43 BT 1 = + VA =2 Vol.43 Supp.l
202246 H Rock and Soil Mechanics Jun. 2022

DOI: 10.16285/j.rsm.2021.0737

fx 8 TIEGMRER I R MRS S RE

x| WL R k2, RGN, FH a2

(. JEREER S EARRFITIEZEE, L5 100044; 2. AR R WALE KA MM RES T S 1RSI0 %, Wb A5E 050043;
3. EREBERICE LR A S TREE K E SR E, Wik 5 430071

L=

OB GJUERSE TR KR, 2HEHBE T ERE, IEEHE TR E RS RS R F . At i pEiE,
KT B T 4 T bk B R % AR S MR RIS R AT ALIUIR, JH48 H B AT ATE ARG ., 45 R0 (L& k%
TR H RS T B N R AR, RS2 mHN Ty SEE R K R R S A R A, (SRR E RS IR S, e
TR A i MR KT o 1L S AR R DA T T AR R N T, (= KT B = 4 I 7 41 T 22 i s T X A A 3 2 1)
Btk KR BB R ARG O SEBL R E I K IR SNk, (BT TeE SEBLS: 1137 595 I R 4 10 B0 = 4K TR Bkl FR g6 44 7T
MR ZE, AN AR CHR/K 2R AR E P IEACIRES, TTERBIEE NS . 3T k812 i — 2 5 2230 4
B PRINATEC AR LHAN LRI, B AT a0 5 25 S B — i 8 TR IE MRS R, HARAE AR 1 e
BRAESEMRRAE, TEBIHAL. WA REmmEEE, B30 R N R AE, R E e, Ba, M4
BEE TARAE RIS @ B A R, B 55 AR )32 B AR B} S A B NS T ARG T B B0 S 7 244 N BT 2%
PRI RS T R ) = s s S I AR E R4, & S MBURIRE T L WL o 5 =4 g R g a, &
SLIE T HE RIS R E TR A MRS RS

KOO LIRBERIE; KTREE; SRTTHERRRE; BORLRLE RS

HESES: U459 SCERFRIRAG: A CEHS: 1000—7598 (2022) BT 1—0452—17

Review and prospect of model test system for tunnel engineering structure

LIU Bo!, XU Fei*3, ZHAO Wei-gang®?, GAO Yang?
(1. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China; 2. Key Laboratory of Large Structure Health Monitoring and Control,

Shijiazhuang Tiedao University, Shijiazhuang, Hebei 050043, China; 3. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock
and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubei 430071, China)

Abstract: In recent years, tunnel engineering is developing towards super-long and deep, multi-field and multi-phase coupling, thus,
which easily induce the structural instability during tunnel construction and operation. Aiming at the mountain tunnel, underwater
tunnel and urban tunnel, this paper expounds the research status of structural model test system, and points out the existing issues.
The results show that: mountain tunnel model test takes into account passing through the adverse geological rock, and the loading
conditions such as high ground stress, high karst hydraulic pressure and high seismic intensity. However, it’s hard to simulate the high
stress of surrounding rock due to the size limitation of the apparatus. The model test of mountain tunnel is mainly based on plane
strain model, which lacks the simulation of active fault with various dislocation forms under large-scale true three-dimensional stress
condition. The model test of underwater tunnel has achieved stable high water pressure loading, but it is still unable to simulate the
true three-dimensional underwater environment of the coupled stress field and seepage field. Additionally, the visibility of the
chamber is poor, the seepage of the tunnel is only be characterized by the water inflow at the entrance, which makes it difficult to
obtain the deformation law of the surrounding rock. Urban tunnel is affected by train dynamic load, pavement load and adjacent
construction disturbance. At present, the model test usually considers the vibration response of the tunnel under a single load, and
often ignores the structural characteristics such as segment joints and cracks. Thus, it is necessary to design novel and efficient local

loading device to analyze the ultimate deformation characteristics of weak parts of segment to ensure the safety of subway operation.
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Finally, the bottleneck issues of tunnel engineering model test are summarized, and the internal visualization of the apparatus needs to

be improved based on transparent similar materials. Aiming at the adverse geological conditions under high geostress conditions, a

three-dimensional static-dynamic coupled model test system with expandable size is developed. Combining with the micro low-power

wireless monitoring sensors and 3D visualization results display platform, a tunnel engineering structure model test system suitable

for complex environment is established.

Keywords: mountain tunnel; underwater tunnel; urban metro tunnel; model test system
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Table 2 Representative solid-fluid coupling model test devices for underwater tunnels

BUBMENE LA AL B T A SR
SRR S AL, KA o ) .
50 ﬁgiﬁgggﬁgﬁgﬁmii&&ﬂ%@ﬁ%%iﬁﬁ%ﬁﬂﬂ@%ﬁ%ww%&%:
‘ ot ’ BB TR K A QFHARYRE . RAHIKIE
ESRRE 6
g MERRIESHE. APERR 5 FKHRI CSUARALS,  AEA FRCR Vi H  BO
' B R R AR YERYL T K AR IR
ST N AR 1)
PSR VR KA AR KGR ORI R TR

SR AU

5T BLA SR T K AR

@E A BRI 253

B R RUR . IR AR R R RE R UL K ORI 1 5. MRSk B
1:100  Prhissf, MOEBoKER FLRA. BB KK, Btk o7 Ul sds M @AW R ATE M5 s K R

I R BOIRAC RN

BB

FIR B R AL

Guit B, KT BRI I A A 5 AR 1 15
THE A, — 7 HE TR RS ARER . 6 2 04tk
MK ERRFPE AR B, 53— J7 THAE Tt A g 1)
BB D), BEIK N B B SR A7 IR
3.2 K TBEE I ZE MBI

KR BEIE [F I 7 SZ K R IR R Ty, S5k
R EAERE . PREE, L. KESRRE
P22 , 25 K FH DY AN ER 7 2O 4ot i) Bt I & 77
TFERLE S KR ESEAH EAER . R,
TEWF TR T REIE R 2 ma By, 8 s R AR,
JESWAL VA 1= W DN T RS N B A S i
SR IR B BN, RIK R IE 2
VaLs =1

(1) U RG A8 K 22 Z S AR [ YA ALK T %
T8+ KRS A 58 A BAE Bl e & .
ok F B 25 A8 B TE )2 52 A AR AR A
B Rgt, K7 T Tt 0 A R % 7 S 507
L35 T T TE A DR T (1 T TR UE % T ) %]
bR A IR AS o KR N2k B fe sy )
IKHEDIREAERSI S KR T & Nk : e ki R
FORAUIR A4 51K s Fa xS A sk b N 4 2% 11
kP ANGKRRL ), AL AR S K & 246,

(2) MR FRRIGEE IR RS, ERNE
v X A B R FH AN S A it Az [ 1 N
B Ty, PSR AL IR MK 7y, SEBLT 4.
KR SE R — 2 B LR g, T8 5 R
TR, AR N AR T HE N IR R I 25 7= AR 5K
PiAf, HAEME R ME TR R M. AT B

IXPREEIE, 7R PR 52 9 3BT 19 I S I T 508 )
FLEAR/IN SRR A s NS 558 B Aol TRk L R]E
DT BERANKE,  FEONME NS LR U R 4 AT
5], TR B TR RN g 47020,

