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ABSTRACT
Uniaxial compressive strength (UCS) and Modulus of Elasticity or Young’s Modulus (E)

used in most of engineering projects in rock mechanics, are the most important mechanical
parameters of rocks. The calculation of these parameters needs most cost, time and effort.
There are indirect methods to estimate the (UCS) and (E) such as Schmidt Hammer, also
known as a rebound number (RL), this indirect method is easily and quickly applicable in
laboratory and in field and it is considered as a non-destructive method for evaluation of
surface hardness. The aim of this paper is to establish a correlation between UCS, E and
Schmidt Hammer rebound value and it has been carried out on forty-nine specimens of
different sedimentary rock types that belong to three different formations in Kurdistan
Region, Iraq (Pila Spi Formation, Fatha Formation “Lower Fars Formation” and Tanjero
Formation) with ages (Middle-Late Eocene, Middle Miocene and Campaman-Maastrichtian)
respectively. The samples were prepared as cuboids of size 5x5x10 cm. A new correlation
with high accuracy level for prediction of (UCS) and (E) from Schmidt hammer of some

sedimentary rocks is proposed for the first time in Kurdistan Region-Iraqg.

Keywords: Uniaxial Compressive Strength, Modulus of Elasticity, Schmidt Hammer,

Correlation, Sedimentary rocks
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1. Introduction

The Uniaxial Compressive Strength plays an important role in designing various
geotechnical applications such as buildings, tunnels and dams [1]. Evaluation of this
parameter and Modulus of Elasticity in laboratory by direct tests is expensive and needs time
and effort. While quick determination of these mechanical properties of rocks with minimum
cost, effort and time can be done by Schmidt hammer [2] which has been widely used to
determine hardness and to predict the uniaxial compressive strength (UCS) of rocks. The
Schmidt hammer test is easily and quickly applicable [3] in both laboratory and field and it is
considered as a non-destructive method for evaluation of surface hardness [4]. Due to the
non-destructive test, the same samples subjected to Scmidt hammer can be used to other tests
and measurements. In present study, the same samples were used for both Scmidt hammer

rebound value and compressive strength.

The Schmidt hammer test was developed in Switzerland in 1948 by Ernest Schmidt for
determining the in situ hardness of concrete. Many research works have used the Schmidt
Hammer test to evaluate the intact rock properties [5, 6 and 7]. Later it has been adapted for
determination of Uniaxial Compressive Strength of rock [8].

This research presents a new correlation obtained through a set of experimental tests
carried out on three types of rocks belonging to three formations of different ages (Pila Spi
Formation, Lower Fars Formation and Tanjero Formation) with (Middle-Late Eocene, Middle
Miocene and Campaman-Maastrichtian) respectively. These rocks are used in decoration
(interior and exterior) of buildings such as limestones and most of the buildings of Sulaimani
City are constructed on the sandstone of Tanjero Formation, that outcrops in many locations

or at different depths ranging from 1-20 m.

The Pila Spi Formation was first described by Lees in 1930 from the Pila Spi area of the
High Folded Zone [9]. This Formation is 100-200 m thick and the rocks are well bedded,
bituminous, chalky, and crystalline limestones in the upper part with bands of white, chalky
marl and chert nodules towards the top. The limestones are sometimes oolitic with rare layers
of gastropod debris. The formation was deposited in a shallow lagoon [9 and 10]. However,

conglomerates occur at the base of the formation in the Derbendikhan area [11].
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The Fatha (Lower Fars) Formation was defined from the Fars Province in Iran and
introduced to Irag by Busk and Mayo in 1918 [9]. The type section has been located in the Al
Fatha Gorge, 10 km north of Baiji town. The formation is an evaporitic sequence with
thickness of 600 m and consists of repeated cycles of mudrock, marl, limestone and gypsum
which is used for buildings decoration.

