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 Andesites with a satisfactory quality have been mainly considered as dimension 
stones worldwide. However, practical approaches are required to evaluate the 
dimension stone quality due to the increasing demand for natural resources. This 
study presents detailed laboratory investigations on andesitic rocks in NE Uşak, 
Turkey. For laboratory studies, representative rock blocks are obtained from 
unweathered (W0) to highly weathered (W3) rock masses. Laboratory test results 
demonstrate that progressive rock weathering has remarkable influences on the dry 
density (ρd), effective porosity (ne), pulse wave velocity (Vp), uniaxial compressive 
strength (UCS), flexural strength (FS), and Böhme abrasion value (AWR) of the 
andesitic rocks. Of the above parameters, ne seems to be the most affected rock 
property due to progressive rock weathering. Furthermore, based on the three-
parameter Weibull distribution, andesitic rocks are evaluated for their use as cladding 
stones. A quantitative approach called the suitability index (SI) is proposed to 
quantify the quality of cladding stones for andesitic rocks, considering six different 
evaluation criteria (C1–C6). Two examples of SI calculations reveal the 
implementation of the proposed approach. The suitability of the proposed approach is 
also checked by Monte Carlo analysis, showing that the use of SI is suitable to 
quantify the cladding stone quality for the investigated andesitic rocks. However, the 
proposed approach should be improved by incorporating the mineralogical and 
textural characteristics into the SI calculations. Moreover, it should also be attempted 
to different andesitic rocks in order to observe the similarities or difficulties of 
quantifying the quality of cladding stones. 
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1. Introduction 
Natural stones have been used as construction 

and building materials since the dawn of 
civilization. They have also been used to repair 
historical structures such as monasteries and 
monuments [1]. For instance, the cladding 
systems on pavements, walls, and other building 
surfaces are constructive elements, mainly 
composed of natural stones that protect the 
building heritage and increase its value [2]. In the 
light of the above explanations, it is clear that the 
supply and demand for natural resources have 
increased considerably in recent years. For 
example, the global natural stone market was 

valued at $35,120.1 million in 2018 and is 
projected to reach $48,068.4 million by 2026 [3]. 

Based on modern engineering geological 
approaches, the use of natural building stones can 
be encouraged by simplifying testing methods and 
developing new approaches to understand the 
behavior of rocks under different mechanical and 
environmental conditions [4]. For this purpose, 
several testing methods have been adopted to 
evaluate the quality of natural resources. More 
profoundly, the most widely used and preferred 
rock property is the uniaxial compressive strength 
(UCS) that reflects the mechanical quality of 

mailto:ekin.koken@agu.edu.tr
http://www.jme.shahroodut.ac.ir


Köken and Başpınar Tuncay Journal of Mining and Environment (JME) Vol. 13, No. 1, 2022 

 

2 

building stones. In addition, rocks with higher 
tensile strength properties are required in the 
facing and cladding systems [5]. 

Particular rock types such as granites and basalts 
are mainly preferred in cladding systems, as they 
have a higher resistance to mechanical and 
environmental conditions [6, 7]. On the other 
hand, other rock types such as limestone, marble, 
andesite, gabbro, and sandstone that meet 
technical specifications can also be used as 
cladding stones. 

In most quarries, rock blocks as a building 
material are not of uniform quality; in some cases, 
the difference between high- and low-quality 

rocks is well observed, but low-quality rocks 
appear to be indistinguishable to the untrained eye 
[8]. In such circumstances, the selection of high-
quality rocks depends on the experience of the 
stone manufacturers. However, laboratory 
investigations are required to finalize engineering 
judgments on the quality of building stones. 

Several national and international standards [9–
15] have widely documented several testing 
methodologies and technical supervision for 
cladding and dimension stones. In Turkey, for 
example, the technical specifications for andesites 
used as cladding and facing stones are listed in 
Table 1. 

Table 1. Technical specifications of andesites for use as cladding and dimension stone (modified after [10]). 
Parameter Unit Abbreviation Maximum value Testing method 

Dry unit weight g/cm3 ρd ≥ 2.55 
[16] Effective porosity % ne ≤ 1.00 

Water absorption by weight % wa ≤ 0.70 
Freezing loss by weight % Wl ≤ 1 [17] 
Uniaxial compressive strength MPa UCS ≥ 100 MPa [18] 
Flexural strength MPa FS ≥ 8 MPa [19] 
Böhme abrasion value cm3/50cm2 AWR ≤ 17 [20] 

 
However, the quality of the cladding or 

dimension stones can be highly affected by 
progressive rock weathering, which has not been 
considered in practical evaluations. Although rock 
weathering has been well noted to decrease the 
physical and mechanical rock properties [21–26], 
practical knowledge about progressive rock 
weathering is limited to evaluating the quality of 
building stones. Therefore, rock quarries must be 
investigated from the point of view of this critical 
phenomenon. 

