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Abstract

One of the modern finishing materials for building construction is igneous rock. This
study was focused on determining the relationships between mechanical and physical
properties of igneous rocks. This incorporates point load strength index IS,
Unconfined Compression Strength (UCS), flexural strength, poisons ratio, dry density,
porosity, Schmidt rebound values and P-wave velocity for a wide range of igneous
rocks. The study was performed on data collected from the literature. The results
showed that the porosity has a significant negative effect on the dry density of rock
samples. The best relationship was observed between modulus of elasticity and
temperature with the coefficient of determination (R?) of 0.89; it means that the
temperature had a great influence on the modulus of elasticity so that increasing
temperature causes to decrease in modulus of elasticity of igneous rock. In addition, the
weakest relationship was observed between flexural strength and p-wave velocity with
R? of 0.42; whereas, there was no relationship between UCS and Poisons ratio.

Keywords: Igneous rock; mechanical properties; physical properties; modulus of
elasticity; temperature.

1. Introduction

Solidification of partly molten or molten magma produced from Earth’s crust caused to
generate igneous rocks. On the word of their formation condition, igneous rocks are
classified to two main types, intrusive (plutonic), this type of rock formed from slow
cooling of magma deeply inside the earth crust and then start solidification. The second
type of igneous rock is volcanic (extrusive) formed from flowing of lava, causing fine
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grained or glassy material as a result of quick cooling at the earth’s surface. Main
mineral components and grain size are the main characteristics to classified volcanic and
plutonic rocks. In most case the maximum mechanical strength comes from unweathered
igneous rock(Harker, 2011; McBirney, 1993; Zhou & Li, 2000). In geotechnical
engineering, high mechanical strength generally due to small grained size, while, the
alteration of minerals, joints, cavities, and faults cause reduce mechanical
strength(Bowen, 1956; Maitre, 1989). Several factors affect the properties of igneous
rock, such as the fabric (voids and minerals’ arrangement) mineral composition, texture
(shape and size of grain), and the condition of the weather (Irfan, 1996). Igneous rocks
vary in their petrographic properties, mineralogy, and engineering features for instance
shape and size of grain, interlocking degree, and type of contact and composition of the
minerals can affect the rock’s mechanical properties. The combination of texture and
mineral, provide good elastic deformation strength properties for synthetic (fresh)
igneous rock (Irfan & Dearman, 1978; Mendes, Aires-Barros, & Rodrigues, 1966;
Onodera & Asoka Kumara, 1980; Tugrul & Zarif, 1999; Willard & McWilliams, 1969;
Yusof & Zabidi, 2016). According to the literature the strength of igneous rock increases
with increasing fine grain in the rock. In general, the mechanical properties (strength and
stiffness) of igneous rock decrease with decreasing grain size (Crawford, DeDontney,
Alramahi, & Ottesen, 2012; Singh, Kainthola, & Venkatesh, 2012; Tugrul & Zarif,
1999). Quartz is one of the main compositions of igneous rock, the more quartz in the
rock give higher strength. Meanwhile, if the rock contain feldspar, weakens the rock’s
strength (Merriam, Rieke Ill, & Kim, 1970; Tugrul & Zarif, 1999). The composition of
igneous rock and mineral crystal frame changes under the influence of temperature,
Pores and cracks of igneous rock and its structure changes as well. Micro-cracking
occurs with increasing temperature. This is due to the change of the rock’s grain size
(Rao, Wang, Xie, & Xie, 2007; Takarli, Prince, & Siddique, 2008). Thermal damage is
mainly caused by minerals’ differential thermal expansion(Keshavarz, Pellet, & Loret,
2010). Various researches have been conducted to deal with the effect of high
temperature on the mechanical properties of rock under mechanical loads by utilizing
numerical simulation(Jing, 2003; Takarli et al., 2008). Numerous studies have developed
empirical equations to determine Young modulus and UCS in rocks depending on
point load index Issg, Schmidt hammer rebound (Rn) and P-wave velocity (Py)
(Cobanoglu & Celik, 2008; Palchik & Hatzor, 2004; Singh et al., 2012; Thuro,
Plinninger, Zah, & Schutz, 2001). The objectives of this study were to correlate some
physical and mechanical properties of Igneous rocks as well as develop a useful
empirical equations between igneous rock properties.
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2. Materials and methods

2.1. Data collection
In this study, the following geotechnical properties were collected from literature:
Unconfined Compression Strength (UCS), Flexural strength, P-wave velocity, porosity,
Dry density, Modulus of elasticity, Point load strength index, Schmidt hammer and the
effect of Temperature on the geotechnical properties of Igneous rocks.

