Journal of Physics: Conference

Series

PAPER « OPEN ACCESS You may also like

Study on pavement performance of basalt fiber Consucion el o150
asphalt concrete under different pavement K Krayushiina, T Khymeryicand A
enV| ron ment - Dynamic Mechanical Analysis and Creep-

recovery behaviour of Polyvinyl Alcohol
based cross-linked Biocomposite

To cite this article: Jingchen Yan et al 2020 J. Phys.: Conf. Ser. 1654 012119 reinforced with Basalt fiber
Naman Jain, Akarsh Verma and V K Singh

- Influence of basalt fiber hybridization on
the vibration-damping properties of glass
fiber reinforced epoxy laminates

View the article online for updates and enhancements. Omer Yavuz Bozkurt, Ahmet Erkli and
Yuksel Tokur Bozkurt

c '. o ; " - DISCOVER

how sustainability

The ., Ak intersects with
Electrochemical ¢ ' |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.144.38.24 on 21/05/2024 at 17:37


https://doi.org/10.1088/1742-6596/1654/1/012119
https://iopscience.iop.org/article/10.1088/1757-899X/708/1/012088
https://iopscience.iop.org/article/10.1088/1757-899X/708/1/012088
https://iopscience.iop.org/article/10.1088/1757-899X/708/1/012088
https://iopscience.iop.org/article/10.1088/2053-1591/ab4332
https://iopscience.iop.org/article/10.1088/2053-1591/ab4332
https://iopscience.iop.org/article/10.1088/2053-1591/ab4332
https://iopscience.iop.org/article/10.1088/2053-1591/ab4332
https://iopscience.iop.org/article/10.1088/2053-1591/aae2e7
https://iopscience.iop.org/article/10.1088/2053-1591/aae2e7
https://iopscience.iop.org/article/10.1088/2053-1591/aae2e7
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsstARYxRdQKZ7_bi_RYmUjfUVXddX427YymDTxtsXqSfh2dKBX2JUsekVOPxBdaIX_jOIANOc2ha2AlVHwL1XXpl1xsBeIepNJKL38qz-6pwQiiELMJ_sMrZtogUDKJm1IqykXsNt4zxGlifNNzwovhbYeo2OAh2_ZVHj6hHAKysxCOXs81LijAidKZVdLwfEOEHSz7B-7-VC6BRkT1uw3clyzr2DFMnS0M2RcsYf-iDJcZbSB-3UPzwjbvrAB60DPv7Klya9c57D29pT1r97iD1oPvFe0crDtyz8szzqJpmEF156pM7jV-YXDJ6FSMRKoj2LxC7CSmx2l_piin3Gls_p7dMHdw&sig=Cg0ArKJSzB-Shnt5B3bw&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

ICMTIM 2020 IOP Publishing
Journal of Physics: Conference Series 1654 (2020) 012119  doi:10.1088/1742-6596/1654/1/012119

Study on pavement performance of basalt fiber asphalt
concrete under different pavement environment

Jingchen Yan'", Guilai Wang' and Jianlong Zheng'

'School of Civil Engineering, Inner Mongolia University of Technology, Hohhot,
Inner Mongolia Autonomous Region, 010051, China

*E-mail: yjc@imut.edu.cn

Abstract. In order to study the basalt fiber in the road with the performance, the test of matrix
asphalt concrete, basalt fiber reinforced asphalt concrete and the SBS modified asphalt concrete
applying ultraviolet aging, high and low temperature alternating cycle change, after the freeze-
thaw cycle and salt freezing and thawing cycle road environment for rutting test, low-
temperature bending test and immersion Marshall test. The test results show that basalt fiber
plays an important role in improving the high-temperature stability, low-temperature crack
resistance and water stability of asphalt concrete under different road conditions. The degree of
influence of pavement environment on the deterioration of pavement performance of basalt fiber
asphalt concrete is as follows: ultraviolet aging > high and low temperature alternating cycle >
freeze-thaw cycle > salt freeze-thaw cycle.

