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ABSTRACT

KEYWORDS

This study analyzed monthly excavation length and amount of time occupied by the
work item based on drilling reports to record the entire work process of TBM  tunnel
site. TBM equipment( ¢2.6m, ¢3.0m. ¢3.5m, ¢3.8m) was developed by WIRTH
company in Germany. In addition, This study analyzed rising expected monthly
excavation length based on the lowest loss rate of operating shifts among the field of
nine. Analysis results are confident to be a useful tool when Planning and Managing
TBM method construction to the primary planning steps in the field similar to

geological conditions and analyzed geological conditions.
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FEFA AL To2 o EWOM TBM &¥ol S7kHa vtk =3, =
AE'd ¥ & (International Tunnel Association)®] AR o w5, LAEFel, 5Y FoA A3d HE F
30% J=7F TBM FHel 23| ]55—5]1 U= AL Z YEPth(Ultra Construction Co., Ltd. 2000)
TBM 3o 7% FAMSG Aol 7|12AGFH AN AP 9230735 gotd 4 v, #AY FAF B3
< Ed= 7HF*Z-'}°1 2] FEE(eFA AIZL AH dA 2 wd, TBM Awl, TBM 34 2 F4/, F54u, 33
EH7] 9 B, B, eFut)dd 288 NS OS5 S da, 22 S FAbl AgEE TN FAPIRE
I FAFES IS = oA a83Q FAL Bl 7S ddh
el B AFdME 9] 000 AMAE 5Y WIRTHAF 7§ TBM X}H]((bz 6m, ¢3.0m. ¢3.5m, 93.8m)Z A
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FAS st 42317

v =
y >/ =,

o ol

1,
tilo
M
1%
o
3R
ui

2.1 J|EAFL| aF

HaZAA TBM dHe 84S B43t9 AA1e TBM FHe A4 Aldl A (Lee, YO, etc, 1997)9} it
A TBMEH A& ALl E AIXE B4 ehitol el TBM a9 28 Abel A (Park YU, 1998)7} It} o] F A+
TBMEH S 283 a4 S g 5 ZAAEATEY TAME AAst AT e A Aol

g, TBM 77 35mE o= TBM ¥ 28 dE A4 #4485 8 884 NdWHs AT d(Park
HT, etc. 2010) )9} OO0 7AAAo|A] &7HsH Tunnel Boring Machine Method(Ultra Construction Company, 2000)-
TBM Hl 74EE &9 23Fm)T SAHIE AXASATh =9 B¢ FAE T AlFAEE A7iE 4R
o] EEFSAA ket d3ALe] A3 (Civil Engineering Hand Book, 1998)7} TBM ZHell 93t Shsfield =2
B3 F94e 7143 A7 (Nishida, T, 1993) 5°] 2

o 2

>.

2.2 Ay
#59] 000 AAAIA S WIRTHAF 712 TBM ](02.6m, 03.0m. ¢35m, o3.8m)2 33 TBM B 3]
A9 A e F5F ZAEIME BH8H Ay FEEE A 28RS A% stk B A9 5L
=7 AIZHA, Net Excavation Time), 7E 7 % 13HB, Cutter Checking and Replacing), TBM AH](C, TBM
Maintenance), TBM A7 3 &(D, TBM Inspection and Lubrication), ¥&AJH|(E, Subsequent Facility), =} t”]
9 EMJ(F, Tramcar Wait and Pouring), E]'d®7HG, Tunnel Reinforcement), &% 1t](H, Operating Shift), ¢+d %
3]9|(I, Safety and Meetings)®] PI=Z w/Fate] EA8IH o, 249 AHE 7HA 1 =337 oy €=23145
AR 4714, 78] AERZEES AWt de 2ok @ £23 AR TBM Hle] 23-TBM € 2
= ool sl ZH-TBM 9 2ES 239 ghEo] 285w A7 Resetting AlZHe vjdith. @ 718 4 3
wg TBM 23 w) A7} vhLstAl H=d o] viRd AvE udstal HHskes AZkE vtk O TBM AH]
= 7HE n&d o, foko] AT  doemw HHNA Aulshs ARk Jrgth @ TBM H4 2 5= T4
% °F 110m<] TBM RIS 9st7] faire Abd 39l 19 &9 A 2 15Y &9 Hzo] ghs s oo} st
A 2e5e ARES ot © 540 TBM 23T of 2AH= WS o2 uksjof skt o] H
e Agshs WEAMlE ddsta HHsk=t L8FHe AREE gtk ©® FAF t7] B A Fae WY
e NG,

