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Abstract

The mechanical properties of Gercus
Formation in Iraq such as Uniaxial
Compressive Strength (UCS), Tensile
Strength (TS), Point Load Strength
and Young’s Modulus (E) are very
crucial to design structures in or on the
Formation. Unfortunately, there is no information
about these mechanical properties as well as about
predicting these properties using non-destructive
tests such as the ultrasonic pulse velocity (UPV).
The aim of this study is to evaluate these
mechanical properties for Gercus Formation and
to develop the correlation equations to find the
mechanical properties from simple indirect tests
such as point load test (PLT) and non-destructive
test (UPV). Fifty one core samples (75mm
diameter and 150 mm height) were collected from
Gercus formation at Surqawshan Dam Project in
Irag and prepared for physical and mechanical
testing. The obtained results showed that the
mechanical properties of the Gercus Formation
can be obtained using non-destructive test (UPV)
whereas the point load test is not a good choice to
predict the mechanical properties of the
formation. Furthermore, the petrological
properties of Gercus Formation have been studied
macroscopic and microscopic by thin sections.
Based on the petrological analysis, the collected
samples were classified in white dolomitic
limestone, gray shale, red silty sandstone and red
clayey sandstone.

Keywords: Gercus Formation, Young’s Modulus,
Pulse Velocity, Tensile Strength, Point Load Strength,
Uniaxial Compressive Strength, Petrological
Properties.

1- Introduction

The primary type section of Gercus Formation
was first described in the Gercus region (Figure.
1, P), in the South-East Turkey by Maxon in 1936
(Bellen et al., 1959). In Iraq, a suplimentary type
section was described by Wetzel in Duhok area
(Figure. 1, S). The formation consists of red and
purple shales, mudstones, sandy and gritty
marls, pebbly sandstones and conglomerates.
Sometimes, the lenses of gypsum and halite are
observed near the top of the formation. The
thickness of the formation reaches 850 m. In the
Shaikhan and Zawita anticlines the formation
consists mainly of red clastic, carbonate and rare
conglomerate beds with two beds of gypsum in
the upper part of the formation (Majid et al, 2015).
The thickness of the formation decreases towards
the SE; near the Iranian border along the Sirwan
River, usually less than 100 m thick. In other
successions in northeastern Iraq the formation
consists of brown clastics and limestone in the
Demir Dagh area (Ditmar and Iragi-Soviet Team, 1971).
In the Derbendikhan anticline (Jassim et al, 1975)
the thickness of this formation is 300 m on the
NE limb and 50 m along the SW limb. The age
Middle Eocene is considered by some researchers
for Gercus Formation (Bellen et al, 1959, Ditmar and
Iragi-Soviet Team, 1971, Jassim et al, 1975). According
to (Al-Rawi, 1980, Al-Qayim and Al-Shaibani,1994, Ameen,
1998) these deposits represent fluvio-deltaic facies
of the Middle Late Eocene age. Related to the
depositional environment the Gercus Formation
was deposited along the NE margin of the Middle
Eocene basin representing red molasse sequence
that was derived from uplifted areas in the N and
NE (Jassim and Goff, 2006).

Mechanical and petrological properties are very
important for the design of structures in or on
rock masses as well as for strength classification
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of rocks used in buildings. The determination of
the mechanical properties of intact rock often
requires very sophisticated test setup and careful
specimen preparation according to the standard
test procedures (ISRM 1981). Also, the results are
greatly sensitive to the style of loading.
Consequently, a test procedure that would use
small segments of the core with minimal sample
preparation to determine the required properties
indirectly has always been demanded (Ulusay et al.,
2001). Indirect test methods such as Schmidt
hammer, ultrasonic pulse velocity (UPV), point
load index (PLI), and Brazilian Tensile Strength
tests (BT) are widely used because they are
simple, more economical, less time-consuming,
and easily adaptable to the field conditions [Aksoy
et al., 2011].

