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Evolution rules of fissuresin expansive soils under cyclic action of
coupling wetting-drying and freeze-thaw

CAl Zheng-yin, ZHU Xun, HUANG Ying-hao, ZHANG Chen

(Geotechnical Engineering Department, Nanjing Hydraulic Research Ingtitute, Nanjing 210024, China)
Abstract: The occurrence and evolution of fissures are the significant characteristics of expansive soils under the action of
various external factors. With regard to the deterioration of slopes of the canals of expansive soils in high and cold regions in
the northern area of Xinjiang Uygur Autonomous Region, the tests on the fissures in expansive soils are performed under the
unidirectiona cyclic action of coupling wetting-drying and freeze-thaw considering the processes of the foundation soils of the
canals witnessing water supply, water cut-off, freezing and thawing. By means of the CT scanning and 3D reconstruction
techniques, the evolution characteristics of the internal fissures in expansive soils are quantitatively described under the cyclic
action of coupling wetting-drying and freeze-thaw, and the influences of various coupling wetting-drying and freeze-thaw
cycles on evolution rules of 3D fissuresin expansive soils are investigated. The test results show that the internd fissuresin the
samples exhibit the development characteristics of obvious regional digtribution. The growth depth of the fissures gradualy
tends to be stable after five cycles, corresponding to 40% of the initial total height of the samples. A comparison of
development morphologies of the internd fissures in the samples under various cycles indicates that the development mode
transforms from the shallow scattering distribution at theinitial stage to the deep gathering one at the find stage. By using the
four indices of porosity, bending, branching number and dead endpoints of dices, the evolution rules of the spatial distribution
and connectivity of the fissures with the cycles can be quantitatively depicted more satisfactorily. The achievements of this
study have certain reference val ues for further revealing the deterioration process and failure mechanism of cands of expansive
soils under the coupling action of wetting-drying and freeze-thaw.

Key words: expansive soil; coupling wetting-drying and @————
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Table 1 Physical parameters of expansive soils

Wk 28 A (mm)/%
Gs W/% W /% 0«/%
>0.075 0.075~0.005 <0.005
267 203 659 76 18 41 41

*2 BERIHWYHSREE

Table 2 Mineral compositions and content of expansive soils (%)
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Fig. 2 Boundary conditions of wetting-drying freeze-thaw
coupling cycles
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Fig. 5 Comparison between soil samples and 3D reconstruction
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Fig. 6 3D reconstruction of crack networksin samples under
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Fig. 8 Schematic of skeleton processing and data extraction
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Fig. 9 Smplified distribution of skeletonized 3D crack networks
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Fig. 10 Distribution of bending of 3D crack networks
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Experimental study on influences of local failure on steel-strutted pile
retaining system of deep excavations

ZHENG Gang"?, LEI Ya-wei® % CHENG Xue-song™?, LI Xi-yuan™? YU Dan-yao"?
(1. MOE Key Laboratory of Coast Civil Structure Safety, Tianjin Universty, Tianjin 300072, China; 2. Department of Civil Engineering,

Tianjin University, Tianjin 300072, China)

Abstract: Excavation collapses occur frequently, including the excavations supported by steel-braced retaining system. Due to
the complex mechanics characteristics of the retaining structures, the influences of partial failures on the overall safety
performance and progressive collgpse mechanism of the retaining structures have not been studied. The mode tests on the
partial collapses caused by the breakage of retaining piles or struts are designed in this study, and the influences of partial
failure or excessive large deformation of piles or struts on the earth pressures and internal forces in piles and struts are studied.
When the partia failure or large deformation occurs in retaining piles, the influences of consequent soil pressure redistribution
on the internal forces of the retaining structures in braced retaining system are different from those in cantilever retaining
system, which causes greater additional internal force in braced retaining structures. When the struts are failed, the released
loads will be intensively transferred to most adjacent struts rather than uniformly transferred to a large number of struts, which
will easily trigger the progressive failurein struts.

K ey words: excavation; horizontal strut; partiad failure; large deformation; load transfer
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Seismic performance of subway station based on failure model control

LU De-chun, LI Qiang, DU Xiu-li, WU Chun-yu
(Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing Universty of Technol ogy, Beijing 100124, China)

Abstract: Based on the opinion that the collapse of the Daikai station is caused by insufficient deformation capacity of the
middle column, the failure mode of the middle column is optimized, and a new segmental cored column is proposed. 3D
nonlinear finite element simulations are established by usng ABAQUS. The horizontal ultimate deformation capacity and
actual working state are obtained through the static analysis. The seismic simulation is carried out for the Daikai station with
and without segmental cored column. Then differences in seismic performance are analyzed considering the deformation of the
structure at typical time, horizontal and vertical seismic responses of the middle column and sidewalls. The results show that the
segmenta cored column has excellent horizontal deformation capacity. The deformation of the Daikai station with segmental
cored column is reduced obviously, the whole structure is well preserved and no collapse occurs. The middle columns are in
safe working condition. The horizontal seismic responses of sidewalls are reduced, and the vertical settlement of the structureis
also greatly reduced. The concept of failure mode control makes a significant active effect on the seismic performance of the
underground structures.

Key words. Daika staion; failure mode control; deformation capacity of middle column; segment cored column; seismic
performance
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Abstract: With the rapid development of coral idand construction, the seismic safety of coral sand foundation is particularly
important. To reveal the seismic response characteristics of coral sand foundation and buildings, the shaking table tests on a
three-story frame structure on liquefiable coral sand are carried out. The pore pressure, accel eration, displacement and strain are

tested for different relative densities of model foundation. The test results are compared with those of the liquefiable quartz sand.

The results show that the coral sand is more difficult to be liquefied than the quartz sand under the same relative density and
similar particle-size distribution. The liquefaction degree of the two kinds of sand decreases with the increase of foundation
depth, and increases with the distance from the buildings. Compared with the quartz sand, the liquefied coral sand model
foundation still has some shear transfer capacity, while this difference gradually weakens with the increase of foundation depth.
Theinclination, final settlement and column strain of the model buildings on the coral sand foundation are smaller than those on
the quartz sand foundation. The liquefaction properties of coral sand with different rel ative densities are different.

Key words: coral sand; shaking table test; dynamic response; excess pore water pressure; accel eration

Shaking table tests on dynamic response of coral sand foundation under buildings
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Fig. 5 Time-history curves of excess pore pressure ratio

T 3 TP R b i LT A R A S T 1A
L, R RIREAR A AR Ak, B3 ke L s LT
FEhibInhh, LA SR 62%~T78%. XTI
4, PRI AL R RS T 2 A, B
PV WA 6 . IR D 37 RS R b 558 L s L 24
HATERS ) 84%~94%, XL TW 2, HHESE
Ak A S B AL L8 A AR 08N, SRS 17 4 £
K Eb sk /N 25 32.5% ~ 43.5%, A7 HE i 3 ML v N 2
33.3%~42.1%. {0 4 rhP R b ik L be Rl R
FIFR A P2 B A AR 5 T 2 — 3

ATLELL
SO ==
o Dhoxoiy

BILER
OO ==
o Npoweohpa
1

0r

—e— T.H2MHRS —— THAER
ol — TB2fER —— THRafSER
£
200 |
oy
!
B
400 -
500 1 ! I f !

04 05 06 07 08 09 10 L1 12 13 14 15
LR
(a) EEFYIIE F 7 LI Lt

—e— T OB —— T4

ol — TDL2A¥R —— THARHER
£
E
200 |-
ey
E 0|
=

400 -

500 1 1 1 ]

04 05 06 07 08 09 10 L1 12 13 14 15
AL
(b) BEESIHH LR THHE B 190 mmAk HFLHE HWE

6 FEHERABFLE LLIEERT L
Fig. 6 Comparison of excess pore pressure radio peaks at different

depths



% 84

TR, R AR TR ) i [ R ) 5 AR A5 1413

3.2 MREZERSH

T 1 A R B RD 37 N Y e 4 g
1.4s oA GG, HG 5 o B R R R AR 1 2
il 1) A7 WG BIHR BN 45 0, AS A7 B AL PR 1) 0
BRI WE 7 (@) FrR, AN E sk
A 5 AR AL

XF 0L 2, RS RD 37 b A Db 37 b o T 5 v 12
FEHRZE I 7 (b)) ~ () Fior, AL R A3 &bjniE
JEAG T Ko P37 b v B 8 R A5 o A AH
], IR M B RO 7 AN B BB 1 (0~1.4
s), AU FEFIER BT I BRI, 75 14s At
IRFEA, RPBRM IR R IL Bk, BB —2m
BIYMEIBEE J7: B BE 2 (1.4~10s), BRI 40
W g B R A TR AR, A I M 2 3 i P K
U PE R ML e A Ak, BYDIME I RE 1 0RgS .
Tl 3 b A S 14D T3 5 1 V7 0 928 1 384 T e ok
SR, AF O U RE I A ) — A AR R AR I
A7 B TR AR D R, NS RE v R A M
AR 8T 5 R 0 BT W R D S T B AR
MG, LENE WA o Hrh O R IR Rl g, B
B8 I A 5 e 2R T

IR i) a2k | A2, AB. A6 FITAT 4k 2s
IS 220 17 PR s FEE VAR SO R AT A, sl 8. %
IS AST 5 A IS A b 37 ) 3k PR DR AP TSR AR B8 /N T
Wh3zbh, 3 B s B RE ik mT %0, 2 s I 20w i
JE VA R AEAE S R AL T, B 1.4 s A A, W]
N s FER AR I I b 7t R EE A SR 37 R 70 i S
SERITERIR A N, BRI EEROR,  SEONIb  HiA
IR0 by s P W TROR RN T i izt R wb
Yyt b SRR M BRSNS . eIk
JEIRBNEAE S, W) LA SsEZILUS, [F—/K V-5
100 17y M AR Y 1 B 9 () MM R M (1K T b 3
TEVRS (1 I3 FEMR A, 204 Seib i) 1.0~2.5 £%,
AT LA B RAL IS I A0 37 MRS 7R i R AH LA 95b 3
AR BT — s MBS D)L st fig

~ 16 —

pe ‘ e

é;g A

12 '

Sl R B
(a) ImlqﬂAsﬁiE&EﬂuﬁEWEHﬂﬁ

’.\‘.‘ g ] _ﬂ&ﬂﬂ@

Lo — HED

£2

I T— ) 3 8 10

i [a/s

(b) A2fi B AN B R AR i 2%

‘
2
ﬁ
k=
i [El/s
() AL E Lbjms B i dh 2%
o 4 ' — W
n — A%
< 2
£
'ﬁ 0
-2
E -4 1 1 1 1 L |
0 2 4 6 8 10
i Tl /s
(d) ASRLE Abms Be i 7 i 2%
~ — W
) : — T
é 2
@ 0
) -2
B -4 1 1 1 1 |
0 2 4 6 8 10
Bt /s
(e) A6f BN IHZ
~ 4 — WD
% : — AR
\Ell/ 2
@ 0
) -2
B 1 1 1 1
0 2 6 8 10

