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ABSTRACT
Received: November 30, 2021 This technical report briefly introduced the rock cutting splitting method under development.
Revised: December 21 2021 This method is a method of excavating the rock by splitting the block after the rock cutting

process. After designing the cutting geometry of the rock face, the chisel is press-fitted to
remove the rock block. At this time, when the cutting block is properly designed, the tensile
crack propagates smoothly at the bottom of the rock block. An analytical solution was devised
to estimate the indentation force required for splitting rock blocks using fracture toughness
mode 1 required for tensile crack growth. The impact force of the hydraulic breaker of the
excavator was analyzed, and the grade of the excavator that can be constructed according to
the rock block design geometry was analyzed.
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Fig. 1. Basic concept of the cutting splitting method

Rock mass Ot Split block

- rq
Crack initiation

Fig. 2. Force and moment diagram during chisel insertion
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Fig. 3. Estimated normalized shape factor (F) of cantilever beam
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Table 1. Physical properties of the testing specimens

Rockclass High Medium Moderate Low
Benchmark 100 — 240 50 — 100 25 - 50 5-25
Properties Hwangdeung granite High strength concrete ~ Normal strength concrete low strength concrete
UCS (MPa) 184 57 41 213
BTS (MPa) 9.2 5.74 3.73 2.44
Specific gravity 2.65 2.23 2.17 2.02
Porosity (%) 0.63 10.75 12.48 -
P-wave (m/s) 3,530 4,370 4,230 -
S-wave (m/s) 1,950 2,300 2,260 -
Young’s modulus (E, GPa) 423 26.9 16.3 10.5
Poisson'sratio (v) 0.18 0.2 0.2 0.22
Shear modulus (G, GPa) 17.9 11.2 6.8 43
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Table 2. Effect of calculation constants according to random input variables

variable abbreviation unit input conversion unit  conversion value influence
chisel angle a degree 7 rad 0.122
coefficient of friction u - 0.4 - 04
cutting depth d m 0.5 m 0.5
cutting width w m 0.5 m 0.5
cutting interval s m 0.5 m 0.5
calculation constant A=o, MPa 6.55 MPa 6.55 73.2%
calculation constant B=o, MPa 2.40 MPa 2.40 26.8%
calculation constant X=o0, MPa 4.15 MPa 4.15 100.0%
press force P tonf 30 MN 0.30
horizontal force H tonf 27.3 MN 0.27
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Table 3. Hydraulic breaker strike force by excavator class (Park et al., 2007, Song et al., 2017, Yoon et al., 2017)

Hydraulic

E hisel hisel
):Z?;}Tt)rs Breaker Chisel diameter croscs :::tion cros(i siition strike energy striking force FM F/m
Weight [d, mm] ) [e, kJ] [F, tonf] Ratio Ratio
[M, ton] k [Ac, mm’] [re]
[m, kg]
3~6 333 70 3848.5 3.60.E-04 0.3 29.1 4.8 87
30~36 3,033 165 21382.5 8.42.E-04 4.7 376.6 10.5 124
45~52 3,720 175 24052.8 1.70.E-03 6.6 858.7 17.2 231
1000
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Fig. 5. Impact force of hydraulic breaker vs. excavator weight
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Table 4. Examples of appropriate pressure input by rock grade and breaker grade conversion (Park and Kim, 2006, Park et al.,
2007, Song et al., 2017, Yoon et al., 2017)

Rock class Very high strength High strength Medium strength Moderate strength Low strength
Benchmark 240- 100 — 240 50 — 100 25 - 50 5-25
Material (Unit) estimate Hwangdeung granite ~ High strength concrete Norr:;llcirtzngth low strength concrete
UCS (MPa) 250 184 57 41 21.3
BTS (MPa) 15 9.2 5.7 3.7 24
P_need (MN) 1.08 0.66 0.42 0.27 0.18
P_need (tonf) 108.5 66.2 41.5 26.8 17.6
M (ton) 16.9 11.7 8.0 5.5 3.8
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