Investigation of fatigue fracture in basalt fiberreinforced asphalt beams
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Abstract.
In this study, the effect of basalt fiber on asphalt beams is investigated for crack resistance to
improve the performance with laboratory activity. Sample beams were prepared of local
compressed asphalt containing polymer additives, especially basalt fibers. Asphalt specimens
in dimensions of 20 cm*5 cm*5 cm in two cases without and with a volume of basalt fibers
between 0 to 6 % of weight of used asphalt (0, 1, 2, 4 and 6 %) at temperatures of 5, 15 and
25 Celsius and loading frequencies of 1, 5 and 10 Hz are subjected to fatigue test. Fatigue test
results show that reduction in the thickness of the specimens will show the asphaltic pavement
potential for cracks. For all three mixtures reinforced with the basalt fiber, the thickness of the
beam is maximal after 4 %, which means the minimum drop in the thickness of the beam
under the fatigue test and indicates the optimal weight percentage of the basalt fiber executed
in the beam layer. By increasing the percentage of asphalt mixing with basalt fiber from 0 to 4
percent, the drop in the thickness of the beam under the fatigue test decreases. But from 4 to 6
percent, the thickness of the beam increases. Thus, for 4 % basalt fibers, the drop in the
thickness of the asphalt beam is less than fatigue testing, that is, the rate of cracking of asphalt
reinforced with 4 % of the basalt fibers is minimal.
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1. Introduction
Asphalts including asphalt binder, filler, and finer aggregate with fiber materials have
showed a complex thermo-rheological behaviour at high temperatures [H Yao and S Zhou, S,
2016]. Asphalt binders can gain considerable advantages from adding fiber, particularly the
stability, reinforcement, crack and fatigue resistance, and toughening effects of the fiber
which improve the performances of asphalt beams [S. Shatnawi, 2008, P. Kumar and A.
Gupta, 2010, Biro S and et al., 2009, Sengoz, B. and et al., 2009, El-Shafie and et al., 2012].
The improving effects of fibers on the performances of the asphalt mixtures have been
studied in previous researches. Kumar et al. indicated that waste plastic fibers adding in
asphalt mixtures can enhance some properties such as penetration, softening point, and
ductility. Wu et al. demonstrated that polyester fibers in asphalt binders can improve the
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fatigue property, particularly at lower stress levels [X. Liu and S. Wu, 2011]. Serfass and
Samanos proved that by adding fibers to asphalt mortar; thus, the asphalt beam and its
contents can present high resistance in moisture, aging, and fatigue cracking [Hasan, Z. and
et.al. 2012].
Lee et al. investigated the effect of nylon fibers on the fatigue cracking resistance of asphalt
concrete, they used the pull-out test and the indirect tension strength test which showed that
asphalt concrete samples reinforced with fibers of 1% and 12 mm causes 85% higher fracture
energy than non-reinforced specimens [Hassan, A. and et al. 2014]. Liu et al. evaluated the
mechanical properties of the asphalt concrete reinforced with carbon fibers with the indirect
tensile test which resulted that the Marshall stability increased from 12.8 KN to 13.5 KN and
residual stability from 91.1% to 92.7% [X. Zhang and et al. 2016].
Ye et al. defined basalt fiber (BF) as a high-performance fiber which made of basalt rocks
and melted at approximately 1500 °C and produced as continuous fibres [Q. Ye and et al.
2009]. Some recent studies compared BF with other strengthening additives, such as polyester
fiber, glass fiber, and lignin fiber, BF determined as a higher tensile strength, an elastic
modulus, and a lower elongation rate [P. Kumar and A. Gupta, 2010, Y.P. Wei, 2012]. The
high absorption rate of BF solves the bleeding and raveling problems of asphalt pavement
under high temperatures. BF conserves 95% of its strength under 600 °C and repels water,
acid, and alkalis. BFs considered as an excellent rectifier for asphalt high temperature
resistance and good chemical stability [D. Wang and et al. 2013].
Recent researches and studies pinpointed the stabilizing and reinforcing effects of fibres on
the performances of the components in asphalt beam is becoming a research hotspot [X. Gu
and T. Xu, 2014, M.M. Wu and et al., 2015, Standard JTG, 2011, S. Liu and et al., 2009, S.M.
Abtahi, 2010]. Although, the performances of fiber-reinforced concrete or asphalt mixtures
through the macroscopic analysis of laboratory tests were the mutual point of most researches,
few studies evaluted the reinforcing mechanism of the fiber on the asphalt behavior against
damages and the correlation between properties and changes of asphalt beams. Therefore, the
modifier role and beneficial effects of fibers on potential damages of asphalt pavements
including fatigue fracture can be revealed by investigating reinforcing mechanism of fibers
such as basalt fibers on asphalt beams.