The Tanjero Formation mainly occurs in the Balambo-Tanjero Zone. It was defined by
Dunnington, in 1952. The type section in the Sirwan valley (SE of Sulaimaniya) consists of
two parts. The lower part consists of pelagic marl, and occasional beds of argillaceous
limestone with siltstone beds in the upper part [9]. The upper part consists of silty marl,
sandstone, conglomerates, and sandy or silty organic detrital limestones. The formation was

deposited as flysch in a rapidly subsiding foredeep basin.

2. Previous studies

Due to the simplicity, speed, portability, minimum cost, effort and time the Schmidt
hammer was used by many researchers who have studied the correlations between uniaxial
compressive strength and Schmidt hammer rebound value. Table (1) presents a list of
previous studies carried out for finding correlations between UCS and Schmidt hammer
rebound value for different rock types. However, there are no researches and studies about
prediction of UCS and Young’s Modulus using Schmidt Hammer rebound value of

sedimentary rocks in Kurdistan Region, Iraq.

The empirical correlation between UCS and Rebound number (RL) of Schmidt hammer, as
shown in Table (1), are in the form of linear, exponential, and power functions. In the present
study, the empirical correlation is in the form of exponential function. Miller (1965) [12]
studied the relationship between unit weight, UCS and Schmidt hammer. Later, Deere and
Miller (1966) [13] proposed a correlation between rock density, Young’s modulus and
Schmidt hammer rebound values. Haramy and DeMarco (1985) [14] have determined the
utility of the Schmidt hammer in designing underground coal mine pillars by testing 10 types
of U.S. coals. Ghose and Chakrabarti (1986) [15] have proposed an empirical correlation
between Schmidt rebound values and UCS for Indian coals. Xu et al. (1990) [16] estimate the
mechanical properties of weak rocks using Schmidt hammer rebound value. The relationship
between UCS and Schmidt hammer rebound value for different rock types can be found in
works presented by [17, 18, 2, 19, 20, 21 and 22].
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Table (1): Correlation between UCS and Schmidt hammer rebound value [23]
References Corielation R Rock Type
Eilic and Teymen (2008) Tycs = 00137 « FL 22" 093 Different rock types
Cobanogly and Selik (2008) Opcs = 659+ B — 2126 647 Limestone, sandstone, cement mortar
Yasar and Erdogan (2004) dpes = 0.000004 « B % 089 Carbonates, sandstone. basalt
Tugrul and Zanf (1999) Oiice = B.36 =B —416 087 Grapite
Sachpazis (1990) Oes = +29 s By — 6752 096 33 different carbonates
Huetal (1990 dycg =2.98s {0068y 0,95  Mica-schist
Cargill and Shakeer (1990) Tpeg = 18,17+ 0020 Ry 098 Carlonates
0" Bowrke (1959 Tpeg =4.85 « By —76.18 0.77  Sandstone, siltstone, limestons, anhydride
Ghose and Chakrabort: (1936)  Jycg =0.88+ Ry —12.11 087 Coal
Haramy and DeMareo (1935)  apgg = 0,99« B, —0.38 070 Coal
Singh et al.(1933) ducs = 2+ R, 086  Sandstene, siltstone, mudstone, seatearth
Aufiuth (1973) Opeg = 0.33= (Rp« )" 080 25 different lithologies

3. Methodology

The samples of sandstone and limestone of three geological formations (Tanjero, Pila Spi and
Fatha) were collected from three different locations in Sulaimani Governorate in Kurdistan
Region, Irag. The block samples of Pila Spi Formation were collected from quarry of
limestone rocks near Blkan Village, about 10 km to the west of Zarayen town in Sulaimani
Governorate. The samples of limestone of Fatha Formation were obtained from one of the
decoration companies in Sulaimani City, while the block samples of sandstone were collected
near check point on the Qaywan road. The samples were prepared as cuboids of size 5x5x10
cm Fig. (1). The samples represent intact rocks and there weren't any macro or micro-cracks.
Forty-nine specimens were tested for this study for Schmidt hammer rebound value and
compressive strength testing. The Schmidt hammer and compressive testing were performed
on the same samples. The samples were puted in water until they became saturated and the
testing was performed in saturated condition. For Schmidt hammer test, the L type hammer
was used with energy of 0.735 Nm and ten impact readings were recorded from each

specimen Fig (2), the average of these readings was taken as a Schmidt rebound value.

