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Abstract: Based on the unified strength theory and the elastic-brittle-plastic model, the new plastic solution for
displacement of deep circular tunnels in rock is deduced. The influence of the elastic modulus variation in the
plastic zone, intermediate principal stress, rock softening and shear dilation is all involved in this new formula. The
new displacement solution obtained in this paper has a broadly theoretical meaning. More reasonable choices
could be made according to the actual engineering situations. By analyzing an engineering case, the tunnel
displacement calculated with the radius-dependent Young's modulus is between the upper and lower bounds,
which reflects the distance changes of the tunnel excavation unloading affect and is more consistent with the true
situation of tunnel deformation. The effects of the unified strength theory parameter and shear dilation
characteristic parameter on the tunnel displacement in the plastic zone are discussed. It is shown that the
intermediate principal stress, shear dilation and the elastic modulus in the plastic zone have a significant effect on
the tunnel plastic displacement, in which these three aspects influence each other and work together.
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Table 1 Material parameters of surrounding rock
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Fig.2 Variation relationships between elastic modulus E(r) in

the plastic zone and radius r

K 2 AT CUE H, fERSE N AR r=akh, FBlE
IAVEX FPERCE E(r) N E, , Bl FERRIE A0 BB 1)
B, FE E()AWHE, R AL A Ak
i Eo R[] b {EFTX ) E(r)3E KRR, bk,
E(r) 5 Inf Bl .

42 BEEWHH

Bl 3 25 H T 3 FhoAN [ [l 5 S APk DX e P A 6 ) s
X, VX FRIEAR u 54 mE IS S H b Al
BIIRASPES B B ISR R Tiik LI A 30, %1

rla
(@ b=0, p=10

L o E,=E=42GPa, n=0

—— E, = E =42 GPa,n = O(H-B Jal IRy 0™
> © E =10GPa, n=0
AN = E, =10 GPa, n=0(H-B Jui iz )
O ———E(r)=E/(r/a)"

(u/a)/%

rla
(b) b=0, =15
-0 E, =E=42GPa, n=0

4r -0 E, =10 GPa, n=0
E(r) = E(r/a)"

(u/a)/%

0 1 1 1 1 ]
1.0 1.2 1.4 1.6 1.8 2.0
rla
(c) b=05, =10

5k
—0--E =E=42GPa, n=0
4k

o —0-E,=10GPa, n=0
- E(r) = E/(r/a)"

(u/a)/%

(d) b=05, g=15



304 442 SR A A BRI S R RS

* 3555

O E,=E =42 GPa, n=0
O E,; =10 GPa, n=0
E(r) = E(r/a)"

(u/a)/%
N

0 Il Il Il |
1.0 1.2 14 1.6 1.8
r/a
() b=10, f=10
5 —
4 -0 E =E=42GPa, n=0
Q. -—0-- E =10GPa, n=0
3 ™o, — E(r) = E(r/a)"

(u/a)/%

1.0 1.2 1.4 1.6 1.8
rla
(f) b=10, =15
K3 BREXAE SR N RS b, SRR
Fig.3 Relations of the radial displacements of different definitions
for elastic modulus in the plastic zone with b, g

X kAR —FE, MIE =E=42GPa, n=0; J7ik2
WA P S DX B A O B, LR X B
P/, RIE =10 GPa, E=42GPa, n=0; Jjik
3 KA I X ATAH O By st A i, B E, = 10 GPa,
E =42 GPa, n=Ig(E/E,)/Ig(R/a). N T %,
S. K. Sharan®UL T H-B JE IRAENJ77% 1 F1 2 R34
SR — IR b =0 MK E.

M 3 aTLLEH, Tk 1 BRI A e,
A ik 2 )RR RO, g B HEE IR
DR HIEARAH G SR i, BTVE 3 R B A%
AT ZF 2, EHEEREREA L B SE L. B R
B O B B IR, T 3 43 B A B R ik
WJ7VE 1, AREI T BB T2 82 AR R 1R AN W
Ao BEA b BIBEOR,  HE HRERE 432N Sy
PIRAE, FAYEMEXF12 R AW/, M Ra=233
(b = 0)l/NE| Rla=1.71(b = 1), BFEZIHi1% 4
%59, J7ik 31BN R S IRHEEIT TV 1.

XL 3(a), (), (e)F(b), (d), (F), "L H
b BY KRS 5L B RS R, 3 RO AR 2
RERSYIARWIE K., p= 1.5 K REETEA A Ty L
S= 1.0 KT 49.0%(b = 0), 36.5%(b = 0.5)Fl
31.4%(b =1.0), FEIESCHITE Y 2% 18 S B KA
fFsgi. M 3 nTLUE H, BEAE b ISR, BEIELRT

¥ ou BN b= 1.0 B REIE BN B 3 b=0
/N T 47.9%(8 = 1.0)F1 54.1%(B = 1.5). 73 M
Kl 3(a), ()TBLFEH, A b = 0mJk1 5211
V45 545 S, K. Sharan® Ut T H-B Ji IRAE I (1 1
SRR, IR T AR SCAR 1) IR

L 2, 3 LG, WPEXBEENE u %
W) E Y ) o, B B AR T R 28 1 DX S M AR )
M, AL S H R T =FH WA
W, LA ARG PR

5 & i

(1) A SCERSRIG T A b 1 SR A% 9 it x99
PED R SBR[ N ) RN R Y
AR AL R BY JHC A5 5 DR 2 R O R % i, ] LR
Wiz CATER, AR BAR TR SEBR g o, 2F
T2 R G BIERE . ARG IR b = 0 N1
gE L 5 3LT Hoek-Brown Jit ik I 45 S A5 55t
BAM IR T A SR ) IR .

