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Particle flow code analysis of geometrical and mechanical
representative elementary volumes size of fractured rock mass
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Abstract; The accurate determination of representative elementary volume (REV) is of the utmost importance to the
analysis of structural and mechanical properties of engineering scale fractured rock mass. According to the geological
parameters of fracture distribution in the Brockville railway tunnel in Canada, large-size fracture network models
were constructed by Monte-Carlo method. The area of fractures per unit volume (P3,) and the number of fractures
per unit volume (P;; ) of fracture network models of different sizes were calculated, and the size of the geometrical
REV of fractured rock mass was determined. Then, the particle discrete element method was used to construct the
synthetic rock mass models of different sizes. The variation law of uniaxial compressive strength and elastic modulus
with rock mass size was obtained by using the numerical test method. And the size of the mechanical REV of frac-
tured rock mass was determined. Finally, the relationship between the geometrical and mechanical REV sizes was
discussed and the internal relationship between the structural characteristics and mechanical characteristics of frac-
tured rock mass was revealed.
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Tab. 1 Fracture orientation parameters Tab. 2 Fracture diameter and density parameters
RS i sy /() iy /() K (Fisher) MBS HEWE/m ST P32 /(m?*/m*)
1 88 285 86.50 1 0.5~10 3 1.26
2 12 77 43.55 2 0.5~10 2 1.30

3 77 207 48.58 3 0.3~10 4 0.80
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Fig. 1 Three dimensional fracture network 1
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Fig. 2 Fracture network models of different sizes
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Tab. 3 Change rate and variation coefficient of geometrical parameters

PSZ P.’%I
BB R /m
LA % 5 5 R/ % AR/ % 5 RH %
0.05 — 81.67 — 81.65
0.10 18.58 63.49 300.00 62.36
0.20 68.48 58.94 380.00 44.72
0.50 39.87 30.61 373.48 20.55
1.00 20.61 9.25 89.93 22.45
1.50 7.24 12.96 28.18 8.79
2.00 2.93 12.27 18.20 4.03
3.00 3.15 4.05 17.78 2.86
4.00 0.60 7.48 9.92 2.47
5.00 0.93 6.36 7.28 2.25
6.00 2.26 4.19 2.98 1.54
7.00 0.65 4.34 2.70 1.06
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Tab. 4 Mesoscopic parameters of bonded particle models

o BUNBRCER BRCES I Ak I G TV IO FE
R /m R pin/m (R s/ R i) E./GPa ko /k, s./MPa ./MPa M
0.05 0.001 6 1.5 115 2.59 264.0 220.0 0.4
0.10 0.003 0 1.5 111 2.59 252.0 210.0 0.4
0.20 0.005 6 1.5 110 2.59 244.8 204.0 0.4
0.50 0.013 0 1.5 108 2.59 237.6 198.0 0.4
1.00 0.025 0 1.5 108 2.59 247.2 206.0 0.4
1.50 0.030 0 1.5 103 2.59 231.6 193.0 0.4
2.00 0.035 0 1.5 98 2.59 219.6 183.0 0.4
3.00 0.040 0 1.5 95 2.59 202.8 169.0 0.4
4.00 0.050 0 1.5 95 2.59 201.6 168.0 0.4
5.00 0.060 0 1.5 95 2.59 199.2 166.0 0.4
6.00 0.070 0 1.5 94 2.59 196.8 164.0 0.4
7.00 0.080 0 1.5 94 2.59 195.6 163.0 0.4
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Tab. 6 Microscopic parameters of fractures
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Fig. 5 Fracture strength envelope
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Fig. 6 Synthetic rock mass models of different sizes
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Tab. 7 Change rate and variation coefficient of mechanical parameters

LI EWE Y S PR
BRI R F /m
LY e A8 Sk R AR Y A SR
0.05 — 44.74 — 88.33
0.10 8.32 20.05 10.42 44.18
0.20 2.00 16.68 36.02 8.09
0.50 8.75 16.35 7.15 2.19
1.00 10.02 5.42 12.62 1.51
1.50 3.40 5.31 3.60 2.14
2.00 8.12 2.85 4.67 2.94
3.00 18.36 5.12 10.39 1.49
4.00 9.58 4.06 0.97 1.33
5.00 11.75 7.65 2.70 3.40
6.00 2.62 8.33 1.86 3.24
7.00 2.72 6.03 1.28 0.86
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