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ABSTRACT
Received: December 10, 2021 Roadheaders have begun to be adopted in Korean tunneling sites. The performance prediction
Revised: December 16. 2021 models proposed by the manufacturer are used by Korean construction companies. The

models use UCS (uniaxial compressive strength) value to predict the net cutting rate, but the
rock specimens conducted for the uniaxial compression test have 1.0 of the diameter to
length ratio. It has been reported that the specimen shape generally influences the rock
strength. The previous references studying the shape effect were cited, and the UCS data of
Korean rocks are also updated to analyze the shape effect on UCS. The cause of effect was
discussed by previous theory. The change amount of UCS values of Korean rocks was
estimated by the data, and the modified prediction model for NCR was finally suggested.

Accepted: December 17, 2021

Keywords: Roadheader, Net cutting rate, Uniaxial compressive strength, Performance prediction,
Shape effect, Modified prediction model

z5

2|2 O 2EE7E =4 B 2ol =UETA SRl AZAR| Z3IE OIS 20| oiet 2+el0] S7t

St UCH A 2 ALEE|= 2 2E2 YL =2 FE SUS2S 0S5t U=t LA AT 2

3 Ol ZO|9/ H[E0] 1.0Q A|HS YSASAIF2Z ALESIAL QUL YA o= AIHO| A4t 2|4=

FE0| Y2 0|2 = Aoz AHA Tt & 7|22 00|M= 2| F of 20| H|20]| T2 LML =o| #3}
2

M
Of Chet 7|2 ATARIE ZALSIUCE. 1 FH= 0] Tieh YQIS 0|2 22 nASIRICt 01 ECi=
LH ol Y2l 2301l thistiA 20l HIZ0| e Z=0| Het S OS5t =28 +E 22 S HAISHAC

Aloj:

2
ot
e

ANED, YRYEYE 2oHH, £2AUS, 42 022

® @ (© The Korean Society for Rock Mechanics and Rock Engineering 2021. This is an Open Access article distributed under the terms of the Creative Commons Attrib-
ution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in

A any medium, provided the original work is properly cited.



Investigation on Shape Effect of Rock Specimens to Uniaxial Compressive Strength and Modification of Performance Prediction Model --- « 441

Bl @-gARA oA A= EAS k= AFR10] R ZA)| 0] s 0 & 7| A9 A5 o] 2185 HESk=Alll7HE7Fslal et 7]
AR 22 ARES A4 dAtslo] FafolR R WulgHo) Hsl A o = Z2 A Wiok= X o] uile- Wtk o] wiE
o A7) el dZaba o 2 Tk ARS Aol AhHRt 4= Qlrk= S 7P1L 2ATHChang, 2015, KSRM, 2021). 7|& &
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2.1 Z=7¢h=2l0)E 2

ZCaeo] ZX14E U 5 7R 7o €85l 212 Thuro-Plininger(T-P) %2(Thuro and Plinninger, 1999)3}
Restner-Plinninger(R-P) ®2(Restner and Plinninger, 2015)°|tl. o] REE2 U715 (UCS: uniaxial compressive
strength) 57 o]l w2t =271 8(net cutting rate)©] HASH=-2A|53=2] FEE 7HA] 2L Jth(Fig. 1). 205H] A of uf
2}371] 34 F 1715 Aol = A/ = o] L, ARSE 870 = 2719] 7]8(132, 300 kW)oll thaliA] AlRFsiar gl of
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O] S ZR=tH Park et al., 2013).
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Fig. 1. T-P prediction model for roadheaders cutting performance (after Thuro and Plinninger, 1998)
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Fig. 2. Testing method for UCS of the manufacturing company (Peinsitt, 2017)

HHA A AHESSES)(ISRM: International Society for Rock Mechanics), ASTM(American Society for Testing and
Materials)= Zo)/Z7Z(L/D) H}:&o] 2.0¢1 HAHS ARRsletal H7]5k Ql1(Bieniawski, and Bernede, 1979, ASTM,
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Fig. 3. T-P prediction model of the 300 kW roadheader (Thuro and Plinninger, 1999)
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Table 1. Normalized UCS for international metamorphic rocks (after Du et al., 2019)

