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Abstract 

In this study, the relationships between the physical and mechanical properties of 

metamorphic rocks have been investigated based on data that were collected from 

previous studies. The data for the physical and mechanical properties of metamorphic 

rocks such as (Density, Young’s modulus, Uniaxial Compressive Strength (UCS), 

Porosity, Tensile strength, Specific Gravity) for some types of metamorphic rocks ( 

Gneiss, Schist, Phyllite , Slate , Marble, Amphibolite, Hornfels and Quartzite) were 

collected from previous studies. The statistical analysis has been investigated in order to 

find the valuable relationships between physical and mechanical properties of the 

studied rock.. The results revealed linear relationships between those properties. Based 

on the coefficient of determination (R
2
), the best linear correlations were obtained 

between Young’s modulus and Porosity with R
2
 of 0.86 whereas, the weak relationship 

was found between UCS and Specific Gravity of R
2
=0.22. This indicates that there is not 

a direct relationship between UCS and specific gravity. 

Keywords: Metamorphic rocks; UCS; porosity; specific gravity; Physical Properties; 

Mechanical Properties. 

1. Introduction 

Metamorphic rocks are the rocks that formed from other rocks. They are sedimentary 

rocks or pyrotechnics that have changed due to extreme pressure and heat. The 

configured name defines where "meta" means change and "morph" means "form". Thus, 

mutated rocks are those whose shapes have been altered through a geological process 
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such as large tectonic movements and magma penetrations. Transient transformation 

occurs mainly due to changes in temperature; pressure exerted, and the introduction of 

chemically active fluids. For metamorphism to occur, there are some conditions which 

speed up the process that is the geologic events that happen on large scales such as the 

movement of the global lithospheric plate, the seduction of the lithosphere of the ocean, 

the collision of the continents and the spreading of the ocean floor.  All the mentioned 

three have the consequence of rocks that are moving transport heat; these changes in 

pressure and temperature are the important variables in the changes in the rock texture 

(Owaid et al., 2015). In the North East corner of Arabia, Peninsula lays the country of 

Iraq. The country island to different contrasting geography that consists of the arid 

desert in the west of mountains that are rugged of Taurus and Zagros in the northeast; 

the two regions are separated by the fertile depression of Mesopotamia. In geology, Iraq 

is said to lie in the transition between the Arabian Shelf and the damaged areas of 

Taurus and Zagros Zones in the North and North East (Al-Juboury et al., 2009).  

The design of underground structures such as road tunnels and rail tunnels depends on 

the data collected through the physical and mechanical properties of the rocks. These 

geotechnical properties of rocks play an important role in design, safety, stability and 

rock structures when they are exposed to heterogeneous areas in situ resulting from 

excess stresses, tectonicity and gravity, which are locally complicated by water pressure 

and pressure , Persuaded by the excavations. The physical and mechanical parameters 

play a very important role in a precise forecast of rock behavior under such inconsistent 

conditions. The mechanical properties of rocks change with density, porosity, UCS, 

specific gravity, grain size, texture and effective pressures acting on them. Changes in 

physical and mechanical properties in metamorphic rocks lead to corresponding 

variations in failure pattern (Singh et al., 2017). In this study, the linear relationships 

between physical and mechanical properties of metamorphic rocks were investigated 

based on data collected from the previous studies. 

2. Objective 

This study aimed to investigate the correlations between the physical and mechanical 

properties of metamorphic rocks. 

3. Materials and Methods 

3.1 Materials 
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In this study based on literature different types of metamorphic rocks such as 

(gneiss, phyllite, schist, slate, hornfels, marble, quartzite, novaculite and amphibolite) 

were used for the correlation between the physical and mechanical properties of 

metamorphic rocks. 

3.2 Methods 

Based on previous studies for the physical and mechanical properties of metamorphic 

rocks such as (Young’s modulus, E), (Density, ρ), (Uniaxial compressive strength, 

UCS), (Porosity, n), (Tensile Strength, σt),(Specific Gravity, Gs) data were collected as 

summarized in Table (1). and the correlation between those properties were conducted. 

