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Rock mass Engineering Parameters

Zone | Rock Fault
D Type Alt. Zone C (MPa) (degree) E (GPa) UCS (MPa) SIGT (MPa)
Min Max Min Max Min Max Min Max Min Max Min Max
1 I
DKla | PHY I 0077 | 0249 | 46.69 | 61.90 0.06 027 144 412 1214 | 14672 | 054 193
.
I
DKlb | FRFP I 0.103 | 0.264 | 4932 | 62.62 0.035 0.28 1.86 412 20.25 165.54 | 1.97 13.83
Kl m
Skarn - I 0.091 46.44 0.12 1.87 20.54 - -
I
9 FHY I 0065 | 0.177 | 40.00 | 36.44 0.07 0.3 1.10 356 7.06 74.67 1.3 13.46
Sp
10 I
11 POT I 0075 | 0227 | 4573 | 5895 0.03 028 1.49 412 13.09 117.85 | 1.33 17.8
12 PC _
R R i S :l‘,&@l Lo sl 3oy jllﬁrl ke
13 TB
Color Density Concentrations
o0 - 180
180 380
38 5%
54 7.20
7.0 500
500 1080
1080 1260
1260 1440
1440 1620
16.20 1800
Maximum Density | 17.03%
Contour Data | Pole Vectors
Contour Distribation | Fsher
Counting Circle Size | 1.0%
Plot Mode | Pole Vectors
Vector Count | 38 (38 Entries)
Hemisphere | Lower
Projection | Equal Anghe
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Owersize 0.00 3% 000 100.00 % 0.00%
I range 100.00 % 100,00 % 0.00% 3865 %
Undersize B.73% 873% 0.00% 3289 %
80% Size 0.33m 033 m 0.00m 0.27 m
50 % Size 0.23m 023 m 0.00 015 m
20% Size 014m 014m 0.00m 0.07 m

%

-
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L

4~

 Histogram

& Cumulatve Curve

I|7 Simple E stimate

[~ Fines-Comected Simple Estimate

[~ BestEstimate

[~ Kuz-Ram Prediction
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Project info

Title:
Author

Samples
File

Directory

Summary

Notes

Cancal

Sizing Analysis

Oversize
In 1ange
Uridersize:
20% Size
0% Size
20% Size:

Simple Estimate
000%

8h95%
540 %
045 m
0.34m
0.20m

Fines Comected
0.00%

85.95%
5.40%
0.45m
0.34m
0.20m

Best Estimate
100.00°%

0.00%
0.00%
0.00m
0.00m
0.00m

Frag. Prediction
0.00%

9865 %
3289%
0.27m
015m
0.07 m

2

90-

a0-

70-

60~

50~

 Histogram

& Curnufatve Curve

b EIUIEIEIUT

i Size [m]

I|7 Simple E stimate:

[~ Fines-Comected Simple Estimate

[~ BestEstimate

[~ Kuz-Ram Prediction
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7234%
0.010718m
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Project info

Title
Auithor

Samples
File

Directary

Summary

Niokes

Cancel |

Sizing Analysis

Oversize
In range
Undersize
B0%; Size
50 % Size
20% Size:

Simple Estimate
0.00%

100.00 %
1654 %
024m
018m
011m

Fines Conected
000%

100,00 %
1654 %
024m
018m
01lm

Best Estimate
100.00%

0.00%
0.00%
0.00m
0.00m
0.00m

Frag. Prediction
0.00 %

9865 %
3283%
0.2 m
015 m
0.07 m

" Histogram

% Cumuatve Curve

I|7 Simple Estimate

[ Fines-Conected Simple Estimate

[~ BestEstimate

[~ Kuz-Ram Prediction

G UUIEIEIEH
Size (m]

Cursor Position

Llose
16.72% —I
932394m  Dptions.
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BB

Color Density Concentrations
000 - 130
130 - 260
260 - 3180
350 - 520
520 - 650
650 - 780
780 - 10
10 - 1040
W40 - 1170
WA - 1300
Maximum Density | 12.32%
Contour Data | Pole Vectors
Contour Distribution | Fisher
Counting Circle Size | 1.0%
Plot Mode | Pole Vactars
Vector Count | 124 (124 Entries)
Hemisphere | Lower
Projection | Equal Angle
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input=cell(1);
b=dir;
for i=3:size(b,1)

input{i-2}=xlsread(b(i).name);

end
row_col=numel(input{1})-numel(find(isnan(input{1})));
number_col=size(input,2);
A=5*ones(row_col,number_col);
N_0O=zeros(row_col,1);
N_1=zeros(row_col,1);
N_2=zeros(row_col,1);
N_3=zeros(row_col,1);
N_4=zeros(row_col,1);

_0=zeros(row_col,1);
_1=zeros(row_col,1);
_2=zeros(row_col,1);
3=zeros(row_col,1);
4=

