Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2020.21.10.259
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 21, No. 10 pp. 259-266, 2020

ARG 93 82Y dNER FHAE

Development of Uneven Excavation Method for Reinforcement of
Ground Slope

Hyun-Gi Kim

Department of Energy Plant Engineering, Catholic Kwandong University

A a@g 253y

or AT B H?é%
59718 9Ie) 100MPaclye]

Fsiqirh. AdE =Yn|EQ AL
Al

T
T

|
i
(1
i)
ol
o
i)
1o
)
ik
e
)

Nt & 844 Brke

AHE Fg2F 5to] SR, 2EFA AT gt BUE 3] 2 - T 2 APEAE AFste] e &
B st A¥EAx ado] F4E B2 9Ho] gl 2Y9] AHAF YA 468.7kNe] <F 1.781=
a3k 801.6kNS vebio] I FItE FES| SIsltt Ayt J=9E FEdo] oysy] A e HAHo=z
A AFA7F WA myEo] 9P ndo] AAE L Erbs dou, ¢4 IskE =g A J8E FAR
9] &¥o] My WA AU, YHIAS sHEo] o] gl B dAES S| dold I Rtetd
83 Zg270] 20mm F7FAS0NE EFstE AFso] Fr|Foz Lojd Aoz 7|dEd. &5 2 adg4
FEE THMES At XY ndfd 2 AT} 2o Ao B A7) Anpt xxge E8E 5 e
Aoz wehed)

Abstract In this study, required drill bits and excavation methods were developed for an uneven drilling
method that can solve the problem of performance degradation of rock bolts. The developed drill bit's
excavation performance was verified using rock with a strength of 100 MPa or more. In addition, for
the relative evaluation of the uneven excavation method, experimental specimens were prepared for
models with and without irregularities, and tests were performed. As a result of the experiment, the
model with unevenness exhibited an average critical draw resistance of 801.6 kN, which is about 1.7
times the value of 468.7 kN for the model without unevenness, thus confirming the effect {note:
ambiguous) sufficiently. Therefore, it is expected that the resistance performance will significantly
increase despite an increase in the uneven hole diameter of 20 mm. In the future, the results of this
study could be used as basic data when performing other studies using numerical analysis models and

performance verification through experiments to obtain an optimized rock forming method.
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Fig. 1. Construction procedure of uneven excavation
method
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Fig. 2. Concept comparison of uneven formed by
grout
(a)Conventional rock bolt (b)Uneven excavation method
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Fig. 3. Effect comparison of uneven excavation
(a)Conventional rock bolt (b)Uneven excavation method
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Table 1. Development scope of equipment

Expansion Drilling Dimension Target Level Remark
Basic Diameter 110mm Core
Expansion Diameter Over 130mm +20mm
Expansion Length Over 150mm

Fig. 4. Engine and power pack system
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Fig. 5. Composition of expansion drilling equipment
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Fig. 6. Development process for expansion drilling
equipment
(a)Drawing (b)3D-Modeling (c)3D-Printing (d)Prototype

Fig. 7. Identifying problems with extension tips
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Fig. 9. Prototype for drilling bite tips

Table 2. Grade and composition of hardmetal

Grade WC(%) Co(%) Kennametal
El 94 6 RTW-379
E2 93 7 -

E3 92 8 RTW-381
E4 91 9 RTW-376
E5 90 10 RTW-361

CYH|E Tip9 22 452 =°17] ldixle A=
W= & AEAAol $851EE SA4% IHE &
4 ARt getdgoR F4(Tungsten)S EF
sl FEgtHE o AREEI Stk AARSE, Wit
I I3 9y o8 241412 BAR7Ho]
=(Tungsten Carbide, WC)} Z¥E(Cobalt, Co)2]
tego]| w2} American National Carbide, Kennametal
T AXAPER 555 Aste] Aatslal glon, WCHH]|
Co9] 3go] BE4E Akt drt oA Q4]
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Fig. 11. Specimen production drawing
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Fig. 13. Uneven excavation for production of
specimens

Fig. 14. Rock bolt and grouting of specimens

ATA A A B2 AH9] AlAdS Fig. 129
Zo] 3P oH, NEAT ¢110mmet 322 ¢
130mmE &3] FHst NAERo| Filole 85
< RIS

APFY A A SES H48) 517] H9) Fig.
133} Zro] Y¥4L Core Drilling #4402 AJAE A
Zotal FHES Avfote] WPEE FAISHES olgich &
g 71 s okeg 1EkeR A HAl] 124 &
St E APA AP FH4ES 7t iAok S Ag
St¥e B9 ofye, Fig. 149 o] AAA AFA =
B e R IR = o R e e e i A e B =
HrE ZREo] dFgFTo s L4 o|F87 25mm
& 34Ol sty IHFEE FUHAH. THE
9] Zk= KS F 240501 #7484 289 AEA T 18MPa
o4t F]T2 W/C 45%°] 1.7%2] T3S 2715t wigt
HlE H85F3ICH17].

1
g

Holl AR&H A4 KS F 2519, A9 d57=
Aol wek 10719] Aoz A3 A3t Table 3
o ol 7tz 9 AR Z2e ysiETe Ha
100MPa, X 148MPa%l 4TS EQTt

264

Table 3. Results of compressive strength test of stone

H;rizontal Compressive [Vertical Texture] Compressive
exture .
) Strength(MPa) | Specimen No. | Strength(MPa)
Specimen No.

H1 219 V1 135

H2 153 V2 146

H3 100 V3 106

H4 126 V4 251

H5 140 V5 160

Average 147.60 Average 159.60

Table 4. Results of compressive strength test of grout

Specimen No. | Compressive Strength(MPa) Remark
1 19.9 026
KS F 242
2 213 KS F 2403
3 21.2

Table 4= KS F 2426, 5% LZEI29] A=7T A
Auso] e AYANE Yehfe TAAZ 33 vhE
A% $347 FBF 20MPaS UERAICH
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CIR#4-Setting
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Fig. 15. Scenes of experiment before and after



AERLE A 82F PIEH THANLY

YFAAA Y] B A 2 oA AEA|
9] HgutE = sl A7 HA =TT Asf 7HR
< o]&sto] AT EEA] FEE B
Fig. 15& Zt 4349 A8y} Add= A5 43
< UEbH, 5152 2709 et Aol 2RgA1Z
23S FAAIA F2 RECH] A= 2eld =t
SEo FEEV} APA T stto g EEF AT A4S
AYAZ ARESIYeER HEZFE 100MPa o442 ot
Zo] A48 o IE 2] HAAN o] HA [}
I=ls ZIE 2tk YA Z8e FHose2
Table 50l ottt

Fig. 169 AIZt7tel] W oAl 1o
REC#1 AAI= 55 468.77kNoA &3o] 248
517] AASIRAL 2719 M7 A Al A=olA
71AFAT 22} P}t FAE Koo fks] F7fsict
7} Hdiols 2-golF UGt HAE FAIsHEA STt
et

ol

o]
=

1200

—REC#1
—CIR#2
—CIR#3
—CIR#4

1000 989.0189

@
<3
o

769.9874

645.852

Force(kN)

468.7682

IS
S
=3

200

0.5 1 15 2 25

Displacement(mm)

35

Fig. 16. Load-displacement relation of test results

Table 5. Results of Maximum loading test for
performance of uneven excavation model

Specimen No. Max. Load(kN)
REC #1 468.77
CIR #2 989.02
CIR #3 769.99
CIR #4 645.86
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