(3) dbpzg@ R w7 — oK T REiE S EEA
FHEAEFES 2 4t Be[m) i 40l K s 1R L 25 77
FERE R THESA A A 7KV 7 T i Ik FE A ek, AEAR Y
TR e E K O, i 0~0.5 MPa /K& 1), %358
AMER PRI KK . IR, B RE T KIER
AR, BES SRS E R I
o, BA— e ERY,
33 /g

BT /KNRE (FE/KXEE) ATREEH
R, FEHE 52y (B, Mm%
G IHLTEIR S, KR BEE S AR Z FEE TR
HRKHET), % FEKEBREREW. K25
0 e BT e N AR, ) e e B ANAE
BRSRAE R A I 7T, ToEEABAU BE A 7K 52 ) LR
KK NEERSLR)ZIPRERA —EmMZE. N T
B SR FREEIAEE, 72 B % E 1 fE R 4T
HAESEHLE =4 A IR IR A, X FBUK R
RIS B AT AR 2 . 1T DA R
TARUATEHAE B 1 BE, AR DB N SR T TG B
FEULM B HMER, SR, H ATE AR R A T/
FCT R BRI 7T, & B LA 1) )R
PRI, ERB KR B TR ARG IG AT 7 rp 1
ARk

KR R IE 7RG B W R AT IS, T A S5



)1 XA BRE TR MBI RS SRk SR 459

WREAREE, LEKINE 5B H A RS N IE
P, LA B TE FH2 I B IR SR e e v S S5 it
AR R AR /D BERAUL BB PRV S et 7, %
P R E T 0 BT AN i

4 T EREETE 16 BT FCHUIR

B I T AR B IR, KR BRI T % T A 8
Hai i, KRS HER 2R, NMEREKT
IATEI AT RCRIE I 7 RASAEG S, HILAE
. SREIFRE SR IR T HL 228 s T A
DLHWER N 3 B3R T 5 T2 Re BB @ Wi, A2
TASIB KBk, RIS eER 3 T HOE A R .
4.1 JEMHREERRREY

S BETERK RREEARE, 30 E B IE 1
BERSEERRE R, BEMARZ TEAEE,
B 52 B BT AC AT ARt T A 2R S A F 1
P ZEZ G EAEH, SR EIE R FERER, 52
R RS £5 4 (112 B TR A
4.1.1 BT

R T DX R R K 2 R A R T, T8
I FEARAT R A T NI BE, AT RYITE B 1) e 1 FH A
[ AR AN R IF = AR B s KL, PR
FERIERA . SR, PR IEI B K2 5 5 K JEG M % T A 1)
WIS TR, B BE T8 25 M i As e 1t . 3R 4E
SEBXSITER T — R AP N ARAGRLS, TR
FEARAE T JG M Bk 1 - b J2 (A0 A AR F AR
SLIFZLRFAE o A58 R FH AN Al 7 U 1 23k,
W T FE A BRI BRI E o, A B AT T
R 5, TERRE TR FH IR 2 207 A b 3R
. BAT, S A SO, B
28 8K T A2 388 9y A3 6 sF T PR 7 St J2 A0 g 30 435 g v
(1 RAEIR, 5 SRR EE T BRI £ bk T 3 X
XoF 3k T B T [ 52

Ak, 78 H a5 R i B e, SRR
TSI AN 1T 2k G b 52 BE TS 4030, IR T4Z
SPRAREREE L ME 7 RE 6 5 F B s A T R
AEAERSE, B ERELKN S 2R, B
Hia SR R B e A N e, BESIRE R
FREEIT VRN A S5 S5 580l TR AL IR IR 55 1)
AR, 45 ORI AR RE R Bk I M RRAE,
SHCH RTXFIEGTIFZ P2 A 0 5 M I 7 2 0 S L )
WFFCANE AT, AU (&b 10 = 4E R 2e M e fd 2 18
ST AR T A B AR E S PR AR DA S S e . T
PRICAELAE RST8], Bt — 20 2 4k B T 3k
Tz RN+ 585N AL 1 SIS

bt A BT AR I R AR A e, AR AL A B
S R X 2B JE R KB I 4 R A 1R
.
4.1.2 HERHI BT

398 1T b A2 B 3 TE AR 52 [ 2 e g AR % T i 8K 17
R, EEZPBERE R S5, R
Bl A AE 51 22 B0 i R K AR R 27 AR AR A
BISJUiRE, IR R A AR T TR VR RISk
W ERA . I, FF RS ZE sl fur # 56 xe) i
FEIRTT BB LR e M R R .

B 25 A 0 5 R B T AR N R, ARG R
5 25 R R A 45 i R0 L E 2R 9 v Y B 1R A2 B
Ao B 25 B fuf RBAN — MR FH B — el o A n ek
Bann#r X, MsC R0 R EE S
BRI (P AH ELAE AR, SR B SR L E 5%
RS ENIE Ty 80 knvh B EAREN T, 7
W 450 5 B A R ATUSUR I 380 3l Jama . )
PR fE S T E AU, AR AR I8 A5 S R AEZR R
IHEETROR A, 5o S H 222585 58 oG 30 PO e 25 it o
N . AT BRARIR BN TE R Y R 10 Ak 1) 5 285
N, TEASRUAE P B B AIR A R . AR A
TFREER AR A 2P, W RS S5 R A+
PARIRI B 70 S DA % 315 3 R B2 (4 1 5 SR e

SE p N ER 5 2B B 42 A 270 25 48 b S 4
PR IR AT, R 26 R B 5 2R B
ARG, BB EATE, BEZSC G 2 3)
R, MRS B T, TR EEH
BT 7 B340, RIS A AT AR R S B
AT B TAIEAR RO R, 38 b I R 52 1 i 2k A
T2 i BT BN 8. Bian®) JiangPY45 %1t T
—EA W CEHEHUERN PR TN RS, A 8
N WEBIRES . 1 BEH RGN 1 BRI,
TR 2 R B T A A7 R RE P 2R B R AR A R, X
R T o 42 ) AH AR R 28 10 K 47 22 M40 51 22 % B A
o P RGumId 7w Y I8 TE i AT R A
G R

B PRV ER B INE RGO 2 M
Tk R B R 5B S MREE, R T RTEE
WIS, ERANREEE RSk, LN T
HERREIE L A JE AT DAS 3 Bl faf BN R Gt SR AT
H13E FH T M2k 51 4 3 s 2R 00 D0 2R
4.1.3 FRMEAETHEN RS

SR T A ) R S TR T IR L A
SEIIN 13, hiksss. BRSO, KR
I B ITE Bl S R OSBRI &, IR eSS



460 = +

Hoo 2022 4F

AR P B T, WA E G i
ey ARG AR LIRS e
PR AR AR i T A T A . W L AR R 1K
I 2 S AR LT HIME JRR S AN S R AR AR &
gt JPAREECT PR R S R I
BEAT RN, FER 2 M R 1F T, MRS
AR RE s PUT IR R Sl ml T R s
Tl 512k e M BE T R FLER R 51 ARZE S %t
TR IS, R EE R HER e,
Ub, BB REL RIS R
gt, REEESRRESHEE. Fae iR ER
N

42 BHEHEIHHA
4.2.1 &Rt

B AERRAR T G MR TE T RARNIEE, TR
FEEIEE, 5y S5 AN S TR Fea%5KTIT
WESHE, REHBERETEAT; i, 5%
IRBNAF B AL T Fr G AL 2 R A SO AT S B A, A8
R T8 7 g e R [ SR N 2% . E I AE JE A P T AR Y
WIS, I8 H R N IR AR E R 7 SRS B2
G, (RXMTERERTE e B, ok
RAEHE S IR BR B A AN K T T 2L A2 . R 7 i
RSN JISRIE, ENAMEFE R T 2R
LikgedeE, Wk 3 s