Keep in mind that since rock weathering is a 
prolonged and ongoing process, building stones 
should not bear weathering signs or weathered 
particles. Under the dominance of progressive 
rock weathering, the physical and mechanical 
rock properties would be widely distributed, 
allowing one to use probabilistic approaches to 
evaluate the quality of natural stones. In this 
regard, several researchers have presented some 
probabilistic approaches for various weathered 
rocks [27–29]. 

In this manner, the present study introduces a 
simple probabilistic approach to evaluate the 
quality of andesitic rocks for their use as cladding 
stones. For this purpose, a rock quarry located in 
NE Uşak, Turkey was considered. Detailed field 
observations were performed, and representative 
rock samples were obtained from the andesitic 
rock masses with different weathering grades 

(W0–W3). Physical and mechanical properties 
were determined for each rock type using the 
samples obtained. 

The adverse effects of progressive rock 
weathering on the considered rock properties (i.e., 
dry density (ρd), effective porosity (ne), uniaxial 
compressive strength (UCS), pulse wave velocity 
(Vp), flexural strength (FS), and Böhme abrasion 
value (AWR)) were revealed. The distribution of 
the considered rock properties due to progressive 
rock weathering was also established based on the 
three-parameter Weibull distribution. Based on 
these distributions in the rock properties, the 
quality of the andesitic rocks was explored for 
their use as cladding stones according to six 
different evaluation criteria (C1–C6). 

2. Materials and methods 
2.1. Studied area 

The studied area is located in the NE part of 
Uşak, Turkey (Figure 1). The host rocks in the 
studied area are composed of Paleozoic-aged 
metamorphic units. The upper strata of the 
metamorphic units are defined as the Neogene-
aged sedimentary and intrusive units. One of the 
most notable intrusive units in the studied area can 
be declared as andesitic rocks with a wide range 
of exposures [30]. In some cases, most andesitic 
rock exposures have weathering signs such as 
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sericitization, chloritization, and argillization. 
Andesitic rock masses have a complex structure in 
terms of different weathering zones. 

In most cases, andesites with different 
weathering zones coexist. On the other hand, they 
can also be differentiated with respect to cute 

structural zones (Figure 2). Herein, it should be 
mentioned that the investigated andesitic rocks 
have been used as cladding stones with an average 
quality in Uşak province [31]. 

 

 
Figure 1. Location map of the studied area 

 
Figure 2. Typical andesitic rock masses with different weathering grades in the studied area  

(W0: Unweathered, W1: Slightly weathered, W2: Moderately weathered W3: Highly weathered). 

2.2 Methods 
Representative rock blocks were obtained from 

several andesitic rock masses with different 
weathering grades (i.e., unweathered (W0), 
slightly weathered (W1), moderately weathered 

(W2), and highly weathered (W3)). Typical 
andesitic rock masses with different weathering 
grades are illustrated in Figure 2. During the field 
observations, the qualitative approach suggested 
by the International Society of Rock Mechanics 
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[32] was selected in order to determine the 
different weathering grades of the rocks (Table 1).  

Based on different weathering grades, 
representative sampling was performed for 
laboratory studies, where cubical and prismatic 
rock samples were prepared in this context. The 

correlations between the considered rock 
properties were revealed based on the laboratory 
test results. In addition, the suitability of the 
investigated andesites for use as cladding stones 
was also explored using a simple probabilistic 
approach. 

Table 1. Qualitative criteria for rock weathering of rock materials [32] 

Term Description Mentioned code 
in this study 

Fresh There is no visible sign of rock material weathering: perhaps 
slight discoloration on major discontinuity surfaces. W0 

Slightly weathered 

Discoloration indicates weathering of rock material and 
discontinuity surfaces. All rock material may be discolored by 
weathering and maybe somewhat weaker externally than in its 
fresh condition. 

W1 

Moderately weathered 
Less than half of the rock material is decomposed and/or 
disintegrated into the soil. Fresh or discolored rock is present 
either as a continuous framework or as corestones. 

