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Prediction of Rock Mass Strength Ahead of Tunnel Face Using
Hydraulic Drilling Data
Kwang-Yeom Kim, Sung-Kwon Kim, Chang-Yong Kim, Kwang-Sik Kim

Abstract Appropriate investigation of ground condition near excavation face in tunnelling is an inevitable process
for safe and economical construction. In this study mechanical parameters from drilling process for blasting were
investigated for the purpose of predicting the ground condition, especially rock mass strength, ahead of tunnel face.
Rock mass strength is one of the most important factors for classification of rock mass and making a decision
of support type in underground construction. Several rock specimens which are considered homogeneous and having
different strength values respectively were tested by hydraulic drill machines generally used. As a result, penetration
rate is fairly related with rock mass strength among drilling parameters. It is also found that penetration rate increases
along with the higher impact pressure even under same rock strength condition. It is finally suggested that new
prediction method for rock mass strength using percussive pressure and penetration rate during drilling work can
be utilized well in construction site.

Key words Ahead of tunnel face, Drilling data, Penetration rate, Prediction of rock mass strength
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(P}, SThE olgale] AT o] ATEE o}
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AYFS Bhasjor she AR Lol e,

Z|Zoll= A4] 3-H(conventional tunnelling)©] 2
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HEEALE W Al gk A A4S Wkl
o) SHgstell Qi7h Ui AR olck HEHAE
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oAl 217125 E dojAl= Audole= el H
£ ARk} Bl Ao wAsH, A9 fgol
=

S FL S0t AED BEE 5 U0 AR

[e]
=59 AARIE B3] ¥R Qle) Protodyakonov
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oAl e eo] det shARS SAohs Wi
2 A=A 4(coefficient of rock strength; CRS) A
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PAR D ]oﬂ gl Qoro w

EQK(feed pressure), E}
ZA%N(percussive pressure), 372 (torque pressure) 5
o7 FREh =S RS A=Y 28
oh= Zpol7)o] AAE ZX(rod)o]
eZele Heel) Sl 231 o mase] GEeE
o g BHYe HF Al RES

A% BE®bi o BHAo] &
OISO, ZESHE Yol

A7) ol 2AS 2T T HFo| SlE =), AT
Sl 209 Al AuHE) 2w ozt 2ol
ARl w2 gl ol 3907 2} 28
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7|(collaring) 7} 5=4] em 7 0}71 ool wtdet
AL - 50 em o =Z2kA l ofli= ePgE HEdlolH
2 2t QU Ek 2 Aol Al o2 Al
He] Zuo] eke 28ty oleigly] vl 4}
Foll ozt AU o] AARACE 219
o 7 Sl i AR el Yt
T2 75 MPa, tj8]9F2 115 MPa, 24 3¢t
MPa 12|31 733} 31 250 MPa® LERGT) Pé.b__’
2 by hEE R HARE 7]2(1992)0] ol 2
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o el sk dgtor Rt SHAREe)
gejgelsly S48 Aol & 13 2ok 49 A
e =liollA A8ste 4719 27I(3 2)E o1&
sto] BFA Sk WStAIA7 8w ik COP 1238 =L
g o] 2ko}7]= EFE S 100 bar, 150 bar, 200 bar %
230 barzZ A5l HFS AAEFE S, COP 1638
2dlo] 2R0t7]= EFAYS 100 bar, 130 bar, 150 bar
9 200 bar= 27gsto] 32 HAISHITE COP 1838
roo] 2oby)= EFA Y-S 100 bar, 150 bar, 200 bar
2 230 bar2 2Asto] M-S AAI5FR2H, HL 560s
o] 2k0t7| = EFAQNS 80 bar, 100 bar, 120 bar X

