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Abstract: Based on the existing beam-spring model for double-layer lining structures, an improved three-dimensional
shell-spring mechanical analysis model for double-layer lining shield tunnel is proposed. This model simulates the mechanical
interaction on the interface of the double-layer linings using the compression rod-spring combination method, and fully
considers the discontinuous effects of the structural stiffness along the ring and longitudinal distribution caused by the joints of
the shield tunnel segments. Based on the modeling and calculation analysis of the Wuhan Metro Line 8 cross-river tunnel
project, the calculated internal forces are compared with the measured ones. The comparison shows certain consistency between
them, verifying the accuracy and applicability of the three-dimensional mechanical analysis model for double-layer lining shield
tunnels. The results show that the distribution of the internal forces of the segment has obvious discontinuity due to the effect of
the annular seam and the longitudinal seam, and due to the uneven lithology of the formation, and the bending moments of the
upper and lower parts of the segment also differ greatly. If the construction of the secondary linings is performed after the
stability of the segment, the internal forces of the segment itself change little, and the secondary linings are mainly affected by
their own weight. The internal force distribution exhibits the distribution pattern of "small above and large below," and its
magnitude is smaller than that of the segment. It only plays a supporting role in the initial stage of construction.

Key words: shield tunnel; double-layer lining; 3D analysis model; interface; verification

IIf

0 35 = T, RS AT IISS M I LB A BUNR T E
WET, O E R S B R ek ARG ATEESR . AR R A I S, X
IRSIEETE N BEEM T HUEE K, ZlE —————

R T T 2 O KT MR 5 R AR BETE . HRABHFIESTH (51578461
S A TR, T SRR B AR WBE: 2018 - 06 -22

*ERMEE (E-mail: wangshimin@swjtu.edu.cn)



5

AR, S AR IEXUZ TGS = 2E D% 0 B S I 893

R GERAERN SR BT K Bt FUUTRE. B,
PUKISSETT I EA LS, PRHBoR 22 ) g R & 1E T
FE25 JE R FIXURAS W25 F R 5

BT T XURASTNEG I (1 772250 W 32 ZER AT AL
EHE . BRI LM FB. SRR R
FIAEE,  XUZ AT RIES & K EEANE B2 /e H ORIk
(fste s, PIEAEUE TS, X g & i U v
KPEHE o TR F SRR US4 145 & T AL 2 5 =C
RE RS SIS JRETE 3 Moy, feh
N5 N AN AR ELAE AT L ORI B R B R &R, T4
152 PR SE A iR FLEEPIE 3 RS2 A 153 47
R AL b, f b — b et ) R B R A LR AT 3
HERR. WIS, SRS TR, 2
AL L R 8] R AFAE 22 MOSUZ AT I T R, A
NJZ RS I AT A A NGB, AR
YA ST, AU PR AT 55
KRR I A BE R S S I T B 2T 5
R FEABE AR o R A R B R A RIS E A ] T
JE52 71 RARTERRTE . it vl I I SRR AL S % S
REJ BT XU A R 3 BOR S HEAT BT IT, 5 RAR WA
MUZASENFEPE RSO, AN BN E 5 4
S RARIRIE, AN EBEURIN & 7 A R i 4
AR IR LN T o RO IOUR P A B 4 o T A
WXUZAS 4SS i, EREA LB AR =
UESLARARE S AR, JF SRR LU X S0IE 1 4k
AR G FRE . B A 2R 0 SUE A ROK G
RS IE B A E A, S th 7 —FhiE TR
REA I HERA I 7€ J& R BETE BTy B TH BT s

Ho2, BEARBERTA —A L. OFWEEZ
— APPSR SR AR SRR T X
R PRI NI R S9N, PRI BEZE 2 1L 4
T A AT, T2 AR T SRS K 7 I e ]
WIS ), AL TR AR A A SR R, X
TR TSR —ERRIRTE; @R IESS I EER
RIS 2, RS R R DL e 4 R I SRR TE 1) 5
RIS, RIS AIAERATEA R ORI/KEE TR PR H A
T PRFR LA — AT IR AN [, I8 S
HHs MR SR A e eiE T KA RSIE . %
T, ASCHRATE N B FELBE IR EIRRER
Wk JE R BB TE—— DOk 8 5 BT REIE T/, R
JHI 2 18] S A 5 28 2 SRSV U AT 485 5 T PR I JEE AN
HEEERF R, AL T B IR EIREEIN . I IREEN) =4
TSR, Il B SN B HE AT IR E .

