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Abstract
In this study, a new predictor parameter (NPP), which is based on the product of uniaxial compressive strength (UCS)
and Mohs hardness (MH), was proposed for prediction of production rate (PR) of ornamental stones. For this, the PR,
MH and UCS of ten different igneous stones were determined, and then their NPP was calculated. Using data analysis, a
statistical equation has been developed between PR and NPP using simple regression analysis. The validity of NPP for
prediction of PR was investigated using the raw data obtained from experimental works of two researchers. It was
concluded that the NPP has good accuracy for prediction of PR, and thus making a rapid PR assessment of stones. As a
result, the NPP proposed in this study provides significant practical advantages in predicting the cost and production
schedule.
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Introduction

Circular diamond saws have been widely used in stone
processing plants. These saws are successfully used be-
cause they cut fast, are flexible and economical, and are
easy to operate at a good accuracy on the cut surface
(Ersoy and Atici 2004). Stone sawability is affected by
the complex interaction of many effective parameters
that are classified in three major categories as follows
(Mikaeil et al. 2013a):

a. Stone characteristics
b. Sawing and operational characterization of machine
c. Operating skills and working conditions

Among them, the sawing characteristics and the op-
erating skills could be controlled in the sawing process,
but the stone characteristics are not controllable.

Stone sawability can be measured in terms of the
production rate (PR). PR, which is also referred to as
slab production or cutting rate, is the quantity of the
area cut per unit time and generally expressed as cm2/

s or m2/h. PR in practice can be calculated from the
following equation,

PR ¼ L� Hð Þ=t
where PR is production rate (m2/h), L is the stone block
length (m), H is the stone block height (m) and t is the
cutting time (h).

The stone PR is one of the most significant factors that have
an effect on either the machine selection procedure or machine
performance. Machine performance in its own turn, has a
direct impact on production planning and cost estimation
(Tumac 2015). Hence, the correct prediction of stone PR using
inexpensive and simple methods became very important in the
stone processing industry for a low-cost production and opti-
mum cutting machine operation.

Till now, various researchers studied the relationship be-
tween sawability and stone characteristics in stone processing.
The most important of them are given in Table 1.

Norling (1971) investigated the relationship between
sawability and petrographic characteristics and concluded
that grain size was more relevant to sawability than the
quartz content. Burgess (1978) developed a statistical model
for sawability, which was based on hardness, abrasion resis-
tance, mineralogical composition and grain size. Gunaydin
et al. (2004) investigated the relationships between
sawability and different brittleness indexes using regression
analysis. They concluded that sawability of carbonate rocks
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can be estimated from the rock brittleness. Delgado et al.
(2005) experimentally studied the relationship between the
sawability of granite and its micro hardness. Their results
indicated that the use of the Vickers hardness microindentor

could provide more reliable information in sawability studies.
Mikaeil et al. (2008) estimated the sawability of diamond wire
cutting in carbonate rocks. They investigated the relationship
between production rate and rock characteristics (equivalent

Table 1 Part of the previous
research on the relationship
between PR and stone
characteristics

Researcher/s Investigated stone characteristics

UCS BTS YM IS C H A D P GS QC B

Burgess (1978) × ×

Wright and Cassapi (1985) × × × × ×

Jennings and Wright (1989) × × × ×

Clausen et al. (1996) × ×

Eyuboglu et al. (2003) × × × ×

Kahraman et al. (2004) × × × × ×

Gunaydin et al. (2004) × × × ×

Ozcelik et al. (2004) × × × × × ×

Ersoy et al. (2005) × × × × × × ×

Delgado et al. (2005) × ×

Kahraman et al. (2006) × ×

Fener et al. (2007) × × × × ×

Ozcelik (2007) × × × ×

Buyuksagis (2007) × × × × × ×

Mikaeil et al. (2008) × ×

Atici and Ersoy (2009) × ×

Guney (2011) × ×

Mikaeil et al. (2013a) ×

Mikaeil et al. (2013b) × × ×

Ghaysari et al. (2012) ×

Tumac (2015) × × × ×

Tumac (2016) × ×

Almasi et al. (2017a) × × ×

UCS uniaxial compressive strength, YM Young’s modulus, BTS Brazilian tensile strength, IS impact strength, C
cohesion, H hardness, A abrasivity, D density, P porosity, GS grain size, QC quartz content, B brittleness index

b

a

The sampling area

Qum

Tehran

Fig. 1 a) The sampling area on a
map of Iran b) some of the stone
blocks for laboratory tests