W2 

Highly weathered 
More than half of the rock material is decomposed and/or 
disintegrated into the soil. Fresh or discolored rock is present 
either as a continuous framework or as corestones. 

W3 

Completely weathered All rock materials are decomposed and/or disintegrated into the 
soil. The original mass structure is still largely intact. – 

Residual soil 
All rock materials are converted into soil. The mass structure 
and material fabric are destroyed. There is a significant volume 
change, but the soil has not been significantly transported. 

– 

 
3. Laboratory studies 

In the laboratory studies, the cubical and 
prismatic rock samples (e.g., 50x50x50 mm, 
70x70x70 mm, and 150x50x25 mm in 
dimensions) were prepared for each rock type 
with different weathering grades. Physical and 
mechanical properties considered in this study are 
dry density (ρd), effective porosity (ne), pulse 
wave velocity (Vp), uniaxial compressive strength 
(UCS), flexural strength (FS), and Böhme 
abrasion value (AWR). The ρd and ne values of the 
rocks were determined according to TS EN 1936 
[16]. The Vp, UCS, FS, and AWR values were 
also determined according to TS 699 [17], TS EN 
1926 [18], TS EN 13161 [19], and TS EN 14157 
[20], respectively. Physical properties were 
determined using a desiccator filled with distilled 

water at 20±1 °C. To determine the UCS values, a 
stiff loading machine (2000 kN) was used. The Vp 
values were also measured using a Pundit-Plus 
testing apparatus. Each test was carried out at 
least three times under oven-dried conditions for 
the individual rock blocks. Twenty-four rock 
blocks were used in the laboratory studies, and the 
average values obtained from the laboratory test 
results were presented in this study. Some of the 
laboratory studies are illustrated in Figure 3. The 
laboratory test results are given in Table 2. 
Consequently, it can be claimed that the 
investigated rock properties are highly affected by 
progressive rock weathering. For instance, the 
average Vp and UCS values from the W0 to W3 
types of weathering were found to be between 
4.26 and 3.17 km/s and 98.33 and 36.91 MPa. 
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Figure 3. Laboratory studies a) UCS test b) FS test c) pulse wave (Vp) test d) AWR test. 

 
Figure 4. Variations in considered rock properties due to progressive rock weathering. 

The decrease ratios for these properties were 
25.58% and 62.46%, respectively. On the other 
hand, for the same comparison, the ne and AWR 
values increased by 287% and 49.93%, 
respectively (Fig 4). 

Of the investigated rock properties, ne seems to 
be the most affected parameter by progressive 
rock weathering. Several researchers also reported 
similar findings [33–38]. In addition, the 
correlations between the considered rock 

properties were revealed by Pearson’s correlation 
and regression analyses. The Pearson’s correlation 
coefficient (r) values are listed in Table 3.  

Accordingly, the considered rock properties are 
highly correlated under the dominance of 
progressive rock weathering. Significant 
relationships between the investigated rock 
properties were also obtained, which are given in 
Figures 5–7. 
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Table 2. Laboratory test results. 

Dry density, 
ρd (g/cm3) 

Effective 
porosity, ne 

(%) 

Pulse wave 
velocity, Vp 

(km/s) 

Uniaxial 
compressive 

strength,  
UCS (MPa) 

Flexural 
strength, 
FS (MPa) 

Böhme abrasion 
value, AWR 
(cm3/50cm2) 

Weathering 
degree [29] 

2.56 0.76 4.16 100.62 12.57 14.27 

W0 
2.54 0.80 4.23 90.07 12.15 12.46 
2.54 0.86 4.26 98.94 11.98 15.29 
2.58 0.82 4.48 123.50 12.60 14.06 
2.53 1.06 4.16 78.52 9.25 15.71 
2.54 0.82 4.01 98.07 11.88 13.75 

W1 
2.46 1.84 3.61 74.29 8.64 17.32 
2.48 0.94 4.17 94.90 9.32 19.54 
2.50 0.89 4.01 84.39 10.56 18.02 
2.48 1.75 3.92 100.22 8.17 14.18 
2.45 0.98 3.92 72.98 7.50 19.64 

W2 

2.45 1.51 4.02 76.80 7.39 16.25 
2.33 1.84 3.56 49.40 6.51 22.48 
2.44 1.85 3.75 51.76 5.72 17.39 
2.44 1.15 3.89 66.17 6.87 17.49 
2.41 1.75 3.80 56.63 5.71 19.07 
2.40 1.43 3.75 76.78 7.93 13.59 
2.33 1.99 3.65 56.46 5.63 20.19 
2.43 1.60 3.47 64.18 6.05 17.26 
2.37 2.65 3.26 57.68 5.75 20.66 
2.35 2.46 3.33 35.65 4.99 19.20 

W3 
2.26 3.58 3.15 39.58 4.74 24.62 
2.23 3.22 3.02 32.31 4.58 20.17 
2.23 4.08 3.17 40.09 3.99 22.14 

W0: Unweathered, W1: Slightly weathered, W2: Moderately weathered W3: Highly weathered. 

