534 1T 2 EoR o | 2 Vol.34  Supp.2
2013 410 H Rock and Soil Mechanics Oct. 2013

XEHS: 1000—7598—(2013) 4 2—0041—04

-7k- N X RMER T BRI =8 2 1 il th i

REE L, KUK

(1. P EREEGERDCAE T FRET A %5 TRERE SRR, K 4300715 2. PEBREBIN & BEa R AR, Kid 300133)

B B ATEAMLAER Mohr-Coulomb Jit JRUEN, 37 T #—/K-J1 =37 L EAE R T IR TR = BB EAR TR, 50 BI7E
Y. I35 K-8 e aK- 35 LR SR A RS SR 4 R AT B T Bl IR 4041 . ARk S PEIX
Flo 4R BoR, RS M X AT B, (B FSREIR A 2, 54T Ve A EE,  FUBR/K R ) 45 98
X242, A2 R AN ) B A R IR R

X B W RK-NICEER BOBIE; Sk i

4K E: TV 542; TB 115 SCERBRIAEG: A

An elastoplastic analytical solution for circular cavern considering combined
thermo-hydro-mechanical action
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(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan 430071, China; 2. China Railway Tunnel Survey & Design Institute Co., Ltd., Tianjin 300133, China)

Abstract: On the basis of the existing work and Mohr-Coulomb yield criterion, an elasto-plastic analysis solution for circular
underground cavern is established considering the combined thermo-hydro-mechanical action. Under the conditions of single stress
field, thermo-mechanical field, hydro-mechanical field and thermo-hydro-mechanical field and changing strength parmeters of a
medium, the distribution and change of stresses and plastic zones in the surrounding rock mass are computed and compared
respectively. The results show that the temperature field makes the radius of plastic zone some decrease, but the action of temperature

is not obvious on the whole; compared with the action of the single stress field, the pore water pressure makes the plastic zones ,radial

stresses and tangential stresses increase greatly.
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Fig.1 Circularring under thermo-hydro-mechanical action

2.1.2 MR AKBR RS

WA N AN ERFLBK S 3739000 0 F1

Py, HR/KBURIEIRIA T EH, WA SR
INWIF

O =Dy {1"';%4‘

2(1—p) In(a/b)

A S P
a’—b\r 2(1—p)
B 1 1 r) 22—l
6%__p°{1+2h(a/b){0—¢nln(bj+ 1—u }

a’ [Z+lj{l+ ! }}
a’*-b*\r’ 2(1— )

(2)

Kf: o, o, 3N KLY N ).
2.1.3 g Y

WA AR B A g 85l A o, A
oy VAT S RN ) :

2 2
L
Gm__i"z O, — 7"2 0
b e
a b’ 3)
b* a’
r—2+1 1+r—2
cy@m:bz O, — az Oy
s 0 Iy

Lt: o, o, SRR KLY,
2.1.4 N
VR« R ZKVB N ) B3 A 0 AR IR
JIAEIN, A4 A R g s
0, =0,+0, %0,
Gae =C7€t +60h +G€m}
Lt o, o, 2 AR BRI KXY T
2.2 [RIFR PR R XY ) e AR
Wil 2 Fron i B A s ORISR X R BN, v
AR 18] R P 40 A7 AP

€y,

In(r/ a)

T=T+ Ty 7 (s)
ALY 3 E 7 9 g
p, = EaT (6
LK 354427 0 (AR
_ In(a/r) 7

Po = Potalb)

TP NFUBRIZK R ) R B N g (r Da ik, mT A1
IR
do, 4. 0,70, 8)
dr dr r
:—EQEF‘: ljz:pw-"_pTO
e A BN IR G 75 A Mohr-Coulomb
#Em), Rp

_ZCCOS(,D+ 2sin@ - 9

60_6}’_ . . r
l-sing 1-sing

R o @ SRR ATRIIRTE SR R A
FILARAN: r=ar o =p, 55 (9) {8
N (8D, ST A I A4 ) B0 )



1 2

SREFAE: KTy IE R TR BT = 50 S AR A i 43

2sin ¢

o, = pi+ccot¢+M (1 =i
p 2singln(a/b) \a
ccotp
QZZCqm¢+H4@¢GW
P l-sing l-sing
10)

Arh: pr=py+Ea(T, -T))
LIVEREARA R, M r=R I, RN AR

C,, +0y,=0,+0, =4 (1D
LA

Oy, —0,,

=sing (12)
Oy, +0,, +2ccotp

Barst (9) fxk (12), w4

A A
=——| —+ccotep |sin (13)
=" (2 ¢j Q

o (13) ARASL (10) f

4_(4 +ccote [sing =
5 (3 @ @
. 2sin¢g
py(1-sing) (ijmﬁ
ptecotop+ ——— || — —ccoto
2singpln(a/b) )\ a