There are many researches about the correlation
between direct and indirect methods of intact
rock. Vasconcelos et al. (2008) used UPV to
evaluate the physical and mechanical properties of
granite rock samples and they found that there is
a reasonable linear relationship of UPV with each
of Young’s modulus (E) and UCS. Khandelwel
(2013) found a linear relationships between UPV
and UCS, TS, punch shear, density, slake
durability index, Young's modulus, PLI, and
Schemidt hammer rebound number using intact
rock samples of igneous, sedimentary, and
metamorphic rocks collected from different
location of India. Nazir ef al. (2013) proposed a
power correlation between BT and UCS using 20
samples of dry limestone. Kaya and Karaman
(2016) correlated UCS with PLI using linear
equation and they concluded that the geological
origin of the rock has the greatest influence on
the relationship between UCS and PLI which
indicates the mnecessity of the current study.
Armaghani ef al. (2016) developed an empirical
equation to predict UCS of sandstone samples
from UPV, Schmidt hammer, porosity, and PLI
using multiple regression analysis by hybrid ICA-
ANN model. Momeni et al. (2015) revealed about
85 models with different level of reliability to
predict UCS from indirect tests; but these models
should be used with caution since the nature of
rock materials is complex and may vary from
point to another point for similar rock block.
Kallu and Roghanchi (2015) correlated the direct
compression strength with indirect compression
strength for basalt and rhyolite rock types using
only 10 UCS samples. They found that the
uniaxial compression strength has the Dbest
correlation with the splitting tensile strength
using the regression analysis. However, this may
not be true for some sedimentary rocks and
heterogeneous formation such as Gercus

formation in Iraq. Logically, the best relationship
should be between UPV and modulus of elasticity
since the transition of the produced wave depends
on elastic properties. Furthermore, according to
the literature review, there is no any study about
the mechanical properties of Gercus Formation in
Iraq. Also, the literature review revealed that
most of the studies were to predict UCS from
indirect tests such as UPV and PLI.

This study is primarily focused on the mechanical
properties using direct methods and developing
correlations between the direct and indirect
compression test methods for sedimentary rock
samples obtained from Gercus Formation at
Surgawshan dam in Iraq. A number of tests, such
as, point load index (PLI), splitting tensile
strength (Brazilian Test), and Ultrasonic Pulse
Velocity test, were conducted on core samples.
Also, the petrological properties of Gercus
Formation have been studied.

2- Materials and Methods

Seventeen homogeneous core rocks were collected
from Gercus Formation at Surqawshan dam in
Irag and from each core three air dry samples
were prepared for the following tests: UCS, PLI,
and splitting tensile strength. The samples
prepared for UCS were also used to conduct the
Ultrasonic Pulse velocity test before breaking
samples in the UCS test. It should be noted that
all attempts were made to obtain good quality
samples. Also, thin sections were prepared to
study the Petrological properties of Gercus
Formation under binocular microscope. The
sample ends were ground down using the Rock
Grinder according to ISRM (1981).

2-1- Uniaxial Compressive Strength (UCS) test

The UCS tests were conducted for the Gercus
Formation at Surqawshan dam site using the
Control Machine Compression servo-controlled.
Axial load was applied at a displacement rate of
0.002 mm/sec. The axial displacement was
measured by a dial gauge with a precision of =+
0.002 mm. The procedures for testing and
calculation of tests were performed according to
the suggested methods in International Society of
Rock Mechanics [ISRM,1981, Bieniawski & Bernede,
1979]. The diameter of cylindrical samples was 75
mm. The height to diameter ratio of the rock
samples (Figure 2) was kept as 2. The results are
presented in the table 1.
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2-2- Ultrasonic pulse velocity (UPV) test

Ultrasonic pulse velocity (UPV) testing is a
reliable and very useful nondestructive method for
obtaining the geomechanical properties of rock
(e.g. the modulus of elasticity and the
compressive strength). The velocity of ultrasonic
pulses traveling in a intact rock depends on the
elastic and density of the rock materials. The
quality of some materials is occasionally related
to their elastic modulus, so that measurement of
ultrasonic pulse velocity in such materials can
often be used to indicate their quality as well as
to determine the modulus of elasticity (Ulusay et al.,
2001). The ultrasonic pulse velocity test was
conducted on 17 prepared UCS samples according
to ISRM (1981) and the direction of waves was
identical with the direction of loading. The
obtained results are presented in the Table 1.

