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Three-dimensional model of interface between structure and coarse grained soil

ZHANG Ga, ZHANG Jian-min
(State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The interface between structure and coarse grained soil was found to exhibit remarkable coupling of shear stress-strain
relationship in both the directions due to three-dimensional shear application based on test results. The magnitude of principal shear
strain is only dependent on the magnitude of principal shear stress. A three-dimensional constitutive model and its numerical scheme
were then developed based on the elastoplasticity damage theory, which was programmed and used to predict the response of
soil-structure interface. The model and its numerical scheme were confirmed to reasonably characterize main behaviors including the
coupling of shear stress-strain relations of the interface between structure and coarse grained soil, which may have much effect on the
response of interface.
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Fig.1 3D monotonic shear stress-strain response
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Fig.2 3D cyclic shear stress path predicted by model

WHRTE R A AR S a5 ) — YE ks )
AT BRTTT AT, Gl TR, I RERS R
X SRR S PR P AR PRI B o A SR 4
Bl 3 B i) = Yy SReasl i 73 Hr A R 06 UE AR (BT AR 1 1
AR AZARIRE R RURE AR R Jl, - e [ 52
YA, WSS O SRR,
T BTN, DT A S8 2 Tk RELRES B0 A 22 fk )
We T o7, BN AR SR L O 0,
e i AN BB e B B et SE AR R 3
TN AGE M N ) o, 0T x Al 17 42 B 4 )
TABIN 7, ARG ORFFZBTN S AL, Ay BT
[ AABPEGEIR N4, WE{E A 50 mm.

B3 =B TR
Fig.3 Schematic view of 3D slipper test model

YER7RB), AScgs iikin N J) o = 400 kPa. x
MBI f) 7 = 200 kPa. BYN ) HE4 R $in,=0.1 i
VAT B (1 5E 85 5] B 55 RELRE E0 A T 2 AFR 7
BRAR, W 4 PR, B sege R AR F
i, RN HGRE FEM 0T 4R, nTLUEH
FEM  SE45 R4 fid 81 1 ) RH A7 885G 3R 5 AR 52
T4 Reoe a5 ey Wl = 4E85 U BT
R IR S REIE,  IX U0 AR SO 10 = 2 BB
300
200
100
0l
-100

200 | 5
-300

7, /kPa

20 40 60

60 40 -20 O
uy /mm

O -
04
08
12 }
1.6 | e

2 C 1 1 1 1 1 ]
60 40 20 0 20 40 60

uy /mm

v/mm

° FEM

(@
250
200

150
100
50

7./kPa

0 5 10 15 20
ux /mm

Y

o FEM

-60
-40
20

u, /mm
o

20
40
60

10=0.1

5 10 15 20
uy /mm

(®)