®3 ERIEFRRENE FESmBRAR R E

Table 3 Representative liner joint loading test device

AR LRI e WL TR R B
B PSR, DA, o e
grea AR% i S R 5 P BRI R AR A 50
N Wb A 3 MERTL, B RIS R, AR BRI EAE A (0 Beeds
w Y menwEmrer e A% d i
Y — WO IR i s Sy R T T s TP 0 o S 3R T 37
= i R 425 22 0 s A ek
, SRR, I
PR pam 5 8 9% M0 ke WIRESRS, B KPRRES o AR AT
o AR RIFRGERHE
BIPIRES
. - 5 ), " e e
g g DSPERRRIRER i, e AR AR 7 s mitie
* £ WA B
i ‘ . - B R R A
_ Wk ST KTy, OB O A, U .
O R AL IR A @RI S5 Ky 1 BV O gﬁg“ﬁﬁﬁgHWﬁ%I

Zhang SEUOAGHE] T — o B 4 Sk M e
1) = 7 O e W B A = 7 = S
XM K P Ty 2 SE IR sk ) 5 2
G IE . SERMW RS Ammatt, %RE
AMETERL T BN E B P gk ik &, IERESEIA
[F4h /1 5SS EA S, BRRERRENED
PEREAEEBINIE . Uhah, Beaesk Tt 2R m g
BEiE TAEVERE B S, X T/ o) R P i A 2
HRMEM I . Wang SFUOSURAE f RS TF AR J5 #E 5
T T — P RS A B, R AR i o 1) LR R
TENRSHE R Bk M TR, R I TS 5 2 1
ZHEN R LK &= .

M2, B AR BT AN E A REE S R A
RIS IR AR 2 —, A Ja R A0 3 B it
A BN AR T8 TN 1= ST N O S AW EOE S ES €D
Ji R .

422 BRI

bR 7SR AL, o R A A A A

Wit O T 4 TAEIRES, BHARNFRY, Eh

FUBHRAE G A TR B LRI . TR RBIK S
o HAE RN N2 BSR4
RFERE, XITRJEE A R ER AR B0 T D

g JH U051 B OSVREER Y B R0 ) S A
B R K ER G HEAER RGO T — &5
BRI, b 1A R R GEH R A R
FARIES R EFIE . ZETEAN R RGRBIA 277 A B i 7
M R SR RSR A 1 AN R 2 A
SEINE FARSEDIRTT S0 EE A RS XA
XA 3 A AR AU ks A28 e UL AR
T R R R BT AR R A AL T
ZELEN00), Liu S50 10710812 p TSGR BN A 1 # 4
T SRR ik g R KT BT S0
BN L, A2 T A A R 2 MW ERTE R
ENSTR KA FEE AR SN 24 M InEc, B
AR B AT R O AT AN LA AL,
AT R PR IS T iR
ETERAPORRIRE, BRE TSRS
W G AR AR T . RIAEE . IR AR



)1 XA BRE TR MBI RS SRk SR 461

NAEEETKTT . B EEEE, R i s
W, FRISSMNRARE . FETERS, &K
55 L EM R S, oIk bR g SR pE AR e
MIE] e 7y, ELER b X R4 B 30 45 R 150 118 R
AT, B R RN, s o )
JE 340, s b IE W SR TE . Ak, REARAENON
ot 7 BRI E, W SIS 0 R A
BET/KFERE, Bt 7R S s T 7T,
R AR ADL 1 A0 e 25 o i T A ) [ 7K R 77
o
4.3 /Mg

W E R R R E E A EEE Y
ME B, Mm% Wiz BTG, DLAIE
A BRI AN ARV THL8h 55 2 P )
FLEER o B T3 T b2k P T 3 P s e K] 36 A
%, A KBGO B T U, X
PR RS TR EK . fEREdE R AR E
P FH R S0 A5 s 5 SRR OSSR, TUK MR 4
IR G R IREG AT, DR, A AR YR
IR R RDIFER o4 e il L s
S5 RS:, RukEE SEESHNENE. e
PEREFAR

5 4

AR, [ B E B IE R R, R
b O P % T TR A o A 30 2 4 PO AR A R
MIoCHE I, PRIER T RMIRF, S
ERIt 8%, WHZRMBIRIE IKCFAT A
P B PRI M, 5 T8 it T 5 128 8 22 2 e ™ DR PR X o
ASCE B 1 IS BETE L KT R R T Bk FE
B2 AR S R R, Rg A E N
HME AR I A R BUIR 5 A7 AE B L, AT BB B
BETE T2 R H BETE TR 45 MR 2 16 e 1) Jie
HEREW:

(1) B FE TR B AW A, H
ARG 3 5 2B R R kA, AN
BHE LR EEMZR DA BRI AEL AR AL
25, WHHIHEE A R UK ERMERE KA. FFREELA
BoR B 15 5T AR R WA LA .

(2) SIS INE AR R, H A2 20k
B B AT AL = BN TN #,  (ESR AR TIE R
SR S A R MR S RS S B, A
B TRESCBRIR ] RUST R 4 e iR I8 TR = 4k g
ARG IR GG R G, BUE 7T R 5 A R
Mo, FEMBRE . WRIE SR AR RS A Bk

Rl b HL R AR AL R -

(3) HRTBEIERRL RS IR A R 2 B IR T H
PRI, NS REIE A B AR SRR
NAKBUREN 137 BRI RS B A B F 13 K
GEH, HR G MREITEE ke MR G
W, Bt AL BB R MBCR E, (R
BizE w4,

(4) WFACE A AR A R R D AR o 2k
AL EOTE S =4 AL A R T 6, BRI
T ILAL BN 2 S BERE R TTT,
I/b AT R K B A e A T e il 45 2R 1
M. BEREET BIM M =48RR T 6, iR
PRI R OB B I 5, B BT iR
P SE Aol SRR S R

2 % X W

[1] R, TRESH MEESR P A Bk Sl TR At

WA, Bk, JEWIER, BEE R [EB/OL).
(2017-12-15)[2021-05-18]. https://www.tunnelling.cn/PNews/
NewsDetail.aspx?newsld=26194.
XU Rong-rong. Engineering accident. The railway tunnel
project in the Rhine Valley in Germany collapsed, the
railway was closed, the shield was trapped, and the tunnel
was backfilled! [EB/OL]. (2017-12-15)[2021-05-18].
https://www.tunnelling.cn/PNews/NewsDetail.aspx?news
1d=26194.

[2] RERf. STRELRIEEKEAE3 ASET, 1 E2E
AT B WL BE 3 [EB/OL]. (2018-06-11)[2021-05-18].
https://www.thepaper.cn/newsDetail _forward 2186747.
WU Yue-wei. Three people passed away in the flooding
incident of Guinan passenger dedicated tunnel. A
construction site observation was held in January
[EB/OL]. (2018-06-13)[2021-05-18]. https://www.thepaper.cn/
newsDetail forward 2186747.

(3] ki, Lk 2 SL THUbTE IS 8 ASET:, 54 3

NZKHA[EB/OL]. (2018-02-09)[2021-05-18]. https://baijiahao.
baidu.com/s?id=1591887622361063067&wfr=spider&for
=pc.
ZHANG Wen. The ground of Foshan Metro Line 2
collapsed, 8 people were killed and 3 people were still
lost[EB/OL]. (2018-02-09)[2021-05-18]. https://baijiahao.
baidu.com/s?id=1591887622361063067&wfr=spider&for
=pc.

