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Fig. 1 Schematic diagram of a loaded segment-joint
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Fig. 2 Schematic diagram of deformation at segment joint
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Fig. 3 FE mesh of the segment and bolt



%53 HEL, . ET=HERARTINNE R ERATUEA4E &K 537

BERIAL 16986 4~ 8 47 A5 /N TR B IT , B AN A2 v
[T PRETS179 1l % Jj $ot , Ifd i3 SLOAD
AT T 150 kN [ Ty,

P 2 0], DL RS B 5 8 2 ) A A 2l G
ZLIE 4 FroR, Hod A kb SR P Y J2 T - T 4 fh 2
JCREADL . FH BT fe 397 B 40 50RO 42 fd R 4% 2% fll
ST A RURE s AN 25 R 2 A M 4 1) R i L MBS 5 A
TREE T AE B Ab 25 18O 46 8 £ fi W2 4 55 0804 L BE
A 2 mm WE BT AL C AR SR Fe FLAE Rl B T
Bz fish 20 DA Ak BT RE & 2B B i s R T T D AT
LIRS R ZRIA S R AW, i D b2 gl
G5 el

TR BE 45 R ISR 25 S 2 3 b ek, L A
B0k 37. 5 GPa #1210 GPa, 1 ¥ [ 4 51
0. 17 F1 0. 30, FAR N 25 JEAE R A 14 5% )

Shy B A 501 235 R X6 T 114 e T S TN s 8
T ) s ok B WA S LU 10000 KN A g o0 BE
4000 kNm G5, R A% T s 0 B A 22
2. 61 % , & B R FH 1 Do A% RO AT AR TE 250 (E 45 SR 1
FaE

4 REGHFRRZELNEDN
Kriging X IE&EY

FIFH LA b S v A 80, X5F 164 20 38 1 40 & HE AT 45 s
R HIEE B . B J1 N 10000 kN, 20000 kN4
30000 kN I 40000 kN llléﬂ,éﬂiﬂajjT%“)i\MHB\

41 2H, 2556 = 0 BE X %l 7o o0 BE AE 5~ 0. ~
0.4 mLLEIBE 0.02 m 57 BUfH .

] 5 Ca) Sl AS i 13 258 20 2 s — i 0 B g
. 1 5 R R T e Tl IF i
Eﬁ%ﬂb%ﬁ%ﬁg%ﬁ,*jﬁ A5 WA A5
H%%%ﬁim%ﬁt? )

M@5mu%m,ﬁ§ﬁﬁ%mgﬁﬁﬁm
Kf) . FEAH RV I /E T S R0 /N T 0,18 m
Bk, 25 A A RE R AR /N L 3 A 02 4 T LT BB AL 2 R
SRS TR IR S S TR 4 B R AR /IS L WA T 5 0 ok 2

P4 fh i

Fig. 4 Contact interfaces

Q\
109 -

ST R A AR s R0 Bk T 0. 18 m J5 » B
{00 K 25 00 7 8 7 80 9 B 5 9 T A
B 0 T SR 2 RN, (2) Bl
S 24 AR ) 53663 W B/ PR 5 T 4 i
4 1 SR 9725 A AR (ELJE 15 51 0 e kB JE 75 1
AR/ U0 55 B B 1 725 1 2 T2 A B B
Fe 25

Sy e S 05 R IE 5 A 2 15 56 L AR SO B
| 164 4R 4 SR R £ L, % DACE T
ELAEUT SR LAY Kriging BB L (R0 12 3 R
Sk 9 05 1 4 B B 5 ) 2 1 0 3
B SAE KR . Kriging (CRBER A Jo 7 2 £
AN U0 1 AR e
TESY CHTTE T LIRS

ﬁ@ﬁ@ﬁﬂ%ﬁﬁm%yﬁﬁgﬁ1%m
TR A LA A D R 2 R 5 R
i i 2 (%t 0] Kriging £
138 T 42 1 1 T E I

Eﬁ%ﬂ%ﬁtﬁﬁﬁ¢%ﬁﬁﬁ%%%%

325 S R SR (8 e B 3SR D 0
ﬁﬁ%ﬂﬂﬁo)

../'/L\ \ - 000000000 000OQ
/(,‘ 10]7 0

108 F

107 k£

PUEWIEE /kNm.rad™!

—a— N=10000 kN
—+*— N=20000 kN

N=30000 kN
—o— N=40000 kN

04 -03 -02 -0.1 0.0 0.1 0.2 03 04
O /m

el &

10°

LYK T & /mm

—a— N=10000 kN

20Ls —*— N=20000 kN
B o N=30000 kN
—o— N=40000 kN

_30 . . . . .
-04 -03 -02 -0.1 0.0 0.1 0.2 03 04

O /m
&5 AN [l TR S 8 R 4 Sk v T 5K B O A 4k

Fig.5 Variation of equivalent rigidity and opening gap

with different axial forces
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Tab.3 Material parameters of the concrete and bolt
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Investigation on the equivalent flexural rigidity and the longitudinal

dislocation of segment joint based on 3D contact finite element analysis

RAN Chun-jiang, FU Qiang. YANG Hai-tian”
(State Key Laboratory of Structural Analysis for Industrial Equipment, Department of Engineering Mechanics,

Dalian University of Technology,Dalian 116024, China)

Abstract: Regarding the insufficient consideration of on overall equivalency between the 3D-model and
equivalent beam-spring model for the segment joint of a shield funnelling machine, a new method is
proposed to evaluate the equivalent flexural rigidity by solving a deflection equivalence based inverse
problem,in which the result of 3D contact FE simulation is taken as an alternative of experiment. A
Kriging surrogate model is constructed to describe the nonlinear relationship between the equivalent
flexural rigidity and internal force,and is employed to develop a numerical algorithm for the structural
analysis of the segment-joint with nonlinear joint flexural rigidity. In comparison with 3D gimulationq
the proposed method can effectively predict the internal force and deformation in the Vie%})n a whole. In
addition,a deeper investigation is given to the impacts of the bolt hole clearance_"a@\d fner constitutive

model on the longitudinal dislocation of the segment joint via the 3D contact FE sigldation.

Key words: segment joint;equivalent flexural rigidity;surrogate model;long&ﬁgingl dislocation;

3D contact finite element V4
o C)
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