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Analysis on Deformation Characteristic of Surrounding Rock Mass in
Deep Tunnel Buried in the Hard and Soft Coexistence Formation and

Coping Strategy for Construction Risk
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Abstract: The deformation characteristic of surrounding rock mass is complex in deep tunnels buried in
compound stratum. Especially for the compound stratum with hard and soft rock mass coexistence the differences of
their mechanical properties are huge. The very complicated excavation mechanical responses are expected. So the
important challenges are put forward to the existing theories of design and analysis. Number 3 tunnel at the west end of
the deep headrace tunnels in Jinping II hydropower station is a typical case with coexistence of chlorite schist and
marble. The squeezing occurring in soft rock and the rupture occurring in hard rock developed at the same time. And
the interaction between them was inevitable. Firstly the detailed geological survey and the analysis of geological
conditions were conducted. Then the deformation characteristic of surrounding rock mass was studied based on the
analysis of the monitoring data and the numerical simulation results. Finally the expanding section size was obtained
through considering the controlled deformation occurring in the subsequent constructions and the lining thickness. The
coping strategies were presented according to the construction risks. The results obtained will provide very important
references for the similar deep tunnels buried in compound stratum.
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coping strategy

:2016-09-15( )
(19779
o E-mail: cqzhang@ whrsm.ac.cn

(51279201) ; (973)  (2014CB046902)



2017 4 : 1041

3#
0
14
5
1
. 1.1
4

. 1#.2#.3# 44

1 10 80% 1500 m
6
T, 13~13.8 m
14.3 mo
85~89 m 45~49 m .
1# 2#
Y ( ) o
. . 1 550~1 850 m 41~50 MPa
38.8 MPa
. 19.47 MPa
3# .
13.18 GPa 3.54 GPa
1#.2# 44 .

35 35

Fig.1 Layout of tunnels at the Jingping IT Hydropower Station( unit: m)

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1042 13
1.2
1# (1) 1+
537~1+800  2# (2) 1+
613~1+755 . (3) 14650~ 1+720 NNW ~
T, EW .
10~40 em 4 .
(3) 14656 ~ 1+669 . 1# 34
(3) 1+672 ~ 1+690 (3) 1+700~ 1+ o 1# 2#
708 44
o 3#
3# v I
v . 2009 3 9 3# (3)
1+670~1+690
150
2 3 o
3m o
T g g |8 g2
gl 12 5 | gg
SN Z & =&
| | ® lw  whe
|4| 31 | 13 | 32 |5| ' 4 .
{ | | n Fig.4 Sketch map of geology structure in headrace tunnels
I m N m
5 & ol " 2
ﬂ g 4 34
- - 3#
2 (3)1+650~1+720
Fig.2 Distribution of surrounding rock mass classification 3# R
in section 1+650~ 1+720 in #3 tunnel 1# 2# A4
3# o
2.1 3#
3# 13.0 m
5~8 cm
1.0 m ; 12~
15 em 32 mm
3 (3) 14670~ 1+690 6.0/9.0 m.
1#.24#

Fig.3 Collapse occurring on the north side arch in

section 1+670~1+690 in #3 tunnel



2017 4

1043

2.2 3#

1# 2# 3#
o 1# (1) 14560 1+760
24 (2) 1+620  1+730

0.07~0.52 m 1#
1+760
0.1 2#

(1) 1+560
0.274 m
(2) 1+620 1+730
0.283 m 0.12
24 (2) 1+620
(1) 1+560 1+760
24 (2) 1+
1+780 1#

1+730 1#

680

e
=N

S
G
L g

S
.
.
*
o %
. of

e
o

M 8 KA o
%
o3
40
.

