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Crack propagation law of compacted expansive soils under wetting-drying cycles
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Abstract: The quantitative description of crack features, which is the basis of researches on crack of expansive soils,
contributes to further investigation on engineering properties of expansive soils. Taking surface cracks of expansive soils as
research objects, the crack images under different wetting-drying cycles are captured by digital imaging. The crack features are
analyzed by using the optimized and improved methods for crack image processing and crack feature extraction. The results
show that the total surface crack ratio of laboratory compacted expansive soils increases with the number of the wetting-drying
cycles, and that the effect of wetting-drying cycles is mainly reflected in the second cycle. The number of cracks is the greatest
and the total length of cracks is the largest at the preliminary stage of the first wetting-drying cycle, however, the final number
and the total length of cracks are closer after the third wetting-drying cycle. The crack width increases with the increase of the
wetting-drying cycles, and is mainly reflected in the second cycle. Meanwhile, the development of the main crack is the most
obvious in the first wetting-drying cycle, and the width of cracks tends to be uniform in the second and third cycles. Based on
rose diagrams of crack orientation, it is found that the cracks develop along the initial orientation until the next wetting-drying
cycle. The crack orientation in the first wetting-drying cycle is random, but the orientation has high similarity in the second and
third cycles, indicating that the effect of wetting-drying cycles on the crack orientation is also mainly reflected in the second cycle.
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Fig. 1 Sample preparation equipment
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Fig. 2 Crack images after different wetting-drying cycles
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Fig. 3 Crack hinary images after different wetting-drying cycles
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Fig. 4 Curves of crack ratio after different wetting-drying cycles
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Fig. 5 Curves of shrinkage after different wetting-drying cycles
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Fig. 6 Curves of total crack ratio after different wetting-drying

cycles
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Fig. 7 Curves of cracks after different wetting-drying cycles
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Fig. 8 Curves of total crack length after different wetting-drying
cycles
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Fig. 9 Curves of mean crack length after different wetting-drying

cycles
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Fig. 10 Curves of mean crack width after different wetting-drying

cycles
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Fig. 11 Curves of maximum crack width after different
wetting-drying cycles
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Fig. 12 Rose diagram of crack orientation after first

wetting-drying cycle
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Fig. 13 Rose diagram of crack orientation after second

wetting-drying cycle
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Fig. 14 Rose diagram of crack orientation after third
wetting-drying cycle
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Fig. 15 Rose diagram of crack orientation after different

wetting-drying cycles

3

ASCHESE T AR TR RS & R SERZ K
TR RSB, B EHR

(IO SR - 2 11 A SR B A B T 3R A
ISBEDITTRN 8l N S ey ¢l o (787 Do g ] e il
AR SIRTE

(2)ZRBAI IR R 7 VAR 2 5AE 2 — ORI TR A I
2, BARERO, T = 0O TR R 28 (0 2B A O
AR .

(3) 24558 e B T A PR K B I 460K, HL
S UGRTRIA 9E BE RS R N W, R, 35
BRAE 2 — R TR K BB I, AR S — ORISR
=R EBWIRESS, TR TE T,

(4) B LB IR YR, BRI T
MR ZRBACH I A S — AR TR IS BEHL,
AR SR 5 2 = AT B AR B, T Om A X 2
BRUACF 7 18] (R R M A 2 R AR AR S K

[1] ZEAEM. dEEK T TR M]. Bai LR
A AL, 1992, (LI Sheng-lin. Study on the engineering
geology of expansive soil in China[M]. Nanjing: Jiangsu
Science and Technology Publishing House, 1992. (in
Chinese))

[21 ED5, L. Frika B TREFEAMLL Jbat: BREEH
Ji L, 2006. (TAN Luo-rong, KONG Ling-wei. Soil science
of special geotechnical engineering[M]. Beijing: Science
Press, 2006. (in Chinese))

[38] XRput. TREA v MIZIK L M]. JE st T E R
Tl AL, 1997. (LIU Te-hong. Expansive soil problems
in engineering construction[M]. Beijing: China Architecture
and Building Press, 1997. (in Chinese))

[4] Ghiehk, KA, BB, & REIIK LR Ve
M. EA %S TR, 2002, 21(2): 2331 - 2335
(YAO Hai-lin, ZHENG Shao-he, GE Xiu-run, et al.
Assessment on slope stability in cracking expansive soils[J].
Chinese Journal of Rock Mechanics and Engineering, 2002,
21(2): 2331 - 2335. (in Chinese))

[5] AT ARMIUAEZIK 1 i) R BT AR 55 1 3 A e I 5T [D].
BT HE K24, 2003, (YUAN Jun-ping. Generalized model
of fissures distribution and slope stability analysis for
unsaturated expansive soils[D]. Nanjing: Hohai University,
2003. (in Chinese))