Axaled 228t RS vdn. @ HINAS 27 F mag An
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o] Wire Mesh, Steel Rib, Shotcrete, Rock BoltE AX|sh=H &8 %+ AIZHS 9vrjsith @ +9ntl= TBM =3HA]
19 3utf 2 Agio] o] FolABR o] WAt AQEE AIZFE ofujgith. © ¢+ 9 3o TBM FHIE &9
wf FAE BE ZAE s1dsly] Yt hQEE AREE ouldith Fig 12 £ 79 E5EE Mol Qlth
|[ TBM M = ] [ (92 811;%.%1;536%%3.8) ]
a 9/ AYUSS
| L | |
Fig. 1 The flow of study
3. TBM 2Y §zd x|& s
Table 12 #4] ti2b Ao A4 dgS e gtk 2 A7 24 iy 849 Addgs Yehla ok 4
3 9230742 TBM 9 888 8% 5, A%, 77, 88427, 2384, 2277} 4 v 7Kt
Table 1. Status of TBM Operating Field
ARFTE | 773 A2z 2787 2734o0]
34 [as = 9 549
A | 92OM | 450050 MPa | 2R%E A3) ¢ >1360m
BRI 7 73,
B 100~150MPa FAT 22 ¥ TBM 23 e 4331.0m
0 vl A9
I vk} AR o) WMAE 2 Tt 4% . 490
i 20~70MPa ZRAEE A3} .Om
oo A7} 0
SPTe SPIeH ool Badd
ct 40-150MPa |0t ©3 9 27w w3 53 ¢ 8,054.0m
Zow H4% | 2AEE Asht 24
. ) ) 7,593.
2 60~200MPa R 92 9 A7R g3y 53 =93.5m
AR 4 g5
3 . 60~180MPa FUEE U5 o 2A72.5m
ooom 3o
60~100MPa PEAE B IS
o Qharet 258 %5 ® 4561.2m
80~160MPa
I UHPE 9 A
C‘S 80~160MPa ZRES P3 ® 3/835.0m
C‘)—P‘\l—%} ol=7} "l o}zl oFF
Z=7}e ol okZ
D1 80~150MPa 2 gj@oo i 49 A 7,042.0m
He o e e
ke PR
D2 | ¢38m 80~150MPa % |7/ i o arleclo s Zxlie * 7,364.0m
D]'ookt:’j' O‘:};f—__] ]O]’TH “’]’r’]_ﬂ’]:l-—-i %L"v—l— io}-
o i
D3 80~150MPa 2 A A 6,702.0m
N =88 vy &
ch 9Hd © i
Excavation environment : Bad(4p), Medium(4), Good(@®)
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) 77 30m €9 B1 8%

B-1 @& £423 Fig. 3JJr 2ol AA AP Tl =23 AR Aol AASE ARHHIE0] 364% %
S B RARAG. 7 olfE B Gdo] FAst] 2HAFy) L 249 Aol FH Ae|dtk. HYBG
o A9Re A 49408 792 i ek

i 4.90% G
H s 10.70% 9 13409

ge N 15.50% Eﬂ 7.50%

= 7.00% % S

g E 7.90% g £ ;B

in 4.00% o G30rs

g c | 15.10% ?; c i 5.80%

B B.40% B 7.30%
A z : : 26.20% A ; - 3 ] ! ] 36.40%
Percentage of Required working time Percentage of Required working time

Fig. 2. A Field- Efficiency Analysis of TBM Fig. 3. B-1 Field- Efficiency Analysis of TBM

3) 77 3.0m ¥ B2 %

B-2 7o EAZ23 Fig 49 2ol AA AR Foll w23 A Ad@HEo] AR ek MRS 257%
e A BARQY 1ol GEFESl vmd He wWel Aoz A gAe] WA B Fahws} A9
3, e AYEAZL WAt} ZRAEEA Ase Aol T Aok olo] Wkl HIRY PR e A
A AT 1% WS BA e Sold A ol olde ZARANNAE Sdurle] 285 A
of QA FYNT 79%2 FREA] FEH T ws 53 WA BAY AL AYBt ARHoE o]
o 7 2] 7193 Ao R WL