Table 3. Pearson’s correlation matrix of variables considered in this study. 
Parameter ρd ne Vp UCS FS AWR 

ρd 1      
ne –0.911 1     
Vp 0.921 –0.904 1    

UCS 0.899 –0.804 0.893 1   
FS 0.897 –0.813 0.861 0.913 1  

AWR –0.811 0.723 –0.727 –0.768 –0.756 1 
Explanations: ρd: Dry density, ne: Effective porosity, Vp: Pulse wave velocity, 
UCS: Uniaxial compressive strength, FS: Flexural strength, AWR: Böhme 
abrasion value. 

 
Consequently, UCS, FS, and AWR are 

associated with ρd, ne, and Vp of the investigated 
rocks. Nevertheless, one of the lowest correlations 

of determination (R2) values, which ranged from 
0.52 to 0.64, was obtained to estimate the AWR of 
the andesitic rocks.  
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Figure 5. Relationships between UCS and some rock properties with respect to progressive rock weathering. 

 
Figure 6. Relationships between FS and some rock properties with respect to progressive rock weathering. 
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Figure 7. Relationships between AWR and some rock properties with respect to progressive rock weathering. 

Therefore, the number of samples should be 
increased in order to obtain more comprehensive 
relationships in further studies. Anyhow, the 
relationships established in this study designate 
some correlative parameters in order to evaluate 
the durability of andesitic rocks from the point of 
progressive rock weathering. 

More profoundly, variations in ρd, ne, and Vp 
can designate the quality of natural stones, as they 
are sensitive parameters to progressive rock 
weathering. These rock properties are based on 
nondestructive testing methods; therefore, they 
could practically be used to evaluate the quality of 
natural stones. Consequently, rock weathering 
should be considered in relation to natural stone 
quality by focusing on variations in the 
physicomechanical properties of the rock. The 
importance of rock weathering to evaluate natural 
stone quality has previously been emphasized by 
Siegesmund et al. [39]. In addition to the adverse 
effects of progressive rock weathering on the rock 
strength properties, progressive rock weathering 
also influences the rock block geometry [40, 41], 
another critical parameter in the natural stone 
production processes. Although the rock block 

geometry was not focused on in this paper, it 
should be handled concerning rock weathering 
evaluations in future studies. 

4. Evaluation of investigated andesitic rocks for 
use as cladding stone 

This section introduces a probability-based 
evaluation of the suitability of the investigated 
andesitic rocks as cladding stones. For this 
purpose, the technical specifications listed in 
Table 1 were adopted. The distribution of the rock 
properties was revealed by the three-parameter 
Weibull distribution (Eq. 1); consequently, the 
shape (β), scale (η), and location (γ) parameters 
obtained from the database (Table 2) are listed in 
Table 4. 

 
1

e
x

xf x




 
 

   
  

  
 

 (1) 

where β, η and γ are the shape, scale, and 
location parameters, respectively. 
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Table 4. Three-parameter Weibull distribution parameters. 

Variable Unit Shape 
parameter, β 

Scale 
parameter, η 

Location 
parameter, γ 

Number of 
observations 

ρd g/cm3 222.7 18.03 –15.55 24 
ne % 0.994 0.966 0.724 24 
Vp km/s 5.772 2.029 1.907 24 

UCS MPa 2.153 54.343 23.45 24 
FS MPa 1.485 4.550 3.810 24 

AWR cm3/50cm2 2.024 6.807 11.66 24 
 

Based on the probability density functions 
(PDFs) of the variables (Figure 8), the suitability 
of andesites for their use as cladding stones was 
investigated using a straightforward approach. 
Consequently, six different evaluation criteria 
(C1–C6) were established. Furthermore, the limit 
values showing the suitability of andesitic rocks 
as a cladding stone in Turkey are also plotted in 
Figure 8.  

