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Abstract This paper examines the relationships

between Cerchar hardness index (CHI) and some

mechanical properties of coal measure rocks in

Zonguldak Hard Coal Basin. Some index properties

(Cerchar hardness index, Shore scleroscope hardness,

in situ Schmidt rebound hardness and point load

strength) and strength (uniaxial compressive strength

and Brazilian tensile strength) properties of 29 sedi-

mentary rock samples are determined. Then, relation-

ships between (CHI) and strength as well as and some

other index values are evaluated using statistical

methods. Linear relationships are found between

CHI and uniaxial compressive strength, Schmidt

rebound hardness. Power relationships are determined

between CHI and Shore scleroscope hardness, diame-

tral point load strength, point load strength anisotropy

index. Besides, CHI tests are performed by means of

bits having tip angles of 99� and 125� and excellent

linear relationships are identified between them.

Keywords Coal measure rocks � Cerchar hardness
index � Uniaxial compressive strength � Schmidt

rebound hardness � Shore scleroscope hardness � Point
load strength

1 Introduction

A dictionary description of hardness is that a body is

hard if it is not easily penetrated. This definition

conveys the concept that hardness is related to

resistance to local compression. Hardness should be

considered as an expression of material behaviour

rather than a fundamental physical property of a

material. Hardness of rock can be a function of many

intrinsic properties of rock including mineral type,

grain size, cohesion of minerals, grain boundaries, and

rock strength including plasticity behaviour and

modulus of elasticity, among others (Atkinson 1993).

A large number of test methods have been devel-

oped to measure rock hardness, including indentation

resistance, dynamic rebound of an impacting body,

and relative wear of rock with respect to other

materials. Three distinct types of tests have been used

to measure the hardness of rock: the scratch hardness

test (Mohs hardness), the dynamic or rebound hard-

ness test (Schmidt rebound hardness and Shore

scleroscope hardness), and the indentation (Vickers,

Knoop, Brinnell) test (Atkinson 1993).

Predicting performance and bit consumption of

mining and tunnelling machines, including drill rigs is

very important in excavation engineering. Since

cutting machines used underground for mechanized

excavation are the systems requiring high investments,

it is necessary to predict the machine performance

before selecting a suitable machine to buy (Bilgin

1989). That’s why some rock properties such as
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petrographic, physical and mechanical ones have great

significance in predicting the performance of mecha-

nized excavation systems. In addition, rock quality

designation (RQD) properties and in situ strength tests

should also be performed (Su and Akçin 2005; Yaralı
et al. 2008).

Performing direct test to evaluate rock strength and

deformability is mostly expensive and require consid-

erable time, especially for preparation of rock samples

for testing (Shalabi et al. 2007). For these reasons,

indirect tests such as Schmidt rebound hardness, Shore

scleroscope hardness, and point load strength can be

used to estimate rock strength. These tests are

relatively easy to perform, not expensive, and take

short testing time (Yasar and Erdogan 2004).

As a consequence, in one of the previous meeting

held in Montreal on the 3rd September 1987, the

commission of International Society for Rock

Mechanics on Rock Borabality, Cuttability, and

Drillability, strongly advised the Cerchar abrasivity

and Cerchar hardness index as standard rock machine-

ability tests (Cerman 1988). Since then, Cerchar

hardness index has been used at many tunneling and

longwall mining projects for estimation of drillability

and machine specifications (Cerman 1988; Copur and

Eskikaya 1992; Bilgin et al. 1992; Guarga and

Muniaini 1997; AFTES 2003; Couchard et al. 2004;

Sofretu and Schwenzfeier 2005).

Voest Alpine company claimed that the prediction

of excavation rate depended on Cerchar hardness

index of rocks for AM50 and AM100 roadheaders.

Coder (1973) in his study on tunnel boring machines

showed that Cerchar hardness index of rocks played an

important role on prediction of excavability of rocks

(Bilgin 1989). Some roadheader manufacturers

claimed that the performance prediction of machine

depended on Cerchar hardness index of rocks (AFTES

2003).

