¥ 47% S5 H B H B #4R Vol. 47 No.5
2019 4F 10 A COAL GEOLOGY & EXPLORATION Oct. 2019

XEHS: 1001-1986(2019)05-0032-08

Z SIS RS ER B EEE T X SMP AN #7
Hak g M, AEhg 1

(1. bR BFEAFEEREHRBEIAR¥R, LF 100083; 2. L EHBEAF M TS TR IR ETE L
FIE, LFHE 100083; 3. AEHAHAF LB LB AXREZLHEFHEATLLE, L 100083)

SMP
SMP

Mohr-Coulomb(M-C)
SMP M-C M-C SMP

: TU452 TA

Analytical solution for surrounding rock of circular roadway based on generalized
SMP criterion considering seepage and dilatancy

PAN Jiliang"**, REN Fenhua'*’

(1. School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China;

2. Beijing Key Laboratory of Urban Underground Space Engineering(University of Science and Technology Beijing),
Beijing 100083, China; 3. Key Laboratory of Ministry of Education for Efficient Mining and Safety of Metal
Mines(University of Science and Technology Beijing), Beijing 100083, China)

Abstract: Based on the generalized spatially mobilized plane(SMP) criterion, considering intermediate principal
stress, pore water pressure and dilatancy characteristics of surrounding rock, an ideal elastic-plastic model of
roadway surrounding rock is established. According to the elastic-plastic theory, the unified analytical solutions of
stress field, displacement field and radius of plastic zone under seepage flow are obtained. Then, the stress distri-
bution of surrounding rock and the radius of plastic zone calculated by SMP criterion are compared with those
calculated by Mohr-Coulomb(M-C) criterion, and the influencing factors such as pore water pressure and dilatancy
angle of surrounding rock are analyzed. It is shown that the radius of plastic zone based on the SMP criterion are
smaller than that of the M-C criterion, and the calculation results of M-C criterion are more conservative than those
of generalized SMP criterion. The pore water pressure has a great influence on the displacement field of the road-
way surrounding rock. The increase of displacement near roadway wall is influenced by the larger pore water
pressure. Meanwhile, the change of radius of plastic zone of surrounding rock and the peak tangential stress varia-
tions at elastic-plastic interface are proportional to the pore water pressure. The strength of the surrounding rock
will be underestimated by using the correlation flow rule, and the actual deformation of the surrounding rock will

be underestimated without considering the dilatancy.
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Fig.5 Influence of pore water pressure on stress distribution
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Fig.6 Influence of dilatancy on plastic zone radius and

displacements

b.

10 MPa
2.55

10 MPa
36.5%

c.
2.34
70.1%

5% ik

(1]

(2]

[3]

[J]. 2009 26(2) 16-20.
LIU Chengxue YANG Linde LI Peng. Elastic-plastic analytical

solution of deep buried circle tunnel considering stress redistri-
bution[J]. Engineering Mechanics 2009 26(2) 16-20.

[J]1. 2004 23(5) 741-744.
RONG Chuanxin 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.

[J]. 2004 23(8)



- 38 - HE T R % 47 %
1291-1295. Japan Japan Society of Civil Engineers 1974 232 59-70.
LI Zongli REN Qingwen WANG Yahong. Elasto-plastic

(4]

[3]

(el

(7]

[8]

9]

[10]

analytical solution of deep-buried circle tunnel considering fluid
flow field[J]. Chinese Journal of Rock Mechanics and Engineer-
ing 2004 23(8) 1291-1295.
Hoek-Brown
[J]. 2010 31(5) 1627-1632.
HUANG Fu YANG Xiaoli. Analytical solution of circular
openings subjected to seepage in Hoek-Brown media[J]. Rock
and Soil Mechanics 2010 31(5) 1627-1632.
D-P

[J]. 2019 56(1)
39-4e6.
WANG Sui ZHONG Zuliang LIU Xinrong. D-P yield criterion

based elastoplastic solution for a deep-buried and pressured cir-
cular tunnel considering seepage effect[J]. Modern Tunnelling

Technology 2019 56(1) 39-46.

[J1. 2010 32(11) 1738-
1745.
ZHANG Changguang HU Yunshi

ZHAO Junhai et al.

Elastic-plastic unified solutions for stresses and displacements of
a deep buried circular hydraulic tunnel[J]. Chinese Journal of

Geotechnical Engineering 2010 32(11) 1738-1745.

[J]. 2009  31(12)
1941-1946.

