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L FUe AR % A

1 =2 ANZdg R A9

B & M TBMEE AIE 3Y
o Assis(2004)0l =2 200492 H 2014EDHK 1082 & ANIAH =2 XHE
WSHYES =R8 26,15001A0 € X2 WAEHD US
o KA =TS BHE AE2 S=0ME &= 2032 20,0000402 &7 EE0|
Ad8E JNO2 ML /US
o 0] =Xl& RcILictE Zgst OfAIOF =
b HlEl HO2A, HE A= A
=

Aot A& HE2IL iR 2 N2 FEE

<H MA DSHE =2 AL (2004~2014)>

=t DSHEY 2 (20049~2014E)

3 (8% 2042) 20,0004
2= 2,50004
QAEZ|OH+ARA+SY 800K
SOtilel 3t 650K
gOotHel3t 5004
CE0+AHE+ERE 5004
AHOH+IEEEY 5004
TEA+0|E2/ 0 3504
&= 25004
HIZer=+& [0 100K

o JI=BEUAN JI=8 di2 201 ZO At2tH
s2 AE0] & MAXL2=Z 220l 0|FHA
g AME0l U= i X2z Hldol

lin

 SAT B, B HNEE
s MEo2 M TBMEE 2
21 (TUNCONSTRUCT, 2008)

o S AIBOIA 2 0Ichel AME HISS & == Je A=)t ile F58 2AH=2

I

N
K

r

N AIASENA SAEH HEQE 2001 Herrenknecht2l 2008 DHEHE D=
© 2 HerrenknechtAlel HE R & 22% =D, MEZ2AH = TBMAEH| HI8
15% & HerrenknechtAtl]l Al ERE 40%E JIAGIHH ASE &= HFE2HO|

& MA TBMEHE AME #2E Wl=otd Ush &8
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<& MNA TBM 2t AIEAZ2 MY (2009~2015, F=&F)>

TBMEHI AIZRE2 TBMEHE AERE

(‘09.11 &8JIE) (‘09.11 &8JI&)
2009 52410793 3671343
2010 626,011H& A4R70AH 3
2011 82533 & 5326,886%&
2012 98,2504 & 655,001 &
2013 11229,865%4 & 79291014
2014 14256,2359 & 9724,903%&
2015 17228,4074& 11829,3824 &

W A =02 eHE2AIEe S=2 TBMEE A2 &) o

02

o M NHEOZ TBMAIEEZ 7.5% AZH(2009¥ ~2013E)oI" OO, =29 AL
Ol= 2009 ~ 20148 DMK 12%0|4F H&GIR D Ao HEE 2102 04t
= (QYResearch, 2015)

o Al =22 2= AHEED TAISHH T2t MIAHA JHE &es gHE 2
XotE2t TZREZ £aH5t1) Ues Lict. 20079 J|=2 =2 &5 2,500 km
Olatel EHYEO0| AIZE WIAOIM, 0] Jt=2dl 1/30]4tel 760 km 22t0| =
HUEHEZ HEDN AS. £t &= 10,000 km2l &l E232t9 HY &
A0 < 100CH Ol&t2 TBMO| & FE HO=Z MAZ D /US

- =29 EE&EX= AHSHO ZSIF WAZIH(ZAIEZ: 20209 0HA

2,677 km, XIGH&: 2050ENtXl 18,829 km) 53l XctESl 2 ZETBM
£ 0/88t 4,500 km(5000 ZZ2HE) =S AIE O&aE (QYResearch,
2015)

- 32 MH2ZAIEE TBM #=2Jt UL & AHHAFEZ= HUZA
(megacity) ot XIEXH22 HWaE(LH)SHHAM Ol0 Met ns BHE2 =R
P

Sotet DEEE HES =R

o RAABLCH XS0 =22 XM TBM 2 ZZ2MEZ= UM 20| 30§ XIH
0l 26t &0 HIoIZD HIXl 5 S2E s&=S A0 Us 87 ot REL
g2 228 BUle Y5 2HE Z2HE(South to North Water Transfer
Project)E £ =+ US. 0l& D 20| HUEHE W =&HUEHLEH e =20 2
SolHA ES20AM= E38Cz TBMS &80t Us &
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oo

22082 S=0AM HEE WE HE

2 2 20,0000 101 & ez oAt
Tl (Assis, 2004), Ol= MIH 290l 2= al

2=20 8, dell HE d&=30 @
AELIOH AL, =Y MAC HEs & A20 258101 2 AlE 728
20058 &M S=0A 23 S EEHE=2 7,538JM01 & H&E 4,314 kmZ

A A 2ITHE. =21 11X 54 A= 2JotEH &= 52 2,500 km Ol &
O EEHEO0l AISE WZHEOIM, 351 01 Jt24dl 1/301421 760 km 201 =
U HE=z HA=E0 A0, BHEHL 25AI8S ?loff TBM2l HE0| 2+H
ol ez XEE D AS(Huawu, 2006). E&t A4 FELHUM HEO0l &
A o HEO 30%E XAt AUS(Qihu, 2003).

OIE}J‘:—I_IIZ_ O|9_|O‘”[: ﬁﬁt;‘dl:ol o4 A §I-UI-6|.O:| _—Jl__i\_i—l_llz_gl

015

o

ro
0o
i

Lot EMHE &0l fIXIet GuanjiaoBEIE2 HEO0| f 32.6 kmEZ A &M &=
HIA HE S 2E BHEY. 8 82 HEZA BHE A0S 01 Hele 40
He 3,380 mOll ?IXISHCH F=XIotet
|

0 st A
Flot0 2K 2 HE == J0l SIS ZALE Plofl 2ol 2let
!

tet2 &
=

r

240l

<&= Xiangpu E&F2t9| EEHY HHCH>

X5He BHEe EZELZ 03 180 kmOl AIAED JU204(Qihu, 2007),
2020E kX 1500 A0 HI=E XIotE=2 2,280 kmlll & X222 OlatE
(Qihu, 2003)

&= 10,000 km2 &7t E=+2t2 BHE AL00 <F 1000H 0l&r2l TBMO| &
F2 A2 HlaLd JUCH £t S= FF= 2020E0HK & 35,960 km<e
DETZE AL WEHQ, O Jt20l & 20%2! 3,670 kmIt M XSS S
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FHME =&

tele| A8z, €=

=}

St OF&OEKIZ2 & Al XIS AS5E2
A0S0l = 20108 0tA 26 km2l XIGIEEE AHEE WE L. HIOIENASE
FHAF FHEWC| 400 Xlot DEE=22S 2020ENHK REE 0HO0| 2
Hill= 4~6042 2-=7It HEEEE HEE. A&8l2 Gangshen west
routewayll= € 7 kmQ Xlot D=5E20t 42
A DNEME ZME iAo R6HH Xt D=5E=29| AL )4|3|o EH=IHO

DU

Z(Qihu, 2003).

A
nx
n
=
0
o
_IE]_
-
0
2
x
H
|_
0z

£ H+06td

<HEIAIQ Xlot DEE2 24 (Gangshen west routeway)>

22 =2HY0| 2 A2 jadE. HHEHLZ
PLPEA-I =S X (FKILHRE) Z2REQ| GiLIC! ‘A
(West line of the South to North Water
0 ERHEEE S= SMKZEY JisHAas
*?TE 2| flgt I=HEZ N 2F 36X R0
ST AAH = 722 & MAFHECH 12283 0l& 7201 2 =24
g IZHED E HEY. IEQS | 1‘:F34|‘ 500l &, 7oHe HE E 1
el =22 AL U2, HE 2 244 km0l E€6tH, HE H&2
9.5~10.2 mOICt. §ol 742 HE Dr—EHI N HEQ &2 50 kmIt €2
O Ot 20 HEQl &2 73 kmOll &8 It &g HES AEO| 6.9 kmoOl
Ct. OI2 Clolf 2= HEUA TBME HE0| E+H0|MH, 1HHOUAME HReF
TBMO| ==& Uil 018 222 FHE(Lu S, 2004)
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South-to-North Water Transfer Project bk
i Z pussiA W

Lo e

KAZ{\KHSTAH e II.._.-: L J |
. o ~ N
= ) " \

,I' g MONGOLIA sl u‘l,

i — e N KOREA
s~ ‘
1 CHINA Shifiazhuang £ T
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Z}5: QYReaserch Tunnel Boring Machine (TBM) Research Center, Jan 2015
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=l 2009 2010 2011 2012 2013 2014 | HEZ BIIE
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0= 26 29 30 31 32 25 -0.65
=4 62 66 68 71 74 57 -1.39
a= 100 108 16 121 129 135 5.13
JIEF 19 25 29 32 36 38 12.25

A} 5: QYReaserch Tunnel Boring Machine (ITBM) Research Center, Jan 2015
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Z}5: QYReaserch Tunnel Boring Machine (TBM) Research Center, Jan 2015
<TBM MIZRDIt HIE 7=>

B, MABEZF Y MAIZRR 2t 10,

< TBM Marek 2 JpA |5t F=0((2009~2014)>

Wl o, %, A g

o
2009 2010 2011 2012 2013 2014 %ﬁg
A28 F 398 441 484 536 578 596 10.6
A Ak 2F 297 343 382 416 456 458 11.4
VEE 74.62 77.78 78.93 77.61 78.89 76.85 0.7
7+3 30.71 29.25 28.08 25.29 24.27 23.14 -6.8
A& 59.88 58.16 58.00 54.51 51.60 50.29 —4.3

Z}5: QYReaserch Tunnel Boring Machine (TBM) Research Center, Jan 2015
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Comparing tunnel-boring machines
Here is how Bertha . T

compares in size to HIGHWAY 39
machines that TUNNEL
excavated the /
Brightwater and J
Beacon Hill

tunnels.

