BI3TE H8
2015 4

= + T M {4

Chinese Journal of Geotechnical Engineering

s,
5

8 H Aug.

Vol. 37 No.8

2015

0

DOI: 10.11779/CJGE201508024

FACERIE L MRS RAEKE CT HF5

AR BREATL, RO

(1. KITREERG, Wit 20 4300105 2. JKFRA 0024 TR pseie s, Widt E 430010)

o OF. TAREIDIAE I AR RS TR H O R, T RCA S T T A S H KB DA, R
R R CT IR ARIEAT T S2m W4, 38R —Wimm A &R RN AR KA FIRS CT Y, A CT YR+
LSO AR B AR RS D0 B B I BT Y)Y o R CT BURELSEFH I T =4 REAE it i 0 ER R, JRiREd e
BT 2 T e B D) (I R . X CT MR AT T 7 AR CT ZCPAMERM CT BbnrEz=giil, A milh, i [
TR 3%~10%30 [l BT V)T T BORUR JE I E BB, 7ERAR 3% ATARE E RS, 7ERAL 3% )5 AR I A (4
Iz B IUEERR, FERERAR (88 I, A BB B CT BUGETIIE H AR I 140 TR 2 A0 2 A AR 3000 380 i 22 5 1)
ARSI, AEAIWTBT U B IR AR L CT B S A e .

KR THCAR)E T B3IV CT =Z4A%; CT 3

FESES: TU411T XRAFRIRAD: A NEHS: 1000 - 4548(2015)08 - 1524 - 08

EEE T ZAKIA980 - ), J, TN, FZMNFOHKR )RR M CT v AL B AR ST . E-mail:
zuoyongzh@163.com,

Expansion mechanism of shear bands in phyllite detritus soil by CT technology
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(1. Yangtze River Scientific Research Institute, Wuhan 430010, China; 2. Key Laboratory of Geotechnical Mechanics and Engineering of

Ministry of Water Resources, Wuhan 430010, China)

Abstract: The emergence and development of soil shear bands is one of the concerned problems of geotechnical engineering.
Consolidation drained shear tests on phyllite detritus soils are conducted, and the real-time monitoring scan is performed in the
test process by using the CT technology. A series of CT pictures at the same section position are obtained under different strain
conditions. It can be observed that the shear band obviously appears in the specimen with the increase of strain from CT slices.
Using the CT technology, the process from local crack to form the complete shear bands of specimen is reproduced under the
axial force. Through the analysis of the average value of CT number and standard deviation of 7 regions in the CT pictures, it
can be found that the range of axial strain of 3%~10% is the main stage for formation and development of shear band . The
specimen is mainly compression when the strain is below 3%, but when the strain is over 3%, the specimen gradually shows
local crack under the deviatoric stress, and the crack is more and more obvious with the increasing strain. The strain is not equal
between the CT statistical values and macro cracks through macroscopic observation. It is suggested that the CT statistical
values should be regarded as the criterion to determine the strain of micro cracks in the shear band.
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Fig. 1 CT visualization system of soil mechanics triaxial tests
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Fig. 2 Grading curve of phyllite detritus soil
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Table 1 Macro stress states of scanning spots

o, =0.2 MPa o, =0.4 MPa o, =0.6 MPa
EEE i
W G (0,-03) g (o,—0y) g (o,-0y)
/% /MPa 1% /MPa 1% /MPa
1 0.0 0.0 0.0 0.0 0.0 0.0
2 0.6 0.371 1.1 0.767 0.9 0.835
3 1.2 0.692 23 0.999 2.0 1.157
4 1.9 0.739 32 1.037 3.1 1.292
5 2.6 0.720 43 1.074 4.1 1.369
6 32 0.680 5.3 1.018 5.3 1.376
7 3.9 0.640 6.4 0.960 6.2 1.350
8 4.5 0.591 7.6 0.928 7.8 1.302
9 5.0 0.555 8.7 0.861 8.6 1.282
10 6.3 0.515 9.8 0.828 9.5 1.245
11 7.4 0.487 10.4 0.810 10.4 1.193
12 8.4 0.458 11.0 0.782 11.2 1.162

13 9.5 0.425 12.3 0.766 12.4 1.129
14 110 0.395 13.6 0.749 13.4 1.110
15 126 0.371 14.4 0.735 14.1 1.114
16 142 0.358 15.2 0.735 14.9 1.095

VE: oy WIS, 0, — oy WERRNLY, &, M.