Rock type Diameter (mm) Height [mm] L/D Relative UCS
Mable 19 9.50 0.50 1.40
Mable 50.8 25.40 0.50 1.32
Mable 50.8 50.80 1.00 1.18
Mable 50.8 152.40 3.00 0.98
Mable 101.6 50.80 0.50 1.25
Mable 101.6 101.60 1.00 1.05
Mable 101.6 304.80 3.00 0.80
Mable 47 47.00 1.00 1.03
Mable 47 70.50 1.50 1.01
Mable 49.5 49.50 1.00 1.26
Mable 49.5 4542 0.92 1.10
Mable 49.5 68.43 1.38 1.13
Mable 49.5 74.25 1.50 1.10
Mable 49.5 99.00 2.00 1.07
Mable 49.5 104.24 2.11 0.98
Mable 49.5 101.62 2.05 0.93
Mable 49.5 148.50 3.00 1.02
Mable 49.5 148.50 3.00 0.90

Table 2. Normalized UCS for international igneous rocks (after Du et al., 2019)

Rock type Diameter (mm) Height [mm] L/D Relative UCS
Granite 9.53 28.59 3.00 0.98
Kersansite 20 20.00 1.00 1.02
Kersansite 20 25.06 1.25 1.06
Kersansite 20 30.00 1.50 1.01
Kersansite 20 35.00 1.75 1.01
Kersansite 20 35.00 1.75 1.01
Kersansite 20 40.00 2.00 1.00
Kersansite 20 45.53 2.28 1.00
Kersansite 20 50.00 2.50 1.02
Kersansite 20 55.65 2.78 0.95
Kersansite 20 60.00 3.00 0.98
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Table 2. Normalized UCS for international igneous rocks (after Du et al., 2019) (continued)

Rock type Diameter (mm) Height [mm] L/D Relative UCS
Basalt 47 70.50 1.50 1.09
Basalt 47 117.50 2.50 0.93

Grey amdesite 47 47.00 1.00 1.27
Grey amdesite 47 117.50 2.50 0.86
Pink andesite 47 47.00 1.00 1.07
Pink andesite 47 70.50 1.50 1.05
Pink andesite 47 117.50 2.50 0.99
Granite 47 47.00 1.00 1.15
Granite 47 70.50 1.50 1.00
Granite 47 117.50 2.50 0.97
Granite 47 141.00 3.00 0.84

Table 3. Normalized UCS for international sedimentary rocks (after Du et al., 2019)

Rock type Diameter (mm) Height [mm] L/D Relative UCS
Limestone 9.53 31.67 3.32 0.97
Limestone 9.53 12.50 1.31 1.18
Tuff 9.53 12.39 1.30 1.19
Tuft 9.53 25.28 2.65 0.98
Sandstone 43 21.50 0.50 1.14
Sandstone 43 21.50 0.50 1.14
Sandstone 43 64.50 1.50 1.10
Sandstone 43 64.50 1.50 0.78
Sandstone 43 77.40 1.80 1.05
Sandstone 43 107.50 2.50 0.79
Sandstone 43 129.00 3.00 0.85
Sandstone 43 150.50 3.50 0.87
Sandstone 54 91.80 1.70 0.88
Sandstone 54 102.60 1.90 0.92
Limestone 12.7 6.35 0.50 1.19
Limestone 12.7 12.70 1.00 1.10
Limestone 12.7 12.70 1.00 1.04
Limestone 12.7 12.70 1.00 0.97
Limestone 12.7 12.70 1.00 0.95
Limestone 12.7 19.05 1.50 0.98
Limestone 12.7 19.05 1.50 0.98
Limestone 12.7 19.05 1.50 0.95
Limestone 12.7 19.05 1.50 0.93
Limestone 12.7 19.05 1.50 0.92
Limestone 12.7 25.40 2.00 1.00
Pink sandstone 50 50.00 1.00 0.95
Pink sandstone 50 75.00 1.50 0.80
Pink sandstone 50 100.00 2.00 0.90
Limestone 47 47.00 1.00 1.02
Limestone 47 70.50 1.50 1.02
Limestone 47 117.50 2.50 0.92
Siltstone 47 47.00 1.00 1.10
Siltstone 47 70.50 1.50 1.10
Siltstone 47 117.50 2.50 0.99
Tuff 47 47.00 1.00 1.12
Tuff 47 117.50 2.50 1.05
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Fig. 4. UCS change with L/D of international metamorphic rocks
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Fig. 6. UCS change with L/D of international sedimentary rocks
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Table 4. UCS of Korean metamorphic rocks (after SK ecoplant, 2019)