2. Methodology
To investigate the role of basalt fiber in improving the performance of hot asphaltic
mixtures, asphalt samples of 20 cm by 5 cm in 5 cm in two non-armed modes and armed with
a volume of basalt fiber between 0 to 6 % by weight of asphaltic pavement Samples consisted
of 0, 1, 2, 4 and 6 % at temperatures 5, 15 and 20 ºC, and loading frequencies of 1, 5 and 10
Hz were subjected to fatigue test. The reduction in the thickness of the specimens under
fatigue test will show the asphaltic pavement potential for cracks, so that the sample that is
lost during the fatigue test is more likely to leave the wheels faster than ever before.
For production of laboratory samples, pure 60-70 bitumen is used. The results of bitumen
tests and physical properties of aggregates are presented in Tables 1 and 2. Gradation of
Aggregates is as Table 3. Properties of basalt fiber are as Table 4. The figures of flexural
fatigue device and basalt fiber are presented in figures 1 and 2.
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Table 1: Results of bitumen tests
Test description

Results

Standards

Penetration degree at 25 ºC (0.1 mm)

60

ASTM-D5

Softening spot (°C)

45

ASTM-D36

Fire point (°C)

300

ASTM-D92

Specific gravity (g/cm3)

1

ASTM-D70

Ductility at 25 °C (cm)

96

ASTM-D113

Viscosity

65

ASTM-D2170

Test description

Results (%)

Standards

Maximum Los Angeles Abrasion

3.2

ASTM-D96

Maximum water absorption of coarse
aggregates

2.1

ASTM-D85

Maximum water absorption of fine
aggregates

2

ASTM-D84

Maximum flat and elongated aggregates

8

ASTM-D4791

Table 2: Aggregates properties

Table 3: Gradation of aggregates
Sieve size

Percent passing

3/8

100

#4

75

#8

53

# 16

45

# 30

28

# 50

19

# 100

15

# 200

7

Table 4: Properties of basalt fiber
Properties

Values

Sustained operating temperature (°C)

700

Minimum operating temperature(°C)

-3

Melting temperature(°C)

1430
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Density (g/cm3)

3

Tensile strength (MPa)

2400

Elastic modulus (GPa)

85

Elongation at break (%)

3

Figure 1: Flexural fatigue device

Figure 2: Basalt fiber

A series of tests were carried out to determine the optimum filler or polymer content.
Asphalt specimens were produced using basalt fiber. 5 specimens were prepared for each
bitumen percentage value, therefore a total of 20 asphalt specimens were prepared and used
for Marshall Stability (MS) test in order to determine optimum basalt fiber content for the
aggregate sample. For any given asphalt and aggregate asphalt beam, the durability is
enhanced if adequate film thickness is attained. In terms of effective asphalt content, the film
thickness will be greater if the aggregate gradation is coarser. This can most effectively be
accomplished by decreasing or minimizing the percentage of fines. Establishing adequate
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Voids in Mineral Aggregate (VMA) during mix design, and in the field, will help establish
adequate film thickness without excessive asphalt bleeding or flushing.

3. Conclusion and discussion
Fatigue test results on non-armed asphalt mixtures with various percentages of
polyethylene wax at temperatures of 5, 15 and 25 ° C and loading frequencies of 1, 5 and 10
Hz in the tables and charts following:
Table 5: Results of flexural fatigue test on unreinforced asphalt beam
Loading frequency (1/s)
10

5

1

4.31

4.43

4.54

5

4.2

4.33

4.31

15

4.18

4.21

4.28

25

Temperature (°C)

Table 6: Results of flexural fatigue test on 1 % basalt fiber-reinforced asphalt beam
Loading frequency (1/s)
10

5

1

4.24

4.49

4.56

5

4.2

4.44

4.47

15

4.11

4.23

4.42

25

Temperature (°C)

Table 7: Results of flexural fatigue test on 2 % basalt fiber-reinforced asphalt beams
Loading frequency (1/s)
10

5

1

4.29

4.43

4.59

5

4.13

4.14

3.34

15

4.03

4.09

4.22

25

Temperature (°C)

Table 8: Results of flexural fatigue test on 4 % basalt fiber-reinforced asphalt beams
Loading frequency (1/s)
10