BEACON HILL

Helene (BT-2) Emerald Mole Bertha person

Herrenknecht Obayashi Hitachi Zosen
tunneling machine tunneling machine tunneling machine

Sources: King County, Sound Transit, W50D0T
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OlA NATMS ZAICZ & MeHal 2% (conventional tunnelling) 2t TBMO|
st JIHIA 2% (mechanized tunnelling) 22 2% 10 AS (ITA, 2006)

g

|0

7| Az} {2 5 (Mechanized tunnelling method)

Control cabin | HblSIlng crame Gripper Bolt drilling machine
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el !__ "h |
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et -""’-‘;]I’“l-ﬁ"ﬁﬁ ll

e P e — ._.\\‘\._
Automatic shol(r\eling machine Conveyor belt Wire mesh erector  Cutter head
H2f: C|237HH, HEU|E S| 2l 7 [A=2E BHEs =2
TBM(Tunnel Boring Machine) = Z&et 2= 3‘|7°IIEP§* ﬂ'
(ITA, 2006)

2 A 52 S5 (Conventional tunnelling method)

Bonch Crown

L o LU Lt L (AL HI Juﬂahﬂw
4 T B
_%. \lw Dﬂlllng truck Shotcrete truck nmnng iur::b-o

Concrete Dump truck  Rubber- n.rred
mixer truck front loader

Fo|: WEkSt(drill and blast) ofl 2I5H ChSet BIEISiMe| EIAS 22
AIZ5H= 2. LR0jAs XIREE/2RE 22|15 E8t
(AFTES, 2000)

<Z29 HE3"2 ?& ME(ITA, 2006)>

=JHHleE Az ALAE M & 2SEAE S0t
g A2A &2 20Ut 0IFUHE0 et =28 H4
il

ZHECI TBMI|=2 HAIEEI A2

Ol 01Xl %UEIDJ ==
NEES ALe & by

o = SOC AIE20 e 2JtHlA=2 24 AR BHH, SE0tAIOHS BIX
et HEEa= & S5 N9S S22 e a2 AEAE =2 St

o Bl fcltcts TBMEHIS EA-HAS 100% 2AEotd U= 22 A,
TBM 2t D=3 2522 Qo & MAHEL JIHSAIZE FHE etk 2
ot UCH HEU2F XLt SHES TBMEHIS] S22 21t 2F AlS
Ed20| ZE2=2 2ol TBMOI CHet 1401 EXI 2t & &Y

- =0l TBMS HEH0| == + Us R0 S22 S2=2 2 TBMS
N 28 s = &= QI D=3 0 et e

(o)
dIEIE E£5 gle o&3Y. et JlsXel S IMAH0 EH ZR0A <



o
.
s
10
_|
@
<
1
0t
0x
=
i
o
o
0
0
0o

ES=¢ TBM 28 2=€9 2522 T8M 2&0I=s0ILE HXHOIE2=2 2lst Al
SEHEZ Clet SADZE SO & FHE &40 2=, [etA, TBM Al
diOIEHE 88 22 TBM &=z 2 2 M2IF -0l &=
mp=igel
M ANAHECZ TAX HYE, B ALHYE, ol MEE SHMeE &6t &
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&I12(2010~2015, =8 I)"0lA= TBMOUIA &X X2 ==06tH TBMS
ZHH 5SS HRote I S8 HEGIE(cutterhead) 2l EAFRIXI =S Al
HOIA 7HHZ SAESZ JHL6t=0 430U, TBMEE2 R &
A2 st Dds AOHE 2tolY(segment lining), 1A&s CIA3HE(disc
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TBM=4910] E2d

TBMAIRIS] I IeSE =020

5 [ 20-40%
[ = I 40-60%
40.48%
88.1%
5.95%
53.57%
TBM =4t 24 feltetel 71BM MEI| = =&

<ZU TBM JisE S2XA ZIHEX: =214 0SII=EIHE, 2010)>

o

[e]

2 J|2ARA S35 2 M2 H2FAF 2D, SRSl 93%It TBM
2B BRSICHD LSRN, 2450 ZRE 0|1R2E @ JIHSAIZ
OR9o MAHEQ ME F=H(27%), @ 2HE £F2 J|e= &82(21%) ¥
22 TBM AIES SH(21%), @ 2AHH| H2H(15%), @ =2 LI H 20t
MAFY EHEII0(7%), ® 2= TBM HIZALIS] 2 31HI(6%), ® TBM 2t
ZU Y A 0lAH(2%)2 =22 LIEt
% BHRE{dX|stR7tete] SR EEES S AM 7|H ME7F 30 it
TBM 245101 ZQGHA LCHD S8 7% 2SS 24H10F ZR6HA &
CH= 0IRE TBM 240 2 XA MDD S X, 2= TBMQ £&/4
oozt =2 2 2 TBM £ B2 S=& HIg2 Deist

=

00
_|
(o8]
<
10
1
N
4
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sis

U Hol SUEH @ BAR FIHE6%), @ A ZIH28%), @ BT +

= SX(21%) 202 A SRS 94%I} TBM +2 ZIIE 0lAra

STHIIX TBM 241510} OI20IXIX| 28t ReIC2E @ JIE 2Y Ol =2

TAHIE5%), @ 2 AZAS 0I01(29%), @ 23 Jl& L LI 85
O

(16%), @ &= HMH S ME=H SHI(13%), ® TBMOI et LT FEE Q14
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MOLECULAR WEIGHT

INTERIOR SURFAGE

OPERATIVELY CONMEGTED cUNNEIJNG MACHINE

OUTER PERIPHERY

<S5 IAS >

o SOIBEEE SRUTE JIE2Z "2008E~x2", “2003E~2007E" 2
‘~2002E722 FEotH AICHOI [MHE H7HY EdECS HEE HiW

TBM 20t2| E5I2EEE P2UAEE 24610 = M, 2002¥¢ 0|&Q B &
FO0A 2™ Crfst 2I”REIF EH SEE N A 1 =0l £36l Hydraulic
Muck Handling System, TBM with crusher S0il 2tgd=l J|=0| 2 212 It

Ol&t A O|l=2
= T M

o 2003E~200732] HS= Segment Erector Assembling, Bit Mounting
Spoke, Boring Wall Diameter 2| I|REE E&et St 225N JULH,
2008E~%[20ll= All condition TBM I|RIEE SACZ SN XN U=
2oz B0t TBM 2Zted A0 D10l 0/0] MBHEOZ JfY0| 2250 =2
tl= HEES =2 Soigs0l RAEHD U= A2

o UEO| EFRQY SRALEZS AHEH TA(TBM HUIMZE & &H), TB(AHES
C HE L EA), TOKE L AOHE) L TR(EEEH]) 20t0lAd= 0|
ANES3g, TC(MBM =2&H 2XIJ|=) 0HM= IHXI0A 4, TE(TBM 22

= ‘='/\—|EI



2 723) SOHAME=E D0IRI FEHeZ2 SR6HD Y= A2 LIEE

@ MITSUBISHI HEAVY IND
o

@ DKUMURA CORP

@ KOMATSU LTD

@ TAISEI CORP

@ KAWASAKI HEAVY IND
o

@ SHIMIZU CORP

@ KANMA CORP

@ OHBAYASHI CORP

@ ISHIKAWAIIMA HARIM A LYl D }—
HEAVY IND CO LTD
@ HITACHI ZOSEM CORP [ £ ‘r

N
~
W
Al
=
%
In
i
!
Al
H
o
LI
V

SEo SRS SRLes FA 2 TA(TBM EHIMA & &) SO0k
Ne 27182 ISEKI  KAIHATSU  KOKI?F  ZEAI|IHCl  NFM
TECHNOLOGIES, eIl TB(HEGIE HMZA L &H) 20tilMsE E2J1el
ISEKI KAIHATSU KOKI2t @AEZ2[0)|&el VOEST-ALPINE, £8F TD(XIE
2 MOME) BO0HHME S2I1EQ HOCHTIEFII =EX2Z2 SR6tD U=

2NoZ LiEHe

0122 S5lAXE s)}4des 248 21, TA(TBM ZHIMZA & &) &
TO(XIE & AOBE) = S2J1¥2l HOCHTIEFJH, TB(AHHGIE Xl
a2 4I) 20HIME 222192 ISEKI KAIHATSU KOKI2H BI=J1& el
ROBBINS, el TE(TBM 2& % #3) 20fA=E L=I18 2! TEKKEN
CONSTRUCTIONOI =E=XHo =2 =306t U= NI LIEE

M A
=)
=2
x
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@ ATLAS COPCO MCT AB

@ HOCHTIEF
AKTIENGESELLSCHAFT

W ILOMAEK! VALTO

@ KAWASAKI IUKOGYOD
KABUSHIKI KAISHA

& MFM TECHNOLOGIES

@ KABUSHIKI KAISHA
KOMATSU SEISAKUSHO

1 A 1599 7)F, 2 B9 75 1950~FH= NI (EHHE

D20t SolEX 2E(RE)>

@ KABUSHIKI KAISHA
1SEK] KAIHATSU KOKI

® THE ROBBINS
COMPANY

@ TEKKEN
CONSTRUCTION CO LTD

@ HOCHTIEF
AKTIENGESELLSCHAFT

@ KABUSHIKI KAISHA
KOMATSU SEISAKUSHO

@ GEWERKSCHAFT

WESTFALIA
@ OIL SANDS

MINING CORP
@ DRESSER INL
1HC

o ILOMAKD

© COAL INDUSTRY
{PATENTS) LIMITED
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4.