Based on PDFs, the investigated andesites 
seemed suitable at an average rate of 9%, focusing 

on the variations in ρd, which was identified in the 
context of the first evaluation criterion (C-1). For 
the second criterion (C-2), very low-porosity 
rocks (ne < 1%) can be available for use as a 
cladding stone in Turkey, according to Anon [42]. 
In this direction, the investigated rocks seemed 
suitable in proportion to 24.93%. However, 
andesites can also be rarely appropriate (12–13%), 
considering the evaluation criteria C-3 and C-4 
mainly associated with rock strength properties. 

 
Figure 8. PDFs of variables considered in this study. 

Related to the last two evaluation criteria (C-5, 
C-6), andesites appeared eligible at maximum 
suitability rates ranging from 41% to 46%. 
However, in this study, a simple calculation 
methodology based on PDFs was postulated in 
connection with technical limit values. As a result, 
the suitability index (SI) for the cladding stones 
can be calculated by Eq. 2. 

 3 4
1 1 2 2 3 5 4 6 5

5

1

2

i
i

x x
x t x t t x t x t

SI
t




       





 
(2) 

where x is the suitability ratio (e.g., 9.34 for C-
1, 24.93 for C-2, and 13.19 for C-3), t is the 
weighted participation index (e.g., if all the 
evaluation criteria are performed equally, t is then 
20).  

The implementation of SI for the investigated 
andesitic rocks can be given as two different 
examples. When considering the t indices acting 
equally (t=20), SI for the andesitic rocks can be 
calculated as follows: 
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3 4
1 2 5 6 13.19 12.369.34 24.93 41.28 45.77 20 20

2
26.819

100

C C
C C C C

SI

 
     

            
  
    

 
If the t values can be changeable based on the 

different rock engineering judgments, another SI 
can also be calculated as follows: 
 

13.19 12.369.34 15 24.93 25 20 41.28 30 45.77 10
2

27.149
100

SI

 
         

    

 
It can be understood from the above examples 

that the SI values depend on the suitability ratio 
(x) extracted from the PDFs and the weighted 
participation index (t). On the basis of the above 
explanations, higher values of SI indicate the 
rocks with higher quality for their use as cladding 
stones. 

The suitability of the proposed approach was 
also investigated through several Monte Carlo 
analyses in order to observe the similarities and 
difficulties in calculating such SI values. The 
analyses were performed in the Microsoft Excel 
environment. Accordingly, 1000 trials were 
attempted based on such SI calculations. The 
Monte Carlo analysis results are given in Figure 9. 

Consequently, for the investigated andesitic 
rocks, the SI values were found to be between 

21.95 and 36.73, within the 95% confidence 
interval. The average SI value for these rocks was 
29.34. Since the investigated andesitic rocks were 
used as cladding stones with an average quality in 
the Uşak province in Turkey [31], its SI values 
could be defined between 22 and 37 (Figure 9). 
Furthermore, according to the results of the Monte 
Carlo analysis, these andesites can also be 
classified according to their quality for use as 
cladding stones (Table 5). However, in this 
evaluation, the mineralogical and textural effects 
were not integrated into the SI calculations due to 
the lack of information. Therefore, it is highly 
recommended to incorporate these effects as 
several coefficients into the SI calculations in 
future studies. 

 
Figure 9. Monte Carlo analysis results. 

Table 5. Proposed classification system for cladding 
stone quality. 

SI Description 
< 12 Very low quality 

12–22 Low quality 
22–37 Moderate quality 
37–60 High quality 
> 60 Very high quality 

The present study, in this context, could be 
declared a case study on how to quantify cladding 
stone quality for the andesitic rocks. In addition, 
this quantitative approach could also be used to 
classify the cladding stones according to 
performance indices such as service life and 
maintenance interval. However, many andesitic 
rocks from different locations should be 
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investigated to improve the proposed 
classification system described in Table 5. 

5. Conclusions 
This study presented detailed laboratory 

investigations on the andesitic rocks with different 
weathering grades in NE Uşak, Turkey. It was 
determined that the investigated rock properties 
were highly affected by progressive rock 
weathering (Table 2). The regression analyses 
established the correlative parameters (i.e., ρd, ne, 
and Vp) to evaluate UCS, FS, and AWR of the 
rocks (Figures 5 and 7). However, the number of 
samples should be increased for more precise 
estimations of the above parameters.  

