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Experimental study of the influence of structure on the shrinkage characteristics
of expansive soil
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(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubei
430071, China; 2. School of Water and Enviroment, Chang’an University, Xi’ an, Shaanxi 710064, China; 3. Guangxi Key Laboratory of Geotechnical
Mechanics and Engineering, Guilin University of Technology, Guilin, Guangxi 541004, China)

Abstract: Shrinkage is inherent to expansive soil, usually resulting in slope and foundation cracking, but there is little understanding
about the influence of structure on shrinkage characteristics. Using an automatic shrinkage test device, comparison tests on shrinkage
and scanning electron microscope (SEM) tests for undisturbed and remolded expansive soil were carried out under the same humidity
and constant temperature. The results show that compared with undisturbed soil, remolded soil has smaller evaporation rate in the
water flow stage, slower shrinkage stability rate in the vapor evaporation stage and larger volume shrinkage strain in the end. For the
remolded soil, the linear section of the curve of volume shrinkage versus water content is longer, the slope is larger, and the transition
between the linear section and the stable section not is obvious, while the undisturbed soil is on the contrary. The soil shrinkage
characteristic curves (SSC) of remolded and undisturbed soil basically coincide in the section at higher water content; with the
decrease of water content, the SSC of remolded soil decreases faster and the corresponding water content range is wider, and when
entering the residual-zero shrinkage stage, the void ratio is obviously smaller. Chertkov shrinkage model is suitable for undisturbed
expansive soil, but not for remolded one. SEM test results show that the undisturbed expansive soil has stronger primary structure
than remolded expansive soil. Under the same initial density and humidity, there exists obvious differences in microstructure, such as
particle arrangement, contact mode, cementation state, pore size and distribution characteristics between the undisturbed and
remolded expansive soil, resulting in smaller water migration rate and larger matrix suction of remolded soil during evaporation,
which is the internal reason why remolded soil shrinks more violently than undisturbed soil. The research results can provide a
reference basis for the design of slope engineering protection for expansive soil slopes.
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Table 1 Basic physical parameters of expansive soil

W R LA RRAKE  AMBKE ik LK%
‘ P fE R - K LB b

/% /% Ko 5 1% 1% >0.05 mm 0.05~0.005 mm <0.005 mm
438 27.6 16.2 2.67 27.6 55 0.753/0.684 58 54.2 40.0

K2 THTWHER (BA: %)

Table 2 Mineral composition of expansive soil (unit: %)
¥ KA eSS EdXE BRI [ELEgEl
31.0 34.0 18.9 8.4 6.3 1.4
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Fig.1 Undisturbed and remolded soil specimen
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Fig.2 Automatic shrinkage test device
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Fig.3 Variation of water content with time
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Fig.5 Changes of shrinkage geometric factor with time
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Table 3 Fitting results of Chertkov model
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Table 4 Fitting results of quadratic polynomial model
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Fig.8 Comparison of scanning results between natural and remolded samples
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