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Research progress of deformation and failure mechanism in fractured rock
mass under hydromechanical coupling
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Abstract; To understand the deformation and failure mechanism of fractured rock masses under hydromechanical
coupling and correctly evaluate the safety and stability of rock mass engineering, the research progress and results of
the studies of deformation and failure of intact and fractured rock masses under hydromechanical coupling were
systematically reviewed by collecting and collating literatures at home and abroad. The mechanical characteristics of
intact and fractured rock masses under hydromechanical coupling were briefly described. The seepage laws of single
fractured rock masses under hydromechanical coupling were summarized, including the mathematical formulas of
the relations between flow and gap width index n, permeability (water conductivity) coefficient and normal stress,
and permeability characteristics and shear stress. The latest research progress of deformation and failure mechanism
under hydromechanical coupling was mainly analyzed, and the applications of advanced auxiliary test technologies
such as acoustic emission ( AE), ultrasonic testing ( UT ), polarizing microscope ( PM ), scanning electron
microscope (SEM), and computed tomography ( CT) scanning system in deformation and failure analysis were
introduced. The advantages and disadvantages of the coupled seepage-stress model of fractured rock mass, the
numerical analysis method, and the applicable conditions were summarized. Finally, limitations in the current
studies of fractured rock masses under hydromechanical coupling were pointed out, and suggestions were put
forward. The future development trend was discussed from several aspects, that is, the mechanism research changes
from macro and meso to micro, the numerical simulation changes from rough to fine, and the engineering
application changes from hydromechanical coupling to multi-field coupling.

Keywords: fractured rock mass; hydromechanical coupling; deformation and failure mechanism; mathematical
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Fig. 1 Causes of Malpasset arch dam crash'”’
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Tab.1 Geological disaster data in China for last 10 years

o N e ek SH 7 e T 554 TR FEAG MR FEIET: HAEATE
ARGy WURSCER WICER RRER RORIKCER - - e W LT
2009 10 580 6 310 2 378 1 442 326 845 331 19.01
2010 30 670 22 250 5 688 1981 478 3 445 2 244 63.85
2011 15 804 11 504 2 445 1356 386 413 244 41.32
2012 14 675 11 112 2 152 952 364 636 293 62.53
2013 15 374 9 832 3288 1547 385 929 482 104.36
2014 10 937 8 149 1 860 554 307 637 360 56.70
2015 8 355 5 668 1870 483 292 422 226 25.05
2016 10 997 8 194 1905 652 225 593 362 35.43
2017 7521 5524 1356 387 206 523 329 35.95
2018 2 966 1631 858 339 122 185 105 14.71
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Fig.2 Rock mass composed of porous media and macrofractures

AREY G Souley 251 ?EEE St R 43

[9]

5 BB anE 3 (b) Fras, X —% 4 ik 5 J6oK
FEAE T 5 A I e A — 277 e 2t 4
AN - AR B REM A R T AN B,
Kl 3 (c) fiR. SCHRL 16,18 ] i # A2 7 B i () 9 45
G RIS P X 6 b FI A e H 3 ol
AR AT T K J188 A B0, IASTE fh 28 ] 1K
JE 1% 5 A AR i B AT — 5 el ELAR W . O
FRAR A2V L AT T B R SR A v T

,Tﬂfﬁ

%ﬁ%g///

(]

I

i

Mﬂ}i/
m— mo R
/

=

(2) BB N5 BERE
B3 KABEERTEAERERSE

Fig.3 Compressive deformation characteristics of rock under hydromechanical coupling
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Fig.4  Complete stress-strain curves of rock specimens under

triaxial compression with 60 MPa confining pressure”’
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Fig.5 CT images of sandstone specimens under different stress conditions
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Fig.7 Direct shear test system and experimental setup'®
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Fig.8 Relation between rock effective pressure and permeability
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Tab.2 Summary ofcubic law correction formulas for single fracture
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Tab.3 Summary of empirical formulas for single fracture
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Fig. 18 Three-dimensional reconstruction of X-ray CT images of failed pre-fissured rock-like specimens

