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Effect of voids behind lining on structural stability of shallow buried tunnels

GENG Luying" >, ZANG Wanjun'" >, ZHANG Binggiang'* >
(1. Key Laboratory of Underground Engineering in Colleges and Universities of Fujian Province, Fuzhou 350118, China;
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Abstract; Three-dimensional elastoplastic simulation analyses were conducted using Abaqus finite element
software to investigate the effects of voids of different sizes and positions on the deformation, stress
distribution, safety factor, as well as the stress and pressure in the surrounding rock for shallow-buried tunnel
lining structures. Results indicate that, irrespective of the void’ s location, the maximum principal stress in the
surrounding rock generally increases with increasing void size, with a maximum variation of 69.1%. Pressure
variations in the surrounding rock are primarily concentrated around the void and its vicinity, with a maximum
variation rate of up to 90% , while at other control points, the variation rate does not exceed 1.5%. Lining dis-
placements increase with the increase of voids, with the change magnitude in the order of “X>Y>Z". The
maximum principal stress in the lining structure typically decreases and then increases with increasing void
size, with a maximum variation of 57.8%. The safety factor of the lining decreases with increasing void size,
reaching a minimum value of 2.9 at the void near the arch foot.
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Tab.1 Basic physical and mechanical parameters of

tunnel surrounding rock and supporting structure materials

WYERL O AEH/ BRI NEEEM/
WH , * EENT
w/MPa (kg m™) MPa (°)
& 2000 21 0.4 30 0.31
w#F 23 000 23 2.0 20 0.30
—4F 31000 24 3.0 60 0.25
K2 IREE
Tab.2 Operation setting
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Fig.2 Schematic diagram of voids at different locations
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Fig.3 Comparison chart of surrounding rock pressure
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Fig.4 Graph of maximum principal stress
variation in surrounding rock

00 HAE A0 AR 5 > 43 2 3] s 0 BB T AL e
At DAXS L 23 3 R/ %k Bl A s iy sz, 5
H A AR BRI T AR AR L, rT LA MY R
AR A R A5 K s T A B e R A R
3K 90% , i He At 47 i i BBl o T g AR AR /N, AN
HEAT 1.5% s HH BT T A B AL | SRR K #4E A 4k
A T AR ., 25 TR AR R T 0.5 m i,
B RIEEROR

Pl s R Ak 1 B0 1 g s 28, EL it s i ) 48 R
Bl T AR R AR S e ka S . IR L7 3l
R BERA , R B/ IMEK U 25 > 28 5 _E A > 25
T A, Ay RESE T 23 N B 2 SRS, BilA
13 ARANKEE , 7 B 122 AT S FE B i
e ARSI SN TN SRS VPR itk TR R =t
SE TSR BRI s 23 A A] BEAF AN ) ik 22
S, AR S AR SR RN

2310 AR L TR 1 A2 A o3 A (e RV R
JE 3800 A B 23 8 _E A K A O Bl A T ) A2 A
O3 PR TEAE B B T 3R, 33k 2 th T RE G o i)
it T PRl A TN 20 ) B = 3, 23 T
T IR R, B T AR TR 1800 5 g
RIS T LA ) 3 A RS 2 s i
Jei , JE Bl L F9 107 g B e o 38 010 g 1 25 1) ]
Rl A%, S S50 ) Jo s T 084 K5 1 3 o il Y
f2 388 1K B P, 72 W AR, i T80 LA 29
W, g A 1 Y B AR R T, S B 3 N R D 98
JIN, TR 23 3R A L, L g RE 5 8 3 Rl A% 33 R o
Ay, B BRI
3.3 ZEXMFBEREZIME

2 T oS W) S A S T N, R XY R Z 7



55 6 1] WKBAE , 45 AT

60 —Oo— #T-%1

—O— PT-2E A
wl —o— T~ -
-0 - #fE-
-4 - -
20 =-O - HhjE- -
_ O -
= e PRI AN
S O HERHI- 23 A
g 20F 00
=}
30 40
ical
.60 -
-80 |
-100 | ) . \ ) . L 1 1
02 03 04 05 06 07 08 09 10
242 /m
(a) = YA 2 ] b
15 —o— HI-HI (4
o O BT-HE (4
—O— -t
-0 - - )
ol o it LT
- < - HHE-
. -0 P-PEIE (F)
g e HERH-HETR
| O AR
05 -
R
H
3
B 00
05

e ?i[ﬁlo;iﬁé/r: e

(b) =HERERL bR At

Bs5 BEENELE
Fig.5 Graph of pressure variation in surrounding rock
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Fig.6 Graph of maximum displacement trend in lining
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