Cerchar hardness index test was originally devel-

oped at the Laboratoire du Center d’Etutes et

Recherches des Charbonnages (CERCHAR) de

France for coal mining applications and testing results

of Cerchar were published by Valantin (1974). The

test is generally used for defining the strength and

cuttability characteristics of coal or rock samples

(Valantin 1974; Bilgin et al. 1992; AFTES 2003;

Sofretu and Schwenzfeier 2005).

In this test, a tungsten carbide bit having a diameter

of 8 mm and an inclusive tip angle of 99� is rotated at a

speed of 190 rpm and penetrates into the rock. The bit

is loaded vertically by a 200 N weight, against the test

specimen. The less hard the rock, the more easily the

bit penetrates. The index of hardness is chosen as the

time taken in seconds to drill a hole of 1 cm deep,

assuming constant rotational speed (Valantin 1974).

The results are stated in Cerchar points (Table 1) on a

scale from 0 to 150. In addition, for coal samples,

Bilgin et al. (1992) formed a cuttability classification

by using CHI values that is given in Table 2.

Valantin (1974) found a linear relationship between

normal force acting on a pick and Cechar hardness

index, and exponential relationship between uniaxial

compressive strength and Cerchar hardness index.

Cerman (1988) investigated the effect of thrust

force and rotational speed on Cerchar hardness index

on marl, calcareous phosphate and carried out a

statistical analysis in order to find a relationship

between physical and mechanical properties. He found

an exponential relationship between thrust force,

rotational speed and Cerchar hardness index. He also

established a poor exponential relationship between

roadheader advance rate in Eyup Tunnel in Istanbul,

Turkey and Cerchar hardness index. He compared

uniaxial compressive strength with Cerchar hardness

index and found that the relationship between Cerchar

hardness index at 500 rpm and uniaxial compressive

strength had nearly the same trend with Valantin’s

(1974) correlation.

Bilgin et al. (1992) found out a linear relationship

between uniaxial compressive strength and Cerchar

hardness index for coal samples.

Bilgin and Phillips (1994) examined factors affect-

ing the mechanical properties of coal and their testing

methods, including coal petrology and strength char-

acteristics of lithotypes; compressive strength and

stress–strain characteristics of coal specimens; tensile

strength, point load strength, Schmidt rebound

Table 1 Cerchar hardness index scale (Sofretu and Schwen-

zfeier 2005)

CHI (s) Descriptive terms

0–20 Soft rock

21–40 Moderately hardness rock

41–80 Hardness rock

81–120 Very hardness rock

[120 Extremely hardness rock
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hardness values, cone indenter hardness, impact

strength index, Cerchar hardness index, Hardgrove

grindability index, coal characterization through

Vickers microhardness measurements, and strength

classification of coal for cuttability assessment.

Bilgin and Kahraman (2003) observed rotary blast

hole drills in fourteen rock types at eight open pit

mines and correlated the penetration rates with rock

properties. They found that the uniaxial compressive

strength, the point load strength, Schmidt rebound

hardness value, Cerchar hardness index and impact

strength showed strong correlations with the penetra-

tion rate. The Brazilian tensile strength and cone

indenter hardness exhibited quiet good correlations

with the penetration rate.

Su and Akcin (2005) investigated relationships

between some index tests (Shore sclerescope hard-

ness, cone indenter value, and impact strength index)

Table 2 A cutttability

classification for Cerchar

hardness index (CHI) for

coal (Bilgin et al. 1992)

