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Case Study on the Application of Chain Saw Machine for the
Underground Marble Quarrying

Jaeyeol Ju, Kwangpyo Lee, Jaedong Kim*

Abstract The purpose of this research was to find an optimal quarrying for marble by analyzing the applicability
and the work efficiency of a chain saw machine newly introduced in the underground Backwoon mine. From the
test results of the physical properties of Baekwoon marble, which affects the efficiency of rock cutting, it was
found to have similar physical characteristics as the ones which are now being produced in the other areas in Korea.
And especially it shows isotropic property, which can be thought to be advantageous as a dimensional stone. To
check the long-term quality of the marble as a stone material, several tests such as corrosion resistance test and
abrasion test were carried out. It was found to be vulnerable to acid rain with decrease of weight and seismic
wave velocity after applying artificial rain at pH 5.6 for 50 times. The percentage of wear from abrasion test was
22.67%. The working time and cutting speed of the chain saw machine were recorded and analyzed during the
test-run at the quarry. The overall work cycle was assorted into 9 unit operations and the operating time per each
unit was drawn. The operating times for the two cutting patterns, which could be possibly applicable to the work
site, were compared. The results indicated that the pattern B, that the cutting sequence was set to minimize the
movement of the machine, showed 6% less working hours than the pattern A, which first cuts the outer boundary.
With cutting pattern analysis, the ore body in the Backwoon mine was 3 dimensionally modeled and a quarrying
plan considering the existing conditions of the marble was suggested.
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Fig. 1. Geological map around the Backwoon mine area (Noh
and Oh, 2005)
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(b) side view

Fig. 2. 3D model of the study area
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Table 1. Physical characteristics of Backwoon marble
Uni. Comp. |Apparent Density| Absorption P/S wave Velocity (m/sec) Young’s modulus | Poisson’s STt f;l:lteh
Strength (MPa) (KN/m”) (%) P wave S wave (GPa) ratio &
(MPa)
85.1 26.736 0.109 4,610 2,660 432 0.232 7.9
Young’s modulus (GPa) Poisson’s ratio
Anisotropy test El E2
Py 0.250
63.8 74.1
Temperature (C) Specific gravity Absorption (%)
15 2.72 0.119
200 2.72 0.119
Thermal resistance test 300 2.71 0.200
400 2.71 0.160
500 2.71 0.250
600 2.71 0.315
Mass of 25~20 mm | Mass of 20~15 mm Mass of total |Mass of after test in| Percentage of
Abrasion test (2500£10) (g) (2500£10) (g) (& 1.7 mm (g) wear (%)
2489.9 2495.6 4985.5 3855.6 22.67
Mass Volume P/S wave Velocity(m/s)
Number 3
6) (cm’) v v,
Corrosion resistant test 0 313.69 113.87 4352 2560
50 307.43 112.49 4330 2547
100 300.57 110.80 4310 2535
Friction angle (°) | cohesion (MPa)
Normal stress |Peak shear stress| Residual shear
(MPa) (MPa) stress (MPa) for for
for peak . for peak .
Joint shear test residual residual
0.3 0.26 0.18
0.6 0.45 0.34 31 26 0.46 0
0.9 0.63 0.50
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Fig. 3. The joint distribution in the test quarrying area of Baekwoon marble

Table 2. The orientations of joint sets in the test quarrying area of Backwoon marble

Joint set Dip direction (degrees) Dip (degrees) Spacing (mm) Remarks
1 058 27 255.6 Major set
2 251 64 445.5
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Fig. 6. Dimensions of the chain saw machine

Table 3. Technical data of the chain saw machine

Power supply

440 Volts 60 Hz 3-phase

Total power output 60 kW
Max. current absorption 105 A
Hydraulic oil tank capacity 450 liters
Grease tank capacity 30 dm’

Arm rotation 360°
Rail rotation 270°
Track fifth wheel rotation 360°
Strut orientation 24 ~ 93°
Reference data Head carrier carriage stroke 3,000 mm
Vertical carriage stroke 3,050 mm
Head carrier slide stroke 190 mm

Max. cutting depth

3.0 m (XXL type)

Cut width

38 mm

Vibration level

within regulation limits

Noise level when fully operation

85 dB(A) with background noise equal to 70 dB

Weighted acoustic power level A

88 dB(A) [when not cutting]

100 dB(A) [when cutting]

Total weight of machine

29,000 kg

Planned use

Cutting all types of stone (excluding granite)

Environment Underground quarries (tunnels)
Applications and Storage temperature = 25C
limitations Ambient operational temperature = -10C
Hydraulic oil temperature -20C + 50C
Max. slope for use 25%

Chain advance speed

1.2 m/sec (adjustable)

Performance Cut speed

3 ~ 10 cm/min (it depends on the type of stone)

Machine speed on tracks

1 km/hr

Height
Tunnel dimensions

5150 ~ 5650 mm

Minimum width

7250 mm
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Table 4. The unit operating time for each step of the chain saw machine

Modules Time (minutes) Remarks
Chain saw insert 85 0.036 (mz/minute)
Horizontal intermediate cut (3 m) 73 0.130 (mz/minute)
Horizontal edge cut (4 m) 114 0.102 (mz/minute)
Vertical cut (4.6 m) 97 0.144 (mz/minute)
Pick out the saw 6
Movement 16
Setting the machine 23
Rotation of head o 27
180° 31
Rearranging the cutting direction of chain saw 68 for the reverse direction
”® 2 o ]
o 2 @ 6}
® ® @ @ ® ® Oy B oy ®
© ®
? ® 2 ®
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(a) Cutting pattern A (2,970 min.)

(b) Cutting pattern B (2,805 min.)

Fig. 10. Comparison of total operating time for each cutting pattern
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