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Study on the Workability of Raise Boring Machine in Korea

Seok-Won Lee, Man-Sup Cho and Gyu-Jin Bae

Abstract. In order to investigate the workability of Raise Boring Machine(RBM) such as utilization, penetration
rate and advance rate, a vertical shaft of 98 m in length and 3.05 m in diameter was constructed in the layer
of conglomerate by using the RBM in this study. In addition, field data from four different construction sites
including water-pump power plant tunnel, roadway tunnel and mining tunnel by RBM were collected and analyzed.
The results show that the average weekly bored length is 19.3 m and its average utilization is between 54.3 %
and 75.1 % very higher than that of the TBM(Tunnel Boring Machine). It also turns out that the bit force increases
linearly with respect to the increase of the RPM(revolution per minute) of RBM. However, the net penetration
rate decreases with the increase of bit force, RPM of RBM and depth of shaft. The findings of this study can
be used to provide the useful information for the design of shaft and the selection of RBM.
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Fig. 1. Schematic diagram of construction of shaft by RBM
(Alimak).
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Table 1. Record of performances by RBM in mining.

95| 339 | 3 A= R - Al%izﬂ%&ﬁﬁ) otE 9 7 e (kg/em?)
(m) m) | 2EAHT) | SEAEH%) | B71FE7H)

1980 | 54 15 | 24 | 380 - - - 317}9H(2,000~2,500)

1981 | B2 23 ) 24 | 250 0.3 2 6 34 371 91(2,000~2,500)

1982 | 59 13 | 24 | 230 5.5 1 3 11 ZARK(1,300~1,700)

1982 | B¢ 23 | 24 | 220 0.0 I 3 11 Z ALt

1983 | 3 15 | 24 290 25 2 4 42 A G AFH(1,500~2,000)

1983 | A% 13 | 24 | 300 0.6 2 3 15 BHoFAFH(1,000~ 1,800)

1984 | A% 23 | 24 | 230 0.0 2 3 15 kot

1984 | &) 23 | 24 | 300 1.0 2 4 42 A= AFeH(1,500~2,000)

1985 | 8t 13 | 24 | 240 0.6 3 3 18 ook . WA A(1,000 ~1,800)

1985 | ¥ 3% | 24 | 230 0.0 1 3 11 A7 ALSH(1,000 ~ 1,800)

1986 | o4 15 | 2.4 300 0.4 1 2 14 A FARH2,000 ~2,500)

1986 | 24 15 | 24 | 330 0.3 2 2 126 A& 4

1987 | A& 13 | 24 | 225 0.0 1 5 81 2 AKK(1,300~ 1,800)

1987 | BF 13 | 24 | 270 15 7 5 14 E 2 0}o] E(2,000~2,500)

1988 | 4tgt 13 | 24 150 0.6 2 2 20 AFRH(950 ~ 1,400)

1989 | %3k 13 | 24 | 380 5.5 10 10 225 289k - Ag o] E(1,000~1,500)

1990 | | 23 | 24 | 380 8.5 10 10 225 A3 @ AgolE

1990 | Atk 23 | 24 | 200 12 2 2 120 A}eH(950 ~ 1,400)

1991 | 49 13 | 24 | 202 0.2 2 10 At @ 4 2(800~2,000)

1991 | @3} 35 | 24 | 300 7.0 8 10 200 239 - A 0| E(1,000~1,500)

1992 | €& 45 | 24 | 240 4.8 2 6 - H3g 4 Ao

1992 | A% 33 | 3.05 | 80 - - - AFSH(800 ~2,000)

1993 | 4ket 33 | 24 100 - - - AF2H(800~2,000)

1993 | 22 13 | 2.1 270 0.5 3 5 40 AFak(1,300~2,200)

1994 | 2223 | 2.1 240 0.0 3 5 87 8}79H(1,200 ~ 1,500)

1994 | Aet 43 | 24 100 - - - AFSH(1,000 ~1,400)

1994 | 47 13 | 24 | 200 1.0 4 10 100 Ast 2 Y

1995 [ 44 23 | 24 | 215 0.5 3 5 25 Al 2@ AR}

1995 | 3t¥ 25 | 24 150 0.0 3 3 159 Ay o A

1995 | A% 4% | 3.05 | 200 - - - AFRHB00 ~1,500)

1996 | A4k 13 | 24 90 0.3 3 2 140 239}

1996 | £+ 33 | 24 | 240 0.0 3 3 9 et

1997 | 44235 | 24 110 3 3 137 < 3ot

1997 { A4 13| 24 | 115 2 3 85 23)et

1998 | tj4 15 | 24 140 4 3 110 A 3jet

1998 | AHZ 13 | 24 131 5 4 147 Hl3) A

2000 | A% 53 | 3.05 | 348 - - - A}2H(800~1,500)

2001 | A% 63 | 3.05 | 90 02 - - - & 9H(20 ~ 700)
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(a) Target point of shaft

(b) Initial driving of RBM

Fig. 2. Pictures of pilot test in this study.
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Fig. 3. Plan view of pilot test site.
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Fig. 4. Raise Boring Machine(RBM).
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Table 2. Analysis of exhausted time by each procedure of RBM boring.