e
LIS

1=]
24

H TBM J|==20 a2l =224 (22 10892 == NDSL 24 & 24)

o TBM ZHIXMZA 2 A2 2300 & 19780 €HEUYCM, 5ol J. Zhao

(924), G. Anagnostou (42) & Jamal Rostami( 42)
2tS LIEHHE d2IIE2
2014 =0f 2HE2AHSIL D

- 2tA IR E : disc, roller cutter, cutter bit, cutter life, bit life, abrasion,
wear, cutter housing, spoke, slit, opening ratio, thrust, torque, rpm,
power, penetration, advance

<TBM &l XM# 2 ZAH20f ol ==2H &>
e E= Z=2AY PADNE: e FRIZ0k

»  Automation in Construction(6)

» Construction and Building J. Zhao (9) 2015(22) |, i engineering(154)
Materials(2) | G. Anagnostou(4) | 2014(31) |, Engineering and allied

» Computers & Industrial Jamal Rostami(4) | 2013(26) operations(12)
Englnee.rmg(ﬂ Nuh Bilgin(4) 2012(29) |« Applied physics(8)

] :\;ter;ahgn?;gumal of q Bahtiyar Unver(3) | 2011(18) |4 Earth sciences(18)

echanical Sciences an

teChnOlOgy(g) EAGharahbagh(S) 2010(15) M Mechamc§|

. Intermational Journal of Rock Gunther Meschke(3) | 2009(11) technologies (4)
Mechanics and Mining In-Mo Lee(8) 2008(16) | = Comb?nat.orial |
Sciences(14) M. Thewes(3) | 2007(9) Optimization Techologi

= Tunnelling and underground Seokwon Jeon(3) | 2006(20) es(1)

space technology(171)

o TBM HEGE M &L EHZO0H AHNE S 54H0| LHEJACH, Jamal
Rostami (521), G. Anagnostou(421) & . Zhao(421) S0| 2HAZ0t0IA 2
LIEtWE M2JIE2 ZAMNDJALD, eBHEASE 324 ~132 20 U/US.
2012‘550“ SHASIF IS HUS. HEHIIE MHE L A 202 diel =
240 M2 212 IAHE = HIEW 23E =22 J22 T8M 2t&t ISt
=0 JIMHEH U= ==01 BM0| oF T & 10| EMES 2Ok
St

- 2HAI[RIE : disc, roller cutter, cutter, bit, cutter life, bit life, abrasion,
wear, cutter housing, spoke, slit, opening ratio, thrust, torque, rpm,
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power, penetration, advance

<IBM HHH= M&E & ZHEZE0t ool ==22H &>

HE = T2ANE HNAE = Z=HIE0k
) 2015(9)
Jamal Rostami(5)
L 2014(6)
Engineering Geology(5) G. Anagnostou(4)
. 2013(8)
Computers & Industrial J. Zhao(4) »  Civil engineering (56)
Engineering(1) , 2012(13) .
. M. Ramoni (4) o011(6) | " Data processing Computer
International J’oumal of Q.M. Gong (3) science (1)
Rock Mechanics and £ A Gharahbagh(2) 2010(6) |, Aoolied physics (8)
Mining Sciences(s) A harehbad 2009(8) Epp P y( |
Tunnelling and underground In-Mo Lee(2) 2008(4) conornics {1
space technology(54) Seokwon Jeon(2)
2007(3)
Soo-Ho Chang(2)
2006(3)

o 2AH KAz Z0HHA= S 100H0] LELIJA2H Nuh Bilgin(724), J
Zhao(47d) Elc' Oriol Arnau(421) S0 ZIEEZ0F0HN F2S LIEtUHE 82t
A

- Z2#I|RE . EPB(Earth—-Pressure Balanced), slurry, feed, mixshield,
double shield, earth mud, foam, compressed air, reinforcement,
probing, probe, exploration, mapping, bolt, anchor, grout, bentonite,
soil conditioning, backfill, seal, tail void, gap, mortar, tail skin, tail

o TBM 29 L S J|==20H0ME & 88%O| BFHE YO M, Jamal Rostami(
Q. ZAZ0HHIA 22 LIEtUW= &

clearance, segment offset

8
=< | —

IS2 ZAIEI}AD %E&*#E 8~169d HANH U/US. 201480 &EA

- Z&HI|IRKE  guidance, operating, operation, survey, driving, feed
back, control, cutter replacement, sensor, detect, sensing, ventilation,
monitoring, emergency, measure
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<TBM Z2&H KX|J|= 202 o2 ==2<¢HE >
He = TZAY NAHH & F=HIZO0k
2015(16
Nuh Bilgin(7) (16) *  Civil engineering (78)
2014(15) . . )
J. Zhao(4) *  Engineering and allied
Engineering Geology(7) Oriol Arnau(4) 2013(13) operations (6)
International Journal of Rock A. Aguado(3) 2012(12) |, Natural sciences and
Mechanics and Mining 2011(12) mathematics (6)
. A. D. L. Fuente(3)
Sciences(12) ) 2010(6) *  Simulation Modelling
. Shui-Long Shen(3)
Tunnelling and underground 2009(9) for Computer
space technology(81) Q.M. Gong(3) 2008(5) Science()
Climent Molins(3) 2007(5) »  Geology, hydrology,
Ebrahim Farrokh (3) 2006(7) meteorology (7)
<IBM 29 & 3 Jl= S0t ol ==%¢HE &>
e &= TZAE NAHH e =Mz Ok
2015(10
Engineering Geology(5) _ 2014(16
Computers & Industrial Jamal ROStam|(8) 2013(11 = Civil engmeermg (68)
Engineering(5) J. Zhao(6) 2012(14) |« Applied physics (15)
International Journal of Rock Q.M. Gong(6) 2011(7) |« Computer Engineerig
Mechanics and Mining Ebrahim Farrokh (3) | 2010(8) (3)
Sciences(12) Haifeng Zhao(3) 2009(7) | = Data processing
Tunnelling and underground Qian Zhang (3) 2008(5) Computer science (2)
space technology(64) 2007(7)
2006(3)
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C e AREFEA A A

o TBM MZEU= JELZ AHHO| SELIEIHE (utility tunnel, 2& 4 m 0I3dt)
O =LJt Jt& AW, =Lt HB8AFH2 BERst 2UAET &A-ot=Z/ItA/S
sSH/MHEe MEANMO| MM 74.2%E XAl (AZ 6 m 0[2t0] 90.6%)

o M AMAHAELZ A 7 m 0l&e S-UHEHE TBMZ HEO0| 2L =2 o84

0l @R&= &2 HEZ/XIoHE HEN R M) US

o NIH ZITH TBM HIZAIRI =2 Herrenknechtiitll A& D&, WSEH < (traffic

tunnel) D24l XISHE/EE(RE 6713 m)It 87%=A & 2

- CAX NotE2(0: ZSHA AB6 XIoteg) St 22 S2HY

ool HEE 22 0IRHXL2 UL, E=2HE %DOH Hgret MA 1
CHE™H TBM(Mega TBM)2 1994H2H SHINDEAI 2F 20 2!

[0 A HAES=Z 7 MEAUAME ARES BRotD JUSSL
HerrenkechtitJl 55% A& 2R)

o MIA =0 HZ2 TBM2 =2 i T2HY A480 AED1D JUse =Y
Herrenknechtit®l && 17.6 m 2&=TBMOIH, =W =0 & TBMES &=
28 B4 11-3370 222 A& 8.41 ma 2&=T18MEY

2o =M MAHED =XZU HHEHES HEE2 ZMdn ML s &

E U= TBMRZ AIBELD US. S MAH 100 =EU HE JH240 5

IOt TBMeZ 2t8 &= /\I-T'— SO2 A, LIOXl 504 =& HE2 A0 &

OISt THellAl HE g AISE At

o 8 MAF2Z TBMAIEE 7.5% &&(2009EF ~2013H)3tA2H, =2 <
Ol= 20098 ~2014E0HAl 12%014f S&otA0 Y2 &8 A=z Oy

= (QYResearch, 2015)

o B2 HT-EX= HBZHQ SIF HAMEH(ZAIZEST: 2020E90HA] 2,677
km, XISHE: 2050E0HA] 18,829 km) £3l XIGH&ECS AR &2=TBM= 0|8t
4,500 km(5000H E2HE) =&Z2 A} 0lAtE (QYResearch, 2015)

o S22 MI2EAEE TBM =2t YD A 1|74|I*O§i HUE Al(megacity) It
NEHOR HA(AZ)SIHAM 0l0 (et S HYEYl &2 It =3¢ H

2ol It 3Ite Aoz MY

o 22|LtetiIAE 1990E i =Bt Ol 2 TBM AIBAE0| SItot
2k o clEIEE 20HiA= 8E2(8t=

OE
TT =
ANEHCz 2 YW 220l=s ItA222 =310 et &
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JIATALS] TBM BAFLFDL 42 222 olatE

felttetel 2R0E, dER/otA2Z2/Se /ot Ee HEAH0| X2
80%E XAl (DEE2/E209 g M)

L feltiet SAX nSHENA2 TBM B8 HI82 1% 02z &
MIAHIECL M2t 2 XH0IE 20110 UAS(FE 80%, L= 60%). & MSAIS

ZNOZ NGt -ETHZNA TBM HBAX0| SIt XAl

o2l EHESAF AlE 2l HR=0] TBMEESZ Z=E1D UM, HEAHC! A
dz=s =W HdEAS0] &=ot) e &IIE= MRT, JtEt= &oF XIoHE,

OLRCH| =28 <€

0.

