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Analysis of damage evolution characteristics of jointed rock mass
with different joint dip angles
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Abstract; To study the influence of joint dip angle on rock mass damage, the damage evolution model and damage
constitutive model of jointed rock mass were built considering the combined action of joint and load based on
damage mechanics theory. The model test was verified by the single weak surface theory, and the damage evolution
characteristics of the jointed rock mass were investigated. Results showed that the theoretical results of single weak
surface theory were in good agreement with the experimental results. The model test could better characterize the
mechanical characteristics and damage evolution law of the rock mass with single structural plane under load. The
initial jointed damage showed an inverted U-type distribution that it increased first and then decreased with the
increase of the joint dip angle, and it reached the maximum value when the dip angle was 60°. The total damage
curve showed an S-type distribution that it grew slowly first, then rapidly, and finally slowly approached 1. The
joint dip angle only affected the magnitude of the total damage rate instead of its evolution trend. The total damage
rate curve showed a normal distribution that it increased first and then decreased with the increase of the strain. The
total damage rate was affected by the distribution of the joint plane, which decreased first and then increased when
the joint dip angle increased from 0° to 90°.
Keywords: jointed rock mass; initial jointed damage; load damage; damage evolution law; damage constitutive
model
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Fig.1 Standard cylinder specimens of jointed rock mass
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Tab.1 Statistical table of main mechanical parameters'” =’

TS RIE VRERRE DRENE SRR

/(%) /MPa /MPa /% /GPa A
SEHK 0 55.23 0.62 11.88 0.404
0 0 40.82 0.79 4.63 0.432
30 0 38.66 0.69 5.46 0.177
45 0 3.92 0.8 1.78 0.510
60 0 1.93 0.92 1.22 0.540
90 0 34.88 1.00 6.10 0.428
ek 5 95.69 0.87 14.92 0.399
0 5 81.14 1.17 8.37 0.427
30 5 79.85 0.88 9.77 0.172
45 5 83.27 0.99 3.19 0.505
60 5 19.03 0.75 2.36 0.535
90 5 75.05 1.14 11.54 0.423
e 10 149.91 1.13 22.29 0.394
0 10 116.39 1.58 11.88 0.422
30 10 107.07 1.72 9.02 0.167
45 10 97.72 1.16 6.67 0.500
60 10 37.71 1.13 3.27 0.53
90 10 105.75 1.51 9.87 0.418
ek 15 168.62 0.14 21.84 0.389
0 15 129.20 1.66 10. 87 0.417
30 15 124.31 1.80 10.17 0.162
45 15 115.50 1.31 8.71 0.495
60 15 58.09 1.42 3.39 0.525
90 15 138.26 1.63 14.40 0.413
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Tab.2 Values of @, and «, under different confining pressures
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Fig.2 Comparison of single structural plane theoretical strength and measured strength of rock mass
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Tab.3 Model parameters m and g,

WM (0) [l [/ MPa m £o/ %
0 0 9.11 1.007
30 0 38.77 0.758
45 0 0.78 0.576
60 0 0.57 0.340
90 0 1.79 1.384
0 5 5.32 1.602
30 5 13.53 1.067
45 5 1.03 1.020
60 5 13.80 0.907
90 5 1.78 1.576
0 10 2.09 2.249
30 10 2.70 2.485
45 10 4.28 1.629
60 10 49.18 1.223
90 10 2.91 2.180
0 15 2.99 2.394
30 15 2.58 2.599
45 15 82.06 1.382
60 15 5.32 1.944
90 15 1.89 2.283
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Fig.3 Relationship between initial jointed damage and joint dip
angle
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Fig.4 Damage evolution curve of jointed rock mass with load
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Fig.5 Total damage evolution curve of jointed rock mass
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Fig. 6  Relationship between total damage rate and joint dip angle
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