CHI (s) Cuttability

\15 Easy

15–21 Normal

21–54 Difficult

[54 Very difficult

Table 3 The location of samples

No Colliery Formation Sample code Rock type

1 TTK Üzülmez Kozlu formation -170/505 inclined gallery Medium grained sandstone

2 -205 East Main Gate B14 side Coarse grained sandstone

3 -170 Acun Entry 3.5 North Main Gate Medium grained sandstone

4 ?56 Kurul East Main Gate Medium grained sandstone

5 -170 Sulu Roof Rock South Part Medium grained sandstone

6 -170 Acun West Roof Rock. 4th North Main Gate Coarse grained siltstone

7 -170 Sulu Roof Rock South Part Coarse grained siltstone

8 -170 Nasifoglu Floor Rock North Coarse grained siltstone

9 -156 Sulu East Floor Rock 2. South Coarse grained siltstone

10 -250 North Main Gate Mudstone

11 -170 Nasifoglu Roof Rock Mudstone

12 TTK Karadon Karadon formation -460/41405 Gelik North Main Gate Medium grained sandstone

13 -460 Gelik South Main Gate Coarse grained sandstone

14 -360 Gelik Roadway Drivage Medium grained sandstone

15 -360 Sulu Floor Rock Medium grained sandstone

16 -460/42510 North Main Gate Coarse grained sandstone

17 -360 Gelik Roadway Drivage Coarse grained siltstone

18 TTK Kozlu Kozlu formation -560/112056361 Main Gate Coarse grained sandstone

19 -560/112056360 Main Gate Medium grained sandstone

20 -560/112056359 Main Gate Medium grained sandstone

21 -560/112056357 Main Gate Coarse grained sandstone

22 -560/112056361 Main Gate Coarse grained sandstone

23 -560/112056361 Main Gate Coarse grained sandstone

24 -250 Taşlı Damar Upper Floor Gate Coarse grained siltstone

25 -250 Taşlı Damar Upper Floor Gate Coarse grained siltstone

26 Özbeyler* Kozlu Formation Gelik Mine Fine grained sandstone

27 Gelik Mine Coarse grained sandstone

28 Gelik Mine Coarse grained siltstone

29 Gelik Mine Coarse grained siltstone

* Provided by a Private Mining Company
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and Cerchar hardness index on coal samples and

evaluated drillability or cuttability of coal samples.

They found good relationships between index test

results and Cerchar hardness index.

Cerchar hardness test is developed as an index test

especially for coal measure rocks. But, there are

limited researches between Cerchar hardness index

and strength properties for coal measure rocks in

literature. The researcher reported in this paper differs

from the previous ones in a way that three methods of

testing of hardness i.e., Schmidt rebound hardness,

Shore scleroscope hardness and Cerchar hardness

index are compared with each other using several coal

measure rocks.

The goal of this study is to investigate the

relationships between Cerchar hardness index and

some other indexes as well as strength properties of

coal measure rocks encountered in Hard Coal Basin.

For this purpose; block samples were collected and

prepared for uniaxial compressive strength, Brazilian

tensile strength, Shore sclerescope hardness index,

point load strength, and Cerchar hardness index tests.

Moreover, Schmidt rebound hardness measurements

were realized on coal face. Then, the statistical

relationships between these parameters are deter-

mined. Another purpose of this study is to see whether

using a standard drill bit (125�) which is commonly

available in the market is suitable for this test instead

of using a bit having tip angles of 99� or not.

2 Materials and Methods

The samples are obtained from different coal basins

and reported in Table 3. In this study, in situ Schmidt

rebound hardness measurements are carried out on

twenty-four gallery faces. NX size (54 mm diameter)

samples are used for testing in laboratory. The samples

are prepared according to ISRM suggestions.

Schmidt rebound hardness (SRH) tests are carried

out in field using N-type Schmidt hammer with

2.207 Nm impact energy. Twenty-four rebound val-

ues from single impacts separated at least a plunge

diameter are recorded and the mean value of the

highest 10 readings is considered as suggested by

Brown (1981). Each test is repeated at least four times.

SRH values are corrected based on a correction factor:

C.F. = Specified standard value of the anvil/average

of 10 readings taken on the calibrated anvil (Tarkoy

1975).

Uniaxial compressive strength (UCS) tests are

performed on trimmed core samples having a length-

to-diameter ratio of 2.0–2.5. The stress rate is applied

within the limits of 1.0 MPa/s. The tests are repeated

five times for each rock type and the results are

averaged. The tests are carried out according to ISRM

(1979) suggestions.