AINHC2E= TBMO HEQ| R =23 ZAZHEL(GTX), ASAl Xt
C2H(U-SMARTWAY), &-=/8+d HMEE S2 ZEIt 0IR0HXLD U2
S8 6= =2 TBM MIZAt= 2F 200002, M 2 AZ0] SRoHE o
P EIIBYEUA JIH=C2 TBM =2 & AlIE #7201 &l =AY
2009~2014E J[2+ SO HAIH TBM === 20093 294CLH0IA 20143 465
2 158%2 2 ZIE2 20110 AS (MHHHRR, 2015)

et= 201572020 D12t St TBM M4ak2 20153 2270H0IA 2020 302CH
2 33% St MYU0IMH, HatsE T 308H0IA 45812 49% SIter 82
& (MR, 2015)
2008ENFAl MIHIAIES] °F 40%S
£2 NSBHSE Sototd ULl

CRTE, CRCHI, NHI S0 =26t

g BRE2 g4 =AM

|_

U

L ol A2 SXU2 eloh 532
|

AESID U Herrenknechtit 2l AlAH Al

NAH = AMECZ gF48 =2 TBM =2= 2009¢ 0|F XHHC=E S
ISt 2014EkAl HEBZ 15%2 SItesS UEHHLD /US

£35l, S22 '2J1 863 HEAIY X ool /=g = J==2 TBM2
A A0 0 458 0l=, 1 s SELE o2l &Hl == =011
HZEJAIDE BZAID1D] f1oH TBM MZEAIZE 2 1601 S0 &l Jl= ALl of
LiZ Bdotd Carst A8 A00 U= ZHIE S AIZ

=2 TBM it & e SIts &= 20209 0HA HISE O ek JtsE
A0l 22 8.85% & 9.07%2 SIites 22 A2z HYE
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43 )4 TBM 27 43

o = J|IEHFANA= B0l 14 m 0l&fel
SI&=S XLAtotl =24

o LHEHH TBM
2 Otchel Het 20 27&"01| =

<& NAH CHeEH TBMSel HE A

X (&X: http://www.tunneltalk.com)>

& AIAH CHEFH TBM(Mega TBM) 2

=
Az =) Z2HEY BHE 8% | TBM HEA TBM @4 | &Y
2015| =2 Tuen Mun = Chek Lap Kok | 5xca | Herenknecht(S) | Mixshield (1TH) | 17.6m
subsea highway link* :
i - _
2015 == Wuhan Metgcr)og(;ﬁ]dg/metro river *%/ELOPE Herrenknecht(5) | Mixshield (2CH) | 15.76m
2013 == Shouxhiou Lake Highway Tunnel| J&£&Z Herrenknecht(S) | Mixshield (1CH) [ 14.93m
2013| olr2lof Ca'ta”'sse“asg'”gthay wnnel, | Hace NFM(Z) - 15.08m
= Shanghai West Changjiang L
o [ =
2011 == Yangtze River Road Tunnel c=2 Herrenknecht(S) | Mixshield (1CH) | 15.43m
2013| wmac | Waeview flohway comection. | Sace | Hemenknecht(S) | EEAL (1K) | 1441m
2011| 012 Alaskan Way highway DEE2 | Hitachi Zosen(Y) | E2Al (1) | 17.48m
replacement tunnel
2011] == | Weisan Road Tunnel, Nanjing 2 IHI() Ol (T | 44 93m
7 : - Mitsubishi(2) 0l%=Al (1TH) :
2012 == Shanghai Hongmei Road == Herrenknecht(S) M|xsh|e|d (1CH) | 14.93m
2011 O[=2l0f A1 Sparvo highway tunnel nES=- Herrenknecht(S) ESAl (100) 5.55m
2010] A Mol Seville SE-40 Highway Tunnels e NFM(I) ESHAT (20H) 4.00m
2010| m= | enozhou Qanjang Under AVer|  Saco | Herenknecht(S) | Mixshield (10H) | 16.43m
2009 Orlovsky Tunnel, Saint - = o
() 2 AlO} Petersburg (A1 XI2) c=2 Herrenknecht(S) | Mixshield (1CH) | 19.00m
2009| == Y'”gb'”sggaﬁgﬁsi Tunnel, cz Mitsubishi() | ESHAl (1CH) | 14.27m
2008 == Nanjing Yangtze River Tunnel 2 Herrenknecht(S) | Mixshield (2CH) | 14.93m
2007 == Bund Tunnel, Shanghai = Mitsubishi(&) EQrAl (1TH) 14.27m
2006 == Jungong Road Subaqueous c2 NFM(Z) Ol%Al (1Th) | 14.87m
Tunnel, Shanghai '
2006| == Sha“gha'hg;]i;fy“?u‘ﬁn:?der Werl Jacz | Heenknecht(S) | Mixshield (2CH) | 15.43m
2006 | IHLICH Niagara Water Diversion Tunnel | F=2HY Robbins(Dl() ) Gripper (1CH) 14.4m
_ ) . Herrenknecht(= 15.2m
ATHOI N1 ! o6 b M
2005| AMHC!  |Madrid Calle .30 nghwa)./ Tunnels] 1D&EE=2 Mitsubishi(2!) 1CH 15.0m
2004| efaop | Moscow Slpewald FHONWay | faco | Herenknecht() | Mixshield (10) | 14.2m
= Shangzhong Road Subacqueous —
o C s _
2004 == Tunnel, Shanghai _.__E_ NFM(ZZ) 14.87m
2004 a= Tokyo Metro _ KXot HI() ESA (10h) 14.18m
2001| eiaop | Moscowlefortovo HigWay | hace | Herenknecht(s) | Mixshield (1TH) | 14.2m
2000| Yggs | Groenehat doubertiackral | gyme NFM(Z) - 14.87m
1997| sy |lamburo 4th Elbe Hiver HOWEY - Saco | Herrenknect(S) | Mixshield (1TH) | 14.2m
Kawasaki(2) 300
AT
1994 U= Trans Tokyo Bay Highway Tunnel 1D&EEZ Mitsubishi(2!) 3CH - 14.14m

Hitach(g) 1CH
Hi(eh 1cH
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DETZ/EZ2019 HE
IS0l JtE =20 Xl

Hitachi

BHE0 HE=

o EL0 HE 24 Z0 X TBM2 HY HHO0| 2
MOt HHRE201A20, HE =20t IIE E2 539
ZtAF Al Herrenknechttll &S50 US
- 2D S2(E3) 13, HAIOF 3AH(AAH 124 Z&), L2/0I1Eel0/AH el
2t 22, =¢/0| :l/DHL HUIEetE/=EeE 28 1T
- MIZAHE: Herrenknecht 1524, NFM 524, Mitsubishi 524, IHI 324,
271, Robbins 12, Kawasaki 12
- 8549 D55 2/E2 244, XotE/EE 24, =2HE 1A
o 201548 &M c2ILiet = HE TBM= ® 8.41 m
- AF-LE EEAHE 11-332A(AM3HE 1.16 km): Herrenknecht XM Of
=4l dETBM(ABWE, "15.10~"16.7
- -8 EEHE 11-33+7E HM2otd RelLtets s
TBM2 2% ‘X’ H&EE(® 7~8 m)

B & TBMS 2HIE
o CHEHE TBM2l 2lA3 ZMAl T2 oS
— (HEA) 012 AIOHS “Alaskan Way(Z& 17.48 m S=H

2 278t H

)

% TBM Z| 042 o/ MAIE (Hitachiel M23ts =4

o U RIFA U A
F 202t W
- TBM ZZ0|

[0)

o

J

itach MZ TBM2 HIWE It& S
@ S 18 0l 28EX (B 2

=IO EE HIEAlS EE

o
>
Ja
N
~
[

I]Z

rﬂ'

=<
=
S

3.2 km

d

Shield machine price ( x billion JPY)

Note
*JYP : Japanese Yen
* KRW : Korean Won

Outer diameter of shield machine (m)

)"

(EZ2HE JIF)0l SHUoIH AEd ES

Sotg =5 ZoIgd/EHl It/ A 2

<EHY TBM =HIIE(EM: (AWLEHYII=83(2000))>
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Settlement Increase Relative to TBM di t

with constant overburden
{narmalised to a 4.3m id TBM)

§

100
"B & & & E & & & & 1 1
g & S 5 1
g g g g g 3 E 5 3 3 Ej g =
TBM oxc diameter {man}

<TBM 2& =IHol 2 EME 26t 04.3 m& 873>
(ZX: RETC proceedings(2013), p. 617)

<TBMS| 2AY == BigHEX: RETC proceedings(2013), p. 620)>
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W TBMS HEE A =

o TBM MEU= JlEL=Z

=

II-D

o

O +=RJIt It

- ® HHIHOZ TBM FC HEAX

ZS7/H

Selttet

o]

O] B0%E XAl (UH/%

— MIAH =T TBM [

PSE=PNPS|
S =T

YL0E, WP/ IIABE/SR/ Aot 4E H

A chod

9

Ol 8X2 74.2%E XX

Z/EZ20S BHE dMR)

& AFCl Herrenknecht & & D&,

—/

= XoHE/EZ(EE 6~13 m)Jt 87%E XHAI(ASH

¥ X|shE(0678m) 950 km, E X (P6714 m) 466 km,

|:
4

SE2IEIE Y (utility tunnel

PN |

y 1O

4 m 0|3}

wWSH Y (traffic tunnel)
& J|&E)

