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Case Study of Ground Settlement due to Shield

Tunneling in Gravelly Soils

Student : Po-Shou Chen Advisor : Dr. Yung-Show Fang

Institute of Civil Engineering

National Chiao Tung University

ABSTRACT

This paper investigated the difficulties encountered during the construction of shield
tunnels through gravelly soils. Case histories reported in the literature were studied.
Recommendations were made regarding how to solve difficulties associated with
tunneling though gravelly soils with high permeability, high stiffness and high shear
strength in gravelly soils. Based on the field monitored data, this study analyzed the
maximum surface settlement Syax above the centerline of the tunnel. The hyperbolic
model was used to simulate the surface settlement-time relationship due to shield
tunneling constructed. Base on this study, the following conclusions were made.

(1) The contraction of the high-voltage cable tunneling Hsinchu industrial Park , and
the mass Rapid Transit tunnel of Taoyuan international Air port were
investigated for both cases tunnel was drives with a shield machines through
gravelly soils, It was found that the cutter disc was seriously worn at a location
2R/3 (R=radius) from the center of the cutter disc. It was speculated that during
the rotation and pushing of the disc, the gravelly soil at the upper part of the

face was cut and disturbed and dropped. The soil intake of the screw conveyor

il



was located right behind the centerline of the disc. The have gravel and cobble
particles gradually moved toward the centerline of the disc at 2R/3 from the
center of the disc, causing the major worn away of the disc at this special
position.

(2) The maximum surface settlement measured was between 11 to 28 mm, which
was much the smaller than Spax due tunneling in sand and clay suggested by
Fujita (1982) .

(3) It was found that the maximum surface settlement Spax increased with increasing
tunnel diameter D. It is also found that Spax decreased with increasing depth Z
of the tunnel centerline.

(4) Base on the field data, an empirical relationship between the maximum surface
settlement trough parameter Z/D and Syax/D,. It was established as follows:
(Smax/D ) x 100=0.62-0.12 (Z/D) .

(5) Field monitored data indicated that the surface settlement-time relationship
induced by shield tunneling in gravelly soils can be properly described with the
hyperbolic model.

(6) Field monitored data indicated that maximum surface settlement Spax was

reached in about 10 days to 30 days after the passage of the tunnel face.

Keywords: Gravelly Soils, Hyperbolic model, Maximum Surface Settlement,

Settlement-Time Relationship, Shield Tunneling.
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232 PREE R 2 1 fesrid

B - 2 Ed o R JE4.75 mm~T75 mm'fg %7 7 (Gravel ) #.45£75~300
mm-¥ % “P % (Cobble) » # & + >+300 mmﬁ % E 7 (Boulder)e i&— # & g » 7
FHREZEEREAGE L LR EREE (GW) ~ % 2 iafe#F (GP) ~

-3 F#E (GM) ~3E2 g7 (GC) ~ &3 -3-2 F# 72 (GM-GC) =

b ® (1978) 245 » PR Tfefs (Rfmd 204 ) § £ % 20759%2 3 3% -
HBafefriid P EIRdl o F L IV T5002 23 H A qrgFiid

oA BLE 2 AR AT AT PR T T RN R R A BLEHP T R
B RBrRrA i aERE L2 FE o
- (RS TS mm) ABFREW LT E S HFIRANAL 0 e

DR E LG R (RS A T5mm) R LS 4 AR 2 4

DM

EA)E B3 15%~30%2 PR 7 K o Flpt htie K P PR T 2 BER <]~ 7



B O(NMAI ) A AR AT (Matrix) 2 BH 2 2 ToRRE > LB

FRES IR A EB TR H YR ATEH R 2

24&ﬂ%19ﬁM1m

BRI L EF I S LIRS ToRR s MR G 2 BT E EF LS
kB o F R WA RE R RN AR L P e T

EEBALBEARE ST LY Y e o

241 BRF 1%

B § 1% (Compressed-air method ) & IZ > i £ 1% BiFz i1 » i p
SR F 2R RIS TR R R TR R BRG A AR R
FER e - dm T o HaE NIl R S s S B 2 RS Gl K2 B
Foteim e 201 (oG 3 ToReDPIE S R F AT FRT ORI 5 - TR

o BB HE TR R B LSRR TS eI A FAEE 2 2

4
RAZETR <) ARG 2 g AR 22 BT T AAZE TH
ki o A (1985) WP o RF 151 ZRAAPFREF ~FF 2T
FTREVRBTLFERLZF RN FALF LA BT EE o NRF S
IR B RS ol P AT g Bl b —tr)ﬁa(Thebends)’

A RFLEAOLEH IV AHET R FEF 2L R iR

o

N
o

242 ¥4
4k %172 (Ground freezing method ) % #-if % ¥ (freezing pipe) 323k

AR e d é] LN 2 ?p\ il W MR 2 4 kR (dok ILfﬂ; SRAREE X)) ‘f‘]