7
W [El/s
(£) A707 B4k B i AR il £

7 DNIERFE BTEE p 4%
Fig. 7 Time-history curves of acceleration

300 -

200

100 -

£ or

m{% -100 |-
i —200 | —e— T HL2SHIRY
H 300 —— TH2A %R
& 400l —a— TELASIE
—— T4 ER

~500 -

—-600 | 1 1 1 | | | | | | |
08 1.0 12 14 16 1.8 20 22 24 26 28 30
i BEROR R

8 TRIBEIEEIEERT L

Fig. 8 Comparison of acceleration peaks at different heights

XK A4 Ak RS S AT IE A, ik 9
Bz, PR N RS2 BRI, IR 17 1 1 4 e
{ELIR AR s 6 N FRIATER by 5.95, 6.60 Hz. A1 5eib i)
PAANEEAR AR ORI R A% ) 5.95, 6,60 Hzo A1 ird
Yy AR AT, V6] PRI T A IR A B R
i\ 0.2g TESZBCHUI e » SR 37 4 (1) 15 A Ve AR L
SN N Sy 5.95, 4.30 Hz, A7 Hehbizy ik g
{ELIR AR 55 6 B (R A% h 4.30, 5.85 Hz, AHELIURIRZS
AR I M35 B T AN [RIRE FE IR AR PR AIR I 5,
WP F b S b R AR T AN RIRE FE I R A, RSS2 b ) 2
BEAICo PRI 3 S AR B 2L/, PRt HH



1414 2 S D - S (4

2019 4F

TEWEERZAERSENIG 5 minfi A, B IR
CAHPTIRE, PR .

0.16 -
0.14
012+
010
E 0081
HE 0.06 |
= 0.04
Z 0.02

{H/ (m.s1)

1 1 1 1 1 I I I
0 2 4 6 8 10 12 14 16 18 20

$5i% Mz
(a) B SA) MR 2SI i (g B

0.16 -
0.14 -
012
0.10
0.08 -
0.06 |
0.04 1
0.02

R IR (m.s1)

1 1 1 1 1 I
0 2 4 6 8 10 12 14 16 18 20

S /Hz
(b)) BHBARDS Hh T 245 5 i i 8 EL -3

0.16 -
0.14
012
0.10
0.08 -
0.06 |

R MR (m.s1)

ili ll() 12 1I4 1I6 1I8 20
I 11
() FiIERSAHR) (RS A0 L

| I —
0 2 4 6

1 1 1 I | 1 1
0 2 4 6 8 10 12 14 16 18 20

$%Hz,
(d) IR H T2 345 2 ik B 1 B
9 BWHELIHMARHATS T hnEE & BIHiE
Fig. 9 Acceleration Fourier spectra of two kinds of sand

TG 3 TP b7 b s R R I T A R
TG L AHAL, A IR A P A S 1 ek 5 Vg AR JOK
REAHEA K XU 4, PRSI 0 T8 5 B s 1)
R AR T 2 AR, n o FRE DA T8O 2 i ]

8 FTn. AHLL WL 2, PRSI HE 2 s IF 21 Hi 1) I 2
JBOR ZR BN, 2 BH 2 SR (1) PP b 7 M A 23
S e SR, NIFESE K. ENE R R )5, [F
— 7KV v S R b 37 b S Yk 1 o 3 R WA K T A
10 1y M S 985 I BE R, 290 A b i ) 1.0~
2.8 1% [FIFEX PRI Eb I R A4 Ak e 75 (5 5 24T
AR 34, N 0.2g IESZ BN 5 PR R D 1y b3
IR, ARSI
3.3 UBERNH

T L PR R KSR R A T R
ANy AEFEZE . X T 2, HRh @ s mn
KPR RS ISR h 2 18] 10 Fros , 9 5 1R 8 2 R RE 3 o
SURIRER, IR BN G TFARIRN, L PR3 3
LA BB, A AL SR RS )G 2.3
S ZIZEA7 R, Wb AR KSR e R 30 5 3.6 s )
AR BT OGN AR SR 1 R bR 2 — 3k
(1), BT LA o] 4 RS FE v of e g @ 3 v &k Ak
PR, XSG SRR I S — 2.
RS BRI K TALREAE 2 s I 20 G A7 AR LR M4 1K
IR, ARG R, A Etb I hb ih S WAE R R RS e —
B R) 5 S8R A%, o] WAH LI b, A 0ewbis
SR R, 5% W2 1 2
MG —3, XG5S A Irb I LR 0 SO R
A, Ak 5 AT S M A 7Y s AT i A 4 — 2 1
ghikatE, A b BT B AR PRI ROR, A
TR SR N, XS PR Ak S
R 45 A I, 55 Sandoval 25007 ) = i
56 oML S 21 (PR D A LIS A 1) N A BLAT SR
PR¥F—E PRBNLE NG, RNPFRD I S 1 R )
77 ) FRMBUREBE EAT I B, 25 Rk 3 PR, IMEb
Hh S AR o

or S (TH2BH )

20

—_
(=}

KA mm
o

K (THAMBIE )
\%3& ( THAGZERD )
K (TH2AED)
0 1 2 3 s 5

B IEl/s
10 L1 S EAE 5 7K AL 5 B 72 ghik
Fig. 10 Time-history curves of horizontal displacement of model
building a L1 height
PAFP DS R A D B i R i e n 1] 10 fros, mp

SIS I SRR T A S b I 3R, 2 s
IS 2 LS 0 b M R AR DO 13.3 mm, 7 b i

-10







% 84

TR, R AR TR ) i [ R ) 5 AR A5 1415

Fz 3 IF S R0 N
Table 3 Displacement responses of site

T WA 7 1 YEE 275
WiRH A EEIC ) AHPDEmm  HERYCE/mm R ) @SR mm BRI /mm
TH 2 8 100.0 10 155.0 21.0
T4 2 518 6 98.9 9.2

ST 24.3 mm, TS 37 b 2 47 Jerbig 1) 55%.
I3y 25 oA Y P S b 3 SR04 T AR AR e 3 Bl
wmaERIK 3, WA R A DR, 4
AT YIRS I MUK 65%. B I 1 s s 2 U At 8 )N
2R A TP I IR 24%.

T 3, P S AT B AR AR i
[FIREE AN e X0 4, PRSI0 S I K PAr
FE RN FE h 2R 43 A an Bl 10, 11 B JRsh 45 )
PR S A Bl 25 Rk 3 P, ml Zniaint
R SRR /N o IS 37 M SO e e A Db
LK) 52%, AR PIREIE A s i) 25%.

10

g /N

& O0F gy )

£l 22, Y TR
-60 | AR ) / — R (THRARED)

0T SR (TR )

0o 2 4 6 & 10 12 14
A a] /s
11 BFRATIRERT 12 phik
Fig. 11 Time-history curves of settlement of model buildings

3.4 BINTLERSH

IR AR ST AR AR B 7 10 1 1 3 N AR A AR A
WO %, IRRER o, @S AN IRah 7 1) 5l
VAR FE A R A BEAAH ], LR HR ) AR ZE (B
TEWAEREAT o34 . 00 L S AN A e b, S
Wb 3y M BT 3t 5040 S AT By 1 AR U IS /N T S b 3
Moo X 2, S I A Bl N AR W AR A 1] 12
Ny AERFA R AL, DI 2 A A B
I ARUEAE S /N T A etb ittt o 0P AT TN R AR AL, AN
T2 380 o2 2 T 3D S AR O A Db Sy ) 96%,
95%F1 61%; XIHEJRENNARIEAE,  ATHZ S i 2= i Eb)
Wb 3y 1 50y N AR W AR 131 0y A S b I b ) 93%. P AT b 37
MR R 2 R SN N AR A fe Kb, R HUER — AR
FETHURIAT: TS ) 15 A WA RS 53 ) R0 5 R A PR A i
MR TV B B AR AR, B P I) NI SN AROR, 75
b IS U ) A i 1 ) — PR

LA 3 AR S A T 18 W
UL 4, BBV R B N AR WA A 12 fros, 5T

B2 AHEL, PRI 37 b A4 B Y AR AR 3 A e/ 11
@, I N 7.1%~31.7%, A JErbigH
TN 1.8%~21.0%.

350 -

00 —e— THL23HRY

—=— TH2GHR

g B0r —a— TILASIRS

£ 200 —— THAGHER
IE 150
H§ 100 -
E 50 -
0 _

-50 1 1 1 1 1 1 1 1 1

0 400 800 1200 1600 2000 2400 2800 3200 3600
i e

12 RESELE R LAERN N T IEEXTLL
Fig. 12 Comparison of strain peaks a different heights

4% #

ASCR IR GRS, TR T Rl i A
AT S A PR, BT T PR AT A A
RIFE K FL IS o DIGE L | b 72 R AR 2 5 A (1 e
S BINAR AP R AR SE S Sy R, A BAR

(1) ARTRIAHRS 8 58 AR LT ORI ZE T FA
0.2g I 5% BB 1A T A SRR A by RS L1 L2 Dy
A1 BRI b 1) 80%~100%, 3t B IS AR LL A7 S 5
LAY o SIS 37 AN Ay S0 37 ik AL L35 B 3
7S DN R NI RSN < R 7SR NI NS

C2OHH RV AL D 37 M A PR S S AL
PR T SR S B 5 IR S W B, 200
A SRS 1~2.8 %, WAL I SR 37 A S
SEAHA e I AT A8 BT — 2 i B D) R fig T, X
o 2 S il R TR 1) 98 e AT 55 o

(3)0.2g 1E 5% BBl ) R 37t i SO 7K
i 3l LR B 2 TR AT LA S b S B B s i)
WO S A R M SE B 25 DU N A b, 290040 5%
WYY 529%~65%; IS I3t @ Y e AU AR
b AT Db It IR N, 200 A b S ) 24%~
25%.

CAO TR 37y e U T B AR AT SR 3
MRS, PIRDS d SR AT B N A A R AL
WK, RN RSN AR .