1.Introduction

Road performance is an important index to evaluate roads. Serfass and Samanos [1] studied the influence
of the modification of cellulose, rock wool, asbestos and glass cotton fibers on asphalt mixture. Jenq et
al[2] used fracture mechanics method to evaluate the influence of fiber reinforcement on crack resistance
performance. Simpson et al[3] evaluated the properties of polypropylene and polyester fibers. Chen et
al [4] believe that the uniformity of fiber distribution in composite materials is a key factor affecting
material properties. Putman et al [5] added carpet fibers to asphalt macadam gravel (SMA) to increase
the toughness of SMA materials. Gao et al [6-8] studied the high and low temperature properties and
water stability of basalt fiber asphalt concrete. Because of the excellent mechanical properties of the
fiber, more and more researchers have done related researches. However, the pavement performance of
basalt fiber asphalt concrete is less studied under different pavement conditions. Due to the above
reasons, the rutting test, low temperature bending test and immersion Marshall test were carried out on
the asphalt concrete, basalt fiber asphalt concrete and SBS modified asphalt concrete under the
conditions of ultraviolet aging, high and low temperature alternating circulation, freeze-thaw cycle and
salt freeze-thaw cycle.

1 test overview

1.1 test materials
Matrix asphalt and SBS modified asphalt were selected for this test asphalt. The asphalt indexes are
shown in the tablel.
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Table 1 Basic indicators of asphalt
Ductility (Scm / min)

Material type Penetration (0.1 mm) (cm) Softening point (°C)
Base asphalt 86 86 (107C) 49
SBS mod1f61ed asphalt 66 66(5°C) 79

The aggregate was selected basalt gravel in Zhuozi County, Inner Mongolia, and the ore powder was
limestone ore powder. The basalt fiber is short-cut basalt fiber produced by Zhejiang Shijin basalt Fiber
Co., LTD.

1.2 specimen preparation
The specimen is formed by using a shear compacting molding instrument, and then the shear compacting
plate is cut into a trabecular specimen of 380mmx63.5mmx50mm by using a cutting machine.

1.3 Asphalt concrete mix ratio

By Marshall test, the optimum asphalt ratios of matrix asphalt concrete, basalt fiber asphalt concrete and
SBS modified asphalt concrete are 4.3%, 4.5% and 4.9% respectively. The optimum value of basalt
fiber content is 0.3% [9].

1.4 Circuit performance test

1.4.1 rutting test.

The specimen used in the rut test is a slab specimen with a length of 300mm, a width of 300mm and a
thickness of S0mm. The specimen and the test mold are transferred together into a constant greenhouse
at the test temperature for 5-12 hours. Then move it to the appropriate rolling position, lower the test
wheel to the appropriate height, and start the test [10].

1.4.2 low temperature bending test
The UTM tester was used for the test, the test temperature was -10°C, and the loading rate was

50mm/min.A trabecular specimen with a length of 250mm, a width of 30mm and a height of 35mm [11].

1.4.3 immersion Marshall test

The standard Marshall specimen with a height of 63.5mm=+1.3mm, the immersed specimen and the
unimmersed specimen were each set. The immersed specimen was kept for 48h in the 60 ° C 1 ° C
constant temperature flume, and the unimmersed specimen was kept for 30min in the 60 ° C =1 ° C
constant temperature flume. The loading rate is 50mm/min [12].

1.5 test plan

The trabecular specimens were subjected to ultraviolet aging (UV), high and low temperature alternating
cycle (HLTA), 10 freezing-thawing cycles (FT) and 10 salt freezing-thawing cycles (SF), respectively,
and then rutting test, low-temperature bending test and immersion Marshall test were conducted. Three
groups of parallel tests were set up, and the average value of the results was taken for analysis.

