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Anti—cracking Mechanism of Sisal Fiber—reinforced Expansive Soil under

Dry—wet Cycle and Its Influencing Factors

HAO Jianbin®, LI Gengchun, LIU Zhiyun, CUI Fuqing, JIANG Zhenwei
(School of Geology Engineering and Geomatics, Chang’an University, Xi’an 710054, China)

Abstract: To study the anti—cracking effect of fiber—reinforced expansive soil under the dry—wet cycles, the

dry—wet cycle tests of plain soil and sisal fiber—reinforced expansive soil were carried out, respectively. The surface
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crack parameters of the sample were extracted by image processing technology, and the effects of sisal fiber content
and length, dry—wet cycle times, and sample moisture content on the crack development were analyzed. The results
show that: 1) The sisal fiber—reinforced expansive soil has good crack resistance, and the addition of sisal fiber has
a greal impact on the crack ratio and average crack width of the expansive soil. Compared with the plain soil sample,
the crack ratio and average crack width of the optimal reinforced soil sample are about 1/2 less than that of the plain
soil sample. 2) When the fiber length is the same, with the increase of the fiber content, the fracture ratio, the total
length of the crack, the average width of the crack, and the fractal dimension all decrease first and then increase,
and when the fiber content is 0.4%, each parameter value is the smallest. When the fiber content is the same, the
fiber length has little influence on the fracture parameters. 3) With the increase of dry—wet cycles, the fracture
parameters of both reinforced soil and plain soil samples gradually increase, but the increase of fracture ratio and
average width of fiber—reinforced soil is smaller than that of plain soil. From the fifth dry—wet cycle, the growth of
fracture parameters slows down. 4) During the single dehumidification process, when the water content of the sample
decreases from 20% to 10%, the fracture develops rapidly, and the development of the plain soil fracture is more
sensitive to the change in the water content. When the water content is lower than 10%, the fracture ratio of the
sample decreases and tends to be stable. Under the same moisture content, sisal fiber—reinforced soil has better
crack resistance. 5) The anti—cracking mechanism of sisal fiber-reinforced expansive soil is mainly manifested in
two aspects. On the one hand, the addition of sisal fiber increases the permeability coefficient of expansive soil,
promotes the uniform distribution of water in the sample, and reduces the difference between expansion and
contraction across the sample. On the other hand, the crisscross sisal fibers restrict the shrinkage of macropores
between aggregates.

Key words: expansive soil ; fiber—reinforced ; dry—wet cycling; crack propagation; anti—cracking ability
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Fig.1 Electron microscope scanning image of expansive soil
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Tab.1 Physical properties of expansive soil
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Fig.2 Electron microscope scanning image of sisal fiber
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Tab.2 Proportioning design of reinforced soil samples

R FYER B /mm TYEE %
1~6 5 0.1.0.2.0.3.0.4.0.5.0.6
7~12 10 0.1.0.2.0.3.0.4.0.5.0.6
13~18 15 0.1.0.2.0.3.0.4.0.5.0.6
19~24 20 0.1.0.2,0.3.04.0.5.0.6
25~30 25 0.1.0.2,0.3.04.,0.5.0.6
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Fig.3 Crack development on the surface of plain soil and some reinforced soil samples (fiber content is 0.4%)
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Fig. 4 Relationship between crack parameters of partially reinforced soil samples (fiber content is 0.4%)

and the number of dry—wet cycles
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Tab.3 Crack parameters of the sample

R YR /mm U R I% R % PTG NME R BB MR R GITBHERL
E 0 0 3.589 8.646 6 9143.231 1.356 3
1 5 0.1 4.075 8.1197 15671.745 9 1.3875
2 5 0.2 3.458 7.466 2 11095.6355 1.367 8
3 5 0.3 2.627 6.549 2 7940.514 1 1.326 8
4 5 0.4 2.511 6.339 4 76155618 1.3235
5 5 0.5 2.733 6.342 6 9 498.854 1.343 1
6 5 0.6 3.121 7.5586 9322798 1 1.3619
7 10 0.1 3.204 6.300 7 11287.814 1 1.3555
8 10 0.2 3.126 5.9059 10 104.026 9 1.366 4
9 10 0.3 2.762 5.887 10425.787 1 1.370 4
10 10 0.4 2.528 S5.1118 7329.574 4 1.344 8
11 10 0.5 3.242 6.4777 11736.443 7 1.360 2
12 10 0.6 3.892 6.047 6 10914.399 4 1.3559
13 15 0.1 3.578 7.3881 12 164.010 8 1.370 8
14 15 0.2 3.488 7.664 3 13357.330 8 1.3659
15 15 0.3 3.254 5.8586 10 554.883 6 1.364 1
16 15 0.4 2.807 52923 8 609.591 4 1.3392
17 15 0.5 2.940 6.1323 10 467.094 3 1.3598
18 15 0.6 3.242 6.170 4 12 908.955 1.3625
19 20 0.1 3.302 9.929 10817.059 8 1.3554
20 20 0.2 2.897 5.403 8956.251 8 1.3457
21 20 0.3 2.650 6.098 8837.878 2 1.324 4
22 20 0.4 1.970 3.953 4 6849.934 2 1.294 1
23 20 0.5 2.267 4.929 6 7319.628 7 1.3167
24 20 0.6 2.471 4.798 3 9209.443 8 1.3202
25 25 0.1 3.565 11.787 8 10 662.765 9 1.367 6
26 25 0.2 2.905 7.026 9 10405413 5 1.3349
27 25 0.3 2.764 7.600 2 9303.554 1.3310
28 25 0.4 2.687 4.890 2 8872.9259 1.3277
29 25 0.5 2.801 5.586 4 9876.193 1 1.336 4
30 25 0.6 2.879 5.8839 9794.3332 1.3343
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Fig.6 Relationship between crack parameters and fiber content of reinforced soil samples
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Fig. 7 Relationship between crack parameters and fiber length of reinforced soil samples

i

25k
& o0f
=3 -
1S
1.0 -
05 1 1 1
220 15 10
WRFEE KR %

A8 XAHLMAEL XML KEZ MM X Z
Fig. 8 Relationship between the crack ratio and the moisture content of the sample
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Fig.10 “Bridging” effect of sisal fibers
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