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NUMERICAL SIMULATION OF STEADY/UNSTEADY FLOW
IN FRACTURED ROCK MASSES

ZHANG Li, LIU Xiaoyu, LI Shihai
(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: A numerical model of steady/unsteady flow in fractured rock mass is developed. On the one hand, by
using Monte Carlo technique, an intact rock is cut into 3D irregular block elements in term of the statistical
distribution of density, orientation, position, size and aperture of fractures. A 3D fracture network is then
constructed, which is composed of fracture elements between adjacent rock elements. The hydraulic properties are
attached to the fracture elements. On the other hand, the fracture elements are discretized into triangular mesh, and
the flow finite element equations are derived based on the variational principle. The dynamic relaxation technique
in discrete element method is introduced to solve the permeability field without assembling the global matrix.
Finally, the reliability and applicability of the program are validated by typical examples.
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Table 1 Hydraulic parameters of calculation model

FitkRE EInEE 45 b HEp N
YPa-s) gm-s?) /m (kg + m ) IAERAS
1.0x10° 9.8 1.0X1073 1.0X10°  6.9X10°

Y 0 0

7 RIS
Fig.7 Fracture network chart
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Table 2 Numerical solution of calculation results

g IR Z1/(10° m) 20 d /(10> m) 40 d /(10> m)
T BdEME ScERMR OB oM BdEmt ok

11 1.495 1.486 1.400 1.390 1.300 1.292
12 1.495 1.442 1.400 1.353 1.300 1.265
13 1.495 1.488 1.400 1.390 1.300 1.293
14 1.495 1.442 1.400 1.354 1.300 1.265
15 1.495 1.466 1.400 1.373 1.300 1.280
16 1.495 1.465 1.400 1.372 1.300 1.280
17 1.495 1.465 1.400 1.372 1.300 1.280
18 1.495 1.465 1.400 1.372 1.300 1.280
19 1.495 1.465 1.400 1.372 1.300 1.280

4 60 d /(10> m) 80 d /(10> m)

5 Bl SCHRE Bl SCilikA
11 1.200 1.195 1.100 1.097
12 1.200 1.177 1.100 1.088
13 1.200 1.195 1.100 1.098
14 1.200 1.177 1.100 1.088
15 1.200 1.186 1.100 1.093
16 1.200 1.186 1.100 1.093
17 1.200 1.186 1.100 1.093
18 1.200 1.186 1.100 1.093
19 1.200 1.186 1.100 1.093
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K8 80 d KK EI(FLAz: m)
Fig.8 Distribution of water head at 80 d(unit: m)
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Table 3 Probability parameters of fracture distribution functions
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"y 4K T3 Ko
W) i e ik
1 10 136.2 18.6 0.005 0.001 3.42
2 10 56.6 11.5 0.005 0.001 3.44
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Fig.9 Fracture network with two sets of fractures
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