Brazilian tensile strength (BTS) tests are conducted

on core samples having a thickness to diameter ratio of

0.5. A loading rate of 200 N/s is applied. The tests are

repeated ten times for each rock type and the results

are averaged. The tests are carried out according to

ISRM (1978) suggestions.

In this study, Cerchar hardness index (CHI) test

device modified by Yarali and Akcin (2005) is used to

determine the CHI values. The testing device is made

up of four basic parts (Fig. 1). These are a bit, a digital

chronometer, a vertical weight (to provide compres-

sive force) of 200 N and a horizontal belt which can be

changed for three different positions of drill bit as 190,

Fig. 1 Modified Cerchar hardness index test device
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500 and 700 rpm to adjust rotational speed (standard

belt has only position for 190 rpm). The drill distance

can be fixed with a button according to demanded drill

distance (standard drill distance is 1 cm) and a vertical

weight can be adjusted to different weights. The

digital chronometer is connected to a switch so, after

Table 4 The average results of the all tests

No SRH UCS (MPa) BTS (MPa) Is(50)mean, (MPa) Ia(50) SSH CHImean, (s)

Is\(50) Is//(50) 99� 125�

1 51.3 ± 3.7 85.54 ± 7.19 7.93 ± 0.72 3.79 ± 0.92 6.21 ± 1.16 0.610 43.00 ± 2.82 143 131

2 50.2 ± 4.2 77.45 ± 11.52 6.29 ± 0.67 4.32 ± 1.12 5.74 ± 1.14 0.753 39.55 ± 11.5 126 108

3.1 54.3 ± 4.6 87.36 ± 20.76 8.71 ± 1.40 4.27 ± 0.92 5.86 ± 0.96 0.729 40.90 ± 1.71 156 104

3.2 54.3 ± 4.6 87.36 ± 20.76 8.71 ± 1.40 4.27 ± 0.92 5.86 ± 0.96 0.729 42.35 ± 2.23 180 130

4 48.8 ± 2.7 77.05 ± 3.02 6.28 ± 0.91 4.92 ± 0.86 5.34 ± 0.87 0.921 38.36 ± 1.90 135 115

5 59.5 ± 5.4 116.20 ± 16.40 8.60 ± 1.10 2.13 ± 0.39 7.86 ± 2.04 0.271 42.35 ± 2.85 222 228

6.1 36.9 ± 6.7 61.51 ± 22.76 8.63 ± 1.76 5.08 ± 0.84 1.73 ± 0.78 2.936 28.80 ± 2.12 28 37.5

6.2 36.9 ± 6.7 61.51 ± 22.76 8.63 ± 1.76 5.08 ± 0.84 1.73 ± 0.78 2.936 26.80 ± 2.58 26.5 33.5

7 38.6 ± 6.2 73.20 ± 9.20 8.20 ± 0.40 5.93 ± 1.98 3.29 ± 0.48 1.802 28.80 ± 3.40 78 75

8 36.8 ± 6.9 70.10 ± 11.80 7.30 ± 0.50 5.16 ± 1.54 3.07 ± 0.44 1.681 26.80 ± 2.74 71 74

9 35.6 ± 5.3 62.50 ± 6.86 7.18 ± 0.82 5.43 ± 1.38 2.81 ± 0.92 1.930 24.55 ± 2.95 63 69

10 – 44.65 ± 11.60 5.89 ± 2.65 1.76 ± 0.98 1.54 ± 0.92 1.140 21.24 ± 2.76 23 27.5

11 – 45.86 ± 9.46 5.89 ± 2.63 1.57 ± 0.96 1.36 ± 0.88 1.154 20.15 ± 2.83 24 28.5

12 61.5 ± 2.1 123.21 ± 13.61 7.42 ± 0.90 3.19 ± 0.78 6.75 ± 1.12 0.473 43.20 ± 2.12 250 222

13 54.5 ± 2.3 103.40 ± 12.01 6.74 ± 1186 5.44 ± 0.82 7.56 ± 1.46 0.720 39.60 ± 3.53 241 194.5