QYY)
P (14) 4 e R e, Bouzah 0k
D4R R R AE R AR . A0 SEBUE—
R WA Ry GUERT @), TRHFN 2.1 A X
ARG r = RACMNHNELEEN J) . HN KB
WAL AR = s B S e | v U PN I 22
XA o, o, K A, RIF, B ARAK (14),
WIS I BE A R 2 /N T A2 KRS RE, s
IETHAL, BRI R i TR IR IX A2, A5 )
MRIEA DR GIR P R, P AT RS, B2
ARG ER

B2 ARFEREKAENEXEEA

Fig.2 Circular ring with elastic and plastic zones
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Table 1 Radii of plastic zones and stresses at the radial

end points
s PRI AR RN IEINw)] ik
R/m o,/ MPa o9/ MPa

1 3.382 9.02 45.04 M'
2 3.251 9.21 45.02 M!
3 3.852 17.29 69.79 H-M'
4 3.850 17.32 69.59 T-H-M'
5 5.269 2325 62.50 T-H-M?
6 4413 12.87 4141 M2

HHE 3 AR 1 A, RS 1 45558 )M
WEERRf (RifED) M T80, AHLEFACH S EH 1
IPEX AR DUROZAR AR I N R Y g, 24
=7 L AR I S DX AR ) ) N2 04 BTl
AR ) S 7 A7 B Bé I, AR BEAN K 247K SL[AfE
FHwE, SAPEX AR A2 « D B 34 A S84,
AR L1555 14% 92%H1 55%; 47K—F— i3t
[FAE RN, DUAE 7K=L R 45 B im0
T 2 RN e TSI AR 2 2GS ) R Py R
B R MTB 5 OR-#-3ERERD 53K
U TB 4 AHLG, BB DA FIAR 1) N ) A7 5
K, MmN A SRR T 5. 6 AR LRI
HTH 4 1 AR XKW, FEASCRE @ i B4
N, JELREI X ) N AR N 43 A R ek
BAINBAE, HEREG BRI X A2 Pk
AN, AR SR BEAE IS A2 s i LB /K s 71
ERA S W2, S0CH IERRAELG, FLBR/K )
(e LN S SN S INA R A N RSSO N S
BK, UATRESE (ev @ 1) BRICH, K-
= DAL EAE A A I A E AR B, BB PRI LY
IR T FIFE AR LR o

4 #E iE

1 24 TAERME ] Mohr-Coulomb it Il vH ) )
Bt B, HERARH T RN SR BRI
T35 RN (0 [T ] 35 58 5 M . g e 98 P DX
MraRiha, JLr VR A N ) AR 1tk ki 4, L2
FRRBEER AR AN T, G Kirdls
KSR EEEN RS (ev o ) BISMHT,
THECRTLG AL T FELA v 0 8 g AV P X 1) 23 A o A%
fho GERFH, SATHASCRITIESHEN, HEY

FEAFEATEDC AR AT P, (ELE KSR AR AN
W2, SOCE RIS AL, SLBRUK R ) A3 2 1
DR AR N AT 1] N AT R IR LS s
SR LSBT, WG J) St AT 2K
W N2 ER, BV R AR ) N S T,
M9 1 87 BEAR

2 % 3 M

(11 R BRIESTUER A M RS i
FRAEE A H R, 1980: 46— 54,

2]  EET WU SRR M. JEat: h EBGE
JiAL, 1980: 135—144.

(3] AR, FEME T KBTS A A R e ML I

BURMR[I]. A AT oA 5 TRESAR, 2004, 23(5): 741 —
744.
RONG Chuan-xin, CHENG Hua. Stability analysis of
rocks around tunnel with ground water permeation[J].
Chinese Journal of Rock Mechanics and Engineering,
2004, 23(5): 741 —744.

(4] a5, B/ML. 5 EEE NG Hoek-Brown Jif i E

IR ZE AT AR I]. #5712, 2010, 31(5): 1627
—1632.
HUANG Fu, YANG Xiao-li. Analytical solution of
circular openings subjected to seepage in Hoek-Brown
media[J]. Rock and Soil Mechanics, 2010, 31(5): 1627
—1632.

[5]1 %k, KRIHE. ARG 25 R RN N R I =

AATUAREPELT]. AR R RE, 2008, 28(3): 33—
36.
SHI Yi, ZHU Zhen-de, LI Zhi-jing. Deformation
characteristics of deep-buried caverns considering
thermal effect[J]. Advances in Science and Technology
of Water Resources, 2008, 28(3): 33 —36.

(6]  FAUK. L AE AN FLA TR 45 ) B A A ).
&%, 2011, 32(10): 2901 —2916.

BAI Bing. Analytical solutions of thermal consolidation
for a hollow cylinder saturated porous medium[J]. Rock
and Soil Mechanics, 2011, 32(10): 2901 —2916.

(7] @z, s EihMI. dbat: NRZE AL,

1980, 152—184.



