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ABSTRACT 

 

In order to optimizing of the blasting operations,we need to evaluate rock mass properties in studying mines. For 

this purpose, three methods of line mapping, seismic refraction method and experimental tests were used. Properties 

of 7730 discontinuities were measured at 1780 meters long of the scanline. To determine Vpf (the velocity of 

longitudinal waves in rock mass) 73 seismic profile was run at 1771 meters long of seismic profiles. Also for 

characterization of intact rock such as UCS (uniaxial compressive strength), UTS (uniaxial tensile strength), density, 

Vpl(the velocity of longitudinal waves in intact rock) and Schmidt hardness, the standard tests were used. For 

Engineering assessment, rock mass was classified according to the RMR classification system. Finally, in addition 

to analysis of each parameter and present the results for studying mines, equations to estimate RMR based on the 

results of seismic survey and relationships to predict some properties of intact rock were developed. 

KEY WORDS: rock mass classification, RMR, seismic refraction methods, discontinuities, line mapping. 

 

1. INTRODUCTION 
 

Various factors are influential in blasting operation results in superficial mines. Generally, we can classify 

them in three categories: rock mass properties, blast design parameters and explosive properties. Rock mass 

properties are among the most important variables influencing blasting results [1] -[5]. Two different rock masses, 

when subjected to identical blast geometry and energy input from explosives, will produce quite different degrees of 

fragmentation. This is because the rock masses have inherently different resistance to fragmentation by blasting and 

referred to as the blastability of a rock mass [3]. Firstly, to study the blastability in the study area needs to develop a 

strong database of effective parameters on blasting results. For this purpose, According to studies conducted by 

various people in this field, the required parameters selected and measured [3], [4] and [6] -[15]. 

In this research rock mass property by line mapping method, seismic refraction method and experimental tests 

were evaluated.Inline mapping method Discontinuity properties include orientation, spacing, persistence, aperture, 

roughness, waviness and infilling materials at 1780 meters long of the scanline were evaluated. By seismic 

refraction method Vpf at 1815 meters long of seismic profiles was measured. For determining of intact rock 

properties include UCS, UTS, density, Vpl and Schmidt hardness standard experimental tests were used. In 

engineering assessments to evaluate the effect of rock mass properties, we need to classify it. The RMR 

classification system was used for this purpose. Therefore RMR for the rock mass in studying areas was determined. 

Finally, relationships were developed to estimate RMR from seismic results. The complete database integrity in 

relationships for estimating the tensile strength and Young's modulus under uniaxial compression strength and the 

estimated values based on the velocity Schmidt hardness longitudinal cases in the rock presented. Also, to 

complement the database In case of lack of information, equations to estimate the tensile strength and Young's 

modulus based on uniaxial compression strength and equation to estimate Schmidt hardness based on Vpl were 

developed. 

2. GEOLOGY OF STUDY AREAS 

 

The studied areas consist of Choghart, Chadormalu, Sechahun iron stone mines. These mines located in Bafgh 

block in ferriferous zone of Anarak-Bafgh-Kerman. The geographical situation of study areas represented in Figure 

1. From the geology point of view, Choghart ore deposit situated in Precambrian formations of central Iran (Morad 

series). This series had been affected by different changes such as metamorphism and metasomatism. The enclosing 

rocks of this ore deposit are mainly granite, quartz albitophyr and metasomatits. From the tectonic point of view in 
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Choghart ore deposit, three main categories of structural factors and faulting operate that can indicate significant 

Panafrican, Cimmerian and Alpine events. The Panafrican structures can be suggested as the main factors of ore 

centralization and regional changes. These structures are the deep faults with N-S and E-W strikes [16]. 

 

 
Figure 1. Geographical situation of study areas 

 

Sechahun ore rocks consist of the Morad series rocks. In Sechahun ore deposit domain, intrusive rocks are 

mainly composed of diorite, granite, granophyre and syenite. In addition dikes with different combinations have 

nearly E-W strikes and high dips 75°-80°. Chadormalu ore deposit consists of two north and south anomalies. This 

ore deposit because metasomatic and magmatic condition and high tectonic activities contains the complex 

geological condition. Discontinuities in ore deposits, mostly contain NW-SE strikes and 70°- 80° NW dip angles. 

