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Abstract: To study the bending performance of joints in extra large diameter shield tunnel and its influencing
factors, a 3D refined numerical model of segment joints is established by ABAQUS finite element software
based on the reconstruction project of Beijing East Sixth Ring Road, and the numerical simulation of bending
performance of extra large diameter shield tunnel joints is carried out under different conditions considering
the material nonlinearity and local geometric characteristics of lining structure. By setting multiple groups of
bending load combination conditions, the variation rules of bending stiffness and ultimate bearing capacity of
joints under different axial forces, inclined bolt angles and bolt preloads are compared and analyzed. The
corresponding relationship between joint rotation angle and bending strength is obtained, the influence trend
of different factors on the bending performance of joints is revealed, and the stress distribution characteristics
of the bolted joints along the length direction are analyzed. The result shows that (1) The curve of bending

moment vs. rotation angle of exira large diameter shield tunnel joints can be roughly divided into 3 stages,
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namely, the fast rising stage, the steady growth stage, and the falling stage. With the increase of axial force,
the bending stiffness of the joints shows an increasing trend, and the growth rate is faster when the axial force
(2) The ultimate bending capacity of the joints is also positively related to the axial force,
(3) With the

increase of inclined bolt angle, the bending stiffness of the joints shows the trend of first increasing and then

is small.

increasing the axial force can greatly improve the ultimate flexural strength of the joints.

decreasing. When the inclined bolt angle is 56°, the bending stiffness of the joints reaches the maximum
value. With the increase of inclined bolt angle, the ultimate bending bearing capacity of segment joints is
increasing. (4) The bolt preload has little influence on the ultimate bending capacity of the joints, but it has
significant influence on the bending stiffness of the joints. (5) The connecting bolt of joints shows a certain
degree of stress concentration near the joint surface, while the stresses at other positions are relatively small.
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Tab.1 C60 concrete calculation parameters

eSS/ AEFRERIAL/ 2 A5 || Bn A1/ ARTRIERIAL/ 2R
MPa (x107%) [R¥- MPa (x107%) ¥
33.53 0 0 2.850 0 0
35.95  0.327 0.102 8 2.725  0.050 0.062 2
37.57  0.458 0.133 2 2.277  0.086 0.119 1
38.50  0.698 0.1859 1.875  0.120 0.186 7
3412 1.350 0.3326 1.257  0.194 0.357 1
23.21  2.536 0.5792 || 0.944  0.260 0.497 8
14.44  4.017 0.778 1 0.449  0.560 0.817 8
11.10  4.993 0. 850 1 0.331  0.792 0. 896 0
4.42 10.481 0.9676 | 0.178  1.711 0.971 9
3.12  14.051 0.9827 | 0.143  2.285 0.982 9
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Fig.2 Segment-joint 3D refinement model
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Fig.3 Curves of bending moment vs. rotation angle of

segment joint under different axial forces
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Tab.2 Bending stiffness calculation table

1 J1/kN PUASRIE/ (MN - m - rad™")
3 000 42
6 000 200
9 000 298
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Tab.3 Ultimate flexural capacity
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9 000 1716
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Fig. 5 Curves of bending moment vs. rotation angle of

segment joint under different inclined bolt angles
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Fig. 6 Mises stress curves of bolts under different inclined

bolt angles
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Fig.7 Curves of bending moment vs. rotation angle of

segment joint under different bolt preload
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