2.2. lgneous rock properties
In this study, more than 1000 data points were obtained from literature so as to
investigate the relationships between the geotechnical properties of igneous rock. .. All
tests have been conducted according to American Society for Testing and Materials
(ASTM) and International Society for Rock Mechanics (ISRM). The data were analyzed
using linear and nonlinear regression models.

3. Results and discussion

3.1. Unconfined Compressive Strength, UCS (MPa)
Based on the total of 240 UCS data for Igneous rocks, the range of data was from 6.0 to
212 MPa with a mean value of 93.0 MPa, standard deviation of 45 MPa and coefficient
of variation COV of 60 % as summarized in Table 1.

3.2. Tensile strength, ot (MPa)
The ot of previous studies is presented in Table 1. based on the total of 88 ot data for
Igneous rocks, the range of data was from 1.5 to 29 MPa with a mean of 13.75 MPa,
standard deviation of 8.35 MPa and COV of 60 % as summarized in Table 1.

3.3. P-wave velocity, Pv (m/s)
The data of Pv are collected from other studies as summarized in Table 1. Based on the
total of 188 Pv data for Igneous rocks, the data varied from 2300 to 8000 m/s with a
mean of 4918 m/s, standard deviation of 1154 m/s and COV of 23 % as summarized in
Table 1.

3.4. Porosity, n (%)
The statistical analysis of total collected data of 87 n for Igneous rocks collected from
the literature presented a variation from 0.14 to 50 % with a mean of 4.8 %, standard
deviation of 9.80% and COV of 2.0.0 % as summarized in Table 1.

3.5. Dry Unit Weight, ydry (kN /m3)
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data of 73 were collected from previous studies for ydry for Igneous rocks collected
from the literature gave a variation from 1.50 to 28.0 kN/m3 with a mean of 20.50
kN/m3, standard deviation of 9.50 kN/m3 and COV of 46 % as summarized in Table 1.

3.6. Modulus of elasticity, E (GPa)
A total of 101 data points of E were collected from literature for Igneous rocks. The
range of data was from 2.0 to 13.0 GPa with a mean of 36.25 GPa, standard deviation of
19.19 GPa and COV of 53 % as summarized in Table 1.

3.7. Point load strength index, 1s(50) (MPa)
A data of 119 for Is(50) was collected from other studies for Igneous rocks are
presented in Table 1. The range of 1s(50) was from 1.0 to 13.0 MPa with a mean value
of 4.32 MPa, standard deviation of 2.90 MPa and COV of 67 % as summarized in
Table 1.

3.8. Schmidt hammer, (Rn)
The Rn of other research studies is presented in Table 1. The total of 119 data for Rn of
Igneous rocks were obtained from literature. The range of data was from 18 to 72 with a
mean of 45.70, standard deviation of 14.25 and COV of 31 % as summarized in Tablel.

3.9. Poisson ratio, v
A total of 61 data of v for igneous rocks were collected from literature is presented in
Table 1. The minimum and maximum values were 0.10 and 0.40, respectively, with
average of 0.25, standard deviation of 0.064 and COV of 25 % as summarized in
Tablel.

3.10. Effect of Temperature change, T (C°)
The effect of temperature on mechanical properties was studied based literature. The
minimum and maximum values of T was 20 to 1130 C° out of 19 data from literature
and the mean and standard deviation were 278, 369 C° respectively and COV was 75 %
as summarized in Table 1.