1416 F= I 7 E (4 2019 4F
to explosion[J]. Rock and Soil Mechanics, 2012, 33(10): 402
SE Ak - 414, (in Chinese))

(1]

(2]

[4]

(6]

XPEERL. 50+ 4y 2 e R I TN D] Wt
RhEBEERDCAE A 9UT, 1999. (LIU Chong-quan. The
theory of calcareous soils mechanics and its application in
engineering[D]. Wuhan: Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, 1999. (in Chinese))
R, BRI, R, S A5 TR R Py FLBR K 45 Faes
TE M. &+ )15, 2014, 33(7): 1831 - 1836. (ZHU
Chang-qi, CHEN Ha-yang, MENG Qing-shan, et 4.
Microscopic characterization of intra-pore structures of
calcareous sands[J]. Rock and Soil Mechanics, 2014, 33(7):
1831 - 1836. (in Chinese))
W, BRE I, THECE, & SR PUBY R R SR8
W [J. &+ J%%, 2018, 39(6): 2082 - 2088. (HUANG
Hong-xiang, CHEN Yu-min, WANG Jian-ping, e d. Ring
shear tests on shear strength of calcareous sand[J]. Rock and
Soil Mechanics, 2018, 39(6): 2082 - 2088. (in Chinese))
MR, T Fe. 5B B S IR o,
1998, 19(1): 32 - 37. (LIU Chong-quan, WANG Ren.
Preiminary study on physical and mechanical properties of
cal careous sand[J]. Rock and Soil Mechanics, 1998, 19(1): 32
- 39. (in Chinese))
EET, £ A, B K. BRI S TR 5 FL i 1215
PE ], &+ 5%, 2018, 39(2): 491 - 497. (REN
Yu-bin, WANG Yin, YANG Qing. Effects of particle size
digtribution and shape on permeability of calcareous sand[J] .
Rock and Soil Mechanics, 2018, 39(2): 491 - 497. (in
Chinese))
XD, WA S M M, S BTSN AR E R
WFIUL]. Bl HIRHK TRE#4R, 2015, 35(6): 707 - 711. (LIU
Han-long, HU Ding, XIAO Yang, e a. Test study on
dynamic liquefaction characteristics of calcareous sand[J].
Journal of Disaster Prevention and Mitigation Engineering,
2015, 35(6): 707 - 711. (in Chinese))
X, E M8, B #, & MICP JR& 8 b ah JikrE
WA, &L T FE23), 2018, 40(1): 38 - 45. (LIU
Han-long, XIAO Peng, XIAO Yang, et a. Dynamic behaviors
of MICP-treated calcareous sand in cyclic tests[J]. Chinese
Journal of Geotechnical Engineering, 2018, 40(1): 38 - 45.
(in Chinese))
W, IR, OER, S WRVES IO AR Y 50
PERIGHTIT ). &+ 1%, 2012, 33(10): 402 - 414. (XU
Xue-yong, WANG Ren, WANG Xin-zhi et a. Experimenta
study of dynamic behavior of saturated calcareous sand due

[9] B2, ¥ Fe. B0 shim R H I H A,

[10]

[11]

1999, 20(4):
Experimental study on dynamic strength of calcareous
sand[J]. Rock and Soil Mechanics, 1999, 20(4): 6 - 11. (in
Chinese))

SANDOVAL, PANDO E A, MIGUEL A. Experimenta

6 - 11. (YU Ha-zhen, WANG Ren.

assessment of the liquefaction resistance of calcareous
biogenous sandg[J]. Earth Sciences Research Journa, 2012,
16(16): 55 - 63.

TSUKAMOTO Y, ISHIHARA K, SAWADA S, et 4.
Settlement of rigid circular foundations during seismic
shaking in shaking table tests[J]. International Journal of
Geomechanics, 2012, 12(4): 462 - 470.

[12] DASHTI S, BRAY J D, PESTANA J M, et d. Centrifuge

[13]

[14]

[19]

[16]

testing to evaluate and mitigate liquefaction-induced building
settlement mechanismg[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2010, 136(7): 918 - 929.
WRocAL, TAEsk, SO0, 45 ARV I AR +
LA IR B GBS I []. HURE LR S LR RS,
1998, 18(4): 54 - 60. (CHEN Wen-hua, MEN Fu-lu, JNG
Li-ping, et a. Shaking teble test study of liquefaction of
subsoilg[J].  Earthquake
Engineering Vibration, 1998, 18(4) : 54 - 60. (in Chinese))
B, B, RIS, S WAL HA SR AT B
Mz YIRS SR IT[d]. & L TREAER, 2010, 32(5):
672 - 680. (TANG Liang, LING Xian-zhang, XU Peng-ju, et

building Engineering  and

al. Shaking table test on seismic response of pile groups of
bridges in liquefiable ground[J]. Chinese Journa of
Geotechnical Engineering, 2010, 32(5): 672 - 680. (in
Chinese))

BREER, A5, sk ULDL, 5. W) EOR EBA AR kR
NGRS G T, 2015, 37(3): 26 -
34. (QUE Zeli, LI ZHANG Bei-bei, et al.
Experimental andysis on shaking table tests of Dougong in
Tianwang Hall, Luzhi,Ming dynasty[J]. Journa of Civil
Architecturd and Environmenta Engineering, 2015, 37(3):
26 - 34. (in Chines))

Wk o5, BREDS, WokE, & nlitkizh b =457
MR M ARk S A M S N R SR BRI, e
J1 %, 2015, 36(7): 1899 - 1914. (CHEN Su, CHEN
Guo-xing, QI Cheng-zhi, e d. A shaking table-based

experimenta study of seismic response of three-arch type's

Zhe-rui,

underground subway station in liquefiable ground[J]. Rock



% 84

TR, R AR TR ) i [ R ) 5 AR A5

1417

and Soil Mechanics, 2015, 36(7): 1899 - 1914. (in Chinese))

[17] S, 2R, Walar, 55, Mkeh 2B 1E AT ey
U] S R HUBOIT S IS MR TRE, 2017, 33(4):
1-10. (HU Jin-jun, LI Tian-nan, XIE Li-li, et a. Seismic
response anaysis of coral reef under pulse-like ground
motions[J]. World Earthquake Engineering, 2017, 33(4): 1 -
10. (in Chinese))

[18] WHRE%, fherm, WHALSL, 4. il B Al Hh AR e 1
A5 T (10 O B ) AR [J]. b TR 244, 2018, 40(2):
279 - 287. (HU Jin-jun, XU Chang-qi, XIE Li-li, et d. Key
issuesin seismic stability analysis of reef sitesin South China
Seg[J]. China Earthquake Engineering Journal, 2018, 40(2):
279 - 287. (in Chinese))

[19] SHI T, CHENG S. Dynamic similitude law design of shaking
table model test for high-rise sted sructures/C]/ 5th
International Conference on Advances in Experimenta
Structural Engineering. Taipei, 2013: 5 - 9.

[20] SUSUMU I. shaking table test on
soil-structure-fluid model 1g gravitational field[R]. Yokosuka:
The Port and Harbour Reasearch Institute, Ministry of

Similitude for

Transport, 1988.
[21] AR—JL, WOEEE, W 30, 55 BIE=4EEINMEH TR
FERERERE R T AREA S L TR, 2017,

39(2): 65 - 74. (SHAO Yi-fan, LAl Zheng-cong, PAN Wen,
et d. Simplified method of isolation layer in shaking table
test considered three-dimensional seismic effect[J]. Journal of
Civil Architectura and Environmental Engineering, 2017,
39(2): 65 - 74. (in Chinese))

[22] S, FLNI, 7 Bk, A& WP RVERE AT
9T, & LFE244R, 2014, 36(10): 1791 - 1801. (MA
Xian-Feng, KONG Ling-gang, FANG Wei, et d. Pardle tests
on preparation of samples with sand pourer[J]. Chinese
Journal of Geotechnical Engineering, 2014, 36(10): 1791 -
1801.

[23] WRERIK. &ite) - HuRESh Jy A EAE AR R 4k sh & BT
[D]. i [F¥EkE:, 2001, (CHEN Yue-ging. Shaking table
tet on dynamic interaction system of structure and
foundation [D]. Shanghai: Tongji University, 2001. (in
Chinese))

[24] AGAIBY S, SALEM M, MAMLOUK H E. Liquefaction
susceptibility of loose calcareous sand of northern coast in
Egypt La susceptibilité a la liquéfaction du sable calcaire
lache dela cote nord en Egypte[C]// International Conference
on Soil Mechanics and Geotechnical Engineering. Paris, 2013:
1463 - 1466.

F—EEE/KITERYPERIZHEARSiHILIE(Q SEH)
20194 11 B 12—14 H, E/X

Bt T K GEBOT A 5 RIS A e, K TS I %
LIEAT HERES K BOR R H 2558 e b T sk T i
W EAREARAZ R, (bR TASME 2 W R AR,
FPRAZME R A S TR a1 Tl i
o WEURM AR i )15 b 2R Gy JE R 2R B A
K S R W R R i dn” 46T 2019 4F 11 1 12—
14 HAEF IR ATT o AUGRIRIIBIE A 4L 5 A MmK
SRR AR AEIE, Yaisk B 4 [ R AR SE BT A LR
B LR 2 DAERNEOR N SEERZ N -

WIRER: K THEFYERSHOCH BIS 5 BREH . L
TR QK TSR TN S 22 BB @K T
IEHIME RS WTHOR S IEREDP A G/K R H A B
R SR FE B R BOR; @Al 5K TS ME RS WG 1
ol

wizktE: 2019/F11)]112—14H

iR AR E R i b

FHBA: OFEPRASEKYE; @QPEAAN%E TR
FABNFLEWENS: @ EKFIESE TR
I

APPENL: OFPASH K F Bt s @7K T 5
WA BT S TR L @/KRKIE TR E T E
LR @RIIHUE TR 58 RefE AR St d v 65
Tl ©E K A HLE A TR AR L.

AiERH: 02019F11712H, 4K, #F]; @20194:11
J1BH, &R, A S ©201941114H, L7,
TR,

SEMEM: EALK:16000T; 2440360070,

{ETEFRAE: HLF)(338TT/M); ] (338TT/HE) o

BRARAN: ERA, BCRHIE:023-62806924; 13883116938,
fEE: 023-62652841, E-mail: topforumegjtu(@163.com.