2. data and analysis

2.1 Study on high-temperature Stability of asphalt concrete

The high-temperature stability of asphalt concrete was determined by “Test Regulations for Asphalt and
Asphalt Mixture for Highway Engineering” (JTGE20-2011). The experimental results are shown in
Table 2
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Table 2 AC-16 Asphalt mixture rutting test results
Dynamic stability (time -mm - 1)

Type of mixture

No uv HLTA FT SF
Matrix asphalt

1234.11 1776.93 1064.14 1037.64 957.79
concrete

Basalt fiber asphalt 1428.93 2038.16 1239.78 1226.28 1129.72
concrete

SBS modified asphalt 556, 19 16827.02 13967.2 11340.31 9279.17
concrete
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(A) Basalt fiber asphalt concrete (B) SBS modified asphalt concrete
Figure 1 Growth rate of dynamic stability of basalt fiber asphalt concrete and SBS
modified asphalt concrete compared with matrix asphalt concrete

According to Figure 1, the dynamic stability of basalt fiber asphalt concrete is improved by 15.79%,
14.70%, 16.51%, 18.18% and 17.95%, respectively, compared with matrix asphalt concrete under the
effects of no environment applied, ultraviolet aging, high and low temperature alternating cycle, freeze-
thaw cycle and salt freeze-thaw cycle. This is because the addition of basalt fiber increases the thickness
of asphalt film and the adhesion of asphalt mixture, effectively dispersing the external load. Compared
with matrix asphalt concrete, the dynamic stability of SBS modified asphalt concrete increased by
1178.75%, 846.97%, 1212.53%, 992.89% and 868.81%, respectively. It can be seen that basalt fiber has
a good improvement effect on the high-temperature performance of matrix asphalt concrete, but the
improvement effect is far from that of SBS modified asphalt.

2.2 Research on anti-cracking performance of asphalt concrete at low temperature

According to "Testing Regulations for Asphalt and Asphalt Concrete for Highway Engineering" (JTG
E20-2011), Low temperature bending test was selected for this test. The test temperature was -10°C and
the loading rate was S0mm/min. Three point bending test was carried out using UTM multifunctional
tester. Calculating the bending tensile strength of the specimen is destroyed Rp.maximum bending
strain egand bending stiffness modulus Sg, calculation formula of type 1, 2, 3, the calculation results

are shown in table 3.
_ 3XLXPp

Rp = 2Xbxh? (1)
6xhxd

£ = @)
R

Sp =" 3)

Where: Rp-The flexural tensile strength of the specimen at failure / MPa; €5-The maximum bending
and tensile strain of the specimen under failure/ue; Sg-Bending stiffness modulus at failure / MPa; b -
The width of cross break interview piece / mm; h-The height of cross interruption interview piece / mm;
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L-The span of the specimen / mm; Pg-The maximum load when the specimen fails /N; d -Mid span
deflection of specimen at failure / mm