o2 AFA x}aa&

ﬂl

150 barz Z2Aslo] WEL AAEIAT W A 2g
sl 99 9 WESE 53} 2L AprolE: s

A7IadolA At 3 dlole] B4 (Drilling
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B 1 gAARRY 2o H-3oh B4
=275ty EA
7 RARAE | ARAE oz e HTEE
(MPa) (MPa) (%) (m/s)
AR AR 250 13.5 2.60 0.35 4,380
SHFH(EH) 170 8 2.59 0.34 3,980
2 HEF) 115 7 2.83 0.13 4,300
A3 (e4h 75 4.7 2.73 0.08 4,570
2 2. S 7k K5 2] A
Item Unit Atlas Copco Tamrock
COP 1238 COP 1638 COP 1838 HL 5608
Weight kg 185 170 170 130
Length mm 1048 1008 1008 1000
Width mm 317 251 251 294
Height mm 223 223 235 206
Height over drill center mm 88 88 88 76
Impact frequency Hz 52 60 60 59
Impact power max.kW 12 16 18 16
Hydraulic pressure max.bar 230 200 230 150
Flushing water consumption 1/min 66 66 66 40
Shank adapter type R32, R38, T38 | R32, R38, T38 | R32, R38, T38 R32
Borehole diameter mm 45-105 33-76 38-76 43-57
Pressure of rotation motor bar 150 175 210 175
Rotation torque max.Nm 740/980 660/1000 500 400
Rotation speed max.RPM 0-210/0-140 0-310/0-190 300 250
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484 AEdlolElE olga B AW Ay T oS
E 3. COP 1238 RUl& A=% P4 AFEE ¥ 5. COP 1838 RUlg A=x i A¥&ET
N e = B T E e e | UFUEAE] BAY  [F7 dvsE
wo (MPa) (bar) (m/min) ve (MPa) (bar) (m/min)
100 1.1 100 1.1
150 1.3 150 1.4
IR A 2 5} 7 ok (75 2
AR A 50 200 6 AR CART)) 50 200 22
230 1.7 230 2.5
100 1.2 100 2.1
_ - 150 1.6 - - 150 3.5
Z}Fok( 3L ] VARl @vp 3]
SPEA(EH) 170 200 17 SH(EA) 170 200 42
230 1.9 230 4.6
100 1.6 100 2.8
150 1.7 . 150 3.7
HEFF 115 HEF 115
EERHCED! 200 21 EERHCED) 200 )
230 2.3 230 5.8
100 1.7 100 3.0
150 1.8 150 4.2
A Bl ok Q)AL A 3ok ol AF
A3 75 200 22 A3 (4D 75 200 57
230 2.6 230 6.7
® 4. COP 1638 RE2 A=E HF HTEE E 6. HL 560s we2 A5 Bg AgEe
e |IFAFAE| BAY B¢ desk e |IFAFAE| HAY B¢ desk
ve (MPa) (bar) (m/min) we (MPa) (bar) (m/min)
100 0.8 80 0.6
130 1.3 100 1.1
5171 oK 75 IRARITOARY
AR A 250 150 14 LS 250 120 13
200 2.0 150 1.6
100 2.2 80 0.8
130 3.1 100 1.2
Sl7kok(E A 170 Sl (ZEA 1
SFdCE) 7 150 3.4 SPUCED) 70 120 2.0
200 4.5 150 2.5
100 2.7 80 1.2
- 130 3.2 - 100 1.6
[ == 11 [ FE==3 11
q‘]‘—q D('ﬁ“l‘) 5 150 3.9 EHE] D(—(S_T) 5 120 2.1
200 5.2 150 2.9
100 2.8 80 1.7
130 3.8 100 1.9
A B|oH Q) AF A Bl ok el AR
A3 (24D 75 150 43 SRR IR 75 120 25
200 6.1 150 3.1
7
26 | o
o UCS =250 MPa O UCS =250 MPa
24L | O UCs=170MPa 6 | O ucs=170MPa 0
A UCS=115MPa o L | & ucs=115MPa
To22f | * UCS=75MPa o =5k | + ucs=75MPa o
£ ° £ o
£ 20f E T “
o
g 18 1 o : g " i
§ o o a + Sl a
E—’ 16 | ° a + E 5]
§ 14l E 2 4 i
12} A ’ L * N
+ +
1.080 1(;0 1;0 11110 1(;0 1$0 2(;0 2;0 21;0 80 1‘00 12‘0 11;0 1(‘50 1‘80 20‘0 220
Percussive pressure (bar) Percussive pressure (bar)
a9 5 FMF=E B H3&E ZAIHCOP 1238) I 6. A= BHASY HI3EE AIHCOP 1638)
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7
a
O UCS = 250 MPa
6 | o ucs=170MPa °
A UCS =115MPa =
sk | * ucs=75wmpa
E L A
E o 4
o 4r
c L
c
£ 3r 3
gt N
&2 A "
o
.
1k —+

60 80 100 120 140 160 180 200 220 240 260
Percussive pressure (bar)

a9 7. A= BAGE AE4e AIHCOP 1838)

QPG ESl] ABAS BASIITKE 7~10). 0|8 B
o =29 Hld o

-. COP 12389 gt H7 e o 54]

UCS copi23s

= (0.0055625 PP - PR + 1.3955)/0.00384 (3)
-. COP 1638 gt H7 e o 52]

UCS copie3s

= (0.0232525 PP - PR + 2.37706)/0.01671 (4)
-. COP 1838 tfgt ot o 54]

UCS copigas

= (0.02064 PP - PR + 2.86301)/0.01772 (5)
-. HL 560sof Wit Ha7te o4

UCS nrseos

= (0.0210975 PP - PR + 0.34639)/0.00637 (6)

o]7]4], UCS(Rock Strength, MPa)+= 473 =, PP
(Percussive Pressure, bar)+= E}A<}, PR(Penetration
Rate, m/min)2 H-g<&Eo|ch

A7] ASAE A gste] 27| SRl wEt 5=
YRR A RS Bt Ay} A=
2E 2k7)of thsl 0.93 o9 e BT 9).

