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Abstract: This paper nonlinear
characteristics of the annular joints of assembled

investigated the

structures under the action of bending moment and axial
force. Based on the contact state, force characteristics,
and deformation coordination relationship at joints, a
mechanical model was proposed for the stress states of
compression-bending, tension-

pure Dbending, and

bending. The distribution of internal force regions in the
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development process of bending deformation and its
identification method were analyzed. A three-dimensional
numerical model was adopted to validate it. It is shown
that the main deformation process of the joint can be
characterized by four bending modes. The specific
dimensions and material parameters of the components
can be substituted into the relevant angle expressions to
determine the development process of joints. On-site
measurement of bending moment and axial force indicates
that the bending modes of the annular joint can be
accurately identified, and the mechanical characteristics
and safety status of the joint can be provided.

Keywords: assembled structure; annular joint;

opening of joint; bending modes; nonlinearity of state
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joints
5t - F A - ﬂf%’l‘%e;ﬁ{
1 (0, &) (0, +o0) [—e. 0)
I (0, &) 0 [—e. 0)
Mm-1 (epy ) 0 —E O)
-2 (O, sl,) 0 ( — oo, 755)

s 1B A A 7= 2 R4 AR TE (R 1 o 1, 1)
RIE s 3R Ry SR R A 2 P E . R 1
H (1 e, il e, 20500 hy FOURR A4 440 2 1) 23k A SN
HGERNAR e, WHES AL F il Gt ASAVERAS I P2 A Y
PR e Sk R B YRIT b 10 % 72 A AR BR B A
e IR HE A YBHIRAS T T = A A AR
111 Bt 1

253k iU X e i X 4 5 4 B BE T R
Ze S S AT I MR AR A 22 T PR AR SO
T T O, 243k bz 1) IE BRI, 42
S THT AL ) TR 28 R A M, S P B B TR A 7 32
TIRE S AR AN 2 s o

&l 2a 1 E\e\b Fl Ee,b 4% 1 Ab 32 1R X 3834 %%
(IR 77, & 2b H e, B Fil e, g 52 [ X 38501 4% 1 78 I
i, e, B W IBRFR AL AR T B, el T ST Al A R R Sk
R IGARIE U SR A 0 LA e R AT A

Rk Rk
TiR B ZEM % AT AR
'——---..‘ - . \ ; . o)
I' O.L
i e i e 1 o 1
& [y
2 = = yaiii e,
%mggin-._____-‘ 77 4 D, .
R 4 T & ¢
< B >
a BRI st b b BRIk KR R ¢ IREE T AKIARY

B1 IREELSITER

Fig. 1 Analytical model for annular joints
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Fig. 2 Stress distribution and bending deformation
of Mode 1
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Fig. 3 Stress distribution and bending deformation
of Mode 1[I
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Fig.4 Stress distribution and bending deformation
of Mode [l[-1
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Fig. 5 Stress distribution and bending deformation
of Mode [[-2

P Sa 1Y) T, O g 25 il AR 2 B A TR 2 i 4E
SEDNLST, g TR A I -2 i - A Rk
Ew)

1 2 [BINHFT)' (i
Myo=5 NH+Tih— 5 |5

Mpe Sk Ak Sk I, 57 e X IR BE K A2 B T Bl
2K, HEIREE 52 X G Ab ik AP B, it
Bk W A0 0, . R

 oiBb
2 E(N+T)

ZE LTIk 3k A M AR Y kR B A AE P
[>0—>M-1>0,,, I =0 —>1-2>0,,, Hri 4%
F1—RE R, 24 T Ak ) S R RN f — o, BT SR A
I BT ES I B, DAL A A FH s R 22 ) 4 s il A X
SRR 2y el S LI N T A D N S o = A v

(12)



%2

LT SUIRE PR W 7 A kS | B2 Ry i b w A 191

1.2 RARAZARSTHZESX

FR A 7 B PR, 2R 4 Sk AbFE A 0 P
R AIAAAE R A fpi s 3Fpz RS, Hl.1
TR S A ek T A Sk AR AR A2 R TRl
YEH T AFAE PR AS ih AR T K ek B2, kg ] T 7 o 2
AR 22 R i RRAFAE I 00, 45 4 S b T AR 2R
F R T RS BUR AT 0, 1.0, 5051 .0, , 33K
% b I 2 A N Al - A i 2k L B 6 BT, B
RSHIUE AR 2 R

