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Seismic Performance of Circle Tunnels Affected by Buried Depth Based
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Abstract: By taking into account the arch effect influencing the internal forces within circular tun-
nels, the seismic performance of tunnels affected by the buried depth was discussed based on the
modified routine method. The internal force distributions of tunnel structure and their variations
with buried depth before the earthquake considering and without considering soil arching effect are
compared and analyzed. The seismic loads imposed on the tunnel are equivalent to the change in
soil pressure caused by the deformation of surrounding soils. Then the internal forces within the tun-
nels caused by the seismic loads with different earthquake intensities are illustrated by considering
the arch effect, and the buried depth influencing the seismic performance of tunnels is analyzed. It
presents that, the internal forces within the tunnel get larger with the increase in buried depth and

then decrease or became stable. There is a critical buried depth for the seismic performance of the
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circular tunnel.

Keywords: circular tunnel; internal force; soil arch effect; 1D seismic site response analysis; critical

depth for seismic design
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Fig.1 Sketch of the loads imposed on a tunnel
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Fig.3 Sketch of simplified calculation of the internal forces
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Fig.5 Relations between the buired depth and the bending

moment at the tunnel bottom
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in the tunnel when the buried depth is 20 m
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Fig.10 Horizontal seismic loads imposed on the tunnel
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Fig.11 One-Dimensional site response analysis

M h=20 m.R=3r, PGA 7} %l 4 0.1g.0.2g Al
0.3g B, ZR A5 1Y B% 18 45 ¥ 25 56 Bl oy 1] 181 12 BF
TN o 55 R AE BT ZE R P9 0 A B, S TR] 58 E AR
T AT S50 B N ) A8 A6 R W 5 Ul W e 2
AT 2 P N B 2 R Y P T 3 R AR /N T ) IR
B o WLAb B T8 S R ) & A T e B2 R
AT KEBT AR

R=3r fl R="5r % & A [A] i & 4b (0 = 0 A4t
T .0 = /2 NHLHE 0 = = N HLE) 1Y 2546 Fidh F1 5
O 2z 8] B O R K13 BT s (ML RE 3 PGA h
0.1g) o X Lt 43 A7 AH [7] 1 R Ab % 3 HE I 25 5 7 1 78
for 2% & AR RIS B9 RN (IR 9 5 B/ 13 T 7R ) Bl i1, Xf
TASCHEFE B S5 A, b A 285 | Y o SR Y
TN 249 Ay Ik 38 25 R 1Y 306 6

P Pl 13 T 78 330 X K 3 235 ) M 7R R N 1 5 )



12 R A VEVE T 3R 20 m I B 38 25 4E 2 Bl
Fig.12 Distribution of bending moments and axial forces
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JRLARE T B 5 A b 7R RN A AR — > B DG B
T, RIVHR R 6T % G 45 4 Ml 7 B ) 5% e B AR, FE 4T

o QS IR AL A7 AR 27, b THURI L IS Ab 1 25 Bif
A LR P T B, 24 3k ) I — IR, 3O
P 0 25 5 T M Ak A B 5 R T A T ) T £ B
H 5 3G TR U0/ B4 3 45 A Al T DU il R Y 4
JOUTT K0 B WA b o F A R T B G 2
Fa 0 2 DG B HR VR A T 3r~5r Z[H] .

R=3r It} , [i% 18 5 #4) $4 I 4b 75 A [ b 52 988 2 1
£1% 25 R Al ) 5 R 2 D B S R AP 14 R o A
14Ca) 7 o 250 45 R A 6 o {1 , i 380 O 1 84 o v
5 S B R 980N 4 8 B B TE SR Sy 3, H
5 38 B de K H 5 M= 2o B (R PGA) K, 3xX
U553 ) R A Y o T 5 R il T 0 B TR Y 1
JOn T S8 0 B A TR/ | TR RE Ml R 2 g R K U8
SSIRAE B K . P, SR E R=3r I, BR 18 1 P RE
KEEMRTR A 3ro A, A LE A % G Bl D) 09 AR A
bR 5 | A 5 R A R S I TR

20001 p=3p f= oo 0-----n/2

3
1_:.'.__:.:.:_'.'_.__.:._ __________
2
1ooof 7
i) /’- ..............................
g / ........................
S~ OK‘\ ____________
5"! R R SRR R AR RS
&r “
-1 000F .
S s i mcinte s ,
0 10 20 30 20 50
HE / m
(a) B
2000 T e e S e S e
'lf'
2500} ;
+ R=3r 0 -2 - - -1
! R=5r 0----m2---nx
000} /
52 0 i
R1500F  § mmmmmmmmemeeeeeie
£
20 30 40 50
B /m
(b) %14