5. 42 o £9|

B oA By 20w el Bushs hie)
A sk HS uheisly] Slste] Thrst qhi
AEs Rols BRARRS Aol ATURE 4
Yatedek AFAPS ol ASH BRYo|HE At
A BAS Eo ES RuHow oSSk 7)Y
& upelshey] Al B A7E Fo 9o A

3.0

o
0 UCS =250 MPa
251 O UCS =170 MPa 5 A
A UCS =115MPa
= + UCS =75MPa
E 0
= 20} A
£ o
e
g : o .
c 1.5
]
g o 4 '
[0} +
S 1.0}
o
paN
+
0.5
1 1 1 1 1 1 1 1 1

60 70 80 90 100 110 120 130 140 150 160
Percussive pressure (bar)
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7. W 712715 Agste] EEE HAACOP 1238)
FAA=E BAY B Aese
& 75 MPa 115 MPa 170 MPa 250 MPa
PP(bar) PR(m/min) PP(bar) PR(m/min) PP(bar) PR(m/min) PP(bar) PR(m/min)
1 100 1.7 100 1.6 100 1.2 100 1.1
2 150 1.8 150 1.7 150 1.6 150 1.3
3 200 22 200 2.1 200 1.7 200 1.6
4 230 2.6 230 2.3 230 1.9 230 1.7
2 680 83 680 7.7 680 6.4 680 5.7
Z/m X=170 Y=2.075 X=170 Y=1.925 X=170 Y=16 X=170 Y=1.425
WA PR = PR = PR = PR =
0.0055625PP+1.129375 0.0055625PP+0.979375 0.0055625PP+0.654375 0.0055625PP+0.479375
£ 8 Pt V&7 A8t =E5E EA4(COP 1638)
P BAY 9 AFLE
TE 75 MPa 115 MPa 170 MPa 250 MPa
PP(bar) PR(m/min) PP(bar) PR(m/min) PP(bar) PR(m/min) PP(bar) PR(m/min)
1 100 2.8 100 2.7 100 22 100 0.8
2 130 3.8 130 32 130 3.1 130 1.3
3 150 4.8 150 3.9 150 3.4 150 1.4
4 200 6.1 200 5.2 200 4.5 200 2.0
2 580 17.5 580 15 580 132 580 5.5
2/ X=145 vY=4.375 X=145 ¥=3.75 X=145 v=33 X=145 v=1.375
= 0.023252§§P;1.003388 0.023252]5)I]§P4:0.378388 0‘02325;);’}’_—0‘07161 PR = 0.0232525PP-1.99661
B 9. Pt 71E71E A8t =E5E EA4(COP 1838)
P BAY 9 AFLE
& 75 MPa 115 MPa 170 MPa 250 MPa
PP(bar) PR(m/min) PP(bar) PR(m/min) PP(bar) PR(m/min) PP(bar) PR(m/min)
1 100 3.0 100 2.8 100 2.1 100 1.1
2 150 4.2 130 3.7 130 35 130 1.4
3 200 5.7 150 5.2 150 4.2 150 22
4 230 6.7 200 5.8 200 4.6 200 25
680 19.6 580 17.5 580 14.4 580 72
2/m X=170 Y=4.9 X=145 Y=4.375 X=145 Y=3.6 X=145 vY=138
B4 PR = PR = PR = PR =
0.02064PP+1.3912 0.02064PP+0.8662 0.02064PP+0.0912 0.02064PP-1.7088
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E 10. F 71€715 A&t =E2H EAAHL 560s)
FAYE Y 2 P
T52 75 MPa 115 MPa 170 MPa 250 MPa
PP(bar) PR(m/min) PP(bar) PR(m/min) PP(bar) PR(m/min) PP(bar) PR(m/min)
1 80 1.7 80 1.2 80 0.8 80 0.6
2 100 1.9 100 1.6 100 1.2 100 1.1
3 120 2.5 120 2.1 120 2.0 120 1.3
4 150 3.1 150 2.9 150 2.5 150 1.6
> 450 9.2 450 7.8 450 6.5 450 4.6
>/n X=112.5 Y=23 X=112.5 Y=1.95 X=112.5 Y=1.625 X=112.5 v=1.15
B4 PR = PR = PR = PR =
° 0.0210975PP-0.07347 0.0210975PP-0.45347 0.0210975PP-0.74847 0.0210975PP-1.22347
300
300 |- -
250 |-
g!: § 250 |-
2 200l =
s £ 200 |-
g 2
g 2
B 1W0F @ 150 |-
3 %
<] <]
B or g 100
S 5
el el
&) 50 - 5 50 [
0 1 " 1 1 1 1 0 1 1 1 1 1 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300
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