‘. S 02*1
\ 63—1
-0,

3 -\\ - O

O L 1 1 ]

—200 0 200 400 600
B3 /KN

%—/ ;v_l\

B B

E6 HAO-FEmsk
Fig.6 Axial force and angles

SRR

M6 AT LA H il 2 ffy i e A7 16— 22
FAESE LM, 05 2> 0,5, 453k P Ak 32 T ARZS A it
AT NG R, A A A R A [ > >
20 o5 TEAZ AT, 051> 0,1, b 9 VAR R A8
RAYIEE (RIS R ), AR & Rt fe oy 1 —
=110,

1.2.1 SRS R IPIRE I

ML Tl B BRI, A T A
RS TT A i SR R B X0 My = M (0,); BEX
TREE TS AIBPEIGE RIS O, Rk REE £ 2 R
DXL A Tl SRR S I, 25 il A 1T A
B -1 il 525 3 5 A 208 My = M(0:1);

WE Sk A TKTT, 23k R A Tl STt R ARZS
He Sk M BR W AR I R R R A X M=
MS*l( 63*1 )o
1.2.2 S9IR% 48 S0 sz JPIRAES

BEXS IR SeE ASBIERITE O , 4k Ak T B8 A
e S Jt R AR A T, 25 A 1T A e I -2 Al
PN KN M, = M.(0, ,); BEF 1%k 15K
T, 4R Ab TR BE 152 TR X GAbiln B TER B
B 0=0,, i}, $ 3 BRI IR i 0 25 4 33 X
M, :M372(63—2)o

2 BIRITE(EEREM
2.1 BRTHRESEHIZE

AR SR A BRI ABAQUS 2 37 dn &l
Ta I 7 1 = AEBUE R, LA AR by il B 56 A A i
WP HIERTE . SR 12 1 SEARASE R A7 A, IR
FE PR AR T, b M R S E R RS 2 40%
BHE2—H.

R i B A5 3 6 114 0 A n 2 SR R B LR 7
MR ) H 18K TR I A 0055 ) 5 A Sk A TS
AT A 557 A% 2 3R 5 7 32 Sk 9 3 it o 7K P i 28 A1
P23k TR AZ 1l 7, b e 3z R A il 0 O )
SRy KV A 2885 1] 2 Sk 00 LA, 58 1 25 A2 7 RS
B4 500 kN, 55 e 2552 J1ARASHUA 5 kN, $1 2552 )
RS Al I 5 10 S 7Kg 24 T 42 3k R 21 A, B
(B >R 50 kN5 38 3 P 2 iy DAASE 401 422 3k iy 7 A2 (1) 2
i, RS IR I 7b s .

HR A5 2 24t 1 i B, Ay ol G T 2 Ak 7 A 1 1
HOG 25 SRS S A, 7S SOKE 25 8 H T 1 A in 2%
b RS T R a], I e Fs . RSk A R =
Y SARB I AT HA, Sk AR Sl S AR R
AR T RIS A 7d iR
2.2 BitHmSHEEDIL

S5 GRS AR DGR AT AT 1. 1 R T
BARLGHIHL WA L R, mE 8 s, ¥

*F2 R-TA#MPMSEHEUE
Tab. 2 Values of dimensions and material parameters
MRS HUE R348 YA
TREE L M B A i £,/ GPa 34.99 kK B/m 0.05
TRBEE - MY B PR i E /G Pa 0.16 kB8 6/m 0.25
IR HTRINIEE K/ (Nem 1) 8.4410° B3 m B H/m 0.25
TREE - I0VER T 6,/ MPa 25.6 W B A7 R B H G BT hy/m 0.20
YRR J) T,/kN 175. 84 IEFA RO [/m 0.16
IR IR T, /KN 251.2




192 6] 5% K 2 2 (A 4K BE 2 B

AR ki

2 A
a BT ERR

BN

IERETE )
b AR E R

IR s

BRI

¢ EBHERPUREA

T

A P Y2

[ i)
RSl

d FMIRBUR FIE
7T HEITHEER

Fig. 7 Simulation calculation model

i A A R S AT BRITAR SRS L, T LA B
PR IT 1A 75 T A R R, 4 2 (A i 31—
FERESE , 35Kk (0 DL 25 52 A0 12 B o ik Py AR e
TES R AU IR 52 JPRESTT , t T BRI
PO HT LR E RN A, T ek TR TP £ Bk
IREE A S BB A R Z IAFAEIR 2 . (RS R 52 TPk
AT, HARZEMRE I 2 b I (BRI, X6 i $H
A BRI AR R