A. Jamshidi2566



quartz content and uniaxial compressive strength) using mul-
tiple curvilinear regression analysis. Ataei et al. (2012) pre-
dicted the production rate of a diamond wire saw based on
rock characteristics, using statistical regression analysis.
Mikaeil et al. (2013a) used rock brittleness as a predictor to
estimate the production rate of ornamental stones using simple
regression analysis. They showed that there is not a good
relationship between the production rate and B1 (the ratio of
compressive strength to tensile strength) and B2 (the ratio of
compressive strength minus tensile strength to compressive
strength plus tensile strength). However, there is a reliable
prediction for production rate based on B3 (half of the product
of compressive strength and tensile strength) as a brittleness
index. Almasi et al. (2017a) investigated relationships be-
tween production rate and rock characteristics for eleven types
of hard dimension stones. These researchers found out that the
Mohs hardness, uniaxial compressive strength and grain size
are the most important parameters for rock sawability
prediction.

As can be seen from the literature review, there are several
studies related to predicting the sawability from rock charac-
teristics. In recent years, researchers have been attracted to
new approaches for solution of natural stones problems such
as sawability of building stones. These methods are based on
genetic algorithms, support vector regression (Beiki et al.
2013; Ceryan 2014), probabilistic and soft computing tech-
niques, such as artificial neural networks, regression trees
(Bianconi et al. 2012; Yurdakul et al. 2014; Aydin et al.
2015; Armaghani et al. 2016; Tumac 2016; Singh et al.

2017), adaptive neuro-fuzzy inference systems, fuzzy infer-
ence systems, a hybrid ANN and GA, hybrid ANN and impe-
rialist competitive algorithms, and the hybrid ANN and parti-
cle swarm optimization technique (Monjezi et al. 2012;
Mikaeil et al. 2013b; Mishra and Basu 2013; Kainthola et al.
2015; Mohamad et al. 2015; Madhubabu et al. 2016).

In this study, a new predictor parameter (NPP), which is
based on product of uniaxial compressive strength (UCS) and
Mohs hardness (MH), was proposed for prediction of produc-
tion rate (PR) of ornamental stones. This approach can save a

Visit of stone processing factory in the
Hasanabad area, Qum Province (Central Iran)

Prepara�on of the test
specimens

Determina�on of uniaxial
compressive strength (UCS)

Determina�on of produc�on rate (PR) of
10 different igneous rocks

Correla�on between PR with UCS, MH
and NPP

Results and discussion

Prepara�on of the thin sec�ons
from samples for study of mineral

types and mineral propor�ons

Collec�on stone blocks from10 different
igneous rocks

Determina�on of hardness of
samples (MH)

Determina�on of predictor
parameter (NPP)

Fig. 2 Methodology of the research

Table 2 The production rate, uniaxial compressive strength, Mohs
hardness and the predictor parameter of the samples under study

Scientific name PR (m2/h) UCS (MPa) MH *NPP (MPa)

Granite-I 5.7 98.1 5.12 502.27

Granite-II 6.4 80.5 5.36 431.48

Granite-III 5.0 121.0 6.12 740.52

Granite-IV 5.8 109.8 5.30 581.94

Granite-V 3.8 157.3 6.61 1039.75

Andesite-I 4.6 117.0 6.13 717.21

Andesite-II 6.6 96.5 5.01 483.47

Diorite 4.3 147.9 6.00 887.40

Rhyolite 4.9 130.3 5.70 742.71

Ignimbrite 6.4 94.7 5.28 500.02

PR production rate, UCS uniaxial compressive strength,MHMohs hard-
ness, NPP predictor parameter
* The product of UCS and MH
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lot of time and cost in the planning and design of the quarries
and stone processing plants.

Materials and methods

Stone processing factories in Hasanabad of Iran, Qum
Province, were visited, and the production rate of diamond
circular saws was recorded on ten different igneous rocks.
These rock samples were selected due to their different min-
eralogical and mechanical characteristics and also different

resistance to cutting. Then, some samples of stone blocks were
collected from the factories for laboratory studies. Each block
sample was inspected for macroscopic defects so that it would
provide test specimens free from fractures, partings or alter-
ation zones (Gunaydin et al. 2004). Figures 1 and 2 show the
location of factories and some samples of stone blocks. In the
following, standard test specimens were prepared from these
block samples and uniaxial compressive strength tests were
performed. Test procedures were followed in accordance with
suggested methods adopted by the International Society for
Rock Mechanics (ISRM 1981). For petrographic

p
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Fig. 3 a) Close-up and b) Polarizing microscopy images one of the studied stones (Granite-I) p, plagioclase; o, orthoclase; q, quartz: b, biotite: m,
muscovite

Table 3 Type, class,
mineralogical composition and
textural properties of the stones
under study

Rock type Rock
class

Mineralogical composition and textural properties

Granite-I Igneous Medium to coarse-grained and granular texture. Quartz, orthoclase and muscovite are the
main minerals, plus a less amount of plagioclase and biotite. Orthoclase partly altered to
sericite.

