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Experimental study on influence of lateral pressure coefficient of soil strata
on mechanical properties of double-layer lining structure in shield tunnels
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610031, China)

Abstract: Nowadays, the construction scale of shield tunnels is getting larger and larger, and the strata crossed by the tunnels
are complicated and changeable, so it is often difficult to meet the requirements of tunnel safety and durability by using the
single-layer tube lining structure, and thus the double-layer lining structure has been more widely concerned. In order to explore
the applicability of the double-layer lining structure of shield tunnels in different strata, relying on the Shiziyang Tunnel Project
on the Guangzhou-Shenzhen High-speed Railway, the change rules of the mechanical properties of the double-layer lining
structure under different strata conditions are comparatively analyzed with the lateral pressure coefficient (0.5, 0.6, 0.7, 0.8) as
an index through the similar model tests. The test results show that the lateral pressure coefficient of the strata increases, the
double-layer lining as a whole tends to be more hydrostatic pressure field state, the limit axial forces of the segmental lining and
secondary lining increase, and the critical point of elasticity and plasticity and the mutation point of internal force delay. When
the lateral pressure coefficient increases from 0.5 to 0.8, the ultimate bearing capacity of the double-layer lining increases by
66.39%, the maximum radial displacement decreases from 15.17 to 9.45 mm, the lateral displacement of the segmental lining is
limited, and the secondary lining contribute to the improvement of the bearing capacity of segmental lining. The degree of crack
development of segmental lining under high lateral pressure of strata decreases, the phenomenon of localized falling block is
reduced, and the reliability of the overall structure of the double-layer lining is improved.
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Fig. 1 Schematic diagram of double-layer lining of Shiziyang

tunnel
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Fig. 2 Schematic diagram of loading devices for model tests
1.3 MRHERIAEMLR T

SRR AR 7%, ARYEAEEEE,
FEAWE R A UAAR A LE ¢, =20 15 D9 B AR BUEE
TGRS R, R VR B YIS R S
RERUA 2 b,

x1HEMXERER

Table 1 Ratios of similarities
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Table 2 Physical and mechanical parameters of soil materials

E y/(kN-m?3)  E/MPa c/kPa /()
JREME  18.7~20.3  15.0~25.0 0 20.0~32.0
FE T 20.0 1.0 0 28.0
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Fig. 3 Schematic diagram of model structure and loading
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Fig. 4 Treatment of segmental sheet lining joint of shield tunnel
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Table 3 Loading parameters for tests

ks TR A BT TSN ]
/MPa JZ & 71/kPa 5 /m

0 0.0 0.00 0

1 0.6 1.44 3

2 1.0 5.52 11

3 1.4 8.67 17
4 1.8 11.86 25
5 2.2 14.46 30
6 2.6 18.70 37
7 3.0 21.79 43
8 34 2495 50
9 3.8 29.29 60
10 4.2 33.96 70
11 4.6 41.88 85
12 5.0 4731 95
13 5.4 52.83 105
14 5.8 57.34 115
15 6.2 61.33 125
16 6.6 65.37 135
17 7.0 70.04 145
18 7.4 75.96 155
19 7.8 81.39 165
20 8.2 86.91 175
21 8.6 91.42 185
22 9.0 9541 195
23 9.4 99.45 205
24 9.8 103.58 215
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Table 4 Test conditions
WIS MEHRE W EE/em AKkEE/m
1 0.5
g 8? 30 30
4 0.8
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Fig. 7 Variation curves of internal force of segmental lining with loading under different lateral pressure coefficients
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Fig. 8 Variation of internal force of secondary lining with loading under different lateral pressure coefficients
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Table 5 Instability deformation statistics of double-layer lining
N & RERAERSER KRB REAIE/mm

0.5 14 Es19d 15.17
0.6 14 PR 10.68
0.7 21 Es19d 10.59
0.8 22 HEE 9.45
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Fig. 9 Variation of lining deformation with loading under different lateral pressure coefficients
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Table 6 Summary of test results for double-layer structures
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Fig. 10 Acoustic emission information of whole loading process with different lateral pressure coefficients
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