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Sawability of diamond wire saws is essential in the planning of the stone
quarries. Researchers have been offered linear and non-linear models for
production rate as a measure of sawability, based on geomechanical and
machine parameters. In this paper, the performance of diamond wire saws in
cutting carbonate rocks was studied based on production rates across 14
different carbonate rocks in various lranian stone quarries. Previously,
parameters such as uniaxial compressive strength, Brazilian tensile strength,
Schmidt hammer value, Los Angeles abrasion, and diamond wire saw were
considered to model production rate. In this study, response surface
methodology (RSM) has been employed to investigate the effect of
independent variables on the production rate of diamond wire saws. Based on
the statistical error between the calculated and measured production rates, the
RSM-based quadratic model has the lowest values of MAPE, VARE, MEDAE,
and RMSE, while it has the highest VAF, compared to the other models. In
addition, based on the Analysis of Variance (ANOVA) results, the Los Angeles
abrasion test value has the most significant impact on production rate. The
statistical analysis concluded that the production rate of carbonate rocks using
diamond wire saws can be reliably predicted by the developed RSM-based
quadratic model.
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EXTENDED ABSTRACT
1. Introduction

The production and processing of stone quarries play a significant role in the construction industry.
The demand for increased production and high quality necessitates advanced technology and tools.
To compete effectively in today's market, it is essential to leverage new technologies for cutting,
shaping, and polishing stone products. Diamond cutting tools are an example of this advanced
technology, used in all stages of ornamental stone preparation. The proper application of these tools
significantly enhances process efficiency and the quality of processed stones (Jain & Rathore, 2009,
2011).

Determining and measuring the sawability of rock is considered a branch of rock engineering. In the
limited classifications provided, the physico-mechanical properties of the rock —such as density,
porosity, degree and type of cementation, textural characteristics, rock strength parameters, hardness,
and abrasiveness —and machine/operational conditions have been considered (Y1lmaz, Goktan, and
Kibici 2011).

To evaluate rock sawability, the use of various devices on laboratory and industrial scales has been
of interest. Typically, sawability involves the interaction between the rock’'s mechanical properties
and the cutting machine's performance. Various indices, such as power consumption, required cutting
force, and production rate per unit time, are used to assess the power and performance of the cutting
machine, and, in other words, its sawability (Ataei et al., 2012).

The diamond wire saw has been extensively used in a stone processing plant. The diamond wire saw
is one of the most important tools used in the stone quarries. The diamond wire is simply a steel cable
on which small beads bonded with diamond abrasive are mounted at regular intervals, with spacing
material placed between the beads (Ozcelik, 1999).

Providing a model for estimating the sawability of stone quarries is important for production
planning. Various researchers have developed linear and nonlinear estimation relationships by
correlating geomechanical and machine parameters with the production rate, a quantitative index of
sawability. A crucial point in these models is how the factors affecting the cutting process are selected
and their degree of influence is considered.

2. Methodology

The sawability of stone quarries by a diamond wire saw machine was studied by Ataei et al. for
cutting 14 types of soft carbonate rock from different quarries in Iran. (Ataei et al. 2012). In the
aforementioned research, the geomechanical parameters of these rocks, including uniaxial
compressive strength (UCS), Brazilian tensile strength (BTS), Schmidt hammer rebound number, and
Los Angeles abrasion test (LA) results, were used to model production rate. These parameters are
summarized in Table 1. Based on the data in Table 1, Ataei et al. proposed the nonlinear regression
equation of relation (1) to estimate the production rate.

1017.431 X LA0.418
PR = @
USCO'503 X BTSO'642 X SHU8'596

Where PR is the production rate (m?h), LA is Los Angeles abrasion (%), UCS is uniaxial
compressive strength (MPa), BTS is Brazilian tensile strength (MPa), and SH is Schmidt hammer
value (n).
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Table 1. Geomechanical parameters of the tested rock and the corresponding production rate values

UCs  BTS LA™ oim PR

(MPa) (MPa) (%) (m?/h)
98.9 6.6 205 562 6
124 8.7 215  57.1 55

139.5 12.4 24.6 58.3 3.5
132.6 11.6 214 57.2 3.7

188.5 13 254 58.6 2.2
116 7.61 20.47 56.1 5
84.6 45 29.23 50.6 10
84.6 5 33 53.6 10
95 6.7 3431 57.8 6.2
63 45 3211 56.3 6.7
59 4.6 45 55.8 6.5
67 5.5 30.28 53.7 10.6
75 6 25.06 55.6 9.2
80 7 36.9 54.5 9

