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Abstract: In this paper, a nonlinear numerical model of
bearing capacity for quasi-rectangular shield tunnel
structure is established. In the model, the material
nonlinearity, the geometric nonlinearity are all taken into
consideration. Three groups of test structrures under limit
working condition are simulated numerically. The results
of the numerical simulation and full-scale ring tests are
compared to verify the correctness and effectiveness of
the model. Then the key parameters are analyzed to
investigate the mechanical behavior of the structure. The
results show that the failure of the structure originates
from the failure of longitudinal joints, and eventually the
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structrure reaches the ultimate bearing capacity due to the
failure of T block. According to the numerical analysis,
the structural failure mode is related to the mechanical
properties of longitudinal joints, segments and interior
column. The ideal failure mode of the structure is that the
bearing capacity of longitudinal joints is fully utilized,
while the reinforcement of segment is yielded which leads

to the ductile failure mode of the structure.
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Fig.1 Nonlinear

numerical model of quasi-

rectangular shield tunnel structure
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Fig. 2 Actual segment and interior column and
their numerical models
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Fig. 3 Constitutive

models of concrete and

reinforcement
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Fig. 4 Numerical model of longitudinal joints
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Fig. 5 Numerical model of joints between interior

column and T block segment
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Fig. 6 Tension-deformation curves of connecting

bolt springs
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Fig. 7 Compression-deformation curves of concrete

springs of longitudinal joints
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Fig. 8 First-order self-correcting incremental method
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mm)
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Tab.1 Reinforcement and bolt position of three

tested rings
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Tab. 2 Comparison of performance points between full-scale test and numerical simulation during whole

failure process
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scale test results and numerical simulation

results
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Fig. 12 Comparison of bolt strain between full-
scale test results and numerical simulation
results
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Tab.3 Summary of conditions

T FAECAIER/ % LB 4 A2 FPRETERE /mm PR AR AR/ mm
1-1 2.36 BEAA B 8l 50 mm 6.8%% 700 0.58 450
2-1 1.51 R B A 6.8% 700 0.58 450
2-2 2.36 W B A 6.8%% 700 0.58 450
2-3 1.51 12857 B #5350 mm 6.84% 700 0.58 450
3-1 2.36 SR #3030 mm 6.8%% 700 0.58 450
3-2 2.36 W HE 0 B R 5 40 mm 6.8%% 700 0.58 450
3-3 2.36 1S3 E £ 3 60 mm 6.8%% 700 0.58 450
34 2.36 287 B #5370 mm 6.84% 700 0.58 450
4-1 2.36 BER A B 5l 50 mm 5.84% 700 0.58 450
4-2 2.36 1237 B R 50 50 mm 8.8%% 700 0.58 450
5-1 2.36 1SR B 3 50 mm 6.8%% 500 0.58 450
5-2 2.36 287 #5350 mm 6.84% 900 0.75 450
5-3 2.36 BER A B 5l 50 mm 6.84% 1 000 0.83 450
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Fig. 13 Comparison of load-deformation curves of

lining structure between different bolt

positions
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Tab. 4 Comparison of robustness indexes of lining

structure between different bolt positions

R WFRARESRTE/RN ) SOBERE SEVE R

31 1342 2.98 5.01
32 1385 2.66 5.40
1-1 1425 2.74 6.03
3-3 1471 2.83 7.01
3—4 1501 2.89 7.88
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Fig. 14 Comparison of load-deformation curves of
lining structure between different bolt
strengths
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Tab.5 Comparison of robustness indexes of lining

structure between different bolt strengths
RN BRRASRTE/KN T SOREREL IR

4-1 1316 2.53 5.19
1-1 1425 2.74 6.03
4-2 1565 3.01 6.34
1-154-121t 1.08 1.08 1.16
4-251-121k 1.10 1.10 1.05
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Fig. 15 Comparison of failure process of lining

structure between different reinforcements
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Tab. 6 Comparison of robustness indexes of lining

structure between different reinforcements

L MRS E/KN ) SOBERE SEVE R

2-1 1108 2.13 3.18
2-2 1128 2.17 3.38
2-3 1228 2.36 5.25
1-1 1425 2.74 6.03
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Fig. 16 Comparison of load-deformation of lining
structure between different interior column
stiffnesses
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Tab. 7 Comparison of robustness indexes of lining

structure between different interior column

stiffnesses
) WBRRSM /KN T SCHEER EMRE
5-1 1319 2.54 3.34
1-1 1425 2.74 6.03
52 1442 2.77 5.11
5-3 1439 2.77 4.62
5-4 1433 2.76 4.27
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Tab. 8 Comparison of robustness indexes of lining
structure between different thicknesses of

segments
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