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Finite element analysis of thermo-hydro-mechanical coupling processes under
stress corrosion and pressure solution considering saturation correction
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(1. China Railway Tunnel Survey & Design Institute Co., Ltd., Tianjin 300133, China; 2. State Key Laboratory of Geomechanics and Geotechnical
Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: For the models of stress corrosion and pressure solution used in the 2D finite element method(FEM) code of
thermo-hydro-mechanical coupling analysis for dual-porosity medium developed by the authors, a correction factor for water
saturation is introduced. Aiming at a hypothetical model for geological disposal of nuclear waste located at a water-bearing
stratum, three computation conditions with different initial fracture saturations were designed(Sy20=1.0. 0.8, 0.2), then the
corresponding two-dimensional numerical simulation for the coupled thermo-hydro-mechanical processes were carried out; and the
states of temperatures, rates and magnitudes of aperture closure, pore and fracture pressures, flow velocities and stresses in the rock
mass were investigated. The results show: With the change of initial fracture saturation from high value to low value, the closure rates
caused by stress corrosion and pressure solution vary from fast to slow, and the times of fracture aperture tending to its residual value
and contact-area ratio of asperity tending to its nominal area from their initial values also increase, as well as the drop in stress
intensity factors slows down; the changes and distributions of fracture and pore pressures in near-field as well as the states of flow
vectors have obvious distinctions; the magnitudes and distributions of stresses within the rock mass in three calculation cases make
little difference.

Key words: stress corrosion; pressure solution; saturation correction; dual-porosity medium; thermo-hydro-mechanical coupling;

finite element analysis

1 8] = A ISR R 1 JE bR s v A2, H Ri/E [
WANCEAFE] T MM, Taron 4% KiHs ).
AT Yasuhara S S BGRIRERET BT . (R AR R IR ST Rk

Wk H 1 2012-10-17
FETH: ExRE LRI R (973) 1 H % BI(No.2010CB732101);  [H 5K ASAEL# 3L 4 % B (No.51079145).,
B—AEF R SKRYEP, 5, 1986 44, M, BhEEUARN, SEEEAGIRTH R DR TR L. E-mail: 1zjtu309@163.com



524 Fe) +

7 = 2013 4F

5 WA g AT Her Wik, @A T — R
THMC XUEA A, JF LU 454 TOUGHREACT
FFLAC™ 53 M7 T KR BB A R 13558 R AL
. Taron ZEC4M7E Yasuhara TAEMIIERE [, K&
T —RE R AR, RN T TR A
JE ) 2R 2R A T R I BB AR . Ki-Bok Min
SEP\ R, ARG 5 R ) A R T AL IR )
WIRAENMZ R, HEAHER TR AR
JIREEER SN, B A 2R TT AR AL
B, Zheng 251N I )& A PEC™ K
PEARS S, PR T — Pl IR A BT 4 4627 s 4
RERRHERE Y, T TR N R R R A
R AR I FLBR R 53538 Rk . 5K T 4240
W Yasuhara [R5 )8 R i AL SN
Bt T I 1 00 AL BR— 24 B A A - 7K - B 43
T BRICHRE 7 b, 6 2R BRIT B RE 0% R R A I
BIE, 0 PL—AMECE AL T AR AT BEA A 1
PR A AL B R REAT T B . Tk R ZE A
WRT FIRTAE, 8 R AA(E, ST
A BRICFE I K- ) B R v S D fe, 3k
AT T AH NI e SR b T Ak P A% 3R (O D
P B E AL

SR, BL B TAERA — AN, RIEEEULIK
WATIRZS, (H35 Dove® [IRFST, 4% M mlAb T
IR HAT— AR BE /K ZE SN B A ) (B
BUK LRI FR JEANTR]DD, 2L BRI R 5 2 A I
ZEMIRY, 3K b 5 5% M 2 Y. 65 kR s g s A 1 R
%o RHEETER I AR MR L& T yRhX 6t
M, SEHUAT T FRWIT. B, T 0A A
SRS L R (AR 0 5l S ST A i
RIERZH 2, MMiX Dove $#H FIZBHIY
JRHCR A RGN T AKWAE B IER T, I BIEE
2B Jie 2 o0 S HSAE 5 SCHR 9] AR A 3
BOARREAT XS b, DA PR A5 1 0 B
SR, CA—AMBUE (AL -5 7K M2 w11 s TS A
JEAC B PR R A, N R A X AL B -2 A o,
L4 T B I3 J R AR T B A (T 11
FUBRZRALE N IR0, LEM R U AL
R 3 44E T BURIUAFL S ZEBKEAE S, o~ S0
AT, EEXS 3 PGB MR 5 (B 3 400046
FLy S, =1.0. 0.8, 0.2 KKK pios Puno”
TS, X I 7 J R R 0 A 3 R A T /K e
A IE , B4 T XU AL R 2B A 7K - R
ARRICUHE, B8 TR IR IRE . REITE

PG A G i, ALCRHBUKIE 1. 3 F KR
WL IR SY AL, FH T R 4 14
2 L BUFEKBERE
2.1 Ry

B 1R, P R T AL P9
ST REIRRLN ) o AL TR0, BHRR o i
1Mk, Dove ATSERTRE U 1 ARENY
JEH D)

H,0

Vsio = 40 exp[ JeXp(b:rzoKl )(951?-2(? )+

(D

A, exp[ o ]exp(bOH. K)(65%)

A v J LA S R O T ALY i
Ao~ Ay NHIRIGHE M T, HEEEA G,
AHy o~ AH TR ROV SG T o4l
FEs by~ by hHRIRAE IR R S RER
i (K1 LT 4 AP AT 5% K R TR BE R 75 035~ Oty
N BAT 531 /K RS B8 1 e — SR N R ZH By
B, HAFE Oy +65 =1, I BAEAK pH AN A7
Oy =1, O =0 7&m pHAEN A 655 =0,

0% =1, W Yasuhara 245 HHB5)) 2 TF I (111
D3 Sl A Ry
% =—(1-R)vsi0 (2
11}
K, =oN2mr
2
R _
0,=—0
R,

X U o, P22 I TSGRl 1o R
1B BESUIRTAR KB e r #8028 /N e I APRL
AR LL: o, A FH7E 2R i AR b B 5 s .
J1: o A o, SRR T, FAR BRI Bk 2
BRI KME: & W PRMENE NI R ZL
(4 XA CATHUCAAAED s R, VBRI HeAk A,
HH, R. <R, R FRKHF:

E'=E +(E,—E,)exp[-(R, —R,)a] 4
e B E v E 00l RBP4

PRI R, AR BRI WA (E; a
N AL



W1

SRAEPCAE: 25 BRI 1 1A I 3 JE8 R s s gt A P 7K - g i e R A R e 20 A 525

Ji JyFIA

By
Sl it

\Hﬂ

LSS

SRR

Bl WESEET R RREES"

Fig.1 Sketch of fracture compaction induced by miscrocrack propagation!"
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Table 1 Main computation parameters
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Table 2 Parameters for stress corrosion and pressure

solution
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Table 3 Parameters for fracture sets used in calculation
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