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Failure law of surrounding rock under underground explosion
based on a new damage-virtual tensile crack model
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Abstract: As a hidden storage space for explosive hazards, the underground cavern has a potential risk of an internal
explosion. To study the mechanism of the dynamic response of the surrounding rock under an internal explosion load, a new
coupled damage and virtual crack model based on the HIC (Holmquist-Johnson-Cook) constitutive model of rock and the
tensile failure cohesion element of the joint is proposed. And the quasi-static uniaxial compression, Brazilian splitting
experiments, and dynamic SHPB experiments were calibrated. Therefore, this model is available for the simulation of middle-
high strain rate problems, such as an underground explosion. Based on the new method, a series of underground explosions in
spherical caverns is simulated by the multi-material ALE algorithm. The damage range and zoning failure law of the
surrounding rock are analyzed. The research shows that the insertion of cohesive elements compensates for the deficiency of
the HJC materials which cannot simulate tensile failure at low hydrostatic pressure. And the size effect of the model proposed
in the paper is easy to deal with. The new method in this paper considers both the propagation of tensile crack by cohesive
elements and the plastic damage by the HIC model, which can reflect the failure process of rock more accurately and
completely. According to the numerical simulation results, the failure law of red sandstone during filling (coupling charge)

explosion shows zonal characteristics with crashed zone and fracture zone from inside to outside. The proportional radius of
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the crashed zone is about 0.26 m/kg'”, and that of the fracture zone is 0.47 m/kg'”. The existence of the air chamber changes
the loading form and reduces the load intensity acting on the cavern. Therefore, with the increase of the chamber size, the
interval effect of air can reduce the damage of the surrounding rock during the explosion. Taking the red sandstone as an
example, when the proportional radius reaches 0.52 m/kg'”, there was no damage and no fracture generated by the explosion
load. The conclusions above can be used as guidance for the anti-explosion design and protection of underground works.

Keywords: explosion-proof cavern; cohesive element; HIC (Holmquist-Johnson-Cook) model; cavity decoupling
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Table 1 Basic mechanical parameters of red sandstone
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f/MPa E/GPa T/MPa o/(kgm™) v c/MPa #/(°)

75.86 11.05 5.4 2956 0.27 2.6 35
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Table 2 Parameters of the HJC model of red sandstone
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Fig. 1 Numerical simulation results of uniaxial compression
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Fig. 3 Numerical simulation results of the SHPB impact test
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Fig. 6 Numerical simulation of the Brazilian splitting and uniaxial compression based on the proposed method

055201-5



5 42 & TR, 45 ST KE AU SR REUS R B T B b Bl B ML 5 LERE

1.3 R FG AT E M

MRS EI A, BARAFDL T HIC ARG K R 7 B B AS A2, (L 480 3 20 i 4 AAS AT b 47
2 S BORE A H B O AR ST RO P, ELASR AT B0, BB AL ()T B R S N, X
TR A TR RUEE AR5, M D S B2 K 0 B I S 43, 388 R A RS T, s AR 78 S 0 5 3
WH BT LT TR

HIC BRI 3 B SRR & 5 850 RS T0 56, FERRI ORI, 8 B AT BEE b E, (HNER S5
JCISES A% RSH S TR O, X F ok PLmean, h TRk m e, ol Lhgl A —A He il R 7ok % il R
SERUNE, B BR 5 RE VR AR AN A B 50 T, 8 AR e R AL Ol 4 i RSO0 o M A% RSHY K on £ )5,
XoF IO B3 1) W B2 S 500 ke, DRASFANE TR 1 2 RS SR 6,0 A 6, WUITRIZEAT R m Ay, oA AR BRIV AT RS AR FE A
FEIR R ASANAR o A BIE I — 5 ik B TS, R DR FE AR X — B a2 T, 20 557 50 mmx100 mm,
50 cmx100 cm, 50 dmx100 dm L& 50 mx100 m 25 4 /> X At Bl 1 4 455 280 1 2 dgh r AR 28, 6 107 B9 L
B 435k 1,10, 100 Fi1 1000, K 5 0 2k 8 R AR % B o 2.5 mmy/s, 2.5 em/s, 2.5 dm/s Fil 2.5 m/s,
AR TIE I 28 17 2 26— 25, BB AR A0S 2] A4 17 - A8 2 an el 7 Fiis o

120 h=100 ’ —h=100
——h=100 m =100 m
——h=100 dm HHHH__ ——h=100 dm -
90 f ——h=100 cm ——h=100 cm
- —— h=100 mm < 6 ——h=100 mm
o a
2 2
z 60 h 2 h
g g
n 7 3L
30
0 3 6 9 12 15 0 0.3 0.6 0.9 1.2 1.5
Strain/10° Strain/10*
(a) Uniaxial compression test (b) Uniaxial tension test

P 7 A [R) RUE ey S0yl s 47 01 L b o - o 22 2

Fig. 7 Stress-strain curves of uniaxial compression and uniaxial tension at different scales
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