Mineral mass has been suffering of fraction by granitic and dioritic dikes which have 15°-45° dip angle and 1-20 

meters thickness. In Cambrian period, ore deposit domain consisted of granite gneiss to biotite gneiss and part of 

amphibolite facies. Ore deposit rocks included crystalline schist, fine grain schist, quartzite schist, biotite schist and 

quartzite, amphibolite and marbles. In Upper Cambrian period, it consisted of volcanic rocks, dolomites and 

sandstones [17]. 

 

 
Figure 2. Left) Scanlines length and number of discontinuities surveyed and right) number and length of the 

surveyed seismic profile in studying mines. 

 

3. MEASUREMENT METHODS OF ROCK MASS PROPERTIES 

 

3.1. Line mapping 

In order to measure engineering geological properties of rock mass in rock outcrops, line mapping method 

used. In this method desirable engineering properties are surveyed along the scanline on the rock outcrop. In line 

mapping, often the length of scanline has been variably from 10-100 meter. Priest and Hudson suggested that the 
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length of scanline must be at least fifty times the average spacing of discontinuities [18]. While as the International 

society of rock mechanic has advised, the length of a scanline is normally 50-100 meter [19], [20]. In this method, 

we can choose the length of scanline according to major changes of rock mass properties such as lithological 

changes, structural changes or even presence of a fault or fault zone or numerous changes in the weathering rate of 

rock mass and then by considering these changes we can use a new scanline for surveys of rock mass properties. 

In this study, discontinuities properties in 51 blasting blocks measured in a length of 1780 meters of the 

scanline. Such that along these scanlines properties of 7730 discontinuities were evaluated. Most surveys with 

survey of 3524 discontinuities along the 869 m scanline relate to Choghart mine. Then in Chadormalu mine 2916 

discontinuities in a length of 528 meters of the scanline and in Sechahun mine 1290 discontinuities in a length of 

383 meters of the scanline have been surveyed (figure2). 

 

3.2.SEISMIC REFRACTION METHOD  

In this research, seismic refraction method was used to obtain seismic wave velocity in the rock mass. 

Equipment used for the seismic data acquisition included the source of creating seismic waves, geophone, battery, 

connector cables and recorder. Seismic waves are created by the energy incurred to the ground. In field seismic 

surveys, we can create seismic waves manually or by using heavy machinery or with explosive materials. In this 

study a handy hammer (18 kg weight) used as a seismic source. In this research, used geophones were 

electromagnetic PE-3 geophones made by a Netherlands sensor company with a natural frequency of 10 Hz and 

used seismograph, were TERRALOC Mk8 made by the Sweden ABEM company. This seismograph is twelve -

channel and possesses 80 GB internal memory and 2-4000 Hz frequency range [21]. 

To set up the seismograph, for primary survey and observation of recorded data in the field, SeisTw software, 

installed on seismograph was used and for final processing of data and getting the Vpf, Reflex-Win 5.0.5 software, 

was used.By considering the length and condition of blasting blocks, appropriate arrangement of geophones with 

spacing of 2, 3 or 5 meters were used. 7 shotpoints were used in all surveys in the length of the profile that 3 

shotpoints were placed through the profile and 4 of them were out of it.In this study, seismic properties of rock mass 

have been surveyed along 73 seismic profiles. By considering different spacing applied for geophones in these 

profiles, the length of all surveyed profiles is 1815 meter.Figure2 shows the number and length of the surveyed 

seismic profile in studying mines. 

 
Figure 3. 2-D model of seismic velocity variations associated with E2964-1 blasting blocks of Chadormalu 

mine in Reflex-Win 5.0.5 software. 

 

After processing of the seismic data by Reflex-Win 5.0.5 software and obtain a two-dimensional model of 

seismic velocity variations ofground (Figure3), at any point along the seismic profiles, the average of Vpf was 

calculated from the following equation. 
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In the above equation di and Vpfi  are depth and p-wave velocity of  i
th

 ground layer. 