2-3- Point load index (PLI) test

The point load test is an index that can be used to
predict UCS of intact rock. Franklin (1985) has
suggested a procedure for testing and results
calculation. This can be done on three types of
samples: diametrical core, axial core, and lumps.
In this study, the diametrical cone test was
chosen to perform the test on selected samples.
The testing device was used to load a cylindrical
sample by a pair of spherically truncated conical
platens that have an opening angle of 60°. The
point load testing was conducted according to the
ASTM. The point load reading for each sample is
the average of ten readings obtained from ten
specimens of the same sample.The point load
testing and calculation of results are presented in
the Table 2.

2-4- Splitting tensile strength (Brazilian) test

The Brazilian test, known as indirect tensile
strength (ISRM 1981), was used to estimate the
uniaxial tensile strength of prepared intact rock
samples. A disc-shaped rock sample was loaded
diametrical as a strip load. The rate of loading
was about 200 N/sec so that the failure in the
rock samples occurs within 15-30 sec (ISRM 1981).
The table 3 shows the results of Tensile Strength.

2-5- Petrological analysis

According to the macroscopic and microscopic
analyses of collected samples and prepared thin
sections the samples are classified in four types of
rocks (Figure 2): white dolomitic limestone (B1-1

to B2-1), gray shale (B3-1 to B8-1), red silty
sandstone (B9-1 to B12-1) and red clayey
sandstone B13-1 to B17-1). The first type of white
dolomitic limestone (Figure 3, thin sections B and
D) represents mudstone microfacies consisting
mostly of micrite (microcrystalline calcite) that
was compacted mechanically deposited lime mud
(Folk, 1959). This lime mud is formed in place or by
accumulation of fine grained preexisting
carbonate material and by lithification, it became
micrite cement. The white spots in above
mentioned thin sections represent the crystals of
dolomite formed by dolomitization processes of
microcrystalline calcite. The second type is
represented by gray shale (Figure 4, A and B)
consisting mostly of silt. They break into thin
chips with roughly parallel tops and bottoms
during tread hammer or under pressure of
uniaxial compressive strength test. The particles
of silt are quartz or feldspars without any percent
of calcite due to no-interaction with hydrochloric
acid. The third type identified as red silty
sandstone (Figure 5, A and B). This type of rock
consists mostly of sand particles (Quartz,
Feldspar) ranging in size between 75 nm and 2.25
mm (Figure 5, B). The size of sand grains
according to (ASTM) classification of soil is 0.075-
4.75 mm. The percent of sand is 50-60% with
moderately sorted, low sphericity and angular
shape. The type of contact between grains is
generally grain/non-grain contacts (black lines)
with very little grains showing point contact
(white lines). The fourth type is red clayey
sandstone (Figure 5, C and D). It consists of
particles of sand with size 75-250 pm with very
well sorted, high sphericity and subangular
shape.

The most contact between grains is of point type
and grain/non-grain contacts (white lines and
black lines). The amount of sand in this type rock
varying between 70-75% the rest is clay minerals.
The particles of sand, especially quartz, originate
from weathered its parent rocks, most commonly
granite. These particles and their shapes reflect
material composition, formation of grains and
release from the mineral matrix (Margolis and
Krinsley, 1974). The shape and size of quartz grains
are strongly affected by their solidification during
formation when magma crystallizes and igneous
rocks are formed (Smalley, 1966). Later, these
features can change significantly by chemical and
mechanical weathering.

The size and shape of particles (sphericity,
roundness, ellipticity, angularity, smoothness and
roughness) play a major role in mechanical and
physical behavior of granular soils such as
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stiffness, strength, internal friction angle, density
and packing. Many of the recent researches on
this subject have shown that the particle shape
play an important role in mechanical soils
behavior (Santamarina, and Cho, 2004, Dodds, 2003,
Bowman et al., 2001, Ashmawy et al., 2003, Frye and Marone,
2002).

