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Effects of moisture and density states on unsaturated shear strength of
compacted expansive soil

ZHOU Bao-chun', KONG Ling-wei’, MA Quan-guo’, LUO Zheng-tao’, ZHANG Yan-jun'
(1. College of Architecture and Civil Engineering, Xinyang Normal University, Xinyang, Henan 464000, China; 2. State Key Laboratory of Geomechanics and
Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubel 430071, China)

Abstract: To investigate unsaturated shear strength of compacted expansive soil within the entire range of moisture and density state,
the unsaturated direct shear tests are conducted on Jingmen expansive soil associated with 38 types of moisture and density state
combinations. The distribution of shear strength are obtained with respect to moisture state varying from air-dry to saturation and
density represented by void ratio ranging from 0.539 to 1.089. Conclusions are as follows: (1) Strain-softening phenomenon is
observed in shear for most samples. In contrast, strain-hardening phenomenon is observed in shear only for the lower-density and
higher-moisture state combination. Stress plummeting phenomenon is observed in shear for the higher-density and lower-moisture
state combination. Plastic deformation capacity of the soil samples is improved by increasing moisture under the same density or
improved by decreasing density under the same moisture. (2) With the moisture increasing from air-dry to saturation, the unsaturated
shear strength and total cohesion increase and then decrease, which can be called the peak effect. (3) Unsaturated shear strength, total
cohesion, and total friction angle all decrease with decreasing density, which can be called the density effect.
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Fig.1 Control indexes of sample preparation (38 types)
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Fig.2 Relationships between shear stress-horizontal displacement of humidity and density of 38 kind
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Table3 Jingmen compaction expansion parameters of
humidity and density of 38 kind samples

o, (kPa)
7, IkPa
w 1% e S 1% 25 50 75 100 c/kPa ¢/(°)
7 0539 353 3274 3774 4457 5636 2343 722
11 0539 555 4975 5482 6233 6515 4458 650
14 0539 70.6 5532 6341 6842 7704 4851 704
17 0539 857 308.1 3823 4750 559.7 2194 736
7 0625 305 1726 2315 2653 3041 1363 59.7
11 0.625 479 3045 3305 3752 4174 2611 56.9
14 0.625 609 459.1 4752 5246 5518 4208 52.7
17 0625 74.0 2565 301.6 3291 368.6 223.0 555
20 0625 871 1999 2445 268.1 3405 1519 60.7
7 0.720 264 138.1 161.0 2052 2229 107.1 50.1
11 0.720 415 171.1 1965 2199 2479 1454 454
14 0.720 529 3045 336.6 3529 3702 287.7 405
17 0.720 64.2 196.8 208.9 2403 2645 169.0 43.2
20 0720 755 169.2 211.1 2453 2657 1419 523
23 0.720 86.8 1347 1649 2032 2289 1027 521
26 0.720 98.2 96.9 1153 1245 1389 852 284
7 0.828 23.0 745 942 1145 1307 56.3 370
11 0828 361 1129 1448 1658 1966 87.0 474
14 0.828  46.0 2195 2421 2660 2923 1944 441
17 0.828 55.8 130.3 154.7 1774 2040 105.7 443
20 0.828 657 140.7 1529 1589 1774 1284 249
23 0828 75.6 104.7 1239 1423 1708 813 409
26 0.828 854 826 981 1126 1197 718 26.7
29 0828 953 663 840 876 1073 547 268
11 0.950 315 468 700 968 121.0 213 449
14 0.950 401 131.0 1531 181.6 1994 1079 431
17 0.950 48.7 874 1052 1258 1482 659 39.1
20 0950 573 955 119.8 130.7 1384 862 29.2
23 0.950 65.9 842 953 1094 1179 729 247
26 0950 745 686 787 852 897 63.1 156
29 0950 830 516 594 652 794 416 196
11 1089 275 423 669 902 1024 245 39.2
14 1.089 350 90.0 1003 1215 1463 67.0 37.2
17 1.089 425 686 873 1032 1239 502 36.0
20 1.089  49.9 794 971 1034 111.0 724 220
23 1089 574 584 660 800 887 471 228
26 1.089 649 502 61.0 694 803 405 216
29 1.089 724 436 548 629 645 38.8 158
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Fig.3 Relationshipsamong unsaturated shear strength,
void ratio, water content and vertical total stress
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