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Effect of Void behind Lining on Seismic Performance of Tunnel

NIE Zi-yun', ZHANG Chun-lei', LI Feng-xiang®
(1.The Third Railway Survey and Design Institute Group Corporation , Tianjin 300251 ,China ;
2.China Railway Engineering Consulting Group Co. Ltd., Beijing 100020 ,China)

Abstract:; At present,analyses of seismic damage to tunnels have focused on the tunnel portal and
portal section.However, there are still many deeply-buried tunnels that have been badly damaged
by earthquakes;an important reason for this is the existence of voids behind the lining or because
the lining backfill is not dense. However, studies on the relationship between voids behind the lin-
ing and the dynamic characteristics of earthquakes are few.In this study,the seismic performance
of a tunnel with voids behind the lining are studied using the finite element software ABAQUS.
The analysis reveals the following:if the lining is tightly and firmly stuck to the surrounding
rocks,even under larger seismic action, the lining remains in a good state of compression. Once
voids are present behind the lining, the lining that does not have the support of the surrounding
rock comes under great tensile stress,resulting in cracking of the lining, which causes tunnel col-
lapse.In addition,during earthquakes, larger plastic deformation appears in the surrounding rock
without lining support than in those with lining support,causing the rock to more easily relax and
fall off.

Key words: tunnel; void behind lining; earthquake; principal tensile stress; plastic zone
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Table 1 Basic material parameters of rock and lining in numerical simulation
LR MW 7/ (kN m~?) SERE E/GPa ER /=AY NIEZREE B R J1 c/kPa MRS AR ¢/ (D)
V G LA A BRI 20 1 0.35 0.001 7 100 27
V G TERR B 20 1 0.35 0.001 7
C25 #f ] 25 28 0.2 0.003
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Fig.5 Horizontal and vertical acceleration time-history curves under koyna earthquake

~ max, Max. Principal (Ab

(Avg: 75%)
-1. 423E+03

-3. 318E+03
-5.332E+03

-7. 286E+03

-9. 241E+03

-1. 119E+04

-1. 315E+04

Max, -1.423¢+03
Elem:LINER-1. 157

Node: 131
Min:-1. 315E+04
Elem: LINER-1. 40
Node: 46

-8. 711E+03
-9. 579E+03 .
Max, -8.984E+02
Elem:LINER-1. 280
Node: 170
Min:-9. S7T9E+03
Elem: LINER-1. 368
Node:217

(a) %5 Max:=8. 984¢1002 Max: -1 433E+003 (b) st el i

Max :+6. 787E+002 Max: +2. 003E+003
G

S, Maxy Principal (Abs) A
(Avg: 75%)
+2. 003E+03
-1. 022E+03
-4. 048E+03
-7. 073E+03
-1. 010E+04
-1. 312E+04

Max:+2. 003E+03

Mlem: LINER-1. 332
Node: 16

Min:-1. 312E+04

Elem: LINER-1. 40

PR B8
S, Max, Principal (Abs)
(Avg: 75%)

+6. 787E+02
-1. 372E+03
-3.423E+03
-5. 474E+03
-7. 525E+03
-9. 576E+03

Max : +6. 787E+02

MIem: LINER-1. 332
Node: 16

Min:-9. 576E+03
Elem: LINER-1. 368

Node: 217 Min: -9. 576E+003 ;5 % L g

o = Max: 1. 312E+00 S g '

(¢) 7 \ <35> é/

* (d) =i+ %
M6 BIATHMELSEHA

Fig.6 Principal stress contour of the lining under different working conditions
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Fig.7 Principle tensile stress distribution inside and outside of the lining
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Fig.8 Plastic zone in surrounding rock of the lining during earthquake
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