[4] TREHE. REHAR REHMALOG~ R 4)FEE T
b T 35 Bed 3 kT IR B 43 AT [EB/OL]. (2020-12-25)
[2021-05-18]. https://www.tunnelling.cn/PNews/NewsDetail.



462 = +

7

2 2022 4F

(3]

(6]

[10]

[11]

aspx?newsld=41785.

XU Rong-rong. Focus on Japan. The latest analysis of
ground collapse accident near the tunnel of Tokyo outer
ring line (Kanetsu-Tomei)[EB/OL]. (2020-12-25) [2021-
05-18]. https://www.tunnelling.cn/PNews/NewsDetail.aspx?
newsld=41785.

ZHENG G, CUI T, CHENG X, et al. Study of the
collapse mechanism of shield tunnels due to the failure of
segments in sandy ground[J].
Analysis, 2017, 79: 464-490.
SPYROS K, SPYRIDIS P. Tunnel failure trands and risk
management[M]. London: TGS Media Ltd., 2020.
MRz, WA, R, & &L THEZ IR
BE B ] a1 S TR R, 2004,
23(3): 372-378.
CHEN An-min,

Engineering Failure

GU Jin-cai, SHEN Jun, et al.
Development and application of multifunctional apparatus
for geotechnical engineering model tests[J]. Chinese
Journal of Rock Mechanics and Engineering, 2004,
23(3): 372-378.

ARA, R, ZEFRE, S5 BEIE i TR b RS
I RG] KN [0]. A0 s T2,
2011, 30(7): 1368-1374.

LI Shu-cai, LIU Qin, LI Li-ping, et al. Development of
large-scale geomechanical model test system for tunnel
construction and its application[J]. Chinese Journal of
Rock Mechanics and Engineering, 2011, 30(7): 1368-
1374.

J%R, ZERA, ERF, & R TR AR50
BB B HAE 78 BT 5 8 3 SR KA R 6 o f
FHT). &R IRE2ER, 2015, 37(7): 1232-1240.

ZHOU Yi, LI Shu-cai, LI Li-ping, et al. New technology
for fluid-solid coupling tests of underground engineering
and its application in experimental simulation of water
inrush in filled-type karst conduit[J]. Chinese Journal of
Geotechnical Engineering, 2015, 37(7): 1232-1240.
T, RAR, IRAT I SR Z B FLA AR SR
BRI 5 0[], A 15 TRFR, 2016, 3505
T 1): 2915-2924.

HUANG Feng, ZHU He-hua, XU Qian-wei. Model test
and analysis about loose failure of tunnel surrounding
rock mass containing weak interlayer[J]. Chinese Journal
of Rock Mechanics and Engineering, 2016, 35(Suppl.1):
2915-2924.

MBI, WK, RN, 5. BEE KRR TS| & Aabia
KA ARBALR BT R[], &+ J1%%, 2018, 39(12):
4482-4492.

[12]

[13]

[15]

[16]

[17]

[18]

YANG Zhong-min, GAO Yong-tao, WU Shun-chuan, et al.
Physical model test on large deformation mechanism and
key treatment techniques of tunnel[J]. Rock and Soil
Mechanics, 2018, 39(12): 4482-4492.

ZHU W, LI Y, LI S, et al. Quasi-three-dimensional
physical model tests on a cavern complex under high in-
situ stresses[J]. International Journal of Rock Mechanics
and Mining Sciences, 2011, 48(2): 199-209.

X|2EHE - TR MRSt 60° 1A IE T2 B VE 85 sl v
Ll 0 g 3 B R R B B AT (7], £OR TR 224, 2014,
47(2): 121-128.

LIU Xue-zeng, WANG Xu-lin, LIN Liang-lun. Model
experimental study on influence of normal fault with 60°
dip angle stick-slip dislocation on mountain tunnel[J].
China Civil Engineering Journal, 2014, 47(2): 121-128.
YANG W, WANG M, ZHOU Z, et al. A true triaxial
geomechanical model test apparatus for studying the
precursory information of water inrush from impermeable
rock mass failure[J]. Tunnelling and Underground Space
Technology, 2019, 93(11): 103078.

A, AR, MRecf, 5. BN % 52 ) R RIRHEY)
BRI ] A A 5 TRER, 1999, 180K
) 1): 1113-1117.

GU Jin-cai, SHEN Jun, CHEN An-min, et al. Physical
model test study on stress response characteristics of
anchorage cavern[J]. Chinese Journal of Rock Mechanics
and Engineering, 1999, 18(Suppl.1): 1113-1117.
FRPEAF. MK R 3l T AL R R [ 5 SCH R G R LT
J1E R RGBT 1], K E s, 1997, 13(2):
95-100.

GUO Shun-nian. Geomechanical plane model test on
surrounding rock and supporting system of diversion tunnel
of Ertan Hydropower Station[J]. Design of Hydropower
Station, 1997, 13(2): 95-100.

e, BAGHE, RNZE. BTS20 50 A
BEE I LR, A A 1S TR, 2002,
21(5): 662-666.

JIANG Shu-ping, HUANG Hai-lun, SONG Cong-jun.
Physical simulation analysis on construction mechanics
behavior of road tunnel[J]. Chinese Journal of Rock
Mechanics and Engineering, 2002, 21(5): 662-666.
MK, BRI, . RISHRERE EE SIS L
FIHERLBAE RRIG [7]. HFE A B R, 2015, 28(10):
76-82.

YE Fei, MAO Jia-hua, LIU Yan-peng, et al. Model test
on effect of dynamic pressure arch of tunnel in soft

broken surrounding rock[J]. China Journal of Highway



)1 X1

[EE

BEIE TR MRS R FU SRR S e B

463

[19]

[21]

(22]

(24]

(23]

and Transport, 2015, 28(10): 76-82.

skE, ARAER, B, SE.CPIHRNARKM N At
AR BRI IG T T[T, A A S 285 TRE 2R, 2018,
37(2): 485-496.

ZHANG Yu, SHAO Sheng-jun, ZHAO Min, et al
Experimental study on constitutive models of structural
loess under plane strain conditions[J]. Chinese Journal
of Rock Mechanics and Engineering, 2018, 37(2): 485-
496.

%, AT 3R TR0 A AR R K R £
R[N, TREHE 23R, 2011, 19(3): 323-331.

FENG Zhen, YIN Yue-ping. Review of geotechnical
centrifuge modeling test in China[J]. Journal of Engineering
Geology, 2011, 19(3): 323-331.

MARSHALL A M, KLAR A, MAIR R J. Tunneling
beneath buried pipes: view of soil strain and its effect on
pipeline behavior[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2010, 136(12): 1664-
1672.

B, OCE, I, S XFLE M B E T L0
BALRIHT L[], & 1 71°7, 2010, 31(9): 2849-2853.
LING Hao, QIU Wen-ge, SUN Bing, et al. Centrifugal
model test on adjacent construction of double hole shield
tunnel[J]. Rock and Soil Mechanics, 2010, 31(9): 2849-
2853.

B, A, i, & SRR ETHOR K&
FCAE R IR TS RIS HI[I]. 6 5 TR
224, 2003, 22(9): 1430-1436.