Granite-II Igneous Composed mainly of quartz, Alkali-feldspar (microcline) and muscovite. Plagioclase and
biotite are minor. Most minerals not uniformly distributed. Granular texture.

Granite-III Igneous Subhedral to euhedral plagioclases and quartz. Biotite are seen as platy shapes and generally
altered to sericite. Amphibole is less than 3%. Texture: granular.

Granite-IV Igneous Medium-grained and granular texture. Main minerals observed are feldspar, quartz,
pyroxene and biotite. Pyroxene and biotite minerals are rich in cracks. Sericite formation
can be seen in biotite.

Granite-V Igneous Coarse-grained and granular texture. Minerals: feldspar, quartz and biotite are the main
minerals. Amphibole and pyroxene are seen as accessoryminerals. Biotite is seen as platy
shapes and generally altered.

Andesite-I Igneous Seriate texture, porphyritic glassy matrix. Main minerals observed are Alkali-feldspar and
plagioclase that are more or less equidimensional. Matrix is generally made up of a high
iron content.

Andesite-II Igneous Fine-grained, strongly bonded, very angular crystals and very tight grain boundaries. Texture
is porphyritic composed mainly of quartz, and phenocrysts including pyroxene, feldspar,
volcanic glass, etc.

Diorite Igneous Amphibole and plagioclase are the main minerals. Amphibole partly altered to chlorite.
Garnet, sphene and epidotic can be observed in different dimensions.

Rhyolite Igneous Fine-grained texture. Fine grain quartz and Alkali-feldspar are within the vitreous
groundmass. Less than 3% muscovite occur in the rock.

Ignimbrite Igneous Coarse-grained microcline phenocrysts and orthoclase and typically, red colored orthoclase
is the predominant mineral, showing perthitic texture of anhedral quartz, subhedral to
anhedral plagioclase, polysynthetic albite twinning and distinctively zoned subhedral
plagioclase crystals (albite).
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characteristics including mineral types and mineral propor-
tions, thin sections from each stone type were prepared.
Based on these characteristics, the Mohs hardness of each
stone type was determined. The NPP of stones was calculated
from UCS and MH. Simple regression analyses were used in
order to investigate the relationships between PR with UCS,
MH andNPP. Based on regression analyses, the determination
coefficients of relationships were determined. Finally, the va-
lidity of NPP for prediction of PR was investigated using the
raw data obtained from experimental works of two re-
searchers. Methodology of the research is given in Fig 2.

New predictor parameter (NPP)

Linking the PR of building stones to their physical and me-
chanical characteristics, including strength, Young’s modulus,
cohesion, hardness, abrasivity, density, porosity, grain size,
and quartz content, has been a long-term aim which has gen-
erated great interest in many fields such as material science,
mining engineering and engineering geology (Delgado et al.
2005; Ozcelik 2005; Mikaeil et al. 2008; Ataei et al. 2012;

Sadegheslam et al. 2013; Bagherpour et al. 2014; Almasi et al.
2017a, b).

The PR predictor is defined based on physical and mechan-
ical characteristics of the stone. By applying the PR predictor,
it saves much time and provides significant practical advan-
tages for making a rapid PR assessment of stones and thus
predicting the cost and production schedule. There are several
studies related to predicting the PR from strength and hardness
(Kahraman et al. 2004; Gunaydin et al. 2004; Kahraman et al.
2006; Mikaeil et al. 2013a; Tumac 2015, 2016; Almasi et al.
2017b). Results show that the PR of building stones decreases
with increasing strength and hardness. In previous studies for
predicting the PR, the strength and hardness have been used
separately. However, the author of this study believes, when
both the strength and hardness are taken into consideration
with each other, the more accurate results for predicting the
PR can be achieved. Thus, we propose a new predictor pa-
rameter (NPP) for predicting the PR of stones, which is based
on the product of uniaxial compressive strength (UCS) and
Mohs hardness (MH). The higher values of NPP indicate
higher resistance of stone against production rate. The NPP
is defined as follows:

NPP MPað Þ ¼ UCS�MH ð1Þ

where UCS (MPa) and MH are the uniaxial compressive
strength and Mohs hardness of stones, respectively.