CR— M aEK TRy Rs Wik mimiglzfi L D


mailto:topforumcqjtu(@163.com

H41% 58 = + I B % Vol .41 No.8
2019 4F 8 H Chinese Journal of Geotechnical Engineering Aug. 2019

DOI: 10.11779/CIGE201908005

WiZR R A KB E = 4] 5 36IE

WER"® TAE'

. P TRES L TREUIH, B8 794 710048; 2. BEpG& e+ 205 TR E SR %, B 7i2 710048)

8 . EZOCRIIR g ENERTT RIS E SR AR R G A, RN ) BT ST G A
FEVE 22 BT R DA TF RN R [ WIE . ZKSTTHT A E A9 1) M B0 = B Bl LA 1 il b, 4 18 A 1R RS 43 31
23 70 mm” 70 mm’ 70 mm 1 70 mm" 70 mm’ 140 mm N EC RGP TF R L TR P ARdE IR D N4k 300
mm’ 300 mm’ 600 mm KB EL =AY . B = RMCALEE R D) T AENUEE, R R0 e AR R s, KPS
I 3 A8 AR R A5 B PR AR s 2%, A FEFLBSUK R ) Rl IR YA IR R s I35, LAR A IR A E 5 RS R K. [KJ)
SN U AT 8 ) BV TR 80y AR I RS A s SR B A B (R BRAR G R BG 25 TAHAR R ik 2 B
T S o AR A T 04 RS A 2 DR TRUAS T I e AT TET S PR A FH 43 A1 R D4R ik o B0 =S v 40 Sl SR FH AR R A a2 11 5,
TR EFN AT LA SRR B EE AR PID P A s AL S, AR 7 Bl ST B R R R A e . I AE
AR S, AN IEASPR IR Indls BAHFHR I m , DA R A 3h¥adl R e 8. e A K
ZHNMSOR IR AT T AR b IR IR UE, LRy - NARRRME . BUBTRIERRIEAR B T — B 4

R KRB =G FbmdEs; BRRETEEE: PID MAaBHIE E¥N L

FESES: TU4L3 CERERIRAD: A XEHS: 1000 - 4548(2019)08 - 1418 - 09

EERIfr: ABER@Q964— ), B, HEEA, 2%, MEAS, A% 50 SMiR TE. E-mail:
sishao@xaut.edu.cn.

Development and verification of large-scale truetriaxial apparatus with
rigid-flexible-flexible loading boundary mechanism

SHAO Sheng-Jun® 2, WANG Yong-xin®
(1. Ingtitute of Geotechnical Engineering, Xi'an University of Technology, Xi'an 710048, China; 2. Shaanxi Provincial Key Laboratory of

Loess Mechanics and Engineering , Xi'an 710048, China)

Abstract: The truetriaxia apparatusis the key equipment to study the variation laws of the deformation strength of soils under
the action of three-dimensional principal stress. It is aso atest instrument for theoretical study of geotechnical mechanics. On
the basis of vertical rigid and horizontal orthogonal two-direction flexible triaxis loading equipment developed by Xi‘an
University of Technology, the self-developed small true triaxis instruments with sample sizes of 70 mm” 70 mm” 70 mm and 70
mm” 70 mm” 140 mm are further developed into a large one with 300 mm” 300 mm” 600 mm with both upper and lower
servo-controlled synchronous loading. The true triaxis instrument includes the main frame of the pressure chamber, vertical
main stress loading servo-control hydraulic oil source, main stress loading servo-control hydraulic variable controller in the
horizontal plane, sample pore water pressure servo-control hydraulic controller, and the servo-control and signa acquisition and
control system. The loading equipment of the pressure chamber has a baffle with horizontal rotation along the vertical axis,
radia rolling and expansion movement under hydraulic driving, which effectively separates the adjacent flexible hydraulic bag.
In the development of the true triaxis instrument, specia structure latex film and sample mold, axia plate rolling structure and
PID-closed control optimization algorithm are used to solve the problem of sample preparation and ingtallation, test operation,
boundary influence and so on. The problems of the interference of the orthogonal two-direction flexible loading cavity in
horizontal plane as well as the stability of the dynamic control system are solved. Findly, the large-scale true triaxis apparatus
is used to verify the tests on remolded loess under the same value of b. The stress-strain characteristics and shear strength of the
remol ded | oess are consistent.

Key words: large-scale true triaxial apparatus; flexible

loading cavity; isolating balance device; PID-closed HE&WE: EXBARRFIEEHH (41272320, 11572245)

control agorithm; remolded loess Yeis HEA: 2018 - 06 - 11
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Uplift behaviors of perforated mudmatsin soft saturated clay

LIU Run, KONG Jin-peng, LIU Meng-meng, WANG Jia-yu
(State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China)

Abstract: Perforation can cause lower uplift resistance in soft clay, giving rise to less difficulty of the retrieval of “mudmat”
shalow foundations. Six different perforated forms are designed to perform in the model tests on the uplift behaviors in soft
saturated clay. The suction that develops a the mudmeat-soil interface is conducted during the whole uplift procedure. The
composition and development laws of uplift resistance are revealed. The characteristics of how the perforation ratio and
effective width reduce uplift resistance and suction at the mudmat-soil interface are obtained. Numerical simulation is used to
figure out the uplift behaviors of perforated mudmats in soft saturated clay on the basis of model tests, revealing different soil
failure modesin soft saturated clay. The limit anadysis method is used to calcul ate the uplift resistance though the velocity fields
from numerical simulation results. The upper bound solution of uplift resistance is derived, and uplift bearing factor N, is
obtained considering the influences of perforation ratio and effective width. The study shows that compared with that of the
Skempton formula, the uplift resistance solved in this study has a nonlinear reduction law with the increase of perforation retio.
K ey words: mudmat; perforation; effective width; saturated soft clay; uplift resistance; suction
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Fig. 1 Effective width
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Fig. 2 Different perforation forms of mudmat
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Table 1 Physical property indices of kaolin clay
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Fig. 4 Change process of uplift resistance and suction at
mudmat-soil face
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Fig. 5 Test results of uplift behavior of surface mudmats
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Table 2 Parameters of MCC model
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Fig. 8 Comparison between test and FEM results at effective width

of 20.9 mm
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Fig. 9 Net uplift force-displacement curves
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Fig. 10 Velocity fields of surface mudmats
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Fig. 12 Upper bound plasticity mechanism (uplift)
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Frost heave experiments on saturated sandstone under unidirectional freezing
conditionsin an open system and coupled THM frost heave model

LU Zhi-tao™?, XIA Cai-chu™? LI Qiang™ % WANG Yue-song™ 2
(1. Department of Geotechnical Engineering, College of Civil Engineering, Tongji University, Shanghai 200092, China; 2. Key Laboratory
of Geotechnical and Underground Engineering of Ministry of Education, Tongji Universty, Shanghai 200092, China)
Abstract: To study the frost heave of rocks in cold regions under temperature gradient with water supply, the frost heave
experiments on saturated sandstone under unidirectional freezing conditions are conducted in an open system. The results show
that the variation process of the frost heave paralld to freezing direction can be divided into three stages during the freezing
process of rocks under unidirectional freezing conditions in an open system, namely, therma contraction stage, in-situ frost
heave stage, and segregation frost heave stage. During the segregation frost heave stage, the frost front tends to be stable, and
the frost heave increases continuoudy in an approximately linear relationship with time. Moreover, the frost heave calculated
by water migration amount is close to the measured frost heave parallel to freezing direction during the segregation frost heave
stage. The segregation frost heave rate increases with the increase of the average temperature gradient, and the location of the
segregation iceisin alinear relationship with the average temperature gradient. Furthermore, a coupled THM frost heave model
considering the in-situ frost heave of pore water and the segregation frost heave of migrating water is proposed. In the model,
the calculation of the in-situ frost heave is based on the unfrozen water content, and a constraint coefficient is introduced to
consider the constraint extent of the rock skeleton to the frost heave of the pore ice. Besides, the calculation of the segregation
frost heave is based on the segregation potentia theory. Comparisons between the experimental and cal culated results show that
the proposed THM frost heave model is reliable to calculate the frost heave of rocks under unidirectional freezing conditionsin
an open system, and to simulate the displacement mutation due L
to segregation ice layer. Therefore, the proposed THM frost HOWA: WK RFEIELIIH (41472248, 51778475)
heave model is applicable to the frost heave calculation of IS HHER: 2018 - 07 - 02
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rock with frost susceptibility in cold regions.

Key words: rock; frost heave experiment; open system; segregation frost heave; coupled THM frost heave model
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Diffusion laws of horizontal additional stressin a new prestressed subgrade

LENG Wu-ming™?, Al Xi', XU Fang" %, ZHANG Qi-shu’, YANG Qi"? NIE Ru-song" % LIU Xiao-hao"
(1. School of Civil Engineering, Central South University, Changsha 410075, Ching; 2. National Engineering Laboratory for High Speed

Railway Congtruction, Changsha 410075, China)

Abstract: Based on the theory of elasticity, the theoretical formulas are derived to cal cul ate the horizontal additional stress (o)
in anew type prestressed embankment, and the diffusion laws of the additional stress from the dope surface to the inside of the
embankment are revealed. Meanwhile, a 3D finite e ement model for a prestressed embankment is established to andyze the
digtribution of the horizontal additional stress in the prestressed embankment with different placement positions of the lateral
pressure plate. The results show that: (1) The application condition of the theoretical formulas requires that the net spacing
between the latera pressure plate and the embankment shoulder should be more than 2.0 m. (2) In the region covered by the
lateral pressure plate, the horizontal additional stress coefficient as well as its attenuation rate gradually decreases with the
increase of the horizontal distance from the slope surface, and the digtribution of ¢ gradually transits from a “rai sed abdomen”
pattern to arelatively uniform “flat abdomen” one. (3) When the distance away from the lateral pressure plateis greater than 0.1
m, the additiona stress coefficient of o increases first and then decreases with the increasing horizonta distance, and the
horizontal distance between the peak point and the slope surface increases as the epitaxial distance increases; (4) A continuous,
stable and effective pressure-reinforced zone is likely to be formed when the spacing of the latera pressure plate is properly
designed, therefore, the stress state of the embankment soil and the overall service performance of the embankment can be
improved. The research findings can provide theoretical bases and references for the design and promotion application of the
prestressed embankments.

