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Experimental study on fully softened shear strength of expansive soil
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Abstract: The fully softened strength tests are carried out on the expansive soil samples from the Yangtze-Huaihe River Water
Transfer Project. The fully softened strength indexes under different moisture contents and shear rates are discussed and
analyzed. On this basis, they are compared with the shear strength indexes from the wetting-drying cycle direct shear tests on
expansive soil. The results show that in the fully softened state, the cohesive force of expansive soil is close to zero, and the
fully softened strength is mainly determined by the inernal friction angle. The inernal friction angle is little affected by the
moisture content and shear rate. The strength indexes obtained from wetting-dring cycle tests and fully softened tests are
applied to the safety analysis of simple expansive soil slope respectively. Compared with the wetting-drying cycle direct shear
tests, the fully softened strenght tests need less lab work and shorter test peroid. The fully softened strength indexes can also
reflect the failure mechanism of the shallow failure of expansive soil slopes after wetting-drying cycles in practice. It is
recommended to apply the fully softened strength indexes in the analysis of the shallow stability of expansive soil slopes after

wetting-drying cycles.
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Fig. 1 Comparison among peak strength, residual strength and
fully softened strength
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Table 1 Programs of fully softened tests

R ZARST  WFEEKEY%  BIY)EE/(mm min ')
#0 45.0 0.1, 0.6, 0.8, 12
8| 475 0.1, 0.6, 0.8, 12
#2 50.0 0.1, 0.6, 0.8, 12
3 52.5 0.1, 0.6, 0.8, 12
#4 55.0 0.1, 0.6, 0.8, 12
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Table 2 Shear strength results of remolded soil

N ) TR IXEL

/kPa 0 1 3 5

12.5 19.2 15.7 12.9 12.7
25.0 23.2 17.9 17.8 17.6
37.5 27.1 22.2 20.7 20.4
50.0 30.6 26.5 243 243
100 323 28.6 27.7 26.9
200 36.3 32.9 29.2 29.0
300 38.9 34.6 335 32.9
400 42.3 38.4 35.8 36.1
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Fig. 6 Relationship between shear strength and normal stress
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Table 3 Shear strength indexes of remolded soil

R i T B i IR B i
c/kPa o/(° ) c/kPa o (")
0 29.3 1.9 15.5 17.6
1 25.9 1.9 114 16.4
3 24.3 1.6 9.6 16.6
5 23.6 1.8 9.3 16.7

e TEHRE N 4%~31%, JiiTiRE N 40°C.
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Table 4 Fully softened shear strength indexes

B Y)EZ/(mm min ')

TREEKEK

W% 0.1 0.6 0.8 1.2

c/kPa ol(°) c/kPa ol(°) c/kPa ol(°) c/kPa ol(°)
45.0 2.4 25.2 2.1 25.2 1.9 25.2 1.7 24.8
47.5 1.8 25.3 1.5 25.0 1.4 24.9 1.3 24.9
50.0 1.3 24.8 1.1 24.6 1.1 24.8 0.9 24.4
52.5 1.0 24.6 0.8 243 0.7 24.1 0.6 23.8
55.0 0.9 24.4 0.8 24.2 0.6 23.9 0.5 23.8
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Fig. 7 Fully softened shear strengths under different normal stress
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under different shear rates
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Fig. 10 Calculated values of shear strength with different indexes
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Fig. 12 Model of expansive soil slope using shear strength indexes
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from fully softened tests
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Table 5 Shear strength indexes of expansive soil slopes

R LR e THRAEH SR FabR e AR FEAR
c/kPa ol(°) c/kPa ol(°) c/kPa ol(°)
0~2.5 15.5 17.6 9.3 16.7
2.5~4.0 29.3 1.9 23.6 1.8 0-6 239
4.0~9.0 29.3 1.9 29.3 1.9 29.3 1.9
(D B 1. FRRIGH RS e FARFEAR—2, BEEERN A, WK LEaeik