ARREER AR E Y PR ARSI Er AR E R v AR
A () £ JI gpatag 2 2 g 7 oA B A E Ak
Eoaopenpf 2 g ED AR INRA S B PFAT R TR o ol R
BEVREABY N EAAIRSI T IRGRABEEFAATRA S LEFLL D
Ao FFahE2 ks ot Bl Rk g F5 f Bl Ak
APILEGRRA F AR B B IEE o 4 120 (TR AR 2-8 om0 AR
ZEZB NGB R 2L S REd (LNy) i %2 4-B-k (Brine) i %% 5

e

2A3§#1%

iE L i# (Grouting method) %>t 2 & ) ~ f & et (P8 & -k

e fﬁ%i\;%‘?i/ )E—%Jiﬁ;?%——wlq-w CREGES - MW ER ]\ fﬂfﬁ%&
BEORBIEII > ARG IR R s el 2 R FER CRR

LFGAERRE T IR R e 12 AR FIE R IRE
PR R B R T ARBET S iR s R AR T S iR
EZ ,%E’ﬁ S M R EAP ERES ol 2-9 0 fe (1994) P o
BRMA L A MRAREE  F B F 1A R A LA e
2:4 tpm o P K TR E R ERE LR BRI E R L RERE
( Double Packer ) iﬁ@i%ﬁ_—k CBENPR LR PR LR HY &3

LﬁIl\?J\/ﬂKﬂio

244 *-Kk1 %
SRR TG OREZERG 0 ARERL D > TR AR B
BOTORTE R 4o 2-10 11 0 -k 373 (Dewatering method ) i ¥ if * 3tiE oK

MRF2 PR R AT E - FFL (1985) 3p 0 fhokpFag 22§ 2



(3) iz + TEREFRELR -
(4) % B3 TR 5355 wgaF o oRE O o

2.5 J% 15 KM BT R )

TR R S 1T A S T B R R AR
FF DA BEER % 397 % oM - Peck (1969) + Schmidt (1974) -
Cording and Hansmire ( 1975 ) ~ Hanya ( 1977 ) ~ Mori and Akagi ( 1985 ) ~ Fang et al.

(1994)3?%%&’3%’,3‘;;#& RBEFT L R o SR L LAY R R R s

o

15]1:>(f‘ /Ibff’jm}%r‘li—\i(ﬁ,é,\él‘j—fz J‘IE

251 FEZHPE
FER B2 1 R E R TR S TR 2 S AR S B & % B (Tail

void) > — 4 ¥ 5 50 3] 80mm - { k Z B ¥ HE A E /E ( Backfill grouting )

#-HE R Eiﬁ?“ﬁ%ﬁ’ﬁ%f%gii %@T%%ﬁ;éfﬁ%ﬁp@ , F’)E,J_II Bk
B fBE Az B A ) o g Ry DR LSRR

Bld s 2 A o 098 5B R 5 1 5l Aes kbl & R F2 -~ o
Schm1dt(1974) IF;» %’gfﬁ; &‘;Fﬁ?ﬁgﬂzp_ﬁf““rfﬂlﬁ ’Ejﬁ’»’k?‘fi%

&\fg_ ?T—\j\z\,

V,(%)=200x (2.1)

Ne o,



Vi B &RA (MBI DE A 3)
t: FEZHER

R: A f 2 i

2.5.2 Wrr% 3

EEE s TR RN F SO IS S R 1

11
ey

FREAEF AT RS > K R R Tk o A H AR K o TR TR
IEEJHEFF ORI AL RFR G RF ¥ Flenghd gL LT
w0 A RAUTIR Y AL R - A T o BUTTR Y IR R IPE% <0

TR 2 EE AR R ET RV e

2.5.3 Eﬁgﬁ‘g‘l&uf—r A2 37
FEERRE Y MO 1 PE > S RBEGHBVOIIE S > - RV aF L 3 g

RET- AT RAL RS ERERPFAIMLIHF LA AL L LIRL -
%?ﬂ,btf;l#i@‘fyjﬁ. %5177 r'm]mai;{—i-T @47,—455,3&\;#,;;%%%
pEST Al S T & 2 1% 7 (pitching or yawing ) o 2t A4 & 2B 184

THEE 2Rk BB R o - AT AR g R E o

254 B o B4 ey

FABEREEr  FABHPANERG %S -4 > UHEFERG 2
PR F A PR R EL RS RE R AL e Wk P
BAR A B RGE A MESERGH > FEFL R EREL D R E
SRS R K2 RS RIRE RS R R o F A AR

10



Rperdg b 2 RS S RIFZ G w3 cnd EFRAE A A BAE L R A R e
Ry FIZ R A A A fadho FIe A b Aze AP T K B R 87 1] 5 (Cutter Face)
bR K2 PRSP A s L M BRI e B2 £ I
oo Sl bR B R 2 BB R AT R 0t SR Y AL A F] o

