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V- Akhyani M., Sereshki F., Mikaeil., R., Taji., M, "Study on Multifactorial Fuzzy

Classification of Hard Rock Sawability ”. Journal of Intelligent and Fuzzy Systems.

Under review.

2- Akhyani M., Sereshki F., Mikaeil., R., Taji., M, "An Investigation of the Effect of

Ampere Consumption, Toughness and Brittleness Indexes on Wear Rate of Circular

Diamond Saw". Natural Resources & Engineering. Under review.
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Y- Introduction

Circular diamond saw (cds) is one of the major sawing machines in dimension stone processing
plants. Predicting the performance of circular diamond saw is very important to estimate the
cost and the planning of the stone processing plants. Performance of cds depends on some
important factors such as machine and tool characteristics, physical and mechanical
characteristics of rock and tool wear rate. It is necessary not only to consider individual factors,
but also how these all interact together. As a means of linking the rock mechanics principles to
the rock engineering applications, it is appropriate to consider how such interactions can be
characterized. For rock mechanics modelling and rock engineering design for a specific project,
we need to be able to identify the relevant physical variables and the linking mechanisms, and
then consider their combined operation.

Y- Rock Engineering Systems Approach
Facing problems with high complexity, such that, the routine methods are incapable of solving
them easily, necessitates an appeal to take advantages of rock engineering system approach
(Jiao, 1995).

A systematic method for thinking about all the interactions is to list them in a matrix. This is the
basic device used by the rock engineering systems (RES) approach. The principal factors
considered relevant to the problem are listed along the leading diagonal of a square matrix (top
left to bottom right) and the interactions between pairs of principal factors form the off-
diagonal terms. Then off-diagonal terms are assigned values which describe the degree of
influence of one parameter on the other parameter. The assignment of these values is called
Coding the interaction matrix and the results are determined by carrying out calculations on the
columns and rows of the matrix.

The figure 1-1 shows that, the parameters A and B are located in the top left and low right
respectively. The top right location indicates the dominance of A on B, whereas the low left is
vice versa (Hudson 1992).

A 4 x 4 interaction matrix is shown in Figure 1-2. Here the leading diagonal terms are Rock
Structure, Rock Stress, Water Flow and Construction. In each of the off-diagonal terms, one
example of the potential interactions is shown. The information in these off-diagonal boxes is
illustrative rather than comprehensive at this stage. With N leading diagonal terms the matrix
will have N(N-1) off-diagonal mechanisms (Hudson and Harrison, 1997).
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Box i

Influence of B |

Box ji

Box ij

_| Influence of A
i on B

~

onA

Box jj

Subject B

Figure 1- 1: The principle of the interaction matrix (Hudson, 1992)

Rock Mechanics - Rock Engineering
4x4 Interaction matrix
Rock Fractures The fraclure Fractures can
affect the network influenca the
..§!!‘.‘93!-'."!‘—‘.- values and governs the size and
F:: orientations of secondary oriantation of
|] the slresses permeabilily excavations
Strgsses can Rock In general, the High rock
open or close higher the siresses can
fractures, and '____S_t_rg_ﬁ___‘ normal stress, cause
also create 0O.. the lower lhe construction
them 1 permeability failures
Continual Normal Water Grouting and
water flow in slresses Fi drainage may
tractures reduced by |f---2-OW____1 ba required
aftects their waler Ki: during
properties pressure 1] construction
Blasting can In the vicinity | An excavation Const-
damage old of axcavations will always
fractures and the principal baecoma a sink .-_!99_‘!99_---
creata new siresses are for the water c..
fractures alered flow 1]
The top left 3x3 matrix represents rock mechanics,
When the extra leading diagonal term Cij is added,
the resulting 4x4 matrix represents rock engineering.

Figure 1- 2: 4x4 inferaction matrix for mechanical parameters (Hudson and Harrison, 1997)
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Y- Coding the Interaction Matrix
The coding process is for the propose of quantitation of interaction of parameters on each other
and making up the related matrix. There are five main methods of characterizing the
significance of the off-diagonal boxes in the interaction matrix,

| paste just the coding method that we use in this research

a) Expert semi-quantitative (ESQ):
The ESQ coding is helpful when the mechanisms cannot be quantified butan estimate of
their significance can be made. The ESQ coding method has been used to establish
parameter interactive intensity and dominance from the binary interaction matrix. There are
five level of coding as shown in table 1-1. In this method, coding is done by a technician or an
expert or a group of technicians.

