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ABSTRACT
Received: September 20, 2023 In this study, a total of 326 data on a variety of geometric parameters of pick cutters and the
Revised: October 3, 2023 corresponding cuttable rock conditions were collected and built as a database. Statistical

analysis of the database showed that there is a significant positive correlation between the
parameters that define the geometry of a pick cutter, especially between the parameters
related to the length of a pick cutter and the geometry of a tungsten carbide insert. The
diameter of a pick cutter shaft was also strongly correlated with the geometry of the inserts.
On the other hand, it was difficult to find a clear correlation between the parameters for the
rock conditions defined by the four conditions and the geometric parameters of pick cutters,
which may be due to the uncertainty of the rock mass and the fact that the application of a
pick cutter is presented as a range rather than a numerical single value. However, the mean
values of geometric parameters of pick cutters tend to increase as a rock mass becomes
harder. However, the pick length parameters are found to decrease as a rock mass becomes
harder, which may be a way to reduce the moments that can occur when using long pick
cutters in a hard rock condition.
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EYHD, Ol ZRIUHOlA 20017t 21 THEIS ALBE 1f WAsE 4 QU BRE0] G2 S07| 93t
Yoto AR EICt

SAO): L{E], 25T, 2 24, HlO[EH|0]A, YAE FjHi0|=

M2
2 E3]|5)(roadheader)~=TBM (Tunnel Boring Machine)Z} &7 T2 1 7] AISFA]F(mechanized tunnelling) H[o|ch 2
Eoflol= 1930 ol + Aol JiEE olF2 AX=E SR A AAF R Bdy} Fitol de] &8= 0“31'
(Deshmukh et al., 2020, Park et al., 2013). §3], 2E=5||thi=TBM¥} H|w e o, B'd THo| 4 wiste] ot o523} o] 5%
o] Z& Wt opzt ] Al|gte] Al 27] FAM|E o] Avk= Aol & A3 o|t(Chang, 2015).
HbH 2 Ed)|of= Z2tof] E Q9 (reaction force) S 2 E5]T] AH] ZHA| 9] Al5(self-weight) S 2 H € 7] wj=o], TBM ¥}
2 ?F Hlof| {2 T 22 gLl T1of| whet Z2to] 7Fst (i e I AlREA o th(Park et al., 2013). ©]& Q1] TBM
ZAHH(full-face) =24, ZT_E] 1! 2 Eo|o = FREOHH (partial-face) =2PH| 2 ER )
=ColEel HRIE A= FA Al 7] AR 2okz HEE 4= Qlek A WA= 2 Eofu] o] ARbEe] kS Z2teke FE
ol A’ =(cutting head)2] 4 AAA|(Cho et al., 2023, Eyyuboglu et al., 2005, Hekimoglu et al., 1991)} 1% AL F HA
= 7AFs|= A9t 2=dH 0] 22HdE 50l AH8El= T El(pick cutter) 9] EAT=(cutting forces)= AFESH ] 1t AAA -
25142 AA4(Bilgin et al., 2006, Choi et al., 2016, Choi et al., 2014a, 2014b, Hekimoglu and Ozdemir, 2004, Kim et al.,
2022, Shahabedin et al., 2018), 12|11 ¢fHtx7A0| w2 2Eo|v] o] Z2Hd5 15 B i (Bilgin et al., 2004, Comakli et al.,
2014, Ebrahimabadi et al., 2015, Kahraman and Kahraman, 2016) 522 F-5-%¥Ic},
ole} o] 2Eot| o] G821 A8 E-8-5 oA AR S=] 24 A} 1o mhE A2 cllSo] wie-F- a7t dA
AUE L 4 Sk Eo], ALol=ol= bl HEE o] SRk AR % “}E—"ﬂ-@uttmg t001)°] A} 7H ol Azt

H(Fig. 1 9 Fig 2). ; W el 2Es|eo] 2258t o et 31205 24| 8-S 298 4= Qs o] 2ol
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(a) Transverse cutting head (b) Roadheader

Fig. 1. Roadheader with a transverse cutting head (modified from Pichler, 2011)