5553 4%
8 >
g6T
z
=yt
E —a— R T
& e
2r —%— 25 A T -1
— BEREH
O n 1 1 1 1 1
=2 0 2 4 6 8 10
¥:44/(107* rad)
o a GRS
4+

- |

- B 11

- TR -2
TR

2546 /(10* N-m)

0 1 1 )
—5 0 5 10
64 /(10~* rad)
b 55 R R
5 e
o 4 i
g
Z 3t
=
S 2f Lo
i o i 1
! o s I -2
— BEA
O 1 1 1
—5 0 5 10
64 /(107 rad)
¢ SRR
4 -
R
&
22t
< —— s 1
® —o— TR 1
w1t ~o- ik 12
— BER
O 1 L L 1
—5 0 5 10 15
#4 /(107 rad)
d Hria

E8 ARZNRELERIILL
Fig. 8 Comparison of results under different

stress conditions
3 TRINIAAAE

3.1 TERXIRANRE
B 1 295 AT, 25— i), A il X S A R
AR ERCAE DX e —— % Iz, DAL kb g g R g {9



%2

LT SUIRE PR W 7 A kS | B2 Ry i b w A 193

AL FH T 2 1 e 3k 25 A = % 40 5310 000 g A 4n 1] 9a
JIF7R o F S A S A 0 i R e Sk b TR
Al R ) 22 RS s TR O A 0,
s 5,051\ LAWK 1025 il AR Ak FArT o 2 ik
T 5 38 AR A5 2 e i A o O 5 Sz
BRI T H AR B Sk Ak () 25 AR

D25 i i Ak o T AR SR 0, T I A5 A PR )
B Ab R Z 1 3 1 A 3X10° N, 25 4l 2X10°
Nemo S B nT A S b T 5 2 TR A,
o ELARAF RSE RS EOR i il 0 (A A #
Os1,055.051 .05, FIR A IF LB HL KR/, AT AT Sk
AT R L R N T — 1111, K3k bt

[ i |

ekl [ Rt

RIS ECR RS SEACA S I RS A k17
FoA%, T 452X 104 Nom <<M, , H It A 31482 3k b 725
MR T, A SRR N, 3235 10 S AR K 25
2 NIt KBRS IR -1, BBk 5 k.
25 1, T 9a T SRR T 004 3k 1 2 A X R 25 il
NG SR A AR R A BB, X DLW T
H A H i i SE PR TR
3.2 WARES%

Sk PR ) S S i A R L i AR I % it
T AT BRI A B Z BN RS S B A S A2
FPRATF B A R ek =, IR S b i 8 )
X I A A& 9b B

bR
I

6
SE2X10¢,3X10°) il el
_ B B 2
Z 3
El Pk RIA
Y Y B 1G4 pE e
=M, T <M | T E 1 } ] H:f;%
My | | [SM [ T 0 IR
<M, | -1 <M, | -2 —1 }EW%
! - 0 2 % zl 5 6 7 8
O, (B [ 0, A BEREF) i)
a o5 A R b N XI5
B9 TiRXH5IREE
Fig. 9 Schematic diagram of bending mode discrimination
ME 9 AT LIE R Z S RAET S JHETE AR s B8N 5 T i T e B AT S ik

11 A5 T B 5 R 1) 14 KA AR PN & R e - X 5 3
K, BIA s R A i  Jad fE o T — 1 —1-1, anErh
SRR S XI5t BN (R R 55 R 25 ) 2l il
P8 Z SRS, KR T — 11— 112, i 5
JEAS DX 22 DO AR S X s, 5 1. 295 B R
WHNT—E 456 SCEE , TP R2s E Fh g i Ak
FR (2X10° Nem, 3X10° N) , ¥4 H & T Frgs il i iy
3 DI E AT B s S A 1 A
1 A R RN N, B3k 05 M AR T 2 D 22725 il
B ek s sl -1, B ek e 4k
N, 25 E 54 AR QR AR T A R S 2 e — 3. 5K
PR T AR, 20 ) 42 3K 7R 32 (1 il 0 SRR 5 S5 R A
B Jal sk TOUAE R A 6, T aE i T I A Y
R 25 i T 1) 722 b 1 5080 9 A B S B T PN
Bl , IEAE N 7 X303 A B R A THESE AR