181 ——3=0.2 MPa
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Fig. 3 Relationship between stress and strain of phyllite soil
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Fig. 4 Shapes of shear band after triaxial shear tests
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Fig. 5 CT scan results of triaxial tests

4 RS

H TR BIY Y R T EAL T, fE CT AT
I FEBERFEL SN A X3, brid o 3D1, WA
6 FTvR. EFBIDIT Y RN 4 N (LK 6 BT
), Ay ElkRich 3D2, 3D3, 3D4, 3D5. [, fE
P B R omiliE st 2 AN, dxidh 3D6, 3D7. X
FANXIRAETE 16 A CT U1 T CT BCF39ER CT
HhsUEZEM ST, WK 2 Fios.



1528 e

+ TR ¥ iR

2015 4F

2 BTEAME CT HFit R

Table 2 Statistics of CT number of section scan

AR 3D1 3D2 3D3 3D4 3D5 3D6 3D7
%  CPIME ARUEZE CPIME bRdEE CTIME bR P bE P b CTIME badEE CTIOE badiE
0.0 14750 322.1 1483.6 308.1 14334 3204 1469.8 280.6 14709 397.7 1421.2 269.9 1506.7 291.0
0.6 14829 3194 1486.1 304.0 1437.9 311.7 1466.0 270.5 14748 394.6 1413.1 281.7 1490.1 273.7
12 1479.2 3164 14723 3022 1439.6 3299 14758 276.1 14762 3855 14188 266.4 1506.1 267.3
1.9 1471.8 320.6 1470.7 3223 14425 320.0 1448.0 270.3 14767 389.6 1406.6 2554 15140 258.5
2.6 1464.6 3260 14503 3404 1431.3 3283 14355 2763 14502 3859 1407.9 258.6 1486.6 264.9
32 14581 328.0 14414 3285 14239 3277 1438.6 301.0 14453 388.0 13984 268.7 1499.4 269.3
3.9 14464 337.1 14138 341.0 1409.5 3384 1417.3 297.6 14340 388.1 13929 260.4 1538.6 283.1
45 14384 3383 13941 367.4 13888 350.8 14033 315.1 1411.1 400.1 13893 257.8 1526.8 277.4
5.0 1428.8 3487 1377.3 3727 1357.1 3652 1406.6 341.6 14168 3947 1397.5 2759 1508.6 286.2
6.3 1419.2 3537 13035 420.8 13004 3948 1371.4 330.7 13885 3824 14256 2838 15332 282.0
74 14068 3663 1249.1 433.7 12582 450.7 1367.5 355.6 1380.4 4252 1429.7 2792 15359 2733
8.4 1409.0 373.8 1219.9 4554 1260.1 4652 1360.8 388.5 1332.7 409.3 1449.5 281.5 1552.2 286.4
9.5 1407.2 390.1 1197.0 480.7 12722 508.8 13544 3912 1339.6 419.8 1436.0 283.7 1555.6 280.4
11.0 13957 3869 1177.5 4938 1251.6 541.0 13279 4146 1317.0 412.1 1423.6 282.1 15384 289.1
126 13927 395.8 1199.9 4783 1260.5 557.0 1305.7 4348 13151 4150 14463 291.8 1536.7 290.3
142 13927 399.9 11764 4819 12497 565.5 13129 4309 1300.9 439.7 1448.1 2844 1568.8 301.3
K12,

1490 -

1470

1450

R 1430

%1410

Q 1390

1370 -

E6 CTHiRMXEREE
Fig. 6 Sketch for CT number of selected region
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Fig. 7 Relationship between average CT number and strain
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Fig. 11 Relationship between average CT number and strain