Uniaxial compressive tests were performed on forty-nine cuboid samples, which had

dimensions of 5x5x10 cm. Uniaxial compressive tests were performed with 0.5 MPa/s
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constant stress rate. Uniaxial compressive strength values were calculated using the following

formula:
oycs = F/A

where oy 1S Uniaxial compressive strength (MPa), F is the Maximum failure load (N) and A

is the section area of specimen (mm?).
Modulus of elasticity values were calculated using the following formula:
E = oycs/e

where E is the Modulus of elasticity, oy IS the Uniaxial compressive strength and € is the

strain obtained from uniaxial compressive tests

4. Results and discussion

The results of tests for Schmidt hammer rebound value, Uniaxial Compressive Strength
and Modulus of Elasticity are presented in Tables (2, 3 and 4). The range of Schmidt hammer
rebound value was from 26.4 to 42.6 for limestone of Pila Spi Formation, 16.4 to 24.6 for
limestone of Fatha Formation and 37.2 to 39.6 for sandstone of Tanjero Formation. The
values of UCS were from 99.13 MPa to 193.62 MPa for limestone of Pila Spi Formation, 6.43
MPa to 11.29 MPa for limestone of Fatha Formation and 80.24 MPa to 173.92 MPa for
sandstone of Tanjero Formation. While the values of E were from 44.0392 GPa to 78.4314
GPa for limestone of Pila Spi Formation, 1.0098 GPa to 13.4412 GPa for limestone of Fatha
Formation and 32.1373 GPa to 68.9314 GPa for sandstone of Tanjero Formation.
The lowest values of the mechanical properties found in the Lower Fars Formation limestone

due to their high porosity and poor cementation.

In order to describe the relationships between Schmidt hammer rebound value with uniaxial
compressive strength and modulus of elasticity of the tested rocks, regression analysis was
performed Fig. (3, 4, 5 and 6). The plot of the Schmidt hammer rebound value as a function of
UCS is shown in Fig. (3) while this plot between Schmidt hammer rebound value and
modulus of elasticity is shown in Fig. (4, 5 and 6) show the measured UCS and E versus

predicted UCS and E. Fig. (3) shows that there is a power relationship between Schmidt
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hammer rebound value and UCS which has a coefficient of correlation (R*> = 0.879). The

following equation was obtained as a result of the correlation analyses between UCS and
Schmidt hammer rebound value:

oycs = 0.00004 x R, *16%3 (1)

Fig. (1): A- Blocks of Sandstone of Tanjero Formation, B- Blocks of Limestone of Pila Spi
Formation, C- Blocks of Limestone of Fatha Formation. The arrows indicate the prepared

specimens from each type of rocks.
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Fig. (2): Schmidt Hammer test

Similarly, a good power relationship has also been observed between Schmidt hammer
rebound value and modulus of elasticity having a good coefficient of correlation (R* = 0.685)
and the following equation was obtained as a result of the correlation analyses between

Young’s Modulus and Schmidt hammer rebound value:

E =0.0004 x R, %825 (2)

The correlation equation between measured and predicted UCS can be found from equation
(3) with (R°=0.6724)

oycs(measured) = 1.0057 X aycs(predicted) 3)

The correlation equation between measured and predicted Young’ Modulus of Elasticity can
be found from equation (4) with (R°=0.5999)
E(measured) = 1.074 X E(predicted) (4)
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As a result of this study, the UCS and E can be predicted using the Schmidt hammer rebound
value.

Table (2): Limestone of Pila Spi Formation.