LI Zhong-kui, LU Da-rong, NAKAYAMA H, et al.
Development and application of new technology for 3D
geo-mechanics model test of large underground houses[J].
Chinese Journal of Rock Mechanics and Engineering,
2003, 22(9): 1430-1436.

LR, MK, BEEE. M B = E A
I aMEERID). AA %S TR, 2004, 23(21):
3727-3731.

JIANG Yao-dong, LIU Wen-gang, ZHAO Yi-xin. Design
and development of a new type of triaxial system for
roadway model test[J]. Chinese Journal of Rock Mechanics
and Engineering, 2004, 23(21): 3727-3731.

TKIRE, AL, R, & RAEA=4E
SRR T & R E AT ] X N D). AR e S T
FE4R, 2007, 26(1): 143-148.

ZHANG Qiang-yong, LI Shu-cai, YOU Chun-an, et al.
Development and application of new type combination
3D geomechanical model test rack apparatus[J]. Chinese

Journal of Rock Mechanics and Engineering, 2007,

[28]

[29]

[30]

[31]

[32]

26(1): 143-148.
KApw, Tk ts, R, % A ER RO
Ji 77 Z AR R R WA R R ). A A %S
THEZEIR, 2010, 29(1): 1-7.

ZHU Wei-shen, ZHANG Qian-bing, LI Yong, et al.
Development of large-scale geomechanical model test
system under true triaxial loading and its applications[J].
Chinese Journal of Rock Mechanics and Engineering,
2010, 29(1): 1-7.

BERA, B, R, SRR T Ik B B T e
T 5 i OB TR RERIT T[], 25 7057, 2011, 32(9):
2845-2851.

LI Shu-cai, ZHAO Yan, LI Li-ping, et al. Study of
construction section comprehensive load releasing process
of ultra-large section railway tunnel[J]. Rock and Soil
Mechanics, 2011, 32(9): 2845-2851.

ARA, %, FFRF, . MR TR R A AR
IR R AR BRI ) S R[], A A e S TR
224, 2012, 31(6): 1128-1137.

LI Shu-cai, ZHOU Yi, LI Li-ping, et al. Development and
application of a new similar material for undergound
engineering fluid-solid coupling model test[J]. Chinese
Journal of Rock Mechanics and Engineering, 2012,
31(6): 1128-1137.

HAE, GEE, HEE, & ETHEG R E
Pt T2z 4 R PP [0]. 2 B A8 I8 R (B A R
fi), 2019, 15(9): 237-240.

ZHU lJie, ZENG Guo-wei, HU Guo-zhong, et al. Safety
risk assessment of tunnel collapse construction based on
accident statistical analysis[J]. Highway Transportation
Technology (Application Technology), 2019, 15(9): 237-
240.

ZAHERI M, RANJBARNIA M, DIAS D,

Performance of segmental and shotcrete linings in shallow

et al.

tunnels crossing a transverse strike-slip faulting[J].
Transportation Geotechnics, 2020, 23: 100333.

X|ZEHE TR ARt 75° A IE W2 BT 8 sl
A PRIEIE S R AR T ST )], AR 1S TR
%, 2013, 32(8): 1714-1720.

LIU Xue-zeng, WANG Xu-lin, LIN Liang-lun. Model
experiment on effect of normal fault with 75° dip angle
stick-slip dislocation on highway tunnel[J]. Chinese Journal
of Rock Mechanics and Engineering, 2013, 32(8):
1714-1720.

X|ZEHE - TR MRSt 45° 1A IE 2R TE 85 sl v
B T8 5 W30 20 BT (] [R5 K22 2 4Rk (B RRL 2R,
2014, 42(1): 44-50.



464 = +

7

2 2022 4F

[33]

[34]

[33]

[36]

[37]

[38]

[39]

LIU Xue-zeng, WANG Xu-lin, LIN Liang-lun. Modeling
experiment on effect of normal fault with 45° dip angle
stick-slip dislocation on tunnel[J]. Journal of Tongji
University (Natural Science), 2014, 42(1): 44-50.

LIU X, LI X, SANG Y, et al. Experimental study on
normal fault rupture propagation in loose strata and its
impact on mountain tunnels[J]. Tunnelling and Underground
Space Technology, 2015, 49(6): 417-425.

X, Mot ERRR, 55 RVEERRRSE L EWE
RIFHA P ARRRAE]. A0 )15 TR R,
2013, 3231 2): 3545-3551.

LIU Xue-zeng, LIN Liang-lun, WANG Xu-lin, et al.
Deformation characteristics of tunnel with flexible joints
affected by normal fault stick-slip dislocation[J]. Chinese
Journal of Rock Mechanics and Engineering, 2013,
32(Suppl.2): 3545-3551.

X, BR%, Aok, S5 ATBEEN IS W R B TE A
Wi g BRI IG R AL ], A A 1S TR,
2015, 34(HE T 2): 3837-3843.

LIU Xue-zeng, GUO Biao, LI Xue-feng, et al. Model
experiment study on effect of deformation joints on road
tunnel resisting distruction by thrust fault stick-slip
dislocation[J]. Chinese Journal of Rock Mechanics and
Engineering, 2015, 34(Suppl.2): 3837-3843.

R4, Rtk ek, 55 W R B B IE )
PP W AR R AN & A %S TRYER,
2015, 34(10): 2083-2090.

LIU Xue-zeng, LIU lJin-dong, LI Xue-feng, et al.
Experimental research on effect of anti-dislocation of
highway tunnel lining with hinge joints in thrust fault[J].
Chinese Journal of Rock Mechanics and Engineering,
2015, 34(10): 2083-2090.

B, 2RI, MR, B Sl I Z X BEIE R HT T se it
XN EPRSOE KA R (E ABHERR), 2008, 27(6):
1034-1041.

JIANG Shu-ping, LI Peng, LIN Zhi. Design strategies of
breaking resistance of tunnels crossing active faults zone[J].
Journal of Chongqing Jiaotong University (Natural
Science), 2008, 27(6): 1034-1041.

YRy, TTEBA, Xy, 5. HhZREEN T80T Hh 2k b
B R ANRIS AT 7L [T]. &L F1%, 2011, 32(6):
1690-1696.

LI Kai-ling, MEN Yu-ming, LIU Yang, et al. Model test
for influence of ground fissure profile pattern on
deformation of metro tunnel[J]. Rock and Soil Mechanics,
2011, 32(6): 1690-1696.

HUANG M, FAN X, WANG H. Three-dimensional upper

[42]

[44]

[45]

[46]

bound stability analysis of slopes with weak interlayer
based on rotational-translational mechanisms[J]. Engineering
Geology, 2017, 223: 82-91.

XU J, TANG X, WANG Z, et al. Investigating the
softening of weak interlayers during landslides using
nanoindentation experiments and simulations[J]. Engineering
Geology, 2020, 277: 105801.

A, SKRISL, g0, . BE9RZE GBS RY0R
BEARA B IS T AL )], A b TR AR, 2009, 31(5):
720-726.

GUO Fu-li, ZHANG Ding-li, SU lJie, et al. Change of
strength of surrounding rock system induced by weak
interlayer[J]. Chinese Journal of Geotechnical Engineering,
2009, 31(5): 720-726.

SO, W, W, S E 2 SRR RERIBEIEE S
T 2 5 R B A U wE T (0], P [ 2 % 22 4k, 2018,
31(10): 220-229.

WEN Hai-jia, HU Jing, XIE Peng, et al. Failure modes of
rocks surrounding tunnel with two weak interlayers during
excavation[J]. China Journal of Highway and Transport,
2018, 31(10): 220-229.