WG PN 7 DX 358347 VL RT3k A4t
R SR Sy AR L, L S B 0 A5 A 25 R (N

f 2K B Ak 1425 S, 5 e e 0 B A 1) 257 iy
RS A A Ak B it
3.3 THRIAEHETE

25 AR O L Py Ak B It 3R 3 Piris o 552
F14 25 AL AN b 3 B B N T3 7 P 9b i e 25 i A
A LB A, Bd BT s A i 2 Sk e T 2 i, 250 -
FE a2 RN RS R RSk b 1R 52 IR,
Jit T m iz 3 By ] MR 2R T (HAE 2 I ARRE R TR L
AT SR I 5 2SI A2 A R 1T R
VLW Sk A BT, 75 AR W W i 245
XF SR IFAR R LS RE e A 25 05 s 1k 3k b — 20
SRIT 5 295232 J e A I -1 i [P, W e
32 IXAR TR BE - IR B I, 123k K32 14 il g
BRI R ST BV LT, 7RSS R AR R T AN AR
R 255 AR AR B 32 1 IR A B AT 2L
F V& ATRBE LBk 5 252 32 Iy 7 25 i -2 v
PR, D5 P S o 2 A P 22 T Py A E 3K ) i, 7



194 [l o K 2 2 MCH 9K BE 2% O

%53 %

A7 RIS T B AR SR AR SR IR (6 8 19 52 7, OF
TR

*3 THEXENNLEREE
Tab.3 Corresponding disposal measures for

bending modes

i

o RTRDIRAS AR H5 e
[E5-N
T dm i AL IEH TAE, T5 s M

I HESRBIT RAHRAERE R AN ) 5 1k He Sk i — PR
-1 JReseLt i s IR T AR IR h IR e 1
-2 Ak e AR, FEARSZ ), S g

4 R

ARSCHE TR B R C U R A0 TR S T
2 FE A g RS SRR R S d e R A R 1 TR
PEER ) F Sk B AR AR il A BROTAR A
X HE- AR TIAL, 45e T .

(1) 2 P 224 ol B 1) 42 Sk £ Bl 7 025 R 3 [R] 4
R BYREIARIE AT 23 4 s i s =0 3 Rz Tk
&, A2 S RIS B S A T Sk R 2 2
T HE SR I 5K T 5% fy Z [l A9 2R 5, OF e e A5 1
SPUE PEREAE AR 25 M N2 T i AR LR, fi
AT 3P0 JPIRZS T 25 ih A8 I Bl 25 ) g i
(R PURE Sog TRSF SR S LR E SO N A AT
ARSCHEHE S IR AT

LI SR AIARE B R e B v, 45k
EARGKIFIS , FESR AL RS TS A0 Z R MR &R
MK RITZ )5 A AL f Z [ X o AR et 56
Z PR B Sk A7 TR X HT R A SRR, Py S BE A AR
LRPERF PR o SO, TR 52 TR A AR 3
55 25 2203 il i SHOE AT e R SRH ek s

(3) 15 5L bR TR Hh AR IR [ 422 3k 1) 52 00 25
A T A AT AR s i P 7 Y R ARG e 4575
Al A R B A ST 2 i T RS P g DX A
A P, AT B ) TR A g Sk 5 A e A
BT AL RS, R A A DX o A1 14
HR RT3 B TR 2 RS N, 325k 1 25 AR IE n]
AL K & D A 25 RS2, M RERS A 2 & T
it NIz B AR BB ) Sk () Ak A

(4) B BL A EEH BR 1] 42 Sk AE AN R 52 TPIRZS T A7
TEAN [R) R JEE R 728 W BE R, SRR P P RE R 22 Sk Ak 1
TVRFEAFAE —E R, BRI BORAREE IR R 1932
IV o RS A Gk 8 1 Sk Rt — Wi
P AR 2R 32 7 B AR PR TR DR AR AIE , AR T 33 45

XISk M REAT A BETT, DL PR 4548 52 J1 1 B
HIFEAE o

{EE SImk A A -
s AT BOARE T
SRHERT - S HE T IR
2B ORI RHEIT
ARAENI  BAEAEAEL 5
# PSR
EhER AR ERIT, B HE AT S

SE k-

[1] CHENIJN, XU C S, EL NAGGAR HM , et al. Study on
seismic performance and index limits quantification for
prefabricated subway station structures [J]. Soil Dynamics and
Earthquake Engineering, 2022, 162: 107460. DOI: 10.1016/j.
soildyn.2022.107460.

