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Research on Mechanical Property of Segment of Shield Tunnel During

Construction with Three — dimensional Numerical Simulation

ZHANG Peng

( China Railway Siyuan Survey and Design Group Co. Lid Wuhan Hubei 430063 China)

Abstract: Research purposes: The external load system and mechanical properties of segment during construction are
big different from the normal use. A large number of engineering experiences have shown that the damaged probability of
segment during construction is much higher than that during normal use. This paper researches the key elements of the
grouting pressure jacking force and assembling way during construction with the FEM three — dimensional model for the
shield tunnel to provide the reference to the similar works.

Research conclusions: The analysis results show that the segments mechanical properties along the vertical direction of
the tunnel are big different and the deformation features of each cirque are not the same and big different from that
obtained by the conventional mean value continuous model due to the differences of the external load of the segment
along the longitudinal direction of the tunnel and the non — continuity of the joint. The grouting pressure and jacking
force have apparent effects on the mechanical properties of segment and the mechanical properties of segment in
staggered joint are quite different from the straight joint. Moreover the staggered joint structure is better than straight
joint in the overall stiffness.

Key words: shield tunnel; segment; construction stage; numerical simulation

* 12012 -03 -31
** : 1987



64 2012 10
1.1.3
1
(1) 1 o P,
(2) ( ) P,
P, P,
(3) P,
. P, Py = AK K
(4) A
;Ji
X Ps L
,——
Ps+P,
1 "
1.1 1
1
Y K( MPa/m)
/m | /(kN/m®) K
0
@D 2.3 19.3 10.0 - -
111 31 3.0 19.9 20.0 | 28.0 | 0.48
o &) 2.1 19.1 26.0 | 20.0 | 0.54
@1 2.6 19.3 28.0 | 28.0 | 0.42
@2 10.5 19.4 30.0 | 30.0 | 0.50
1.2
(1)
1.1.2 '

(2)



65

10
(3) N
o 2 o
P
P,
F
BEE  2ENEE (b) 148 B 35 08 PO
F i
P,
P,
2
2
2.1
(OFWII0EE T 5
(1) 3
2.2
20 (24 m)
; 2 o
(2)
2
; D/mm /MPa /kN
( 3) 40 0.2E -03 0.2 15 000
Solid65 3
Link10
Combinationl4 3.1
Target136  Contact173
. - 3
4 0.2 MPa
(a) il 4 Pk 4 B (KB RY 2.029 mm
5.442 mm

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



66

2012 10

-0.002 029 -0.001 158 -0.288E-03 0.582E-03 0.001 452
-0.001 594 -0.723E-03 0.147E-03 0.001 017 0.001 887

(a) KFHits

-0.005 442 -0.003 998 -0.002 554 -0.001 11 0.334E-03
-0.004 72 -0.003 276 -0.001 832 -0.338E-03 0.001 056

(b) @

4 ( m)
(1~17 )
(18 ~20 )
XY
( 5)
15
5
3 .
3
3

0.2 ~0.3 MPa

0.3 MPa

0.925E-03 0.001 876 0.002 828 0.003 779 0.004 73
0.001 4 0.002 352 0.003 303 0.004 255 0.005 206

(a) FHME (x200 iF)

0.925E-03 0.001 876 0.002 828 0.003 779 0.004 73
0.001 4 0.002 352 0.003 303 0.004 255 0.005 206

(b) XY i (x200 fi)

5 ( :m)
3 (18~20 )
15 000 kN
130 MPa/m 120 mm

150 kN
/MPa

/ /

kKNem | kN*m /kN /mm /mm

0.2 82.32 | -75.46|1293.6 | 1.823 5.184

0.25 92.61 | -76.685|1314.6 | 1.856 5.292

0.3 83.055 | —84.525| 1449 1.872 5.344

0.35 94.815 | -94.08 | 1612.8 | 1.919 5.445

0.4 122.145 | -116.465| 1 739.4 | 1.924 5.397

3.2



10

67

K M/16 B1.B2
Al ~ A3 3M/16

B1. Al.