e
=

_00’0 *
A

0 1 1 1 1
1550 1600 1650 1700 1750

BES

1800

5 (1) 1+560  1+760
Fig.5 Collection of the maximum deformation of
surrounding rock mass in section 1+560 to 1+760

or nearby section in #1 tunnel

0.6

05 | * \¢

04 * 'Y ,~ * g
03 |
02 |
01 | ¢ ’“

0 L L
1650

W TR K AETE /m

1700 1 800

Ling

1600 1750

6 (2) 1+620  1+780
Fig.6  Collection of the maximum deformation of surrounding
rock mass in section 1+620 to 1+780 or nearby

section in #2 tunnel

44

3#

3#

650~1+720
780

1#.2#

Coulomb

M2-15+505-1

7 mm

1#.2#  4#

34

v

3#
2#

44

1#.2#  4#

1# 2#

(3) 1+

(2) 1+680 ~
3#

3#

Mohr—



1044

13
. 2 ( :MPa)
Table 2 In situ stress components in the
. 11 section analyzed (‘unit: MPa)
5.04 GPa [ o, a, Oy oy, gy,
1.85 MPa 28.52°
-32.76  -39.23 -37.64 -4.21 4.68 2.84
2.60 GPa 1.55 MPa
26.40°,
1 m 7, GPSEdshs 3#
12 T 0.51 m
2z
1 o
1 m T, - 3#
Table 1 Mechanical parameters of [l grade 0.21 m
rock mass of T,, marble 4# T,, 0.11 mo
3#
¢ ¢, P P o
E/GPa ’ ’ 3
/MPa /MPa /(°) /(°)
1% /%
0.08 m 0
15 0.23  11.2 1.2 2897 44 0.4 0.9
4
3#
3.2
4 7
1# 2#
4# 3#
8 3#
o 2
0.51 m 0.58 m
’ 0.06 m.
5:%::%::‘ 0.2l m 0.29 m 0.08 m.
= 4# 0.11 m
o 0.17 m 0.06 m.
3#
0.1 mo 0.3 m
( + ) 0.6m
7 (
Fig.7 Mesh model of Jinping tunnels 0.9 m) 13.8 mo

?71994-2018 China Academic Journal Electronic Publishing House

. All rights reserved.

http://www.cnki.net



2017

4

1045

7.1573e-004 to
5.0000e-002 to
1.0000e-001 to
1.5000e-001 to
2.0000e-001 to
2.5000e-001 to
3.0000e-001 to
3.5000e-001 to
4.0000e-001 to
4.5000e-001 to

5.0000e-002
1.0000e-001
1.5000e-001
2.0000e-001
2.5000e-001
3.0000e-001
3.5000e-001
4.0000e-001
4.5000e-001
5.0000e-001

(a) 3#b&IR 25

4.8657e-002 to
5.0000e-002 to
1.0000e-001 to
1.5000e-001 to
2.0000e-001 to
2.5000e-001 to
3.0000e-001 to
3.5000e-001 to
4.0000e-001 to
4.5000e-001 to
5.0000e-001 to

5.0000e-002
1.0000e-001
1.5000e-001
2.0000e-001
2.5000e-001
3.0000e-001
3.5000e-001
4.0000e-001
4.5000e-001
5.0000e-001
5.2468e-001

(c) 24 L Z2IFE

2.7203e-003 to 1.0000e-002
1.0000e-002 to 2.0000e-002
2.0000e-002 to  3.0000e-002
3.0000e-002 to 4.0000e-002
4.0000e-002 to 5.0000e-002
5.0000e-002 to 6.0000e-002
6.0000e-002 to 7.0000e-002
000e-002 to 8.0000e-002
.0000e-002 to 9.0000e-002
9.0000e-002 to 1.0000e-001

1.0000e-001 to
1.1000e-001 to

1.1000e-001
1.1948e-001

(e) 4#BETH 2T

8

2.2366e-003 to 5.0000e-002
5.0000e-002 to 1.0000e-001
1.0000e-001 to 1.5000e-001

1.5000e-001 to

2.0000e-001

2.0000e-001 to 2.5000e-001
2.5000e-001 to 3.0000e-001
3.0000e-001 to 3.5000e-001
3.5000e-001 to 4.0000e-001
4.0000e-001 to 4.5000e-001
4.5000e-001 to 5.0000e-001
5.0000e-001 to 5.5000e-001
5.5000e-001 to 5.8238e-001