For the third and fourth type of rocks, the
angular and subangular shape of sand grains
increases the energy required for dilation and
therefor the internal friction angle between grains
increases due to the particle’s interlocking as a
result these types have a reasonable value of UCS.

3- Results and Discussion

Figure 6 presents the axial stress-strain
relationships results of 17 rock samples that were
tested under uniaxial compression test. The
Young’s modulus (E) was computed using the
tangent modulus at 50% of the failure stress from
the axial stress- strain curve (ISRM 1981).The
range of UCS obtained approximately between
28.00 to 194.34 MPa while the range of modulus
of elasticity obtained roughly between 2.63 to
46.11 GPa . Also, the UCS and modulus of
elasticity results are presented in Table 1.

The results of UPV are presented in Table 1. It
can be seen that as the UPV increases the UCS
and modulus of elasticity increase. The range of
UPV is roughly between 0.31 to 5.79 km/sec.
Table 2 presents the point load strength index
Is0) results for 17 cylindrical rock samples. The
range of Isso) is between 3.28 to 17.17 MPa. The
Brazilian indirect tensile strength test was
performed on 17 rock samples according to the
procedure adopted in (ISRM 1981). The results are
presented in Table 3. The range of tensile
strength was between 2.79 to 12.51 MPa.

3-1- Correlations between the direct and
indirect methods

In this study, different correlations have been
proposed for Gercus Formation by correlating
direct and indirect test methods. Simple
regression was used to develop the correlations
between the direct test results, such as UCS and
modulus of elasticity, and indirect test results
such as UPV and PLI. Also the tensile strength
from Brazilian indirect test was correlated with
UPV and PLI. It should be noted that the best
correlation equation was chosen based on the
value of the coefficient of determination (R®). The
correlation equations are shown in Figures (7 and
8). The developed correlations are presented in
Table 4.

It can be seen that the modulus of elasticity (E)
has the best correlation with the UPV and
followed by UCS and TS, whereas the UCS and E
have a poor correlation with point load strength
index ( 15(50)), this is because the rocks of Gercus
Formation have micro cracks that make the rock
fail quickly under concentrate load such as in
point load test; therefore, the indirect PLT should
not be used to predict the UCS and E of Gercus
Formation. However, it may be used to predict the
tensile strength of the rocks in the formation.

In this study it is not recommended to use PLI to
predict the UCS and E of Gercus Formation but
prediction of these values can be easily predicted
by using the UPV and the correlation equation
that were given in Table 4.

Recently, Kaya and Karaman (2016) concluded
that there is no single value of the ratio between
UCS and predicted UCS from indirect test that is
applicable to all rock classes which indicates the
necessity of this study since there is no any study
about prediction of strength and deformability
properties of Gercus Formation from indirect tests
such as UPV. Therefore, the -correlations
developed in Table 4 to predict UCS and E from
UPV  compared with the correlations from
literature using the laboratory results. Table 5
presents the results of comparison. It can be seen
that the correlations developed by literature may
not reasonable predict the UCS and E because
their value depend on the geological origion of
the rock samples (Kaya and Karaman, 2016). Also the
coeficients of determination and the root mean
square error are presented in table 5. it can be
seen that the root mean square error in this study
is less than the other.

4- Conclusions

In this study an attempt was made to provide the
mechanical and petrological properties such as
strength and deformability for Gercus Formation
and from the study the following conclusion can
be drawn:

1- The range of UPV is roughly between 0.31 to
5.79 km/sec for Gercus Formation. The lower
limit was recorded for Gray shale whereas
the upper limit was recorded for red clayey
sandstone.

2- The range of UCS was from 28.00 (red
claystone) to 194.34 MPa (gray shale) while
the range of modulus of elasticity obtained
roughly between 2.63-46.11 GPa, for red
clayey sandstone and dolomitic limestone,
respectively.
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The range of tensile strength obtained
between 2.79 to 12.51 MPa., for red clayey
sandstone and gray shale, respectively.

The modulus of elasticity has a best
correlation with UPV for Gercus Formation
since the coefficient of correlation (R) is 0.97
which represents 97% of the data.

