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Experimental study on residual strength and index of shear strength
characteristics of different clay soils

XU Cheng-shun, WANG Xin, DU Xiu-li, DAI Fu-chu, WANG Guo-sheng, GAO Yan
(Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing University of Technology, Beijing 100124, China)

Abstract: Using the ring shear apparatus, the variation rules of residual strength of 17 saturated claysoil samples with different
plasticity indices under different consolidation conditions are studied. The influences of current normal stress,
over-consolidation ratio, plastic index and multistage shear mode on the residual strength are analyzed. The variation of shear
strength index with different plasticity indices under large deformation and the corresponding practical formula are investigated.
The test results show that with the increase of the current normal stress, the residual strength increases. The over-consolidation
ratio does not have a significant impact on the residual strength. With the increase of the plasticity index, the residual strength
reduces gradually. Under the small stress level the residual strength is nonlinear. Under large deformation, the residual internal

friction angle increases while the plasticity index decreases. Finally, the formula for the relation between the residual internal

friction angle and the plasticity index is proposed.
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Fig. 1 Sample of ring shear tests
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Fig. 2 Verification of stability of ring shear tests
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Table 1 Test schemes

ZAIR R YRS AR AT SEN L Ry Y Wk ke

- ;
ELAR w/%  wi/% ¥,  Ho/kPa  FpJ/kPa  OCR  JC min') R ik b
50 100 2.0 1
13 23 10 100 200 20 . MBS CD A i 4
150 300 :
50 100
29 41 12 100 200 2.0 1 RS CD BN
150 300
50 100
18 31 13 100 200 2.0 1 L% CD &V b
I 150 300
LS 50 100
21 35 14 100 200 2.0 1 Z%u CD JtEHEAKX
150 300
50 50 1.0
50 100 2.0
50 200 4.0 i SR
27 42 15 50 350 70 1 MBS CD BT
100 200
150 300 2.0
50 100
25 45 20 100 200 2.0 1 Z%u CD JtEHEAKX
150 300
50 100
20 44 24 100 200 2.0 1 Y CD BN
150 300
50 100
28 53 25 100 200 2.0 1 Z%8  CD Sl =2
150 300
50 100
16 42 26 100 200 2.0 1 HEEl CD  dEEWEAK
150 300
50 50 1.0
50 100 2.0
50 200 4.0 i o
25 53 28 50 350 70 1 MBS CD BT
100 200
150 300 2.0
50 100
31 60 29 100 200 2.0 1 Lo CD  &HE ST
it 150 300
50 100
18 48 30 100 200 2.0 1 Z%E] CD  IEGA KR
150 300
50 100
19 51 32 100 200 2.0 1 MR CD HIEE K
150 300
50 100
19 51 32 100 200 2.0 1 Z%E] CD  IFEGA KR
150 300
17 50 33 50 100 2.0 1 el CD bR TEAMH X
14 50 36 50 100 2.0 1 BmagEl  CD bR TEAMH X
50 100
22 62 40 100 200 2.0 1 Z%8  CD Sl =2
150 300
50 50 1.0
50 100 2.0
38 84 46 S0 200 4.0 1 HZRE] CD BN
100 200
150 300 2.0
WP HEAT T 15 AR A 2 1
2 HBHERESH TERRE S5y OCR=2, 4RI /4 524 0y=50,

2.1 MEBEEMN AR ATRE N 100, 150 kPa FHFRBTRLS, T3 20504 &
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Fig. 3 Effects of current normal stress on residual strength
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Fig. 4 Comparison of test results under different over-
consolidation ratios
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Fig. 5 Comparison of residual strengths of single-stage shearing

and multistage shearing when 7,=32
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Fig. 6 Effects of plasticity index on residual strength
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Fig. 7 Relation between plasticity index and residual strength
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Table 2 Residual internal friction angles of saturated clays with

different plastic indices

BYE  0=50 kPa N4 0p=100 kPa N3k 4A 0p=150 kPa F &A%

i, WEEMC) WEEEM /() PEEM /()
10 40.38 36.76 36.62
12 37.68 35.85 32.88
13 33.90 32.04 31.56
14 33.12 31.53 30.62
15 32.31 30.5 29.51
20 31.08 27.65 25.60
24 30.38 26.95 25.34
25 29.54 26.53 24.82
26 27.49 25.71 24.15
28 27.18 25.13 22.24
29 26.09 23.97 21.77
30 25.02 22.99 21.29
32 2271 19.40 17.90
33 2231 — —
36 20.93 — —
40 18.72 14.90 13.24
46 17.73 13.74 13.07
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Fig. 8 Relation between plasticity index and internal friction angle
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Fig. 9 Effects of different stress levels on residual internal friction

angles
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Table 3 Coefficients of empirical formula under different normal

stresses
AL A B ) oy/kPa A B
50 47.76 -0.022
100 47.53 -0.027
150 47.34 -0.028
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