The UCS test procedure was followed in accordance with
ISRM (1981). For each stone type, the measurements were
made on five specimens. These tests were conducted on core
specimens with a diameter of 54.7 mm and a height–to–diam-
eter ratio of approximately 2.5. The ends of the core speci-
mens were flattened within 0.02 mm and were kept perpen-
dicular within 0.05 mm so that loads could be applied uni-
formly. The stress rate was kept at 0.5 MPa/s. The mean
values of UCS are listed in Table 2. Studied samples are also
classified according to their UCS values as suggested in ISRM
(2007). Using the tests results, the stones fall into the rocks
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Fig. 4 The correlation between PR and UCS
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Fig. 6 The correlation between PR and NPP
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class with high and medium strengths (50–100 MPa and 100–
250 MPa, respectively).

Determination of petrographical characteristics not only pro-
vides information on the mineralogical composition and prove-
nance of the rock origin, but also it is an important tool for
assessing their mechanical characteristics and resistance against
sawability. Here, thin sections obtained from stones were exam-
ined under an optical microscope to determine their petrograph-
ical characteristics (Fig. 3). A norm was used for determination
of mineralogical composition of the vitreous part of some rocks
such as andesite. A norm is essentially a set of idealized mineral-
like components that are calculated from a bulk chemical analy-
sis of a rock. For this reason, major element abundances were
measured using a Rigaku ZSX100e X-Ray fluorescence spec-
trometer (XRF). Practically all norms were calculated by using a
computer (Igpet software). Igpet software commonly has a sec-
tion on calculating a CIPW Norm. In the Igpet software, we
added the amount of all major elements and then calculated the
CIPW normative compositions for the vitreous part of volcanic
rocks. Type, class, mineralogical composition and textural prop-
erties of the samples are given in Table 3.

Hardness is the resistance of a mineral or rock against abra-
sion or scratching. Mohs hardness is defined for minerals gener-
ally. In this research, after determination of mineralogical com-
position and mineral proportions of the stones by thin sections
studies, the mean hardness of each stone was calculated based

on hardness of the minerals contained using the following
relation (Chatterjee et al. 2005):

Hardness ¼ ∑n
1Ai � Hi ð2Þ

where A is the mineral proportion (%), H isMohs hardness for
each mineral type, and n is the number of minerals in rock.
The results of these determinations are given in Table 2.

Analysis of results

In order to investigate the relationships between PR
with UCS, MH and NPP, linear (y = ax + b), power
(y = axb), exponential (y = aex) and logarithmic (y = a +
ln x) regression analyses were, tried and the most reli-
able empirical equation with the highest determination
coefficient was determined for each regression. The
equation of the best-fit line, the 95% confidence level,
and the determination coefficients (R2) were calculated
for the above relationships. Figures 4, 5, and 6 show
the relationships between PR with UCS, MH and NPP.
There are exponential relationships between PR and
UCS, and MH of the samples with determination coef-
ficients of 0.88 and 0.85, respectively:

Table 4 Summarizing the
regression analyses results by t-
test

Equation number Regression equation Determination
coefficient (R2)

t-value

Computed Tabulated

3 PR = 12.074 e−0.007UCS 0.88 −13.69 ±2.262

4 PR= 33.465 e−0.326MH 0.85 −16.73 ±2.262

5 PR= 9.6795 e−0.0009NPP 0.94 −10.47 ±2.262
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Fig. 7 Measured PR versus predicted PR from Eq. 3
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PR ¼ 12:074 e−0:007UCS R2 ¼ 0:88 ð3Þ

PR¼33:465 e−0:326MH R2 ¼ 0:85 ð4Þ

As seen from Figs. 4 and 5, PR is inversely related
to UCS and MH. These results are in accordance with
the findings of Gunaydin et al. (2004), Mikaeil et al.
(2013a), Tumac (2015, 2016), Almasi et al. (2017a, b).
Results of these researchers on the different rocks
showed that the PR decreases with increasing UCS
and MH.

A good exponential relationship was obtained be-
tween the PR and NPP with a determination coefficient
of 0.94 according to the equation below:

PR¼9:6795 e−0:0009NPP R2 ¼ 0:94 ð5Þ

As seen from Fig. 6, the PR of samples decreases with
increasing NPP. According to Eqs. 3–5, NPP showed stronger
correlation with the PR (R2 = 0.94) when compared with the
correlation between UCS and MH with PR (R2 = 0.88 and
R2 = 0.85, respectively).

