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Concentrations
% of total per 1.0 % area
0.00~ 3.00 %

- 300~ 475%
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8.25~10.00%
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1175~ 1350 %
1350~ 1525 %
15.25~17.00 %

== >17.00 %

No Bias Correction
Max. Conc. = 16.7792%
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Parameter Range of values
Strength of |Point-load strength index >10 4-10 2-4 1-2 For this low range, unconfined
1 |intact rock {(MPa) compressive test is preferred
Unconfined compressive > 250 100-250 50-100 25-50 5-25 1-5 <1
|strength (MPa)
Rating 15 12 7 4 2 1 0
2 |Drill core quality RQD (%) 90-100 75-90 50-75 25-50 <25
Rating 20 17 13 g 3
3 |Spacing of discontinuities (m) >2 0.6-2 0.2-0.6 0.06-0.2 <0.06
Rating 20 15 10 8 5
4 |Conditions of discontinuities Very rough Slightly rough Slightly rough Slickensided Soft gouge > 5 mm thick
surfaces, surfaces, surfaces, surfaces or or
Not continuous, separation < 1 separation < 1 Gouge <5Smm | Separation > 5 mm Continuous
No separation, mm, Slightly mm, Highly thick or
Unweathered wall hered walls hered walls | Separation 1-5
rock mm continuous
Rating 30 25 20 10 0
5 |Ground Inflow per 10 m tunnel None <10 10-25 25-125 >125
water length (I/min) or or or or or
Ratio of joint water pressure 0 <0.1 0.1-0.2 0.2-0.5 >0.5
to major principal stress or or or or or
General conditions Completely dry Damp Wet Dripping Flowing
Rating 15 10 7 4 0
lov] oj,e sbcws slp gose o)) haws polie #-Y Jgoo
Strike and dip orientations of discontinuities Very favorable Favorable Fair Unfavorable Very Unfavorable
Tunnels and mines 0 2 -5 -10 -12
Ratings Foundations 0 -2 -7 -15 -25
Slopes 0 -5 -25 -50 -60
Lov] blie cwisge ol >k oyl )b g Siwosgs calisee sla WS V- Jgax
Class No. 1 1 1 v v
RMR 100 - 81 80 -61 60 -41 40-21 <20
Description Very Good Good Fair Poor Very poor
Average stand-up time 20 years for 15 m lyear for 10 m 1 week for S m 10 hours for 2.5 m | 30 minutes for 1 m
span span span span span
Cohesion of rock mass (MPa) > 0.4 0.3-04 02-03 0.1-02 <0.1
Internal friction angle of rock mass (°) >45 35-45 25-35 15-25 <15
Deformation modulus (GPa) ! >56 56- 18 18-56 56-1.8 <18
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dip dd per ope jrc wether
81 243 45 3 3 0.65
81 243 53 0 2 0.6
77 240 100 3 2 1
79 255 7 0 1 0.75
80 240 85 1 2 1.5
73 250 41 0 2 1
74 225 57 1 2 0.75
74 225 50 1 3 0.75
75 225 40 2 3 0.75
82 240 21 0 2 0.75
64 250 90 3 15 15
88 75 120 5 2 4
70 244 71 0 2 0.75
75 247 110 0 1 1
75 247 20 0 1 0.75
88 73 130 3 15 2
80 226 123 0 2 0.75
76 240 84 1 2 0.75
76 241 115 11 3 1
76 240 130 4 2 2
83 249 100 2 15 1
83 249 75 4 2 1
79 238 110 3 15 2
83 249 90 4 15 0.75
83 249 95 6 4 0.6
84 70 115 13 15 0.75
72 241 170 2 2 0.65
74 250 35 0 3 0.6
87 60 130 3 15 1
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dip dd per ope jrc wether
45 25 60 1 3 2
75 240 40 0 3 2
64 250 100 3 4 1
86 275 130 1 15 0.75
79 244 13 0 15 0.75
39 377 120 3 15 4
62 255 90 15 3 8
39 370 65 2 3 4
87 250 90 10 3 4
59 225 70 0 3 1
68 240 110 30 4 8
87 249 160 0 1 0.75
72 249 105 4 3 8
84 238 60 2 2 8
76 210 200 12 2 8
58 244 70 30 3 8
42 30 40 0 2 0.75
70 240 30 0 15 0.75
73 250 23 0 2 0.75
71 212 110 1 1 0.75
67 235 123 2 2 4
36 20 95 0 15 1
79 84 30 3 2 0.75
85 68 30 0 15 1
65 79 150 4 1 0.75
74 103 35 5 2 4
38 375 42 1 2 0.75
55 120 70 0 3 1
51 86 45 0 2 0.75
63 120 50 2 1 0.75
49 94 105 0 15 0.75
88 90 75 0 15 1

0
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dip dd per ope jrc weather
80 105 100 5 4 4
76 85 100 0 1 0.75
68 110 25 1 3 0.7
75 100 155 3 3 1
86 85 67 4 2 1
75 100 100 2 4 1
75 100 30 3 4 4
68 90 54 1 4 0.75
70 90 45 2 1 0.75
70 90 50 2 1 0.75
75 90 35 1 1 0.75
70 90 60 3 15 1
70 90 60 3 15 1
75 120 60 1 15 1
67 110 90 2 2 1
70 115 37 1 15 1
71 100 45 2 4 0.7
73 102 73 1 15 0.75
75 97 70 3 2 1
72 85 83 2 1 0.75
81 105 100 8 2 1
86 95 70 3 15 1
85 95 55 1 15 1
81 120 32 0 15 0.75
76 93 80 1 15 1
80 96 105 0 2 4
85 91 100 13 2 0.75
75 127 75 0 2 0.7
69 127 140 0 15 0.7
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Abstract:

Awareness of uniaxial compressive strength (UCS) and deformability values of
jointed rock masses are inevitable parts of geomechanics-related concerns.
However, Laboratory tests can not be helpful to capture the behavior of large-
scaled rock masses. Deformability of a rock mass with stochastic joint sets is
potentially anisotropic and is mainly governed by joints mechanical and
geometrical characteristics. In situ tests are often conducted to determine the
deformability properties of a rock mass. Numerical and analytical methods also
can be used, alternatively.

The available models for the deformation analysis of rock masses can be divided
into two general categories: continuum models and discontinuum models. In
discontinuum models, the joints are simulated explicitly. However, when the
number of joints in a model increases, the explicit definition of all joints becomes
difficult and, in some cases, impractical. Besides, due to the dependency of
numerical discretization on joint spacing and orientation, the size of a
discontinuum model increases considerably as the number of joints increases
within the model. The constitutive equivalent continuum relations can be used as
a rule of thumb which is an alternative to discontinuum models for the
deformation analysis of jointed rocks.

In this thesis, strength and deformation behavior of jointed rock masses is
evaluated. Field surveys through scanline method are used to collect sandstone
joints spatial features on the rock surface at Tazareh coal mine. A statistical
evaluation is conducted on field data using Dips software. A rock mass
containing two networks of discrete joints is modelled using 3DEC, and its
behavior is analyzed in some cases with different loading directions and block
sizes to obtain Representative Elementary Volume (REV) in Tazareh mine.
Empirical values of UCS and deformability modulus are compared with values
obtained by discrete modelling and proficiency of the empirical solutions is
investigated.

Keywords: Deformability modulus, Strength, Numerical modelling, Distinct
Element Method, Jointed rock mass, Discrete Fracture Network
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