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Shear strength of dual-pore-fracture medium and finite element analysis under
ther mo-hydro-mechanical-migratory coupling

ZHANG Yu-jun?, JU Xiao-dong?
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubei
430071, China; 2. School of Civil Engineering, Henan Polytechnic University, Jiaozuo, Henan 454000 , China)

Abstract: Considering connectivity rate and spacing of fractures, volume fractions of pore matrix and fractured materia in a
representative element volume (REV), a method for determining the equivalent cohesion and internal friction angle is proposed under
the condition of thermo-hydro-mechanical-migratory coupling. While the equivalent internal friction angle of the medium is assumed
to be a constant, the equivalent cohesion will be a function of inherent cohesion, equivalent plastic strain, suction, solute
concentration and temperature. A hypothetical disposal model for nuclear waste located in unsaturated dual-pore-fracture rock massiis
analyzed and simulated with the proposed method. The results show that the enhancement for the equivalent cohesion by suction is
larger than the weakening effect by equivalent plastic strain and solute concentration. The plastic zones in the surrounding rock mass

reduce with the increasing of equivalent cohesion. Thus the distributions and values of rock mass stress, pressure and flow velocity of
pore water and fracture water, solute concentration in pore and fracture also change correspondingly.
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1

2014-10-22

973
1956

12

No0.2010CB732101

Sl

N0.51379201
E-mail: yjzhang@whrsm.ac.cn



878 2015

[4
F=r—c-octanp=0

F=aJ +(J)"?* -k =0

- CTHM g
o g 2Sng ,  6ccosp
B J3(3-sing) J3(3-sing)
Hueckel [6
Argillaceous r.o
c @
- I3
o 2.2
- l B
REV REV 1 m
n
CO;
y
x
0
“ ” 1 -
Fig.1 REV of dual-pore-fracturerock mass
_ rR+r]:rR+Zer 1
k=1
ﬁ — rR ﬁ = rj
z VZ
v, = ZVJk = Z Vi l/a
k=1 k=1 i=1
2 Ve +V, =V,
rR rJ er
k
- - - VZ VR VJ V/k
k
VJk[ lk[ k l
1 k
2 -
I/k Sk lk
2.1 n=1/S

i

Mohr-Coulomb Drucker-Prager V,=nV1



- 879
| cy = rzcx + pzc + qzc
! 2 2y 2Z 13
¢N:r¢x+p ¢y+q ¢z
B, =8H +2.09 8
Cy Py
B, H r p q
2.3 “ "
8 - - -
BS 2H - Q Dy
=p
Vi =V + Vo =3V 9 € ¢ s
C T 4 5
Vie Vi QO =0y
c=cy+k,&" +k,(AT)s +k,.C 14
k §=Pa = Pw
c,=c 1-1)+c,/ m
Jk R( ) bk 10 FeSk + erksj —
P =9, -7+ (pjklk k=1 15
CR ¢R FRCR +§erCJ=C
Cii Pi b P
p.=0

[2

k
¢y COS; = ¢, COSP, =, ,C, COSY,; =,
11
@y COSQ, =@, @, COSL, = Py 1Py COSY; = @,
a B 7 X

y z Cix Ci v Ciz ¢ix ¢i V wiz
Cr @i 3

m
TRCr +ZerciK =Cg

= 12
TPk +Zer(piK =P
=
K=x,y,z ¢ @ -
K
12
=0 =1 Cx =Cr P =@
3
[9
- X y z

kw: km (AT) kyc -
AT T

= & 16
A+ } D¢ { 8Q}
oo’ oo’
¢ ¢ D¢
4 O F
O=F Q#F
A=0
- [10]

