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Evaluation of Penetration Rate and Cutter Life
of TBM in Jook-Ryung Tunnel

Chul-Whan Park, Joong-Ho Synn, Yeon-Jun Park, Seok-Won Jeon and Hyung-Jun An

Abstract Jook-Ryung roadway tunnel was constructed by drill-blast after pilot tunnelling by 2 TBMs. This report
analyzes the data for TBM performance in the total length of 7.3 km for the two pilot tunnels. Net penetration
rates were recorded as high as 2.3 m/h and 2.0 m/h for the two different directions while degrees of operation
were 31.4% and 33.3%, respectively. The cutter lives for No.2 tunnel were evaluated 200~280 m’/c and around
400 m/set as high as for Merdker 10 km tunnel in Norway. The relationship between net penetration rate and
characteristics of rock mass which were obtained by RMR and TSP measurement, coincides with the prior studies.
This kind of evaluation is expected to be used to design TBM tunnelling and to help to perform the TBM operation
effectively

KeyWords Jook-Ryung tunnel, TBM, Net penetration rate, Cutter life, Characteristics of rock mass

£ B FYnsmrd SYEdolA Al F19) de dule] ofgt 2o ohd HuwEY F2gu|a
A FAEYT F 0] TBM AF-L oF 197 28590 ™  24H 73 kmo| ok, ASlal o4 224
Zz} 23 mh 31 20 mh 02 EMEglon, M58 717} 314% U B3%E EAHT AN A
37152 200-280 m'/eo] 2, 0] oF 400 miset 2 B7HE 9T o) 2 glolo] vj2A 2 s E Y HA
ol deojrl 719 FAREI: ARAA W TSP S-S §31] doj7l BX BN AYLSE 2324
=7} AopA| =] o] BA 9 ojz] Aol N EAE Al ek olyet Brhd T TBM 22H9] A\ 8w} A3
Aol AL SRS FPshct) EEE = U Aoz dgHck

Aol ZEg, AdhEd P, £FAEE, A £, ARGNEX

.My 2 9| WEB-g e d o] wato) ofzizR] gl A7}
HGElA] o= AAolrk 1992 wof 2b5E HAH S
S BdS 23 of TBMoj| 93t Z2to] £ Ejde] & WA €9 A7 4.5 me TBMo & A7
Hi led, 58 s2Ede] Bol &5 vk 223 thgo] 17 11.3 me) FyZA7|(TBE)S A}
(Hansen, 1998). &Zoll= FuLe] 7jgo] ZXEo] &8t Ho| Tufol GASH GUsH Algjlolth. ojm) ks
N3] B8 TBMo| Ajabe]o] thefet Whwell 88 3o A1galx] e AL EA%] 37 mal ol
Hi gt UM e +2EES SR $18t 7)1z gdute) o|AA s} mie 2| o ckrlEs
ol TBM8|9) =)o) AIZHANL =2 9 B= § 3 774, 1992).
FAnLETR AGFZA 1998 o) E&to] ¢

i
2

FRALAALTY A A7
Setfetn ESFehy Rus

A ZYUe AR S Eds 27t 2y
- Z

Y AetEa A EAAEEetY By =, ZF gd ] A% oF 45 kmojw F FA)7ES

Y 2esdd®) AdATA ATY 6\ olgolgint. o] HASS 7} 22102 Z9o]

el s ey ek 10.7 s Wapof ofgk Fatof 34, 20)2] TBM2
Te O 7E .

