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In-situ borehole shear test on expansive soil and its strength characteristics

L1Jing-jing“? KONG Ling-wei*? MU Kun"?
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences,
Wouhan, Hubei 430071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: To study the impact of different construction procedures for cut slope protection of expansive soils and to prevent disasters
triggered by rainfall infiltration, in-situ borehole shear tests (BST) were conducted under different normal stress levels and soaking
conditions. Strength characteristics of expansive soils cut slope in Nanyang were obtained with various loading paths and soaking
conditions. Results show that the relationship between shear stress and displacement from BST presents weak hardening as the shear
strain increases. A max drop of 56.9% in shear strength, and a decrease of 18.1 kPa in cohesion are observed. Preloading inhibits
softening but fails when it increases to some threshold. The cohesion has a positive linear relationship with the preloading stress,
while the internal friction angle has a negative linear relationship with the preloading stress, but internal friction angle rarely varies.
In engineering practices, effect of rainfall infiltration on strength parameters should be considered. Meanwhile, the linear relationship
between parameters of shear strength and preloading stress should be used to back-calculate the preloading needed according to the
safety factor that the project should satisfy. The study results provide technical reference for site evaluation, parameters selection and
disaster assessment of the similar sites of expansive soils.
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Table 1 Physical properties of tested soil
%) p Sr Ot p I, mm 1%
/% [ (glem®) Gs 1% 1% 1% 1% >0.05 005 0.005 0005 0002 <0.002 <0.001
24.7 1.98 2.71 95.3 62 26.2 29.2 5.5 49.7 13.4 31.4 27.0
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Table 2 Mineral compositions of tested soil .
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Fig.3 Instruments of borehole shear test
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Fig.4 Experimental setup of borehole shear test system
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Fig.5 Relationships between shear stress and shear displacement
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Table 3 Borehole shear test program
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Fig.6 Relationships between shear strength and normal stress
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Table 4 Parameters of shear strength [23]
Pr z c ? c ®
I kPa /m IkPa /() IkPa  I(®) br
3 222 10.31 Py
4 225 1085 201 1114 1)
0 5 156  12.26 7
3 8.1 9.49
4 44  10.89 70 1092 Pr ¢
5 85 1237 4 bPr
3 256  10.04 c=Ap, +B 1
4 243 1318 272 1164 Iy N )
200 5 316 11.71 P =Mp, +
3 14.4 9.13 14.4 9.13 A B M N
3 32.0 9.66 c ) P,
4 318 1133 329 1052
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3 22.4 924 24 924 0.92 S 41
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Fig.7 Relationships between parameters of shear
strength and preloading
5 ¢ 9 p 24.7%
Table 5 Fitting parameters between ¢, ¢ and p, 31.3%
[ 4 @Y Dr
B ) M N )
R 4 R
/ kPa I(kPah  1(™)
0050 1891 096  -0.0067 1158 092
0.044 690 096 -00069  10.86 092




459

2
¢ p, 0 kPa 400 kPa o
4 181kPa ¢ o
25 kPa 18 kPa
200 kPa 13 kPa p, =0 kPa
9 4
95.3% p, >0kPa
4 4, A4 9 Py
[27]
c o
4 B Py
4.3
8
Py
6
o
80
// ]
60 :///A/A Fig.9 Compression and resilience curves
§ /_/
Py
20 } —&— 25kPa —=— 375kPa —— 50kPa
—— 75kPa —=— 100kPa —&— 150kPa
—+— 200 kPa
O 1 1 1 ]
0 100 200 300 400
prl kPa
()
60
///’\‘ 300 kPa 400 kPa
2 /
T e
—— —o—
—=— 100 kga —— 150 kga BST
0 I —— 200 kPa , )
0 100 200 300 400 0 kP
prl kPa P = a
®) p, >0 kPa
8

Fig.8 Relationships between shear strength

and preloading

Pr



460

2017

(1]

[2]

(3]

BST
1 -
56.9%
18.1 kPa
2
p, OkPa 400 kPa
c 20.7 kPa  16.6 kPa
@ y
3

NELSON J D, CHAO K C, OVERTON D D, et al.
Foundation engineering for expansive soils[M]. Hoboken:
John Wiley & Sons, 2015.
[31. , 2010, 41(16): 65

68.
CHEN Shang-fa, WEN Shi-yi, LENG Xing-huo, et al.
Treatment measures of expansive soil canal slope with the
first stage of the middle route south-to-north water
transfer project[J]. Yangtze River, 2010, 41(16): 65 68.

[41. , 2014, 35(1): 189

196.

LU Ding-jie, CHEN Shan-xiong, LUO Hong-ming, et al.

Study of failure characteristics and evolution mechanism

(4]

[5]

(6]

[7]

(8]

9]

[10]

of canal slope of Nanyang expansive soil[J]. Rock and
Soil Mechanics, 2014, 35(1): 189 196.
: : [M].
, 2006.
TAN Luo-rong, KONG Ling-wei. Engineering behavior
of special rock and soil[M]. Beijing: Science Press, 2006.
; . [J].
, 2012, 45(5): 141 161.
KONG Ling-wei, CHEN Zheng-han. Advancement in the
techniques for special soils and slopes[J]. China Civil
Engineering Journal, 2012, 45(5): 141  161.
[9]. , 2007, 29(7):
1065 1073.
KONG Ling-wei, CHEN Jian-bin, GUO Ai-guo, et al.
Field response tests on expansive soil slopes under
Journal of Geotechnical

atmosphere[J]. Chinese

Engineering, 2007, 29(7): 1065 1073.