 

3.3. EXPERIMENTAL TESTS 

To measure intact rock properties derived cores of rock samples of each blasting blocks which were lack of any 

plane of weakness, studied in the laboratory and parameters such as density, UTS (uniaxial tensional strength) and 

UCS, elasticity modulus and Schmidt rebound hardnessof the samples were measured.Block samples for 

measurement of intact rock propertiesof each blasting block according to the lithological characteristics collected, 

coded and were transported to the laboratory.As much as possible, we tried the samples are free of any joints or 

fractures. After determination of hardness by Schmidt hammer in laboratory for further tests by diamond core 

drilling machine core samples with a diameter of 54 mm of each block sample were prepared. Then core samples 

were prepared according to ASTM D4543 standard [22]. 

For determining of rock hardness after calibration the plunger of the hammer is pressed against the flat and 

without fracture surface of rock.After 10 readings have removed 50% of minimum readings, by taking the average 

of the remaining readings and multiplied by the correction factor of the hammer, the hardness was obtained [23]. As 

regards the number of hardness is dependent on hammer orientation, in this study all reading is made at right angles 

to the surfaces. Density of rock samples was determined by immersion in water and weight divided by volume 

methods. Density values calculated by both methods were close together, but the mean of the two values obtained as 

the density of the sample was taken.To determine the compressive strength of intact rock, uniaxial compressive 

strength test was used.In this study sample characteristics and testing method in accordance with the 

recommendation of the International Society for Rock Mechanics (ISRM) were considered [24]. In all experiments 

axial load with constant rate 5 kN/s was applied to the sample. After the breakdown of the sample UCS was 

calculated by dividing the applied maximum load to the initial cross-sectional area of the sample. In order to 

determine the deformability of rock during uniaxial compressive test in accordance with ISRM guidelines 

concurrent withapplied axial load, axial deformation was measured [24]. Digital gauge with 0.01 mm accuracy to 

measure the axial deformation was used. After any experiment by dividing applied load on the sample to the initial 

cross-sectional area calculated axial stress and by dividing the length change of the sample to the initial length of the 

core sample calculated axial strain. Finally, for each test tangential Young's modulus at 50% of ultimate strength of 

the core samplewith plotting axial stress - strain curve was obtained. 

Brazilian test was used to determine the tensile strength of the intact rock. In this experiment the sample is 

placed between the two arch-shaped jaw and axial load apply by the same device of determining the uniaxial 

compressive strength (figure 4).This test was performed according to the recommendations of ISRM. So that 

samples diameter and the ratio of length to diameter was 54 mm and 0.5, respectively. Finally, the tensile strength 

was calculated according to the following equation [25]. 

(2)                               �� � 0.636
�

�
 

Where σt is tensile strength (MPa), P is the failure load (N), D is the diameter of the specimen (mm) and Tis 

the thickness of the specimen in the center of the specimen (mm). 

 

 
Figure4. Device of left) uniaxial compressive strength test and right) Brazilian test 

 

P-waves measurements in intact rocks were taken using a digital ultrasonic apparatus called PUNDIT. This 

non-destructive and portable apparatus has two transducerswith the frequency of 54 kHz [26]. In this experiment, 
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the Vpl for each sample is determined by dividing the sample length (distance betweentransmitter and receiver) to 

the transit time (Figure 5). 

 
Figure5. A view of Vpl measurement on intact rock sample with the PUNDIT ultrasonic apparatus. 

 

4. ROCK MASS CLASSIFICATION 

 

Because the engineering behavior of the rock mass is a function of several factors,in order to assess rock mass 

effects on engineering operations in engineering projects rock mass classification systems are used.A classification 

system that has found wide application in engineering science related to earth isRMR (Rock Mass Rating) 

system.Among the different versions of this classification system is more useful version published in 1989 [27]. The 

system according to five basic parameters, strength of intact rock material, RQD, spacing of joints, condition of 

joints (includes joint aperture, persistence, roughness, joint surface weathering and alteration, and presence of 

infilling) and groundwater conditions gives the rock mass rating between 0 and 100.In this study RMRbasic is that 

RMR rate without adjustment for joint orientation, was determined for all blocks. 