255 B TRz
FER R A AR TR TS s A RRERR P2 1R 2R
Ao JEAR R PR E I I AR T E R TRET M 2 MG A H 4

A AARBILG > F e Hrlne

2.6 ¥ mEBEREY M
BT A P MR R T L A A 2 R BTN A ST AR

(Japan Society of Civil Engineers, 1996 ) » 4 B8] 1-1 #777 » H a7 5 il 4o ¢

(1) LFimka: (3 2 IR G TE 2 4p 3§ BEEH 2 2 ik o

()B4 > 2w kas A D g 4 S B e T P2 et thAe
3R FIEAEETRE B a dahe S 2 k3R TR o

(3) dBpEmhn: (a3 2 R G B2 whn HA 42 1 8 R %5 8%
AR R R ¥ R U A 2 B BER TS o

(4) Alziimkn: BE 2P LIEEEI A2k HA22 18R
Fl o A7 T T bRl FR 2 MM 0 L5 5 k2 M (Tail Void) B & - ATk
PR L Fe HR A P S wkae - Ba 3 o B R AL 2 B L aE
Gt - PR AT A o

(5) tedmbin: tbtBdiss 2 Appd {7 2 Mg > 1 RASFPOEF it

TAIAS BRI S E RS R AR

11



2.6.1 7T et B pF R 5N
Hwang et al. (1995) 967 5 431 » @ 00 o SRR 80 P AR A = i

F¢5 (Immediate settlement ) £7 & % 7T &5 ( Consolidation settlement ) o ) 2-11 #-j7¢

ﬂ

R BT L L Bl Y cHwang etal 2R B AR A B LR R X 2

E" 7T:EI!:

r]

Fag Swoih 5 B 913l Renz Tk 58 4 ainleal 5 R B

/IL FE"] ° IJ"

PERREERE AL EER 100 % HAEER 1022 mieR L 8L RB T

a‘ﬁﬂta R g 2 ARBITHAE Sc v d T34 RE

Sc =a~log(%j (2.2)
e,
PR RckeE (mm)
DR R ot i (mm)
A F H LB PR (day)
HFBERFIB G LB FERP IR L BIATEEE
S, =S, +1.56a (2.3)
e,
St ke (mm)

S10 fﬁ ’b‘ﬁp F' WiEis® 10 X 2 ka® (mm)

2.6.2 v AH;

Fang et al. (1993) 4o & B bR b2 TR PERVRE 4 0 T4 A 45 0 B IR

v

4 @"I%ﬁ;“‘}ﬁ“ﬁ%# EAES RPN B KA R S0 Ao @] 2-12 om0 F O Y

T az W A ;Y (Hyperbolic model ) 4e 12 4 it -

12



S(H= 2.4
= a+bt (2.4)
Ao,

S(t) : R AT b 2B A AR

U AR p LB PR

a~b: gy ML

F(24) T AT

S(1) '

F(2.5) 5 US(H)z AL RN o H#or 1 g b T ORI FOR T 0L US(L) B e 1
tafidhz B9 > 7 s g 2 M E o iV gka (BE) fob (&
F ) 4B 2-12 #77 o

HE R (1998) & X &4¢ (2008) # f B ¢hrs 2 BT Frst ~ koK 4o B 5U
GV RRNE ARAMN I B R RRE I RLF A NIEERE
RIF AR 6] 0 By RPN FE Rehddica 2 $8cby WivE®R4 54 2-5
B E2-60 Ryp 242 $Hcar bofed (2435%) 2 Fd &5 ¥R
MUTHOEREY S od 3t P A ¢ F2 G PR T R 2 ad b iE S8 Flt Y S
FPRALAFTRELCHLE ARG M R B A I BT

GPERRE TR A -

13



B PR T i 6 1 % b

AR LRERA ISR 4B PR A RE ST 0 & F b

&

FHE2Z FEBRG § @ e R Y A N50% R R - 4 HEA
# 7% (USCS) 2 2 % » i 4% & (4.75 mm) 2 3% 7 £ * »
50% % P F (G) ¥ K o £ /E475 mm~7T5 mmF 5 @ 7
( Gravel) » # & 75~300 mmiﬁ L ¢ & ( Cobble) » # /& < 3300
mm- 3 E # (Boulder) - #3-131 #3-35 2 F 5 %g Hol2 A
AFEHMEE BRI B3I > DA T OBCF i 2 hIE T o
ZHR AP M2 FER LA FESRE L ER
BaBiAzERE > FFETEL AR R R
Wi RSN 1L AR ERBERNE LR EE NBEFH
PR p R R R A g T s u] A R 2

Rk 2RI GFNELSS AR E RS KB o

3.1 B Y Ba# %6

d W BRI (AR X RRELS) BB
o BE G B 1A B R PRERE RN
82 3 RERHELPERLERSELREE o FERL S 2
o FHRYBF I FRERL AL AN
B4 1 Gk > F P T kw1 e