@) 77 35m &9 C1 9%

C1 @73 +42% Fig. 59 &o] WA 2AARE Foll w27 ARke] 2P@Eo] AAsh= Al &0l 264%2
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280% I | o.00%
H 7.50% H 16.20%
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£ 150k o 1509
% c ! 7.40% 3 L = 17.20%
B 8 60% B 1150%
A 28.70% A : 26.40%
Percentage of Required working time Percentage of Required working time
Fig. 4. B-2 Field- Efficiency Analysis of TBM Fig. 5. C-1 Field- Efficiency Analysis of TBM
() 77 35m &% C2 %
C2 @%e] 427 Fig 63 2ol WAl AYAZ Fol 22 A2 AAFTo] FAshe AzhI&o] 257%
e S BAERT. T olfE FALE AST B4, OFE U 9 AT 920 AT A A0 £
Aol det. ofol whulglste] BE R AAdEe A AdAZE] 17.7% =2 w-¢ =A vt

(6) 774 3.5m
C3 @49 w4

A
w5 A EAEAY. 2 olfre o] FEd Aoz A7 a0 FEF Ao] FH Lol oo why]
dlotol HERFe) AGTEL A FhAH 11.7%2 ZiHoz BA Yeiygt
0.00% I | 000
“ . . 13/20% H i 10.30%
§ G = 2 m 17.70% £ 11.70%
=F 7.50% = | o.80%
£ g F 9 80y
E E B.20% E E i 5.30%
£p 1.80% E o 330%
4 ey
Zc = 1550% z¢ 14.20%
B W 10.50% 8 5| 10.40%
A 7 i : Ml 2570% A : ) : ) 35005
Percentage of Required working time Percentage of Required working time
Fig. 6. C-2 Field- Efficiency Analysis of TBM Fig. 7. C-3 Field- Efficiency Analysis of TBM

3 m
C4 #7Fe] £X43 Fig. 83 Zo] AA AYGAIt Foll 23 A7 Ad@dE o] A gh= A7) 34.0% =
Hdol dmste] &ty F& 210 Zlo] FH Al
ps
4

FdA17Ee] 15.7% 2 EA et

C5 @9 423} Fig. 95 2ol AA FYNZ Fol £27 A2 AQGRo] AAE AIEo] 366%E
LT olRE AUl gl skl 2H5) & 209 Aol FH Ve|gAth. o] wh)
3, Z

dlotol HdRFe) ZGPE2 A FGAZES) 139% 2 vlald SEA Yebsdth
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Fig. 8. C-4 Field- Efficiency Analysis of TBM Fig. 9. C-5 Field- Efficiency Analysis of TBM

9) 77 38m +% D-1 8%

D-1 @< £423% Fig. 103 o] AA 2APA Tl £23 A7) Ad@d=o] AA|she= A&l 275%
Z R U EAEAT I olfre el gdo] vlad gEste] 2dy] wlaE Fud o] FHE Ao
Atk olel Whato] BEdRAe] AAFEL AA AAAIEY 172%% 4t A4 vkt

(10) +7 38m +9 D2 d%

D-2 @%e £44% Fig 113 2o] AA| 2Pt Foll £=3 ARt AdadEo] A8t AlZtHlEo] 269%
2 o7 Wl RAHA ol FE ATE B3 R A FhaUoE FTALE A4St 38 Aol ol
drete] BERAde] AAFEE WA AAARE] 164%=E FE EA UET

i | 0.0 1| oo
H : - 1200t " 12.50%

.HE_' & - 17.20% EG 16.40%

% F 7.60% % F 8.20%

i E B.20% E E 8.50%

£o 1.60% E o 1.80%

% ¢ 13.80% % c 14 60%
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Fig. 10. D-1 Field- Efficiency Analysis of TBM Fig. 11. D-2 Field- Efficiency Analysis of TBM

(11) 7% 3.8m &+ D-3 &%

D3 #4e +4Z2% Fig 129} Zo] HA APAIZE
ol == A FAHEEe] AR Ee Al7HH &0
269%= °F7F BHA AT 1 olf= st
o] HlwA FAs e Fzely] vinwd Fzs
Aot ol whato] HER Y] AHFEe
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Fig. 12. D-3 Field- Efficiency Analysis of TBM
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4.2. TBM 74 Y2FF 2M

TBMZHAA Hel74st dFxdo|ng 1748 HAXE Tt B4t 2 & vt gk 18y &%
TBM W& A&t ZFslaxl she @3S st ddx7do] Yeid ¢ Jornz B Adre 144 8%
AdzAER #48ks Ao FF A Adx @A FEstet A2 E50] 2 ASE At E TBM
Aule] FAY, Az 248 AAE