3.11. Relationships between Unconfined Compression Strength and P-wave
velocity

The correlation between UCS and P-wave was investigated using data collected from
previous studies using 172 data points using simple regression model, the best
relationships between UCS and Pv was a nonlinear model as presented in Fig. 1. The
coefficient of determination (R2) and Root Mean Square Error (RMSE) for the
relationship were 0.55 and 28.80respectively. Eq.1 shows the developed equation.
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.UCS =0.0008 P,** (1)
3.12. Relationships between tensile strength and P-wave velocity

A total of 65 data points were collected from various research studies. The data collected
from the literature were quantified using (EQ. 2) as shown in Fig. 2. The change in the X
with Y was represented using relationship shown in Eq. 2. It is clear that as Pv
increases, the tensile strength increases. R* and RMSE were 0.45 and 5.3 respectively.

ot = 3.138 exp *90% )
3.13. Relationships between Porosity and P-wave velocity

Data points of 61were collected from numerous research studies. The collected data
from the studies were calculated using (Eg. 3) as shown in Fig. 3. The change in the X
with Y was shown using the relationship (Eq. 3) and the model parameters A and B are
summarized in Table 2. It is obvious that increasing of sound velocity decreased
porosity. R? and RMSE for the relationship were 0.69 and 1.55 as summarized in Table
2.

n=127.42exp 5™ (3)
3.14. Relationships between Modulus of Elasticity and Temperature

From various research studies 13 data were collected. The collected data from the
studies were calculated using (Eqg. 4) as shown in Fig.4. The change in the X with Y was
shown using the relationship (Eg. 4) and the model parameters A and B are summarized
in Table 2. The change in temperature had a great effect on modulus of elasticity
increase of temperature lead to decrease modulus of elasticity. R> and RMSE were 0.89
and 6.84 as summarized in Table 2.

E=-0.062T + 74.65 (4)

3.15. Relationships between Unconfined Compression Strength and Modulus of
Elasticity

A total of 66 data were collected from various research studies. The collected data from
the studies were calculated using (Eg. 5) as shown in Fig.5. The change in the X with Y
was shown using the relationship (Eq. 5) and the model parameters A and B are
summarized in Table 2. R and RMSE were 0.88 and 21.0 respectively as summarized in
Table 2.
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UCS = 6.30 E*"®% (5)

3.16. Relationships between Unconfined Compression Strength and Point load

From numerous research studies 129 data were collected. The collected data from the
studies were calculated using (Eg. 6) as shown in Fig.6. The change in the X with Y was
shown using the relationship (Eq. 6) and the model parameters A and B are summarized
in Table 2. R and RMSE for the relationship were 0.53and 29.40 as summarized in
Table3.

UCS =53.821 I,>* (6)

3.17. Relationships between Unconfined Compression Strength and Flexural
strength

A total of 89 data were collected from different research studies. The data collected from
the literature were quantified using (Eq. 7) as shown in Fig. 7. The change in the X with
Y was represented using relationship (Eqg. 7) it can be seen that increased Flexural
strength caused to increase Unconfined Compression Strength and the model
parameters, A and B are summarized in Table 2. R2 and RMSE for the relationship were
0.63 and 28.6 as summarized in Table 2.

UCS= 4.4877ct + 23.683 ()

3.18. Relationships between Unconfined Compression Strength and Schmidt
hammer

119 data were collected from different research studies. The collected data from the
studies were calculated using (Eq. 8) as shown in Fig. 8. The change in the X with Y
was shown using the relationship (Eq. 8) and the model parameters A and B are
summarized in Table 2. It is obvious that increasing of Schmidt hammer values lead to
increase unconfined Compression Strength. R2 and RMSE for the relationship were 0.73
and 22.25 as summarized in Table 2.

UCS =1.4467 Rn1.1066 (8)
3.19. Relationships between Dry density and Porosity

From various research studies 58 data were collected. The collected data from the
studies were calculated using (Eg. 9) as shown in Fig.9. The change in the X with Y was
shown using the relationship (Eq. 5) and the model parameters A and B are summarized
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in Table 2. R2 and RMSE for the relationship were 0.90 and 0.78 as summarized in
Table 2.

vy dry =26.97exp -0.033 n 9)

3.20. Relationships between Unconfined Compression Strength and Poisson's
ratio

From various research studies 61 data were collected. Based on R2 and RMSE no
relationship was observed as shown in Fig. 10.