Z(®11 m o|4}) 185 km
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bR ILRER TR (04~ 138 ) S—IURHER TE A (04~ 1345 )
o u"q‘;mg oM :78(:’ 2”*  9000=D
6000=D < 9000.
BTKiE :35{‘:/: @D <3000
obkiE
o AN - EFRE 03000=D <6000
OHR 06000:=D <9000
cesst)
:iﬂ: 3000=D <6000 D300
oiEfE 2074 323t
SEOfh 43.4% 412%
(EX: =22 EZHII=E3l, '04~'138)>
ST SR BAT A8k
26% l J 4% 20% J [ 12%
§ 20001 . s Vs
0|I‘| 20% 201 0
- /
e Amz T
34% 6%  4L% %
felttetel 71BM HEAA (EX: FEWSRIAD SEIIME(114))>
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- TBM Bi& XMcl Jl= i
- TBM S2&/MO0 AIAE JHE

OSFZAHI0I0 AIAE JHE

& A5 AIAE O

- TBM

- TBM 2
- TBM =& AIAE D
- TBM MNIOZE O3 AIAE D

s

o TBM HEGIE &AAHX=3H Jlz= &L TBM AISH0IE i
- S-S TBM HEHHIE EHDls L HHKAS3 AAE e
— VR(Virtual Reality) J18te] TBM & 2013 aMH-SHS /S TBM AIEd0|
H oHet

4 % OEE T TBMO) S8 2E A% 9 AY

o =2 J|IEI AN 888 HE 7~9 m(AZE 8 m JIE) =43 CHah TBM2| =
2 IJIAHAE st AIX=S T&ot0 A8 2= 0Feiel HEeF 23 (AkAl
CEZ BE 2 BX)
= d= =PSPY 2| Hl D
1 B8M A& 8 m 7~9m
2 HEOIE 3ESE 49 rom Z|CHXI
3 HEGHE &3 10,590 kNm Z|CHXI
4 BM FRIEE 6.0 cm/min
5 TBM =& 50,750 kN
6 BM SEEL 1.5 cm/min
7 BM =& 45,675 kN
8 BM SE24% +0.5 deg
9 A3 201 HHEE 181 m'/h
10 ATZ W01 BHES 19.6 MPa
11 MNIOHE =& 4,000 ]
12 NIOHE 20| 1500 mm
13 MIOHE SH 300 mm
14 ot A=U=2AE 50 MPa 20X
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2. FRAA A9 BUHA

(1) [MIRUAH1] TBM SALE Jie

il

gt

fﬂgﬂgﬁ ;HB,EE’JQ 2R%E 3UE A 405 | 381 | 367 | 471 | 443 | 457 | 2524 1
H1ME 22 EA 27 48 4c Hy 377 | 364 | 364 | 467 | 450 | 467 | 2488 2
SOCIE TBM 9O 222 9 AU HE | 436 | 359 | 377 | 45T | 443 | 400 2473 3
TBM SHAE HOZK 2 7|2 Y 409 | 382 | 395 | 425 | 400 | 450 | 2461 4
TBM 2M7E HOEA 2 7|5 AY 405 | 364 | 386 | 425 | 400 | 450 2430 S
TEM HESC Mu U WO HOJ2 A% | 414 | 364 377 | 400 | 425 | 450 | 2430 6
SOCHE TBM AL Hu HE 429 | 333 | 329 | 443 | 443 | 400 | 2376 | 7
SO0C TBM R 222 @ AH NE | 429 | 319 | 329 | 443 | 429 | 386 | 2333 8
AHHE B ANY 72 350 | 350 | 325 | 431 | 438 | 431 2325 | 9
TBM ZE2E HORA 2 7|2 Y 391 | 345 | 359 | 400 | 375 | 450 | 2320 | 10
TBMO K8 0|4KZAZ 9 SHE A% | 426 352 361 | 377 | 369 | 392 2278 11
SO0 TBM 289 222 9% A8 MX | 410 | 300 | 290 | 371 | 357 | 343 | 2071 12
FOCHE TBM 84 MH) B 405 | 310 | 305 | 343 | 329 | 300 1990 13
FOpCo TBM 23 A4 HE 414 | 300 | 286 | 343 | 329 | 300 | 1971 14
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(2) [MIR1H2] TBM HA2S

H

gt
=

NS HIHE ofdE g 427 | 359 | 382 | 467 | 450 | 467 | 2552 | 1
H1ME RHEXY AAH 395 | 368 | 355 | 467 | 450 | 467 | 2502 2
%H:j:@;écg‘gimlggﬁitf;g% ST”%V?HO{,E% A 420 374 383 431 438 | 431 478 3
A2 HH O[O AAE Ffu 452 | 361 | 352 | 408 | 392 | 400 | 2365 | 4
TBM 2XE QHMSE 93 4/HLD % | 423 | 341 | 355 | 415 | 392 | 408 | 2334 5
%HE;F%FTBM% He MY A2 22 353 379 | 383 450 | 400 | 325 | 2321 | 6
TBM 343 HES 43 AHNC 258

SE ME 1ET (Hf1350kNm)Zt& 388 | 372 | 376 | 450 | 400 | 325 | 2311 | 7
N2" g

TBM REQE(Z27|E8) 248 396 | 370 | 374 | 425 | 400 | 300 | 2264 8
£7Q o0 Ju 432 | 373 | 364 | 400 | 325 | 300 2193 | 9
HIME o[ 3HE TEH Y 396 | 326 | 352 | 383 | 367 | 333 | 2157 | 10
[H[E E%ﬂ%}%i %ﬂ|%|l%11 éHH%;’ 2 40 322 326 354 | 354 | 377 | 2154 | 11
Two Component Backfill Grout Injection 305 340 340 383 350 333 2142 12
System

e FUYMY B2 HEHE 405 | 345 | 325 | 371 | 314 | 357 2118 | 13
HIWE 2o|H8 Qo jy 405 | 336 | 318 | 367 | 333 | 283 | 2042 14
FHE 99U Y 414 | 318 | 327 | 375 | 300 | 275 | 2009 | 15
HI1ME o#E %L M 400 | 318 | 327 | 350 | 317 | 283 | 1995 16
TBM 8% 1258 Q0% 27 AlAY Jj¥ | 405 | 314 | 318 | 375 | 300 250 1961 | 17
H1ME 238 SOAE 7Y 391 | 300 | 295 | 333 | 333 | 283 | 1936 18
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3 22 £3 1 kNm | 10,590
TBM 2H8& 4 = & ) cm/min 6.0
NI e 05
5 71 1 kN | 50,750
6 2 5k ) cm/min 1.5
SEFNE| 7 Bk ) kN 45,675
8 3 4 7 deg +0.5
X 7|AdH
| morss 1 W | 2,100
=
TBM F&AH| 0.5
Alﬁ%l 7Htél' 'IQI'%LAE-‘tjl 2 %c%t T lom 3,000 ’
U oz
3 2= ) MPa | Max. 35
2o) =7 3
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S| 6.2 10.8 14.4 8.8 18 78.2
20|04 L2 0.5 0.9 1.2 2.4 1.5 6.5
2 AL 0.7 1.2 1.6 3.2 2.0 8.7
ME | ez 0.9 1.5 2.0 4.0 2.5 10.9
Ja FEX 1.0 1.8 2.4 4.8 3.0 13
S| 3.1 5.4 7.2 14.4 9 39.1
2Ol 12 0.1 0.2 0.2 0.5 0.3 1.3
3 AR 0.1 0.2 0.3 0.6 0.4 1.6
ME | dExe 0.2 0.3 0.4 0.8 0.5 2.2
Jla CEX 0.2 0.4 0.5 1.0 0.6 2.7
& 0.6 11 1.4 2.9 1.8 7.8
204 L2 0.4 0.7 1.0 1.9 1.2 5.2
4 AR 0.6 1.0 1.3 2.6 1.6 7.1
ME | dExg 0.7 1.2 1.6 3.2 2.0 8.7
J1a 2x9 0.8 1.4 1.9 3.9 2.4 10.4
S| 2.5 4.3 5.8 11.6 7.2 31.4
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(2) (HIS2tH 2) TBM ;MRS JHL

crel : 3)
5 Jherole ()

25 H| 2
1A EE | 2RHH & | 3AEH T | 4XHH . | 5AtH = A
moloiqlel | 1.8 4.3 6.5 6.5 4.3 23.4
o el 2.4 5.8 8.7 8.7 5.8 31.4
A | d7ExY | 3.1 7.2 10.9 10.9 7.2 39.3
CEXD 3.7 8.7 13.1 13.1 8.7 47.3
&t 11 26 39.2 39.2 26 141.4
mMolodqlel | 0.4 0.9 1.3 1.3 0.9 4.8
1 ol el 0.5 1.2 1.7 1.7 1.2 6.3
NE | d22x9 | 06 1.4 2.2 2.2 1.4 7.8
= ] 0.7 1.7 2.6 2.6 1.7 9.3
8t 2.2 5.2 7.8 7.8 5.2 28.2
moleigiel | 0.9 2.2 3.3 3.3 2.2 11.9
5 ol el 1.2 2.9 4.3 4.3 2.9 15.6
NE | A2z | 15 3.6 5.4 5.4 3.6 19.5
l& CEX 1.8 4.4 6.5 6.5 4.4 23.6
8t 5.4 13.1 19.5 19.5 13.1 70.6
moloigiel | 0.3 0.7 1.0 1.0 0.7 3.7
3 ol el 0.4 0.9 1.3 1.3 0.9 4.8
Mg | d22x9 | 0.5 1.1 1.6 1.6 1.1 5.9
ls CEL 0.6 1.3 2.0 2.0 1.3 7.2
8t 1.8 4 5.9 5.9 4 21.6
mMolodqiel | 0.3 0.7 1.0 1.0 0.7 3.7
4 ol el 0.4 0.9 1.3 1.3 0.9 4.8
NE | d22x9 | 05 1.1 1.6 1.6 1.1 5.9
= 2xe 0.6 1.3 2.0 2.0 1.3 7.2
8t 1.8 4 5.9 5.9 4 21.6