Table 3 AC-16 Asphalt mixture trabecular bending test results

. . bending maximum bending
. Road Maximum maximum . . .
Material type environment load/KN deflection/mm tensile bending stiffness
strength/Mpa tensile strain/ modulus/Mpa
No 1.166 1.355 9.52 7112 1338.52
Matrix asphalt uv 1.163 1.148 9.5 6027 1579.94
concrelt)e HLTA 1.083 1.14 8.84 5986.75 1477.18
FT 1.047 1.075 8.55 5642 1530.07
SF 1.015 1.018 8.28 5346.25 1567.58
No 1.209 1.558 9.87 8177.75 1214.03
Basalt fiber uv 1.205 1.499 9.84 7869.75 1252.84
asphalt HLTA 1.162 1.354 9.48 7110.25 1340.47
concrete FT 1.142 1.282 9.32 6730.5 1386.88
SF 1.13 1.181 9.22 6198.5 1490.99
No 1.915 1.609 15.63 8447.25 1851.45
SBS modified uv 1.619 1.541 13.21 8090.25 1634.99
asphalt HLTA 1.772 1.566 14.46 8223.25 1767.17
concrete FT 1.603 1.493 13.09 7836.5 1690.38
SF 1.572 1.21 12.83 6354.25 2041.5
2.09
= Matrix asphalt concrete X
A —e— Basalt fiber asphalt concrete 167
s \\ |—+— SBS modified asphalt concrete) .
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As can be seen from Figure 2, the maximum load of basalt fiber asphalt concrete under the action of
no environment applied, ultraviolet aging, high and low temperature alternating cycle, freeze-thaw cycle
and salt freeze-thaw cycle increased by 3.69%, 3.61%, 7.29%, 9.07% and 11.33% compared with that
of matrix asphalt concrete. The maximum deflection of basalt fiber asphalt concrete is increased by
14.98%, 30.57%, 18.77%, 19.26% and 16.01% than that of matrix asphalt concrete without environment
application, ultraviolet aging, high and low temperature alternating cycle, freeze-thaw cycle and salt
freeze-thaw cycle.
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Figure 3 Growth rate of low temperature index of basalt fiber asphalt concrete and SBS
modified asphalt concrete compared with matrix asphalt concrete
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It can be seen from Figure 3 that the flexural strength of basalt fiber asphalt concrete is higher than
that of matrix asphalt concrete under each road service condition, among which, it increases the most
under the action of salt freeze-thaw cycle, increasing by 11.35%.The reduction rates of bending-tensile
strength of asphalt concrete under uv aging, high and low temperature alternating cycle, freeze-thaw
cycle and salt freeze-thaw cycle were 0.21%, -7.14%, -10.19% and -13.03%, respectively. For basalt
fiber, the reduction rates of flexural strength of asphalt concrete in ultraviolet aging, high and low
temperature alternating cycle, freeze-thaw cycle and salt freeze-thaw cycle are -0.30%, -3.95%, 5.57%
and -6.59%, respectively, compared with those without applied conditions. It can be seen that basalt can
not only improve the flexural and tensile strength of asphalt concrete, but also slow down the decline of
the flexural and tensile strength under the damage of road environment. Similarly, the maximum flexural
and tensile strain of basalt fiber asphalt concrete can be improved compared with matrix asphalt concrete
under different road conditions. Compared with matrix asphalt concrete under the conditions of no
environment, ultraviolet aging, high and low temperature alternating cycle, freeze-thaw cycle and salt
freeze-thaw cycle, the asphalt concrete increases 14.99%, 30.57%, 18.77%, 19.29% and 15.94%,
respectively. The bending stiffness modulus of asphalt concrete is inversely proportional to its
deformation resistance. It can be seen from Figure 3 that the bending stiffness modulus of basalt fiber
asphalt concrete is the smallest among the three kinds of asphalt concrete, so the deformation resistance
capacity of basalt fiber asphalt concrete is the strongest among the three kinds of asphalt. This is because
the basalt fiber has the reinforcing function, which slows down the expansion of the micro-crack of
asphalt concrete. Meanwhile, the basalt fiber forms a network structure inside the asphalt concrete,
which further enhances the anti-cracking performance of asphalt concrete. According to the data analysis
of the low temperature trabecular bending test, basalt fiber has a very good effect on the low temperature
cracking resistance of asphalt concrete. Although the flexural tensile strength and maximum flexural
strain are not as good as those of SBS asphalt concrete, the basalt fiber is better than SBS asphalt
concrete in the deformation resistance.

2.3 Analysis of water stability of asphalt concrete

According to "Testing Regulations for Asphalt and Asphalt Concrete of Highway Engineering"(JTG
E20-2011), the Immersion Marshall test was selected as the test method for determining the water
stability of concrete. See Equation 4 for the calculation formula of the residual stability in immersion

water. The test results are shown in Table 4.

MS,="-2 X 100 4)

Where: MS, -the immersion residual stability of the specimen /%; MS; - stability of the specimen
after being immersed in water for 48h /KN; MS -Marshall stability of the specimen /KN.