% 3-12. % 5/ 01 » = K B # 3+ 34 ( Kitamura and Ohbayashi

1981) »*1974& &+ K+ & = =3¢ £ 8.8kmz T ki o & T ki

14



-

o1 ow o e B 3-2%F % 0 A & T 2 & ok B #&d ¥ G s ow Hiraro
oo AN A AR LD F LR RE kT XK E D
B R AP G T s B G~ T ki 0 (Tennohji-Benten
Giant Trunk Sewer) - X {¢ ® ¥ /& I Bentendb K =t » & {8 # I
Ohkawai® » 1/ Bk 4 K7 & =% HH hk & o A2 4] 2 A %76
Block » # ¢ Block 2% & * £ f ;W B g % 1 -

Block22 £ 1.6km > "+ A B admpEé&Bif1Zw1 od
& #ic ¥ ( switching shaft) I %] # ( terminal shaft) 2z 400 m#&
AHE AL BB FE XSRS R33N 0 TSGR L
A L @R BINA o ADERINAS > LR F35m KRR
R 2irREEE  FPRTEAN60% F1H L F
@%%%”ﬁ?i%1%3@’%“%T¢%ﬁi@%ﬁ’%*

B4 e b ok R AR R cn B AL o

R AR SRR RS L R AR
T R RN EHI LI HE S F R 2 Fa
jﬁl/é?ﬁ ’;\'71\/}»%7/—5',4‘1%&’@%—-/2{9'J¥é_iér-g_«’7;7?5

3.2 ROkNEE W E 6

FokFBEIBEETRFSIBE B - B L AR AE o R34

st (2322 % BISS) > 2t pgd L EINERRG D

"~

dAgd o B e Akl e gl adpnd R

Rl

BoEPREENFIHB L 2

4=
B
\\E“
.
i
hy%
%
!
=0

By rk* o R KN BEGH L PTG N2 FRE

15



oK TR R H foe g oa ’ﬁinﬁlji?;x?s Al R s

Kok BFBE TR EE KPR 2
( Cutter bit) & ;g # *» 7 ( Roller bit) % *» 7 3% % & # %  jT 2
P TN AT N dg2 R4 BT U ER R W2
AT Ol R .

2322 % 6]S1> p A4 2 TR TR GBS R 1A
(FiEZ 1979) > HF* F RSN BAFPE I gy ot (D)
22,950mm:> % 2 FR(Z)% 585~10m> % > & (L) % 1,300
me e B3-5%7 0 BAPMmEd FH kIR PERTE BB
oo oro@ B O oz P F F R X T4~87% 0 B B % ¥k
1.4~4x10"'cm/sec » ¥ T -k B E2.19 kgf/fcm® o d P 3 7 § 2 3
ok e 3ok R PP 2 KXY L20~50% B R Rop
:r_al_nfi’ﬂﬁbilﬁz}_fﬁ%’alﬁiﬁgwﬂgyg;]ﬁ&s;:év\.jé;,,u
PR e Bk R A o R e R E 2600 mm
P2 HFHE RS R B F A R TR T Pk R
350400 mm#£ §EH * > 4o b v P8R H PR BT BN F
K11 HEET6B P o A AT R A KL IRE Y S
12 mm o

% 3-22. % %S5 p » Hiranogawa¥ T R} -k *g i ( Hashimoto

P

1989) &

Porpokd gREF 25 FIRAALEF PG ERDED LT

BT AR 2 g ka2 BT KR Y o bR P
PR R v ol Tk g Ll e
ki H D E ke ko R kS HF LR T RE SIS TR
’J\’El'é ’ %T’% 5 42 & R oy'r%,k%ﬁ”tt%@mg&?%ﬁ

140,000 m*sh-k £ > T @ AL XKD Rk g% o BT RKESR
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TR 2B A B3-67TF o AL ARME K BFFEPFIFELI0m
i Rk FEEAZLIOkm RF R R G hE F LR
2~ PR R Y ) HP P gk T F 475 mm3I 20
mm > B % R L E 100 mmo FCPEEE N S 60% kKN ER
BRRLPREPE PR REAFERY Y Ry N
Bef g o 21 L AZ1IOkm ERFBFFHBH o TR
o R LR BT >V L N A RBEERE Y
fldg g o d 3 P @ F Bk o A B G B TR R
kgf/em? » B2 2% 4 B N R KEAWT U RE DR R T R

B

IS

%
B2 F KRR TR A o R B[R R R
B BRG RSB KL H R Lt R

i
-32\;
A=
et

R WA LR A F B E Moo TR E G 1 AR AT
AN SESE S W SN K,értﬁ B Y i g 2 20mm s H AR R

R D g A R EP OB 2B LTS

1R T @r-\ ,gbu’-ﬁk\,‘ |

IR ENFEIBETPFAEIB - B W37 (4
3-32 X GIELL) Fd BE P - 3PN 2ag 0 BF PR
o 2Ry i 2 B3 v 2 dgs 2R AR TR iR
Frigs PP ZRER - FARIPRLZD ER BRI E
Wk 2 P @ R ZE AFR 2 E I RA S F LIRS TR
B2 BRE KRR Fa fLz i BTG EGH

