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Analysis of the influence of tunnel lining cracks on bearing capacity
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Abstract: In order to clarify the influence of crack characteristics on the bearing capacity of lining structures under
loose load, the stress and deformation characteristics, failure modes and ultimate bearing capacity of structures with
cracks were studied by 1: 10 model test and numerical analysis. The results show that:; For specimens with
prefabricated crack length less than L/3 (longitudinal length of specimen) and depth less than 0. 7H (thickness of
the specimen) , the fracture development process is characterized by stages. The failure of specimens is caused by
the failure of the vault and belongs to ductile failure. For the specimens with prefabricated crack length no less than
2L/3 or depth no less than 0. 9H, there is no stage characteristics in the crack development process, and the failure
of the specimens is caused by the failure of the vault, which belongs to the brittle failure. With the increase of
crack length and depth, the structural ultimate bearing capacity decreases. When the length of prefabricated crack
is L/3 and the depth is 0.3H, 0. 7H, 0.9H, and when the length is 2L/3 and the depth is 0. 3H, 0. 7H, the
ultimate bearing capacity of the specimen is 86.96% , 78.26% , 73.91% , 69.57% , 60. 87% of the complete
specimen. Compared with the crack depth, the length has more obvious effect on the mechanical properties of the
structure, and can be taken as an important index of fracture evaluation. A formula for calculating the bearing
capacity of the lining based on the characteristics of cracks is proposed, which can be used to determine the
ultimate bearing capacity of the lining with cracks, and provide a basis for the evaluation of structural performance,
the selection of reinforcement timing and reinforcement parameters.
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Fig.2  Prefabricated crack production effect
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Fig.3 Prefabricated crack specimen pouring process
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Fig.4  Full-cycle loading device and action diagram
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Fig.5 Schematic diagram of measuring equipment layout
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Fig.6 Complete specimen crack development and distribution diagram

40 s
KT TR

TIBAERIFA10 mm,
30t BUBAL R AR, SEMIBIR

20 BB, 9, 10
o 0

HETHEEE /mm

BRI
10} s
B, 3, 4 A EE

5 BKFFEAARR AL
' . FmsEs, 6 .

0 3 6 9 12 15 18 21

(a) BETHE -4 R B Hh 28 (b) F&&5 4
B7 ITR1(L/3.0.3H)iXHRELXERDS

Fig.7 Crack development and distribution of specimens under working condition 1 (L/3,0.3H)
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Fig.8 Crack development and distribution of specimens under working condition 2(2L/3,0.3H)
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Fig. 12 Bending curves of specimens
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Tab.3 Stiffness statistics of the specimens when the arch main

crack is open
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Tab. 4

test results

s T WK A 2/ kPa I K$E S/ mm
1 L/3,0.3H 17.1 31.7
2 21/3,0.3H 16.6 31.7
3 L/3,0.7H 16.7 31.7
4 21/3,0.7H 14.7 27.8
5 L/3,0.9H 14.1 26.5
6 L/3,0.4H 16.7 31.7
7 L/3,0.5H 16.6 31.6
8 L/3,0.6H 16.6 31.6
9 L/3,0.8H 14.1 26.5
10 L/2,0.3H 16.6 31.7
11 L/2,0.4H 16.6 31.7
12 L/2,0.5H 16.6 31.7
13 L/2,0.6H 16.6 31.7
14 L/2,0.7H 16.6 31.7
15 L/2,0.8H 13.9 26.4
16 L/2,0.9H 13.9 26.4
17 21/3,0.4H 16.6 31.7
18 21/3,0.5H 14.7 27.8
19 21/3,0.6H 14.7 27.8
20 21/3,0.8H 13.4 25.2
21 21/3,0.9H 13.4 25.2
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Fig. 17  Fitting graph of bearing capacity of cracked lining

based on crack characteristics
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