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contact | ID | Glo zohw | 605 onSboe | pito 65 | Blozghw | 605 cnSlo | pite 5
7424 1 1.20E-04 3.28E-06 8.44E-05 6.89E-03 6.21E-09 1.39E-08
7512 1 8.88E-05 7.19E-06 1.77E-05 3.99E-03 1.06E-09 6.81E-12
15712 | 12 | 6.53E-05 9.00E-05 2.50E-05 3.06E-04 9.72E-11 1.22E-06
15624 | 12 | 1.53E-05 1.14E-05 5.75E-07 3.06E-04 3.00E-10 1.00E-06
18282 6 2.74E-05 1.05E-05 3.64E-07 1.42E-16 2.01E-18 4.02E-18
18194 6 7.02E-05 4.48E-06 4.35E-08 1.96E-15 2.91E-19 6.11E-18
2461 3 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
18135 | 15 | 1.79E-05 3.38E-07 2.82E-05 1.99E-15 9.71E-23 0.00E+00
18093 | 15 | 1.81E-05 5.63E-07 2.98E-05 1.98E-15 1.49E-22 1.49E-22
17876 6 4.47E-05 3.91E-05 4.94E-06 1.19E-18 1.19E-14 1.74E-09
17788 3 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
17700 | 12 | 7.62E-05 6.14E-05 1.27E-04 3.77E-06 2.71E-07 6.37E-07
17612 | 12 | 5.65E-05 1.31E-05 7.11E-05 3.17E-06 2.71E-07 6.23E-07
17570 | 14 | 8.45E-05 2.45E-05 1.44E-04 6.02E-07 2.55E-11 4.19E-10
3514 14 | 8.13E-05 3.76E-05 3.84E-05 6.02E-07 2.55E-11 2.09E-09
17381 3 1.43E-04 4.41E-05 6.34E-09 0.00E+00 1.74E-17 0.00E+00
17264 | 14 | 4.27E-07 1.49E-04 5.66E-05 0.00E+00 0.00E+00 0.00E+00
17000 1 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
16941 | 13 | 2.27E-05 3.43E-05 9.13E-06 8.64E-08 5.97E-10 1.02E-09
16899 | 13 | 2.57E-05 7.19E-05 8.11E-05 8.64E-08 5.97E-10 1.67E-08
16688 1 2.52E-05 3.12E-05 6.85E-05 8.10E-17 3.19E-10 2.67E-11
16600 1 5.79E-05 3.77E-06 9.55E-05 8.64E-08 5.97E-10 5.16E-10
16541 | 13 | 1.03E-05 5.28E-05 3.55E-05 4.38E-17 2.14E-09 2.67E-11
16499 | 13 | 4.15E-05 1.19E-06 3.60E-05 6.61E-17 6.56E-10 2.67E-11
16288 7 3.55E-05 2.70E-06 8.29E-06 1.66E-15 7.64E-09 5.61E-08
16200 7 6.63E-05 3.99E-07 1.24E-06 1.05E-15 2.33E-14 6.86E-14
16141 | 13 | 1.24E-06 7.40E-05 6.37E-05 0.00E+00 0.00E+00 5.61E-08
16099 | 13 | 1.86E-05 3.60E-05 5.19E-05 4.71E-18 3.63E-09 5.61E-08
15888 6 7.15E-05 1.09E-05 1.22E-07 6.59E-03 2.77E-07 2.40E-07
15800 6 6.36E-05 3.12E-06 1.96E-07 6.59E-03 2.77E-07 2.19E-07
15565 | 13 | 8.97E-07 1.66E-06 1.10E-05 1.34E-08 2.03E-10 1.05E-08
15523 | 13 | 3.26E-05 2.70E-05 1.56E-05 1.34E-08 2.03E-10 1.08E-08
15335 | 12 | 1.85E-05 6.35E-06 4.25E-05 3.06E-04 3.00E-10 1.00E-06
15293 | 12 | 6.70E-05 9.84E-05 1.80E-05 3.06E-04 9.86E-11 1.68E-06
15082 2 3.31E-05 1.13E-05 8.79E-05 1.37E-17 7.05E-17 2.35E-11
14994 2 1.11E-04 3.08E-08 1.32E-04 3.06E-04 5.89E-11 4.66E-11
14935 | 12 | 1.29E-05 8.00E-07 6.28E-06 2.33E-16 4.05E-11 1.94E-06
14893 | 12 | 3.13E-06 2.39E-06 6.03E-06 2.33E-16 4,05E-11 1.94E-06
14682 4 7.91E-05 3.44E-07 3.43E-05 3.42E-17 3.28E-11 2.25E-11
14594 4 8.58E-05 3.47E-05 4.93E-05 7.41E-17 1.75E-12 1.25E-12
14535 | 12 | 8.39E-06 1.18E-05 1.02E-05 9.25E-17 4.46E-12 1.94E-06
14493 | 12 | 1.39E-05 1.66E-05 1.25E-05 9.22E-17 4.03E-12 1.94E-06
14282 5 4.53E-05 1.74E-05 6.31E-05 2.74E-18 3.58E-12 1.94E-06
14194 5 9.06E-06 1.28E-06 8.98E-06 9.98E-18 3.46E-15 1.11E-15
14047 | 12 | 2.18E-05 2.99E-06 8.84E-06 7.40E-17 4.35E-15 1.40E-15
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3DEC_DP 5.00 3DEC_DP 5.00
©2013 tasca Consuting Group, Inc. ©2013 Rasca Consuking Group, nc.
Step 1 Step 513900
7/20/2015 9:18:10 AM 7/20/2015 9:56:31 AM
Pore pressure Pore pressure
1.2500E+05 1.2500E+05
1.2000E+05 1.2000E+05
1.1000E+05 1.1000E+05
1.0000E+05 1.0000E+05
9.0000E+04 9.0000E+04
8.0000E+04 8.0000E+04
7.0000E+04
6.0000E+04
5.0000E+04
4.0000E+04
3.0000E+04
2.0000E+04
1.0000E+04
0.0000E+00
-1.0000E+04
-2.0000E+04 2.
-3.0000E+04 -3.0000E+04
-4.0000E+04 -4.0000E+04
-4 3873E+04 -4.3873E+04
Scalebox Scalebox
Exponent multiplier = 0 Exponent multiplier = 0
Scale =1 Scale =1
=-11t01.1 =-11to1.1