There is a poor correlation (R=0.32) between
the UCS and E with point load test since the
intact rock in the Gercus Formation has a
micro cracks. However, there is an acceptable
correlation (R=0.83) between TS and PLI.

The point load test may not be a good choice
to predict the strength and deformation of
clastic sedimentary rock such as Gercus
Formation rocks.

The angular and subangular shape of sand
grains increases the energy required for
dilation and therefor the internal friction
angle between grains increases due to the
particle’s interlocking as a result the red silty
sandstone and red clayey sandstone have a
reasonable values of UCS.
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Figure 1: Locations of Primary (P) and Supplementary (S) Sections of
Gercus Formation. (http://www.earth.google.com)

Figure 2: Prepared samples for compressive strength. (by researchers)
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Figure 3: Thin sections (B, D) of white dolomitic limestone.
Both samples B1-1 and B2-1 are composed of dolomitic limestone with
cement type micrite without fossils or probably the fossils are destroyed
by dolomitization processes. The bar scale is 250 pm (by researchers).

Figure 4: Thin sections of gray shale (B6-1). The bar scale is 250 pm. (by researchers)
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Figure 5: Thin sections of red silty sandstone

(B11-1) and red clayey sandstone (B14-1).
Black lines indicate the grain/non-grain contacts and the white lines
indicate the point contact. The bar scale is 250 pm. (by researchers)
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Figure 6: Axial stress-strain for rock samples. (by researchers)
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Table 1: The results of Ultrasonic pulse Velocity, UCS, and Modulus of Elasticity. (oy researchers)

Sample No Ultrasonic Velocity of Uniaxial Compressive Modulus of
P : Longitudinal Wave. Vp (km/s) Strength (MPa) Elasticity GPa
White Dolomitic B1-1 5.68 156.58 41.820
limestone B2-1 4.77 115.00 46.110
B3-1 4.71 104.88 41.380
B4-1 5.79 194.34 38.260
B5-1 4.55 146.22 23.940
Gray shale
B6-1 5.38 153.40 40.440
B7-1 4.27 67.30 18.950
B8-1 2.28 73.87 '7.160
B9-1 2.07 64.87 7.230
Red silty B10-1 2.33 41.55 6.200
sandstone B11-1 1.64 75.31 5.070
B12-1 2.49 74.45 10.480
B13-1 1.90 55.17 7.360
B14-1 2.54 130.15 12.730
Red clayey
B15-1 0.31 28.00 2.630
sandstone
B16-1 2.27 61.54 7.550
B17-1 1.72 '75.39 7.590
Table 2: The results of Point Load Strength. (by researchers)
Point Load strength Inde Point Load strength Inde
Sample No. Point Load reading (KN) ! g x ' & x
I, (MPa) Iss0) (MPa)
White Dolomitic B1-2 23.49 14.68 13.28
limestone B2-2 14.56 8.25 7.63
Gray shale B3-2 17.42 12.72 11.11
B4-2 7.45 3.68 3.51
B5-2 15.61 14.33 11.89
B6-2 20.41 18.74 15.55
B7-2 25.24 20.03 17.17
B8-2 8.15 '7.86 6.45
Red silty B9-2 7.09 4.66 4.17
sandstone B10-2 5.96 3.60 3.28
B11-2 8.22 4.45 4.15
B12-2 8.41 5.67 5.04
Red clayey B13-2 11.88 12.20 9.87
sandstone B14-2 11.70 9.55 8.13
B15-2 7.56 7.38 6.04
B16-2 9.38 7.24 6.24
B17-2 4.10 5.42 4.14
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Table 3: The results of Tensile Strength. (by researchers)

Sample No. Load reading KN Tensile stress MPa
B1-3 38.40 11.48
White Dolomitic limestone
B2-3 27.83 6.40
B3-3 31.50 7.85
B4-3 24.10 6.45
B5-3 30.00 8.54
Gray shale
B6-3 33.95 9.67
B7-3 53.00 12.51
B8-3 20.20 5.85
B9-3 26.30 6.05
B10-3 33.20 7.09
Red silty sandstone
B11-3 20.30 5.36
B12-3 19.10 4.18
B13-3 26.50 7.92
B14-3 34.20 7.31
Red clayey sandstone B15-3 11.50 2.79
B16-3 23.00 4.21
B17-3 24.60 5.38