Rock type Diameter (mm) Height [mm] L/D UCS[Mpa]
Gneiss 50.1 102.1 2 74.6
Gneiss 50.4 96 2 21.8
Gneiss 50.2 102.8 2 60.1
Gneiss 50.2 97 2 40.2
Gneiss 50.1 94 2 353
Gneiss 50.3 98.2 2 30.1
Gneiss 50 98.4 2 67.6
Gneiss 50.6 99.4 2 23.3
Gneiss 50.3 101.2 2 59.2
Gneiss 50.6 91.2 2 29.2
Gneiss 50 97.1 2 69.9
Gneiss 50.5 97.7 2 10.5
Gneiss 50.3 101.2 2 459
Gneiss 50.3 91.5 2 77.4
Gneiss 50.2 97.3 2 52.1
Gneiss 50.2 100.6 2 48
Gneiss 50 103.9 2 81.4
Gneiss 50.2 104.1 2 43.1
Gneiss 50.2 94.8 2 62.3
Gneiss 50.2 105.4 2 78.4
Gneiss 50.2 95.5 2 26.9
Gneiss 50.3 93.6 2 44.7
Gneiss 50 96.8 2 20.2
Gneiss 50.2 101.7 2 43.9
Gneiss 50.2 98 2 43
Gneiss 49.9 98.2 2 20.4
Gneiss 50.1 101.3 2 30.3
Gneiss 49.9 99.6 2 60.7
Gneiss 50.1 102.9 2 71.3
Gneiss 50.2 102.9 2 59.5
Gneiss 50.2 98.2 2 8.5

Amphibolite 50.39 50 1 224.06
Amphibolite 50.41 49.98 1 235.82

TUNNEL & UNDERGROUND SPACE Vol. 31, No. 6, 2021



448 ° Mun-Gyu Kim, Sang-Min Lee, Jung-Woo Cho, Sung-Hyun Choi, and Jun-Won Eom

Table 4. UCS of Korean metamorphic rocks (after SK ecoplant, 2019) (continued)

Rock type Diameter (mm) Height [mm] UCS[Mpa]
Amphibolite 50.35 50.01 1 242.67
Amphibolite 50.4 50.04 1 103.51
Amphibolite 50.44 49.97 1 210.39

Gneiss 50.35 49.94 1 49.92
Gneiss 50.34 52.87 1 72.76
Gneiss 50.4 52.53 1 19.52
Gneiss 50.28 49.97 1 148.35
Gneiss 50.33 50.03 1 86.99
Gneiss 50.34 49.96 1 105.83
Gneiss 50.26 49.99 1 149.57
Gneiss 50.34 50.05 1 115.81
Gneiss 50.23 50.07 1 175.98
Gneiss 50.3 49.82 1 115.19
Gneiss 50.31 4991 1 79.45
Gneiss 50.32 50.03 1 110.08
Gneiss 50.3 50.02 1 75.75
Amphibolite 50.28 50.01 1 37.81
Amphibolite 50.40 50.00 1 117.78
Amphibolite 50.42 49.92 1 98.74
Amphibolite 50.41 49.98 1 119.31
Amphibolite 50.43 49.93 1 103.78
Table 5. UCS of Korean igneous rocks (after SK ecoplant, 2019)

