33 6 Vol.33 No.6
2014 6 Chinese Journal of Rock Mechanics and Engineering June 2014

12 13 2 1 1
(1. 050043 2.
430071 3. 050021)
ABAQUS
I
(1)
I (2)
I (3)
2
TU 45 A 1000—6915(2014)06—1194—09

DOI:10.13722/j.cnki.jrme.2014.06.013
DYNAMIC EXTENSION OF MODE | MICROCRACKS OF
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Abstract Numerical simulations of initial dynamic extension of microcracks of mode I under shock wave loading
of blasting using ABAQUS embedded with a numerical module of dummy nodes and a load subroutine of air
wedge was carried out to investigate the blasting-enhanced permeability of low-permeability sandstone with
uranium deposits(BEPUD) . The numerical results indicated that the longer duration of rise time of shock waves
the more microcracks were activated in rocks. High peak pressure of shock wave led to high release rate of
dynamic energy at crack tips. The excessive or insufficient peak pressures of shock wave were not conducive for
the initial dynamic extension of microcracks and fully consumption of explosive energy. In virtue of the
comparison of results from the static and the dynamic numerical analysis under explosive gas load more crack
growth in the dynamic analysis was found than in quasi-static analysis. The dynamic analysis explained better the
phenomenon of the movement of crack instability.
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Fig.1 Calculation model of dynamic response at crack tip
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Table 1 Comparisons of key data in Fig.5
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10
DLOAD

SUBROUTINE
DLOAD(F,KSTEP,KINC, TIME,NOEL ,NPT,LAYER KSPT,
[l COORDS,ILTYP,SNAME)

C
INCLUDE 'ABA_PARAM.INC'
C

DIMENSION TIME(2), COORDS (3)
CHARACTER*80 SNAME
parameter (v=1000,ini=12)

a=v*TIME(1)

xmax=a+ini

xmin=0

x=time(1)

if(COORDS(1).gt.xmin.and. COORDS(1).1t.xmax.and.
[ coords(2).gt.19.and.coords(2).1t.21) THEN

if(TIME(1) =0.015) THEN

F=fi(x)
Else
F=f(x)

End if

End if

RETURN

END

10

Fig.10 Subroutine code of air wedge load
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Table 2 Node data of dynamic and static effects

/s /(MPa - m'"?) /s
0.020 0 44.346 0.022
0.007 5 52264 0.018
17.8 %
6 ms
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Table 3 Test results of model permeability after blasting
k ky/D
2* 0.044 0
9* 3" 1.79 0.063 0
5 0.100 0
2* 0.020 0
3* 0.086 0
10* 257
( ) 4 0.0350
[24] 5 0.066 0
2* 0.014 4
3* 0.0139
4 1* 2.57
4* 0.071 0
[18] 5 0.083 2
2* 0.001 5
12* 4 3.29 0.002 8
5" 0.002 0
15
2 3 ( kp =
4.62x10°D) 16
3
5
ABAQUS
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Fig.15 Cracking in blasting
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Fig.16 Photo of explosion bubble spring up
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