Table 4 AC-16 Asphalt concrete immersion Machel test results
Stability of

Material Road Stability of specimegs after Res'ifiual technical
type environment UN }mmersed immersion in . stablllt.y of requirement/%
specimens/KN water for 48 immersion/%
h/KN
No 8.45 7.07 83.67
Matrix uv 9.02 7.31 81.04
asphalt HLTA 7.59 6.18 81.42
concrete FT 7.29 5.88 80.66
SF 6.71 52 717.5 >75
No 11.57 9.99 86.34
Basalt fiber uv 11.81 10.08 85.35
asphalt HLTA 8.81 7.41 84.11
concrete FT 8.77 7.36 83.92
SF 8.3 6.72 80.96
No 13.73 13.01 94.76
SBS uv 15.64 13.97 89.32 280
modified

HLTA 12.89 11.89 92.24
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asphalt FT 11.99 10.83 90.33
concrete SF 11.23 9.88 87.98

Residual stability of immersion (%)
growth rate (%)

Residual stability of immersion (%)
growth rate (%)

No uv HLTA FT SF No uv HLTA FT SF

Road environment Road environment

(A) Basalt fiber asphalt concrete (B) SBS modified asphalt concrete
Figure 4 residual water content of basalt fiber asphalt concrete and SBS modified asphalt
concrete compared with matrix asphalt concrete

It can be seen from Figure 4 that under the effects of unapplied environment, ultraviolet aging, high
and low temperature alternating cycle, freeze-thaw cycle and salt freeze-thaw cycle, the stability of
soaked residue of basalt fiber asphalt concrete is improved compared with that of matrix asphalt concrete,
which increases by 3.19%, 5.32%, 3.30%, 4.04% and 4.46%, respectively. This is because the addition
of basalt fiber can well reduce the void ratio of asphalt concrete and improve the material compactness.
On the other hand, basalt fiber has poor hydrophilicity and can well reduce the spall of aggregate.
Compared with the matrix asphalt concrete, the residual stability of SBS modified asphalt concrete
increased by 13.25%, 10.22%, 13.29%, 11.99% and 13.52% respectively. Therefore, basalt fiber can

effectively improve the water stability of asphalt concrete, but less than the improvement degree of SBS
modified asphalt

2.4 Degree of influence of pavement environment on pavement performance of basalt fiber asphalt
concrete

The high, low and water stability of basalt fiber asphalt concrete under different road conditions is

compared with that under no environmental effect. The change rate of asphalt concrete pavement

performance is calculated. The calculation formula is shown in Formula 5, and the calculation results
are shown in the table 5.

environmental impact asphalt concrete pavement performance
Change rate = !

: : ©)
asphalt concrete without environment

Table 5 Performance change rate of basalt fiber reinforced concrete

Road performance uv HLTA FT SF
Dynamic stability 142.64% 86.76% 85.82% 79.06%
Low
;ﬁggﬁlﬁ;ﬁz 99.70% 96.05% 94.43% 93.41%
Low Maximum

;Zﬂgiﬁ‘;ﬁzz be“d;?rga if“s‘le 96.23% 86.95% 82.30% 75.80%

Flexural
stiffness 103.20% 110.41% 114.24% 122.81%

modulus
Residual stability of immersion 98.85% 97.42% 97.20% 93.77%
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It can be seen from the table that the degree of influence of road environment on the high temperature
stability, low temperature stability and water stability deterioration of basalt fiber asphalt concrete is in
order as follows: salt freeze-thaw cycle > freeze-thaw cycle > high and low temperature alternating
cycle > ultraviolet aging. Therefore, it can be seen that the northern regions that need to use snow melt
agent in winter should pay more attention to the change of road performance during the use of basalt
fiber asphalt concrete pavement, so as to prepare for the maintenance work.

3. Conclusion
1. Basalt fiber can effectively improve the high-temperature stability of asphalt concrete, and improve
the most in freeze-thaw cycle compared with other pavement environments and matrix asphalt concrete.

2. The flexural strength and maximum flexural strain of basalt fiber asphalt concrete are generally
greater than that of matrix asphalt concrete, and the flexural stiffness modulus is less than that of other
two kinds of asphalt concrete, indicating that the low temperature anti-cracking performance of asphalt
concrete can be well improved.

3 Basalt fiber has a good effect on the water stability of asphalt concrete, which is the most obvious
in ultraviolet aging.

4 The order of influence degree of road environment on road performance deterioration is salt freeze-
thaw cycle > freeze-thaw cycle > high and low temperature alternating cycle > ultraviolet aging.
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