[J]. , 2012, 34(12): 2155 2161.
YIN Zong-ze, YUAN Jun-ping, WEI Jie, et al. Influences
of fissures on slope stability of expansive soil[J]. Chinese
Journal of Geotechnical Engineering, 2012, 34(12):
2155 2161.

[l ( )
2014, 45(6): 1952 1959.
YANG Guo-lin, TENG Ke, XIE Lan-fang. Experimental
study of direct shear and in situ clipper on strength of
expansive soil[J]. Journal of Central South University
(Science and Technology), 2014, 45(6): 1952 1959.
[9]. , 2013, 34(1): 85
91.
LI Xiong-wei, KONG Ling-wei, GUO Ai-guo.
Permeability and mechanical characteristics of expansive
soil and cut slope protection mechanism under vegetation
action[J]. Rock and Soil Mechanics, 2013, 34(1): 85
91.
[J1. , 2015, 36(11): 3094  3100.
ZHANG Jun-ran, SUN De-an, JIANG Tong. Effect of
suction history on mechanical behavior of unsaturated
weakly-expansive soils[J]. Rock and Soil Mechanics,

2015, 36(11): 3094 3100.



461

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

’ ’ 1

- 91
2821 2826.
LI Xiong-wei, WANG Ai-jun, WANG Yong, et al.

Moisture-heat coupling behavior and evaporation effect

, 2013, 34(10):

of expansive soil in simulated solar[J]. Rock and Soil
Mechanics, 2013, 34(10): 2821 2826.

[9]. , 2011, 32(7): 1939 1944,
LIAO Hong-jian, LI Tao, PENG lJian-bing. Study of
strength characteristics of high and steep slope landslide
mass loess[J]. Rock and Soil Mechanics, 2011, 32(7):
1939 1944.

N ( ),
2007, 22(3): 45  49.
ZHANG Yu-cheng, YANG Guang-hua, SU Pu-kun, et al.
Laboratory and field testing study on shear strength of
soil slopes[J]. Journal of Hunan University of Science
& Technology(Natural Science Edition), 2007, 22(3):
45 49.
, , [M].
, 2011.
XIE Ding-yi, CHEN Cun-li, HU Zai-giang. Experimental
soil engineering[M]. Beijing: Higher Education Press,
2011.
BECHTUM T. Automation and further development of
the borehole shear test[D]. Ames: lowa State University,
2012.
YANG J F J. Role of lateral stress in slope stability of stiff
overconsolidated clays and clayshales[D]. Ames: lowa
State University, 1987.
. JTG E40-2007
[S]. : , 2007.

The Ministry of Transport of the People’s Republic of
China. JTG E40-2007 Test methods of soil for highway
engineering[S]. Beijing: People Communications Press,
2007.

, , : [M].
, 2005.

Southeast  University, Zhejiang University, Hunan

University, et al. Soil mechanics[M]. Beijing: China
Architecture & Building Press, 2005.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[D]. : , 2013.
LI Xin-ming. Mechanical behaviors of expansive soil due
to the over-consolidated stress release and stability
analysis of cut slope[D]. Beijing: University of Chinese
Academy of Sciences, 2013.
KHOURY C N, MILLER G A. Influence of flooding on
borehole shear test (BST) results in unsaturated soil[J].
Geotechnical Special Publication, 2006, (147): 235
246.
HANDY R L, SCHMERTMANN J H, LUTENEGGER AJ.
Borehole shear tests in a shallow marine environment[J].
Strength Testing of Marine Sediments: Laboratory
and In-situ Measurements, ASTM STP, 1985, 883: 140
153.
WINELAND J D. Borehole shear device[C]//Specialty
Conference on In-situ Measurement of Soil Properties.
Raleigh: American Society of Civil Engineers, 1975: 511
522.

[M].

GAO Guo-rui. Neoteric soil geotechnology[M]. Beijing:

, 2013.

Science Press, 2013.
LUTENEGGER A J, HALLBERG G R. Borehole shear
test in geotechnical investigations[J]. ASTM Special
Technical Publication, 1981, (740): 566 578.
ALONSO E E, VAUNAT J, GENS A. Modelling the
mechanical behaviour of expansive clays[J]. Engineering
Geology, 1999, 54(1): 173 183.

[I1. , 2015, 3(11):
596 601.
ZHANG Jun-feng, ZOU Wei-lie, LI Zhi-yong, et al.
Experimental research of wetting-induced deformation
characteristics for compacted expansive soil[J]. Chinese
Journal of Underground Space and Engineering, 2015,
3(11): 596 601.

[9]. , 2008, 29(12): 3193

3198.
LI Xiong-wei, KONG Ling-wei, GUO Ai-guo, et al.
Strength characteristics of expansive soil considering
effect of hydrous state[J]. Rock and Soil Mechanics,
2008, 29(12): 3193 3198.