(b) 3#E i T ZIF2

6.3304e-002 to
1.0000e-001 to
2.0000e-001 to
3.0000e-001 to
4.0000e-001 to
5.0000e-001 to
6.0000e-001 to

1.0000e-001
2.0000e-001
3.0000e-001
4.0000e-001
5.0000e-001
6.0000e-001
6.0952e-001

(d) 24 TR IFE

3.4387e-003 to
2.0000e-002 to
4.0000e-002 to
6.0000e-002 to
8.0000e-002 to
1.0000e-001 to
1.2000e-001 to
1.4000e-001 to
1.6000e-001 to

2.0000e-002
4.0000e-002
6.0000e-002
8.0000e-002
1.0000e-001
1.2000e-001
1.4000e-001
1.6000e-001
1.7549e-001

(f) 445 F B I

Fig.8 Deformation characteristic of surrounding

rock mass in headrace tunnels

3#

0.5

1+704 0.2L/s
3#
1#
9 o
o 3
#
3#

9 1#

Fig.9 Serious squeezing deformation occurring at the

arch foot in the no expanding section



1046

13

( References)

Barla G. Squeezing rocks in tunnel J . ISRM News
Journal 1995( 3/4) : 44-49.
M .

1993.( He Manchao Zou
Zhengsheng Zou Youfeng. General theory of soft rock
tunnel engineering M . Beijing: China University of
Mining and Technology Press 1993.( in Chinese) )
Hoek E  Marinos P. Predicting tunnel squeezing
problems in weak heterogeneous rock masses—Part 1:
estimating rock mass strength ] Tunnel and
Tunneling International 2000 33( 2) .45-51.
Aydans Akagi T Kawamoto T. The squeezing potential
of rocks around tunnels: theory and prediction J
Rock Mechanics and Rock Engineering 1993 26( 2) :
137-163.

J . 2013 34( 1): 413418. ( Liu
Zhiqiang Song Ye Hu Yuanfang. Study on squeezing
deformation and support characteristics of tunnels J .
Rock and Soil Mechanics 2013 34( Supp.1) : 413-418.
('in Chinese) )

Swoboda G.
J. 2005 24
(18) :3252-3257.( Zhang Zhigiang Li Ning Swoboda

G. Influence of weak interbed distribution on stability of

10

11

12

underground openings J . Chinese Journal of Rock
Mechanics and Engineering 2005 24( 18) : 3252-3257.
(in Chinese) )
Birkholzer Jens
Mine-by J.
2014 33(8) : 1626-1634.( Li Lianchong

.Mont Terri

Liu Huaihai = Birkholzer Jens et al. Numerical
investigation on near field response to excavation of
Mine-by niche at Mont Terri site J . Chinese Journal
of Rock Mechanics and Engineering 2014 33( 8):
1626-1634.( in Chinese) )

Zhang C Zhou H Feng X T. An Index for estimating
the stability of brittle surrounding rock mass—FAI and
its engineering application J . Rock Mechanics and
Rock Engineering 2011 44( 4) : 401-414.

Zhang C Feng X T Zhou H. Estimation of in situ
stress along deep tunnels buried in complex geological
conditions J . International Journal of Rock Mechanics
and Mining Sciences 2012 52( 3) : 139-162.

Zhang C Q Feng X T Zhou H et al. A Top Pilot
Tunnel Preconditioning Method for the Prevention of
Extremely Intense Rockbursts in  Deep Tunnels

Excavated by TBMs J . Rock Mechanics and Rock
Engineering 2012 45( 3) : 289-309.

R .
2013.( Zhou Hui Zhang Chuanqing. General report of
study on the long — time mechanical properties of
surrounding rock mass and safety of lines in chlorite
schist tunnel section in Jinping II hydropower station
R . Wuhan: Institute of Rock and Soil Mechanics
Chinese Academy of Sciences 2013.( in Chinese) )

D .
2008.( Huang Shuling. Study on mechanical model of
brittle rock under high stress condition and its
engineering applications D . Wuhan: Institute of Rock

and Soil Mechanics

2008.( in Chinese) )

Chinese Academy of Sciences