The investigated andesites were then evaluated 
for their use as cladding stones according to six 
different evaluation criteria (C1–C6). A 
probability-based approach was introduced by 
adopting the three-parameter Weibull distribution 
(Figure 8). Based on the Monte Carlo analysis 
results, the SI of the andesitic rocks was found to 
be between 22 and 37, which can reflect an 
average quality of cladding stones. For the 
investigated andesites, the cladding stone quality 
could also be classified according to the 
classification described in Table 5. However, 
many sites and laboratory investigations on 
different andesitic rocks are required to enhance 
the proposed approach. In addition, the 
mineralogical and textural characteristics are also 
supposed to be integrated into the calculation of 
SI. 

Declaration of competing interest 
The authors declare that they have no known 

competing financial interests or personal 
relationships that could have influenced the work 
reported in this document. 

References 
[1]. Pereira, D. and Marker, B. (2016). The value of 
original natural stone in the context of architectural 
heritage, Geosciences, 6: 13. 

[2]. Neto, N. and de Brito, J. (2011) Inspection and 
defect diagnosis system for natural stone cladding, J. 
Mater. in Civ. Eng. 23: 1433–1443 

[3]. Chinchane, A. and Sumant O. (2019). Natural 
Stone Market by Type (Marble, Granite, Limestone, 
and others) and Application (Flooring, Memorial Arts, 
Wall Cladding, and others): Global Opportunity 
Analysis and Industry Forecast, 2019–2026, Technical 
report, 211 pp. 

[4]. Mustafa, S., Khan M.A., Khan, M.R., Sousa, L.M., 
Hameed, F., Mughal, M.S. and Niaz, A. (2016) 
Building stone evaluation—A case study of the sub-
Himalayas, Muzaffarabad region, Azad Kashmir, 
Pakistan, Eng. Geol. 209: 56–69. 

[5]. Bell, F.G. (2007). Engineering Geology, 2nd Ed. 
Elsevier, ISBN: 9780080469522. 

[6]. Chau, K.T. and Shao J.F. (2005). Fracture and 
failure analysis of stone cladding on building facades, 
In 11th Int. Conf. on Fracture 2005, ICF11, 2202-2207. 

[7]. Silva, A., Dias, J.L., Gaspar P.L. and de Brito J. 
(2011). Service life prediction models for exterior 
stone cladding, Build. Res. Inf. 39(6): 637–653. 

[8]. Schaffer, R.J. (2016). The weathering of natural 
building stones, Routledge, ISBN: 1317742524, 
9781317742524. 

[9]. TS 10834 (1993). Gabbro used as Facing and 
Building Stone, Turkish Standards Institution, Ankara. 

[10]. TS 10835 (1993). Andesite used as Facing and 
Building Stone, Turkish Standards Institution, Ankara. 

[11]. TS 11137 (1993). Limestone used for building 
and facing, Turkish Standards Institution, Ankara. 

[12]. ASTM C568/C568M (2015). Standard 
Specification for Limestone Dimension Stone, West 
Conshohocken. 

[13]. ASTM C615/C615M (2018) Standard 
Specification for Granite Dimension Stone, West 
Conshohocken. 

[14]. ASTM C1528/C1528M-18 (2018). Standard 
Guide for Selection of Dimension Stone, Philadelphia. 

[15]. ASTM C1242 (2021). Standard Guide for 
Selection, Design, and Installation of Dimension Stone 
Attachment Systems, West Conshohocken, PA. 

[16]. TS EN 1936 (2010). Natural stone test methods-
Determination of real density and apparent density and 
of total and open porosity, Turkish Standards 
Institution, Ankara. 

[17]. TS 699 (2009). Natural building stones-Methods 
of inspection and laboratory testing, Turkish Standards 
Institution, Ankara. 

[18]. TS EN 1926 (2013). Natural stone test methods-
Determination of uniaxial compressive strength, 
Turkish Standards Institution, Ankara. 

[19]. TS EN 13161 (2014). Natural stone test methods-
Determination of flexural strength under constant 
moment, Turkish Standards Institution, Ankara. 

[20]. TS EN 14157 (2017). Natural stone test methods-
Determination of the abrasion resistance, Turkish 
Standards Institution, Ankara. 

[21]. Gupta, A.S. and Rao, K.S. (2000). Weathering 
effects on the strength and deformational behaviour of 



Köken and Başpınar Tuncay Journal of Mining and Environment (JME) Vol. 13, No. 1, 2022 

 

12 

crystalline rocks under uniaxial compression state, 
Eng. Geol. 56(3-4): 257–274. 

