR of the asphalt mixture containing three kinds of fiber and the control sample.
As seen in Figure 8d, the value of the asphalt mixture containing basalt fiber is lower than the asphalt
mixture containing polyester fiber. However, it is higher than the asphalt mixture with lignin fiber and
the control sample.
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Figure 8. The road performance of various kinds of fiber-reinforced asphalt mixtures: (a) MS, (b) DS,
(c) maximum bending strain and (d) TSR.

4. Conclusions

1. Basalt fiber-reinforced asphalt mixture is superior to the ordinary asphalt mixture in
high-temperature stability, crack resistance at low temperatures and water sensitivity.

2. Considering the road performance and economic benefits, the optimum dosage of basalt
fiberisabout0.3%.MS, DS, the maximum bending strain and TSR of asphalt mixture with 0.3%
basalt fiber are increased by 19.6%, 25.5%, 22.2% and 6.0%, respectively.

3. By comparing the test results of lignin fiber and polyester fiber, basalt fiber has superiority in
enhancing the low-temperature crack resistance of the asphalt mixture.

4. Considering large-scale natural disasters, such as low temperatures, rain, snow and freezing,
often occurring in recent years, higher requirements are placed on the crack resistance of asphalt
mixtures. Basalt fiber is more suitable for pavement construction in Jiangxi Province.
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