14.1 52.8 ± 2.8 89.79 ± 9.16 9.24 ± 1.22 4.30 ± 0.78 6.52 ± 1.12 0.660 42.70 ± 2.60 178 150

14.2 52.8 ± 2.8 89.79 ± 9.16 9.24 ± 1.22 4.30 ± 0.78 6.52 ± 1.12 0.660 43.60 ± 2.73 210 170

15 48.2 ± 2.7 78.65 ± 7.26 7.84 ± 0.86 3.27 ± 0.37 6.77 ± 0.84 0.483 40.25 ± 3.14 156 138

16 59.3 ± 2.4 128.40 ± 18.20 10.60 ± 2.83 4.79 ± 0.85 9.13 ± 2.12 0.525 45.85 ± 2.83 262 216

17 48.8 ± 4.2 83.20 ± 9.27 7.20 ± 0.90 5.93 ± 1.52 4.24 ± 1.22 1.397 31.65 ± 5.66 108 114

18 52.4 ± 3.9 76.33 ± 5.36 8.32 ± 1.08 3.24 ± 0.83 6.80 ± 0.98 0.476 41.65 ± 11.3 94 88

19 36.4 ± 2.3 56.93 ± 1.64 5.73 ± 0.91 3.18 ± 0.82 6.86 ± 0.96 0.463 34.85 ± 2.12 96 73

20 54.6 ± 3.1 96.40 ± 10.50 8.20 ± 0.52 3.46 ± 0.76 7.54 ± 0.98 0.459 41.95 ± 4.24 212 205

21 57.3 ± 5.1 126.60 ± 14.70 10.80 ± 0.40 3.86 ± 0.46 8.07 ± 1.12 0.478 44.95 ± 9.19 260 245

22 47.3 ± 5.2 66.92 ± 10.60 8.70 ± 1.04 3.37 ± 0.42 5.72 ± 0.78 0.589 33.60 ± 5.66 123 106

23 54.3 ± 6.1 98.64 ± 9.21 9.86 ± 1.54 2.86 ± 0.37 7.16 ± 0.82 0.399 39.00 ± 5.00 200 176

24.1 32.4 ± 2.8 58.31 ± 3.12 7.03 ± 1.36 3.65 ± 1.18 2.02 ± 0.37 1.807 22.55 ± 2.39 24 26

24.2 32.4 ± 2.8 58.31 ± 3.12 7.03 ± 1.36 3.65 ± 1.18 2.02 ± 0.37 1.807 24.70 ± 2.01 30 28

25 – 64.81 ± 6.78 6.84 ± 1.64 3.59 ± 0.98 2.56 ± 0.44 1.402 25.10 ± 2.17 55 49

26.1 48.2 ± 4.6 72.14 ± 6.16 6.21 ± 0.63 3.64 ± 0.86 3.82 ± 0.52 0.953 33.95 ± 3.27 92 84

26.2 48.2 ± 4.6 72.14 ± 6.16 6.21 ± 0.63 3.64 ± 0.86 3.82 ± 0.52 0.953 36.40 ± 2.16 132 128

27 – 85.56 ± 8.41 8.32 ± 0.46 3.39 ± 0.48 4.75 ± 0.64 0.714 36.40 ± 1.14 124 105

28.1 36.9 ± 5.2 56.37 ± 3.20 6.05 ± 1.05 4.74 ± 1.16 2.06 ± 0.82 2.301 26.15 ± 2.78 34.5 29

28.2 36.9± 56.37 ± 3.20 6.05 ± 1.05 4.74 ± 1.16 2.06 ± 0.82 2.301 23.25 ± 2.07 31.5 26.5

SRH, Schmidt rebound hardness; UCS, Unixal compressive strength; BTS, Brazilian Tensile strength; Is(50), Size-corrected point load

strength; Is\(50), Size-corrected perpendicular to planes of weakness point load strength; Is//(50), Size-corrected parallel to planes of

weakness point load strength; Ia(50), The point load strength anisotropy index; SSH, Shore sclerescope hardness; CHI, Cerchar

hardness index
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the completion of drilling time, drilling operation is

automatically stopped. Thus, the drilled distance is

determined according to the drilling time.

