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Stability Analysis of Surrounding Rock of Double Strain Softening Sandwich Tunnel based on Collapse Catastrophe Theory
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Abstract: The strain softening characteristics of weak interlayers make tunnel surrounding rock excavation prone to accidents such
as roof fall and collapse. Based on the principle of potential energy and the constitutive relationship of strain softening
characteristics, a folded catastrophe model for the combination of dual strain softening interlayers is established, and a criterion for
catastrophic instability of tunnel surrounding rock is derived. The results show that the displacement of the double strain softening
interlayer mainly changes near the weak interlayer. As the difference in shear modulus between the weak interlayer and the
surrounding rock mass increases, there is a local increase in displacement at the interlayer; The smaller the shear modulus, the
more prone the surrounding rock is to sudden instability; The collapse catastrophe theory based criterion for surrounding rock
instability in double strain weak intercalated tunnels is applicable and can be used as a supplement to judge the stability of surrounding
rock. The research results can provide guidance and reference for the design and construction of similar tunnel projects in the future.
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Fig.1 Mechanical model of soft interlayer tunnel
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Fig.2 Numerical analysis model
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Table 1 Mechanical parameters
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#/GPa v / (kN/m*®)  /MPa /(°)
FEl A 2.0 0.30 22.5 0.40 32
EEP IR 0.5 0.35 18.0 0. 08 20
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Table 2 Softening parameters of soft sandwich
B fE/m FhI 11/ MPa MEEE A/ (°)
0 0. 08 20
0. 003 0. 08 20
0. 005 0. 06 17
0.01 0. 05 15
0.1 0. 05 15
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Fig.3 Schematic diagram of monitoring points
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Table 3 Table for fitting coefficient and catastrophe calculation

under different shear modulus

Qj}iﬁ P2 ag a a a3 a A
3 1.680 -2.409 1.443 -0.178 -8.233 <0

4 -6.020 4.682 -0.591 0.006 -26.213 <0

5 —11.713 9.094 -1.682 0.092 -12.602 <O

0.11 6 —-22.113 14.574 -2.617 0.144 -9.053 <O
7 20.066 -5.287 0.449 -0.012 -44.722 <0

8 26.032 -7.777 0.791 -0.025 -22.101 <O

9 26.247 -7.772 0.781 -0.026 -4.455 <O

10 6.596 -1.521 0.123 -0.003 5.071 >0

3 1.179 -1.755 1.160 -0.146 -9.026 <O

4 -5.715 4.433 -0.572 0.007 -1.414. <O

5 -8.422 6.852 -1.237 0.064 -16.823 <0

0.18 6 —-24.560 15.512 -2.746 0.149 -8.362 <0
7 21.116 -5.970 0.569 -0.018 -1.860 <O

8 20.069 -5.587 0.523 -0.016 -2.881 <O

9 27.437 -8.209 0.831 -0.028 1.053 >0

10 11.348 -3.019 0.28 -0.009 4.122 >0

3 0.361 -0.573 0.624 -0.072 -16.712 <0

4 0.916 -1.863 1.232 -0.149 -10.204 <O

5 -12.709 9.105 -1.566 0.077 -18.621 <0

0.37 6 —-54.994 31.754 -5.524 0.309 -6.206 <0
7 54.654 -19.642 2.397 -0.098 1.625 >0

8 21.902 -6.437 0.644 -0.022 2.382 >0

9 23.686 -6.983 0.698 -0.023 1.061 >0

10 8.387 -2.147 0.192 -0.006 6.211 >0
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