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Abstract: The contact state between the shield tunnel
rings is related to the internal force. The traditional shield
tunnel structure analysis model cannot consider the
contact nonlinearity under the combined action of axial
force, shear force, and bending moment. Therefore, this
paper proposes a shield tunnel longitudinal analysis model
considering the nonlinear contact under the combined
action of axial force, shear force, and bending moment.
This analysis method is used to analyze the mechanical

behavior of the shield tunnel crossing a creeping fault in
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Shantou Bay. It is found that when the longitudinal joint
transmits axial force, shear force, and bending moment
at the same time, its force transmission effect can be
equivalent to the beam considering the reduction of axial
and bending stiffness, and its reduction coefficient is
related to the displacement eccentricity. The mechanical
analysis of the shield tunnel under creeping load shows
that the contact nonlinear longitudinal joint has a great
influence on the internal force of the structure, and
ignoring the influence of nonlinearity may cause more
than 1.4 to 3.3 times of internal force difference. The
research results in this paper can be used to analyze the
longitudinal mechanical behavior of shield tunnels under

complex loads such as creeping fault dislocation.

Key words: shield tunnel; longitudinal nonlinear

analysis; fault creep
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Fig.1 Basic problems in longitudinal mechanical

analysis of shield tunnel
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Fig. 2 Derivation of mechanical equation based on

displacement
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Fig. 3 Diagram of longitudinal mechanical analysis
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Fig. 5 Schematic diagram of contact in longitudinal

shield tunnel

PR IA) 2 48 1 b9 AR i gk n) i ) il 20 (45) |
(46)3K 7%

b= O'tr) _
(u—0r) (kA4 k) + |u—0r|(k— k) (45)
2L,
b ozr) _
(ut0r)(k+ k) + |ut0r|(h— k)
2,
(46)

3 R BRI TT 5 po A B UTONIEI I )
H1E0(40) | (41) n] 75 2R A] 424 b 3T FIT U5 A9
SRITE A

_ yuy

ol—max(?j, ) (47)
_ pit

0, =max ( A ,0) (48)

1.3.3.2 ARSI Jy2e i M A T
X FAE fRASIE SR 43, il e AR i, SR R
HEXT I 2 A bR R £/ 2, AR A K (18) 45 PR 4% 4% 1



764 6] 5% K 2 2 (A 4K BE 2 B

o549 %

(49)

/cs(x é) =0

ATRAR B, Fews W AR AR A iR AR S
W ASER S TR PRAE 7 E AL i AR ) AT RN
F, I HE TSI AR IR . AR R IEAE
PREEQ AL AR R BN T, R AS T RO T, 3
BEATAS 7= A e Sl AN ) 22 TE | AN S R 4 1 )
T B RCIRAS , DRI il R AT 1 A R 5

A AR
P 28 3R 30 535 50 RI 2S5 g
o ke@
V.=—F.IA, i -:/—
E.IA, E.IA,
M. =EDuk(2)| =
~ EIL E,
6 I v+ 3 A 0 (51)

A ED o R ASTE T B R B T i) 19 5528
2l I

e U, 5 UAERTE =289 %6 BER A, n] 434
11 2 /i U =(u, v, 0 ) BRI 1R

o _EA
N—Np— ZS /1171 (52)
V:Vszle}?zv—6E}?2e (53)
M:MP+MSZ—6E}?2U+4E}RZ@
(54)
O A
F=KU (55
Hrp
EZ—A,M 0 0
K=| 0 12EZ;1/12 —6EZ;1,12
(56)

20(55) . (56) B W i F4 BE T2 11 14 ) =42 31 7
Feo AT B, i QSbr B SR RN E AL
it IR E IR, A R P il T AR A [R] , A I ] SR ]
SRRV g 2 I, ek i) S i D R 2% T
P R A FIA, IR .

2 EEEIERTEMBENEIFTH
STHT

2.1 IEY=S

Tk 20 Rk I AA 22 (A Sk VBV IS s A A T
ZRAN K TV XU i X B N, 2 % 2 AR —7h
FGEN, RIS SRR TR, TRGX B8
Fr g M AL T ICHb ST ST I A, B 424 9 771 m,
Hod B s B K 29 5 741 mo, 7Ok VR B
24 2 000 m, ZF = MR B2 2 030 m, fre KRR ZY
180 m, il Sk VB TR JEC R TE KT TE AT 6 s o

b

180} "
160 fz
140}
120}
100f
80} !
60t
40t |/
20¢
0
-20
-40t
-60+
-80t
-100t

2 /m

E6 llkiEiBRBEHNEE

Fig. 6 Transverse section of tunnel in Shantou Bay
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of shield tunnel under creep action
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Fig. 14 Longitudinal internal force of shield tunnel considering nonlinear stiffness
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Fig. 15 Longitudinal internal force of shield tun-

nel with nonlinear and constant stiffness
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