In this research, the response surface methodology (RSM) was employed to model the production
rate as a function of the geomechanical factors of the studied rock. RSM is a collection of statistical
and mathematical techniques used to determine the relationship between a response and independent
variables. The term "response surface" for this methodology is derived from its Graphic scheme [7].
In the present study, four independent variables were considered as follows:

Xz1: Uniaxial Compressive Strength (UCS)

Xo: Brazilian Tensile Strength (BTS)

Xs: Los Angeles Abrasion (LA)

X4: Schmidt Hammer Rebound (SH)

The dependent variable, or in other words, the model response (Y), is the wire saw production rate
(PR). To predict the response, linear and quadratic models were examined. The analyses related to
the response surface methodology were performed using Design-Expert software version 10.0.4. The
response model is expressed in terms of coded and actual parameters, as in equations (2) and (3),
respectively, in which the wire-cutting production rate is a function of the independent variables. To
evaluate model adequacy, several statistical metrics are used; some are summarized for the presented
model in Table 2. These statistical indicators demonstrate the model's reasonable accuracy.

Y = 1.2621 + 11.0166X; — 22.7820X, + 3.3646X5 + 5.3948X, — 83.4200X, X, + 14.7338X,X; @)
+ 7.5443X,X, — 11.9455X,X5 + 3.0570X,X, — 6.6378X3X, + 55.6141X?
+ 24.2271X2

PR = —27.5032 — 2.6582UCS + 6.3636BTS + 7.3710LA + 0.5996SH — 0.3031UCS - BTS 3)
+0.0185UCS - LA + 0.0291UCS - SH — 0.2292BTS - LA + 0.1798BTS - SH — 0.1353LA
-SH 4 0.0133USC? + 1.3413BTS?

Table 2. Statistical indicators of the response model

Indicator Value
Standard deviation 0.058
Mean (m?/h) 6.72
Coefficient of variation (%) 0.87
Predicted Residual Sum of Squares 150.04
R-squared 1
Adj R-squared 0.9995
Adequate precision 149.261
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3. Findings and argument

In this section of the study, the performance of the proposed models is evaluated utilizing both
graphical and quantitative comparative approaches. Graphically, the calculated-versus-measured
value plot is used to assess prediction accuracy. In this method, the production rates calculated by
each model are plotted against their corresponding measured values. The outcomes of this analysis
for each investigated model are presented in Figs. 1 and 2.

A coefficient of determination (R2) value closer to unity indicates greater accuracy in the model's
production rate estimates. As illustrated in Figs. Among the analyzed models, the Response Surface
Method (RSM)- based model, with an RZ of 1, demonstrates superior performance. In the technical
literature, several indices and statistical tests are used to compare the goodness-of-fit of estimates.
Based on these indices, presented in Table 3, the Response Surface Method-based model (Equation
3) consistently yields the most favorable values across all evaluations. This conclusively confirms its
superior performance compared to the model proposed by Ataei et al.

12 r y=11125x +0.1759
R2=0.7472

10

PR (Measured)
[=)]

0 2 4 6 ) 10 12
PR (Calculated)
Figure 1. Correlation of calculated and measured values from Ataie et al. model

127 y=1x+ IE-11

2=

10

PR (Measured)
N

0 2 4 6 8 10 12
PR (Calculated)
Figure 2. Correlation of calculated and measured values from the response surface model
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Table 3. The value of statistical criteria for the predictive models

Statistical criteria Model.Ataei et al Response Surface Method model
Correlation Coefficient 0.878 1
Mean absolute percentage error. 17.209 0.196
Route Mean Squared Error 1.560 0.016
Variance Absolute Relative Error 1.378 0.000
Median absolute error 0.2 0.002
Variance accounts for 73.955 99.996

4. Conclusions

This study developed a nonlinear predictive model to estimate the production rate of a diamond wire
saw across 14 varieties of soft carbonate rocks, using their key geomechanical properties. Statistical
evaluation of the model revealed exceptional predictive accuracy, evidenced by a correlation
coefficient of unity (R? = 1), a mean absolute percentage error (MAPE) of 0.196%, and a variance of
relative absolute error of zero. Sensitivity analysis further identified the Los Angeles abrasion value
as the most influential parameter on the production rate. The confirmed efficacy of the Response
Surface Methodology (RSM) in this context underscores the robustness of the developed modelling
framework and recommends its application for similar cutting efficiency studies in the future.
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Fig 1- Effect of UCS and LA on wire saw machine
production rate
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Table 7- Statistical criteria for controlling the performance of the estimator models
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