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Numerical model for hydro-mechanical-damage coupling of rocks
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Abstract: For better modelling the microscopic characteristics and evolution of materials under hydro-mechanical coupling
conditions, a TOUGHREACT-based hydro-mechanical-damage coupled numerical model for saturated rocks is established by
using the microscopic homogenization method and the thermodynamics theory. The proposed model well accounts for the
influences of sliding dilatancy, damage propagation and normal compression of arbitrary microcracks on the macroscopic
deformation and failure characteristics, permeability evolution and fluid flow process. The numerical method is successfully
validated through the experimental data of water injection tests on coal sample at the laboratory scale and then used to carry out
application simulations of water injection responses at the field scale. The numerical simulation results demonstrate that the
distributions of injection-induced rock damage and elevated pressure are affected by the injection rate, in-situ stresses and
anisotropic distribution of the initial microcracks, and they are more developed in the directions with larger in-situ stress and
dominant development of microcracks. Better simulations of the macroscopic hydro-mechanical responses of rocks depend on
the accurate characterization of the internal microscopic structures. The research may provide a useful reference for deepening
the study on hydro-mechanical coupling of rocks.
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Fig. 1 TOUGHREACT-based H-M-D coupled simulation
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Table 1 Parameters used in water injection experiment
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Fig. 2 Finite element mesh used in simulation of water injection
tests

ARYE IG5 A, X T SR 0 4 34 5 2% A
AR e AR JE 8320 S IS () 20 3R, THUR AN A M 7
SN 12, 15 MPa fRER S . WA BT
XA, FKESIA 0.1 MPa. FEEIAL REAH
(AR RS, FEBUEBIAT 120 s PR AN
JKULE 0.0075 mL/s, 2 J5 LARETUE MTE E ik 0.15
mL/s 33 O FLIL BN K . BUBAITH R 2
N 1 o, e s B2 OB A /K e R 1
5T, HANSEARIEAH AL B TR 1> 22, ey
Vs &, HBEEER N 13107 m’,

SN 7K 77 BE AR 8] (438 AT e 2 5 5B A AL
TR S5 AR LE & 3 froR e VENEIIFEIT R 2218 1Y
KJa SR, S8 K BEEA T A KSR . B
RUFI KIE K I LERT 300 s 85 0%) 17 MPa 245, It
AT AR IR, 2R SEADRIFANAR . B T A7

NENZACE R 5 IR 45 RV & 5. BARZ IR
BoitE . BARSHA E VR R s, i ss

IRGEMR GG R A — o2 5, (HEH B
ASTTAR G 4 S5 WA K s SR AR . i 3 T,
UAFEIE S AR RN, B TUME S S E 2 7
WS, K B A T A i AR UL o 2 R K T 4 7 i
MRRARH HE, AR B A R .

60
50
40 o SCHIMH
—a B 7 2 R R B
30 —— AR 72 e A A T

1K F1/MPa

0 300 600 900 1200
I} 1E) /s
& 3 LS FMAYEKE SIRERTE R T id 72
Fig. 3 Measured and predicted injection pressures with time
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Table 2 Parameters used for water injection modeling in field scale
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Fig. 5 Computational domain and finite element mesh for water

injection simulation in field scale
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Fig. 6 Evolution of injection pressure with different injection rates
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Fig. 15 Variation of pressure and damage around injection point

with initial horizontally developed microcracks
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