A7) 2EselR 22to] 7Fe et 2o Y = ©F 160 MPa 40| i (Deshmukh et al., 2020), WAE]] HAL 5t U
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R A5-0] SHAIE Qlelo] =737 100 MPa o511 H]w A A 27404 §3F4Q] 7107 B 115|717 QItK Tunnel Business
Magazine, 2011). S}A|gF HFE] 0] A S-S F-¢-ol= HAH 7RO = AIAl|(tungsten carbide insert) 2] B2} £SARS HEA]
5171 fi5te] A sHitof] sE=mo]d(hardfacing) H73-S AAIRE 37K Chang et al., 2017) 52| 55| Y& ALHIE Alelsta, o
78] 24 A7} s ol Tt 7= FA o Folx|R] §4ar Qlrt. TRt TAE 9 FAR 7ol = IR o] F/dt Al
2 ARF Sl wet Fe A1-gE|ojof sEA|Rt olof thet 7|&2]Q1 AFmrt FAH A= o] A oF

wbA 2 Aol TAE O] viefet @ dHi-Sat T1of| whe FAt gl (it 27150l et BlofE{Hlo] ~(database) & 75
St olef o] fERt Hlo[EfH|o] AS Big o & ZF7H0] A H 4 HpEat olNt 20 FHTHAIE SAIR 0 = EASTo,

ARz A5k OAES AAslr] 915t A2 AXokarAt sFch

2, T|7{E{ Cj|o|E{H|o] 22| F15

2 Aol A AAR 02 OAEE Aitehl Al AR ES] AAaES s3Iokal 21210 AR5 2| 2lsto] Hlo[efHo]
A8 FESIGIEE & AAolA SR HolEHlo|oll= F 326719 IAE FHI} st o] ik ofu, HEFoiAntold
(continuous miner), =2 A AAE| 2[51<45 3 (diaphragm wall) Al574H] 5-2 A @lotal B do|ut 3g4itof AREEl = 253
Ho]l AatE]= IAHE0] RS 263t

A E = Fig. 22} o] /=M, o714 7 83 R bl HFsto] 52 585 e B2AE 7l = ARAe ok
BF2E 7ol E AR = vl 52 0] Ui Y152 d-E 7EA o Rttt TAE 9] 5= (head) 2t AR E(shaft)= G4
1 74712 RSO0 5 E 7pelo] = AIRIAFE: AA15HE 18] B2 (box) B B 5K el gk 5 A1) S A 1]

il

El0] A4} el Batelns A=l 85 - FAEIckPark et al., 2013). HAHS FAR Fatol= ] Al 271 gukx
7o wteh o] 2 g5, ghito] R Aol S=T S Wele] HAEES AMgs1o] 1) Als-S ol v, Aol 2

N

A0t AP g FHD 4 = SEepAfiAIe] o) §2 T B E AREShe Zo] Lelo|t(Fig. 3).
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Fig. 2. Main components of a pick cutter (modified from Sandvik, 2010)
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Harder rock condition Abrasive rock

I

Narrow head/ Standard head/ Standard head/ Standard head/ Standard head/
Small insert medium insert medium insert Large insert Large insert cap
(Soft rock) (Soft~medium (medium~hard (very hard rock) (soft~medium hard
hard rock) rock) abrasive rock)

Fig. 3. Pick cutter shapes depending on rock conditions (Park et al., 2013)

& AollAl= HlofejHlo] Aol 25 HAE S0 32H] WS ARSI, o] 245 H & 7710 FdHSEol it AEE
B2 2Pslict & At B 77Ht‘ 3 *Jm*%—% AR FHO| FH(A), TAE FH50] Do|(B), YA ARLES] F-
ARRIAC] Z(E) 1} Ao|(F), 2|1 TAE] AELE 9] 7]

Fig. 4. Definition and notation of geometric parameters of a pick cutter

AR RS 824 02 TAEof| ofof| Aol 7Fssh ot 2703 FA | 71A] 21 0= FERalal glow, JF oo alo|=
QJoLt A% (soft rock), EF5(medium rock), A (hard rock) 2 = ‘?}(very hard rock T+ extreme rock) 0.2 -5} E
Aol AR 24 1ol A2 1, BEUS 2, AYS 3, 1Bl U 4= Stod HlofeHo|2of] Fsto] Asigitt
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Fig. 5. Statistical distribution of geometric parameters of pick cutters (unit: mm)

W

[

2 32| 24

& Aol T2t dlo o] AE B85t Z2te] Hig Alo] o] AEEHAIE ARt Y= Fig. 6 B Fig. 7% £t 714

[e)
AEA o] tigh 22 A m]oj<~ AAlS(Pearson correlation coefficient)S ARSSIATE

TUNNEL & UNDERGROUND SPACE Vol. 33, No. 5, 2023



Statistical Analysis of Geometric Parameters and Rock Conditions of Pick Cutters for Roadheaders

419

.
of oo
of CL Y
o cmme S
sepm e

o
L7 AL
ve

‘m e o

4.J$/L

o o' ¥
.

oy
.