U Modulus of
Sample | Schmidt hardness| Compressive Elasticity
No. rebound value Strength GPa
(MPa)
P1 30.40 125.82 54.9020
P2 37.60 166.34 72.7941
P3 42.60 166.34 73.9706
P4 34.40 136.36 62.0882
PS5 37.20 117.74 54.9020
P6 33.60 127.13 62.0098
P7 32.60 155.76 62.8137
P8 32.20 169.94 66.7647
P9 32.80 155.60 71.0784
P10 26.40 128.28 54.9020
P11 36.20 157.43 60.3529
P12 40.40 193.62 78.4314
P13 32.40 119.29 76.7157
P14 36.60 177.15 70.8922
P15 29.60 123.76 71.5686
P16 32.40 125.15 53.9216
P17 32.80 122.42 74.7941
P18 29.60 99.13 44.0392
P19 33.40 117.35 68.6275
P20 41.00 180.12 73.0392
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Table (3): Limestone of Fatha Formation.

Uizl Modulus of
Sample |Schmidt hardness| Compressive Elasticity
No. rebound value Strength GPa
(MPa)
L1 19.60 9.96 9.7059
L2 18.40 10.39 9.0000
L3 19.60 9.61 9.3137
L4 24.60 6.43 4.4118
L5 21.20 10.30 1.0098
L6 19.20 7.18 1.0196
L7 19.00 10.63 1.0490
L8 21.80 9.24 10.8725
L9 21.00 8.49 10.4902
L10 20.20 7.58 7.8922
L11 18.20 10.06 11.7059
L12 19.80 8.54 9.2745
L13 20.60 8.97 8.2255
L14 16.40 7.63 9.0196
L15 17.40 7.06 6.0686
L16 22.20 6.71 7.9608
L17 18.60 9.54 10.7549
L18 19.80 11.29 13.4412
L19 19.00 9.95 10.6373
L20 17.40 9.65 9.9510

Table (4): Sandstone of Tanjero Formation.

Sample Schmidt CoLrJnr;?:;Iive Modu!u_s .
No. | poundvaie | STenat | Sgn
(MPa)
T1 38.40 128.55 52.7941
T2 39.60 172.94 68.9314
T3 38.20 156.86 58.1275
T4 37.60 91.14 32.1373
T5 37.20 137.88 46.4020
T6 39.20 80.24 33.1863
T7 38.80 156.98 66.1765
T8 38.80 173.92 60.6569
T9 36.80 100.16 39.2157
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Fig. (3): Correlation between Uniaxial Compressive Strength and Schmidt hammer rebound

value.
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Fig. (4): Correlation between Young’s Modulus and Schmidt hammer rebound value.
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Fig. (5): Plot between predicted and measured values of Uniaxial Compressive Strength
(MPa).
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Fig. (6): Plot between predicted and measured values of Young’s Modulus (GPa).
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5. Conclusions

Uniaxial Compressive Strength (UCS) and Modulus of Elasticity (E) of rocks play an
important role in many rock engineering projects. As a simple tool for quick prediction of
these parameters is using Schmidt hammer rebound value which has been widely used for this
purpose. In this study the acceptable correlations were developed to predict the UCS and E
using Schmidt hammer rebound value for sedimentary rock in Kurdistan region, lrag. The
study indicated that the UCS and E can be estimated from the Schmidt hammer rebound value

using the correlations:

1. oycs = 0.00004 x R, ***3 correlation between (UCS) and Schmidt hammer rebound

value;

2. E = 0.0004 x R, > correlation between (E) and Schmidt hammer rebound value;
3. oycs(measured) = 1.0057 X oycs(predicted) correlation between measured and
predicted (UCS);

4. E(measured) = 1.074 X E(predicted) correlation between measured and predicted (E).

Furthermore, a strong coefficient of correlation was found between UCS and Schmidt

hammer rebound value (R? = 0.879).

Recommendations: To reach better results, we suggest further research on different types of
sedimentary rocks that are predominant in Iraq as these types of rocks cover most of Irag's

surface.
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