K13 PGA=0.11, [ 25 F L2 b g 5 R 18] f) O 2R
Fig.13 Relations between the buired depth and internal forc-
es when PGA=0.1

1000 R=3y
s —o0.1g
800F el e T 0.2¢
........ U.Sg

600}

L5856 / (KN- m)

12000
R=3r
—0.1g
————— 0.2g
- 03g
0 L L L L |
0 10 20 30 40 50
HIEE /m
(b) Hi

14 R[] i sl AR T BEGE
MR 8] A9 5% A
Fig.14 Relations between the buired depth and internal forc-

H PN b 25 K 5

es under different intensities of earthquake

177



5 & g

P T I R e R B Y R R IR R
Z— LLE A BB B sl g6 i 58 200 1 % T8 e T 5
Hh b BEASON S 32 T RS B R i A T AR A B R
Xt i T 4 R ML R S N Y S e ML B = BEAR T . R
SCHE T IR, B SR T T MR i 2 AT
e PSRN X i T 4 AL PN T R R L A R it AF 5T
T HR TS B R T 2 M R RN Y R e R AR L A
W% T M 7 S A A — PR O B A B R g
1B 45 A8 M 5= BN B 2 e ML, AR 0 RR G B B TR AR A
TERTE o ARFHI EZEEA -

(1) 372 fif 245 TR, o 7 A ) S B &5
Ha PA 7 i A LA B T R, Y it 58 4 Al
Ji , B8 TE 454G A g it G R A AN P O

(2) R A1 T B8 18 2540 L B0 7K SF Ml 52 17 3055 3L
A R RRIE S8 ) . AR A 4 B
% 3 45 R 14t TR BE IS A 25 R T 00 TR 9 9 o
FOHOR IR B - HE RO 58 AT R B B SRS
Tl K 5 B8 Bt M Kb Y 5 R K Bk OB A5 AR T, BE R
PR 0 80 S B S M R /N B e BEE A5
Mo R AEAE — PR R B IR R A5 T
PR 58 42 I8 LI X 107 A 2R R

(3) M7= 5| Ak 014 245 #4925 0 1) B8 (LR T b I /9
ARAGAE o B TE 25 0 1 A [A) M 52 9 R A4 3B RE S
SR MR R RO R T 45 R A BT R OC B 1 R
iR

S E

(1] E7n, BEE, HAB 7 . T 450 3 7% 03K ¥ -2 A
AR [T]. F 1%, 2012, 33(11) : 3483-3488.
Wang S, Lu D C, Du X L. Research on underground
structure seismic damage using static-dynamic coupling
simulation method [J]. Rock and Soil Mechanics,
2012, 33(11): 3483-3488.(in Chinese)

(2] B®IEFR, FhK, B, 5. 54 A X #0045
g M B R 52 R 5T [T B 9 ImR DA A 4l
2017, 37(2): 177-186.

LuD C, Wang X, Luo L, et al. Research on the seis-

mic responses of underground structures considering the

178

[3]

[7]

[9]

[10]

[11]

soil and structure contact [J]. Journal of Disaster Pre-
vention and Mitigation Engineering, 2017, 37 (2) :
177-186.(in Chinese)

Wang Z Z, Gao B, Jiang Y J, et al. Investigation and
assessment on mountain tunnels and geotechnical dam-
age after the Wenchuan earthquake [J]. Science in Chi-
na Series E: Technological Sciences, 2009, 52 (2) :
546-558.

Cilingir U, Madabhushi S G. Effect of depth on seismic
response of circular tunnels [J]. Canadian Geotechnical
Journal, 2010, 48(1): 117-127.

Cilingir U, Madabhushi S G. Effect of depth on the seis-
mic response of square tunnels [J]. Soils and founda-
tions, 2011, 51(3): 449-457.

Ma C, Lu D C, Du X L, et al. Effect of buried depth
on seismic response of rectangular underground struc-
tures considering the influence of ground loss [J]. Soil
Dynamics and Earthquake Engineering, 2018, 106:
278-297.

Chen C S, Wang T T, Jeng F S, et al. Mechanisms
causing seismic damage of tunnels at different depths
[J]. Tunnelling and Underground Space Technology,
2012, 28: 31-40.

