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Study on the Influence of the Local Liquefaction Formation Range and
Burial Depth on the Seismic Floating Displacement of Tunnel

YU Lunchao, ZHONG Xiaochun* , ZHANG Lulu
(College of Civil and Transportation Engineering, Hohai University, Nanjing, Jiangsu 210098, China)

Abstract; During the construction of the section from Yongjiang Road Station to Jinjiang Station of
Hangzhou Metro Line 4, a wide range of liquidiable strata should be traversed. In order to reduce the
potential risk of the tunnel destruction which could be caused by tunnel floating when earthquake acts,
the buried depth of the tunnel was increased, so that part of the tunnel was located in the non-liquified
soil layer. In order to study the influence of the local liquefaction formation range and burial depth on
the seismic floating displacement of tunnel, and to evaluate the earthquake-resistance effect of the tunnel
after adjustment, the finite difference software FLAC™ numerical simulation and shaking table test were
combined to carry out numerical analysis and model tests on the seismic uplift of tunnels in different lig-
uefied soil layers and different buried depths. The results are as follows: the smaller the range of lique-
fied stratum is, the smaller the floating displacement is. When the tunnel is buried to 14 meters deep
and the liquefaction ground layer of the tunnel is less than half of the tunnel area, the tunnel only slight-
ly floats; Tunnels should avoid being completely in liquidiable formations, the seismic safety of the tun-
nel structure can be improved by combining the liquefied and non-liquefied stratum or increasing the
buried depth.
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Fig. 1 Geological Survey of tunnel location
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Fig. 5 Contrast figure of overstatic pore pressure in numerical simulation and model test
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Fig. 7 Hole pressure cloud map around tunnel during formation liquefaction
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shear deformation of ground motion

b, P T BRI LS PR 22Tk,
9.0

—— HEIOm
8.0 —v— K12 m
—A— 14 m
7O0F e uEEEI6m
! 5,0
= 5.0
B o400
;mj 4.0
;g 3.0+
2.0F
1.0
00 | | 1 | 1 |
0 1 2 3 4 5 6 7

RSB THEE DA T WAL = 5E Fl/m
P10 BRI -7 F% Bl % 18 BT Ak v A 3 e ) 22 1k
Fig. 10 Variation of uplift displacement of tunnel

with the range of liquefied soil

3.2.3  BRIEHGEXTREIE L VE A2 S Hr

SHTE 1L W LA Y B R G B R A BE I B%
T BRI RS LR REAIR, BLET, BR8P 78
2 % T Ak Y Ak 3 ) A o T R 1) L R S
H A0 & 10 & 11 "7 %0, B%E Fr b Ak +



62 Wodb TR R ol (A R OB 2 R

2020 4F

NS RORt ST M E VAR AL UP N B2 S/ Sius
14 m i, BEORAS B T8 L T 0952 W 808/, BEE,
BxiE L 7F R R B P A AL IS R R, R
TE MR 0, R TE A 3 4t A B T A R AL
EREA i SR UV NI STEN G LR B e R S|
R, M AN D) R A A

WAL ZTEE 6 m B ETEHEB m
90r o Wi +EHEESm —o— WHLETEE2m
gol v WLAEEHEAm = R AREEE m
7.0+

5eor
£ 50]
%0l
& 301 \
20 [ ‘\\’\‘\‘
1.0F '\.\_\.\i
00 Il Il Il 1 Il ]
8 10 12 14 16 18 20
R IE HE R /m

K11 RIS LR R BEREIE TR 2 fl
Fig. 11 Variation of tunnel floating displacement

with tunnel buried depth

4 WM HbEX TR G145

PO Ak 4 528 1 3] T/ W VT %l — e VT3
DX ] 7 B T o7 ] R i, B IE TR 2 7 ~ 16 m, R
B 4 ERALTFRP R - 2 B T ol b2 AR
PR AR A R D Ak S R R BRI I
TFBEEAKT S em, JB T/HEH LIF, BEiE T H
T 2.5 m, R REIEIEVRZ) 9.5~ 18. 5 m, fEiE K
WR2) 2.5~4 m LA TAERALH)Z S
[(STERIRAS ) | W EN 7 ST= B R Y & ¥ L) R NS
AT YRR SO RS R, BRIl LR AR SRR/
T 5 em, HKFR/NT 2 om, W DLREE K55
HEERM LT, LRG0 TR Z, [T, /)
07 R E R VR 2N OF: iy i LI B S B e 5. 9 [ |
SRR 7 A B 5 e, DT 3k B0 52 3 P B A
e, DU Ak 4 528 1 1 TR A VI i — s
DX ) %o % T A7 AT R B I, A A /N T R
SRR N ST N 2 e Sy T Gl e /Y
TR E SR PR A A