191




(3) (MIEtAMl 3) TBM HHGIE EAHXSSH D& L TBM AIZ2dI0IE JHY
)
T JHeol= ()

2= H D
IXEE | 2AHH T | SRHA T | 4AXH = | 5RIE = Al
moloingl | 1.4 3.7 3.5 4.5 40 | 17.1
o1 78l 2.7 4.0 4.8 5.9 50 | 22.4
A | @Tmza | 07 5.5 5.2 8.1 78 | 27.3
EEXY 2.6 6.1 80 | 105 | 9.1 36.3
&t 74 | 193 | 215 | 29.0 | 259 | 103.
moleingl [ 0 0.7 0.5 0.8 0 2.0
1 o7l 0.7 0.9 0.8 1 0 3.4
MAIE | dqexe | 0 0.9 1 0 1 2.9
NE | axe 0.6 0.9 1.5 0.9 1.0 5.1
&t 1.3 3.4 3.8 0.7 202 | 13.4
soloinel | 0.7 25 25 3.3 35 | 12.5
) o1 78l 2 07 3.2 4.5 4 16.4
MAME | dR2xe | 0.7 3.2 3.4 5.5 5 17.8
15 | axe 1.3 3.7 5 6.2 6.1 220 3
&t 47 | 121 | 141 | 195 | 186 | 69.0
soloinel | 0.7 0.5 0.5 0.4 0.5 2.6
, o178l 0 0.4 0.8 0.4 1 2.6
MAE | dnexe | 0 1.4 0.8 2.6 1.8 6.6
15 | wxe 0.7 1.5 1.5 3.4 1.8 8.9
&t 1.4 3.8 3.6 6.8 5.1 20.7
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o 5IHEHZIS & C1HIE 367.9222 02 AEE
- B2 FREAZ 255AF+0HREI 112.9224)(32 L e T
- MR HRE0Z2 10042+0I2I2E2 4524Q(H2 L H2 L)
- 2HIF: HREAHZ QAR+DIZREI 40.52(H2 L e L)
- BHI: HEEAZ 65AR+DIZEED 27 42242 L HE L)
Crel : Eprel)
1% 2%} 3%} 43¢ 5%t o
o= He = HE He HE
e | ng | Ze | az | Fye | U ge | w3 | an | 3e | un
s 2,000 | 900 | 4,290 | 1,868 | 5,680 | 2,515 | 7,970 | 3,586 | 5,560 | 2,422 | 25,500 | 11,292
HIFIA| 1 800 360 | 1,380 | 621 | 1,840 | 828 | 3,680 | 1,656 | 2,300 | 1,035 | 10,000 | 4,500
1=1(MMIS2H) | 400 180 690 311 920 414 | 1840 | 828 | 1150 | 517 5000 2,250
1—2(MIMIF2FH) | 200 90 345 155 460 207 920 414 575 259 2500 1,125
1=3(MIMIF2H) | 40 18 69 31 92 4 184 83 115 52 500 225
1—4(MIMS2H) | 160 72 276 124 368 166 736 331 460 207 2000 900
HIF2HH 2 700 315 | 1,660 | 747 | 2,490 | 1,120 | 2,490 | 1,120 | 1,660 | 747 9,000 4,050
2—1(MMIF2HA) | 140 63 332 149 498 224 498 224 332 149 1,800 810
2—2(MMIF2tH]) | 350 158 830 374 | 1244 | 560 | 1244 | 560 830 374 | 4,500 2,024
2—3(MIMIF2HH) | 105 47 249 12 374 168 374 168 249 112 1,350 608
2—4(MMIF2HA]) | 105 47 249 12 374 168 374 168 249 112 1,350 608
M2 3 500 225 | 1,250 | 500 | 1,350 | 567 | 1,800 | 810 | 1,600 | 640 6,500 2,742
3—1 (MIMIF2kA) 80 36 230 92 230 | 96.6 | 200 90 100 40 840 354.6
3—2(MMIF ) | 320 144 800 320 900 378 | 1,250 | 562.5 | 1200 | 480 | 4,470 | 1,884.5
3-3(MMIF2HA]) | 100 45 220 88 220 | 92.4 | 350 | 157.5 | 300 120 | 1,190 502.9
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(2) Ollat EI2Y AQUHAHESEEAHAZ)
o OIAH|= ‘2015 St=HRE A CIAH|ID|IESHINE JIECE &Y
o SIEY (A2 ZENESE AL HII|EAIYE SEAE'Q| ‘HE 2 A
H=E8 HAIIE S HEI|IEeE &2
(= or)
Off &+ M| = TE
it T o
s= | s= | B2 | 1R | 2% | 8% | 4% | bR &AL HIE
(Hs) He HEE HE He He
ZH
o1l 36.7 195.37 | 427.62 | 544.12 | 757.45 | 526.95 | 2488.2 9.76
ol 74| AR | 28.14 | 222.97 | 410.47 | 559.4 | 770.68 | 528.77 | 2520.4 9.88
ClZ1H
AT
ool 18.81 136.17 | 352.73 | 452.87 | 658.3 | 471.43 | 2090.3 8.20
HEXEY | 1411 147.68 | 311.02 | 433.28 | 604.71 | 421.42 1932.2 7.58
AA 702.2 | 1501.8 | 1989.7 | 2791.1 | 1948.6 | 8933.4 35.0
A L |/
800 1716 2272 3188 2024 10200 40.0
X 24|
S
AESH| 172.4 373.2 495.7 697.3 481.3 2219.9 8.71
o 4t 125.4 270 354.6 496.5 350.1 1596.6 6.26
AA 1275 2797 | 3596.5 | 5013.5 | 3618 16300 | 63.92
ZHEH| 200 429 568 797 556 2550 10.0
A 2000 4290 5680 7970 5560 25500 100.0

*OlZAH|=A 29013 (ManPower) X &7}
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3. AFEZHAE L84 HAHFEESAT)
(1) (NISHH 1) TBM SAE Jfet
(THe| : e okgl)
=
Off A N - - - - - N ul
st2 | s= | 27| 1A 2} 3%} AR} ST . =
- ST e | dE HE el He £l
el
36.70 76.80 132.48 176.64 353.28 220.80 960 9.6
AT
SET AL | 28.14 78.40 | 135.24 | 180.32 | 360.64 | 225.40 980 9.8
18.81 65.60 113.16 150.88 301.76 188.60 820 8.2
Bx2
Bx2 14.11 59.20 102.12 136.16 272.32 170.20 740 7.4
2A 280.0 483.0 644.0 1288.0 805.0 3,500 35
A L &H|/
320.0 552.0 736.0 1472.0 920.0 4,000 40
M ZH|
SESE _
A eS| 72.0 124.20 165.60 331.2 207.0 900
ot 48.0 82.80 110.40 220.8 138.0 600
2A 440.0 759.0 1012.0 2024.0 1265.0 5,500 55
ZHE | 80.0 138.0 184.0 368.0 230.0 1,000 10
SHA 800.0 1380.0 1840.0 3680.0 2300.0 10,000 100
(2) (HISHl 2) TBM SHAISZE Jjfut
(CHQl @ Okl
=
Off & M & - - - - - - N e
St= St= =t 11Xt 2K} 3A} 4R} 5X} 27 | &
° STl (¢e) | Wz H e HE e HE
<Rl
36.70 67.20 159.36 239.04 239.04 159.36 864 9.6
AL
ol 71 H| AR 28.14 68.60 162.68 244.02 244.02 162.68 882 9.8
18.81 57.40 136.12 204.18 204.18 136.12 738 8.2
2x2
Hx2 14.11 51.80 122.84 184.26 184.26 122.84 666 7.4
2AA 245.0 581.0 871.5 871.5 581.0 3,150 35
AP |/
= 280.0 664.0 996.0 996.0 664.0 3,600 40
X H H il
A= =H| 63.0 149.4 224 1 224 1 149.4 810
AL 42 .0 99.6 149.4 149.4 99.6 540
DA 385.0 913.0 1369.5 1369.5 913.0 4,950 55
ZHE | 70.0 166.0 249.0 249.0 166.0 900 10
A 700.0 1660.0 2490.0 2490.0 1660.0 9,000 100
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Ct.

