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Abstract: The results of the samples with three different types of infilled joint soils (mud with fragment, mud with sand and muddy)
and the ones with three different water contents (10% ,7% and 3%)around the in-situ water content by the reversal direct shear tests
(normal stress is between 2 MPa and 10 MPa) and particle size distribution (PSD) tests (around the shear zones) were compared to
get the effects of the different initial particle size distributions and water contents on the infilled joint soil. Some conclusions are
drawn as follows.  The degree of particle crushing is higher quantified by B, index (relative particle crushing potential) for the
coarser particles (dgy is greater). Dry particles (lower water content) tend to crush to tiny particles due to abrasion and wet
particles (higher water content) generate more relative large particles due to fracture or attribution. Coarse particles have limited
effect on the peak strength; besides nonlinearity of residual strength envelope is higher for coarser particles(dyo is greater).
Cohesion and friction angle decrease linearly with water content; moreover the samples with lower contents have a higher nonlinear
residual strength envelope. The residual friction angle decreases linearly with clay fraction; in addition, the equation proposed
could be used to estimate the residual friction angle of the infilled joint soils preliminarily in practice.
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Table 1 Physical properties of the infilled joint soils
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Table 2 Classification of infilled joint soil according to
particle size distribution!®
% 7% 16 MPa
>20 <10 23
10 20 10 30 ™ T3
<10 >30
<20 <20 TIW TID
2 4 6 8 10 MPa 5
[10]
120 mmx 0.002 mm/min
100 mm %80 mm 4 0.216 mm/min
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10%
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Table 3 Results of multi-reversal direct shear tests
/(%) /%
/MPa T1 T2 T3 TIW T1D T1 T2 T3 TIW T1D
2 25.65 22.79 21.56 25.70 24.26 7.1 6.9 6.8 9.8 2.8
4 22.79 21.81 19.68 23.73 22.00 7.0 6.7 6.8 9.7 3.0
6 21.23 21.15 19.47 22.48 20.47 7.1 6.9 7.0 9.7 2.9
8 20.63 20.69 19.24 22.00 18.50 6.8 7.0 7.1 9.6 2.8
10 18.63 18.68 18.07 20.56 15.96 6.9 7.1 7.0 9.8 3.0
@r  tan’' /
3
3.1.1 PSD
3.1 3 T2
3 0.25 mm 0.050 0.075 mm
4 3 4 T3 T2
0.075 mm
0.050 0.075 mm
17 18 19
(7 1 PSD 3 M3



16

2013

/%

/%

Fig.3

/%

/%

Fig.4 PSD curves of shear zones for the samples with

2 MPa
4 MPa
6 MPa
8 MPa
10 MPa

2 MPa
4 MPa
6 MPa
8 MPa
10 MPa

/mm

(b) T3

PSD curves of the shear zones for samples with

different initial PSDs

100
90
80
70
60
50
40
30
20
10

10" 10° 10" 102 107

/mm

(b) TID

4

different water contents

T1 T3
0.075 mm
Hardin!""!
0.074 mm

[20]

06 1

05

0.3
—e— Tl

—a— T2

02 | o~

IS

0.1

5 T1 T2 T3 B,
Fig.5 B, for samples of T1, T2 and T3

4 TIW TID

500 pm

Miura 2V

Guyon (22]

3.2



17

5.0
4.5
4 3 < 40
3 E 3.5
Skepton'! < 3(5)
2.0
4 1.5
1.0
1 3 0.5 §
0.0
PSD 0 5 10 15 20 25 30 35 40 45 50 55 60
/mm
PSD (a) TIW
£
100 r E
90
80
X 70 F
~N
60
50 } 0 5 10 15 20 25 30 35 40 45 50 55 60
40 /mm
30 f (b) TID
20
10 8
0 o ; ; I6 é 1'0 Fig.8 Accumulated displacement-shear stress curves for
samples with different water contents
/MPa
6 .Tl TIW' T1D . 500 pm 2 pm 321 PSD
Fig.6 Fraction of particles finer than 500 pm and
2 pm for T1, TIW and T1D (@) T2 -
4 T3 7(b) T2
6.00 re
5.00 TI T2 T3 3
£ e MPa 0
a
S 40 6 MPa 7%
3.00 ——8 MPa
2.00 10 MPa
1.00 deo 0.455 0.200 0.072 mm
0.00 L
0 5 10 15 20 25 30 35 40 45 50 55 60
/mm 2
(a) T2
9 T1I T2 T3
Tl
c ?, T3 ¢ o
dﬁ() C
c
[24]
0 5 10 15 20 25 30 35 40 45 50 55 60
/mm P
PSD
(b T3
c 34 kPa ¢,
7 4.35°
(23] 5 mm
Fig.7 Accumulated displacement-shear stress curves for
30%

samples with different initial PSDs



18

2013

7 r ¢ =195 kPa
ol . 0,=28.44°
AT2
s L oT3
<
(=W
S 4 ¢=177kPa
3 b p,=2692°
2 ¢ =161 kPa
| 0, =25.07°
0 .
0 2 4 6 8 10
/MPa
9 PSD