 

Table 1: Literature Review for the Physical and Mechanical Properties of Metamorphic Rocks 

Reference Location 

Number of data collected from previous studies 

Density 

ρ 

(g/cm
3
) 

Young’s 

modulus 

E (GPa) 

UCS 

(MPa) 

Porosity 

n (%) 

Tensile 

strength 

σt (MPa) 

Specific 

Gravity 

Gs 

Ozcelik, (2011) Turkey - - 16 - 16 - 

Jayawardena, (2011) Sri Lanka - - 14 - 14 - 

Siegesmund et al., (2011) Germany 27 13 - 27 13 - 

Kahraman et al., (2012) Turkey - - 15 - 15 - 

Tandon et al., (2013) India 42 - 42 - - - 

Benayad et al., (2013) Korea       

Perras et al., (2014) Switzerland - - 6 - - - 

Talabi et al., (2014) Nigeria - - 22 22 - 22 

Barros et al., (2014) Portugal 5 - - 5 - - 

Gholami et al., (2014) Malaysia 3 - - 3 14 - 

Khanlari et al., (2014) Iran 6 - - 6 - 6 

El–Hamid et al., (2015) Egypt 3 - 3 3 - - 

Mustafa et al., (2015) Pakistan - - 10 - 10 - 

Gegenhuber, (2016) Australia 12 - - 12 - - 

Chen et al., (2016) China 35 - - 35 - - 

Fereidooni,  (2016) Iran 8 8 8 8 - - 

Singh et al., (2017) India 3 3 3 3 3 3 

Udagedara et al., (2017) Sri Lanka 5 - 5 5 - 5 

Motra et al., (2017) Germany 28 28 - - - - 

Su et al., (2017) USA - 9 - - 9 - 

Mishra et al., (2017) India - 11 - - - - 

Özbek et al., (2018) Turkey 4 - - 4 - - 

 

 

https://geology.com/rocks/gneiss.shtml
https://geology.com/rocks/phyllite.shtml
https://geology.com/rocks/schist.shtml
https://geology.com/rocks/slate.shtml
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4. Results and discussions  

4.1 Physical and mechanical properties  

4.1.1 Density (ρ) (g/cm
3
) 

The density of the metamorphic rocks as summarized in Table 1. Based on total of 181 

data varied from 2.04 to 3.29 g/cm
3
 with a mean of 2.71, the standard deviation of 0.20, 

variance of 0.04, median of 2.7 and the coefficient of variation (C.O.V) of 7.35 as 

summarized in Table 2. 

4.1.2 Young’s modulus, E (GPa) 

The young’s modulus of the metamorphic rocks as summarized in Table 1. Based on 

total of 72 data varied from 10.44 to 217.44 GPa, with a mean of 74.22, standard 

deviation of 48.75, variance of 2377, median of 58.7 and the coefficient of variation 

(C.O.V) of 65.7 as summarized in Table 2. 

4.1.3 Uniaxial compressive strength (UCS), (MPa) 

The uniaxial compressive strength of the metamorphic rocks as summarized in Table 1. 

Based on total of 169 data varied from 8 to 355 MPa, with a mean of 104, standard 

deviation of 62.10, variance of 3857, median of 96 and the coefficient of variation 

(C.O.V) of 60 as summarized in Table 2. 

4.1.4 Porosity (n), (%) 

The porosity of the metamorphic rocks as summarized in Table 1. Based on total of 182 

data varied from 0.02 – 10.95 %, with a mean of 3.1, standard deviation of 3.14, 

variance of 9.9, median of 1.9 and the coefficient of variation (C.O.V) of 101 as 

summarized in Table 2. 

4.1.5 Tensile strength (σt), (MPa) 

The tensile strength of the metamorphic rocks as summarized in Table 1. Based on total 

of 78 data varied from 2.3 to 18.1 MPa, with a mean of 8.61, standard deviation of 3.68, 

variance of 13.52, median of 8.35 and the coefficient of variation (C.O.V) of 43 as 

summarized in Table 2. 

4.1.6 Specific Gravity, Gs 

The specific Gravity of the metamorphic rocks as summarized in Table 1. Based on the 

total of 36 data varied from 1.72 to 2.84 with a mean of 2.61, the standard deviation of 

0.26, variance of 0.068, median of 2.68 and the coefficient of variation (C.O.V) of 10 as 

summarized in Table 2. 

4.2 Correlation between Physical and mechanical properties  

Based on the collected data from previous for physical and mechanical properties for 

metamorphic rocks statistical analysis were studied as summarized in Table 2 and 13 
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linear relationships between those properties were investigated as presented in Table 3. 

And the graph for each relationships as shown in Fig. 1,2,3,4,5,6,7,8,9,10,11,12 and 13. 