[22]. Ceryan, S., Tudes S. and Ceryan N. (2007). A 
new quantitative weathering classification for igneous 
rocks, Environ. Geol. 55(6): 1319–1336. 

[23]. Stück, H., Siegesmund, S. and Rüdrich, J. (2011). 
Weathering behaviour and construction suitability of 
dimension stones from the Drei Gleichen area 
(Thuringia, Germany), Environ. Earth Sci. 63(7): 
1763–1786. 

[24]. Ündül, Ö. and Tugrul A. (2016). On the 
variations of geo-engineering properties of dunites and 
diorites related to weathering, Environ. Earth Sci. 
75(19): 1-15. 

[25]. Koca, T.K. and Koca, M.Y. (2019). Classification 
of weathered andesitic rock materials from the İzmir 
Subway line on the basis of strength and deformation, 
Bull. Eng. Geol. Environ. 78(5): 3575–3592. 

[26]. Köken, E., Top, S. and Özarslan, A. (2020). 
Assessment of rock aggregate quality through the 
Analytic Hierarchy Process (AHP), Geotech. Geol. 
Eng. 38: 5075–5096. 

[27]. Park, H.J., Woo, I. and Um J. (2009) Probabilistic 
Analysis for Rock Slope Stability due to Weathering 
Process, Econ Environ Geol. 42(4), 357-366. 

[28]. Ersöz, T. and Topal, T. (2018) Assessment of 
rock slope stability with the effects of weathering and 
excavation by comparing deterministic methods and 
slope stability probability classification (SSPC). 
Environ Earth Sci., 77(14):547. 

[29]. Asmare, D. and Hailemariam, T. (2021) 
Assessment of rock slope stability using slope stability 
probability classification (SSPC) system, around 
AlemKetema, North Shoa, Ethiopia, Sci. African, 12: 
e00730 

[30]. Koralay, T., Kadioğlu Y.K. and Fallick T. (2012). 
The geochemistry of silica occurrences from Altıntaş 
region (Uşak-Western Anatolia) and oxygen isotopic 
composition, In: 65th Geological Congress of Turkey, 
2-6 April, 2012, 368-369. 

[31]. Başpınar Tuncay, E. Dedeoğlu, D. and Yağmurlu, 
F. (2016) Altıntaş Köyü (Uşak) Kuzeyindeki Andezitik 
Kayaçların Kaplama ve Döşeme Taşı Olarak 
Kullanılabilirliğinin Araştırılması, The Journal of 
Graduate School of Natural and Applied Sciences of 
Mehmet Akif Ersoy University 7(1): 75-83 (in 
Turkish). 

[32]. ISRM (2007) The complete ISRM suggested 
methods for rock characterization, testing, and 
monitoring: 1974–2006, In: Ulusay R, Hudson JA 
(Eds) Suggested methods prepared by the commission 
on testing methods. Int. Soc. Rock Mech. (ISRM), 
Ankara, Turkey. 

[33]. Karpuz, C. and Paşamehmetoğlu, A.G. (1997). 
Field characterization of weathered Ankara andesites, 
Eng. Geol. 46(1): 1–17. 

[34]. Tugrul, A. (2004). The effect of weathering on 
pore geometry and compressive strength of selected 
rock types from Turkey, Eng. Geol. 75(3-4): 215-227. 

[35]. Arikan, F., Ulusay R. and Aydın N. (2007). 
Characterization of Weathered Acidic Volcanic Rocks 
and a Weathering Classification based on a Rating 
System, Bull. Eng. Geol. Environ. 66: 415–430. 

[36]. Ündül, Ö. and Tugrul, A. (2012). The influence of 
weathering on the engineering properties of dunites, 
Rock Mech. Rock Eng. 45(2): 225–239. 

[37]. Momeni, A.A., Khlanlari, G.R., Heidari, M., 
Sepahi, A.A. and Bazvand E. (2015). New engineering 
geological weathering classifications for granitoid 
rocks, Eng. Geol. 185: 43–51. 

[38]. Monticelli, J.P., Sígolo, J.B. and Futai, M.M. 
(2021). On weathering understanding and its 
characterization by petrographic indices: a study case 
about the criterion establishment for the textural 
classification of rock-forming minerals under 
weathering. Environ. Earth Sci. 80(11): 1–17. 