Zr LRTR, 58 A K TR A i e A 9 & U
FE BRUR R ek i B R AR A 0 TR R
AR 5 5 AR A R A AR (ER, T
ZABE A K TR G a8 B 5 AR D L 5
T A BRI A K IR G R s 2%, T
FEI HALG] , F A I A 52 AT 5 5 S A, AT Ak
7w K JE.
4 KABEREFERE VoA B A

WA R

I SEAE  BEETHRPLE KUk R K R A 3
Bt AR ) R TR A B S 4R L TR Y O . R N A
22 BT IK IR G AR AR IR RV E 53 B 7 15
ITHHEAT T RENFSE, BUS T F A0 A SR 487 81T
P90 45 [ N A 2 28 SR FH AR 5 5 ) FLEUE 20 B
Tk,
4.1 BipER

KT ERZS) SURE W — 0, K TG
FBEAFFE AR A 5T AR ) AR AR FH 9 g 27 A
KT K ITFE A BB A S AR 67 A% h 5
RGP 225 SCER [ 13 ] 2 i K R B A
I3 BRI B A AR A (ECM) | 4B [ 2% 45 751
(FNM) SUE A JBoAR RS ( DM) . s 3 %) SCHR[ 90 - 93 ]
HEATIAGN, B T AP AR S B R A
R A
4.1.1  SFRGELA B AL (ECM)

ECM {535 2B TR 23 B 1 22 HLAH B 38, 7K
AT AT EEA AR BT H B Sk e 4. o 24 pR
TR SO B ik, W] DU 22 i B R
TR 2B JoT S AT 1 45 1) S vk, DUA R 3 R
SRR A TR 98 B, B i
1odA
o 12

ki = (I -aa,), (2)

[28]

1odA
~ 12
Kk BE R KBS R Bk d R
SEITERE A BT % B a Sy BB T A 5 )
ERVE S

ECM (4t i« AERL {50 A FH I (58 0 e A )
2 RS T AR A R RAER R ITIATL(REV) /N F
FFEIRAY 1720 ~ 1750 A& . ECM [k i - 1% 58
— AR AR T K i B Bl i AR P A, JF AN IS
TAELME B A AT
4.1.2  ZAPAMILEEIRI(FNM)

FNM B AR 24 A 5 o A B i — 1k 2L
P MR S 00 SRR G R rh i 24 B
PR TRIEE BRTE KN JEAR AL S LT 28 REAR
U BHR K SR AE . B i R

0 ap 0 ap ap
—K, 5 +—| K, | =S+ . 4
ax( : 6x) * ay( y ay) S dy W (4)

Aoy BRI AR AR, K, K 23 R T« ATy
B EBE R p MKIETT,S RICIKRE, W R
I

FNM FRAE/NREE H 2B /0 1 T8 (] 8 H ARG
JE v T SE PR AR L S A R R R
PR 22 AR T3 e R, X LA B 07 S .
4.1.3 XEAFEAI(DM)

DM ()3 B 48 1) ph o B S4B AL B A 18 2 A
J, FLBRE SR 22 8] 37 SR AS . S4B R XA i
HR LB ELAE SR AT K S B4 FLEBR A AL
A KR TS R L e o
OH, 9H oH oH
PR az;’) =S, % —alH, ~H),

(5)

g IZ" 2 If" 2 [f‘) =Sfa—H"+a(Hp - H).
x dy 0z ot

(6)

(I -aa,). (3)

K =X
i’

p

|

-



34 - oK T

NAAVNEE S

552 4%

A K, K O3 ) A FL A SR A B A B8 3 &
50, S, S AT LB AR AN SR BRI KR o Ky
LB B S B B Rl K A4 R4 H ) JH oy
LB S 2R A BT Hb T KoK Sk

DM 25575 8 T S5 3508 224 ot FN 24 B I 28 A T
BT A, S DR T R A AT B 22 B] f) ) S, 4
B BRZEBR AR 36 TR R BRA BB it ), A
B R B o 5 HLB SR TR R R KSR R AL
MR , S4B AR 34 50 1 R 4% 1] S M BB AR 4
TR,