Fig.9 Relationships of normal stress and peak shear
strength with different initial PSDs

10 T1 T2 T3
T3
T1
2 10 MPa ¢ 7.02° 3 T3
2 10MPa ¢ 3.49°
3 Mersi P9
<2 um CF
CF 3
40
| —o—TI
35 b
30 1 —b—=T3
% 25
20
1.5
1.0
05 I
00 1 1 1 1 ]
0 2 4 6 8 10
/MPa
10 PSD

Fig.10 Relationships of normal stress and residual shear
strength with different PSDs

11
. CF
Tl T2 T3
14.69%
¢f

CF o
CF 9.13% 11.51%
2 MPa
5 CF
5 T1 T2 T3 CF

10 MPa CF
19% 0 18° 3
Tl CF T3
10 MPa TI1 1152% T3
31.7% Tl ¢ T3
T1
. .
chpL " e T
S 5| m2mra 37 8%
S bz 3
14 x 8 MPa
12| ®10MPa
10 : ' ' : '
7 10 13 16 19 22
CF/%
11 PSD o, CF
Fig.11 Relationships of ¢, and CF for samples
with different PSDs
322
8 8@ TIW w=10% 5
2 10 MPa 4
TIW
2 MPa
4 TIW 2 MPa
2.2% 1
8 MPa 7.2%
12.6%
10MPa TID w=3% 8(b)
TIW
TIW 10 MPa
TID TIW  3.53 MPa
4
10 MPa
T1D
4
2 MPa 49.4%
10 MPa 63.4%
1 TID

[27]



19

TIW
I, =10.1
T1D
CF TIW 6 CF
(24] T1D
12 3 3% 7% 10%
C ¢p
(28] wo 17.2%
[29]

26.7%
9% 19.52%

g ¢=375kPa
=37.05°
7 i ¢=195kPa
. 0, =28.44°
<
E 5
~
4
3
¢=114 kPa
2 0,=22.70°
1
0 1 1 1 1 1 J
0 2 4 6 8 0 12
/MPa
12

Fig.12 Peak shear strength envelopes for samples with
different water contents

c 9 13

c ?,
Coulomb
[29]

Mohr-

7, =(A—wtan B) + o tan(C — wtan D) 1

T MPa 4 B C D
A=47935kPa B =88.53°
C=43.34°
14

D=63.96°

[30]

TIW T1 TID
0.9 MPa 6 MPa TI1D

4 MPa

T1 TIW
10 MPa TIW 3.74 MPa
T1D 2.86 MPa T1D
T1D
TIW
2 MPa 10 MPa 11.3°
3.48° 3
400 9 40
350 | 1 35
300 4 30
250 | 425
% 200 | ae A 4 20 g
150 F o @ {115 &
100 | 4 10
50 15
0 " L L . . 0

1%
13 ¢ ¢,

Fig.13 Linear relationships between c, ¢,
and water content

| ——TI
33 - TIW
0L = TID

25
20

r/MPa

15
1.0
05
0.0

14
Fig.14 Residual shear strength envelopes for samples with
different water contents

15 TIW Tl T1D

CF o 11 o,
CF CF
9.13% CF
7
10 MPa CF 9.27% o,
14 TID

CF TIW

10 MPa  TID 177.9% TIW
76.3% TID o TIW

TID



20 2013

28 30
2 1 TIW
ol R 2 Tl 2s e
o, 3 3 TID s
22 24 g 12, 20 .
020 2 eXxa 5 3 0 s
S 18 rm2MPa ¢ X < .
S 16 Lo4ampa 3 $ 0
14 | 4 6MPa
x 8 MPa 5
12 o 10 MPa
10 1 1 1 ] 0