Debiasi E, Gajo A, Zonta D. On the seismic response
of shallow-buried rectangular structures [J]. Tunnelling
and Underground Space Technology, 2013, 38:
99-113.

Liu H B, Song E X. Seismic response of large under-
ground structures in liquefiable soils subjected to hori-
zontal and vertical earthquake excitations [J]. Comput-
ers and Geotechnics, 2005, 32(4): 223-244.

XU PT, B ARN . AN [ TR A T % G b 5 0 7 (1 5 0
fesh &% [T]). A4 g5 TR, 2013, 3204
2): 3404-3412.

Liu H Z, Huang M S. Centrifuge Model Tests of Seis-
mic Response of Rectangular Tunnels at Different Bur-
ied Depths [J]. Chinese Journal of Rock Mechanics and
Engineering, 2013, 32 (Sup2) : 3404-3412. (in Chi-
nese)

RENT, AL, K E . BEER X M T 25 Hb 5= S
sz [J]. 5458, 2013, 43(34) : 1493-1496.
Zhu'Y D, Wu Y, Guan T D. Embedment depth influ-
ence on seismic performance of underground structure

[J]. Building Structure, 2013, 43 (Sup) : 1493-1496.



[12]

[15]

[17]

(in Chinese)

Chian S C, Madabhushi S P G. Effect of buried depth
and diameter on uplift of underground structures in lique-
fied soils [J]. Soil Dynamics and Earthquake Engineer-
ing, 2012, 41: 181-190.

PROT, f PCAE . BRI N A8 38 S it sg e (1],
A R T AR, 2015, 31(2): 275-280.

Chen Y, Yang Q H. Depth on seismic design of buried
pipelines [J]. World Earthquake Engineering, 2015, 31
(2): 275-280.(in Chinese)

HIETT, REL A, R0, 4 R HIRAL 1 5737 3 3t
T A MR A AR LT]. TR B S i,
2017, 39(5): 143-148.

Dong Z F, Zhu H'Y, Cai B Z, et al. Law of internal
force changes for understructures in soil site with differ-
ent depth under earthquake [J]. Earthquake Resistant
Engineering and Retrofitting, 2017, 39(5) : 143-148.
(in Chinese)

Gomes R C. Effect of stress disturbance induced by con-
struction on the seismic response of shallow bored tun-
(7], 2013, 49
(APR.): 338-351.

WAL, 2 RE, AT, A S R BREE N O AT U5 ik
XPEBESE [T]. B brifE it 2013, 12: 95-99.

Yao C F, Yan Q X, He C, et al. Comparative Study

nels Computers and Geotechnics,

on Internal Force Analysis Methods of Shield Tunnel
[J]. Railway Standard Design, 2013, 12: 95-99. (in
Chinese)

SRHE, PhSCUE, TRIBERT, 45 R FUBREE [ b AR vk
1Y ) vk e KR [T]. BR3E % 4, 2014, 36(9) -
85-91.

[18]

[20]

Guo X, Sun W B, Zhang X X, et al. Deduction and ex-
ample illustration of calculation structural mechanics
forces of underground arch lining with FFD method
[J]. Journal of the China Railway Society, 2014, 36
(9): 85-91.(in Chinese)

IV, SRR, SR g B B IE BT K R E R
RN b [T]. BB %5 T 54k, 2016, 13
(5):929-937.

Sun B, Fu H L, Zhang J B. Internal force analysis of
underwater shield segment based on modified routine
method [J]. Journal of Railway Science and Engineer-
ing, 2016, 13(5): 929-937.(in Chinese)

KA, B, KT, A5 R EE IE S U B E A
TR [T A TR =R, 2013, 35(3 2) .
422-427.

Zhang P, Lu D C, Du X L, et al. Division method for
deep and shallow tunnels [J]. Chinese Journal of Geo-
technical Engineering, 2013, 35(Sup2) : 422-427. (in
Chinese)

Ma C, Lu D C, Du X L, et al. Structural components
functionalities and failure mechanism of rectangular un-
derground structures during earthquakes [J]. Soil Dy-
namics 2019, 119
(APR.): 265-280.

Hany EIN, Sean D H, Hesham EI N. Simplified analy-

and Earthquake Engineering,

sis of seismic in-plane stresses in composite and jointed
tunnel linings [J]. Soil Dynamics and Earthquake Engi-
neering, 2008, 28(12): 1063-1077.
Ik i P90 A 52 3 4 AR BT ML« GB 50909 — 2014
(ST dtmt: I AL, 2014.

(AL s :RE)

179