(HISDtHl 3) TBM HEIGIE EAHXSS Jl= & TBM AISI0IE JHE

(TH| - SHORR)
off A Ml = T
— T o
s= | s= | @b | A& | 2% | 3R | 4% | 5% aA | HE
(Hs) HE HEE HE He HE
Hold
2 36.70 51.37 | 135.78 | 128.44 | 165.13 | 146.79 | 627.51 9.65
ol 71| AL | 28.14 75.97 | 112.55 | 135.06 | 166.02 | 140.69 | 630.29 9.70
o 18.81 13.17 | 103.45 | 97.81 152.36 | 146.71 513.50 7.90
BEXY | 1411 36.68 86.06 | 112.86 | 148.13 | 128.38 512.11 7.88
AA 177.19 | 437.84 | 47417 | 631.64 | 562.57 | 2,283.41 | 35.13
A EH|/
200.0 500.0 540.0 720.0 640.0 2600.0 40.0
X 24|
ESESE|
o LEH=H| 37.37 99.59 | 106.00 | 142.03 | 124.92 509.91 7.84
A4 35.44 87.57 94.83 | 126.33 | 112.51 456.68 7.03
AA 450.0 | 1125.0 | 1215.0 | 1620.0 | 1440.0 | 5850.0 90.0
ZHEH| 50.0 125.0 135.0 180.0 160.0 650.0 10.0
A 500.0 | 1250.0 | 1350.0 | 1800.0 | 1600.0 | 6500.0 | 100.0

«OIZAH|=A 2018 (ManPower) X &7}
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Tedd SA - A3, TS, X 5 Zuls =43t

o etMd SAl - SAE oY SAlof HEt

AADSH 8 EE SE0| oFt nSel =45t

- Xe SXZZ AMEE - XS] BB AL X2 XHdS2 EE
ZHY 27 : 15 N30l 2Ft SA7(Z B, SAHIES &
SXEAH| 245 AT (KRE)SIZ SXE 4|, oI E A5}
Lo ISHE S DAXEHE, MAEUEYE, SHelXEE, M
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=3, 5%, 55, Sdolel TBMAIE CHE Z04(20204 500
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= J|=7|&E2 HEIAPIELE TBM&E 382 7[=7|&F0|
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- HAMZAX|E : KDS 27 50 00:2014, KCS 27 20 10:2014, KCS

- REES : EN12110:2002+A1:2008, EN12111:2002+A1:2009,

EN815:1996+A2:2008, EN12336:2005+A1:2008

-UdEHEE : JIS A 8201:1993, JIS A 8202-1:2007, JIS A

8202-2:2007, JIS A 8202-3:2010
SaE70le 24 vleol |4 U 8= TBM +& Hoje| 7S
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- Z7tEE : TBM 801 H A[ZM 15 S ANI|E H Al

- IHEZ : TBM ISO 127 SC 2144 ¥ WG 74
ISO NPH|2} : 801 X AlZM 1A
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Ref: 1) H. Jiang, ed. al, “Risk moniotring system for tunnel boring machine and its
application in risk prediction and management”, Applied Mechanics and
Materials, Vols 501-504, pp.1742-1748, 2014.
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1. TBM QX &2 R &
32 X Ee

No. & AR XA 9 a1 ALE) H| 31

1 TB 311781 8 m Dia_CH

2 olut A= e 50 MPa USC rock
3 MIIHE T 4,000 kg Mass seq
4 MIIHE Zo] 1500 mm L ceq

5 /\ﬂ:ludE l:r77ﬂ 300 mm T_Seg

2. HE 8 E(cutterhead)

m Y

No. 3= AR XA 9 a1 ALgE H| 31
1 AA3| A 1.1 rpm RPM cn
2 T 8 70 Smya W N cn
3 BY F54 4 P POLE_ cu
4 RE At 440 \Y V cmr
5 | /YA A7) 1:8 — RED cn
H Z

No. &= A4 3} 9] H] a1
1 Ao B3 10,590.1 kNm T cu
2 Ho 3| dF 4.9 rpm MAXRPM ¢y
3 HA EF 2354.0 kNm Tmin_c
4 71A 9 1219.9 kW MP _cu
5 7] 54 1,585.9 kW EP ¢y
6 E Y B4 1323.8 kNm T cu
7 o4 7 A 59 152.5 kW EP ci
8 tE A7) By 198.2 kW MP _cur
9 1“{]:% ﬂﬁ—/ﬁ 1,710 rpm RPM_CHI
10 o 7S] 43.2 — RED cu

(1) Ten = 212.37#Diacy’™® (37 £24)

(2) MAXRPM ¢ = 21.49¢ %% + 2,49 (379 #4))
) Tmin_cu= T cu * RPM_cit/MAXRPM cn

(4) MP ¢y = T c*RPM e (2n/rev)*(1min/60sec)
(5) EP cu = MP ¢p*1.3

(6) Tcur = T_cu/N_cn
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(7) MP_cur = MP_cu/N_cu

(8) EP_cur = EP_cw/N_cn

(9) RPM cur = 0.95%(60%60)/(POLE cur*2)

(10) RED_cit = RPM_cur / (RED_cy*MAXRPM ci)

3. &2 EX(Shield Jack)

e
No. 35 A=A 9 Il ALe) H| 3L
1 | 3 5% 6.0 cm/min | 3% (8ma H) V 55
2 ot 350 bar A7 A P s
3 Zl:aok 28 7H Smy jg‘& N g7
H Zu
No. 3= ALt A3 w9 H| 3L
1 9 50,750.2 kN TF s;
2 T 95.7 Ipm Flux sj
3 2~EZA 2,250 mm ST g5
4 S 59 55.8 kW HP_s;
5 71 A 50.8 kW MP s
6 7 66.0 kW EP g;
7 4E 9 1,812.5 kN TF sn
8 9 T 3.4 Ipm Flux sy
9 %%‘ g%ﬂ "H%] 25.7 cm DIA_SH
10 %%‘ == ﬂ% 18.2 cm ODIA_SJI

(1) TF 55 = 29032.4e™"* — 34337.4 (3]7] &4))

(2) Flux sy = (TF gV s7)*1.1/P s+ (1bar/10°kN/m*)*(10*cm?/m?)
«(1liter/10%°cm”)

(3) ST.s; = 1.5%L_seq

(4) HP s; = Flux s;*(10°kN/m*/1bar)* P sp+(1min/60sec)=*
(10~°m"/1liter)

(5) MP s; = TF s3*V sp#(1min/60sec)*(1m/100cm)

(6) EPs; = = 1.3« MP.g;

(7) TF sy = TF_s)/N_sy

(8) Flux_ s = Flux_sy/N g;

(9) DIA sy = 2#sqrt(((TF sy/P_s; *(1bar/10°kN/m”)=
(10*cm*/1m*))/N s5)/n)

(10) ODIA s;  =sqrt(0.5*DIA s;”)
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4, =& M (Articulation Jack)

[ eI

No. 3= A =H A 9] a1 ALs) H] 31

1 | 4 &% 1.5 cm/min | H3X (8ma Hf) V_aj

2 = 350 bar A7 A P A

3 > 29 7N 8my H N_as

H Zu

No. 3= A4 A3} 9 H] 31

1 =32 45675.2 KN TF

2 = 21.5 Ipm Flux_as
3 AEZF 180 mm ST aj

4 9 54 12.6 kW HP ag

5 A =4 11.4 KW MP 4,

6 BE] 14.8 KW EP_,

7 o gy 2076.1 kN TF an

8 oE S 1.0 Ipm Flux_an
9 == 27.5 cm DIA an
10 = 2= 9 19.4 cm ODIA

(1) TF &y = 0.9%(29032.4eY74 — 34337.4)
(2) Flux ay =

(TF apV ap)*1.1/P apx(1bar/10°kN/m*)*(10*cm®/m*)*(1liter/10°cm®)
(3) ST a5 = 0.6%L_geq
(4) HP 4y =

(10~°m?*/1liter)

(5) MP o = TF a*V apx(1min/60sec)*(1m/100cm)

(6) EP oy = 1.3% MP_a;

(7) TF a5 = TF_a)/N_a;

(8) Flux_ ayi = Flux_ a)/N aj

(9) DIA an =
#(1bar/10°kN/m?)*(10*cm?/m?))/N a;)/n)

(10) ODIA ajr  =sqrt(0.5*DIA ax°)

Flux_a*(10°kN/m?*/1bar)*P_a*(1min/60sec)*

2%sqrt(((TF ay/P_a;
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5. HIQYHE 0|2y 3| & (Segment Erector Rotation)

m
No. il A H A 9] a1 Abg) H| a1
1 Hi IHdF 0.4 rpm MINRPM gr
2 Ho 3 1.0 rpm MAXRPM gr
3 | A/ YA AN 1:20 — RED gr
4 ?j]‘e—jj 140 bar P &r
5 TF 2 70 N kr
HZ
No. o AR A} 9 H| 31
1 ==l 254.8 kNm T kx
2 T 114.4 Ipm Flux gr
3 ¢ =9 29.4 kW HP gr
4 714 =4 26.7 kW MP gr
5 BRE 34.7 kW EP px
6 HEE WE BT 127.4 kNm T gri
7 Ry WF AT 20.0 rpm RPM kg
8 | BE UE 84 (7472 2858.8 cm’/rev Cap eri

(1) T_gr= 2%(Mass_see*9.8m/sec” (1kN/10°N))#(Dia_cpy /2
-(2.5%S_)*1m/10°mm)

(2) Flux_gr = Maxrpm_gr*(2#1n/rev)*T_gr/P_gr
(1bar/10°kN/m”)#(1liter/10 "m®)=1.1

(3) Hp_gr = Flux_gr*(1
min/60sec) (10~ °m?/1liter)*P gr*(10°kN/m”/1bar)

(4) Mp_gr = Minrpm_gr*(2#1/60)* T _gr

(5) Ep_gr = 1.3*Mp_gr

(6) T_grr = T_gr/N_gr

(7) Rpm_gri = Maxrpm_gr*REd_zrr

(8) Cap_gri = (Flux_gr/N_gg)*(10°cm’/1liter) *Rpm_ggi*(1rev/2m)
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6. NIXHE 0O|2E & &H(Segment Erector Expansion)

e
No. B d A 9 . ALgk H| oL
1 S g 250 cm/min V kgs
2 %]'E-%] 140 bar PiEEJ
3 T 2 7N N ks
m Zu
No. 3= ALt A3 9 H] a1
1 = 333.2 kN TF gry
2 e 65.5 Ipm Flux ggy
3 AEZ A 750 mm ST gry
4 T4 =4 15.3 kW HP gg;
5 71A 59 13.9 kW MP gy
6 A4 18.0 kW EP gr;
7 oGE 59 166.6 kN TF grn
8 E A 32.7 Ipm Flux_gen
9 w4E Ay WA 12.3 cm DIA gen
10 %% == ﬂ%‘ 8.7 cm ODIA_EEJI

(1) TF ggy = 8.5%(Mass_seg*9.8m/sec”)