 

 
Figure 6.The p-p plots of dip, dip direction and spacing data of Choghart mine 

 

5. RESULTS 
 

For statistical analysis of discontinuities properties PASW statistics 18 software was used.Statistical study of 

discontinuities properties showed that %95.6 of discontinuity is of joint type in Choghart mine. %46 discontinuities 

have low persistence (1-3 m), %58.9 have open aperture (0.5-2.5 mm), %60.6 have clay infilling and %50.3 have 

moderate spacing (20-60 cm). Furthermore, %84.1 of these discontinuities have undulating surface and %60.2 of 

them have a smooth surface. In Chadormalu mine, the prominent type of discontinuities with %96.5 are related to 

joints. %60.4 the discontinuities have low persistence, %47.2 open aperture, %61.4 clay infilling and %52 moderate 

spacing. Surface of %52.5 of discontinuities is planar and %49 of them has a smooth surface. In Sechahun mine 

%91.3 discontinuities are of joint type. In addition, most of the discontinuities with %56 have low persistence, 

%55.8 open aperture, %73.7 clay infilling and %72.8 moderate spacing. Most of discontinuities have also %93.8 

undulating surface and %75.3 have a smooth surface. Table 1 shows the frequency of discontinuity properties in 

studying mines. 

Statistical analysis results of dip angle and dip direction data of discontinuities show that in Choghart, 

Chadormalu and Sechahun mines average dip direction are 182.8°, 182.4° and 169.5° and average dip angle are 
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60.2°, 63.1° and 58.9°, respectively. Furthermore, to investigate the distribution of data, P-P plots for dip angle, dip 

direction and spacing data were plotted. The linear shape of the normal P-P plot related to dip angle and dip 

direction is confirming normal distribution of data. The results also show that the data distribution of spacing is 

exponential. This claim is well seen in drawn exponential p-p plot for spacing data. Figure 6 shows the p-p plots of 

dip, dip direction and spacing data of Choghart mine. 

 

Table1:frequency of discontinuity properties in studying mines 
Discontinuities properties Frequency percent 

Sechahun mine Chadormalu mine Choghart mine 

Type Fault 8.7 3.5 4.3 

Joint 91.3 96.5 95.6 

Contact  -  - 0.1 

Persistence(m) Very Low  <1 2.6 - 1.4 

Low 1–3 56 60.4 46 

Medium  3–10 37.3 31.2 35 

High  10–20 3.9 8.3 15.5 

Very High  >20 0.2 0.1 2.1 

Aperture(mm) Very tight  <0.1 - - 1 

Tight  0.1–0.25 3 2.5 2 

Partly open  0.25–0.5 31.2 28.6 16.6 

Open  0.5–2.5 55.8 47.2 58.9 

Moderately wide 2.5–10 4.7 13.1 14.3 

Very wide  1–10 5.1 8.1 6.7 

Extremely wide  10–100 0.2 0.5 0.5 

Spacing(cm) Extremely close <2 - - 6.9 

Very close 2–6 0.4 5.3 2.9 

Close 6–20 22.6 35.7 30.8 

Moderate 20–60 72.8 52 50.3 

Wide 60–200 4.2 6.8 8.7 

Very wide 200–600 - 0.2 0.4 

Infilling 

materials 

Clean 0.1 - 2.2 

surface staining 16.3 33.6 21.3 

Clay 73.7 61.4 60.6 

Fe oxide 2.4 - 5.2 

other-specify 7.5 5 10.7 

Waviness Planar 6.2 52.5 15.5 

Undulating 93.8 47.5 84.1 

Stepped - - 0.4 

Roughness Rough 16.4 47.6 32.2 

Smooth 75.3 49.7 60.2 

Slickensided 8.3 2.7 7.5 

 

Seismic studies indicate that in the study minesmean, maximum and minimum Vpfare1462.9, 2919.2 and 868.2 

m/s respectively.Also, the mean, maximum and minimum VI that is obtained by dividing Vpf to Vpland is an 

indicator of the fracturing degree of the rock mass are 0.28, 0.52, 0.16, respectively. In table 2 statistical summaries 

ofVpf and VI are presented separately for studying mines. 