[2] TAO L J, SHI C, DING P, e al. Shaking table test of the
effect of an enclosure structure on the seismic performance of a
prefabricated subway station [J]. Tunnelling and Underground
Space Technology, 2022, 125: 104533. DOI: 10.1016/].
tust.2022.104533.

(3] bk Spl IR MR e T3 e P b Bk A il st o — 4k 501

WA REBESE D], VU4 K2R, 2020.
YANG Tao. Research on seismic three-dimensional dynamic
response of single-arch and long-span mortise-groove grouting
prefabricated metro station[D]. Xi”an: Chang’ an University,
2020.

(4] PR R T 4o ub 50 AR i o e (D], mint.
REIR:, 2019.

CHEN Xiangyu. Experimental study on mechanical properties
of assembled underground station structures [D]. Nanijng:
Southeast University, 2019.

[5] HUANG L C, MA JJ, LEI M F, e al. Soil-water inrush
induced shield tunnel lining damage and its stabilization: a case
study [J]. Tunnelling and Underground Space Technology,
2020, 97: 103290. DOI: 10.1016/j.tust.2020.103290.

[6] HUANG L C, HUANG S, LAI Z S, et al. The effective
flexural stiffness of segment joints in large diameter tunnel
under various loading conditions [J]. Structural Concrete,
2020, 21(6): 2824. DOI: 10.1002/suc0.202000401.

(7] SFEEE . B THEM IR A Hk i 2 R e b ik 42 2 454

HURRPEREDIFE (D], dbat. Jbatsgi@ R, 2019.
WU Fenghao. Research on seismic performance of fully
prefabricated subway station structure based on mortise and
groove grouting joint[ D]. Beijing: Beijing Jiaotong University,
2019.

[8] HOD TEACHAVORASINSKUN S , CHUB-UPPAKARN
T. Influence of segmental joints on tunnel lining[J ]. Tunnelling
and Underground Space Technology, 2010, 25 (4) : 490.



2

BOM, A R ER A i A RSk AR et i AU

195

[10]

[11]

[12]

[13]

[14]

[15]

[16]

DOI: 10.1016/j.tust.2010.02.003.
YEUNG M R, LEONG L L. Effects of joint attributes on
tunnel stability[ J]. International Journal of Rock Mechanics and
Mining Sciences, 1997, 34(3/4): 348. DOI: 10.1016/S1365-
1609(97)00286-4.

YANG X R, SHI Z H, LIN F. Influence of geometrical
parameters on performance of mortise and tenon joint with
grout for application in prefabricated underground structures|J].
Advances in Civil Engineering, 2019. DOI: 10.1155/2019/
3747982.

SUHF, LIUW N, YANG X R, et al. Rapid development
and application of prototype test system of prefabricated metro
station structure joint[J]. The Open Civil Engineering Journal ,
2015, 9: 751. DOI: 10.2174/1874149501509010751.

B, B . MBI Hk U NI AR A 0 5 R
Br[T]. 3 F 25 6] 5 TRRAEAR, 2018, 14(6) : 1542.

YANG Zhao, LLUO Huiwu. Model test on the bending stiffness
of metro shield segment joint and its numerical analysis [J].
Chinese Journal of Underground Space and Engineering, 2018,
14(6): 1542.

SR, AR, T, AR B BIR S R A JE A R A2
TR BT TS [T ], Bl Rl 2A 5 TR 4R, 2022, 19(12)
3758. DOI: 10.19713/j.cnki.43-1423/u.120220025.
ZHOU Yuhang, SHI Yufeng, ZHONG Guang,

Experimental study on the force characteristics of shield tube

et al.

sheets considering the influence of annular joints[J]. Journal of
Railway Science and Engineering, 2022, 19(12): 3758. DOI:
10.19713/j.cnki.43-1423/u.120220025.