350 -

#3001}

@

g

i
250 -

© ——3D6

—=—3D7

200

0 2 4 6 8 10 12 14 16
£,/%
12 LA CTHREZES M T X R

Fig. 12 Relationship between standard deviation of CT number

and strain

5 &% B
ASCESAH T A CT BRI S THCE RS L

STV B V) ERBTFUIRA  CR, B 1

YOI — T2 AT MBS0 1, (R BR 158



1530 a5 oE L OB ¥

2015 4F

A i) ERE B X X A S TR AT 5
B TR BT =50 CT semran ks My 14
KL,

KH BT CT Bk, SFHea#E LA
FUREIHAT T [ S5 HE KRB DRSS, e o f v kAT
TSE CT 14, 1930 7TIRE b Fe b — R P R 4 g
NARZAE R CT Y1 F . REx CT VI HEAT /0 Al
%D:

(1) CT YIJidamhi, w0 21 b AR 1)
Bz B R BT D)y, KR AR ey
B8 51 5 T e I T I R

(2) K CT HFAEA CT Hobpitk 2 (48l
AT LLSE S (0 R R SR ) B D) 16 AR S e i
.

(35 1] N ARTE 3%~10% 30 P A2 BT Y] 45 T
RIEM BB, fENAS 3%RRFE LB R4, #
VAR 3% IR AELE S Y. AR T 32 8 BB
FERE N AR 30, PRk BRI i, B 2T e B
(BT Y) -

(4) CT UG v B IR (1 % ) 1 A8 R 7 W
ORI 1) Ak 2R B 0 ) IS AR AN A5, AR B DDA A 2
B A S A A O W AR R

SE K-

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

[2] BJERRUM L. Progressive failure in slopes of
overconsolidated plas tic clay and clay shales[J]. Journal of
the Soil Mechanics and Foundations Division, ASCE, 1967,
93(5): 3 - 49.

31 % NI, 2953, B 08 50k TR 0 B D)y =l
SRR HT[T]. B A AR 2E 4R, 2008, 30(5): 7 - 11.
(JIANG Gang, LI Su-chu. Performance analysis on shear
band under triaxial test of silt and silty clay in Nanjing[J].
Journal of Nanjing University of Technology, 2008, 30(5): 7
- 11. (in Chinese))

(4] MuEilm, o b, TR A SR D) R R
BRI L[T]. TR F2E4R, 2010, 50(3): 367 - 371. (YU
Jia-lin, SUN Xun, YU Yu-zhen, et al. Experimental study of
the evolution of shear bands in structured soil[J]. Journal
Tsing hua University, 2010, 50(3): 367 - 371. (in Chinese))

[5] #dl, 2 1% Rz, & LR RSO PR 18
DI LR R IABE L [T]. 5 - TREAAR, 2001, 23(1): 23 -
27. (DONG lJian-guo, LI Bei, YUAN Ju-yun, et al. Study of

test on the formation of shear bands in Shanghai yellowish
dark brown silty clay[J]. Chinese Journal of Geotechnical
Engineering, 2001, 23(1): 23 - 27. (in Chinese))

(6] ¥ WIEE, SoLA, Kat, & BRIP4
MR IS 9 [I]. A J1 %%, 2010, 31(7): 2017 - 2024.
(JIANG Ming-jing, PENG Li-cai, ZHU He-hua, et al.
Microscopic investigation on shear band of marine clay in
Zhuhai[J]. Rock and Soil Mechanics, 2010, 31(7): 2017 -
2024. (in Chinese))

(71 RFIR, WfelE, SR, 5. s A LBy )y
RIS RE]. HTEEHLR, 2010, 28(2): 154 - 156. (WU
Yi-chen, YANG Zai-feng, MA Yu-zhou, et al. Micaostructure
characteristics and dynamic analysis of the Jlabaishan ductile
Shear Zone Xingjiang Hami District[J]. Xingjiang Geology,
2010, 28(2): 154 - 156. (in Chinese))

[8] DESRUES J, CHAMBON R, MOKNI M, et al. Void ratio
evolution inside shear bands in triaxial sand specimens
studied by computed tomography[J]. Géotechnique, 1996,
46(3): 529 - 546.

[9] TANI K. X-ray computed tomography technique to observe
shear banding in dense sands[C]// Proc of Int Symp on
Deformation and Progressive Failure in Geomechanics.
Nagoya, 1997: 315 - 320.

[10] FINNO R J, HARRIS W W, MOONEY M A, et al. Shear
bands in plane strain compression of loose sand[J].
Géotechnique, 1997, 47(1): 149 - 165.

