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Longitudinal rigidity of shield tunnels based on model tests

YE Fei, YANG Peng-bo, MAO Jia-hua, MAO Yan-fei, CHEN Zhi, SUN Chang-hai
(School of Highway, Chang'an University, Xi'an 710064, China)

Abstract: In order to explore the performances of longitudinal deformation and the efficienct values of bending rigidity of
shield tunnels, straight-jointed stagger-jointed and uniform longitudinal models are investigated based on model tests and
similarity theories. The values of longitudinal deformation of three kinds of longitudinal models under loads are measured by a
data acquisition system. The rules of longitudinal deformation and the efficiencies of bending rigidity of the straight-jointed
stagger-jointed, and uniform longitudinal models under all loading stages are obtained, by adding the concentrated loads on the
models. The comparative analysis of the test results shows the linear relationship between the longitudinal deformation and
the loads. The range of the efficienct values of longitudinal bending rigidity is between 0.18 and 0.39 under straight-jointed
condition, and in the stagger-jointed model it is between 0.20 and 0.40. What’s more, the performances of the longitudinal
bending of straight-jointed and stagger-jointed tunnels are similar, and the stagger-jointed effect is not obvious to the
longitudinal deformation of shield tunnels. This study may provide some references for the design of shield tunneling in
China.
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Fig. 1 Stress-strain relationship of pure aluminium wire
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Fig. 2 Stress-strain relationship of iron wire
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Fig. 3 Stress-strain relationship of steel wire
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Table 2 Geometric parameters of prototype subway tunnel

/m /m
/m /m /m /m /

6.200 5.500 0.350 1.000 0.400 0.030 17
0.400 0355 0.023 0.065 0.027 0.002 6

3

Table 3 Parameters of physical properties of subway tunnel

/(10°Pa) /(10'°Pa)
34.50 0.2 20.00 0.30
2.06 0.3 3.38 0.32
8 B,=93.02% f3,=95.76% B, =

93.99%  ,,=95.33%

1.3

25
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Fig. 4 Different assembling ways of segment models
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Fig. 7 Arrangement of measuring points
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Table 4 Test conditions
5 ZXTFGPMX-01 25 -—
Fig. 5 Photo of different segmental models 1 ZXCFGPMX-01 25 —
1.4 ZXTFGPMX-02 25 -
1 2 ZXCFGPMX-01 25 -—
a 3 ZXYZGPMX-01
6 b
“« +
+ i 3kg
6 kg 9
6 3kg 3
9 8

6 8
Fig. 6 Loading platform Fig. 8 Longitudinal load
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Fig. 9 Efficiency of longitudinal bending rigidity of shield tunnel
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Fig. 10 Curves of vertical deflection
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Fig. 11 Relationship between vertical deflections and loads
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Table 5 Efficiencies of transverse rigidity with aluminum and steel

circumferential bolts

0.10 0.19 0.27 034 0.09 0.23 0.29 0.55
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Fig. 13 Curves of vertical deflection under different kinds of

circumferential bolts
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