5 #ig
1) 6 T J 8 A T VR A it S22 BT YR Ak b )2 9

N BETE IR SRR T 14 m fEIE
LR — P e AL T AR AL )= I B E

R L F R BRIE 45 H 2 O AR

2) TEHRAE T BE1E A A= 9 b IF AL RS AT LAY
R PFR S« — o H LR M R BT DI AS I 5 | RS B % G
B TR TR WAL AR B BT 51 R E
bR, FERETE M RIE AR —EUA T AL, 2k 5y )
ARG S B B E b PR RS R AR bR BT HY N B
BZHIR RN,

3) g A O, BR TE L R R BN 2
/N 14 m i, BRGE IR BEIE 1 P 5 MR 45
R MR KT 14 m B HEPRRTRETE F 37 (9 520 18
Wil )N, LG IS R T b P 3R 2 R GE BT AL W AE
kb2

4) BT HUM b BR 4 52 TR MM 250, B
A BT R i S (0 B 1 58 4z Ab TR =
AR BGRAL 5 AR )= 25 sl R TR A
T3 2 W NS TE R 052 B PR RS, B R GE B URR
ZAaTERE,

SE 3k

[11AREE Ty, F W BR AR H AR B = rh KT bk 42
HFRIAHLBE 0 M [T ], B 9k K TR 5 4l , 2016, 36
(02) .165-171.

(278K 3,8 18, 200, 55, HB IR A RS M R 8
WIIRARL D). BARBEIEHEAR ,2016,53(01) :45-51.

(312 A, Fsehts A )11, 45, Jk Ty B A 7 B 1
BRI PURAUR S Ak [J]. A+ TR0, 2014, 36
(07) :1371-1376.

[4]GEORGE P KOURETZIS, SCOTT W SLOAN, JOHN P
CARTER. Effect of Interface Friction on Tunnel Liner In-
ternal Forces Due to Seismic S- and P-wave Propagation
[J]. Soil Dynamics and Earthquake Engineering, 2013,
46, 41-51.

[5]KOURETZIS G P, ANDRIANOPOULOSs K I, SLOAN S
W, et al. Analysis of Circular Tunnels Due to Seismic P-
wave Propagation, with Emphasis on Unreinforced Con-
crete Liners[ J]. Computers and Geotechnics, 2014(55) ;
187-194.

(61 e fof NI HK 3, 55, ARSI HZ A F B E Yk 1] 152
ST, IARRRE R ,2016,53(06) :73-79.

[TTHIAL, A, ST R R 0 0 S B R 9
ZHE]]. SRR ER AR ,2013,50(06) ;52-57.

(8 IHARARH. AR A - J2 I 49 % #3752 ) g wieg 17 e A
[D]. R PA RISl R, 2014,

[T XIDGFR, R A, XA, v ¥ Ak i 2 v it 2k % T8 b R
Wi o7 RS AD) S H B S Ul [ 1] A = TR 244z, 2007
(12).1815-1822.

(T#% 7T R)



AR fit £ Y K B O UE  —  SRRE R SE R A 77

[T1]FRBIN I LR FLAi24. KA T BRI B8 ) Kot F
KERZ B [ 1], & A J15% 5 TR, 2004
(18) :3203-3210.

RVAE: 2500 INEA 3 ) S VAl A DO Bk 2 Vs
PERZWA L o AT [ )], 3B 5K, 2015 (01) . 56-
62.

(13 B 8. K RLTH i % P 5 2 SR e P2 e 58 [ ).
TR A, 2017(12) :221-222.

[14TOLCH, R, 5 . 22 XK A B X 2 2 i AR
FEPER S [ )], iR 2 4 T3 L, 2019, 52
(01) :21-26.

[ ISToRAHTE, RIS, BT 0 55, Rt sl e o # Bk o 28 Ak
XL T RUPR AR E MR R T 5 [ 1], 1L M2 412, 2019,
37(01) :62-69.

[ 16] X G0, 25 K g %8s, Hb T K Ar b Tk 38 4= bk
FasEPERSZMAWITE[ 1], #F 7K ,2017,39(06) :61-63+
162.