H A28 81 1 K R A AR T BB P S BR T
TR ) B AEAE — 5 2205, K IR TE 240 A b i3 3
F7 R dE— AR 2 5 2 f 3 AR, R I 2 25 AR i 5 3
K FB 25 MR 5 AR M) S 8 (AR S A R A 9 4 B
ARSI 25 8T ik i AR R g 4 T B LK
JHBA T AW A 72, SCiik[ 13,94 - 95]
NG ST W 7 A B RO 24 AR ( DMM) %
LE )1 AR (CDM) \GEd B (SM) DL AR &
A ( DMM/SM .CDW/SM .DMM/CDW ) &l BEAR 1 i1
B A7 B 24 3] A Vandamme %% 2T DMM ##
RUBHL T K RS TE R e ad 7, A T BB %R
AFAE L. Valko %57 1 Souley 45" i fff CDM #
4SSN T AR K T B AR 3/ R B %5 7
2. Shao 26181 35 5 DMM/CDM R 448 50 XoF Jifs 14
A S0 U R R S B iE R R AT TS
Yuan %10 ) ] CDM 1 SM A7) 385 4 3t 154 9 T [l
JE BN A AR A5 T ELAE J P, SRS 8 R I
T, A LR 37 2 S IR TR 22 1] B 6 R B
AHIE. B2 AR Y 1 N i, iR Ry 5 3, HOR A A
RUAKE S HE BRI 3 — 2P IR A RIS

4.2 HEFE

HOERE A BE I A RILE TS,
BERR T 1% 0 B U AT 225 30k [ 13,101 - 102 ].
UTSBAR V238 N B O BRI AR 1B 8P
OIS BRI BT, 1 A FROTIE S5 224 o
Jr ik, 8- AR B LAY R4S A T7 R X BBV AROK
R )R EA T RUMEL 23 Hr , BE S AL U M R AR IR
VERIT 4B A i s s iR, D08 SRR T 3h 55
. Horf BROTEETE 73 AR ) rh A o T X e
PR Sy T PR AR TR AR R S R K B
BALIEZR B Tl 5258, SR A BROC T X E K i 72
ORI T RAR A T BESR 2E AT 1 BT 5. STk
[103 - 106 ] R H] — | =44 FRITHE &S R 7 23 B 17301
i VU 3R K P R 300 i R . O S s
i COMSOL Hi X 2R 101 3 4% 1] S P A K )
AR AT TR BT, B DL A5 2R R I /K
S SR B AR — B 2R R A FLACY
BRAF R ) = 2 R A5 A R X VAR JER i T 42 I B
T3 Wi KIS o3 AT AT TR BT, LA O g TE
FesE PEER AT 25 27 . A, I IR i3 A 2R ]
BELA AT AR L2 41 R ) RFPA J7 3.
MRS BT RFPA D5 PR BLL T = 2k (R A b of 1
TEAR IR A AR T B AL TR 4 7 , AR 4 S 4L
W) =8 38 R - AR B S R T AN 19 FoR.
EIRTTIEAE SRR A R TR b ] LA LA
L SEPRAYZE AL (EX BT R ATI IR AT A — E BRI PR
BEXSAN ] A T AR U, 33X 2677 5 AN B 3 3 FH A
(HGE i 2 G BRI I OO0 A, AT LIRS 20 208 A 5] 19
TREGURIRI AR H Y. 2 B0 BB T 07 % BANEC S
e n KR

R5 BEHEEACRM

Tab.5 Summary of numerical method features

[13,101 -102]

BAE Iy BB 52 B WEIRAHT BukiEE) BT P e
ARt FEM vV 2 =3 R A%
¥ JRATFRIE XFEM v vV vV RiELN T
LA BT FBR 24> FDM Vv FATEE
%6 BEM Vv
JUM H Bl CA % 2
WURLE O PFC vV vV B S T PERERR
O DEM v v IR LA
BN ik B BRI % DEN
e LAY /3 Hrid: DDA vV v E|Sussoigri
I Itk NMM vV Y vV
K4 FEM/BEM VvV
AP | U ST WIRN R4 DEM/BEM Vv vV vV
IREHBREHOT FDEM vV vV v Wiz A o




5 6 1]

SRIE, S IRIIH A BRI TR RRHL I 7S 1 R 35

B35 R ¥ (cms™)

(a) BUE M AR

(b) PIE LI 45 R

E19 KRN GEERMENTMXRR LR RER"
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