4. Conclusions
Based on statistical analysis on data obtained from literature, the following conclusions
were drawn:

1. The UCS — Rn relationship was stronger than the UCS-Iss, Relationship for
Igneous rocks.

2. P, have agood relationship with n, compared to UCS and ot based on RMSE
and R,

3. The inverse relationship observed between n and y dry, as well as with P, have
been proven.

4. Low correlation coefficients were achieved between ot and P,  nevertheless
good correlation coefficients were trended between UCS and ot.

5. Temptature change (T) have a great effect on UCS, increasing 35 times of T
caused to decrease UCS 35 times.

6. Based on Root Mean Square Error (RMSE) and coefficient of determination
(R values, the acceptable relationships were observed between igneous rock
properties.
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Appendices
Table 1. Statistical Variation of Igneous rock properties
Igneous Rock
Statistical
- .
Parameters No. of Data Range Mean (n) | Std. Deviation () COV (%)

182 | acadj@garmian.edu.krd Vol.5, No.2 (June, 2018)



Ot »S daele dme Journal of Garmian University REPIVIL CP I
USC (MPa) 240 6.0 - 212 93.0 45.0 48
Flexural 88 1.50 -29 13.75 8.35 60
strength(MPa)
P-wave velocity, 188 2300-8000 4918 1154 23
Py (m/s)
Porosity, n(%) 87 0.14-50.0 4.80 9.80 2.0
Dry density, v ary 73 1.50 - 28.0 20.50 9.50 46
(kN /m®)
Modulus of 105 2.0-75.0 36.25 19.19 53
elasticity, (Gpa)
Point load strength 119 1.0-13.0 4.32 2.90 67
index, IS0y (Mpa)
Schmidt hammer 119 18 -72 45.70 14.25 31
(Rn)
Poisson's ratio, v 61 0.10-0.40 0.25 0.064 25
Temperature, 19 20-1130 369 278 75
T(C)
Table 2. Model parameters for Expansive soil properties
depended Variable In depended 2 No. of Fig.
. . . A B R RMSE
(Y-axis) Variable (X-axis) S Data No.
Unconfined P-wave velocity,
Compression Strength Pv(m/s) 0.0008 1.37 0.55 28.8 172 Fig.1
,USC(kPa)
Flexural strength, ot | P-wave velocity, .
A : A4 . Fig.2
(MPa) P(M/S) 3.138 | 0.0003 | 0.45 | 5.30 65 ig
e 5 - .
Porosity, n (%) | P-wave velocity, | 1,7 15 | 00009 | 0.69 | 1.55 61 Fig.3
Pv(m/s)
Modulus of Elasticity, Temperature,
E (Gpa) T©) 7465 | -0.062 | 0.89 | 6.84 13 | Fig5
Unconfined Modulus of 6.30 | 0.7893 | 0.85 | 21.0 66 Fig.4
Compression Strength Elasticity, E
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,USC(kPa) (Gpa)
Unconfined Point load, Is(s)
Compression Strength (Mpa) 53.821 0.51 0.56 | 29.40 119 Fig.6
,USC(kPa)
Unconfined Flexural strength,
Compression Strength ot (MPa) 23.68 4.49 0.63 | 28.60 89 Fig.7
,USC(kPa)
Unconfined Schmidt hammer,
Compression Strength (Rn) 1.4467 | 1.1066 | 0.73 | 22.25 119 Fig.8
,USC(kPa)
Dry density, y dry Porosity , n .
(KN/m3) 26.97 0.033 | 0.90 | 0.78 58 Fig.9
Unconfined Poisson's ratio, v
Compression Strength No relation was observed 61 Fig.10
,USC(kPa)
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Fig. 1 Unconfined Compression Strength vs P-wave velocity
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