B4 =4RRBEBITESER
Fig.4 Prediction results of 3D slipper test



292 E- R R 2007 4
BRI . B 4 B P LU, A SCE Sl ] — 4 1179.
TR 05 25 T )46 P Sl T (B ZHANG Ga, ZHANG Jian-min. Unified modeling of
AR E TN, R E ARG RN S ) PR, soil-structure interface and its test confirmation[J].
Chinese Journal of Geotechnical Engineering, 2005,
5 48 i 27 (10): 1 175—1 179.
R LE BRI, = e B IR - S 45 (51 5K, FRARE. PP EE H) N HDRL b S i i
| VARECRO BT, SHESIRHLR L S STRHERAOTII]. £ TR, 2004, 26 (2
Bl T PN 77 1) FR B IS ) - A 5% 28 R IR LR ) 254—258.
AR, AHH B AR /NS B K ZHANG Ga, ZHANG Jian-min. Experimental study on
INET R BULI) A0 2 fd 1T P B IR AR N AR — e 5 cyclic behavior of interface between soil and structure[J].
g Chinese Journal of Geotechnical Engineering, 2004,
AR T A IR PR SS  B ]
"~ " v gl 2 N e pe RIS, sk, MR 540 RS AT
AR B R . SR R A kg ) KT SRIG RIS
e [T o, BT [D]. A T2, 20085, 26 (5): 699—704.
kT 22 = e Ty s, RAT AT AT ZHANG Ga, ZHANG Jian-min. Reversible and
= =~ PR |- b ok R
i LR, TG LS DR S i irreversible dilatancy of soil-structure interface[J]. Rock
T = e s g R, A SR AE RIS 4N ) and Soil Mechanics, 2005, 26 (5): 699—704.
EEARSCAT T A T B (1) B8 ) G 71— A (7] KM, gkt B. ORDRL A 5 2 fid i 52 2o R v 1 4
PilI]. F1%7243R, 2004, 36 (3): 322—327.
z % X M ZHANG Ga, ZHANG lJian-min. Load-induced damage of
[1]  Clough G W, Duncan J. M. Finite element analysis of the interface between structure and coarse grained soil[J].
retaining wall behavior[J]. Journal of the Soil Acta Mechanica Sinica, 2004, 36 (3) 322—327.
Mechanics and Foundations Division, ASCE, 1971, [8] Evgin E, Fakharian K. Cyclic rotational simple-shear
97 (SM12): 16571 672. behavior of sand-steel interfaces[J]. Soils and Foun-
[2] Ghaboussi J, Wilson E L, Isenberg J. Finite element for dations, 1998, 38 (2) 191—199.
rock joints and interfaces[J]. Journal of Soil Mechanics [9] Fakharian K, Evgin E. Cyclic simple-shear behavior of

and Foundations, ASCE, 1973, 99 (SM10): 833 —848.
[3] Desai C S, Ma Y. Modeling of joints and interfaces using
the disturbed-state concept[J]. International Journal of
Numerical and Analytical Method in Geomechanics,
1992, 16: 623—653.
(4]  SKME, FRAERS. KR5S 45 M B G — AR K
W IIE]. A L TR SR, 2005, 27 (10): 1 175—

EEF TR

[6] i), /K2, PRI, &5 Amishn e s R AR T

PERFFTE]. o MO 222 4R ER B ERR) , 2003, 33 (4) -
514—518.
HE Man-chao, JIN Yong-jun, SUN Xao-ming, et al.
Study on stability of foundation rock mass of Potala
Palace[J]. Journal of Jilin University, 2003,33 (4):
514—518.

[7] GB 50021—2001, &+ TREHIEMIE[S).

(8] FWREH, P, FEULHE, 5. LTI EAL R
I B S2E, 2004, (5): 759—65.
LI Xiao-zhao, LUO Guo-yu, GONG Hong-xiang, et al.
The division of engineering geological strata groups of
soil mass[J]. Rock and Soil Mechanics. 2004, (5): 759—
765.

[9] GB50218—94, LR GihrtElS].

[10] Danilo Ranalli, Marco Scozzafava, Marco Tallini. Ground

[10]

(11]

[12]
[13]

sand-steel interfaces under constant normal stiffness

condition[J]. Journal of Geotechnical and Geo-
environmental Engineering, 1997, 123(12): 1 096—1 105.
Fakharian K. Three-dimensional monotonic and cyclic
behavior of sand-steel interfaces: testing and modeling

[Ph. Thesis D]. Canada: University of Ottawa, 1996.

penetrating radar investigations for the restoration of
historic buildings: the case study of the Collemaggio
Basilica (L’Aquila, Italy)[J].
Heritage, 2004, (5): 91—99.
WRSCHE, B7ESC, XRE, & S TRV D 53
FCT7iEI]. A& 1%, 2005, (3): 409—515.

CHEN Wen-sheng, HUANG Sheng-wen, LIU Hui, et al.
Force distribution method for numerical simulation of

Journal of Cultural

geotechnical engineering[J]. Rock and Soil Mechanics.
2005, (3): 409—515.

GB50007, ZIHIEILAR B TIVE[S].

REZR, RSP, Sk, 5% 1 FLAC-3D 20 #ie
Y MAR TERFAED]. 5 0%, 2005, (1): 131—135.
ZHANG Xue-dong, CHEN Jian-ping, HUANG Run-qiu,
et al. A study of deformation features of gapa landslide
using FLAC-3D[J]. Rock and Soil Mechanics. 2005, (1):
131—135.