TBM 77 2.6m¢ TBM< Zi%—s}oq HYZALE 348 49, Table 29} o] 3P4 4574 = 150~250MPa, T

= A}, 2HE70] BFg ADxddME LFAHZFAZ0 )/ (EDLUAHL)/25),

A m)
(min)/60}/24]& 285m HEZE 7HG3le FAME Agsta #HE 4 Utk

R

Table 2. A Field- Monthly Excavation Length Analysis

: : Za39 39997 8999 | 9233
AR TE | HAANAZA =237 A
A 3 (m) min) | (59 (m)
s |
Gz 24 3 279
A @2.6 150~250 AxT s ’ 5136.0 649,865 18.00 285
0-2 2425 A3

TBM 77 3.0m¢ TBMS Z-&3t ElEFTALE AT A9, Table 337 Zo] st h54% 100~150MPa,
A%, $47 FH ¥ TBM 2%, 2R84 F5F AQEANAE DEARL 3um AR APgse] 3AE
AL B 5 Y, YFFE 20-70MPa 3= Ak Ao AA FAe) WAE 2 Fowst Yol 2

A&E=7F Asfsba, eyl EA417}

Table 3. B Field- Monthly Excavation Length Analysis

: : 214 |33940| 9399 | 423%
A37E | 73 L EEEL] 2397 :
@ | mn | @9 (m)
a08 lees,
B-1 @3.0 1018];1;0 2A7 2% 5 TBM 2% [ 4331.0 453,050 13.00 344
Avfel A%
Avler  |AAl el WAE 9 33
B-2 @3.0 20~70 |=7F Agh 2 899.0 125,751 3.49 257
MPa |Z73%% A3}
Bl £A7E
sl 2Ra0] 2@ AAxANNE L2AHL 257m AR ARG FAE AYST BIE 5 Ak
TBM 77 3.5me] TBM< 483l EEFAIE 3T 49, Table 49} Zo] AEFAT 40~150MPa =9 QHikt
o] BRUsw, R B 2 AT UEH B, 2HB0] BYF AARANNE U2AL 290m A=
2 Agate] FAE AYstn BT & g 2 339 AFYE 60-200MPa, EAEE AST LR i
=
[

=)
B0l AAzANME 420F % 297m A== 7HH3tY FANE
2 6 HAYgs, 2XEE 3ot ZFEAo] T2 AHx
T2 783t FAME Algstal #EE ¢ Aok 283 $3Y 4FEE 60~100MPa
PJr OJ*J%P 80~ 160MPa, FEAT 2 FESE, FHEE 4 = ¥€273E 335m
AE2 7Mse FAE Agsta Bl F3, =388 ¢
Tt FAFA o] L AAZANNE dFWFEE 328m F Paate] SALE Algsta #2d & vk

d
o2
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Table 4. C Field- Monthly Excavation Length Analysis

_ _ X1 Zo =2 X7 2 z}o] @ =l
ag78 | 74 AgAAz gagy| TR | FAWNRY dAAd | d=d
(m) (min) 259) (m)
SR [eRIeE ol BRad
c1 @35 | 40~150 |UIFE @ 2 AFE OE| @ 8,054.0 994,130 27.60 292
MPa b 53
o
g |ERSE Az
C2 @35 SR 9 2 AR BE| @ 7,593.4 921,120 25.60 297
60-200 | e
MPa °
SIEY |1y o
C3 @35 | 60~180 |D .S () 24725 248,820 6.90 358
78S 4
MPa
ikl
60~100
MPa  |43%= ¥ 94 9%
C-4 @35 ler  |mAES ok () 4,361.2 468,975 13.00 335
80~160
MPa
T e 9 9 9
Cc5 @35 | 80~160 e () 3,835.0 420,520 11.70 328
MPa 288 4o

O

g

%, Table 59} o] <HAkt =% 80~150MPa % T}
=227 0] BEQ AAxAANHE dZ30%S 308m
= ) Z

o?rl

PL
e 4y kopok

2 7Hgste) SAE Agsta A e = ), MY 454 80~150MPa ‘;-< FE Fd, R G, A

9 HFofdes FAEE Asst ZHRFo] 2 AA2AdNT 2EFE 260m F=E 7Pt A
Agsta #2d ¢ lon, hish A4FAE 80~150MPa B thdt 4, O‘%%E 2 HEgE, FREE v
Jostel FHA0] BB AAxANNE 9204E 302m A= /PPetel g4 AYstn AL 5 Ao