WHARILL, SEUERG, BRSLHT . R B ) e Sk S A A TE T
BRI N Z AT T]. POl B2 5 TR %4, 2017, 14
(7): 1497. DOI: 10.19713/j.cnki.43-1423/u.2017.07.021.
YANG Chunshan, MO Haihong, WEI Lixin. Correction
calculation for circumferential equivalent bolt stiffness of shield
tunnel and the analysis of its influencing factors [J]. Journal of
Railway Science and Engineering, 2017, 14(7) : 1497. DOI:
10.19713/j.cnki.43-1423/u.2017.07.021.

Rebte, WML, 20, S IR R ik -
G — MR S B AT [T]. R R TR, 2014, 36(12)
2153.

ZHU Hehua, HUANG Boqi, LI Xiaojun, et a/. Unified model
for internal force and deformation of shield segment joints and
experimental analysis [J]. Chinese Journal of Geotechnical
Engineering, 2014, 36(12): 2153.

T, FREEEE SRR, A A REIE AR WA e Sk A )
FARBBRWIFE[T]. e 002, 2018, 39(H5H2): 83. DOI:
10.16285/.rsm.2018.1532.

XU Ping, ZHAI Panpan, ZHANG Tianhang, ez al. An

[17]

(18]

[19]

[20]

[21]

[22]

[23]

exponential-like model of bending stiffness of segment joint for
shield tunnel linings [J]. Rock and Soil Mechanics, 2018, 39
(S2): 83. DOI: 10.16285/.rsm.2018.1532.

BJARE, BT, RIE, 55 G MREIEE B Sk R A AT
SHELT]. PIEBGERLY, 2018, 39(2): 52.

YAN Qixiang, CHEN Hang, WU Cong, et al. Analytical
analysis of stiffness of ring joint of shield tunnel segments [J].
China Railway Science, 2018, 39(2): 52.

QEORAE, FYUH, B8, %5 JUEIE M RE IE I 1 b 2 R
FEfpTRLT ). A AR, 2022, 44(2): 212.

LIANG Rongzhu, WANG Kaichao, HUANG Liang, et al.
Analytical solution for longitudinal equivalent bending stiffness
of quasi-rectangular shield tunnels [J]. Chinese Journal of
Geotechnical Engineering, 2022, 44(2): 212.

Hefli, B/, ZRARBE. JE AR Rk 12 0T BB B 2k
Wi B2 LRI 5 [T]. 4 T3 %+, 2006 (12) = 2154, DOT: 10.
16285/j.rsm.2006.12.013.

ZHU Wei, ZHONG Xiaochun, QIN Jianshe. Mechanical
analysis of segment joint of shield tunnel and research on
bilinear joint stiffness model [J]. Rock and Soil Mechanics,
2006(12): 2154. DOI: 10.16285/j.rsm.2006.12.013.

RANL, ERR, TR 0 R HER AR SN BRI
[J]. £ K TR24R, 2014, 47 (4) : 109. DOI: 10.15951/].
tmgexb.2014.04.005.

WU Quanli, WANG Mengshu, DONG Xinping. Study on
nonlinear rotational stiffness of shield segment joint [J]. China
Civil Engineering Journal, 2014, 47(4): 109. DOI: 10.15951/
j.tmgexb.2014.04.005.

KM Bk i B T ol 2 T A I S g 2 M R A e AL B
[D]. Jb5t: rh EBERERTFEBE , 2020.

ZHANG Shenglong. Mechanical properties and type selection

&

of prefabricated lining joint for railway tunnel [D]. Beijing:
China Academy of Railway Sciences, 2020.

JRIESE, sRIEM, e EHRRE R R Rk =4 R
JEIMT T ], LiEseis KAl , 2003, 37(4) : 566. DOI: 10.
16183/j.cnki.jsjtu.2003.04.023.

ZHANG Houmei, ZHANG Zhenglin, WANG lJianhua. 3-D
FEM analysis on prefabricated segment joints of shield tunnel
[J]. Journal of Shanghai Jiao Tong University, 2003, 37(4) :
566. DOI: 10.16183/j.cnki.jsjtu.2003.04.023.

RINE, TR, AT, 5 HZ IR bR T 2 4
SEF 3R RERE I AT (T ] #R AT IRALSCIE , 2023, 36(2): 82.
LIU Renpu, MENG Dong, BAI Xuemei, ez al. Influences of
stratum environment on the structural mechanical properties of
single-arch large-span prefabricated stations [J]. Urban Rapid
Rail Transit, 2023, 36(2): 82.



