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Static and dynamic characteristic analysis of segment joints based on
three-dimensional discontinuous contact model
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Abstract: Based on the nonlinear contact theory and considering the discontinuity of shield tunnel structure, a three-
dimensional discontinuous contact model for track bed-segment-surrounding rocks is established by simulating the segment
joints and the interaction between the segment and the surrounding rocks as well as the track bed. The mechanical and
deformation properties of the segment joints under the pressure of the surrounding rocks and the action of the subway train
dynamic load are analyzed in depth based on this model. The results of numerical simulations show that under the pressure of
the surrounding rocks, some longitudinal joints in arch crown area and arch bottom open inwards; some joints in haunch of
shield tunnel open outwards; and the dislocations between the completed blocks and the adjacent blocks in arch crown area are
comparatively large. The joints in haunch are compressed obviously and those in arch crown have the minimum pressure under
the pressure of the surrounding rocks. The axial forces of joint bolts in vault area are relatively the greatest, those in arch bottom
come second, and those in haunch are the smallest. The shearing forces of joint bolts in the top of arch foots are also the greatest
when segment ring rotates to an angle so as to complete assembly. The opens and dislocations of the segment joints, concrete
stress and internal forces of joint bolts all increase rapidly at the beginning of the dynamic load, then significantly decrease, and
finally are fluctuant under the action of dynamic load of subway trains. The dynamic response of joints in arch crown is more
obvious than that in arch bottom for shallow buried metro tunnels. The shearing forces of joint bolts increase more than the
axial forces under the action of dynamic load of subway trains.
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Fig. 1 Model for shield tunnel segments
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Fig. 2 Three-dimensional discontinuous contact model for track

bed-segment-surrounding rocks
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Table 1 Physico-mechanical parameters of materials

I

MR mppblE WA EE g ) BB Lt 2 %
M E/MPa V. phgrem?) c/kPa qo//i" Y a5
HE  12X10° 04 2.0 60 22 0.085 0.0045
WK 1.98X10° 03 22 200 40 0.060 0.0300
H3.45%X10° 0.2 2.6 0.045  0.0025
B 2.06X10°  0.167 7.85 0.030  0.0020
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Fig. 3 Three-dimensional contact relationship among track

bed, segment and surrounding rocks
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Fig. 4 Force-time curves of train load
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Fig. 5 Nephograms of deformation of three-dimensional

discontinuous contact model
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Fig. 6 Horizontal deformation of shield segment under pressure of
surrounding rocks

HETUMBZ I D 1] 5 kAT 10 KT a3,
HEREAL O 1 HSR AT [ S 5K T a3, JErp e
AL FFERTE R T BN R SRSKTT Ao 0 T8 7 i
&, WAL R EHETUMBE AL, Hrb HETH AR T Bk
A G R W, HARK.

LA T A BOR@INE Fr (RUR TR @I B
B, HPGEHSRIKIT i K 0.12 mm,  5KIFANW]
2, EALTHEEEL 2, Sk AhKIT, XFBEIERT K
AR o FTUAREL, HBEIEBRSE K, Bl SO B,
AR MK RARRIN, WA RSB E R K. 5
Gb, A RS K 0.61 mm, R AEAEHETH,
UL BETRAL 3 TR b L5 AR B S 0K, 2 JE MBS IE
HEARLEIR S R0 RN 358 A

MES (o) ATLLE Y, MRS 4 sh8E T,
JE KL e L (R A T AL R 1 I I 2 T AR 4K
TGRSR, BURBER D . 533K
ot o0 i AN [ 220 1 e o B A A T A7 A Wi [ 2

B 7 Bros.

B 7 FEEZTRRE R E B LA = E

Fig. 7 Nephograms of displacement response of tunnel and

surrounding soil at different time
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