4 80 120 160 10 20 30 4D 11 22 33

D E F

Fig. 6. Scatter plot showing correlations between geometric parameters and rock cutting conditions

LD

Rock

LD

Bl

06
1]

=

7]

(@)

>

o

0.2 2
3
o

o
o

S
02 2
o

[¢°]
=
o,

0.6 ':;"
0.185 0.777 R

-0.003 0.491

[ [ [ [ [ 1 -1

A B C D E F Rock

Fig. 7. Heat map showing correlations between geometric parameters and rock cutting conditions

TUNNEL & UNDERGROUND SPACE Vol. 33, No. 5, 2023



420 ° Soo-Ho Chang, Tae-Ho Kang, Chulho Lee, and Soon-Wook Choi

N,
N
©
rE
y
i

g
N
a
lo
ofl
o
o

Aol 2] AFE T (scatter plot) S AHHEH, W4 0 2 H=5 Alojofl=
]_

() 2] AT} EARRS o 4 Sl

o
o
AOfsh ol Ste] 4ol g 2717} AX A B, T2 3PS5 Lol S lelor Ak 2

32
.—VLJ

4 N

i
(R
£
N
N,
2
r
BN
e
=2,
4
rol
g
o
=)
N
o,
ofls
o,
c
Y
|
>~
=
1o
=
)
rok
S
04
r ~|
b

AS SRS = oY) o= ZEH o 2 9F
19, o1 Fig. 6°] /2 1o mef|M = 2]l

e

™
o
r
;
Y
ro
I
o'
™NN
RIS
i)
?;4: L
-
L
o, E
(o]
£ n
)
5 ot
AN
i X
o o
w5
me,
4>
o
N
2
(o]

>,
ol
PN

£

R I
T a4
K @ 1o,
(:‘:l 12
rgh o

4o

S

Kn)

°

o,

1o

el

')

g

e,

9,

B

pou)

3

&

C

:

_O'L

>,

e

=)

N

o,

1o

)

ol

rt\d

o

0%

40

N

e

re

(]

i

1o

EO

i

N
Ox
H1
b
.
ﬁOL
N

| =, A GAE 28 Alof dRte] 22t g oz s S & Sl Bl2a S Slulsi |t o9
[EARS el 573 Mfle 1 4= e vl 7 20 & A8 23S AR A o' Aledn) 2
“SollA Rt 2400 W IE] o] XA S FskeH A ke Alos ekt

Afolells frofulet AaeAr F I =T(Fig. 7), 551 T E o] dojof tid

7HA ez T A el T Tt R AE ZHte| = A1) @/d A Tshe 7] el E(FH)RFF(E

2
Md
=
rel
> rlo
2
H
K
rln
Y

¢
&

A
g

2

ro,

ML

T

m o

>

‘l_

<)
N

a

i o
oflh
o

-

g

>~
z
o
S
)
g Lo
S

o,
S
5
=2
H-1
ol
o
:lg‘
19
o
~J
o0
g
2
fol
;L
ot
i)
2,
m{m
v
7 I
5
)
=)
N
o,
>
! Kl
m
1o
»
ol
@
S
rlo
o,
[>
%
N
T
3
I
vl
1A
=
lo
ofls

"o AAIE10.6 o111 87112] AFHHAIS-S ]S Table 13} 2t of714 27140 2 AFRE o] Zo] ¥4=01 €2} D2
Aol AAgEre] 7127171 0.972A 10 77ke- & Tejshd, ARSIl 17.082 9 Fig. 20 Uebd 2lgloly] 2% (retainer
clip)®] %t ool 7Pt A o= At

Table 1. Top correlations between geometric parameters of pick cutters (Pearson correlation coefficient > 0.6)

Rank Linear regression function (unit: mm) Pearson correlation coefficient
1 C = 0.97D+17.08 0.923
2 E = 0.63D+3.45 0.777
3 C = 0.93B+6.10 0.763
4 B = 0.59D+ 40.05 0.690
5 F = 0.77LD+ 1.45 0.668
6 A = 111LD+ 19.57 0.643
7 E = 0.58LD+ 1.01 0.629
8 F = 040A+4.14 0.603
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