F =(o0,-03)+ (o) +03)sing-2ccosp=0 17

F =%Jlsingo+(J;)l’z[cose—isinesin(pJ—

NE

18
ccosp =0



880 2015

sin3d=———— J =0l +oc +0o!
2 (¥ 20°C
, 1 1.0cm 0.1m
J =6[(0x ~0,)+(0,~0.) +(0.~0. ) +8(, +7. +73)] _
¢, =35MPa
Jy=olol0l +2t, 7 1. ~0olT, —oyt +olr], o 0, =60° ¢, =05MPa ¢ =20° c,=17MPa
o, c @, =35° 1md r, =06
@ U;. O'; 1y =1,=02 r,=r,+r,=04 C =
o’ 0, 1. r. 22MPa ¢, =244MPa ¢ =40° ¢, =43
z-yz sz 0 -
-3
i k,=cy Kk (AT)=10x10° k.=
i —4.0 MPa/(mol/m?®) 14 14 2
G e’ K C
o, 13 14 c
F, 12
[11-12] 20°C 1000 W
- -7 - 4a
[13]
4 0v=26.7 MPa
2 A
B e o
Pu1=-4.59 MPa
X 4m y Pu2=-0.46 MPa 8m
8m 800 861 =20
432 433  Pu=-459MPa [
Pu>=-0.46 MPa
434 435 436 P |
o, =26.7MPa . —
—20
-459 -0.46 MPa 2
Fig.2 Computation model
1
Tablel Computation parametersof rock and vitrified waste
c A
JI(KN-m3) o Kal(mVs) EIGPa o (kIkgtocd) B IoCt JW-mrLec?)
267 011 1.24x10°%3 37 0.30 10 8.8x10° 2.8
250 0.00 1.0x10?77 53 025 0.7 1.0x10° 53
2
Table2 Calculation parameters of fracture sets
S/m ! 01(=) o/ (MPalm) ks/MPa/m 02 ol (MVs)
01 1 0 1000 500 001 9.7x10°
01 1 90 500 250 001 9.7x10°
[ ko k 13
Van m=1-1/n y Sus
Genuchten (4] 10 s,
Su = (Sus = Sur JA+ |aw|) " + 5, 19 019 001

a=386x10°"m* n=141
a=526x10"m?* n=255 ko =5,° 20



- 881

D, =25%10™ m?/s’C

Q. =1.44x10"° mol -kg/m*-s™

T, T, 04 08 o, Oy
1 2m, o =a, /10,
Ay oy 1.0x10° 2.0x10°m?/s
Ky, K, 8.0 53mL/g Pa Po
23.0 21.0kg/m? ® 100m?
x=IN2/T 4 Thait
1000a
2
[15] 2
1 432 433 434 435
3 0la
432 433 434 435 77.8
619 526 45.7°C 4 1 4a

/
88888388

10

3 1 -

4 4a 1 ( °C)
Fig.4 Contour of temperature at 4 yearsfor case 1(unit: °C)

5
4a 432 433 434 435
/ 1
-1.00/-26.29 -1.62/-25.87 -1.03/-26.29 -1.06/
-26.28 MPa 2 -1.00/-26.31 -1.01/-26.30
-1.04/-26.29 -1.34/-26.05 MPa
4a 6 1 2
7.36 6.56 m?
(a) 1
(b) 2
5 4a ( M Pa)

Fig.5 Contoursof normal stressat 4 years (unit: MPa)

] O
\m\
R ‘Ej H Lj‘
£ B L
S

A%n o B A= o B

@ 1 ® 2

6 4a

Fig.6 Plastic zonesin calculation domain at 4 years



882 2015
2 -6.718 2/-0.827 7 -6.506 2/-0.827 0 -6.268 5/
-0.830 0 MPa
1 8 4a
1 50:1
7 4a 432 433 434 435
/ 1
4a 432 433 434 435 2.66x10%/1.04x107 3.99x10%1.23x107 2.27x10°¢/
/ 1 -6.840 2/ 1.06x107  3.54x10%2.54x107 m/s 2
-0.7303 -6.6826/-0.7320 -6.496 0/-0.727 2 2.60x10%1.20x107 3.12x10%1.45x107 3.32x10°%/
-6.230 8/-0.716 4 MPa 2 -6.868 0/-0.823 0 1.80x107 3.59x10%/3.21x107 m/s
@ 1 (b) 2
7 4a ( M Pa)
Fig.7 Contoursof porewater pressurein rock massat 4 years (unit: M Pa)
NN §§§§ |
S\ e ———\ e
= = = =
R N
4 ”&EE&
NS
TR i SITSRNIRERIRINRISE I IRTSAREELSIEIRIARE
@ 1 (b) 2
8 4a
Fig.8 Flow vectorsof void water at 4 yearsfor two cases
9 4a / 1 8.44/
9.33 5.10/8.26 3.64/7.22 2.68/6.41 mol/m? 2

4a

432 433 434 435

8.32/9.29 4.97/821 351/7.18 2.59/6.40 mol/m?



3 - - - - 883
(€) 1 (b) 2
9 4a ( mol/m?3)
Fig.9 Contours of pollutant concentration in rock massat 4 years (unit: mol/m?3)
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