 

Table 2: Seismic refraction results and velocity index of rock mass in studying areas 
Sechahun Chadormalu Choghart Mine 

VI Vpf(m/s) VI Vpf(m/s) VI Vpf(m/s)  

0.39 2134 0.27 1343 0.24 1265 Mean 

0.52 2919.2 0.43 2146.8 0.35 1652 Maximum 

0.31 1668.3 0.16 868.2 0.17 967.3 Minimum 

 

The results of experiment on intact rocks showed that rocks in studying mines with the mean density 2.77 t/m3 

has hardness 49.1- 63.8 and an average of 59.1. The maximum UCS of rock samples was 110.5 MPa and the 

minimum and mean value of UCS was 15.23 and 58.5 MPa, respectively. Also, the mean, maximum and minimum 

Young's modulus of intact rocks was 12.79, 21.99 and 6.51, respectively, and maximum, minimum and mean values 

of UTS was 12.15, 1.74 and 6.41, respectively. The statistical results confirm that the values of maximum, minimum 
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and mean Vpl calculated respectively 6166.7, 4023.4 and is 5273 m/s. The result of descriptive statistic of amounts 

of mentioned parameters is represented in Table 3. 

 

Table 3: Descriptive statistic results of measured parameters of intact rock 
UTS 

(MPa) 

E 

(GPa) 

UCS 

(MPa) 

Density 

(ton/m3) 

Vpl 

(m/s) 

 Mine 

6.2 10.7 59 2.83 5366.8 Mean ChoghartMine 

7.2 12.5 100.8 3.42 5796.1 Max. 

3.7 7 15.3 2.58 4693.3 Min. 

3.3 10.3 50.5 2.75 5514.4 Mean ChadormaluMine 

6.7 11.5 69.8 2.86 6166.7 Max. 

1.7 6.5 41.6 2.7 4621.1 Min. 

8.8 16 62.2 2.69 5019.1 Mean SechahunMine 

12.15 22 110.5 2.8 6081.3 Max. 

5.3 11.8 30.5 2.55 4023.4 Min. 

 

The rock mass classification results showed that maximum,  minimum and mean RMRbasic of rock mass in 

the study areas are 77.8, 48.4 and 61.65, respectively. Classification results conducted at the mines are presented in 

Table 4. 

Table 4: Descriptive statistic results of calculated RMRbasic for studying mines 
Sechahun Chadormalu Choghart  

61.9 60.4 62.5 Mean 

75.9 67.2 77.7 Max. 

54.5 48.4 51.3 Min. 

 

Due to field surveys to determine RMRbasicis the time consuming, following equations to estimate this 

parameter according to the results of the seismic data obtained on fitting different models. 

(3)      �������� = ���
�.	
�                   R

2
=0.998 

(4)    �������� = 718.242�� − 2530.846��
�
+ 2708.967��

R
2
=0.99 

Where Vpf is the longitudinal wave velocity of the rock mass and the VI is velocity index.Using the above relations, 

after determining Vpf and VI by seismic refraction method throughout the mine, we can estimate RMRbasic of the 

rock mass before any blasting operations. Since the rock mass properties are an important factor affecting the 

blasting results, in this research in addition to discontinuity properties, parameters such as UCS, UTS, RQD, Vpl, 

Vpf, VI, Young’s modulus of intact rock and Schmidt hardness were measured and calculated.However, in cases of 

deficiency in the database this defect was resolved by fitting the best statistical relationships. 

In this regards, the following relations for estimation of UTS and Young’s modulus based on the UCS and 

estimation of Schmidt hardness based on Vplwere obtained. 

(5)                                           ��� = ���
�.���                  R

2
=0.946 

(6)                         	 = ���
�.
��          R

2
=0.991 

(7)                         � = ���
�.��
              R

2
=1 

Where UCS and UTS are uniaxial compressive strength (MPa) and uniaxial tensional strength (MPa), 

respectively, and E is young’ modulus (GPa) and Vpf is the longitudinal wave velocity of the rock mass (m/s). 

