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Table 1 Mechanical parameters of the tunnel surrounding rock
density bulk modulus shear modulus internal friction angle cohesive force tensile strength
p /(kg/m?) K /GPa G /GPa b /(°) ¢/MPa T /MPa
2 300 4.17 1.92 35 0.5 1.0
®2 THIIESH
Table 2 Joint mechanics parameters
normal stiffness tangential stiffness internal friction angle cohesive force tensile strength
k, /GPa k, /GPa b /(°) ¢, /MPa T, /MPa
10 10 20 0.04 0
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Table 3 Maximum displacements of the model

burst/time 1 2 3 4 5
displacement d,, /m 0.389 1.149 1.997 3.028 4.758
R4 BRI
Table 4 Maximum speeds of the model

burst/time 1 2 3 4 5
speed v, /(m/s) 17.42 20.76 27.07 38.87 46.47
x5 WELEBHEX S

Table 5 Displacements of the upper collapse zone in the tunnel

burst/time 1 2 3 4 5
displacement d,, /m 0.272 0.804 1.389 2.121 3.331
R6 FFIH L ARRRE X EE

Table 6  Speeds of the upper collapse zone in the tunnel

burst/time 1 2 3 4 5
speed v, /(m/s) 10.45 14.54 16.24 23.32 27.88
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Fig. 4 One to five explosions and tunnel displacement contours under natural conditions
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Fig. 6 The scatter plot of tunnel lock blocks in the natural state
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Analysis on Persistent Homology Characteristics
of Failure Processes of Shallow Buried Tunnels
Under Multi-Time Explosions

LIU Xiaofei' , YOU Shihui*
(1. College of Civil Engineering and Mechanics, Xiangtan University,
Xiangtan, Hunan 411105, P.R.China;
2. School of Mechanical and Electrical Engineering, Zaozhuang University,
Zaozhuang , Shandong 277160, P.R.China)

Abstract: The failure characteristics of shallow buried tunnels under multi-time explosions
make an important research issue in the design and evaluation of protection engineering. It is of
great significance to develop a method for early warning of the safety for shallow buried fea-
tures. The discrete element method was used to establish the mechanical model for the shallow
buried tunnel. With the Saint-Venant principle the blast loads were treated as a series of dynam-
ic forces acting uniformly on the surface. Based on the discrete element method, the dynamic
response under each blast load and the damage evolution process of the tunnel surrounding
rock were obtained. The strength reduction method was used to calculate the safety factor of
the surrounding rock. The persistent homology theory was introduced to quantitatively and qual-
itatively analyze the failure characteristics of the discrete element model under multi-time explo-
sive loads. The results show that, the method of persistent homology can accurately reflect the
topological characteristics of the surrounding rock. The maximum 1D barcode connection radius
can effectively predict tunnel instability. The work provides a new mathematical method for tun-

nel safety design and disaster prediction research.

Key words: persistent homology; shallow buried tunnel; discrete element; multi-time explo-
sions
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