1 BETEERES
1.1 BAEE
KR SCHTBRR A ANSYS J A R T8, 5T L

NEEAFA LTS

(1) IHER -5 sl 2B Ht 710
‘wr, Uim iR S EH T 45 b, EA S
Winkler 15 72 , HiuJZ 32 30 i 77385 1 #0% AE H T-hE
b, HEREMES R — s s, @ittt
TS TRt mgst 2 L.

(2) R 5 IR R B
() fE 142 A s ) e T m) 8 77

(3) ARSCHAN i REE TS 5 IR AT R 35
MRl RS ARM R, MBI AR
AN FEIEVE AR

(4) FhRESMENIEEE: AMETIE, %
FEHKNIEE AR AR, R TR R bk e A
19 091 55 2R B

(5) TR T N RE -
1.2 BERRIRAHERL

TG WRRIES RS S50E S 2 — KT
1/5, BLRHEFE et TRl A SR 4 4 5
PERMAZ TG shelld3 BHUE B A IR AR5 o0
M EEA 6 NEME, AR X, v, z BRI
R G =M sh f . BT A E @ AUZ+ )&
PRSI K B A W T T AN [, BB bl DL ——
R, ASC Ao Wi T KON AR T8 B 3 N 145 5
Wriid o & & XA R T S A R R
Fri@ve SRR LA b, SEOUE KR TR
B S AN R 43 #1047 B € o
1.3 ERELIZHIE

JE AEI B TE HR 25 T8 P JE sk 2 ) A i T
T—E R X UL 2 s R R, AR
i combin7 = 4EHY 5T BCRE PR ICHANE B IR, A
LB AR R X=Y SEEIRIEE . Z [
S8 X F Y Ml WIEE 240, SCal i i ml . Yhm
SKIIRE IR H T30 1) R G ) MR A A N\ A L
SEITE R NI —M, RSN EAER T, i8Rz
B OB NI Z R 25581 I s NI
BORSZ MG CGE R AN 2R SR 170 3K,
RS — S5 1 ) 2E i N L, B REES R IE R
SPRRAFAE, A SCETFE bt FiR P FAS [F] 32 500 R
B S W B AT X 43 o

— I, RSk NI BUE TV — M T
FEFLyE. RIGHUE . BARIGHT 7T DA S8 Sk Wi
Fa A s, RS AR TR, R
BT B, S50A LRI TE F#kN
J5 B HUE -
1.4 Z5EmEIEH

TEVE % JE F R E XUZ AT IS M I e, J2 ()4
BT AR TRV 2 AR B DGR E S, X



894 H O+ T OB % M

2019 4F

JFE R B L2 A AR o 38 P A B P R ok 2 Ak o
SR BBtk R Ao B2 ) 45 4 T FO A 2 1 — fge
JERMIZE . AF. PR aE BEg Al e, H Bk
TRANS: O TRATTME, T H b 4 m e
EEFRA, HRN VRN R4, 550 T
FEAST; QFRIAN BB IRAAAE 7 RN JI AT g B
X T R TCI &, B BON T 45 1 BE R
i Bb, BUEAAERE ORI . 2T
PAEJRB, ASCRAVE 5 0 i 6] ¥ B AR 1A
BT A [ 30 58 BA TR R (B A% A7, sl 1 o

1 BRI EREEFNYEEEREE
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Fig. 3 Schematic diagram of calculation of compression stiffness
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Table 1 Basical parameters of surrounding rock
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Table 2 Calculated results of internal force of segments and secondary linings
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