Rock type Diameter (mm) Height [mm] L/D UCS[Mpa]
Granite 50.10 50.45 1 237.0
Granite 50.01 50.20 1 279.25
Granite 50.48 51.15 1 160.1
Granite 49.89 50.20 1 1337
Granite 23.30 4725 2 217.1
Granite 5021 50.29 1 94.6
Granite 49.93 5031 1 193.61
Granite 23.30 47 2 85.80
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Fig. 7. UCS change with L/D of Korean metamorphic rocks
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Fig. 8. UCS change with L/D of Korean igneous rocks
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Fig. 9. Original T-P model graph for 300 kw cutting head (high performance)
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Fig. 10. Original T-P model graphs for 300 kw cutting head (mean performance)
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Fig. 11. Original T-P model graphs for 300 kw cutting head (low performance)
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Fig. 12. New T-P model graphs for 300 kw cutting head (high performance inverse)
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Fig. 13. New T-P model graphs for 300 kw cutting head (mean performance inverse)
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Table 6. Regression results of T-P model (Thuro and Plinninger, 1999)

Discontinuity condition

Model version Variable
High Mean Low
a 275.1 242.1 181.0
T-P
b 44.75 45.01 36.76
c 307.1 211.5 109.2
T-P-exp
d -0.0222 -0.0218 -0.0226

4.1.2 Restner—Plinninger(R-P) 2¢

FAZA NN HZ ARG 2

S14(Rock toughness rating), &

_]
E
THRS QJRASR AR SRR A (5

1.2 Restner-Plinninger(R-P) @ ©]thRestner and Plinninger, 2015). 72
oh ek, ol 14, P ABIHIE ] Felaawolek. Tt 4 (612
A<45H AFEll(Discontinuity rating using RMCR), -5- 24 Eli(Stress condition
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rating)°f| ThE H o] o £0]7 ofFt ZXle] tigt dlE R dolo}. |1k, ), EIETH, (), 5=V HI(ks) 5ol ThE BAA
5 deEloto] AR S 4 QL= AREE AT A (6)).

Fig. 15+=300 kWa AR E9] 505 His 57471 At 2| molo}. tx|efo|dsto] A s A, wha gl dof tigh &
A (k)T HFIE 222 & 4= QI]]tt. o5 QoFslo] Ao Table 73 At R-PEE(A] (7)) 2] HAAG2] M= sl +=
{Restner and Plinninger, 2015)°] AJA=]o] Q1T

NCR’)(LSZZ(: = m (5)

NCR, eff = kl k? k3 NCRZ)GSL( (6)
TP

NCR,j; =k e (7

Table 7. R-P model regression results (Restner and Plinninger, 2015)

Discontinuity condition

Model Variable -
Very tough Normal Very brittle
P (K 300 300 300
RP kW)
k1 0.75 1.0 1.2

very tough rock
normal rock

very brittle rock

T T T
0 20 40 60 8 100 120 140 160
Net cutting rate (NCR, m®/hr)

Fig. 15. R-P prediction model for roadheader MT-720

4_2 %Ukl-_ﬁ_jl_} %%I- E
4.2.1 7154 B4

E B oA=L/Dgke] 2.08 AJHE] ZAEE L/D7F.09] ZEE Ui H(H)E AR AostathA] (8)).
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Fig. 16. UCS change with L/D of Korean rocks
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Table 8. Modified T-P model with consideration of shape effect (Thuro and Plinninger, 1999)

Discontinuity condition

Model Variable
High Mean Low
c 307.1 211.5 109.2
Modified T-P
d/H, -0.0304 -0.0299 -0.0310

160 4 —— T-P model
—— Modified T-P

140 |

Net cutting rate (NCR, m%hr)

T T T T
0 20 40 60 80 100 120 140 160
UCS (MPa)

Fig. 19. Comparison of original and modified T-P model

4.3.2 Restner—Plinninger(R-P) =&

R-P R dlof| RS drefel A (11)& etk 71E2] Aol vBlol W73 AlG-E Table 61 2|6t T-PEEE 2|4
I Hhs] R-PRE2 12} G4 (reciprocal function)O| 22, A& 0 2 FAAI=o]| o5 NCR 7AH|Eo] vl A 44

Sp M b & 4 ek

7P

NCR, ;= by Hy o (11)

Table 9. R-P model regression results (Restner and Plinninger, 2015)

Discontinuity condition

Model Variable -
Very tough Normal Very brittle
P (kW) 300 300 300
Modified R-P
k, H, 1.03 1.81 2.16
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Fig. 21. Conceptual diagram of high stressed region near loading plate (after Thuro and Plinninger, 2001)
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Fig. 22. Friction effect of loading plate to failure plane
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