ERA, TR, FRF, & FEREERIK K E YR
R R REREH]. J1554R, 2017, 49(1): 22-30.

LI Shu-cai, WANG Kang, LI Li-ping, et al. Mechanical
mechanism and development trend of water-inrush disasters
in karst tunnels[J]. Chinese Journal of Theoretical and
Applied Mechanics, 2017, 49(1): 22-30.

R, ARG, A5, S ORI I B B 55 AR
TR IR = M 5T ) s R IR T L] A
J15 5 TSR, 2012, 31(3): 550-560.

LI Li-ping, LI Shu-caii ZHAO Yong, et al. 3D
geomechanical model for progressive failure progress of
weak broken surrounding rock in super large section
tunnel[J]. Chinese Journal of Rock Mechanics and
Engineering, 2012, 31(3): 550-560.

FARA, ViR, W, 5 BERAK RIS K AIE 7
Fo HBARR L Z0cp S OB [ AT
5T RRER, 2018, 37(5): 1041-1069.

LI Shu-cai, XU Zhen-hao, HUANG Xin, et al.
Classification, geological identification, hazard mode and
typical case studies of hazard-causing structures for water
and mud inrush in tunnels[J]. Chinese Journal of Rock
Mechanics and Engineering, 2018, 37(5): 1041-1069.
LVY, JIANG Y, HU W, et al. A review of the effects of
tunnel excavation on the hydrology, ecology, and environment
in karst areas: current status, challenges, and perspectives[J].

Journal of Hydrology, 2020, 586: 124891.



)1 XA BRE TR MBI RS SRk SR 465
[47] ZERA, RSP, 2oL, S R TRESRIE K B M RBIRI R T[], 5 A 7155 TRk, 2011,

[51]

[52]

(53]

[54]

LS8 R G ) B BT [0]. SR 5 % & T AR ik,
2010, 27(3): 299-304.

LI Shu-cai, LI Li-ping, LI Shu-chen, et al. Development
and application of similar physical model test system for
water inrush of underground engineering[J]. Journal of
Mining and Safety Engineering, 2010, 27(3): 299-304.
BARA, WHRR, VR, & RKERRRVER RAKK
AR ARG )], A 170, 2018, 39(9): 3164-
3173.

LI Shu-cai, PAN Dong-dong, XU Zhen-hao, et al. A
model test on catastrophic evolution process of water
inrush of a concealed karst cave filled with confined
water[J]. Rock and Soil Mechanics, 2018, 39(9): 3164-
3173.

EfE, FARA, TR, & BRIESEEELIIMAK
BN AR LMK B EE A WM. A L TSR,
2018, 40(10): 1880-1888.

WANG Jian-hua, LI Shu-cai, LI Li-ping, et al. Dynamic
evolution characteristics and prediction of water inflow of
karst piping-type water inrush of tunnels[J]. Chinese
Journal of Geotechnical Engineering, 2018, 40(10):
1880-1888.

FANG Y, WANG H, GUO J, et al. Study on the
mechanical behavior and the model test of segmental
linings for the shield tunnel undercrossing the Yellow
River[J]. Procedia Engineering, 2016, 166: 19-31.

J%, BRA, FHF, 5. BEREA S REEEE
RAGFR KM = L[ AR SRR RIGHT 7L )], A
5 TREEAR, 2015, 34(9): 1739-1749.

ZHOU Yi, LI Shu-cai, LI Li-ping, et al. 3D Fluid-solid
coupled model test on water-inrush in tunnel due to
seepage from filled karst conduit[J]. Chinese Journal of
Rock Mechanics and Engineering, 2015, 34(9): 1739-
1749.

HUANG X, LIU W, ZHANG Z, et al. Structural behavior
of segmental tunnel linings for a large stormwater storage
tunnel: insight from full-scale loading tests[J]. Tunnelling
and Underground Space Technology, 2020, 99: 103376.
WAy, MEE, B, S5 SRR SRR T A R B
PRI 20T B& T8 22 A 1R R S0 PP A1 B 98], B T A e (rh 0
), 2018, 38(7): 1149-1157.

PENG Qi, LIU Guo-feng, YANG Teng, et al. Study of
influencing sequence of geoenvironmental factors on
safety of karst tunnels under heavy rainfall condition[J].
Tunnel Construction, 2018, 38(7): 1149-1157.

HEM, AW, HEOG. BTN AL R A

[55]

[56]

[57]

[59]

[60]

[61]

[62]

30(5): 917-925.

TANG Zhi-cheng, XIA Cai-chu, XIAO Su-guang.
Constitutive model for joint shear stress-displacement and
analysis of dilation[J]. Chinese Journal of Rock
Mechanics and Engineering, 2011, 30(5): 917-925.
PR, W, RER, & 3 EE R
FE[T]. HARITFEZAR, 2020, 53(8): 64-86.

HUANG Mao-song, BIAN Xue-cheng, CHEN Yu-min,
et al. Soil dynamics and geotechnical earthquake
engineering[J]. China Civil Engineering Journal, 2020,
53(8): 64-86.

DASHTI S, HASHASH Y M, GILLIS K,

Development of dynamic centrifuge models of underground

et al.

structures near tall buildings[J]. Soil Dynamics and
Earthquake Engineering, 2016, 86: 89-105.

BAO Z, YUAN Y. Multi-scale physical model of shield
tunnels applied in shaking table test[J]. Soil Dynamics
and Earthquake Engineering, 2017, 100: 465-479.
WRILE, RTIMG, BOME, & MR TRESUR Tk
LAEBEPFM T FURE R (D], 5 A 705 5 TRE A4, 2017,
36(2): 310-325.

CHEN Wei-zhong, SONG Wan-peng, ZHAO Wu-sheng,
et al. Research progress of seismic analysis methods and
performance evaluation in underground engineering[J].
Chinese Journal of Rock Mechanics and Engineering,
2017, 36(2): 310-325.

YAN G, SHEN Y, GAO B, et al. Damage evolution of
tunnel lining with steel reinforced rubber joints under
normal faulting: an experimental and numerical
investigation[J]. Tunnelling and Underground Space
Technology, 2020, 97: 103223.

TARAE, TR, ZEmEEE, S AT T R b e R
SR PRS) G RIRAT T [T]. SRS b, 2018, 37(14):
156-161.

DING Zu-de, ZHANG Bo, LI Xiao-qin, et al. Shaking
table tests for investigating the effect of void behind
lining on the seismic responses of a tunnel[J]. Journal of
Vibration and Shock, 2018, 37(14): 156-161.

RA, W, WIEAL, S5 BEIEAMIO R ) i SR
I AR L], & 171, 2014, 35(7): 1921-
1928.

WU Dong, GAO Bo, SHEN Yu-sheng, et al. Shaking
table test study of seismic dynamic response of tunnel
entrance slope[J]. Rock and Soil Mechanics, 2014,
35(7): 1921-1928.

TAO L, HOU S, ZHAO X, et al. 3-D shell analysis of



466 = +

7

2 2022 4F

[63]

[65]

[66]

[67]

[69]

structure in portal section of mountain tunnel under
seismic SH wave action[J]. Tunnelling and Underground
Space Technology, 2015, 46(2): 116-124.

FEGHE, A, TRAERL S PRI O A A R
Bt e b OKRAR ) 6 BRI B R[], TR S
HiR, 2018, 50(6): 84-90.