The determination coefficients of the Eqs. 3–5 are 0.85,
0.88 and 0.94, respectively. These values are good, but they
do not necessarily identify the valid Eqs. Therefore, other tests
or methods must be performed. Validation of the Eqs. 3–5 was
carried out by considering the t–test and the plots of predicted
PR values versus the measured PR values. The statisti-
cal results of the three Eqs. are summarized in Table 4.

The significance of determination coefficients value
can be evaluated by the t–test, assuming that both var-
iables are normally distributed, and the observations are
chosen randomly. The test compares the computed t–
value with a tabulated t–value using the null hypothesis.
In this study, a 95% level of confidence was chosen. If
the computed t–value is greater than the tabulated t–
value, the null hypothesis is rejected. This means that
r is significant. If the computed t–value is less than the
tabulated t–value, the null hypothesis is not rejected. In
this case, r is not significant (Jamshidi et al. 2017).
Since a 95% confidence level was chosen in this test,
a corresponding critical t–value ±2.262 is obtained from
the related tables for Eqs. 3–5. It can be seen from
Table 4 that all the computed t–values are greater than
the tabulated t–values. This indicates that the equations
are statistically meaningful and can be used for predic-
tion of PR from UCS, MH and NPP.

To study the prediction capability of the Eqs. 3–5,
the scatter diagrams of the predicted and measured
values was employed. The plots of predicted versus
measured values of PR for the equations are illustrated
in Figs. 7, 8, and 9. The error in the predicted value is
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Fig. 9 Measured PR versus predicted PR from Eq. 5

Table 5 The values of PR, UCS andMH from theMikaeil et al. (2013b) research and also their calculated values of NPP from Eq. (1) developed in this
study

Commercial name Scientific name Rock class PR (m2/h) UCS (MPa) MH NPP (MPa)

Harsin marble Marble Metamorphic 8.5 71.5 3.50 250.25

Anarak marble Marble Metamorphic 9.0 74.5 3.20 238.40

Azarshahr travertine Travertine Sedimentary 11.0 53.0 2.90 153.70

Hajiabad travertine Travertine Sedimentary 10.0 61.5 2.90 178.35

Darebokhari travertine Travertine Sedimentary 10.0 63.0 2.95 185.85

Salsali marble Marble Metamorphic 9.0 68.0 3.10 210.80

Haftoman marble Marble Metamorphic 8.0 74.5 3.60 268.20

PR production rate, UCS uniaxial compressive strength, MHMohs hardness, NPP predictor parameter
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represented by the distance that each data point has
from the 1:1 diagonal line. Since the points in Figs. 7,
8, and 9 are scattered uniformly around the diagonal
line, it indicates that the proposed empirical equations
are good models for prediction of PR of the samples
under study. However, for the NPP, the data points fall
closer to the diagonal line and are scattered lower than
UCS and MH. These suggest that the ability to predict
PR using the NPP test is more reliable than UCS and
MH.

Consequently, comparison of determination coeffi-
cients, statistical analyses (t-test) of Eqs. 7–9 and scatter
diagrams exhibited that the prediction performance of
PR by NPP is better than those based on UCS and
MH. Therefore, NPP is more appropriate and reliable
than UCS and MH for prediction of PR of samples.

Validity proposed parameter

The validity of NPP for prediction of PR in this study has been
evaluated by using the raw data obtained from the experimen-
tal works of two researchers. Mikaeil et al. (2013b) used from
UCS and MH for ranking the sawability of ornamental stone
using Fuzzy Delphi and multi-criteria decision-making tech-
niques. Almasi et al. (2017b) experimentally investigated the
bead wear in diamond wire sawing considering the UCS, MH
and PR for igneous rock. The measured values of PR, UCS
and MH in Mikaeil et al. (2013b) and Almasi et al. (2017b)
researches are summarized in Tables 5 and 6. The NPP pro-
posed in this study (Eq. 1) was calculated for raw data obtain-
ed from these researchers. The NPP values are given in
Tables 5 and 6. The derived NPP values in this study
(Table 2) were compared with those available in the Mikaeil
et al. (2013b) and the Almasi et al. (2017b) researches

Table 6 The values of PR, UCS
and MH from the Almasi et al.
(2017b) research and also their
calculated values of NPP from
Eq. (1) developed in this study

Commercial name Scientific
name

Rock
class

PR (cm2/
s)