PRI GNEEFHBLBECTREE R TR R h
VLR R 7 M T R 2 e Rl A S R o 0
Pl e 23 VLB EFF o F A7 EE ey i 24y & L
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HAEZE PR Firyy bd BHELG  RE2 7 &2 20 i
THOPPEAREOTEEF ) BRE R BERD B R

Tt A By v 2 B3 r o RN FF R s e

R SR T A B N LR S L R R

ES

XA cm A FERWERE DR R
#3-32 % 5|E9F 2 WEF TR H 3 F % F %t d (South
Bay Ocean Outfall ) » cin % #-d @ B AP B2 Bk Sa 8
e b in g~ B o G w2 s gy 2 B4 (riser) o
~ % & ( Stephen et al. 1996) > 4 B 3-8#r 7% - Wi B 4 #7:8 8
2 K 5 ¥ 7 # & (San Diego formation) » H ¢ 1 & 7 5 =
B L P s B o YR TATS mmE 2B T0% o B

AR et rR TR I HEEA Y R RRERS

Jet

v »%."z/;i“,ﬁaﬁ&_@mo mmz2 E % > B H b &) BT 2 4 b
O E I BRI E A o 7 I 7 R G e L FRA T
oo BB A 4 Ao 1 B T e Rk E L R
v B T 2 W A G 0 B T A AR R ik
B X T O L o R B R 2 g2 ok h o e W 3-89 T 0 B F
B TR T HNSTmen PR Y e BT ORR TS E6.02
kgf/em?® » B F 4 ¢ F i g H TR BRYE LRI GER
o R AR S 2 WS Fl AR E T R RGR IR JE e TR P

KR R

%332 % GIEIOS P A 30§ ¥ THBEI2ERY L NEG R

Ny

Fo(p AMBEA L AT ¢ 1996) » 1 fEHEr 2 BTN E
FW o F o W IS A 85my R FER N G 14~24.1 m> i B

EX1240me i LB A BECEER 0 TRE G E K6A% > g

18



2% kol i 1.5~3.6x107" cm/sec » ¥ T ok B i 1.47~2.45
kgf/cm? » %F 3 7 3E 4k /= 2 100~150 mmz “F £ % 1 > T % 3 3%
»300~450 mmz B % o &~ 1 421 B 4 L on ik T AR BB A
% F OEL2.6m

BB, ABRRTERLT2Im > I F AR
i B

¥ T 7 E
TOREFET ]l ma e AL IR B AESRBETELS

mm e

2332 %G|EI1A P 2R BT T oREEFTEE 1R
(F) » 1z z2etal. 1998) > H % 1 B R4 B 3-957 7 > & 1 42 4 *
e REGTE (R3-9) > % 4L 5218m> 2 & 5962 me
W3-10%r7 > Bpgif 1 2L FrHR2E > 7 HNL L PRE
(GP) » % 'k 4 # % 3x102cm/sec 14 & % = Y AR I
B (GM) > %5k 8k 5 5x10%cm/sec 3 *# 7 £ 970% > B + iF
26.5~13.4m> A F I 130~90 mmz P L Lo o0 ¥ & Fe A
270~450 mm2 " £ 2 E £ o B3-11%77F > B h &5 & S (5%
F ;4 ) 12 iF % (Ribbon Screw-Converyor) » *» 7 B v F 45 31% o
Ao A FI R L ERFE2ERT S LB A R

R=30 m~>» ™ %2 **JRLH 25 7 > R=20 mz & & M E % 1 o 5 pt

bad

AW REEFL 0 AL AREY TN FEE P X0 e

R e 1

m

e E AP o MR 2 2 120%0F 5 o3 p

mk
&
i
2%

M T3 A 3 LT e AR 2 B B R

Voo A1 AT R 2B A EBR A MKHE Y S 12 mmo
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ARAGOBIAPERRGA KT ORERE I M AR T2 B R
Bl A (D) AR S b RS R ASERCRE AR 65 (2) A2 L
SR ERURER RO (3) AR R SRR R0 o 1T AR 4R

bR Pl T ARRIE ~ 2 RN SR AR E 1 ST g L RALR RS R

AFLE S B EED FOR AL R 1 A2 b

4.1.1 1 f2PEit

4Bl 4-1 #757 > 1 fed § o S BRehz o gFied (ML iEd ) L w-
THAMERL CEIEL R L &P RT 3k RIZ R FIEE (M3
IT0EH ) 2R 1,934me B RGZ P ATAREFRHRRG 2 F -~ 2 SR ER
ok EARE LS > A REEE L PT00 mm £ 1200 mm 4 SR F (RCP)
¥ i