CUI Guang-yao, MENG Ling-han, ZHANG Jun-hui,
et al. Study on large-scale shaking table model test for
seismic response of soft and hard surrounding rock
interface section of tunnel portal part[J]. Advanced
Engineering Sciences, 2018, 50(6): 84-90.

ek, M, B0, 55 ANFEINETT ) L S R
H Bt R SR B G AR ()], R R (E
Bl2£hR), 2016, 47(3): 994-1001.

HOU Sen, TAO Lian-jin, ZHAO Xu, et al. Shaking table
test for dynamic response in portal section of mountain
tunnel based on different vibration directions[J]. Journal
of Central South University (Science and Technology),
2016, 47(3): 994-1001.

Bk, R R, BEck, 55, o2 e i v s
% 2 IR S BALRR[T]. P K (B AR
Jii), 2013, 44(6): 2520-2526.

GENG Ping, TANG Jin-liang, QUAN Qian-long, et al.
Shaking table test for tunnel with shock absorption layer
though fault zone[J]. Journal of Central South University
(Science and Technology), 2013, 44(6): 2520-2526.

XIN C L, WANG Z Z, YU J. The evaluation on shock
absorption performance of buffer layer around the cross
section of tunnel lining[J]. Soil Dynamics and Earthquake
Engineering, 2020, 131: 106032.

WHLRE, A, i, S g A B T v B R
REIR) AR TT[T]. BAR TR, 2019, 5209):
109-120.

FAN Kai-xiang, SHEN Yu-sheng, GAO Bo, et al.
Shaking table test on damping layer applied in tunnel
crossing soft and hard surrounding rock[J]. China Civil
Engineering Journal, 2019, 52(9): 109-120.

54E, @K, £, % B ERERE R HURE
iR &R &+ 1, 2015, 36(4):
1041-1049.

XIN Chun-lei, GAO Bo, WANG Ying-xue, et al. Shaking
table tests on deformable aseismic and damping measures
for fault-crossing tunnel structures[J]. Rock and Soil
Mechanics, 2015, 36(4): 1041-1049.

FHE, W, A, % B ERE R E & AP
mAEIRS G ] & A s LR,
2014, 33(10): 2047-2055.

[70]

[74]

[75]

XIN Chun-lei, GAO Bo, ZHOU Jia-mei, et al. Shaking
table tests of conventional anti-seismic and damping
measures on fault- crossing tunnels[J]. Chinese Journal
of Rock Mechanics and Engineering, 2014, 33(10):
2047-2055.

BHE, @k, P, 55 BWEREEURE S
Rzl 6N AL )], A& TR, 2014, 36(8):
1414-1422.

XIN Chun-lei, GAO Bo, ZHOU Jia-mei, et al. Shaking
table tests on performances of anti-seismic and damping
measures for fault-crossing tunnel structures[J]. Chinese
Journal of Geotechnical Engineering, 2014, 36(8):
1414-1422.

WU H, SHEN S, CHEN R, et al. Three-dimensional
numerical modelling on localised leakage in segmental
lining of shield tunnels[J]. Computers and Geotechnics,
2020, 122: 103549.

WE, FLENE, A, S5 BERIE TOKAR AL LG U E AR
A AR RL BRI S SLFI[T]. AR R 2 SR (SRR
hi), 2018, 49(12): 3029-3039.

HUANG Zhen, LI Xiao-zhao, LI Shi-jie, et al. Research
and development of similar material for liquid-solid
coupling and its application in tunnel water-inrush model
test[J]. Journal of Central South University (Science
and Technology), 2018, 49(12): 3029-3039.

FRA, REEG, R, 55, RS TE I A S A
RIERF WG LMD HA %S TRER,
2013, 32(5): 883-890.

LI Shu-cai, SONG Shu-guang, LI Li-ping, et al.
Development on subsea tunnel model test system for
solid-fluid couping and its application[J]. Chinese Journal
of Rock Mechanics and Engineering, 2013, 32(5):
883-890.

AP0, b, A R R TLRE TE I ORI A i) 2
R AR B RIS W AL (). A )12 5 TR,
2007, 26(11): 2260-2269.

HE Chuan, FENG Kun, YANG Xiong. Model test on
segmental lining of Nanjing Yangtze River Tunnel with
super-large cross-section[J]. Chinese Journal of Rock
Mechanics and Engineering, 2007, 26(11): 2260-2269.
I, SN, BfE. SPUKTL B A w41 /)
FRAERLR RGBT ()], HAR TR 224, 2008, 41(12):
85-90.

HE Chuan, ZHANG Jian-gang, YANG Zheng. Model test
study on the mechanical characteristics of segment lining
for the Wuhan Yangtze River tunnel[J]. China Civil
Engineering Journal, 2008, 41(12): 85-90.



BT XA, BERIE TR RN KRR AR S R 467
[76] fa)ll, skENI, BAE. FARE G HZ &M T8 AT Experimental study on influences of surface surcharge on

[80]

(81]

(82]

(83]

oy J3 S R AR R B B T [0]. Ak TR 244, 2008,
30(10): 1537-1543.

HE Chuan, ZHANG Jian-gang, YANG Zheng. Model
tests on mechanical characteristics of segment lining
structure under multi-layered strata[J]. Chinese Journal
of Geotechnical Engineering, 2008, 30(10): 1537-1543.
WANG S, WANG X, CHEN B, et al. Critical state
analysis of instability of shield tunnel segment lining[J].
Tunnelling and Underground Space Technology, 2020,
96: 103180.

FENG K, HE C, QIU Y, et al. Full-scale tests on bending
behavior of segmental joints for large underwater shield
tunnels[J]. Tunnelling and Underground Space Technology,
2018, 75(2): 100-116.

B, T, AR IR, KW LS MR ITE A T
OS5 K N 0 B S RO ARIT TR [T]. AR J1 %%, 2012,
29(6): 114-124.

FENG Kun, HE Chuan, ZOU Yu-lin. Study on the effect
of assembling method on the inner force of segmental of
lining for cross-river shield tunnel with large cross-
section[J]. Engineering Mechanics, 2012, 29(6): 114-124.
FENG K, HE C, ZHOU J, et al. Model test on impact of
surrounding rock deterioration on segmental lining
structure for underwater shield tunnel with large cross-
section[C]//Prcoeedings of the 2011 International
Conference of Environmental Science and Engineering
(ICESE 2011). Singapore: Elsevier, 2012: 891-898.

X5, DA, EFHI K NEEEB R AT R A
BRI L[], EARTHRESR, 2015, 48T 1): 388-
392.

LIU Qiang, TAN Zhong-sheng, WANG Xiu-ying. Model
test study on the distribution law of underwater tunnel
seepage field[J]. China Civil Engineering Journal,
2015, 48(Suppl.1): 388-392.

TORYE, e, SR, S RGBS TRk
DX BEAT J A4 B 5 30 2 (AR LR F 0 AT 0], kT8 4R,
2018, 40(10): 95-102.

HUANG Da-wei, ZHOU Shun-hua, FENG Qing-song,
et al. Analysis of interaction between existing shield
tunnel and stratum under surface surcharge in soft soil
region[J]. Journal of the China Railway Society, 2018,
40(10): 95-102.

TORYE, FIAE, BER, 5 BB )R
oh B A i A R TE R R I W T[], A R TR AR,
2019, 41(5): 942-949.

HUANG Da-wei, ZHOU Shun-hua, FENG Qing-song, et al.