ZHANG Changguang ZHANG Qinghe ZHAO Junhai. Ana-
Iytical solutions of hydraulic tunnels considering strain soften-
ing shear dilation and seepage[J]. Chinese Journal of Geotech-

nical Engineering 2009 31(12) 1941-1946.

[9]. 2014 31(2) 6-19.
ZHANG Changguang ZHAO Junhai DU Wenchao. Advances

in rock for intermediate principal stress effect and strength the-

ory[J]. Journal of Architecture and Civil Engineering 2014
31(2) 6-19.

[J]. 2011 36(5) 752-755.
ZENG Kaihua JU Haiyan SHENG Guojun et al. Elastic-plastic
analytical solutions for surrounding rocks of tunnels and its en-
gineering applications[J]. Journal of China Coal Society 2011
36(5) 752-755.
MATSUOKA H NAKAI T. Stress-deformation and strength

characteristics of soil under three different principal stresses[C]/

Proceedings of the Japan Society of Civil Engineers Tokyo

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

SMP 1. 2013 30(8) 223-228.

WU Chuangzhou YANG Linde LI Qiushi. Perfect elas-

tic-brittle-plastic solution of axisymmetric circular openings in
rock mass on extended SMP criterion[J]. Engineering Mechan-
ics 2013 30(8) 223-228.
SMP
[J]. 2016 37(7) 1956-1962.
LYU Caizhong SUN Yali. A generalized SMP criterion for

the optimal support of soft rock tunnel and its comparative

analysis[J]. Rock and Soil Mechanics 2016 37(7) 1956-
1962.
SMP
1. 2013 38( 1) 43-48.

ZHU Jianming CHENG Haifeng YAO Yangping. Relationship

between the residual stress and the surrounding rock pressure
based on SMP failure criterion[J]. Journal of China Coal Soci-
ety 2013 38(S1) 43-48.

MATSUOKA H YAOY ICHIMURA M. A transformed stress
based on extended SMP criterion and its application to elasto-
plastic model for geomaterials[J]. Doboku Gakkai Ronbunshu
2001 2001(680) 211-224.

MATSUOKA H YAOY SUN D. The Cam-clay models revised

by the SMP criterion[J]. Soils and Foundations 1999 39(1)
81-95.
Lade-Duncan ~ SMP
0.
2012 31(8) 1715-1720.

ZHU Jianming WU Zexiang ZHANG Hongtao et al. Study of

residual stress of rock based on Lade-Duncan and SMP strength

criteria[J]. Chinese Journal of Rock Mechanics and
Engineering 2012 31(8) 1715-1720.

MATSUOKA H. SMP

[J1. 2000 21(4) 390-393.

LUO Ting YAO Yangping MATSUOKA H. Soil strength

equation in plane strain based on SMP[J]. Rock and Soil Me-

chanics 2000 21(4) 390-393.

SMP
[J1. 2013 34(10) 2781-
2789.
HAO Dongxue CHEN Rong XU Chengshun et al. Analysis of
cylindrical cavity expansion based on extended SMP criterion

and stress path approach[J]. Rock and Soil Mechanics 2013

34(10) 2781-2789.



%5 H B R FRB AT K E YA E 5T X SMP f N A - 39 -
[19] [22]
[J. 2014 37(1) 96— [3]. 2017
101. 13(2) 40-45.
GAO Zhaoning MENG Xiangrui FU Zhiliang. Elasto-plastic PAN Jiliang GAO Zhaoning ZHENG Zhiwei et al. Elasto-
analysis on surrounding rock of roadways based on seepage plastic analysis on surrounding rock of roadway considering
strain softening and dilatancy[J]. Journal of Chongqing Univer- damage shear dilation and intermediate principal stress[J].
sity 2014 37(1) - 96-101. Journal of Safety Science and Technology 2017 13(2)
[20] 40-45.
[J1. 2018 43(12) 3293- [23] e
3301 . 2016 44(5) 122-125.

(21]

PAN lJiliang GAO Zhaoning REN Fenhua. Effect of strength

criteria on surrounding rock of circular roadway considering

strain softening and dilatancy[J]. Journal of China Coal Society
2018 43(12) 3293-3301.
[(M].

2002.

WANG Yunfei ZHENG Xiaojuan JIAO Huazhe, et al. Com-

parative analysis of sandstone experiment strength and different
strength criteria prediction results[J]. Coal Geology and Explora-

tion 2016 44(5) 122-125.

(12 AEE)