4 8 12 16 20 24 28
CF/%

CF/%
15 ¢, CF 16 ¢. CF
Fig.15 Relationships of ¢, and CF for samples with Fig.16 The relationship of ¢, and CF
different water contents
4
33
33.1 CF 1 B, T T2 T3
(31]
CF
CF o, PSD deo
w 3
n=25 2
(T1D)
CF =18.66+0.950, —7.73d, — 0.89w 2 (TIW)
3 T1 T2 T3
a =0.05 lto0s(0,) [=3.92
lto0s (dgo) | =8-49  [t.05(w)| =6.09 thos(21)= Tl
2.08 3
F 39.87 Foos(3, 21)=3.07 CF o, Cr
2 F Foos(3, 21) 2 4
2 CF (TIW)
o, deo W (T1W)
332 o c 9
(T1 T2 T3)PSD
(T1W Tl TI1D) 11
15 16 o, (T1D)
CF (TIW)
. =—-0.59CF +30.47° 3
2 3 5 4 MPa TIW Ti1
@, =-0.59(18.66 + 0.950, —7.73d, —0.89w) + 30.47°
T1D
4
CF
o, deo W
4 2MPa=o, =
10 MPa 0.072 mm=d=0.455 mm  3%=w=10% 6 o CF

&

T1D
T1D

2



1 21
4 o, [1. , 2012,
33(11): 3329 3305.
ZHAO Yang, ZHOU Hui, FENG Xia-ting, et al. Residual
[1] , s shear behaviour and particle crushing of an infilled joint
[J1]. , 1990, 30(2): 160 167. soil under high stress[J]. Rock and soil mechanics, 2012,

ZHANG Xian-gong, NIE De-xin, HAN Wen-feng. The
effect of confining pressure and the possibility of
argillization of weak intercalations[J]. Discussion of
Geology, 1990, 30(2): 160 167.
[J1. , 2002, 24(5): 584
587.
FU Wen-xi, NIE De-xin, SHANG Yue-quan, et al. Study
on engineering properties of weak layers under ground
stresses[J]. Chinese Journal of Geotechnical
Engineering, 2002, 24(5): 584 587.
[J]. ;
1985, (4): 51 56.
WANG Xing-ben. The shear strength of the infilled joint
soils[J]. Water Power, 1985, (4): 51 56.
[J].
,2000, 18(1): 52 56.
HU Xie-wen. Shear strength parameter of non-clay weak
interbed[J]. Journal of Mountain Science, 2000, 18(1):
52 56.
[J]. , 2003, 11(2):
143 147.
TANG Liang-qin, NIE De-xin, REN Guang-ming.
Discussion on the relation between granulometric
composition and shear strength parameter of weak
structural plane[J]. Acta of Engineering Geology, 2003,
11(2): 143 147.
, K.
[M]. , 1991,
[D].
, 1999.
ABOUZAR SADREKARIMI, SCOTT M OLSON.
Particle damage observed in ring shear tests on sands [J].
Canadian Geotechnical Journal, 2010, 47(5): 497
515.
BOLTON M D, NAKATA Y, CHENG Y P. Micro-and
macro-mechanical of DEM

materials[J]. Géotechnique, 2008, 58(6): 471

crushable

480.

behavior

s b} s

[11]

[12]

[13]

[14]

[15]

[17]

(18]

[19]

(20]

33(11): 3329  3305.
. GB/T 50145 2007

[S]. : ,2008.
FREDLUND D G, RAHARDJO H. Soil mechanics for
unsaturated soilsfM]. New York: John Wiley & Sons,
1993.
PIERRE DELAGE, MARTINE AUDIGUIER, CUI
YUJUN, et al. Microstructure of a compacted silt[J].
Canadian Geotechnical Journal, 1996, 33(1): 150
158.
TINJUM J M, BENSON C H, BLOTZ L R. Soil water
characteristic curve of compacted clays[J]. Journal of
Geotechnical and Geoenvironmental Engineering,
1997, 123(11): 1060  1069.
HAINES W B. The volume changes associated with
variations of water content in soil[J]. Journal of
Agriculture Science, 1923, 03(13): 296 310.

I : [J]. , 2006, 26(1): 168
172.
MIN Hong, LIU Xiao-li, WEI Jin-bing, et al. A new large
direct shear apparatus for field and laboratory test (I):
configuration[J]. Rock and Seil Mechanics, 2006, 26(1):
168 172.
FUKUMOTO T. Particle breakage characteristics of
granular material[J]. Soils and Foundations, 1992, 32(1):
26 40.
LADE P V, YAMAMURO J A. Significance of particle
crushing in Journal of
Geotechnical Engineering, 1996, 122(4): 309 316.
HARDIN B O. Crushing of soil particles[J]. Journal of

Geotechnical Engineering, 1985, 111(10): 177 1192.

granular  materials[J].