[84]

[88]

[89]

[90]

[91]

existing shield tunnels buried in soft and hard soils[J].
Chinese Journal of Geotechnical Engineering, 2019,
41(5): 942-949.

BORYE, IR, WE R, S HRESER T E R
B LN SHE ()] A T TR SR, 2017, 39(7):
1173-1181.

HUANG Da-wei, ZHOU Shun-hua, LAI Guo-quan, et al.
Mechanisms and characteristics for deterioration of shield
tunnels under surface surcharge[J]. Chinese Journal of
Geotechnical Engineering, 2017, 39(7): 1173-1181.

SHI C, CAO C, LEI M, et al. Effects of lateral unloading
on the mechanical and deformation performance of shield
tunnel segment joints[J]. Tunnelling and Underground
Space Technology, 2016, 51(1): 175-188.

TR, KE, RRE, F OREEGUTZEX AT LA
TR TT X R )], E A RE AR, 2021, 34(3): 50-
70.

DING Zhi, ZHANG Xiao, LIANG Fa-yun, et al.
Research and prospects regarding the effect of foundation
pit excavation on an adjacent existing tunnel in soft
soil[J].
2021, 34(3): 50-70.

CHENG H, CHEN R, WU H, et al. A simplified method

China Journal of Highway and Transport,

for estimating the longitudinal and circumferential
behaviors of the shield-driven tunnel adjacent to a braced
excavation[J]. Computers and Geotechnics, 2020, 123:
103595.

YE S, ZHAO Z, WANG D. Deformation analysis and
safety assessment of existing metro tunnels affected by
excavation of a foundation pit[J]. Underground Space,
2021, 6(4): 421-431.

WS, BRTA, AR, . S MREE S A E AR
H AR BN A BAE TR 80 g SRR [D]. s e,
2018, 39(2): 537-545.

YANG Wen-bo, CHEN Zi-quan, XU Chao-yang, et al.
Dynamic response of shield tunnels and surrounding soil
induced by train vibration[J]. Rock and Soil Mechanics,
2018, 39(2): 537-545.

YANG W, CUI G, XU Z, et al. An experimental study of
ground-borne vibration from shield tunnels[J]. Tunnelling
and Underground Space Technology, 2018, 71(1): 244-
252.

QIAN W, QI T, YI H, et al. Evaluation of structural
fatigue properties of metro tunnel by model test under
dynamic load of high-speed railway[J]. Tunnelling and
Underground Space Technology, 2019, 93: 103099.



468 = +

2 2022 4

[92] MOMOYA Y, SEKINE E, TATSUOKA F. Deformation
characteristics of railway roadbed and subgrade under
moving-wheel load[J]. Soils and Foundations, 2005,
45(4): 99-118.

[93] BIAN X, JIANG H, CHENG C, et al. Full-scale model
testing on a ballastless high-speed railway under simulated
train moving loads[J]. Seil Dynamics and Earthquake
Engineering, 2014, 66: 368-384.

[94] JIANG H, BIAN X, JIANG J, et al. Dynamic
performance of high-speed railway formation with the
rise of water table[J]. Engineering Geology, 2016, 206:
18-32.

(951 FARA, Edl, FAF, 55 MgREEIE TR ] 4 R 7K

BRI RS AIT) R RHI(T]. & A 28 S TR,
2014, 33(12): 2409-2418.
LI Shu-cai, WANG Kai, LI Li-ping, et al. Development
and application of an extendable model system for water
inrush simulation in subsea tunnel[J]. Chinese Journal of
Rock Mechanics and Engineering, 2014, 33(12): 2409-
2418.

[96] MR, TG, TKAR. HLEREMBEIE I I B A% K e 7D

IR IT S AT /4 [J]. EARTCRER, 2016, 49(10):
110-122.
LIU Xian, ZHANG Chen-guang, ZHANG Chen. Investigation
on the ultimate bearing capacity of longitudinal joints in
segmental tunnel lining[J]. China Civil Engineering
Journal, 2016, 49(10): 110-122.

[97] ANDREOTTI G, CALVI G M, SOGA K, et al. Cyclic
model with damage assessment of longitudinal joints in
segmental tunnel linings[J]. Tunnelling and Underground
Space Technology, 2020, 103: 103472.1-103472.18.

[98] CARATELLI A, MEDA A, RINALDI Z, et al. On the
behavior of radial joints in segmental tunnel linings[J].
Tunnelling and Underground Space Technology, 2018,
71:180-192.

[99] LIU X, DONG Z, SONG W, et al. Investigation of the
structural effect induced by stagger joints in segmental
tunnel linings: direct insight from mechanical behaviors
of longitudinal and circumferential joints[J]. Tunnelling
and Underground Space Technology, 2018, 71(1): 271-
291.

[100] A, MR, F7535, S5, PNk Rl i i fis i 45
e A R 7R 3 70 10 2 RO B A 98 (0], HoR AR 22 4,
2014, 47(11): 128-137.

BI Xiang-li, LIU Xian, WANG Xiu-zhi, et al.

Experimental study on the ultimate load-bearing capacity

of deformed segmental tunnel linings strengthened by

steel plates[J]. China Civil Engineering Journal, 2014,
47(11): 128-137.

(1011 7R, <&, BN, S5 BhH DX 0 a4 %

852 ) B AR TR I m[T]. TR, 2019, 36(5): 148-
156.
LIANG Dong, JIN Hao, XIAO Jun-hua, et al. Influence
of lateral pressure loss on the force and deformation of
shield tunnel in soft soil area[J]. Engineering Mechanics,
2019, 36(5): 148-156.

[102]ZHANG Z X, LIU W, ZHUANG Q W, et al. A novel
testing setup for determining the flexural properties of
tunnel segmental joints: development and application[J].
Archives of Civil and Mechanical Engineering, 2019,
19(3): 724-738.

[I03]WANG J, LIU H, LIU H. Measuring joint opening
displacement between model shield-tunnel segments for
reduced-scale model tests[J]. Structures, 2018, 16: 112-
118.

(1041 )11, XN, EAIR, 5. REEHCEXE B IEE i

ZiK 1A R RERIREIALT]. B A B, 2018, 31(10):
210-219.
HE Chuan, LIU Chuan-kun, WANG Shi-min, et al.
Influence of crack number on mechanical properties of
shield tunnel segment structure[J]. China Journal of
Highway and Transport, 2018, 31(10): 210-219.

[105]XUJIE, ()i, £, &5 RAEK XGPS IEE A

25 A B AR KB AT FE (0], T R K22 Al (E AR R
2R, 2019, 50(6): 1447-1456.
LIU Chuan-kun, HE Chuan, WANG Shi-min, et al.
Model test study on failure mode of segment structure of
shield tunnel with crack length[J]. Journal of Central
South University (Science and Technology), 2019,
50(6): 1447-1456.

[106] WANG S, LIU C, SHAO Z, et al. Experimental study on
damage evolution characteristics of segment structure of
shield tunnel with cracks based on acoustic emission
information[J]. Engineering Failure Analysis, 2020,
118: 104899.

[107]LIU X, DONG Z, BAI Y, et al. Investigation of the
structural effect induced by stagger joints in segmental
tunnel linings: First results from full-scale ring tests[J].
Tunnelling and Underground Space Technology, 2017,
66: 1-18.

[108]LIU X, ZHANG Y, BAO Y. Full-scale experimental
investigation on stagger effect of segmental tunnel linings[J].
Tunnelling and Underground Space Technology, 2020,
102: 103423.