1% 0 RIBRENIVELE 1S me - i aERs (R

-

W FKE A R N T KRR 2 RS F 0 373005 K F SRS IR

2.35m> S 1.95m) 0 = SARF G & SSRGS (TLARIR )4 K il dk P L PVC B
WP T R TETRRRR dE s E R B RN 205 R ARIT T R s
I F - D REEPKE CI~C3 43V 2 CA44 4 2 N BIRT &ini5 K3 8o
Bl 4-1 887 > jp 7 AR E M2 A3b - oo d R g8 E 4 #5 34 gaue
WiFRBFE 19 me & 5gEwa PEAZ 0 B 1 ARIR PRECY Z IBRF R (R e
Bp ML 2 M2 1082 A R4 o gt 1 ARATIE B B R B A8 R N

#& P/{;_;’; 2481’1’1"&?@42’”—]‘701—3%,1%'4‘:@(‘#—‘]—/5 J\@mfﬁﬂ\_sﬁ" %‘2’
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i ARBRAFELATAFEIEARFRL K F eI a%RpG A

‘ﬂ*

FoRFESHEELY BRI

412 ¥ FiEm

AABAN CATS PRI ERRR 0 RRRAGEFERFLL S

-

:

WLk oodfrid 3R 2 H Tl SR 2 PELE Y e o B 43 BT
BriffiF b S FR S 25m 2 8 BAEALRE > T RADAAS B KA G2 L

PR H L 4T
(D) F- =222 g K00m~ 9335mB > L &8d F2 ~hm) >
)R R AP ATEAZ  R  F Bl d o 54

Mo MAEER] > A2 AL SMo

N
[\
—
N
&~
I
e
\
A

THE P A EAA105mE 2435 m 2 B A& d
PEELE LGRS Rz AEE L T 2
B ERES cREd IR PR AN E
Bresos B Ad RO, IHR AL THBLENE
50%~60%2. B > 2 H AR T L 222 t/m’ o 44 2 I b
AAEER > AR A EANE G GM o A1 ARG R E

1A P o B43 TR TR EERRAZAR

o

o

'
(3) F=k= a5 d b mEK  THRE CH8 FLge - 4EF & < F

B1Sm kvt koo AR HEER 1Smitt o A&

PR

d b iCEFRErER2 Bk ¢ g oo
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4.1.3 FEERMP
PIARRRIZFORERB AL TR AR 4-4 477 o FIF EH
Bt o ToR B IR > FIM A R B AR MO TR o B 4-3 BT R 2
RI5FGPE# L k(BT 600~700 mm 12+ 20 % fPE ik 5 10960 #£.45 300~500 mm
2L ikX) 4590) 2R s PR R 2 B B B 0 oKk ek TR EE
B a2z Bize @00 kE X - BIRERILFR L 2882 5k f&

TRERUE P IR AR RSS2 B o Bl AS5SKT R T REES

By
(\x,

Iy
=1

RKFHECRL P FRPRFAEE 45m> VEF 28 TRE
FERE IR B RTINS 1AL R Ak ERB AR B SRS
TH SIS BN B AR 460 SR LB A MRAEH o kD E K

MBAREBDIARM > BTG AR IR T R DRIUBE K T K

o EFARGHIEES SN2 pre o B 46875 kg Mg L Aokl

B ARE B EREEE &

414 §BrPREF ERRCYUBFH S

L ARE TG WG T 0 P NS W R F L R A 30
mo BRI E R A FELe F R 7 7 % (Cutter-head ) 2 B~ 4 ¢ (Slit)
oo RIER ER B Bor 2 ags FR T X X PR3k T e~ 2 4518
B UTE % 4% (Screw-convery) B IR o SHRE 2 FEIA 0 1 A
FAme R R TR Y TR R S A s 1 e ]
FARRA AT

(- )G AR A = S 30A

L”’ﬁzﬁ%fﬁ%%@42%ﬁ’%ﬁﬁ%ﬁ#v(Rm%moaa

7 (Cutter-Bit) @& f&11*» ¥ P 7 » P F 5 32% o

2 BFBLMEIE ME GRS RS TR R RS RS T B
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SR LR ER AR I RP AR R K

3. AR (Tail): p = KNP Rk 2 g B I
(Z)BFRHa - e
LG22 7 5V X EEY FHho 7 2 20|27 > 7 LR T 2 H
HoBA o FBEB G250 mm LT 2 R P T e
2EAET I BN IR He B R Z W] .
3B AWEYE F A7 (Copy Cutter) % ¢ 35+ 778 » ¥ s R F LT
R=30mz & & MEGg w1 o
(Z)% 1 i $5 ¢
B 4-3 BEoF > R BRI 1 BE S Fld PR T O > G A (F 2
Bokgss o 1 (52 2 g poe PREFR BN NFLT ARG T
ORI Rk BB mEE L o TR a k2 ind 5 L £ 4 iR (gravity
flow)  Flpt 3w 1 I B RF SR RE FAAZE S v ] FLRE S A2 3
MAz RS B AT FAF ISR EFFERP
AR E Bi R Ay Tk