 

6. DISCUSSION AND CONCLUSIONS 

 

We tried to study all rock mass properties influence on blast fragmentation in this research. To this purpose 

rock mass properties were evaluated in 51 blasting bocks. Statistical analysis of dip, dip direction and spacing data 

in studying mines indicate that the distribution of dip and dip direction data is normal and distribution of spacing 

data is exponential. Mainly in all mines, discontinuities have low persistence, open aperture, clay infilling and 

average spacing. In Choghart and Sechahun mines, discontinuities mainly have undulating and smooth surface and 

in Chadormalu mine discontinuities mainly have planar and smooth surface. By considering experimental 

experiments on intact rock samples taken from each blasting blocks in studying mines, averagely UCS, Young’s 

modulus, Brazilian tensile strength, Vpf, density and hardness were respectively 58.5 MPa, 12.79 GPa, 6.41 MPa, 

5273 m/s, 2.77 ton/m
3 
and 59.1. Implementing the seismic refraction operation in studying areas indicate that  mean 

Vpf is in Choghart mine 1265 m/s, in Chadormalu mine 1343 m/s and in Sechahun mine 2134 m/s. 

Also, the calculation of VI showed that the average value of this parameter in the Choghart, Chadormalu and 

Sechahun mines are 0.24, 0.27 and 0.39, respectively.SinceVIhasan inverse relationship to the fracturingdegree of 
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the rock mass, these resultsindicate that thefracture degree in Sechahun mine isless thanChoghart and 

Chadormalumines. Therefore, the rock massquality of the Sechahun mineisbetter thanthe othertwo mines. Thiscould 

be due toless Performed blastingoperationsin this minethan theothertwo mines.On the other hand the rock mass 

classification results showed that the mean RMRbasic of rock mass in Choghart, Chadormalu and Sechahun mines are 

62.5, 60.4 and 61.9, respectively.Also, statistical analysis of the data led to the development of relations for the 

estimation of RMRbasic based on seismic data.After determining the seismic wave velocity in rock mass and intact 

rockusing these relationships can quickly be calculated RMRbasic and it can be used in the design of optimal blasting 

operations and slope stabilization. Also, this research has led to the development of relations between UTS, UCS, 

Young’s modulus, Hardness and Vpl. 

 

ACKNOWLEDGEMENT 

The authors would like to express their grateful thanks to the Iran Central Iron Ore Company for financial 

support of this project. 

 

REFERENCES 

 

1. Calvin, J., Ph.D. Konya, J. Edward andPh.D. Walter, 1991.Rock blasting and overbreak control: US Department 

of Transportation, Federal Highway Administration,No.FHWA-HI-92-001, p. 435.  

2. Bhandari, S., 1997. Engineering rock blasting operations: A. A. Balkema, Rotterdam, Brookfield, p. 375. 

3. Latham, J.P. andP. Lu, 1999. Development of an assessment system for the blastability of rock masses: Int. J. 

Rock Mech. Min. Sci., 36: 41-55. 

4. Azimi, Y., M. Osanloo, M. Aakbarpour-Shirazi andA. Aghajani Bazzazi, 2010. Prediction of the blastability 

designation of rock masses using fuzzy sets: Int. J. Rock Mech. Min. Sci., doi:10.1016/j.ijrmms.2010.06.016. 

5. Kulatilake, PHSW., T. Hudaverdi andQ. Wu, 2012. New Prediction Models for Mean Particle Size in Rock Blast 

Fragmentation: Geotech. Geol. Eng., 30: 665–684. 

6. Hagan, T.N., 1995. The effect of rock properties on the design and results of tunnel blasts: J. Rock Mech. 

Tunneling Technol., 1(1): 25-39. 

7.Lopez Jimeno, Carlos, 1995. Drilling and blasting of rocks:A.A.Balkema, Netherland, P. 391. 

8. Pal Roy, P. andB.B. Dhar,1996. Fragmentation analyzing scale- a new tool for breakage assessment. In the 

Proceeding of the Fifth international symposium on rock fragmentation by blasting- FRAGBLAST 5, Montreal, 

Balkema, Rotterdam, Netherlands,p. 448. 

9. Scott, A., 1996. Blastability and blast design, In the Proceeding of theFifth international symposium on rock 

fragmentation by blasting, Montreal, Balkema, Rotterdam, Netherlands, pp: 27-36. 