Key words: prestress; subgrade; latera pressure plate; horizontal additiond stress; diffusion law; plate spacing
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Table 1 Horizonta additional stress coefficient K under lateral pressure plate (0=45° )

PR hm

Ljm  B/m 0.1 0.2 0.4 0.6 0.8 12 14 1.6 18 2.0 2.2 2.4
00 0132 018 022 0225 0221 0212 0197 0176 0153 0132 0113 0.097 0.084
02 0460 0413 0352 0313 0284 0252 0217 0183 0153 0128 0108 0.092 0.079
0.0 04 0579 0523 0432 0374 0318 0262 0213 0174 0143 0119 0100 0.08 0.073
06 065 058 0483 0390 0305 0240 0191 0155 0128 0.107 0.0 0.077 0.066
08 0718 0624 0450 0330 0254 0201 0162 0133 0111 0.093 0.079 0.068 0.059
10 0504 0412 0310 0244 0197 0161 0133 0111 0.094 0080 0.069 0.060 0.053
0.0 0307 0338 0317 0291 0269 0249 0224 019% 0167 0142 0120 0.102 0.087
02 080 0668 048 0397 0343 0293 0245 0202 0166 0.137 0115 0.097 0.082
01 04 1009 0810 0583 0468 0379 0301 0238 0190 0154 0127 0105 0.08 0.076
0.6 1110 0890 0642 0481 0357/ 0271 0211 0168 0136 0113 0.094 0.080 0.069
08 118 0933 0583 03% 0291 0223 0176 0142 0117 0.098 0.083 0.071 0.061
10 0769 0562 0379 0283 0220 0176 0143 0118 0.09 0084 0.072 0.062 0.054
00 0299 0377 0379 0343 0311 0281 0248 0213 0179 015 0126 0.106 0.091
02 0906 0765 0577 0466 0393 0329 0269 0218 0177 0145 0120 0100 0.085
0.2 04 1093 0932 0690 0546 0432 0335 0260 0204 0163 0133 0110 0.092 0.078
06 1211 1025 0757 05% 0403 0299 0228 0179 0144 0117 0.098 0.082 0.070
0.8 1303 1074 0682 0452 0323 0243 018 0150 0123 0102 0.08 0.073 0.063
10 0869 0656 0436 0317 0241 018 0151 0124 0.103 0.087 0.074 0.064 0.056
0.0 028 0382 0409 0378 0341 0306 0266 0226 018 0157 0131 0.110 0.093
02 0914 0795 0627 0512 0430 035 028 0231 018 0150 0124 0.103 0.087
0.3 04 1117 0979 0751 059 0471 0361 0276 0215 0170 0137 0113 0.094 0.08
0.6 1247 108 0824 0609 0437 0320 0241 0187 0149 0121 0100 0.084 0.072
08 1346 1134 074 0493 0348 0258 0198 0.157 0127 0104 0.087 0.074 0.064
10 0911 0706 0475 0342 0257 019 0158 0128 0.106 0.089 0.076 0.065 0.056
00 0282 0382 0421 0397 0359 0321 0278 0234 0194 0161 0133 0112 0.0%4
02 0915 0805 0651 0538 0452 0373 0300 0238 0191 0154 0126 0.105 0.088
0.4 04 1127 0997 0781 0629 0495 0377 0287 0221 0175 0140 0115 0.09% 0.081
06 1263 1104 0857 0639 0458 0333 0249 0192 0152 0123 0102 0.08 0.073
08 1365 1160 0776 0517 0363 0267 0204 0160 0129 0106 0.089 0.075 0.064
10 0930 0.730 0498 0358 0266 0205 0162 0131 0.108 0090 0.076 0.066 0.057
00 0281 0381 0425 0402 0365 0326 0282 0237 019% 0162 0134 0112 0.095
02 0915 0808 0657 0546 0460 0379 0304 0241 0192 015 0127 0105 0.089
04 11290 1002 0790 0639 0503 0383 0290 0224 0176 0141 0116 0.0 0.081
0.5 06 1267 1111 0867 0649 0465 0337 0252 0194 0154 0124 0102 0.086 0.073
08 1371 1168 0786 0525 0369 0270 0206 0162 0130 0107 0.089 0.075 0.065
09 1392 1051 0647 0441 0317 0237 0184 0146 0119 0.098 0.083 0.071 0.061
10 093 0737 0505 0363 0270 0207 0163 0132 0108 0091 0.077 0066 0.057
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Prediction of deformation of valley width of Baihetan arch dam and
defor mation mechanisms of several methods

ZHONG Da-ning', LIU Yao-ru*, YANG Qiang’, XU Jian-rong?, HE Ming-jie’, ZHANG Wei-di?
(1. State Key Laboratory of Hydroscience and Hydraulic Engineering, Ts nghua University, Beijing 100084, China; 2. PowerChina
Huadong Engineering Corporation, Hangzhou 310014, China)

Abstract: The super high arch dams built in China, such as Xiluodu and Jinping, show abnorma phenomenon of reduction of
valley width during the initia impounding stage. The arch dam is a high-order statically indeterminate structure, which is very
sengtive to deformation of dam foundation, especially non-uniform deformation. Based on the deformation mechanism of
valley width and the method for calculating the boundary displacement, the possible deformation of valley width of Baihetan
arch dam in the process of initia impounding is cdculated and predicted, and its effects on the displacement and stress of the
dam are analyzed by using the el astoplagtic finite element method. The results show that the two methods are greatly different.
From the perspective of change of effective stress and weakening of rock mass materials, the maximum reduction of valley
width is no more than 40 mm, and it will not greatly reduce the overall stability of the arch dam, but only causes new stress
concentration area on the dam body. However, the arch dam has strong overload capability to the boundary displacement, and
the impact of the reduction of the valley width on the stress of the dam is very smal. The non-uniform deformation of the
foundation is the key factor which affects the dam stress.

Key words: valley width deformation; effective stress; weakening material; boundary displacement; non-uniform deformation
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Table 1 Material parameters of Baihetan arch dam

MR E/GPa N g/(kNim® f  ¢/MPa
1285 A 1800 0.22 28 135 155
M12&44 11.00 024 27 115 1.10
12 2554 900 0.26 26 1.00 1.05
V156G 400 0.30 25 0.75 055
C3—X 020 0.35 20 055 0.25
C3—I[x 020 0.35 20 045 0.15
C3 =X 020 0.35 20 0.38 0.05
C31—[x 010 0.35 20 039 0.10
C3-1 —IX 010 0.35 20 0.37 0.05

c4 005 0.35 20 025 0.04

c5 010 0.35 20 0.38 0.05
LS331 —[X 200 035 20 0.70 0.30
LS331 — X 200 0.35 20 0.50 0.10
LS331 =X 020 0.35 20 045 0.10
LS3318 —[x. 025 0.35 20 050 0.15
LS3318 —[x 025 0.35 20 039 0.10
LS3319 —[x. 020 0.35 20 050 0.15
LS3319 —[x 020 0.35 20 0.38 0.05
F17 55tk LBt 004 0.35 20 028 0.04
FI75FEt 020 035 20 0.38 0.05
F17 #Brsic 020 0.35 20 056 0.20
Fiss5ik LEX 020 0.35 20 0.38 0.05
FI8 55t FEt 020 035 20 045 0.15
FI18 ik 020 0.35 20 055 0.20
111 2541 1400 0.22 28 135 155
1128k 9.00 024 27 115 1.10
112 25k 7.00 026 26 1.00 105
IV1 s 250 0.30 25 0.75 0.55
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Fig. 4 Locations of measuring lines for valley width
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2 -10.61 -8.20 -19.71 -37.92
3 -7.13 -5.99 -14.64 -29.10
4 -6.63 -5.68 -13.24 -24.31
5 -1.94 -1.46 -3.63 -7.06
6 -2.97 -3.52 -9.29 -18.69
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Feedback analysis of rock damage defor mation of slope at left bank of
Baihetan Hydropower Station

QIAN Bo', YANG Ying", XU Nu-wen', DAI Feng", ZHOU Jia-wen', FAN Yi-lin?, XU Jian®

(1. State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu 610065, Ching; 2. China Three
Gorges Congruction Management Co., Ltd., Beijing 100038, China)

Abstract: In order to study the macroscopic deformation of the slope at the left bank of Baihetan Hydropower Station in the

micro-fracture damage state, based on the micro-seismic monitoring and field deformation data, the source radius was used to
characterize the rock fracture scale, and the constitutive relation considering the scale of rock fracture was used to introduce the

fracture information into the slope at the left bank. A three-dimensional numerical model was used to reproduce the unloading

deformation process of the rock mass of the abutment at the left bank during excavation, and to establish a quantitative

ideas for the researches on the stability of high and steep dopes.

proposed feedback analysis method considering microseismic damage is a preliminary exploratory work and can provide new
0 3l

Key words: rock slope; microseismic monitoring; feedback analysis, numerica simulation; Baihetan Hydropower Station
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connection between microseismic damage and field deformation of the dope. The feedback analysis shows tha the
microseismic damage model is more similar to the actual displacement measurement under the excavation conditions. The
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Table 1 Mechanical parameters for numerical calculation

ak BPER B AL LLpIEE s R
HM RIGPa FEMPa U () oMPa /(gromd)
I 1500 100 023 36 140 2.80
M, 1200 70 024 36 110 2.68
M, 11200 5 026 35 075 2.60
\Y 500 35 032 33 050 2.50
fo 060 20 035 28 0.15 2.22
fe 030 6 035 27 015 2.20
F; 100 23 034 28 015 2.13
Cs 071 2 035 28 004 2.05
C; 040 18 034 28 010 2.13
LSz 025 15 033 26 010 211
LS;; 020 18 035 25 005 2.03
LSz 0.30 10 035 26 010 2.14
LSsm  1.30 23 035 27 006 2.15
Bz 2.00 30 02 R 1.40 2.30
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Fig. 9 Displacement clouds of model considering damage effect during excavation process
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Prediction of valley shrinkage deformation in Xiluodu Hydropower Plant

based on the hydraulic responses of a confined aquifer

ZHUANG Chao, ZHOU Zhi-fang, LI Ming-wel, WANG Jin-guo
(School of Earth Science and Engineering, Hohai University, Nanjing 211100, China)
Abstract: The Xiluodu high-arch dam is situated in a synclinal basin, and one of the typical hydrogeol ogic featuresis that there

exists an intact and regionally extended confined aquifer consisting of Yangxin limestone buried beneath the riverbed.
Remarkable valley shrinkage deformation has been detected on both the upstream and downstream of the dam since the

impoundment. The valley shrinkage deformation is speculated to be due to the expansion, which is associated with the decrease
in the effective stress of the Yangxin limestone formation and the increase in the hydraulic uplift pressure imposed on the

bottom plane of the relatively impervious formation, which result from the increase in pore water pressure when responding to

the change of the reservoir stage. Based on the patterns of hydrualic responses of the Yangxin confined aquifer, an andytical

0

model is established to calibrate and predict the valley shrinkage deformation of each measuring line. Furthermore, the

convergence time and values of each line are predicted under two prescribed convergence principles with the respect of

5 B

K ey wor ds: valley shrinkage deformation; confined aquifer; hydraulic response; prediction

=

deformation rate, i.e., less than 0.01 mm/d and 0.001 mm/d. Overall, the proposed anaytical model yields fairly good
calibration performance, reveding that the valley shrinkage deformation is highly correlated with the change of the reservoir
approaching the convergence condition.

stage. The prediction results demonstrate that the valley shrinkage deformation of the Xiluodu Hydropower Plant is
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Table 1 Inversion results of parameters for valley shrinkage deformation model
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VD03 3.67 -1.53 -1.71 -1.35 161 0.73 2.49 15.63 13.53 17.73
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VD09 48.31 -0.99 -1.04 -0.94 1.70 0.48 2.92 13.94 9.43 18.45
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Table 2 Predicted convergence time and values of valley shrinkage deformation
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Analytical solutionsfor the consolidation of sludge by vacuum preloading
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Abstract: The vacuum preloading is an effective method for the in-situ consolidation of sludge in landfills. Considering itstime
effects, the analytical solutions for the consolidation by the vacuum preloading combined with the prefabricated vertical drain
are obtained based on the equivalent dliptical cylinder model. Then, the parameter reflecting the time effects is obtained by
fitting the measured data. The comparative analysis is carried out to validate the rationdity and the practicability of the
proposed sol utions by comparing the settlement curve cal culated from the proposed sol utions to the measured one. The analysis
results show that the elliptic cylinder equivalent model is the optimum choice to consider the shape effects of the PVD, and the
calculated results based on the perimeter equivalent models are closer to those based on the dliptic cylinder equivalent modd.
The larger parameter o means the vacuum pressure is applied on the soil more quickly, which will lead to a quicker
consolidation process.