-

gL, J\lﬁ‘ R /gﬁl**
DE BRSBTS AR T B Y B T AT T
Kk PR TR G A 2 EER AT KRR BA K1 EASIER

B RE 2 e
ALz 2 = ﬂ:{,;“%ﬂ,ﬁgﬂ % B

421 1 f2$Eit
AIARLFTAPE T AT R R R kR - R

FARK B B ATRT O M2T I TS LRFLAGD 3 % kS SR
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IFLEEATASE M6 5 FEL AR E NI 2EH1,970me WAL
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# 1-1 3 & B = it keE 2o 3pp) & (after Fujita, 1982)

Additional Predicted Surface Maximum Settlement and Errors ( mm )
Type of Soil
Measures Open Shield Blind Shield Slurry Shield EPB Shield
Clay 100+£30 40+20 40+10 60+25
Not Clay (*) 20020 10025 - 15035
Adopted | (50 and Sand 10030 i 90+30 20410
Sand - \ - -
Clay - 30+20 - -
Adopted Sand 40+30 - - -
Sand (*) 200+50 - - -
(ZR2 K P 2 FPlEX RITKHAE 2. % ) A 2 a5 % Diluvial clays )
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2002 3 EREA GEAEFSE T BR (11, 1984)
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2023 BEBAUSEE T ST WHIZ MG (p A3 AR E,1987)
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42-5 1% M gdca BEH i (£ 448, 2008)

Recommended parameter a (day/mm)

Type of shield machine
Additional . . : :
methods Type of soil Open shield Slurry shield EPB shield
Sand - 0.06 (2 cases) 0.08 = 0.04 (13 cases)
Not
adopted Clay - 0.70 £ 0.08 (2 cases) | 0.16 +0.07 (16 cases)
Soft clay - 0.23 £0.15 (4 cases) | 0.09 = 0.06 (18 cases)
Sand 0.17 £0.12 (2 cases) 0.61 £0.18 (2 cases) 0.12 £0.08 (9 cases)
Adopted Clay - - 0.58 £0.29 (5 cases)
Soft clay 0.16 = 0.03 (2 cases) - -

P.S.: Additional methods: including Grouting method; Compressed-Air method and Dewatering method -
Soft clay: N< 4 for SPT; Marine clay and Sensitive clay -
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42-6 MW M AUD BEH L (£ 445, 2008)

Recommended parameter b (1/mm)

Type of shield machine
Additional . . : :
methods Type of soil Open shield Slurry shield EPB shield
Sand - 0.10 £0.05 (14 cases) | 0.06 £0.04 (29 cases)
Not
adopted Clay 0.06 £0.03 (9 cases) | 0.18 £0.08 (20 cases) | 0.05£0.02 (27 cases)
Soft clay - - 0.03 £0.01 (25 cases)
Sand 0.06 £ 0.03 (7 cases) - 0.03 £0.01 (12 cases)
Adopted Clay 0.04 + 0.02 (10 cases) - 0.03 £ 0.003 (5 cases)
Soft clay 0.01 +£0.004 (9 cases) - -

P.S.: Additional methods: including Grouting method; Compressed-Air method and Dewatering method -
Soft clay: N< 4 for SPT; Marine clay and Sensitive clay -
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#3-1 W or# p e BRI kb

Case PREZE | AiRE
1R 1% |D(m)|Z(m) | L(m) ¥R R ¥ & k& (mm) it %% gie
NO. (%) (mm)
Kitamura and
Tenohji-Benten Giant Sewer 16.6~ BRF B ”T{ .
01 L858 | 725 35 gravel, sand,clay N.A. 60 N.A. Ohbayashi
Block 2(Division D), Osaka 21.6 0 S
(1981)
Rapid transit tunnels in glacial till (boulder,cobble, | 1 st<10.7mm, Edgers et al.
02 TR 71 30 4,960 60 N.A.
Cambridge, Massachusetts gravel,dense sand,clay) | 2nd <15.8 mm (1984)
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F3-2 W@ R RSB T R

Case ’ WA | PREZE | A PRE )
1R LA 13 D (m) Z (m) L (m) ¥ OF R = 332 p
NO. (mm) (%) (mm)
‘ ‘ DIMFEA S 2 )
A E e boulder, ] R
S1 . slurry 2.95 8.5~10 1,300 12 74~87 600 BRALE S
TooRiE gravel,sand . (1979)
%M%%
FHELZ
. ) B BT 4 )
S2 2R R slurry 4.2 11.85 557 gravel,sand,clay 13 65 500 ) FIA =
P
(1984)
Southern trunk
Boulder,
S3 scheme, slurry 2.15 18 1,200 N.A. 55 300 Lock (1988)
gravel,sand
England
y cobble,gravel, —EFE j}%l < AAIF
S4 < PP T AR slurry 543 10.1~16 1,544 N.A 90 300
sand # sk iE| (1989)
Hiranogawa <20 mm ERTE-E I
gravel,sandy . . | Hashimoto
S5 underground slurry 10 23 1,900 (haF 2 e 60 100 - §: Fi 3}
soil,stiff clay (1989)
reservoir, Osaka i) jft ~ kg
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#3-3 Wt or 2 BTGV G T R