Table 3: Developed correlations between direct and indirect tests. (by researchers)

Coefficient of Correlation

. Descrinti
Correlation determination (R® coefficient (R) escription
E = 22.5332 % e0-5094UPV 0.94 0.97 E in GPa and UPV in km/sec
UCS = 23.52 « UPV + 19.51 0.71 0.84 UCS in MPa and UPV in km/sec
TS = 3.9419¢%158 UPV 0.50 0.71 TS in MPa and UPV in km/sec
TS = 0.485 * I5(50) + 3.0755 0.69 0.83 TS in MPa and I5(s)
E = 1.8217 * Iys0) + 4.36 0.25 0.50 E in GPa and Ig(s)
UCS = 3.3803 * [5(sq) + 67.81 0.10 0.32 UCS in MPa and Ig(s)
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Table 4: Laboratory tests results and Predicted UCS using correlation equations. (by researchers)

Measured

UPV Ucs
(km/sec) (MPa)
5.876 156.58
4.769 115.00
4.713 104.88
5.794 194.34
4.547 146.22
5.385 153.40
4.267 6'7.30
2.276 73.87
2.066 64.87
2.328 41.55
1.640 75.31
2.492 74.45
1.901 55.17
2.538 130.15
0.314 28.00
2.271 61.54
1.719 75.39

E (GPa)

41.82

46.11

41.38

38.26

23.94

40.44

18.95

7.23

6.20

5.07

10.48

7.36

12.73

2.63

7.55

7.59

The coefficient of determination (RZ)

Root Mean Square Error (RMSE)

This study
ucs
(MPa) E (GPa)
153.01 45.54
131.68 28.70
130.37 27.90
155.78 48.35
126.45 25.63
146.16 39.26
119.87 22.23
73.03 8.07
68.09 7.25
74.26 8.29
58.09 5.84
78.11 9.01
64.22 6.67
79.19 9.22
26.88 2.97
72.91 8.05
59.93 6.08
0.71 0.85
24.3 6.1

Predicted

Vasconcelos et al.

(2008)

ucs

P E (GPa)
194.71  84.97
157.80  66.95
155.52  65.84
199.49  87.31
148.75  62.53
182.84  79.18
137.37  56.98
56.31 17.40
47.76 13.23
58.44 18.45
30.46 4.78
65.11 21.70
41.07 9.96
66.97 22.61
-23.55  -21.58
56.10 17.30
33.64 6.34
0.45 0.86
37.0 25.4

Khandelwel
(2012)
ucs
(MPa) E (GPa)
152.48 107.64
122.55 89.50
120.71 88.39
156.36 109.99
115.22 85.06
142.86 101.81
105.99 79.46
40.26 39.63
33.33 35.43
42.00 40.68
19.31 26.93
4'7.40 43.96
27.91 32.14
48.91 44.87
-24.48 0.39
40.10 39.563
21.89 28.49
0.37 0.86
37.4 43.7

Kallu and
Roghanchi (2015)

ucs
MPa) E (GPa)
397.27  73.80
176.52 44.19
167.92  42.82
44129  78.87
144.69  38.97
306.08  62.59
112.67  33.27
18.98 10.79
15.73 9.58
19.89 11.11
10.75 7.53
23.02 12.19
13.58 8.73
23.99 12.51
3.28 3.56
18.89 10.76
11.53 7.87
-0.46 0.83
104.1 14.7
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Figure 7: (a) Correlation between UPV and UCS,
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(b) Correlation between UPV and modulus of

elasticity, and (c) Correlation between UPV and

Tensile Strength. (by researchers)
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Figure 8: (a) Correlation between PLI and UCS, (b)
Correlation between PLI and modulus of elasticity,
and (c) Correlation between PLI and Tensile

Strength. (by researchers)
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