Table 2 Statistical Analysis for Metamorphic Rocks 

Statistical 

Parameters 
Density  

Young’s 

modulus  
UCS  Porosity  

 

 

Tensile 

strength 

 

 

Specific 

Gravity 

Range( Min,Max) 2.04 – 3.29 
10.45 – 

217.50 
8 - 355 

0.02 – 

10.95 

 

2.3 – 18.1 

 

1.72 – 2.84 

Mean  2.71 74.22 104 3.1 
 

8.61 

 

2.61 

Std. Deviation  0.20 48.75 62.10 3.14 
 

3.68 

 

0.26 

Median 2.7 58.7 96 1.9 
 

8.35 

 

2.68 

Variance 0.04 2377 3857 9.9 
 

13.52 

 

0.068 

C.O.V (%) 7.35 65.7 60 101 
 

43 

 

10 

No. of  Data 181 72 169 182 
 

78 

 

36 

  

Table 3 Summary of Correlations between Physical and Mechanical Properties of Metamorphic Rocks 

 

No. 

 

Dependent variables 

 

Independent variables 
 

Equations 

 

R
2
 

No. 

of 

Data 

No  

of 

graph 

1 Density , ρ (g/cm
3
) Young’s modulus , E (GPa) E = 189.41 ρ - 460.65 0.77 68       1 

2 Density , ρ (g/cm
3
) UCS (MPa) UCS = 179 ρ - 394.38 0.30 138 2 

3 Density , ρ (g/cm
3
) Porosity,n (%) N = -6.9915 ρ + 20.159 0.58 90 3 

4 Density , ρ (g/cm
3
) Tensile strength (MPa) σt = 15.616 ρ  - 35.261 0.83 54 4 

5 Tensile strength (MPa) UCS (MPa) UCS = 10.847 σt + 10.841 0.71 70 5 

6 Tensile strength (MPa) Young’s modulus , E (GPa) E = 4.3448 σt + 0.4039 0.66 47 6 

7 Young’s modulus , E 

(GPa) 

UCS (MPa) UCS =  0.9437 E + 31.621 0.72 72 7 

8 Density , ρ (g/cm
3
) Young’s modulus/Tensile 

strength 

E / σt = 34.214 ρ - 85.763 0.78 52 8 

9 Young’s modulus , E 

(GPa) 

Porosity, n (%) n =  -0.0047 E + 0.951 0.86 58 9 

10 Specific Gravity , Gs Density , ρ (g/cm3) ρ = 1.5366 Gs - 1.4632 0.54 33 10 

11 UCS (MPa) Specific Gravity , Gs Gs = = -0.0004 UCS+ 

2.743 

0.22 32 11 

12 Tensile strength (MPa) Specific Gravity , Gs Gs = 0.0049 σt + 2.6401 0.48 36 12 

13 UCS (MPa) Young’s modulus  /  

Density 

E / ρ= 0.1602 UCS + 

8.5131 

0.60 72 13 
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Fig. 

1 linear variation between density (ρ) and Young’s modulus (E) 

 

Fig. 2 linear variation between density (ρ) and UCS (MPa) 
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Fig. 3 linear variation between density (ρ) and Porosity, n (%) 

 

 

Fig. 4 linear variation between density (ρ) and Tensile strength, σt (MPa) 
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Fig. 5 linear variation between Tensile strength, σt (MPa) and UCS (MPa) 

 

Fig. 6 linear variation between Tensile strength, σt (MPa) and Young’s modulus,E (GPa) 
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Fig. 7 linear variation between Young’s modulus, E (GPa) and UCS (MPa) 

 

Fig. 8 linear variation between Density, ρ (g/cm
3
) and E / σt 
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Fig. 9 linear variation between Young’s modulus, E (GPa) and Porosity, n (%) 

 

 

Fig. 10 linear variation between Specific gravity, Gs, and density, ρ (gm/cm
3
) 
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Fig. 11 linear variation between UCS (MPa) and Specific Gravity, Gs 

 

Fig. 12 linear variation between Tensile strength, σt (MPa) and Specific Gravity, Gs 
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Fig. 13 linear variation between UCS (MPa) and Young’s modulus / Density 

5. Conclusions 

This study aimed to investigate the relationship between the physical and mechanical 

properties of metamorphic rocks. The statistical analyses of metamorphic rocks were 

studied. Correlation between geotechnical properties of metamorphic rocks was 
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Porosity with   R
2
 = 0.86. 

2.  Density with Tensile strength has a linear correlation with R
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= 0.83. 

3. UCS and Specific Gravity has a weak linear correlation with R
2 
= 0.22. 

4. Linear correlation between Density and UCS with R
2 
= 0.30. 

5. It would be better for future to work on the relationships between UCS with Specific 
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