[6] fl7k4N. ARV B MR AR K i AR e ) R[] A



1308 eI s D =R

2014 4

LFE2#4R, 2004, 26(1): 1 - 15. (BAO Cheng-gang. Behavior
of unsaturated soil and stability of expansive soil slope[J].
Chinese Journal of Geotechnical Engineering, 2004, 26(1): 1
- 15. (in Chinese))

[7] B, S, B, A AR R AR O SRS
YR E R R[], TREHRAIR, 2012, 20(6): 934 -
939. (ZENG Zhao-tian, LUHai-bo, ZHAO Yan-lin, et al.
Wetting-drying effect of expansive soils and its influence on
slope stability[J]. Journal of Engineering Geology, 2012,
20(6): 934 - 939. (in Chinese))

[8] &, MreEiE, &K, 5 R EREWE RIS
[9]. #1712, 2007, 28(10): 2203 - 2208. (MA Jia, CHEN
Shan-xiong, YU Fei, et al. Experimental research on crack
evolution process in fissured clay[J]. Rock and Soil
Mechanics, 2007, 28(10): 2203 - 2208. (in Chinese))

[O1 & Rk, WK LR RS B RET5ED]. Rt hE
Bl 2 e QWA L1 # B9 BT, 2009. (FENG  Xin.
Experimental research on cracks propagation and infiltration
for expansive soil[D]. Wuhan: Institute of Rock and Soil
Mechanics, Chinese Academy of Sciences, 2009. (in
Chinese))

[10] TkZ MR, SEEETL, 1 ¥, 5. FRIGHEH N K 2R
Bt A A IR T 9E[3]. A 057, 2011, 32(9): 2729 -
2734. (ZHANG lJia-jun, GONG Bi-wei, HU Bo, et al. Study
of evolution law of fissures of expansive clay under wetting
and drying cycles[J]. Rock and Soil Mechanics, 2011, 32(9):
2729 - 2734. (in Chinese))

[11] B AE, xHaas, 28, TR AR 4500 T 0 I Ik 1)
R R[], ACm AL 5 TR, 2012, 28(1): 1-5.
(YANG He-ping, LIU Yan-giang, LI Han-feng. The
development of cracks of compacted expansive soil under
dry-wet cycling[J]. Journal of Transport Science and
Engineering, 2012, 28(1): 1 - 5. (in Chinese))

[12] % 5, WAL, Bk g5 2K L AR R AR AT ST R[]
KRR BB B, 2012, 32(4): 78 - 82. (LI Wei, LIU
Guan-shi, YAO Ting. Research progress in crack features of
expansive soils[J]. Advances in Sciences and Technology of
Water Resources, 2012, 32(4): 78 - 82. (in Chinese))

[13] AL, sZMERS. b ARHUBT SR L RS AN 0], VY e AS T
KEF2ER, 2005, 40(1): 77 - 81. (ZHOU Jiang-ping, PENG
Xiong-zhi. Investigation on size effect of shear strength of
soil[J]. Journal of Southwest Jiaotong University, 2005, 40(1):
77 - 81. (in Chinese))

[14] B 77, EDA, G0, HET M R0 BBk r a4 28
B SEE Ko A vHEHUN ST, 2006, 23(11): 137 -
140. (ZHAO Fang, WANG Wei-xing, JIN Wen-biao. Rock
fracture width measurement method based on corner segment
algorithm[J]. Application Research of Computers, 2006,
23(11): 137 - 140. (in Chinese))

[15] x)  #F, 5%, i Wk, 55 ETHFEGRNKE -
BRI S ITIED]. TR, 2008, 30(9):
1383 - 1388. (LIU Chun, WANG Bao-jun, SHI Bin, et al.
Analytic method of morphological parameters of cracks for
rock and soil based on image processing and recognition[J].
Chinese Journal of Geotechnical Engineering, 2008, 30(9):
1383 - 1388. (in Chinese))

[16] 2 ff, XUMAE, Bk G5 K BB G A R R R AR
BUTERISEE]. A+ 2% (LI Wei, LIU Guan-shi, YAO
Ting. Progress on methods of crack image processing and
crack feature extraction of expansive soil[J]. Rock and Soil
Mechanics. (in Chinese))

[17] J . BN 4 1 R 2B A BT 9 [D]. il
R E B ECE £ 2ERFST BT, 2011, (ZHOU Wei. Study
on law of crack evolution for expansive soil in the
dehydration process[D]. Wuhan: Institute of Rock and Soil
Mechanics, Chinese Academy of Siences, 2011. (in Chinese))