05,0 g sy izl gy (SaBil sl aman Joe p ol 4 VL5l Jlw JLaS Jleel :¥0-0 JSs

((SlSe)

3DEC _DP35.00 3DEC _DP5.00

©2013 tasca Consuting Group, hnc. ©2013 tasca Consuting Group, nc-

Step 2300 Step 1000300

712012015 12:11:50 AM s 71201201 3:11:12.

Pore pressure = Pore pressure
1.2500E+05 . 1.2500E+05
1.2000E+05 1 1.2000E+05
1.1000E+05 -1 1.1000E+05
1.0000E+05 1 1.0000E+05
9.0000E+04 g 9.0000E+04
8.0000E+04 g 8.0000E+04
7.0000E+04 » 7.0000E+04
6.0000E+04 4 6.0000E+04
5.0000E+04 1 5.0000E+04
4.0000E+04 4.0000E+04
3.0000E+04 3.0000E+04
2 0000E+04 2.0000E+04
1.0000E+04 1.0000E+04
0.0000E+00 0.0000E+00
-1.0000E+04 -1.0000E+04
-2.0000E+04 -2.0000E+04
-3.0000E+04 -3.0000E+04
-4.0000E+04 -4.0000E+04
-4.3289E+04 -4.3289E+04

Scalebox Scalebox

Exponent multiplier = 0 Exponent multiplier = 0
Scale =1 Scale = 1
X=-11to 11 =-11t0 1.1
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Abstract

A rock mass consists of intact rock and various forms of discontinuity.
Fluid flow through rock mass, transfers in the fractures and porous
medium. In hard rock, the discrete approach is favoured in which the flow
Is assumed to be mainly through an interconnected fracture network.
Fracture geometry includes Opening, roughness, orientation and..., is the
determinative factor inthe fluid flow rate through the fractures. In this

research work, the effect ofjoint surface roughness has been evaluated.

In different studies, joint surface roughness considered to be as the
coefficient cubic law, changing the opening exponent of the cubic law or
change the value of opening of the joint. In this dissertation for study the
effect of joint roughness surface (JRC) Barton-Bandis joint model has
been used which is computed to the effect of roughness as the reduce of
opening of fracture. In this regard, in first step, the effect of roughness on
flow rate through single joint has been studied and results have been
compared with the parallel plate model and it also is assessed with the

results of experimental studies.

In the following,, numerical analysis has been investigated for evaluation
the effect of surface roughness on the flow rate through the joints in both
two-dimensional and three-dimensional cases. Also, two-dimensional and
three-dimensional actual models of rock masses, situated in the Sanandaj-
Hamadan road, have been created using the concept of discrete fracture
network (DFN), in the 3DEC software.



The flow rate through two-dimensional DFN models have been calculated
for three cases including smooth joints, an average roughness joints and an
variable roughness joints uding UDEC software and then they are
compared together in thequality and quantity point of view. Fortheremore
flow rates in both mechanical and hydraulic opening modeling cases have

been modeled for three-dimensional model, by using of 3DEC software.

The results show that the effect of surface roughness is significant on the
fluid flow rate through the joints and the joint surface roughness, caused
the changes in velocity and flow rate. Since in cubic law the exponent of
opening is 3, so it is considered as the most important parameter and if the
effective opening (hydraulic openings) dosn’t calculate and it doesn’t taked
into account, the cubic law will be deviated and rough surfaces caused
more reduces in the flow rate fluid than the smooth surfaces of the rock

mass.

Key word: Fluid flow through jointed rock mass, Barton-Bandis joint
model, Roughness, Discrete Fracture Network (DFN), UDEC software,
3DEC software
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