K ey words: vacuum prel oading; consolidation of soil; sludge; elliptical cylinder equivalent model; prefabricated vertica drain
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M odel tests on influences of quasi-rectangular shield construction on
under ground pipelines

WEI Gang', WANG Cher?, CAl Shi-gi!, XU Xun', HONG Zi-han', CUI Cheng-hong?, XU Yin-feng*
(1. Department of Civil Engineering, Zhejiang University City College, Hangzhou 310015, China; 2. College of Civil Engineering and

Architecture, Anhui Universty of Science and Technology, Huainan 232001, China)

Abstract: Excavation of quasi-rectangular shield tunnels causes uneven settlement of soilsin pipelines, resulting in longitudinal
deformation and failure of the pipelines. The indoor shrinkage model tests are conducted for the construction of
quasi-rectangular shield tunnels. The influencing factors of the relative position of tunnels, buried depth of pipelines and soil
loss rate are taken into account. The rules of subsidence, deformation of underground pipelines and surface settlement in dry
sand are studied. The results reveal that the vertical displacement curve of the pipelines is Gaussian, the reverse bending point
of the vertical displacement appears near the tunnel axis, the bending moment of the pipelinesis “M” type distribution, and the
maximum vertical displacement and bending moment are located directly above the tunnel axis. The impact of skew conditions
of pipelines and tunnels is greater than that of their vertical conditions. The deeper the pipeline is, the larger the influence is.
The vertica displacement of the pipelines decreases with the decrease of the soil loss rate. The vertical displacement of the
pipelines directly above the tunnel axis and the maximum positive bending moment and two large negative bending moments of
the pipelines decrease greatly, and the both sides of the pipelines are less affected. The surface settlement is directly affected by
the sail loss, and the settlement valueislarger than that of the underground pipelines.

K ey words: quasi-rectangular shield; reduced-scale model test; soil loss; settlement; bending moment
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Fig. 6 Settlement curves of pipdinesin each time period
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Fig. 11 Settlement curves at same measuring point
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Abstract: The compacted and intact |oesses with the same dry density and water content are tested to investigate the structura
effects on the water-retention characteristics and collapsibility behaviors of loess. The scanning eectron microscopy (SEM)
tests are carried out to assist in the interpretation of test results. It is found that the air entry value of the intact loess is 75%
smaller than that of the compacted loess. Thisis likely because that the extra-large poresin the intact |oess result in pronounced
ink-bottle effects. The water-retention curve of the intact loess exhibits larger and smaller hysteresis than that of the compacted
loess at suctions ranging from 0.1 to 7 kPa and from 7 to 80 kPa, respectively. This can be explained by the different
wetting-drying history experienced by intact and compacted loesses. Similar collapsibility potential is observed for the intact
and compacted | oesses with high water contents (>18%), whereas the wetting-induced collapsibility of the intact loess is larger
than that of the compacted loess with low water content (16%). Thisis because that the clay bonding in the intact |oess results
in a more resistant structure. This resistant structure assists in the intact |oess to maintain large void ratios during mechanical
loading (200 kPa). During soaking, clay bonding is destroyed and significant collapse is induced. In addition, the differencesin
the yield stress between the intact and compacted |oesses increase with the decreasing water content. It is indicated that the
resistant structure of the intact loess is enhanced with the decrease of the water content.
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Table 1 Physical properties of test loess
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Method for identifying four common rock types of slopes and
determining boundary range

WANG Peng-yu, WANG Shu-hong
(School of Resources & Civil Engineering, Northeastern University, Shenyang 110819, China)

Abstract: Rock classification and boundary determination of rock slopes are very important for the analysis of dope stability.
At present, the artificid methods are inefficient and affected by subjective factors. So a convolution neural network model for
theimage set analysis of arock slopeis established based on Tensorflow. Through convolution operation and pooling operation,
the feature information of 8000 original rock slopeimages is extracted and compressed respectively. Then the network model is
trained to realize the automatic recognition and classification of the rock sope. The model is tested and analyzed by using the
images of rock slopesin training set and testing set. The accuracy rate of the training set and the testing set is 98% and 90%,
respectively. It is shown that the network model after training has good robustness and achieves ided training effect. Next, the
color of different rocks on the slope is taken as the main basis. The boundary of different types of rock on the rock dope is
calibrated by the deep learning boundary extraction technology. To verify the effectiveness of the algorithm, the standard color
image of the rock slope is selected for simulation experiment, and the results of boundary detection are accurate. The network
model established by deep learning realizes the requirements of rapid and automatic rock identification and boundary range
division of rock slopes, and introduces the rock slope information acquired by image recognition into the GeoSMA-3D software
independently devel oped by the team, as animportant parameter for determining the grade of rock slopes.

Key words: rock slope; convolutional neural network; deep learning; image recognition; boundary range
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Fig. 1 Relationship between data size and deep learning effects
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Fig. 5 Fitting effects of neural network with different hidden layers
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Fig. 13 Classification and regression results of rock slope images
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Experimental study on indoor simulated deterioration of sandstone of
Xiaofowan statues at Dazu Rock Carvings

LI Zhen', ZHANG Jing-ke', LIU Dun', ZHANG K&, LIU Jian-hui?, LI Li% LIANG Xing-zhou?®
(1. Key Laboratory of Mechanics on Disagter and Environment in Western China, the Ministry of Education of China, and School of Civil

Engineering and Mechanics, Lanzhou University, Lanzhou 730000, China; 2. Chinese Academy of Cultural Heritage, Beijing 100029,
China)

Abstract: The sandstone of Xiaofowan at Dazu Rock Carvings in China has severe westhering. To solve this problem, three
experiments are set up based on the local environment: wetting-drying cycles, freeze-thaw cycles (saturated group and dry
group) and acid rain cycles (pH=2.6, 4.1, 5.6). In this study, the mass, surface hardness and P-wave velocity are measured to
explore the weathering degree of sandstone over multiple experimental cycles (for a total of 45 periods, 320 days), and the
surface microstructure of the sandstone is photographed (60 times). The X-ray diffraction (XRD), scanning el ectron microscope
(SEM) and water absorption are executed to analyze the westhering mechanism of sandstone. The color change is detected
through the color difference tests. The experimental results show that the main damage phenomenon of the sandstone is
granular disintegration. The primary bedding and argillaceous mass of sandstone are first affected by weathering. The mass,
surface hardness and P-wave velocity of the sandstone gradualy decrease. The damage by water is performed on the sandstone
from the surface to the inside. The damage degrees affecting the sandstone wesathering are in turn as follows: acid rain cycles,
freeze-thaw cycles, wetting-drying cycles. Therefore, the results of this sudy may provide a basis for the protection of
Xiaofowan statues at Dazu Rock Carvings.

K ey words: sandstone; Xiaofowan; wetting-drying cycle; freeze-thaw cycle; acid rain cycle
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Table 1 Basic physical and mechanical indices of sandstone
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HAR
TR T WMy % KE% WNEE JE/MPa /M Pa /GPa I(cms?
2.32 2.31 2.39 0.77 3.37 2.49 41.6 23.7 17.3 0.104 4.1x10°®
%2 ERHUREHERES
Table 2 Number of samples for indoor deterioration tests
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B 3 FRfRINAE G-1 RWEEMHHE
Fig. 3 Apparent structure of No. G-1 after wetting-drying cycles
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Fig. 4 Apparent structure after freeze-thaw cycles
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Fig. 5 Apparent structure after acid rain cycles
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Fig. 6 Granular disintegration of sandstone of Xiaofowan statues
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Fig. 7 Relationship between mass and period
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Fig. 9 Relationship between P-wave velocity and period
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Fig. 10 Index lossrates of samples after tests
2.3 REWNEHFHEZL
515 11~137Ju, Tﬁt%‘ﬁﬁ, WHEREAE, K
A SERORHEZNOh %, I HLRORE ) 78 AT 1 (i &5
W), FRiROEH . Bﬁ%wﬁ%ﬁﬂ‘]ﬂfﬁ, TR RO H] )
F RS g g b, RITPOARIR, 57 ROk )

W, WA SRR @GS, FObLZ MFLBRIER, S
T EMAR. S1-1. S2-1 f1 S3-2 iR
30 JAWILLJE L T 5 2 1) SR A0 A A RS (A B s, [
ﬁ%wﬂ%#@

[ 5% ﬁtyﬁm i i 1
11 JF,EﬂEHwﬂi G3 1%% *’J#%E(eo 1—:.‘)
Fig. 11 Microstructure of No.G-3 after wetting-drying cycles
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Fig. 12 Microstructure after freeze-thaw cycles (X 60)
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Fig. 13 Microstructure after acid rain cycles (X 60)
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Table 3 X-ray diffraction and mineral analysis of sandstone before and after wetting-drying cycles
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Table 4 X-ray diffraction and mineral analysis of sandstone before and after freeze-thaw cycles
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Table 5 X-ray diffraction and mineral analysis of sandstone before and after acid rain cycles
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Fig. 14 SEM images of surface structure of samples before and after tests (X 2000)
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Fig. 15 SEM images of interna structure of samples before and after tests (X 2000)
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Fig. 16 Water absorption before and after tests
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Table 6 Color difference of samples before and after tests
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M echanical properties of pre-stressed linings with un-bonded annular anchors
under high internal water pressure based on lar ge-scale in-situ tests