(2) Flux ggy =
(TF ger*V ge))*1.1/P gpr*(1bar/10°kN/m*)* (10" cm®/m?®)* (1liter/10°cm®)

(3) ST gry = 2.5%T coq

(4) HP gy = Flux ges*(10°kN/m*/1bar)#* V ppy*(1min/60sec)*
(10’ m"/1liter)

(5) MP ggy = TF grs*V grr*(1min/60sec)*(1m/100cm)

(6) EP ggy = 1.3% MP ggy

(7) TF gry = TF grs/N ggs

(8) Flux_genn = Flux_gry/N_ge;

(9) DIA g1 = 2#sqrt(((TF ggy/P gey *(1bar/10°kN/m?)
#(10"cm*/m?*))/N ggp)/n)

(10) ODIA ggyr = sqrt(0.5+DIA ge’)
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7. HIJHE 0l=H

£2}0| E(Segment Erector Slide)

=
= OER =g T AT ]
=
EN AN = i e Vv
TR 5 620 cm/min (8m ) _ESJ
ote 140 bar P sy
BN 2 7N N _gss
2
No. F At A7 =] £l 5
1 B 137.2 kN TF gss
2 e 66.8 Ipm Flux gsy
3 A~ERT 795 mm ST gsy
4 8k Ee 15.6 kW HP ps)
5 A =2 14.2 KW MP s
6 7= 18.4 kW EP gs;
7 O =9 68.6 kN TF psi
8 UE G2 33.4 Ipm Flux gsn
9 oF Adn A 7.9 cm DIA gsin
10 gz 2T 97 5.6 cm ODIA gsy

(1) TF gsy = 3.5%(Mass_seg*9.8m/sec’)

(2) Flux gs; = (TF gsp*V gsy)*1.1/P gsy*(1bar/10°kN/m”)*
(10*cm®/m?*)*(1liter/10°cm®)

(3) ST gsy = 0.53%L_eq

(4) HP gs; = Flux psy(10°kN/m”/1bar)#*V gsy#(1min/60sec)*
(10"’ m"/1liter)

(5) MP gs; = TF gsp*V gsy*(1min/60sec)*(1m/100cm)

(6) EP gs; = 1.3*% MP gg;

(7) TF gs; = TF gsi/N_gsy kN

(8) Flux_ gsy = Flux_gsy/N_gsy Ipm

(9) DIA gsp = 2#sqrt(((TF gsy/P sy *(1bar/10°kN/m*)
#(10*cm”/m*))/N gsp)/m)

(10) ODIA gsyr = sqart(0.5*DIA gsi)
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8. NNIOQHE 0|2d & (Segment Erector Grip)

m &=
No.| 9% RER g | A A s
o7
1| 24 &= 0 i o v
> 78 cm/min (Sm T3F) _ESJ
2 ol& 140 bar P ra;
3 EREY 2 7N N _kecs
HZ
No. 3= AAE 43} 9] H| 31
1 Z=2 105.8 kN TF gcy
2 e 64.9 Ipm Flux pes
3 AERA 100 mm ST rey
4 foF T 15.1 kW HP gy
5 71A &4 13.8 kW MP gc)
6 7= 17.9 kW EP rey
7 o =g 52.9 kN TF ron
] UE Sef 32.4 Ipm Flux gen
9 o Adn A 6.9 cm DIA ggn
10 gE 2T oA 4.9 cm ODIA gcn

(1) TF gy = 2.7#(Mass_seg*9.8m/sec?)

(2) Flux_ges =
(TF ger*V ger)*1.1/P ger#(1bar/10°kN/m”*)* (10" cm®/m?)* (1liter/10°cm’
)

(3) ST ks = T see/3

(4) HP oy = Flux ger(10°kN/m?®/1bar)#P pep+(1min/60sec)x
(10"’ m"/1liter)

(5) MP kg5 = TF g6V ger*(1min/60sec)*(1m/100cm)

(6) EP gg; = 1.3% MP pgy

(7) TF ge; = TF gei/N_ges kN

(8) Flux_ gey = Flux gei/N gy lpm

(9) DIA pon = 2#sqrt(((TF pey/P_ses *(1bar/10°kN/m*)*
(10*cm®/m*))/N gep)/n)

(10) ODIA ggyi = sqrt(0.55DIA gei’)
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9. Roundness Expansion

m Y=

No.| WE CER a9 T3 g oL

1 == 123.5 cm/min V Esy
2 Slg=] 140 bar P rc;

3 T 2 Ul N _kcy

mZ

No. gL AL A3} 2] H] a1
1 = 333.2 kN TF ps;
5 o 32.3 Ipm Flux gcs
3 ~EZH 500 mm ST 5oy
4 Hol g 11.3 kW HP ey
5 714 54 10.3 kW MP gy
6 = 13.4 kW EP rc;
7 OE =4 166.6 kN TF or
) gE g2 16.2 Ipm Flux gen
9 o A"y U4 12.3 cm DIA_ g
10 e 2o 9] 8.7 cm ODIA kcn

(1) TF gey = 8.5%(Mass_seg*9.8m/sec”)

(2) Flux gej =
(TF gerV gep)*1.1/P_ger#(1bar/10°kN/m*)*(10*cm”/m*)=(1liter/10°cm®)

(3) STrey = L_see/3

(4) HP gy = Flux_gey*(10°kN/m*/1bar)* V gep+(1min/60sec)x
(10"°m"/1liter)

(5) MP ggy = TF gep#V _ger+(1min/60sec)*(1m/100cm)

(6) EP ggy = 1.3% MP ggy

(7) TF rey = TF rei/N_rey

(8) Flux_gen = Flux_res/N_rey

(9) DIA geyr = 2#sqrt(((TF gey/P ey *(1bar/10°kN/m*)x*
(10*cm®/m*))/N ge)/n)

(10) ODIA e = sqrt(0.5*DIA ggy”)
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10. Roundness Slide

m Y=
No.| 9= P ER a9 T3 g L

1 | 2 &% 500 cm/min | 5% (8mw H) V Ess
2 = 140 bar P ko
3 T 2 7N N _kcy
m Z
No. 3} & ALt A3 4 H| a1
1 == 2.3 kN TF gs;
2 = 32.3 Ipm Flux gcy
3 2E=ZA 1695.0 mm ST key
4 o 5 7.5 kW HP sas
5 714 &4 6.9 kW MP kg
6 = 8.9 kW EP roy
7 = 41.2 kN TF ron
8 gE Sk 16.2 Ipm Flux_geo
9 o Ay A 6.1 cm DIA kcn
10 O 2= 97 4.3 cm ODIA kg

(1) TF gsy = 2.1x(Mass_se*9.8m/sec”)

(2) Flux rs; =
(TF grss*V grss)*1.1/P gerx(1bar/10°kN/m*)*(10*cm®/m”)*(1liter/10°cm®)

(3) ST gsy = 1.13xL_eq

(4) HP gs; = Flux gsy*(10°kN/m*/1bar)* V gsp*(1min/60sec)x*
(10~°m*/1liter)

(5) MP rs; = TF grss*V rsy*#(1min/60sec)*(1m/100cm)

(6) EP sy = 1.3% MP sy

(7) TF rsy = TF rsy/N_rsy

(8) Flux rsyi = Flux_rsy/N_gs;

(9) DIA gsii = 2#sqrt(((TF gsy/P rsy *(1bar/10°kN/m*)x
(10*cm*/m?*))/N gsy)/n)

(10) ODIA kst = sqrt(0.5+DIA gsi®)
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11. A3 82HI0I0{(Screw Conveyor)
[ =
No. 3} A=A 9 zha A3 H| il
1 2 3 H 5 rpm MINRPM sc
2 Ao 3] # 13.5 rpm MAXRPM sc
3 | #H/AYA A7 1:4 — RED sc
4 c})j]—g":‘]] 140 bar P_SC
5 TF 2 7N N _sc
HZu
No. = AAr Az} 2] H] a1
1 v EQF 196.2 bar EP sc
2 Hj) E 2 181 m°/h Q sc
3 HAY B3 109.3 kNm TMAX sc
4 HAA EF 40.5 kNm TMIN sc
5 T 269.8 Ipm Flux sc
6 4 =4 69.2 kW HP sc
7 714l 549 57.2 kW MP _sc
8 RE 74.4 KW EP s
9 2EH W 23 54.6 kNm T sc
10 Ry ow 3T 54.0 rpm RPM sc
11 | g o= 84 (&7 23H 2497.9 cm’/rev Cap sc

(1) EP .. = USC rock * 1,000%9.81m/sec**0.5*Dia ci*1/100/1000

(2) Qsc= 0.25%(mxD*)*V g*(60min/lhr)*(1m/100cm)

(3) TMAX s¢=0.075*EP_*Q s¢/MAXRPM sc*(100bar/1MPa)=(1h/3600se
c)

(4) TMIN 5¢=0.075%EP_*Q_s¢/MINRPM sc*(100bar/1MPa)#(1h/3600sec
)

(5) Flux sc = Maxrpm sc*(2n/rev)*T s¢/P_sc*
(1bar/10°kN/m*)=*(1liter/10 °m”)=*1.1

(6) Hp_sc =
min/60sec) (10~ °m’/1liter)*P_sc*(10°kN/m?/1bar)

(7) Mp sc = Minrpm sc*(2#1/60)*T gc*0.4

(8) Ep.sc = 1.3*Mp_sc

(9) Tsar = T_se/N_sc

FluX_sc* ( 1
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(10) Rpm_sc1 = Maxrpm sc*REd scr
(11) Cap st = (Flux s¢/N s¢)*(10%cm?/1liter) *Rpm_scr+(1rev/2m)
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