P
P
P
P
P_4=zeros(row_col,1);

for i=1:number_col
B=input{i};
B=B(:);
B(isnan(B))=[l;
for j=1:row_col
A(.,1)=B();

end

end

for j=1:row_col
N_O0(@j)=numel(find(A(j,:)==0));
N_1()=numel(find(A(j,:)==1));
N_2(j)=numel(find(A(j,:)==2));
N_3(j)=numel(find(A(j,:)==3));
N_4(j)=numel(find(A(j,:)==4));
P_0(j)=N_0(j)/number_col;
P_1(j)=N_1(j)/number_col;
P_2(j)=N_2(j)/number_col;
P_3(j)=N_3(j)/number_col;
P_4(j)=N_4(j)/number_col;
end



output_ N=[N_O,N_1,N_2,N_3,N_4];
output P=[P_O,P_1,P_2,P 3P 4];
save output output_N output_P

clear

38 Sl o ile 5091wy sl MATLAB J3dle 5 50 o aiigs oS

[System]
Name="152'
Type="mamdani’
Version=2.0
NumInputs=5
NumOutputs=1
NumRules=32
AndMethod="min’
OrMethod="max’
ImpMethod="min’
AggMethod="max’
DefuzzMethod="centroid'

[Inputl]

Name='P_0'

Range=[0 1]

NumMFs=2

MF1="Low" 'trapmf',[-0.9 -0.1 0.18 0.5]
MF2="High":'trapmf',[0.3 0.75 1.1 1.9]

[Input2]

Name='P_1'

Range=[0 1]

NumMFs=2

MF1="Low" 'trapmf',[-0.9 -0.1 0.18 0.5]
MF2="High":'trapmf',[0.3 0.75 1.1 1.9]

[Input3]

Name='P_2'

Range=[0 1]

NumMFs=2

MF1="Low"'trapmf',[-0.9 -0.1 0.18 0.5]
MF2="High"'trapmf',[0.3 0.75 1.1 1.9]

[Input4]



Name='P_3'

Range=[0 1]

NumMFs=2

MF1="Low"'trapmf',[-0.9 -0.1 0.18 0.5]
MF2="High":'trapmf',[0.3 0.75 1.1 1.9]

[Input5]

Name='P_4'

Range=[0 1]

NumMFs=2

MF1="Low" 'trapmf',[-0.9 -0.1 0.18 0.5]
MF2="High":'trapmf',[0.3 0.75 1.1 1.9]

[Outputl]

Name='outputl’

Range=[0 4]

NumMFs=9
MF1="mf1"'gaussmf',[0.2124 0]
MF2="mf2":'gaussmf",[0.2124 0.5]
MF3="mf3":'gaussmf',[0.2124 1]
MF4="mf4"'gaussmf',[0.2124 1.5]
MF5="mf5"'"gaussmf",[0.2124 2]
MF6="mf6":'gaussmf",[0.2124 2.5]
MF7="mf7":'gaussmf',[0.2124 3]
MF8="mf8".'gaussmf',[0.2124 3.5]
MF9="mf9":'gaussmf',[0.2124 4]

[Rules]

11111,5(0):
11112,9(1):
11121, 7(1):
11122,8(1):
11211,5(1):
11212,6(1):
11221,6(1):
11222,7(1):
12111,3(1):
12112,5():
12121,4(1):
12122,6(1):
12211,4(1):
12212,6(1):
12221,5(1):
12222,6(1):
21111,1(1):
21112,5():
21121,4(1):
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21122,6(1):
21211,2(1):
21212,5(1):
21221,4(1):
21222,6(1):
22111,2(1):
22112 4(1):
22121,3(1):
22122,6(1):
22211,4(1):
22212,6(1):
22221,4(1):
22222,5(1):
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Abstract

The most important purpose of blasting operations is useful fragmentation,
because it involves a large part of production costs. So far, many empirical models
have been presented in the field of prediction of fragmentation from the explosion.
The models are presented in such a way that all relevant parameters cannot be
considered together and simultaneously. Considering these constraints and
conditions, new ways such as the Rock engineering system compensates the
defects of the prediction of fragmentation from the explosion. In this thesis,
Sungun Copper Mine was selected as a case study and eleven items of its
explosions were used to construct the proposed model. These parameters include
the Burden, Powder factor, the ratio of the spacing to the Burden (S/B), the ratio
of the Stemming to the Burden (St/B), Stiffness ratio (H/B), the number of rows,
the Time delay, the Blasthole deviation, the Hole diameter, , the ratio of the
subdrilling to the Burden (J/B), number of joints, Joint aperture, Joint spacing,
Joint persistence, Joint filling, Joint orientation, Uniaxial comperessive strenght of
rock. Using these parameters, the fuzzy interaction matrix was formed and the rock
fragmentation index was presented. The Goldsize image analysis method was used
to determine the fragmentation quality. To validate obtained results between
prediction and measured (real), determination coefficient (R?) and root mean
square error (RMSE) index are chosen. R? and RMSE are equal to 0.92 and 1.72.
Also, according to the results obtained from the fuzzy interaction matrix, the
parameters of Uniaxial comperessive strenght of rock and Joint orientation as the
most important parameters on the system were obtained and The parameters of
Burden, Powder factor, and the ratio of the spacing to the Burden are determined

as parameters that have the greatest interaction in the system.

Keywords: prediction of fragmentation, fuzzy rock engineering system, Sungun
copper mine, interaction matrix, Goldsize
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