The Cerchar hardness index tests are performed at

190 rpm by using NX core samples. In addition, two

bits with different tip angles (99� and 125�), which
were produced particularly for 8 mm diameter based

on DIN 8039 standards, are used.

Initially, CHI test is applied by using the bit with a

99� tip angle without a spiral for chip removal. The

specimen is placed in the clamp. The vertical scale is
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adjusted for 1 cm and the penetration time is

recorded. Then, the bit with tip angle of 125� is

attached as same as the bit with tip angle of 99�. The
test is repeated at least two times for each rock type

for both of the bits. Finally, the average value is

determined as CHI.

The Shore sclerescope hardness (SSH) test is used

in empirical equations concerning drillability and

wearing of drill tools, which is also influenced by rock

mineralogy, elasticity and cementation (Rabia and

Brook 1978; Altindag 2002). SSH test measures the

surface hardness in terms of the elasticity of the

material. A diamond-tipped hammer is allowed to fall

from a known height on the surface of specimen to be

tested and the hardness value depending on the height

to which the hammer rebounds is determined. In order

to perform the tests, samples are prepared as having

54 mm diameter and 30 mm thickness. Then, the

sample surfaces are polished with emery. A D-model

scleroscope is used to perform the tests. SSH values

are recorded for 20 times in 3 mm spacing on the

surface and average value is accepted as SSH value.

The tests are carried out according to ISRM (1977)

suggestions.

The point load strength (PLS) tests are performed

on NX size core samples of coal measure rocks. The

tests are carried out diametrally with core specimens

having length to diameter ratio greater than 1.0 and

axially with core specimens with length/diameter ratio

of 1.0. Moreover, the strength anisotropy index (Ia(50))

for each samples is defined as the ratio of mean Is(50)
values measured perpendicular and parallel to planes

of stratification. The tests are carried out according to

ISRM (1985) suggested methods. PLS test was

repeated at least ten times for each rock type and the

average value is recorded as PLS.

3 Results and Discussions

The average results of all the tests are listed in Table 4.

As seen, the range varies from soft to hard rocks: UCS

varies from 45 to 128 MPa, BTS varies from 5.9 to

10.8 MPa, SRH varies from 35.6 to 61.5, SCH varies

from 20.2 to 45.9, PLT from 2.13 to 9.13 MPa, and

CHI from 23 to 250 s.

Firstly, the affect of tip angle of bit on CHI is

investigated. According to Fig. 2, there is excellent

linear relationship (R2 = 0.9715) between two bits

with different tip angles of 99� and 125�. It is

determined that the bit having 125� tip angle which

is commonly available in the market can be used in

CHI instead of the bit having 99� tip angle (Initially,

the Cerchar hardness test is applied by using the bit

with a 99� tip angle without a spiral for chip removal).

Figure 3 shows the relationship between UCS and

CHI for two different bits with tip angle of 99� and

125�. It is clearly seen in Fig. 3 that linear relation-

ships (with high determination coefficient of 0.899 and

0.8977, respectively) are found between two different

bits. But the same trend is not seen for BTS and CHI

(with low determination coefficients of 0.3612 and

0.3406, respectively) (Fig. 4).