B 13 A FE AR 03 52 T IB AR 5N 52 i
ITHEAEAY, A3 e A RE FoN 1.056, 3R IR
fEHN7.67Tm, B&TIREES). XEREREES), £
Fa e B PR TR BT TR R LA s IR R IR BRI 3)
RN BB RIRE LR . WHTE RN &0 T,
R K 0 3 AE K VR AR IR T A AT e R AR

e, TURIGIAER 51 R4 X T K il A
SE VA 7 A
Al - BHRIE

13 (NEETFIREIATIE
Fig. 13 Model only considering process of wetting-drying cycles
(2) 5 2. FE4 AN R
Kl 14 FAUE EIZAK 0 3 52 56 4 AL RIS i)
MITHEARRL, RS IR L8 2 4 /AL P 0.974,
W INAREE H oM 1.46 m, B TRZW 3. X HLE
1 ATROREL, SR AR R AR bR T EAS B L 3 22 4
REUM AR, B SRR AR, T30
TEMIRIREE ST, U0 146 m, X 5K i3k 2 7%
JEW NIV S AR &, WETIE T Skempton fEHF
Tt % TRESLHI G P A th i) “ LI 380R a2 5 58
AR HIEIE” SR . [R5 2R
I TAERER, I, BrBAshr TAE AT LA
M58 A i L F R AR R B TR SR Fa bR, AME
AR R RCE, HAR W T %4,
HIRTREE

14 (NEET2MLIIE
Fig. 14 Model only considering fully softened process

5 &% 1
(ORI S I - 52 4 AL 3R AR 1k

A5 P ST 18 K L S 2R G K o IR 1 AT DA% BRIV
T B 2RI A E IR e A A R R FR AR

(2) FEABALTREE 2t N BRI A e, N R
A EIKRERMAR, JLPAZEIER T, -
FEE SRR, FRIEmREN, BRE TR
REFENBIET 0 e, Hm@EBCH LSRR
FHR R R, — MR AR & 5.0%~10.0%.

(3) FERIIK 52 KRS FEmRE N 3.0~
4.0 m, W RFEZ RIKRZES), TEARNRE TR
S FHVEE D NEEH R 4.0 m IN 2, £ RS
SR VO [ v 2 S AR e e o

(DOZ it TR 5 B 1R 218 R 3
R 5 S A A SR FE A 4R AR T TR A A5
SEAAGRES TAER/N, WU E %, FaeRBUZAK
T & T IRAGIAE SR B SR T2 B
%, LA SR AT AR R bR R TR A A 4R
BT I AK L3035 28 5 THRARIE F i E R e o
o

(5) Bk i kAR IR Z , Bk E TR0
A= A AR 51 v J2 AR FE B A2 1 3 B0 2 A
Ab, H AR AR SR S A TH AN PR EERR . 251
N SR TS S B BARIE 8. AT TAEE T
T AT 7058 1) 56 4 A 5 B i A S T
5, SEITRIEH G mETENR, HUJT R T EIEH 5|
ECZ K 110135 3 J2 AR 5 B2 PRI T B0 R i vk R AR
Mortr. BARTAED, FELES TRELER, X5
I 320 3 s e DA [ B R e R G 3 3 A e 1k
AT

SE -

[1] SKEMPTON A W. Long-term stability of clay slopes[J].
Géotechnique, 1964, 14(2): 77 - 102.

[2] SKEMPTON A W. First-time slides in over-consolidated clays
[J]. Géotechnique, 1970, 20(3): 320 - 324.

[3] CHANDLER R J, SKEMPTON A W. The design of
permanent cutting slopes in stiff fissured clays[J].
Géotechnique, 1974, 24(4): 457 - 466.

[4] MORGENSTERN N. Slopes and excavations in heavily



11

akihgs, & K SE AR FR PRI LS AU 1995

over-consolidated clays[C]// Proc 9th Int Conf on Soil
Mechanics and Foundation Engineering, 1977, New York:
567 - 581.

[5] STARK T D, EID H T. Slope stability analyses in stiff fissured
clays[J]. J Geotech Geoenviron Eng, 1997, 123(4): 335 -
343.

[6] MESRI G, SHAHIEN M. Residual shear strength mobilized
infirst-time slope failures[J]. J Geotech Geoenviron Eng,
2003, 129(12): 12 - 31.

[7] DUNCAN J M, BRANDON T, VANDEN Berge D. Report of
the workshop on shear strength for stability of slopes in
highly plastic clays[R]. Blacksburg: Center for geotechnical
practice and research report, Virginia Polytechnic Institute
and State University, 2001.

[8] SRIDHARAN A, PRAKASH K. Classification procedures for
expansive soils[J]. Geotechnical Engineering, 2000, 143(4):
235 - 240.