[11] OTANI J, MUKUNOKI T, OBARA Y. Application of X-ray
CT method for characterization of failure in soils[J]. Soils
and Foundations, 2000, 40(2): 111 - 118.

(12] Bt o, =P FEANIAET LAk PR T L R
CT WFIE[I]. &L TRE2ER, 2000, 22(5): 537 - 541. (SHI
Bin, JIANG Hong-tao. A study on the development of
failures inside soil under the external force using CT
technique[J]. Chinese Journal of Geotechnical Engineering,
2000, 22(5): 537 - 541. (in Chinese))

[13] 9 20, &, ek, 55 Lk il ) =5l CT sk
ARG ). A1 0% 5 TREAAR, 2005, 24(24): 4559
- 4664. (SUN Hong, GE Xiu-run, NIU Fu-jun, et al.
Real-Time CT meso-testing on Shanghai silty clay subjected
to Trlaxial Loading[J]. Chinese Journal of Rock Mechanics
and Engineering, 2005, 24(24): 4559 - 4664. (in Chinese))

[14] XUHGR), ZPETt, Aok, 55, R A0AR 5 M i B4t
(f) CT UUREAL[I]). VKR, 2002, 24(5): 676 - 680.



%8

Jekde, A THCAREE BRI By YRR CT BT 1531

(LIU Zeng-li, LI Hong-sheng, ZHU Yuan-lin, et al. A
distinguish model for initial and additional micro-damages on
frozen soil[J]. Journal Ournal of Glaciology and Geocryology,

2002, 24(5): 676 - 680. (in Chinese))

(15] BOBUE, ROLE, iR, & SN & AR+

RS AILT CT T[], A 1%, 2004, 25(8):
1215 - 1219. (HUANG Zhi-Hong, ZHU Li-Jun, PU Yi-bin, et
al. CT analysis of dynamic change of mechanical properties
of red clay under triaxial stress[J]. Rock and Soil Mechanics,

2004, 25(8): 1215 - 1219. (in Chinese))

[16] 5 fe, BRIED, B, BURIEZHK s A i) =%l CT

RIGHTIT[T]. AKF2ER, 2002, 6: 106 - 112. (LU Zai-hua,
CHEN Zheng-han, PU Yi-bin. Study on damage evolution of
natural expansive soil with computerized tomography during
triaxial shear test[J]. Journal of Hydraulic Engineering, 2002,
6: 106 - 112. (in Chinese))

[17] BRIEDL. AEMA L S0k 4 A P3RS IT )] A

TFE2AR, 2014, 36(2): 201 - 272. (CHEN Zheng-han. On
basic theories of unsaturated soils and special soils[J].

Chinese Journal of Geotechnical Engineering, 2014, 36(2):

201 - 272. (in Chinese))

(18] BRIEW, J7#EAz, 4RI, 55, WK RS L 4 il 45
K HE AL AR BFIE (0], & %%, 2009, 30(1): 1 - 11.
(CHEN Zheng-han, FANG Xiang-wei, ZHU Yuan-qing, et al.
Research on meso-structures and their evolution laws of
expansive soil and loess[J]. Rock and Soil Mechanics, 2009,
30(1): 1 - 11. (in Chinese))

(191 Ti#Efr, FEge, FRIED, 5. J5UIR Q2 34+ CT-—AhEK
W7 [I]. TR TR, 2011, 44(10): 98 - 106.
(FANG Xiang-wei, SHEN Chun-ni, CHEN Zheng-han, et al.
Triaxial wetting tests of intact Q2 loess by computed
tomography[J]. China Civil Engineering Journal, 2011,
44(10): 98 - 106. (in Chinese))

[20] SL237—1999 | TiX4 M FE[S]. 1999. (SL237—1999
Specification of soil test[S]. 1999. (in Chinese))

[21] FRIEAR, SRS, TL0L AR - 4k 2 Jokciz Bl 5 [T].
&+, 2007, 28(35F1)): 29 - 33. (CHENG Zhan-lin, WU
Liang-ping, DING Hong-shun. Research on movement of
particle of fabric of granular material[J]. Rock and Soil

Mechanics, 2007, 28(S0): 29 - 33. (in Chinese))