A 22 1 20054 109 6 2 A SHEAHELTAY, 1998). ol2IFt 3

378



CIEE e 379

o) =L AR ZHo) ol Ao WHE g
ASole 2oz 22Y usi,

£ ATE 199705E oF | U7k e SeEdo
TBM ZHTAIA dojdl 7% Bap|somiy &
FHEES 7158, ALY 5 FeHoR B
3 Zlojek. old FokY BAANE 9fsto] Ao}
uistel BoASHGT) olelst APEAL grom okl
0 ARG S 2 o Qhkg TBME ol A%
Aot th77 AHIE Aeshed $-83 Ared
% 9ke Holg mugck

FER S 7tR A2 S70E
Foz FREUTHALFAA, 1998). o] FYol= &
E % d5E0] A=, =4
of vkt Baysth Wk 9l Ao 29l N4SE ks
& Fig. 10|4] H upe} Zo] A
oM AddelA HA dehdrtrr SRl
YA st Jlok o] 2|9 RZol= oF 1400
m E0|9] £5-50] Jlom, Hd st oF 400
m o)1 ] Ak oF 850 mo|th waEkA] 2 Eg o)
Hof A= 9F 450 m o]n), A7} 300 m o4l 7
ZhZ °F 1.3 kmo] o] 2}

ZHEE0 £xsh= 7R Aoy R 24
e Ak Hokeh 3o Lol wiAdzge) o
ol wet B2 St wuigts wjtmtete]E
o), M RA S Hultew dibE Hdw
ZolMe ) F7HA] Hupro] F R4 maps|o] e}

>{\i
i
3
2
L
il
40
o
o
~n

Table 1. Mechanical properties of rocks in tunnel depth
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Fig. 1. Sectional and planar maps along the tunnel
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Wave Velocity (km/sec) ucs Young's Tensile Cohesion Internal RMR
Hole | Sp. Gr. (MPa) Modulus Strength (MPa) Friction Class
No. P wave S wave (GPa) (MPa) Angle(0)
1 2.81 5.48 3.08 134 553 7.2 13.0 61 3
2 2.73 4.73 2.63 92 52.6 6.7 11.0 57 3
3 2.75 4.78 2.66 99 29.6 11.8 17.0 52 3
4 2.66 5.03 2.87 112 45.0 82 13.0 57 3
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6 2.64 3.63 2.04 33 17.5 2.0 3.0 53 5
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Fig. 2. Histogram of daily length of TBM advance

Table 2. Resultant data of TBM performance for the two tunnels

No.l Tunnel No.2 Tunnel
Diameter of TBM cutterhead (m) 4.5 5.0
Diameter of cutter (mm) 406 (16 inch) 406 (16 inch)
Number of cutter 31 35
Total length of TBM excavation (m) 3644 3664
. avr. 17.2 avr. 16.6
Length of daily advance (m) max. 40.5 max. 33.9
avr. 95.4 avr. 91.1
Length of weekly advance (m) max. 155 max. 144
Net penetration rate (m/h) 2.30 2.01
Degree of operation (%) 31.4 333
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Table 3. TBM performance and rock mass classification
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No.] Tunnel No.2 Tunnel
Pattern for
tunnel support net P.R. exc. length op. degree net P.R. exc. length op. degree

(m/h) (km) (%) (m/h) (km) (%)
1 2.13 0.77 314 1.84 0.84 322
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v 235 0.77 331 2.15 0.67 32.6
v 2.54 0.61 27.6 2.18 0.59 314
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Table 4. The results of cutter life in No.l tunnel

cutter and life overall center outer gauge cutter
cutter cutter

Numbers for a set 31 4 22 5

Numbers of Consumption 292 14 191 87

Cutter Life in Volume (m3/c) 197 89 284 25
Cutter Life in Time (h/set) 167 450 182 91

Cutter Life in Length (m/set) 385 1035 417 208
Length of Rotating Trace (km} 716 283 877 768
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Table 5. Cutter life in Merdker project
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cutter and life overall center cutter outer gauge cutter
cutter
Numbers for a set 25 4 17 4

Numbers of Consumption 506 48 379 79
Cutter Life in Volume (m3/c) 183 86.4 210 111

Cutter Life in Time (h/set) 74.5 126 67.6 76.3
Cutter Life in Length (m/set) 477 804 433 488
Length of Rotating Trace (km) 329 117 348 658

net penetration rate (m/h) 6.40

depth of penetration (mm) 7.96
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