CAO Rui-lang', WANG Yu-jie', WANG Xiao-gang’, QI Wen-biao®, Pl Jin*
(1. China State Key Laboratory of Simulation and Regulation of Water Cycle in River Basn, China Ingtitute of Water Resources and
Hydropower Research, Beijing 100038, China; 2. Jilin Provincial Water Resources and Hydropower Consultative Company, Changchun
130000, China)

Abstract: The new type of pre-stressed lining with un-bonded annular anchors has the advantages of low prestress |oss, small
weak area and convenient construction. However, its mechanical properties are not clear because of its complex structure,
which hinders its wide application. The first large-scale in-situ tests on the pre-stressed ring anchor linings are carried out for
the Yinsong Diversion Project. The redistribution laws of the pre-stressed linings in the process of internal hydraulic loading are
clarified. The variation laws of the ring anchor tension, stedl bar stress and anchorage stress | oss are revealed, and the combined
bearing effects of the surrounding rock and linings are discussed. The in-situ tests show that the overall prestress distribution of
ring anchor linings is uniform, the high-strength tension resistance of anchor cables and the compressive resistance of concrete
are utilized efficiently, and the role of the conventional reinforcement bars is very small, so the reinforcement can not be
digtributed or constructed as a whole. The concrete prestress behind the anchor groove is dlightly weak, which is the potentia
damage area of the structure under the action of high internal water pressure. In the process of internal water loading, the
annular and longitudind prestress values of linings tend to be consistent, which will effectively slow down the cracking
tendency of the weak parts of prestressing force. The pre-stressed linings with un-bonded annular anchors have excellent tensile
and impermeable properties and independent bearing capacity without depending on the surrounding rock conditions, or can use
partial bearing capacity of the surrounding rock to reduce the design prestress value or increase the structurd safety margin
degree. It can provide a new way to solve the long-standing support problems of large-diameter pressure tunnels with thin
overburden, poor geological conditions and high internal water pressure.

Key words: pressure tunnel; pre-stressed lining; un-bonded annular anchor; in-situ test; internal water pressure |oading
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Fig. 1 Three-dimensional diagram of pre-stressed linings with

un-bonded annular anchors
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Table 1 Parameters of pressure tunnel, surrounding rock and pre-stressed linings
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Fig. 2 Lining structure of pre-stressed linings with un-bonded annular anchors for in-situ tests
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Fig. 5 Instalation of internal water loading system
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Table 3 Satistical characteristics of prestress distribution
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Fig. 12 Curves of tensile force of conventional steel bars
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Experimental study on permeability of shear bandsin compacted clay

WANG Gang" ?, YOU Ke-gin"?, WEI Xing®, ZHANG Jian-min*
(1. Laboratory of New Technology for Construction of Citiesin Mountain Area, Chongging 400045, Ching; 2. School of Civil Engineering,

Chongaing Universty, Chongging 400045, China; 3. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China;

4. School of Civil Engineering, Tsinghua University, Beijing 100084, China)
Abstract: Several 300 m-high rock-fill dams with clay core are being constructed or will be constructed in China, raising an
urgent need for evaluating the safety against seepage failure of the clay core after experiencing large shear deformation and
subjected to high water heads. A series of vertical-consolidation, circumferential-shear and radial-seepage tests are conducted
on a clay using a newly-invented ring shear permeameter. The variations of the hydraulic transmissivities of the shear bands are
measured for the specimens with different compaction densities and under different surcharge pressures. When being largely
sheared, the origina arrangement and bonding among particlesin a shear band are damaged. Under high surcharge pressure, the
shear band is compressed more tightly and becomes denser, and thus little increase can be observed in its hydraulic
transmissivity. Conversely, under low surcharge pressure, the shattered fragments in the shear band glide, rotate, roll and climb
across each other, leading to alooser packing, and as aresult, the hydraulic transmissivity of the shear band increases sharply. It
seems that the preconsolidation pressure originating from compaction may serve as a threshold value to determine whether the
permeability will increase for the test clay. The test results highlight an important fact that the heavily over-consolidated clay
can generate shear bands of remarkably reduced seepage resistance during shearing, which can be used to explain more
rationally the trigger conditions and positions of concentrated |eakages happened in earth dams than the conventiona hydraulic
fracturing hypothesis.

K ey words: hydraulic transmissivity; shear band; seepage test; over consolidation; clay core
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Fig. 4 Compression curves of specimenswith different densities
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M echanical behaviors of interface between sand-gravel cushion
material and concrete face slab by large-scale simple shear tests

WANG Yan-li, RAO Xi-bao, PAN Jia-jun, ZUO Yong-Zhen, GAO Pan
(Key Laboratory of Geotechnical Mechanics and Engineering of the Ministry of Water Resources, Yangtze River Scientific Research

Ingtitute, Wuhan 430010, China)
Abstract: A series of large-scale shear tests are performed to study the contact characteristics between sand-gravel cushion and
concrete structure with two types of interfaces, coated with and without emulsified asphat by a self-developed large-scale
bidirectiona low friction laminar-ring simple shear apparatus. The nonlinear elastic constitutive model parameters based on
Clough and Duncan of the interfaces are determined, and the effects of emulsified asphalt on shear deformation mechanism of
the interface are discussed. The results show that: (1) With the increasing shear displacement, the shear stress of interface
coated without emulsified asphalt increases and the curves of shear stress and shear displacement exhibit a good hyperbolic
relationship. The curves of shear stress and shear displacement of interface coated with emulsified asphdt exhibit a good
hyperbolic relationship before the peak strength. Certain strain softening properties are shown after the peak strength, which is
different from that coated without emul sified asphalt. The lower the normal stress, the more obviousit is. (2) For the both cases,
with the increasing shear displacement, the deformation of soils in the upper box develops, and gradually increases from top to

bottom and the largest relative movement displacement

occurs in the contact surface between concrete slabs and EEWB: HEARRESEM EIH (51779017, 51579237); [EXK
cushion layer, which show that the shear strength of the FRE} AR — BV AR G H I H (U1765203); KILRMARE
P2 o g PE RO B BT 3k ARV K 45 9% I H ( CKSF2017023/YT&

interface is less than that of the sand-gravel cushion. (3) CKSF2015050YT)

The norma stress has a great influence on the shear YgFs HHA: 2018 - 01 - 07
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displacement of the laminar ring, and the larger the normal stress, the greater the shear displacement of the laminar ring at the
same height. Under the same shear displacement and normal stress, the horizontal displacement of the laminar ring coated wtih

emulsified asphalt is less than the horizontd displacement coated without emulsified asphalt. (4) The emulsified asphalt has a
great influence on the mechanical parameters of the interface. Compared with the interface coated without emulsified asphalt,

the parameters of Clough and Duncan nonlinear elagtic constitutive model of the interface coated with emulsified asphalt, such
effect in the shear process.

—_

[=]

as the giffness coefficient, index and intendity index, are greatly reduced. The emulsified asphat forms a complete transition

layer to isolate the direct contact between sand-gravel cushion and concrete face, and has a very good obstructing-lubricating
Key words: interface; emulsified asphalt; sand-gravel; concrete; simple shear test
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Discrete element simulation of large-scale triaxial tests on soil-rock mixtures
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Abstract: Based on the computer three-dimensional scanning and stochastic simulation technologies, the three-dimensional
random meso-structure model s and discrete e ement models for soil-rock mixture (S-RM) samples with different stone contents
and spatial distributions are established. Considering the flexible loading of confining pressure, the large-scale numerical
triaxiad tests on the SSRM samples under different confining pressures based on the flexibly-bonded particles method are
conducted by particle flow code, and the effects of the stone content and spatia distribution on their mechanical properties and
deformation and failure characterigtics are studied. The numerical smulation results show that the strengths and deformation
resigtibility capacities of the SSRM samples increase with the increase of stone content and confining pressure, and their internal
friction angles and cohesions vary to a certain extent under the same content but different spatial distributions of stones.
However on the whole, the interna friction angle increases linearly with the increase of stone content, while the cohesion
decreases. Under the flexible loading of confining pressure, —

the S-RM samples show bulging deformation and failure EE&WMB: ExRESHRTRIIE (2017YFC1501100); [ AR}
FHGIH (11772118); WL jERIZHEETIH (2017M620838); VY

PR IK I3 255 A DT T R AR 97 1 X B S 5 TP IR AR 30 H
meandering strip with an asymmetric X-shaped distribution, (SKHL1725)

mode, and the shear band formed after failure is a

whose thickness is aout 1/3~1/2 times the height of the S WFS HEE: 2018 - 08 - 07
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RM samples. Moreover, the failure mode and the thickness and shape of shear band are affected by the stone content and spatia

digtribution and the confining pressure. The shear band formation is accompanied by the rotations of the local particles in the

S-RM sample. When the strain reaches the peak strain, the locally rotating particles are connected to each other, indicating that

the shear band has basically formed at thistime. Since then, astheaxia strain increases continually, the rotations of the internal
particles till change because of the effect of the bulging deformation after the peak, and the thickness and shape of the shear

band & so change accordingly.

K ey wor ds: soil-rock mixture; mechanical property; deformation and failure; large-scale triaxial test; discrete el ement method,;

flexibleloading
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Fig.1 3D laser scanning process of stones by computer
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Fig. 2 Particle-size digtribution curves of S-RM
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Fig. 3 Random meso-structural models for S-RM with different
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Experimental study on geomembrane bending (folding) in anti-seepage
structure of membrane-faced rockfill dam

ZHANG Xian-lei™?, LIU Yun-feng®, GU Ke*, MAO Wen-long®
(1. School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou 450045, Ching; 2. Engineering

Technology Research Center for Safety of Hydrostructure in Henan Province, Zhengzhou 450045, Chinga; 3. College of Water Conservancy
and Hydropower Engineering, Hohai Universty, Nanjing 210024, China)

Abstract: In view of the problem of bending (folding) of anti-seepage geomembrane in the design and construction of the
anti-seepage structure of membrane-faced rockfill dam, the bending nature is divided into two types: structural bending and
non-structural bending. In order to quantitatively evaluate the damage caused by the bending and its laws, the parameters
affecting the bending deformation of geomembrane are deduced based on the thin plate (shell) theory of stability theory, and a
set of test equipment is independently developed on the basis of theoretica andysis. Two different PVC geomembranes are
selected as the experimental materias, and under the maximum bending angle of 90 degrees, the 4C water temperature test
environment is simulated. The test results show that the bending effect causes the attenuation of mechanics performance index
of the geomembrane. After the bending effect of 120 days, the attenuation degree of fracture strength of SY-GM type

attenuation degree of theindex by increasing the bending radius of curvature and reducing the bending angle of curved surface.
K ey wor ds: membrane-faced rockfill dam; experimental research; geomembrane; bending
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Fig. 6 Distribution of strain in bending surface of geomembrane
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Table 1 Technical parameters of geomembrane
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Fig. 7 Bending tester
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251 —.—0d
—20d
20l ——40d P
----60d L !
—80d Pt i
@ 15F - —100d .~ =) i
E --- 1209/.// S :
®or 2 |
g7 I !
i
st |
/4 | !
. . . . i, Y
0 50 100 150 200 250 300