10. Harrison, J.P. andJ.A. Hudson, 2000. Engineering rock mechanics: part 2 Illustrative worked examples. 

Elsevier's Science & Technology, Oxford, UK, pp: 255-256. 

11. Han, J., X. Weiya andX. Shouyi, 2000. Artificial neural network method of rock mass blastability classification. 

In the Proceedings of the Fifth International Conference on Geo Computation, London, UK, pp: 23–25. 

12. Thornton, D., S.S. Kanchibolta and I. Brunton, 2002. Modelling the impact and blast design variation on blast 

fragmentation: Intl. J. for Blasting and Fragmentation, Swets and Zeitlinger, The Netherlands, 6(2): 171-172. 

13. Kacar, G., A. Ozgenoglu andH.A. Bilgin, 2003. Effect of discontinuity orientation and spacing on the blasting 

performance in some open cast mines of TKI-Turkey:  ISRM 2003–Technology roadmap for rock mechanics, 

South African Institute of Mining and Metallurgy, pp: 595-601. 

14. Kaushik, D. andS. Phalguni, 2003. Concept of Blastability – An Update: Indian Mining & Engineering Journal, 

42(8&9): 24-31. 

15. Kilic, A.M., E. Yaar, Y. Erdoan andP.G. Ranjith, 2009. Influence of rock mass properties on blasting efficiency: 

Scientific Research and Essay, 4(11): 1213-1224. 

16. Kavoshgaran, C.E.Co., 1991. The final report of geotechnical and structural geology of Choghart mine domain, 

in persian. 

147 



J. Appl. Environ. Biol. Sci., 4(10)140-148, 2014 

17. Kavoshgaran, C.E.Co., 1999. The final report of geology model and evaluation of the deposit supply of XI 

anomaly-north Sechahun mass according to supplementary explorations, in persian. 

18. Wines, D.R. and P.A. Lilly, 2002. Measurement and analysis of rock mass discontinuity spacing and frequency 

in part of the Fimiston open pit operation in Kalgoorlie, Western Australia: a case study: Int. J. Rock Mech. 

Min. Sci., 39: 589–602. 

19 ISRM (International Society for Rock Mechanics), Commission on standardization of laboratory and field tests, 

1978. Suggested methods for the quantitative description of discontinuities in rock masses: Int. J. Rock Mech. 

Min. Sci. & Geomech. Abstr., 15 (6): 319-368. 

20. Wyllie, D.C. and C.W. Mah, 2005. Rock slope engineering: Civil and mining. 4th edition, Taylor & Francis e-

Library, Spon Press, p. 431. 

21. ABEM Instrument AB., 2009.Reference Manual for ABEM Terraloc ‘Mk6 v2 and Mk8 with ABEM SeisTW for 

Windows XP,p.75. 

22.ASTM D 4543-85 (Reapproved 1991), 1991. Standard Practice for Preparing Rock Core Specimens and 

Determining Dimensional and Shape Tolerances, Annual Book of ASTM Standards, Section 4, Construction, 

Volume 04.08 Soil and Rock; Building Stones. American Society for Testing and Materials, Philadelphia. 

23.Hoek, E.,1995.Rock engineering, Course notes, A.A. Balkema Publishers, Rotterdam, Netherlands, p.313. 

24. ISRM (International Society for Rock Mechanics), Commission on standardization of laboratory and field tests, 

1979. Suggested methods for determining the uniaxial compressive strength and deformability of rock material: 

Int. J. Rock Mech. Min. Sci. & Geomech. Abstr., 16 (2): 135-140. 

25.ISRM (International Society for Rock Mechanics), Commission on standardization of laboratory and field tests, 

1978. Suggested methods for determining the tensile strength of rock materials: Int. J. Rock Mech. Min. Sci. & 

Geomech. Abstr., 15: 99-103. 

26Kilic, O., 2006. The influence of high temperatures on limestone P-wave velocity andSchmidt hammer strength: 

Int. J. Rock Mecha. Min. Sci., 43: 980–986. 

27.Price, D.G., 2009. Engineering geology principles and practice: de Freitas M.H (Ed.), Springer-Verlag Berlin 

Heidelberg, p. 450. 

 

148 


