S

e REE @ RS TREKESh R T BRI SUEEIAR
WEITRE Tl 2010 RN TAEYS - FHE
1BESHN (&, BRFR): Kz= HI%

mE

BRI AE 22 SO — b B B T o O S (H il T R AR R DL E RO SR I Ry
s CA R R ARAR T R A, A5 NATTS 2R 4% T 70 K 223045 B AE X RN R 48 AT
SE PERI B B BRI VP0G o SRR 22 KR A AT AR B AR AR 2R AT (MBA 7
S GE AT AN TN, IF CIHUE € IR . ASCEIEX — -, I THEA
T BRI BN T 9%, 55T ARG RIESAR 1520 W7 ik WP RERE RS DAL
TARMEVERIA AR, 2 TR ORGP T A i R, 25 5 R SETT e 5K
T COD MBgERTBERAE N H T WA, Xt A b 5 sk AL R AR (M3 A K et AT
Ao 7% AT BR AL PP 2RI E 25 7 A BLK) FORTRAN R, dlid O A S
I FERREAT 138 IE, JFXF = W5 26 A T B K R M AR AR (X R A R AT T4
ARG, S T AR S5 N hr ok B I 2R A2 (K TR B LA« 20 AR e S s AR AR T
BE— 2B 5

AT TR, R B i SRy AR ) i AR T AR R R AT AU A AL
FE AT HY 5 XSG RURE A ARSI 2 SR DL B o] iy i 7R i 2R 4 PRI &85 SR 5 2 Bl
ST B RET, fuskA AR R LD IR LI B EH i T AR, K28
TR 0L M SR GEALIE TV BT SR (R 7KL A% Z2 R B0/ N R 8 ELAEAS 72, U B 2R A
M7= A 1 BRI KT 5KIT AN N (3 [ 65 20, PR ITIAEAT eIl 2 A AE RO IE DL T, I
SR F TR 2 AR BON B (MR A A 3, BRI R (0 BY N iy fy itk — 20
WEFE, (EAE e T B o RS TT IR L SN 5K A s SRS B ml e 28 5 56 10
W Z AR ARIVE T, A5 AR A S0 S TP o 5K AR S0 [ o 5K - B D) R A A

CEA: WZISE BRI LORTF AR SRR LT B



F ORI 18C

THESIS: Simulation of Propagation of Tensile-Induced Earth Fissures due to
Groundwater Extraction

SPECIALIZATION: Geological Engineering

POSTGRADUATE: Wang Zhecheng

MENTOR: Professor Zhang Yun

Abstract

Earth fissures have already become a kind of significant urban geo-hazards. Due to
the difficulties in observing soil fissuring and the complexity of soil deformation, current
researches on earth fissures are still largely limited to qualitative field surveys and hazard
evaluation to some existing fissures. With the development of failure mechanics, it
naturally occurs for people to use failure mechanics to simulate earth fissures, and some
achievements have been reached. Based on the previous studies, this paper has abandoned
the method and strength theory of traditional continuum mechanics and the assumption of
brittle failure of soil, but applied theories and methods of failure mechanics to the
simulation of soil cracking. Crack Band Model, which is developed from Smeared Crack
Model, is built to simulate the whole process of soil cracking, with the Crack Opening
Displacement (COD) and energy release rate used as the fracture criterion to describe the
dynamic propagation of fissures. In this research, the model is compiled by means of
FORTRAN, based on a conventional finite element method program and, then the model
has been preliminarily validated by comparing the simulation results to the data acquired
from an existing experiment. Finally, tensile-induced earth fissures triggered by
groundwater extraction under three kinds of geological conditions have been simulated and
analyzed. For each geological condition, the mechanism and the distribution of tensile
earth fissuring and the influence of the occurred fissures on further soil deformation are
explained.

It is shown that the CBM is a feasible approach for simulating model I crack initiation
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Abstract

and propagation in soil, which has been examined by the data from laboratory tests and
the field observations of initiation and propagation of tensile-induced earth fissures. Most
simulated fissures are initiated at the ground surface and propagate downwards, with
significant horizontal and relatively small vertical displacement gradient, which means a
great fissure aperture and a rather small vertical offset. However, a greater vertical offset is
observed on a fissure formed at a pre-fault. Although the influence of shear strain on earth
fissures is currently ignored, it can also be inferred that with the depth of fissure growing
greater, the tensile-induce fissure may play a similar role as a pre-fault in the soil layer,

which may lead to a change of failure model from pure tension to tension-shear.

Keywords: earth fissure; numerical simulation; soil cracking simulation; smeared crack

model; crack band model
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TREEPN 528 ARER 3, NI NAR R RIF A 4 12 T FE
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b D S5 -E AR BAERLREAT G . H T 2044 A R RIS, e R TBAT & T
FELLVTRA:
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Dot Do st SRRy AE AL R P2 B T 448 T R 7 [ B8 MR B B, P AT
SR TFIRTTIA ISR B, 4 BIRE T 1R ZAA 1R, T E, fEUE

AT (3.2) /3, TR E BB SR A D, Rl B N AEAE AR AR T RN
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