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Effect of joints on blasting and stress wave propagation
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Abstract: A one dimensional model for jointed rock is established and dimension analysis is carried out to
investigate the effect of joints on stress wave propagation. For a single joint, the stress wave exhibited obvious
time delay and amplitude attenuation, but there was no significant change in the main frequency. For multiple
joints, the amplitudes of transmitted stress waves were reduced as the spacing and number of joints increased. The
equivalent wave velocity in the jointed rock masses was reduced linearly as the number of joints increased. The
influence of several joint parameters, such as the strength, stiffness, spacing and dip angle, on the blasting effect

was discussed by using the Continuous-Discontinuous Element Method, which was then comprehensively
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evaluated in terms of several indexes such as the average fragmentation sizes, limit fragmentation sizes,
percentage of massive blocks, system fragmentation degree and equivalent damage factor. The calculated results
show that the blasting effect become worse gradually as the decreasing of strength(stiffness) of joint. When the
strength(stiffness) of the joint is smaller than one thousandth of that of rock, the strength(stiffness) of joint has little
influence on the blasting effect. When the strength(stiffness) of the joint is one thousandth of that of rock, the blasting
effect is worse as the joints come closer; however, the dip angle of the joints has little influence on the blasting effect.
Due to the fact that the blasting energy is trapped between the blast hole and adjacent joints during blasting in the
jointed rock mass, the area near the blast hole is always over fragmented, whereas the area far away from the blast
hole is under fragmented. A negative correlation is thus found between the development degree of the joints within
the blasting area and the blasting effect.

Key words: rock mechanics; jointed rock masses; stress wave; bench blasting; fragmentation sizes; percentage

of massive blocks; damage factor
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Fig.1 Analysis model of stress wave propagation in jointed
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rock masses
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Table 1 Base rock parameters and joint parameters
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Fig.3 The relationships of amplitude of transmitted stress with

joint spacing and number of joints
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Table 2 Delay and amplitude changes
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spacings and joint inclinations
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Table 5 The evaluation indexes of blasting fragmentation of

different joint strengths
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Fig.10 The blasting fragmentation effect of rocks with

different joints stiffnesses
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Table 6 The evaluation indices of blasting fragmentation of

different joint stiffnesses
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Table 7 The evaluation indexes of blasting fragmentation of

different joint stiffnesses and strengths
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Fig.15 Grading curves of fragmentation degree of rocks with

different joint spacings
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Table 8 The evaluation indices of blasting fragmentation with

different joints spacings

WELE CPIIWERE BBRARE Jebus /9, RGP
#i/m Jodm  R5/m HE BilH ¥
0.5 1.600 15.000 54.5 0.433 0.290
1.0 0.284 4.670 315 0.501 0.220
2.0 0.158 1.610 16.0 0.620 0.193
3.0 0.131 1.050 10.0 0.680 0.198
4.0 0.134 0.889 9.5 0.677 0.190
5.0 0.116 0.517 5.8 0.732 0.198
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Fig.16 The blasting fragmentation effect of rocks with

different joint inclinations
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Fig.17 The fragmentation degree distribution curves of rocks

with different joint inclinations
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Table 9 The evaluation indices of blasting fragmentation with

different joint inclinations

THG TR AR

E I S k]

MIC) Rt Rebim OO e g
15 0.145 1.130 10.8 0.648 0.176
30 0.137 1.040 10.7 0.666 0.190
45 0.131 1.050 10.0 0.680 0.198
60 0.137 1.060 10.4 0.662 0.185
75 0.138 1.110 11.7 0.666 0.187
90 0.138 0.982 9.5 0.666 0.184
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