Table 1- 1: Concept of codes in ESQ

Code value Concept
0 no interaction
1 weak interaction
2 medium interaction
3 strong interaction
4 “critical” interaction

b) Matrixes intended:
Matrices made of important parameters intended are shown in Fig. 1-3.

Please according to the above description, in the matrixes intended applied opinion and submit
it for me.

Best regardes.

UCS BTS N p W Sf-a Ym EQC TC Gs IRB LA

MH

ucCs UCS

BTS BTS

Sf-a Sf-a

Ym Ym

EQC EQC

Tc TC

Gs Gs

IRB IRB

LA LA

MH

MH

Figure 1-3:Matrix important parameters according dipendent parameter Wr
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¢) Introduction parameters:
The parameters indended this research in table 1-2. Introduction.

Table 1-2: Introduction important parameters

Parameters Introduction Parameters
UCs Uniaxial Compressive Strength
BTS Indirect Tensile Strength (Brazilian Test)
N Porosity
p Density
w Water Content
Sf-a Abrasiveness Index Schimazek
Ym Modules of Elasticity
EQC Quartz Content
TC Texture Coefficient
Gs Grain Size
MH Mohs Hardness
LA Abrasive Los Angeles
IRB Schmidt hammer Hardness
Wr Wear rate of Circular Diamond Saw in the Process of Cutting Stone
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Abstract

Despite the fact that Iran is rich in construction rock resources, exports are minimum in
this area as a result of the low quality and the high cost of the produced rocks. This
problem can be solved to a great extent by employing advanced tools, research, and
accurate experiments regarding the cutting process.

In this regard, the evaluation of the abrasion of diamond disks in the rock-cutting
process and specifying the cost-reducing and life-extending factors for the cutting tools
Is of utmost importance when designing a rock processing plant. Therefore, estimating
the abrasion of diamond disks and specifying the parameters that are effective in the
process of cutting hard rocks is necessary. The abrasion of diamond disks depends on
the physical and mechanical properties of the rocks and the operational specifications of
the cutting device. In the first part of the study, a new system of classification was
proposed based on the physical and mechanical properties of the rock, including four
characteristics (Schmidt hardness, uniaxial compressive strength, the Los Angeles
abrasion index, and the elasticity modulus). These characteristics were weighted using
classical rock engineering systems and by the Expert Semi-Quantitative (ESQ) method.
Considering that the experts' opinions are considered absolute and fixed and that the
distribution of the opinions is not taken into account in the classical method, the
proposed method models the experts' opinions as a correct scheme using fuzzy logic and
the corresponding weight allocation. After selecting the fuzzy Gaussian membership
function as the most fitting function, the optimum fuzzy membership function was
investigated in order to relate the parameters that are effective on the abrasion of
diamond disks. In the proposed system, abrasion is categorized using the four
aforementioned variables by dividing them into fixed, comparative, and logarithmic
intervals in combination with the genetic algorithm. Based on the results, the
logarithmic comparative method is associated with a smaller error, thus selected as the
optimal method. Using the proposed classification system, the abrasion of the diamond
disks in the process of cutting hard construction rocks (output) was evaluated and
classified into five qualitative intervals (very high, high, medium, low, and very low)
for nine sample hard construction rocks. In order to validate the results of the proposed
classification system another classification system was developed using the
metaheuristic artificial bee colony algorithm based on experimental results and its

output was compared with that of the proposed system. Moreover, in order to validate
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the results of the proposed classification system, multiple cutting tests were conducted
under various operational conditions using a customized disk cutter with special
capabilities for this reason. During the set of experiments, the macroscopic abrasion of
the diamond segments was measured. Ultimately, based on the proposed model, the
nine studied rock specimens were categorized into three classes. Specimens 1 and 2
were categorized into class 2 with a small abrasion rate that shows a high cuttability.
Similarly, the specimens 3, 4, 5, 6, 7, and 9 were categorized into class 3 with a medium
abrasion rate (0.000005 to 0.000008 mm?®) and favorable cuttability. Specimen 8 was
categorized into class 4 with high abrasion rate (0.0000072 mm?) that shows the high
abrasion and low cuttability of this specimen. The results suggest that, in most cases, the
proposed classification system has been able to rank the abrasion of diamond saws in
the process of cutting hard construction rocks with minimum difference between the
estimated and measured abrasion.

Keywords: Hard Rocks, Rock Engineering Systems, Classification System, Wear

diamond saws.
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