B2 A3
/kN /KN /KN /kN

GK -1 1 000 3 000 3 000 8 000

GK -2 1 000 3 000 3 000 10 000

GK -3 1 000 3 000 8 000 3 000

GK -4 1 000 8 000 3 000 3 000

GK-1 GK-2
A2 GK-3 GK-4
Al1.A3 B1.B2

-0.002 884 -0.002 243 -0.001 602 -0.961E-03 -0.320E-03
-0.002 564 -0.001 923 -0.001 282 -0.641E-03 0

(a) & 1

-0.003 483 -0.002 709 -0.001 935 -0.001 161 -0.387E-03
-0.003 096 -0.002 322 -0.001 548 -0.774E-03 0

(b) T 2

-0.002 976 -0.002 315 -0.001 653 -0.992E-03 -0.331E-03
-0.002 645 -0.001 984 -0.001 323 -0.661E-03 0

() TH3

-0.003 158 -0.002 456 -0.001 754 -0.001 053 -0.351E-03
-0.002 807 -0.002 105 -0.001 403 -0.702E-03 0

(d) T 4

~3 mm

10 ~15

3.3

1.823 mm 5.184 mm
3.72 mm
10. 189 mm
2.04 1.97



68 2012 10

30 MPa/m
-0.002 029 -0.001 158 -0.288E-03 0.582E-03 0.001 452
-0.001 594 -0.723E-03 0.147E-03 0.001 017 0.001 887
(a) 7KF-(ifE
9 o
30 F
25t iE .
E AR AR FAS,; = dMRXEOMLS;
ﬁm' - AR KA R, S HRR KOS,
= 15}
-0.005 442 -0.003 998 -0.002 554 0.001 11  0.334E-03 ; 10
-0.004 72 -0.003 276 -0.001 832 -0.388E-03 0.001 056 !
(b) B i 0 T
0 10 20 30 40 50 60 70 80 90 100 110 120
7 ( ) #3471 R $0/(MPa/m)
9
10 MPa/m 30 MPa/m
-0.003 72 -0.002 176 -0.623E-03 0.913E-03 0.002 457
0. 1 ! 3 0. 0.00
0.002 948 -0.001 404 0.141E-03 0.001 685 3 229 2.2.5 100 MPa/m
(a) 7KL
-0.010 189 -0.007 757 -0.005 326 -0.002 894 -0.462E-03
—0.008 973 -0.006 541 -0.004 11 -0.001 678 0.754E-03
(b) 8 ] {ii £
8 ( m) 4

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



10

69

2001( 12) : 14 - 16.
Zhu Wei Chen Renjun. Shield Tunneling Technology
and Construction Management J . Geotechnical
Engineering 2001( 12) : 14 - 16.
( )
M . : 2001.

Zhu Wei Translation. Japan Civil Society Tunnel
Standards ( shield article) and Commentary M
Beijing: China Architecture & Building Press 2001.

M .
2007.
Wang Shuli. The Underground Structure Design M .
Beijing: Tsinghua University Press 2007.

J. 2001( 12) : 82 -85.
Hu Rujun Zhu Wei Tan Xiaolong. The Design of
Shield Tunnel Segment Lining Calculation Method J .
Journal of Hehai University 2001(12) : 82 -85.
GB 50157—2003 S .
GB 50157—2003 Code for Design of Metro S .

J. 2006( 4) : 244 -247.
Guo Yuhai Chen Dan Yun Dajun. Beijing Subway
Shield Tunnel Segments Rationality Discusses Design
J . Municipal Technology 2006( 4) : 244 —247.

2005( 1) :23 -26.
Peng Liusong. Thinking About the Design of Urban
Subway Shield Segment J . Tunnel Construction 2005

10

12

13

14

(1):23 -26.

Yukinori Koyama. Present Status and Technology of
Shield Tunneling Method in Japan J . Tunneling and
Underground Space Technology 2003( 18) : 145 —149.

J. 2006(2) : 3482 -
3488.
Chen Junsheng Mo Haihong. Three — Dimensional
Finite Element Analysis of Mechanical Behaviors of
Shield Tunnel Segment During Construction J
Chinese Journal of Rock Mechanics and Engineering
2006( 2) : 3482 —3488.

J. 2005( 1) : 84 —89.
Zhang Zhigiang He Chuan She Caigao. Three
Dimensional Finite Element Modeling of Excavation and
Advancement Processes of Shield Tunnel Construction in
Nanjing Metro J . Journal of the China Railway
Society 2005( 1) : 84 —89.

J. 2005( 6) :
990 -994.
Zhang Haibo Yin Zongze Zhu Junguo etc. Three
Dimensional FEM simulation of Shield — driven Tunnel
Lining During Construction Stage J . Rock and
Mechanics 2005( 6) : 990 —994.

J . 2008( 3) : 619 —623.
Song Kezhi Yuan Dajun Wang Mengshu. Segmental
Mechanical Analysis of Shield Tunnel During
Construction Stage J . Rock and Mechanics 2008
(3):619 —623.

J. ( )
2007( 3) : 37 -40.
Shi Licheng Du Shouji Zhang Qiang. Numerical
Simulation Analysis on Longitudinal Dislocation for
Shield Tunnel with Straight Joint J . Journal of
Shijiazhuang Railway Institute ( Natural Science) 2007
(3):37 -40.

J . 2008(3) : 66 -71.
Sun Wenhao Jiao Qizhu Lan Yu. Research on the
Factors Influencing Flexural Rigidity of Duct Piece Joint
of Shield Tunnel J . Journal of Railway Engineering
Society 2008( 3) : 66 —71.