5

1

4.32

4.47

4.61

5

4.21

4.41

4.47

15

4.13

4.23

4.41

25
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Temperature (°C)

Table 9: Results of flexural fatigue test on 6 % basalt fiber-reinforced asphalt beams
Loading frequency (1/s)
10

5

1

4.40

4.54

4.68

5

4.29

4.35

4.56

15

4.22

4.40

4.43

25

Temperature (°C)

Figure 3: Results of flexural fatigue test on unreinforced asphalt beam
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Figure 4: Results of flexural fatigue test on 1 % basalt fiber-reinforced asphalt beam

Figure 5: Results of flexural fatigue test on 2 % basalt fiber-reinforced asphalt beams
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Figure 6: Results of flexural fatigue test on 4 % basalt fiber-reinforced asphalt beams

Figure 7: Results of flexural fatigue test on 6 % basalt fiber-reinforced asphalt beams

In this research, the amount of basalt fiber between 1 and 6% by weight of asphaltic
pavement, including 1, 2, 4 and 6%, has been used. Fatigue test was carried out on asphalt
mixtures at various temperatures of 5, 15 and 20 ° C, loading frequencies of 1, 5 and 10 Hz.
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As the temperature and loading frequency increase, the thickness of the pavement under test
increases, hence the thickness of the pavement after the test is reduced.
Comparing tables 5 and 6, no significant decrease observed in the sample thickness
reduction of asphalt beams by adding 1% of basalt fibers, on the contrary, an increase in the
thickness reduction was obtained by adding one percent of basalt fibers at high loading
frequencies (10 Hz), however the thickness of asphalt beams has dropped gently since adding
one percent of basalt fibers as shown in figure 4. By increasing the amount of added basalt
fibers up to 2% according to table 7, a significant decrease in the thickness reduction of
asphalt beams was resulted, while according to Figure 5, the process of thickness reduction
has changed dramatically with increasing temperature, particularly at 5 Hz loading frequency,
which has been improved by adding 4% of basalt fibers to asphalt beams and has become
gradual according to Table 8 and Figure 6.
Although, according to Table 9, the decrease in the thickness reduction in asphalt beams
with 6% of basalt fibers has continued, for two reasons it cannot be considered as the optimal
value. Firstly, the use of excess amounts of basalt fibers is not economically justified and
leads to higher costs in larger projects. Secondly, as shown in Figure 7, the thickness
reduction at the 5 Hz loading frequency was sudden, which intensified the cracking of the
asphalt beams.
Fatigue test results show that the pavement thickness is 4% after the test. That is, the drop
in the thickness of the pavement is minimized by the fatigue test, and this represents the
optimum weight percentage of the basalt fiber implemented in the pavement layer. As with
the increase in the percentage of asphalt mix with basalt fibers from 1 to 4%, the decrease in
the thickness of the pavement under the fatigue test decreases, but from 4 to 6%, the decrease
in the thickness of the pavement increases. Therefore, for 4% basalt fiber reinforced mixes,
the drop in the thickness of the asphalt pavement layer is less than the fatigue test, that is, the
performance of the asphalt mix is reinforced with 4% basalt fiber optimum.
The argument is that considering the cost of producing basalt fibers and the more
expensive the cost of implementing these reinforcements as coatings on the asphalt layer, is
this application an economic boost? The answer is that considering the increase of the
pavement lifetime by increasing the resistance of asphalt pavement to cracking and heavy
costs of rebuilding or renovating asphalt pavements, the cost of implementing a layer of basalt
fiber on the asphalt layer during the implementation of asphalt coatings is not costly.
Although the results of this research can be exploited and by maximizing the performance
capabilities of the asphalt mix, with the implementation of a 4% layer of basalt fiber layer
thickness of the pavement layer, it can be assured that the cost for the implementation of the
fiber layer Basalt on the asphalt layer is insignificant against economies of scale that are not
arranged at the expense of repairing and rebuilding asphalt pavers.
Acknowledgment
Special acknowledgement goes to Laboratory of Khajeh Nasir Toosi University of Tehran
for providing me a valuable opportunity for experiments and using laboratory instruments.