As seen in Figs. 5 and 6, it is found that CHI is

related to SRH and SSH with high correlation

coefficients for both tip angles of 99� and 125�.
CHI values is correlated with both PLT (axial and

diametral) and point load strength anisotropy index

(Ia(50)) values. Power relationships are obtained

between CHI (bits with tip angle of 99� and 125�)
and diametral PLT values (Fig. 7). For these relation-

ships, the determination coefficients of 0.9158 and

0.8708, are found, respectively. However, it is not

found a reliable correlation between CHI and axial

Table 5 Regression equations from EXCEL

XMEAN Standard deviation Independent variable (X) CHI (99�)mean CHI (125�)mean

Equation R2 Equation R2

79.19 21.95 UCS =3.2907*UCS-140.94 0.899 =2.8715*UCS-117.58 0.898

7.70 1.37 BTS =33.407*BTS-137.64 0.361 =28.326*BTS-108.35 0.341

47.28 8.87 SRH =7.7829*SRH-239.73 0.834 =6.731*SRH-200.78 0.813

34.56 8.04 SSH =0.0021*SSH3.0374 0.861 =0.0082*SSH2.6398 0.834

4.86 2.31 Is//(50) =12.726* Is//(50)
1.369 0.916 =16.112* Is//(50)

1.1789 0.871

1.11 0.74 Ia(50) =82.469* Ia(50)
-1.0716 0.679 =80.519* Ia(50)

-0.9272 0.652
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PLT values. In addition, negative power relationships

are found between CHI (bits with tip angle of 99� and
125�) and point load strength anisotropy index values

(Fig. 8). For these relationships, the determination

coefficients of 0.6791 and 0.6517, are found,

respectively.

Ia50 assumes values close to 1.0 for quasi-isotropic

rocks and higher values when the rock is anisotropic

(ISRM 1985). The Ia50 values of siltstone and

mudstone are Ia50[ 1 (anisotropic), for sandstone is

Ia (50)\ 1 (quasi-isotropic). This situation shows that

point load strength anisotropy index is affected on

both CHI and drilling time (in Fig. 8).

The statistical relationships between CHI (with two

different tip angles of 99� and 125�) and UCS, BTS,

SRH, SSH, PLT are investigated by using regression

analysis based on the method of least squares.

Microsoft ExcelTM is used for the regression equations

(Tab. 5). The equation of the best-fit line and

coefficient of determination (R2) are determined for

each regression. Equations of the best fit curves with

95% confidence limit, observed t- and F-test values at

5% significance level (Table 6), standard error and

coefficient of determination (R2) values are deter-

mined for each regression. The statistical analyses

indicate that the relationships between CHI and UCS,

SSH, SRH, diametral PLT, point load strength

anisotropy strength index are reliable.

The results of uniaxial compressive strength are

compared with the results of other investigators which

carried out on less strength materials (tuff, marl, etc.)

in Fig. 9. This comparison shows that there is linear

relationship between the strength of rock and the drill

time.

4 Conclusions

The mechanical properties of coal measure rocks are

the most important parameters in designing ground

workings and classification of rocks for engineering

purposes. Many researchers have constructed

portable and easy to use test devices. They investi-

gated the relationships between rock strength, defor-

mation and rock hardness. Cerchar hardness index is

indirect index test to be used for defining the strength

and cuttability characteristics of coal measure rocks.

In this study, a modified Cerchar hardness index test

machine is used to determine CHI.T
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Some index properties (Cerchar hardness index,

Shore sclerescope hardness, in situ Schmidt rebound

hardness and point load strength) and strength prop-

erties (uniaxial compressive strength and Brazilian

tensile strength) of 29 sedimentary rock samples are

performed using samples collected from Turkish Hard

Coal Enterprises, Zonguldak, Turkey, underground

gallery faces. During Cerchar hardness index test two

kinds of bits with tip angles of 99� and 125� are used.
Then, relationships among CHI and both strength and

some index test values are evaluated using regression

analysis.

The effect of tip angle on Cerchar hardness index

(CHI) is also investigated. A linear relationship is

determined between bit with tip angle of 99� and bit

with tip angle of 125�, with R2 value of 0.9715. Thus,

it is found that the bit with tip angle of 125� which is

easy to found in market can be used instead of the bit

with tip angle of 99� in Cerchar hardness index tests.

The uniaxial compressive strength, Shore scle-

rescope hardness, Schmidt rebound hardness, diametral

point load strength and point load strength anisotropy

index exhibit strong correlations with Cerchar hardness

index values (tip angle of 99� and tip angle of 125�).
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