UCS
(MPa)

MH NPP
(MPa)

Sefid-Afshar granite Granite Igneous 2.0 147 6.03 886.41

Sefid-Nehbandan granite Granite Igneous 1.8 145 5.71 827.95

Ghermez-Zafreh granite Andesite Igneous 3.1 103 5.02 517.06

Borujerd granite Granite Igneous 2.2 128 5.86 750.08

Jade-Abrisham granite Gabbro Igneous 2.5 91 5.91 537.81

Morvarid-Mashhad
granite

Granite Igneous 2.3 113 5.62 635.06

Meshki-Natanz granite Diorite Igneous 1.5 147 6.12 899.64

Sabz-Piranshahr granite Syenite Igneous 1.8 193 5.83 1125.19

Sabz-Birjand granite Diorite Igneous 2.5 124 5.62 696.88

Sefid-Natanz granite Granite Igneous 2.9 105 5.11 536.55

Ghermez-Yazd granite Andesite Igneous 1.9 126 6.15 774.90

PR production rate, UCS uniaxial compressive strength, MHMohs hardness, NPP predictor parameter

y = -4.993ln(x) + 36.021
R² = 0.96
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Fig. 10 The correlation between PR and NPP for the Mikaeil et al.
(2013b) research (Table 5)

y = -1.701ln(x) + 13.415
R² = 0.76

0.0

1.0

2.0

3.0

4.0

400 600 800 1000 1200

P
R

 (
c
m

2
/s

)

NPP (MPa)
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(Tables 5 and 6). It is worth noting that there is a significant
difference between the results of this study and Almasi et al.
(2017b) withMikaeil et al. (2013b). The NPP for hard igneous
rocks in this study and Almasi et al. (2017b) varies from
431.48 to 1125.19; whereas those obtained by Mikaeil et al.
(2013b) for carbonate rocks were ranging between 153.70 and
268.20. The difference in the NPP values is due to higher UCS
and MH in igneous rocks when compared with limestone,
which has caused a higher value of the NPP in them.

Then, correlations between PR and NPP were developed,
and their determination coefficients were determined.
Figures 10 and 11 show the relationship between PR and
NPP for the Mikaeil et al. (2013b) and the Almasi et al.
(2017b) researches, respectively. It can be seen from the fig-
ures that, in both cases, the best-fitted correlations were found
to be represented by logarithmic regression curves. In Figs. 10
and 11, the trend of data shows a decrease in PR with the

increase in the NPP. Based on data given in Table 5, a very
good logarithmic relationship was obtained between PR and
NPP with the determination coefficient of 0.96 (Fig. 10). The
equation for the relationship is:

PR ¼ −4:993 Ln NPPð Þ þ 36:021 R2 ¼ 0:96 ð6Þ
According to data given in Table 6, similarly a logarithmic

relationship was observed between PR with NPP with a lower
determination coefficient using the equation (Fig. 11):

PR ¼ −1:701 Ln NPPð Þ þ 13:415 R2 ¼ 0:76 ð7Þ

Although the determination coefficients of the Eqs. 6 and 7
are 0.96 and 0.76, respectively, and these are good values
especially for Eq. 6, it does not validate the Eqs. necessarily.
Therefore, for validating Eqs. 6 and 7, the predicted values
were plotted against the measured values in Figs. 12 and 13.

Since the points in Figs. 12 and 13 are scattered uniformly
around the diagonal line, it indicates that Eqs. 6 and 7 are good
models. It can be concluded that NPP could be used as a
parameter for prediction of the production rate in rock sawing.

Conclusion

In this study, a simple predictor parameter (NPP) based on
uniaxial compressive strength (UCS) and Mohs hardness
(MH) was developed for prediction of production rate (PR)
of ornamental stones. The validity of NPP was carried out by
considering the t–test, the plots of predicted PR values versus
the measured PR values, and also by using the raw data ob-
tained from the experimental works of two researchers. The
results indicated that the predictor parameter has good accu-
racy for prediction of PR, and thus making a rapid assessment
of the sawability of ornamental stones. Consequently, the NPP
developed in this study provides significant practical advan-
tages for prediction of PR and saves much time and cost in
during the quarry planning and design. However, this is valid
for rocks produced from nearly the same regions and having
nearly the same rock properties. To use NPP in other regions,
it should be evaluated for the rocks under study. Then, the PR
of the rocks is determined. Finally, the statistical equation is
developed between PR and NPP using simple regression anal-
ysis for prediction of PR.
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