308

References
[1] Abtahi, S.M., Sheikhzadeh, M., Hejazi, S.M. (2010). “Fibre-reinforced asphalt-concrete–a
review,” Constr. Build. Mater. 24 (6) 871–877.Chen, W. K. (1993). Linear Networks and
Systems, Belmont, CA: Wadsworth, pp. 123-135.
[2] Biro, S., Gandhi, T.S., Amirkhanian, S.N. (2009). “Mid-range temperature rheological
properties of warm asphalt binders,” J Mater Civ Eng, ASCE; 21(7):316–23.
[3] El-Shafie, M., Ibrahim, I., & El Rahman, A. A. (2012). “The Addition Effects of Macro
and Nano Clay on the Performance of Asphalt Binder,” Egyptian Journal of Petroleum,
21(2), 149-154.
[4] Gu, X., Xu, T., Ni, F. (2014). “Rheological behaviour of basalt fibre reinforced asphalt
mastic,” J. Wuhan Univ. Technol. Mater. Sci. Ed. 29 (5) 950–955.
[5] Hasan, Z., Kamran, R., Mohammad, F., Ahmad, G., & Hosein, F. (2012). “Evaluation of
Different Conditions on the Mixing Bitumen and Carbon Nano-tubes,” International
Journal of Civil & Environmental Engineering IJCEE-IJENS, 12(06), 53-59.
[6] Hassan, A., Abdelghny, A., Elhadidy, H., & Youssef, A. (2014). “Synthesis and
Characterization of High Surface Area Nano silica from Rice Husk Ash by SurfactantFree Sol–Gel Method,” Journal of sol-gel science and technology 69(3), 465-472.
[7] Kumar, P. and Gupta, A. (2010). “Case Studies on Failure of Bituminous Pavements,” in
Proceedings of the 1st International Conference on Pavement Preservation, pp. 505–518,
University of California, Berkeley Institute of Transportation Studies, Technology
Transfer Program, Berkeley, Calif, USA.
[8] Kumar, P., Garg, R. (2011). “Rheology of waste plastic fibre-modified bitumen,” Int. J.
Pavement Eng. 12 (5) 449–459.
[9] Liu, S., Cao, W., Fang, J., et al. (2009). “Variance analysis and performance evaluation of
different crumb rubber modified (CRM) asphalt,” Constr. Build. Mater. 23 (7) 2701–
2708.
[10] Liu, X., Wu, S. (2011). “Study on the graphite and carbon fibre modified asphalt
concrete,” Constr. Build. Mater. 25 (4) 1807–1811.
[11] Morova, N. (2013). “Investigation of usability of basalt fibres in hot mix asphalt
concrete,” Constr. Build. Mater, 47, 175–180.
[12] Sengoz, B., Topal, A., Isikyakar, G. (2009). “Morphology and image analysis of
polymer reinforced bitumen,” Construction and Building Materials, 23, PP 1986-1992.
[13] Shatnawi, S., Ed. (2008). “Maintenance Technical Advisory Guide Volume I Flexible
Pavement Preservation,” Caltrans Division of Maintenance, Sacramento, Calif, USA, 2nd
edition.
[14]

Singha, K. (2012). “A short review on basalt fibre,” Int. J. Text. Sci. 1 (4) 19–28.

[15] Standard JTG E20-2011, “Standard test methods of bitumen and bituminous mixtures
for highway engineering”, 2011 (In Chinese).

309

[16] Wang, D., Wang, L., Gu, X., et al. (2013). “Effect of basalt fibre on the asphalt binder
and mastic at low temperature,” J. Mater. Civil Eng. 25 (3) 355–364.
[17] Wei, Y.P., Zhang, Z.Q., Si, W., et al. (2012). “Performance promoting mechanism of
asphalt mixture by basalt fibre,” J. Chang Univ. (Nat. Sci. Ed.) 32 (2) 39– 44.
[18] Wu, M.M., Li, R., Zhang, Y.Z., et al. (2015). “Stabilizing and reinforcing effects of
different fibres on asphalt mortar performance,” Pet. Sci. 12 (1) 189–196.
[19] Xu, Q., Chen, H., Prozzi, J.A. (2010). “Performance of fibre reinforced asphalt
concrete under environmental temperature and water effects,” Constr. Build. Mater. 24
(10) 2003–2010.
[20] Yao, H., Zhou, S., Wang, S. (2016). “Structural evolution of recycled tire rubber in
asphalt,” J. Appl. Polym. Sci. 133 (6).
[21] Ye, Q., Wu, S., Li, N. (2009). “Investigation of the dynamic and fatigue properties of
fibre modified asphalt mixtures,” Int. J. Fatigue 31 (10) 1598–1602.
[22] Zhang, X., Gu, X., Lv, J., et al. (2016). “Experiment and simulation of creep
performance of basalt fibre asphalt mortar under uniaxial compressive loadings,” J.
Southeast Univ. (English Edition) 32 (4) 472–478.

310