[9] B30, WK 58 TR bt o [ 8 b iRt
1984. (LIAO Shi-wen. Expansive Soil and Railway
Engineering[M]. Beijing: China Railway Publishing House,
1984. (in Chinese))

[10] Bk, FkMn, kIR, IR —FRRRH & A KK L T
TR IO BT FE )], BRIER} 2 TR, 2005, 2(1): 62
- 67. (YANG Guo-lin, WANG Yong-he, LI Xia-min.
Experimental study of engineering characteristic of expansive
soils in the expressway of Xiangtan- Shaoyang[J]. Journal of
Railway Science and Engineering, 2005, 2(1): 62 - 67. (in
Chinese))

(1] BERPE, 2R, £ A&, 5 WREY KL E
IS [T 5 = TREAIR, 2012, 34(12): 2155 - 2161. (YIN
Zong-ze, YUAN Jun-ping, WEI lJie, et al. Influences of
fissures on slope stability of expansive soil[J]. Chinese
Journal of Geotechnical Engineering, 2012, 34(12): 2155 -
2161. (in Chinese))

(12] EHIT, 17 B, & 3, 55 ARMAEZAR AL Smia sl
SR HT]. FEKAET S KRR, 2008(1): 151 -
153, 158. (WANG Ming-yuan, XU Han, YANG Hong, et al.
Analysis method of unsaturated expansive soils slope[J].
South-to-North Water Transfers and Water Science &
Technology, 2008(1): 151 - 153, 158. (in Chinese))

[13] BRIF, EXIE, ¥ A TIRAEP RSN B T2 K
T HETIREE IR [)]. B TR, 2014, 36(5): 949 -
954. (YANG He-ping, WANG Xing-zheng, XIAO lie.

Influence of wetting-drying cycles on strength characteristics
of Nanning expansive soils[J].
Geotechnical Engineering, 2014, 36(5): 949 - 954. (in
Chinese))

[14] MESIR G, SHAHIEN M. Residual shear strengh mobilized

Chinese Journal of

in first-time slope failures[J]. Journal of Geotachnical and
Geoenvironmental engineering, 2003, 129(1): 12 - 31.

[15] BJERRUM L. Progressive failure in slope of overcnsolidated
olastic clay and clay shales[J]. ASCE, 1967, 93(5): 3 - 49.

[16] SKEMPTON A W. Slope stability of cutting in brown
London clay[J]. Japanese Society of Social Mechanics and
Foundation Engineering, 1977, 3: 261 - 270.

[17] CHANDLER R J. Recent European experience of landslides
in over-consolidated clays and rocks[C]// Proc 4th Int Symp
On Landslides, 1984, Toronto.

[18] CANCELLI A. Evaluation of slopes in over consolidated
clays[C])// Proc 10th Int Conf Soil Mech and Found Engrg,
1981, Stockholm.

[19] Binod Tiwari and Beena Ajmera. Laboratory measurement of
fully softened shear strength and its application for landslide
analysis[C]// Landslide Dynamics: ISDR-ICL Landslide
Interactive Teaching Tools, 2018, USA.

[20] Isaac Stephens and Al Branch. Testing Procedure for
Estimation Fully Softened Shear Strength of Soils Using
Reconstituted Material[R]. ERDC/GSL GeoTACS TN-13-1.
2013.

211 ¥ 5=, ek, R, 55 SRR &R T K
T AR R BT R EERFAET]. DU RS2 (AR AR,
2016, 48(1): 70 - 77. (HUANG Zhen, FU He-lin, WEI
Bing-xu, et al. Low stress shear strength characteristics of
expansive soil under constant amplitude dry wet cycle
conditions[J]. Journal of Sichuan University (Engineering
Science Edition), 2016, 48(1): 70 - 77. (in Chinese))

[22] TR, ZH =, MR, & KA E ).
KT Rl 22 B BE i, 2011, 28(10): 102 - 111. (CHENG
Zhan-lin, LI Qing-yuan, GUO Xi-ling, et al. Study on the
stability of expansive soil slope[J]. Journal of Yangtze River
Scientific Research Institute, 2011, 28(10): 102 - 111. (in
Chinese))

[23] TIKA T E, LAMOS L J, VAUGHAN P R. Fast shearing of
pre-existing shear zones in soil[J]. Géotechnique, 1996, 46(2):
197 - 233.