T+ # S AL(2ASR) | SEFEA(FUEY) DEY &4 S 4 H3H
RBM A7 24 m 2.4 m 3.05 m 3.05 m
HELE AR 317 Hupet AR AR, Al
A & 92 m 363 m 198 m 357 m
e ] A9d 5 % g 5 % el 4 % Zdd 4 %
ekl 10 20.4 10 5.7 13 15.1 20 12.0
P Z % 8 16.3 35 19.9 19 22.1 32.2 19.3
7] € 1 2.0 7 4.0 3 3.5 4.8 29
Bk 3 6.1 8 45 2 2.3 5 3.0
g2t 21.7 443 97.07 552 34.24 39.9 58.45 35.0
. A e ZA 0 0 9 5.1 6 7.0 24 14.4
° | solzaz) 0.42 0.9 1.93 1.0 1.76 2.0 4.55 2.7
71 B 0.88 1.8 1 0.6 2 2.3 8 48
Au| g 4 8.2 7 4.0 5 5.8 10 5.9
= 49 100 176 100 86 100 167 100
B NEE 60.6 % 75.1 % 62.0 % 54.3 %
=7 23E 20.0 m/week 16.65 m/week 22.25 m/week 18.35 m/week
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Fig. 5. Percentage of exhausted time by each procedure(R_ : only reaming time).

Table 3. Average utilization of TBM(S+AA7 ¢ A2y, 1993).
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s 4y 7 ghaYey 22
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F2% 234 56 ShAber 30
FAT A4 | 53 Huloh 18
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22 WY st Holor W Bt 15
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FAT A 50
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T3y AL HE E3Y 2y BaRe
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Table 4. Average utilization of TBM in Korea.

e LRHE 7 TBM 37 B 7H8(%) L1
[ H. 6.8 m, 8.0 m 33.6, 29.3
JR. 45 m, 50 m 279, 333
JA(A,B,C) 35 m 274, 37.6, 30.0
Us. 35m 27.1 1. & 397 715€ : 308 %
B.A. 50 m 314 2. Autmoz A
£2Ed KXK. 3.0 m 36.4 A 71ES 330 %
S.D. 5.0 m 26.7
P.H. 35m 34.0
Y.D. 38 m 26.0
Lower Level Upper Level
-
(a)Alﬁ 13 1000
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¢ 800 -
E
g 600
= _
£ 400
£
o
2 200 .
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1800 ¢
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1500

o
Q
<]
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o]
Q
o
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Fig. 6. Reaming time per stroke.
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Fig. 7. Net penetration rate by depth.



204 oj&¢ - 2k - vl573 : =1l Raise Boring Machine®] Z&pseo] w3t A

48 400 -
. .
4.0 — 350
z e ] E *
Ess s e et 3
H s & 7 £ 300 P e e
g 30 -~ e et SR . o T ——t . *
a riese o 2 T o3 s ®
o - £ 250 e
o 25 =" L & © . IR
325 == ; RN .
4 . o * o (R AR X] -
N N 200 s
20 H L
.
15 L : s L 150 : . .
70 80 90 100 110 120 130 70 30 90 100 110 120 130
Avg. Bit Foree(KN) Avg. Bit Force(KN)
(2) AFAIF
4.5 - 090 1200
- - - . -
4.0 ”— » » ‘--‘)--"- _1ooo
€ . - s e £
E3s o aeti—$ o . % 800
> .
3 o/g," . E LA . - .
=30 S440-0— 200 — 50— 500 ;, 600 g
o . " o e s & ”»e H .
o - = ( ] L4 .
25 F e - E 400 g I ’," —
z P Q 0, »* m.’ . ‘5 . -
o L ) .' » Oc
2.0 ”»-——e 200 P o 8 Yo
. ot .
1.6 ; . - ¢ . . .
50 100 160 200 280 300 350 50 100 150 200 250 300 350

Avg. Bit Force(KN)

Avg. Bit Force(KN)

(b D HY

Fig. 8. Relationships between the reaming time, RPM and bit force.
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Fig. 9. Relationships between net penetration rate and bit force.
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