&l%
9 HX-GM TR [E)E #r 4% F B (8] 88 [a) 3 8 7 7 i 20 SR AR i 2%
Fig. 9 Stress-strain curves under uniaxial tension of HX-GM at
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Full-flow cyclic degradation and micro-structure of representative
deep-sea soft clay

REN Yu-bin, WANG Yin, YANG Qing
(State Key Laboratory of Coastal and Off shore Engineering, Dalian University of Technology, Dalian 116023, China)

Abstract: The geotechnical properties of deep-sea soft clay are quite different from those of terrestrial or offshore clay. For the
representative deep-sea soft clay collected from the western region of South China Sea, an improved full-flow penetration
device is used to measure its strength characteristics. Combined with (Focusing on) the specia micro-structure and bio-silica
minerals, the cyclic degradation characteristics are analyzed and discussed. The results show that the deep-sea soft clay in the
western region of South China Sea generally has the characteristics of high water content, high liquidity index, high activity,
low undrained shear strength and high sensitivity. The extremely slow deposition rate and stable deposition environment are the
main reasons for the high sengtivity of deep-sea soft day. The change of micro-structure of soils during the full-flow cyclic
degradation process is mainly caused by the damage of flocculation and the change of pore structure. The bio-silica partides may
break under the cyclic penetration, leading to the release of theinternal pore water, which will aggravate the degree of degradation.

K ey words: deep-sea soft clay; full-flow penetration; cyclic degradation; micro-structure; bio-silica minera
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Table 1 Basic information of samples
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1% 11098E  14.02N 2564 2.25
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3% 11050E  1256N 2535 2.25
4% 11055E  11.02N 2005 4.00
5% 113.04E  10.01N 1982 4.00
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Fig. 2 Improved laboratory full-flow penetrometer
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s = b0 -G 3) %2 HS AT AN
Surem Grem Table 2 Criteriafor evaluation of sample disturbance

L S AWILAANHEKPIBIREE (KPa): Syrem A 5T
AN G ERAEAHEK YUY AL (KPaD; gin WA —
NI MY (KPa); Grem AR SKIR AN FH 1111
P (kPa); Nc AR &%, AW KE 10.5;
Sr o R

3 WHILERISH

FETT I 4B BENMRRAT, R Lunne 209382 1
(7R LR AN AT AT A, W42 2 BF
T KHSRERR T — BTN, SRR

Defey
OR —ww i  RE _ WE
1~-2 <0.04 0.04~0.07 0.07~-0.14 >0.14
2~4 <0.03 0.03~0.05 0.05~0.10 >0.10
- De k- 45 B AT I FLBELL S B e 1= 0]
GALBRLE

M 3 HHL FEHEPY A GEREIEAR LA R 0~4 mii
A R DO I R AR B K il i e, JF HBPESR
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Table 3 Summary of test results of samples at different sations

FEdm MY EKE MR W R wMERR AR WEMHE
Jpa . VR R 0 0 0 =0 SiokPa  § en/kPa S
Y5 W /m W% W./% We/% e ol /% A
1-1 0.15~0.25 131.19 42.24 80.21 37.97 2.3 38.43 0.99 6.88 1.59 4.3
1-2 0.50~0.60 135.18 30.80 70.96 40.16 2.6 39.47 1.02 10.18 1.29 79
1-3 1.00~1.10 136.56 35.62 72.97 37.35 2.7 41.86 0.89 11.24 0.83 135
1-4 1.50~1.60 157.80 34.23 73.37 39.14 3.2 42.39 0.92 481 0.10 48.1
1-5 2.00~2.10 147.82 35.92 70.38 34.46 3.2 36.81 0.94 4.53 — —
2-1 0.15~0.25 135.18 31.78 83.34 51.56 2.0 28.20 1.83 1.60 0.42 35
2-2 0.50~0.60 136.56 35.70 63.76 28.06 3.6 35.88 0.78 4.87 0.31 15.5
2-3 1.00~1.10 157.80 38.64 71.35 32.71 3.6 38.36 0.85 4.37 0.23 19.0
2-4 1.50~1.60 165.00 38.64 71.35 32.71 3.9 34.58 0.97 15.51 0.18 84.0
2-5 2.00~2.10 147.82 36.77 76.10 39.33 2.8 32.21 1.22 10.65 0.41 25.8
2-6 2.65~275 151.76 38.99 73.63 34.64 3.3 41.41 0.84 115 0.30 38.5
2-7 3.15-325 149.17 35.66 67.27 31.61 3.6 39.24 0.81 4.59 0.39 11.9
2-8 3.75~3.85 13364 36.22 75.21 38.99 25 32.48 1.20 7.48 0.46 16.2
31 0.15~0.25 84.70 17.75 32.63 14.88 4.5 24.08 0.62 — — —
3-2 0.50~0.60  49.65 23.27 48.73 25.46 1.0 31.34 0.81 — — —
33 1.00~1.10 59.61 2341 3541 12.00 3.0 32.19 0.37 12.80 0.31 41.3
34 1.75~1.85 91.57 33.83 59.52 25.69 2.2 38.52 0.67 13.29 3.07 4.3
35 2.10~2.20 112.66 32.99 60.64 27.65 2.9 39.38 0.70 139 1.42 9.8
4-1 0.15~0.25 137.02 38.45 78.83 40.38 2.4 36.80 1.10 2.17 0.35 6.3
4-2 0.50~0.60 145.26 37.25 74.52 37.27 2.9 33.49 1.11 12.15 0.86 14.1
4-3 1.00~1.10 172.18 42.43 67.48 25.05 5.2 40.84 0.61 5.10 0.09 54.3
4-4 1.50~1.60 14751 38.05 73.05 35.00 3.1 33.04 1.06 6.87 0.20 34.0
4-5 2.00~2.10 138.73 36.79 71.86 35.07 2.9 31.53 111 6.59 0.25 25.9
4-6 2.65~275 151.76 37.01 68.29 31.28 3.7 44.29 0.71 3.83 0.26 14.7
4-7 3.15-325 149.17 37.80 69.16 31.36 3.6 33.57 0.93 8.48 0.47 17.9
4-8 3.75~3.85 147.65 38.26 7154 33.28 3.3 29.91 111 8.89 0.35 25.7
51 0.15~0.25 165.04 46.13 87.91 41.78 2.8 25.72 1.62 7.02 1.28 55
52 0.50~0.60 158.46 44.54 81.76 37.22 3.1 25.32 1.47 17.74 0.99 18.0
53 1.00~1.10 162.23 44.13 75.66 31.53 3.7 34.57 0.91 8.02 0.98 8.2
54 1.50~1.60 188.03 44.12 82.04 37.92 3.8 30.51 1.24 5.29 0.54 9.8
55 2.00~2.10 176.08 35.91 88.07 52.16 2.7 32.57 1.60 7.60 0.81 9.4
5-6 265~2.75 17095 36.54 84.94 48.40 2.8 33.97 1.42 6.69 0.63 10.6
57 3.15-325 165.06 42.21 77.21 35.00 35 33.47 1.05 7.20 0.49 14.6
5-8 3.75~3.85 157.66 47.90 82.51 34.61 3.2 30.20 1.15 10.49 1.22 8.6
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Finite difference analysis of impact of undercrossing super-lar ge-diameter
shield tunnel on training jetty

YANG Jian-gang
(Shanghai Tunnel Engineering Construction Co., Ltd., Shanghai 200032, China)
Abstract: Based on the tunnel project of highway passage along Yangtze River in Shanghai, the impat of undercrossing
super-large-diameter shield tunnel on training jetty is analyzed by using the finite difference methods. The deformation of jetty
structures, settlement difference and ground settlement of jetty top are used to evaluate the improvement effectiveness of jetty
structures. The numerical smulation method in cooperation with the construction experience is employed to study the soil
reinforcement at the excavation face of shield tunneling, and its advantages and disadvantages are analyzed. Finaly, based on
the numerical analysis and in-situ monitoring results, the key construction parameters and control measures of the shield tunnel

undercrossing the training j etty are obtained.

Key words: large diameter; undercrossing shield tunnel; training jetty; numerical analysis; in-situ monitoring
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Shear creep behaviors of sliding-zone soil of bedding landslidein
Jurassic stratum in Three Gorges Reservoir area

LIU Hu-hu, MIAO Hai-bo, CHEN Zhi-wei, HUANG Jin-yong
(School of Civil Engineering and Architecture, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: The creep behaviors of diding-zone soil play an important role in landslide prediction and long-term stability
analysis. The Xingfusi landslide, which is the typical bedding landslide occurring in Jurassic stratum in Wanzhou area, is
selected as the study case. The peak and residual shear strength indexes are determined by the triaxiad compression tests on the
remolding samples firstly, and then the shear creep behaviors of the diding-zone soil samples are explored by the shear creep
tests under different normal stresses and water contents. The results show that: (1) The diding-zone soil of Xingfusi landdide
exhibits the transition from instantaneous creep to attenuation one, and finally keeps a constant creep with a low strain rate
before the initial failure. (2) The normal stress shows a negative effect on the strain rate and creep deformation. The shear creep
strain at each norma stress is less than 5% before the initial failure. (3) The influence of water content on the strain rate of
sliding-zone soil in shear creep is not obvious. The diding-zone soil has the greatest shear creep modulus when the water
content is lower than the plastic limit. As the shear creep proceeds, the shear creep modulis of the samples with low water
content or saturated water content have a sharp decrease in short time and then keep a stable value, while the shear creep
modulus of the sample with the water content dightly higher than the plagtic limit decreases dowly. On the contrary, the shear
creep modulus of the sample with water content close to the liquid limit showes a trend of dow increasse. (4) The long-term
cohesion of diding-zone soil is 0.70 and 15.0 times the peak and residual cohesions, respectively, and the long-term interna
friction angle is 69% and 70% of the peak and residua internal friction angles, respectively. All of the shear strength indexes
are affected by the content of fine particles.

Key wor ds: Three Gorges Reservoir area; bedding landslide in Jurassic stratum; diding-zone soil; shear creep test; shear creep
modulus; long-term strength
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Table 1 Basic physical property indexes of sliding-zone soil
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Table 2 Grain-size distribution of sliding-zone soil (%)
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Table 3 Mineral composition of sliding-zone soil (%)
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Fig. 9 Time series of shear strain rates of saturated samples with
different normal stresses
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