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Abstract: The strength ratio is an important factor affecting the stability of the surrounding rock during tunnel excavation of
deeply-situated composite rock mass. A size-dependent bond contact model is implemented to the software of the
two-dimensional distinct element method (DEM) to simulate the tunnel excavation of deeply-situated up-soft/low-hard
composite rock mass. The influences of strength ratio on bond breakage, the maximum principal stress and disturbance zone of
the surrounding rock are investigated. The results show that the bond breakage ratio and the disturbed area ratio caused by
tunnel excavation gradually increase with the increase of strength ratio of composite rock mass, and the bond breakage is
mainly caused by bond tensile failure. The maximum principal stress is distributed in teardrop shape in the circumferential
direction of the surrounding rock, while in the radial direction it decreases firstly and then increases in the soft rock and
increases in the hard rock. Moreover, in the radial direction, with the increase of the strength ratio, the variation range of the
maximum principal stress decreases in the hard rock but increases in the soft rock.
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Table 1 Microscopic parameters of rock specimens
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Table 2 Macroscopic parameters of rocks
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E/GPa # G/MPa oJ/MPa c¢/MPa o/(° )

ks 69.0  0.260 167  200.00 50.00 48.00
KA 300 0210 200 101.24 24.60 3523
SZHE 3.54  0.360 1.00 19.47 447 2526
KBS 029 0300 0.34 2.15 0.60  29.00
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Table 3 Macroscopic mechanical parameters of DEM specimens
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E/GPa o/MPa  o/MPa o/(° )
KA 68.070 0254 18.360 198.200 43.000 40.41
KEEE  29.065 0243 15.100 105940 28.200 34.23
SR 37300 0359 0978 22671 7.900 23.22
KIEAE 0295 0440 0325 2040  0.646 30.10
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Fig. 1 Relationship between cubic compressive strength and

bedding angle
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Fig. 3 Grain-size distribution curve of DEM specimen
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Fig. 4 Positions of measuring circles in DEM specimen
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Table 4 Composite rock mass with different strength ratios

BEHE L T PUE SR E JERVN

HeE (k™ LeAE
HE— FRE EEE 22671:1982  0.114
HEZ KBEA  AeNE 2.04 :198.2 0.010
HE= GRS KEE 22671:105.94 0214
HEN  KEAE  KREAE 2.04 1 105.94 0.019
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Fig. 5 Relationship between bond breakage rate and time step

Table 5 Final bond breakage rates and corresponding time steps
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Fig. 7 Bond breakage rates and disturbed area ratios under

different strength ratios
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