[J]. , 2009, 30(12):
3649 3654.
WANG Guang-jin, YANG Chun-he, ZHANG Chao, et al.
Experimental research on particle breakage and strength
characteristics of rock and soil materials with different
coarse-grain contents[J]. Rock and Soil Mechanics, 2009,

30(12): 3649 3654.



22

2013

(21]

[22]

(23]

(24]

(28]

MIURA N, YAMANOUCHI T. Effect of pore water on
the behavior of a sand under high pressures[J].
Technology Reports of the Yamaguchi University, 1974,
1(3): 409 417.
GUYON E, TROADEC J P DU. Sac de billes au tas de
sable[M]. Paris: Odile Jacob Sciences, 1994.
SKEMPTON A W. Long-term stability of clay slopes[J].
Géotechnique, 1964, 14(2): 75 102.
1
, 1994, 11(4): 56 63.
CHEN Xi-zhe. Research on the strength of the coarse
grained soil and the interlocking force[J]. Engineering
Mechanics, 1994, 11(4): 56 63.
[M].
, 1998.
MESRI G, CEPEDA-DIAZ A F. Residual shear strength
of clays and shales[J]. Géotechnique, 1986, 36(2): 269
274.
VAUNAT J, AMADOR C, ROMERO E, et al. Residual
strength of low plasticity clay at high suctions[C]//
Proceedings of the 4th International Conference on

Unsaturated Soils. Reston: [s. n.], 2006.

s s

[16]

12

) . [J].
, 1996, 28(2): 129  133.
YAO Yang-ping, XIE Ding-yi. Extension-compression
and torsion vibrating triaxial apparatus and experimental
of Xi’an University of
133.

investigation[J]. Journal

Architecture & Technology, 1996, 28(2): 129

[3]. , 2011, 32(6): 1637
1642.

YU Yi-lin, ZHANG Jian-min, TONG Zhao-xia, et al.

Behavior of anisotropic mica sand under fixed principal

stress axes drained shear test [J]. Rock and Soil

Mechanics, 2012, 32(6): 1637 1642.

YU H S, YUAN X. The importance of accounting for

non-coaxial behavior in modeling  soil-structure

interaction[C]//Prediction,

Geomechanical Applications. [S. L]: [s. n.], 2005: 709

718.

NAKASHIMA H, SHIOJI Y, TATAYAMA K, et al

Specific cutting resistance of lunar regolith simulant

Analysis and Design in

under low gravity conditions[J].
Engineering, 2008, 1(1): 58 68.
, .TJ-1 1.

Journal of Space

[29]

(31]

(18]

[20]

(21]

[22]

[J1. , 2008, 29(3): 651  655.
LIN Hua, YIN Zong-ze, CAI Zheng-yin. Experimental
study of stress-water content-strain relationship of
unsaturated soil[J]. Rock and Soil Mechanics, 2008,
29(3): 651  655.

[J1. , 2009,

30(5): 1347 1351.
SHEN Chun-ni, FANG Xiang-wei, WANG He-wen, et al.
Research on effects of suction, water content and dry
density on shear strength of remolded unsaturated soils[J].
Rock and Soil Mechanics, 2009, 30(5): 1347 1351.

[J1. , 1997,21(5): 38 40.
GONG Bi-wei, GUO Xi-ling. Study on the nonlinearity
of shear strength of mudded intercalation[J]. Dam
Observation and Geotechnical Tests, 1997, 21(5): 38  40.

[J1. ,2012,33(10): 2967 2972.
WANG Shun, XIANG Wei, CUI De-shan, et al. Study of
residual strength of slide zone soil under different
ring-shear tests[J]. Rock and Soil Mechanics, 2012,
33(10): 2967 2972.

,2011,33(2):209 214.
JIANG Ming-jing, LI Li-qing. TJ-1 lunar soil simulant[J].
Chinese Journal of Geotechnical Engineering, 2011,
33(2):209 214.
JIANG M J, LI L Q, SUN Y G. Properties of TJ-1 lunar
soil simulant[J].
2012,25(3): 463  469.

Journal of Aerospace Engineering,

[D]. ,2010.

[D].
, 2005.
JIANG M J, SHEN Z F, LI L Q, et al. A novel specimen

method for TJ-1 lunar soil simulant in hollow cylinder

apparatus[J]. Journal of Rock Mechanics and
Geotechnical Engineering, 2012, 4(4): to be published.

[J1. , 2001, 23(2): 162
166.

SHI Hong-yan, XIE Ding-yi, WANG Wen-shao. Strain
due to rotation of principal stress axes under plane strain
Journal of Geotechnical

166.

condition[J].  Chinese

Engineering, 2001, 23(2): 162