[17]5KAEA, /5350, X R, 48, =K e &K 5140 T i op
TSRS E YRR W o A [ 7], K AR RIS 8t 2020
(05) :106-111.

(1814 . KN AZAI e Ae e Mo T [ D], P92 . 74
LT R, 2009.

[19]XTIA M,REN G M, XIN L. Deformation and Mechanism of
Landslide Influenced by the Effects of Reservoir Water
and Rainfall, Three Gorges, China[ J]. Natural Hazards,
2013,68(2) : 467-482.

[20]WEI S,CHEN Y,YANG B B, et al. Study on the Stabili-

(L#E% 62 W)

(107X . DX [H) % 38 28 AT ¥ Ak 4 2 09 3 7% i B 53 Bt
[D]. BLIH . #TTK2#,2008.

[ 11BN K Rl b 52 0 Ak 45 10 T T 25 0 e 3l 5
[J]. ¥ T #2240 ,2014,31( 10) :49-53.

[12]%Z00 B4, MR, 5. AT Ak~ JE 412
R A2k A R M R i R LR S Bl Ie [ ). AT
5 TSR ,2017,36(08) :2018-2030.

[ 13 FRp i B 35 X, PV, MO RN gk 4= B i 3 b 7% I ot
FrtEfRoh iR [T]. MhE TR 224k, 2019,41(01) .
108-116.

[14]BRE, SE i, T T, 45, 4 i3 & i ok 18 1 7R
IR IR B SBR[ T]. Bl EoR 5 TR,
2017,17(02) :106-110.

(ISR % AR, S35, AT AL 1 1 2 5 #4 Bk 3
M REAFFE[ )] . BRiE TR 244 ,2017,34( 12) .83-88.

[16]4B7EmE  FLFE 5T, LING H I, %5, Hi % i) 4 AR 4 M

ty of Baijiabao Landslide due to the Three Gorgeswater
Level Rise [ J]. Applied Mechanics & Materials, 2014,
488-489: 470-474.

[21]i§hpho, THAGE , A 8. SEF M - KIS 1EH T =
I ¥ S A R S AL [ 7] K H BEJRRE 27, 2020,
38(06) :128-132.

(22518 A . =l A 7K L T I %0 DR i 33 o R
FaE R ma o3 A [ 1], HR KRR L AR 2015, 51

(01) :34-36.
[23 1375, B XK JE RS AR L [J]. N RBE, 1983
(05) :2-5.

[24] X0 A 1 BRMGHT , 15 62 BEAK A b THE ki B AL e ML
FWFSE[ 1], &1 1% ,2005(05) :769-773.

[25]5K #. W ilK PR R S SRR IE B AR 43T [ D] K
JEC KRB TR 2%, 2010.

[26] 5Kk B, k5 T EGE. KAk 3% 5 - 3 i e fa
PRI 4B 1] . H R 7K ,2010,32(01) :138-140.
(27 RS, T & MR, 55 KB KR E R A e
PERFZNE [ ], N K244 . T4t ,2016,37(01) -

60-64.

[28]REZN T, It 40, A 7. LT B - A& 1Y R i
FaE T ——LAIRE = B KA K E R i [ )] bR
KE G 2019,30(04) :59-66.

[29]SL 386—2007 , /K F/K B T AR B B2 HRIE [ S ]

(30 LR, ARBN. BEAKAL T B4 0 T T 0 0 e e Tk 4
Hr[J]. KF2:4% , 2004 (03) :76-80.

(TS RTH)

L LR HLEE KR IR ()] A TR
247 ,2002(03) :323-326.

[17]FLFE 5, apfse. 2T Ak J5 2808 4 5 ik i b T 48
& IR RBAFFE[T]. A+ TR 2=, 2007 (08) : 1199-
1204.

(18] X4k, A —#F. AT i 1k £ o 2k 45 ¥4 119 i 72 o i
[J]. &4 1% ,2005(03) :381-386+391.

(1] BRI, RITR Ak 3 J2 Hp T 45 4 b 5 iy 7 %) 36 A L
SN[ D], JLET TR KA, 2018.

[20] TARME, Ak B, 2806, 2T Finn A B 49 16 Fn b
TR T[], ME T RS TR RSN, 2010,30
(03) :178-184.

(211320, Bl 1 AT, 55 JE P % G 2 R b i 5 -
RSN GRS T[], S #% (R 9E30) ,2018,38
(S2) :60-67.

(FESmsE ATH)