(2) Fl B X PR R E(r) 1 BG IC R B
ge— R [E PR ZH b N, SRR R
(Rt A B AL T B RBRZ (R, 4
LT BEIE T2 A2 PURE R (B B AR Ak, w] SE
Bl L S AR TEAR IO o

() MG EEIRSE b MK, FEAW
PEDXC P42 R RIS AWy, b = 1.0 I b T i BE 47
Btk b = 0 W/ T 47.9%( 4= 1.0)f1 54.1%
(f=15), XUl EPEIFEN ) o, ATELEE N 785
RAEFI A W BE v E . B A7 B bl A BY KR I S 4
BT K, g= 1.5 WERIEIF A BBt
L= 1.0 I 1K T 49.0%(b = 0), 36.5%(b = 0.5)Fl
31.4%(b = 1.0), 7% L& [H 7 BY N % S 4 et
2 5

RS SR I EY A T PR R ST AR AT DG ) R
DS PEAR R,  DAAS 2 T] B 10 bR S S B VAL R W
Mrfi, LA an =N A OG. BAR R BRI TR
SRHOE IR PE X SR A S, A AT B AT B
AT ESEOL, AHAE LS B SRR, —
[ERIEAEIEN 78

S &3k (References):

[1] I8, VEERIL. 5 HRAARHAE ALY Ik g — i i [J]. &



* 3556 «

HAT D1 TR

2011 4F

[2]

3]

[4]

(5]

[6]

7

(8]

[9]

+ %%, 1996, 17(1): 1 - 8.(JIANG Mingjing, SHEN Zhujiang.
Unified solution of expansion of cylindrical cavity for geometries with
strain softening behaviour[J]. Rock and Soil Mechanics, 1996, 17(1):
1 - 8.(in Chinese))

JAEGER J C, COOK N G W. Fundamentals of rock mechanics[M].
London: Methuen and Co. Ltd., 1979: 257 - 260.

BROWN E T, BRAY J W, LADANYI B, et al. Ground response
curves for rock tunnels[J]. Journal of Geotechnical Engineering,
ASCE, 1983, 109(1): 15-39.

WANG Y. Ground response of circular tunnel in poorly consolidated
rock[J]. Journal of Geotechnical Engineering, ASCE, 1996, 122(9):
703 - 708.

SHARAN S K. Analytical solutions for stresses and displacements
around a circular opening in a generalized Hoek-Brown rock[J].

International Journal of Rock Mechanics and Mining Sciences, 2008,

45(1): 78 - 85.
EWY R T, COOK N G W. Deformation and fracture around
cylindrical openings in rock — 1. Observations and analysis of

deformations[J]. International Journal of Rock Mechanics and Mining
Sciences and Geomechanics Abstracts, 1990, 27(5): 387 - 407.
NAWROCKI P A, DUSSEAULT M B. Modelling of damaged zones
around openings using radius-dependent Young’s modulus[J]. Rock
Mechanics and Rock Engineering, 1995, 28(4): 227 - 239.
RS R IR A A DI Ak A 2 2 SR 2y
Hi[d]. ABSEATR Tk Re2%3R, 2008, 18(2): 1-4.(SONG Yimin,
WANG Zhenwu. Mechanics study on zonal disintegration of deep rock
mass[J]. Journal of North China Institute of Aerospace Engineering,
2008, 18(2): 1 - 4.(in Chinese))

ARz B HR S N M. Bt RhE Rk, 1998: 247 -

288.('YU Maohong. Twin-shear theory and its application[M]. Beijing:

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Science Press, 1998: 247 - 288.(in Chinese))

(1% = S~y v NS N1 B LN 7oy WA | ) e s 2
1994, 16(2): 1 - 10.(YU Maohong. Unified strength theory for
geomaterials and its applications[J]. Chinese Journal of Geotechnical
Engineering, 1994, 16(2): 1 - 10.(in Chinese))

WU, B, BT HE TR FR I A B R N 43
Mi[]. #J1%:, 2006, 27(10): 1986 - 1 990.(CAO Lijuan, ZHAO
Junhai, WEI Xueying. Stress analysis of lime-soil compacted pile
based on the unified strength theory[J]. Rock and Soil Mechanics,
2006, 27(10): 1986 - 1990.(in Chinese))

Mg, BRI OE, K. ANET AR L 7 TE AR K e D) e 4 —
fit[J]. TAES%%, 2008, 25(9): 176 - 179.(YANG Qingshun, WEI
Xueying, ZHAO Junhai. Unified solutions of ultimate punching shear
strength of square fiber concrete slabs[J]. Engineering Mechanics,
2008, 25(9): 176 - 179.(in Chinese))

TREOG, TRERBY, Y. T NS IR K BT Ik 1 IR BE RS E S —
filt[J]. BEmA4, 2009, 34(5): 634 - 639.(ZHANG Changguang,
ZHANG Qinghe, ZHAO Junhai. Unified solutions of well-bore
stability considering strain softening and shear dilation[J]. Journal of
China Coal Society, 2009, 34(5): 634 - 639.(in Chinese))

SRHFG, SRPBL, BB BN BRI AL K L BE R
fRMTAR[I]. & L AR, 2009, 31(12): 1 941 -1 946.(ZHANG
Changguang, ZHANG Qinghe, ZHAO Junhai. Analytical solutions of
hydraulic tunnels considering strain softening, shear dilation and
seepage[J]. Chinese Journal of Geotechnical Engineering, 2009,
31(12): 1941 - 1 946.(in Chinese))

HOEK E, BROWN E T. Practical estimates of rock mass strength[J].
International Journal of Rock Mechanics and Mining Sciences, 1997,
34(8): 1165 - 1186.

Rocscience Inc.. RocLab[EB/OL]. [2009]. http: //www.rocscience.com



