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Analysis of Failure Mode of Shallow-buried Asymmetrically—pressured
Tunnel with Large Span
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Abstract: The failure mode of shallow-buried asymmetrically—pressured tunnel with large span is studied in the paper.
The plastic strain and safety factor of triple—center curved wall tunnel and horseshoe shaped tunnel under different
depths and slope ratios are analyzed by finite element strength reduction method. Some conclusions are drawn as follows:
1) When the tunnel is under normal pressure condition the maximum plastic strain of triple-center curved wall tunnel
transfers from the arch to tunnel sidewall with the burial depth increase. When the tunnel is shallow-buried the fracture
surface of horse-shoe shaped tunnel transfers from the arch and sidewall to wall feet with the burial depth increase. 2)
When the tunnel is under asymmetrically-pressured condition the failure firstly occurs in tunnel shallow buried side
and the maximum plastic strain of triple-center curved wall tunnel transfers from the arch to sidewall with the burial
depth increase. The fracture surface of horseshoe shaped tunnel transfers from the arch of the tunnel shallow-buried side
and sidewall of the deep-buried side to the tunnel wall feet with the burial depth increase. 3) The safety factor of triple—
center curved wall tunnel is larger than that of horse-shoe shaped tunnel under same buried depth.

Keywords: shallow-buried asymmetrically—pressured tunnel; large span; finite element strength reduction method;

burial depth; slope ratio; safety factor

1 2017 =06 -01; 1 2017 -07 -03
: (51579237) ; (2013014)
(1991—) o E-mail: 1084071649 @
qq. como * : E-mail: pcbtwl@ 163. com.



122 ) 37
0
1-2
19
3 1
f(c + otan @) d/
s 0
N w = = - (1)
T
o dl
Jo
WAST N
o 4 R
(1) w (1)
N ! !
. 5 fo(§+o-ta4;@)dl f(c’+0'tango’)dl
“« ” = ! = ! (2)
[ 7 [ 7
. N ; 6 ’ ’
: 7 -8 == (3)
w
; o =are(*09). (4)
9
; 10 - 11 ctan @ c/w-tan @/w
w °
; 12
1. . 1 . .
A F :?], sin @ +( cos 0, —551n 6,sin ¢) /T, -
ccos ¢ =0, (5)
AN AN
; 14 NN
- ™
. 16
F=0Jl +/T:ko (6)
a-k c
(7)
1975 ( 0. C. Zienkiewicz) Pty _k ;
15 16—18 _wl l+ ']Z_wo ( )

wy



2 123
3sin
2/7 ¢ (8)
«/2/71T —sin’ o)
b= 6/3 ccos @ (9)
(a) 5m 1.204 (b) 10 m 1.102
«/ 2/37(9 -sin’ o)
’ () 15 m 1.037 (d) 20 m 1.046
2
2.1
333 m
265 m 68 m. (e) 30 m 1.025 (f) 40 m 1.011
2.2 m 13 m 6.5 m. 1
Fig. 1 Diagrams of equivalent plastic strain of triple-center curved
wall tunnel
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Fig. 4 Diagrams of equivalent plastic strain of horse-shoe shaped
tunnel with slope ratio of 1: 4
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