Table 5. D Field- Monthly Excavation Length Analysis

ZZo =2} A A 7} Z}olQ AA
a37e | 74 agdz2 zapg o9 (WL dRdD G2
(m) (min) (259) (m)
ket
80~150 [, N
A& 2 HYT
D-1 #3.8 1\/‘131])a 2058 M 35 A 7,042.0 823,533 229 308
=
ohoksk ok
obake}
80~150 |ATFR ©=)
D=2 #3.8 MPa Asl9] Friegos 2| @ 7364.0 985,480 27.4 269
g A&EE A5
s 9+
oFaker
80~150 ol=7lT 1 oLz oks
o X AT
D3 #3.8 1\/‘111]3a 2958 M2 o A 6,702.0 798,210 222 302
ke 44
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4.3 TBM A1 ol Y2IE 24

FuAAZES TBM 232 & of 1Y 3udig %4
o olFolAE WAz 2aHE Ao 9B & | £ w0
7o 76 JFS WA du FYHe B A4 F S —
Zolth. TBMAH o] A o] ofet #e]Z3l vFe 'E 120 367 103 107 == 31:3
2 AR E4E8e] Tk Aog A #est o g oo =
o] A A9 AT £ABE RO UEAPE Y| § e | ‘ l | I | ‘
T e AR EAHAY. & w2 dTelA B
2HE 1) @99 Lguy A S8 vashd | B
_;jc,]ﬂ /\]ﬂ- %)é]% :_78_% 7]17;__9_3 TBM ;b]_%\_ 0]]7‘]' g 26 30 30 35 35 35 35 35 3B 3B 38
LZFARL B39 TEM Diameter(m)

Fig. 13. Analysis of Operating Shift Time by TBM Diameter

Fig. 132 TBM 774 SQJutiA7ES vl 248 2102 B284 77 3.0me] +JuthAIZE 79%= 71 e
AE EAES Y. mebd B2d 3 79%Z 71Z22 Table 69 4% L234S ABAS W
o= g Zo] 23] & 4 vk TBM 23 HAF JsE = 28% x 0262 = 07336%, Az}
0.007336 =2.090m, Az} o4 ¥ YFRG =285m+2.090m=287.1m7} ©}. Z, B28F $Ju) 7.9% S 7|FoE B
AL o), AFFL 285mollA 287.1mE F7HES ¢ F Aok yrA @AE % B
I 2or, gAtdE] FHoA dudel dE ALA Awe] S FIFIE, 2GS vha SUE F ok

o[N
Mr ©
e,
]
™
N
KR
N
&
8
X

Table 6. Analysis of the Rise of Monthly Excavation Length Considering Operating Shift Time Variance

AR A B-1 B-2 C1 C2 C3 Cc4 C-5 D-1 D-2 D-3

SFARAZE 22.6 23.0 23.0 23.5 235 23.5 235 23.5 23.5 23.5 23.5
A 2H%) 28 6.5 0.0 8.3 53 24 6.5 2.8 41 5.0 34
HAZZ%H(m) 285 344 257 292 297 358 335 328 308 269 302

A} A% DZ04m) | 2090 | 8139 | 00 | 6398 | 4045 | 3007 | 7403 | 3361 | 3472 | 3618 | 2.762
o

2} D27 (m) 2871 | 3521 | 257.0 | 2984 | 3011 | 3610 | 3424 | 3314 | 3115 | 2726 | 3048

TBM 7 2.6, 3.0, 35, 3.8m ZAHIE A|&3 117) BHE@AAS £93 SARTAE 7 97Fx] B4 2¢ &=
H AMS BAS 495 2AE TBM 7448 E 53 71%% A4S 22T § UdTh

(1) TBM 77 ¢2.67-F 34 150~250 MPad =0l A =72 285m=E == 5 30al, TBM 774 ¢3.0 4
749t 100~150 MPad S0l A €224 344m, AnkSt 20~70 MPa AEolA LEFAZL 257m=E =35 Tk

() TBM 774 @35 2% ket 40~150 MPaA oA 292m, S5 4% 60~200 MPag =04 €202
297m, FAEZY 60~180 MPaFEolx DZAAL 358m, 339 60~100 MPa9} SHHF 80~160 MPa™d %ol A
335m, ¢HAFF 80~160 MPag oA 42 RA4L 335meE =5 Atk

(3) TBM 77 @38 7% w4 371 @49 AAx7io] QHiket 40~150 MPa 3 thakst ohd= A= o] glo] 370
Ao HHAE =39 HE €L 298mE =& H AU

o

o) AT FF AR AQ 249 BYIA TBM WL A8 A% B AN BT 42AFL H8F
oA, FARF A AGHA BT FAhFY aelm B4 A9 FRE 20400 5L FHT 5 9o A2
ARFARANA BAE AGsta Besed £88 =771 E 202 FA9T
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