[39]. Siegesmund, S., Weiss, T. and Vollbrecht, A. 
(2002). Natural stone, weathering phenomena, 
conservation strategies, and case studies: Introduction, 
Geological Society, London, Special Publications, 
205(1), 1-7. 

[40]. Sousa, L.M., Oliveira, A.S. and Alves, I. (2013). 
Assessing fracturing in weathered granites: the 
example of the Mondim de Basto Granite (Northern 
Portugal), Key Eng. Mater. 548: 48–54. 

[41]. Cabria, X.A. (2015). Effects of weathering in the 
rock and rock mass properties and the influence of salts 
in the coastal roadcuts in Saint Vincent and Dominica, 
Master's thesis, University of Twente. 

[42]. Anon, O. H. (1979). Classification of rocks and 
soils for engineering geological mapping, part 1—Rock 
and soil materials. Bulletin of Engineering Geology 
and the Environment, 19(1), 364–371. 

 



  1401، سال اولم، شماره سیزده، دوره زیستپژوهشی معدن و محیط -نشریه علمی  يکوکن و تونجا

 

 

 

 استفاده از آنها به عنوان سنگ روکش يها براتیآندز يبر احتمال بر رو یمبتن یابیارز کی
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  چکیده:

 يتقاضـاـ بــرا شیافــزا لیــحـاـل، بــه دل نیــ. بـاـ ارنــدیگیمورد استفاده قــرار مــ یبه عنوان سنگ ساختمان ایدر سراسر دن يابخش خود بصورت گسترده تیرضا تیفیک لیبه دل هاتیآندز
 هیــاوشـاـك، ترک یدر شــمال شــرق یتیآنــدز يهاســنگ يرا بر رو یقیدق یشگاهیآزما يهایمطالعه بررس نیاست. ا ازیسنگ مورد ن تیفیک یابیارز يبرا یعمل يکردهایرو ،یعیمنابع طب

 شیآزمــا جیقــرار گرفــت. نتـاـ یمــورد بررســ )W3(هــوازده  اریتــا بســ )W0(زده نشــده سالم و هــوا باًیتقر یسنگ يهااز توده یسنگ يهابلوك ،یشگاهیمطالعات آزما ي. براکندیارائه م
 يتــک محــور ي، مقاومــت فشــار)Vp(، ســرعت مــوج پـاـلس )ne(، تخلخــل مــؤثر )ρd(خشک  یبر چگال یتوجهقابل راتیسنگ تأث شروندهیپ یکه هوازدگ دهدینشان م یشگاهیآزما

)UCS(ی، مقاومت خمش )FS( بوهمه یشیو ارزش سا AWR ((شده  یبررس يپارامترها انیدارد. در م یتیآندز يسنگ ها)ne( رونــدهشیپ یرا از هــوازدگ يریپــذ ریتـأـث نیشــتریب 
اخص بــه نـاـم شــ یکمــ کــردیرو کیــ. شــوندیمــ یابیــارز یپوششــ يهااستفاده به عنــوان ســنگ يبرا یتیآندز يهاسنگ بول،یوا يسه پارامتر عیبر اساس توز ن،ی. علاوه بر ااردسنگ د
شــده اســت. دو نمونــه از  شــنهادیپ )C1-C6(مختلــف  یابیــارز اریــبــا در نظــر گــرفتن شــش مع ،یتیآنــدز يهاســنگ يبــرا یروکش يهاسنگ تیفیکردن ک یکم يبرا) SI(تناسب 

 یکمــ يبــرا SIشــد و نشــان داد کــه اســتفاده از  یســمونــت کـاـرلو برر لیــو تحل هیــبا تجز زین يشنهادیدهد. مناسب بودن روش پ یرا نشان م يشنهادیپ کردیعملکرد رو SIمحاسبات 
بهبــود  SIدر محاســبات  یو بـاـفت یشناســیکــان يهـاـیژگــیو بیــبـاـ ترک دیبا يشنهادیپ کردیرو حال، نیمناسب است. با ا یتیآندز يهاسنگ يبرا سنگ روکش، تیفیک یکردن و بررس

 .ردیقرار گ یمورد بررس زیمختلف ن یتیآندز يشود سنگ ها یسع دیروکش، با يسنگ ها تیفیک يساز یمشکلات کم ایمشاهده شباهت ها  يبرا ن،ی. علاوه بر اابدی

 .بولیو عیسنگ، توز یسنگ روکش، هوازدگ ت،یآندز کلمات کلیدي:
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