Case ' ' PREIE | BRARE )
1A 13 |[D(m)|Z(m)|L(m) ¥R ¥ 4 ks (mm) = g o
NO. (%) (mm)
AR ORGE 2 AR fLieprig 1Al
El ) EPB 228 | 6.2~8 | 877.7 gravel,sand,clay 13 83 1,000
- R BE R G (1980)
WA TR 2 A %ﬁ'}?é?ﬁ 1 EE
E2 EPB 4.84 |7.8~8.5| 891 cobble,gravel,sand 21 85 N.A. ;
BRSO3 E GEEST S ) (1980)
. , o kb
E3 | #Tigz k" T -kig | EPB | 3.08 8.8 916 |boulder,cobble,gravel 11 70 300 BIERIEK (1983)
i 5.0~10. B2 F
E4 § O EPB 7.45 1,003 |boulder,cobble,gravel 24 74 350
0 (1983)
e T BiERE #hhaoL
R bR S ]
E5 | A &4hv 1 ®ATK | EPB | 7.25 10 750 | boulder, gravel, clay 22 71 600 Sl S
FedT 3K
1% (1986)
P Gl S
E6 LA R &) EPB 644 |6.0~17| 1,150 26 74 500
boulder,cobble,gravel (1986)
FoL# gg 3
A LR ZERE A
E7 ' EPB 7.55 26 570 10.5 88 400 " ¥ Ao
B T4 boulder,cobble,gravel WpOERRAE
(1987)
, < HEz e
E8 LERFEHBE | EPB | 656 | N.A. | 940 |boulder,cobble,gravel N.A. 62 500 2 30 1T (1992)
,sand
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£33 WAL R IR GEEE 01 Rbl(E)

Case AWK PREIE | BARE
1R 12| D@m)| Z(m) L (m) ¥R R i Z«%’é%&
NO. (mm) (%) (mm)
San Diego south R~
San Diego formation Stephen et al.
E9 bay ocean EPB | 3.65 50 5,790 N.A. 70 910 CEE I = L9
(' boulders,cobbles,gravel little fines ) (1996)
outfall I3
A T2 PAMEE A
E10 ) EPB 8.5 14~24.1 1,240 boulder,cobble,gravel, 5 64 450
BaEs H * & € (1996)
R & BhgpEs LW R FjA 332 et
El1l . EPB | 2.18 [6.5~13.4 962 boulder,cobble,gravel,clay 12 70 450
= ki 1,R=30m al.(1998)
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51 AT AZE RETATRE TARR Y R AR
(i &/F k¥ i 2009)

] L Rt
b yl ®6240 mm ®6700 mm
> + 9000 mm 9000 mm
B 1
b5 6100 mm D6550 mm
R 70 mm 75 mm
4 /0B 2000 kN
jpie+ g
+ TR E 20 B
R
LI T 1750 mm
PiTE R 24 45° T 1,0°
A
4 /0B 2500 kN
“E
+ TR T 12
7 ] BE A5 3¢ g ih(L & 6ty ~ B4 6 1F)
v B 5% % 3 3N T 65 E*S
X B 2 E 7220 kN-m(a=24.0)
A 5% P R AT E
LVECR T * I EE ®1100 mm*P850 mm

210m°/h  (100% v . p& )




< > +

206-1 P IBZ BT | SR A8 7 A s
(& AR 2009)

77 EE (mm) ¥k B2 OB ik
. % R =F A B3 Nr
B3 =\ + 7
B+ 3 f RO @R F,g'%if/‘,‘ﬁi
tp 7 _L;%l;‘, tn 3 4‘%.5'
(mm/min) | (mm/Km)
BEFAE (mm) 4l 40.06 Sl 17.7 2.4 0.052
BEAE (mm) F%E 5167 5.67 3.5 1.7 0.048
7 EA4#4E (mm) 50 40 30
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#7-1 Bp BB Ba w1 kb

Case Hok ik AR | PREZE | RAEE
14e L HE Dm) | zZ(m) o (%) = 53 2

NO. (cm/sec) (mm) (%) (mm)

Tenohji-Benten Giant Sewer BF ~E jft . Kitamura and
o1 725 |16.6~21.6 N.A. N.A. 60 N.A. N.A.

Block 2(Division D), Osaka Ve S Ohbayashi (1981)

Rapid transit tunnels in

02 7.1 30 N.A. 15.8 45~65 N.A. N.A. Edgers et al. (1984)

Cambridge, Massachusetts

AT AfE KT RE S = 4 )
03 P 2.48 6~12 3~4x107 28 30~60 400 33 ¢ OERERS (2003)
. . . . RICE =
S1 A E S T R 2.95 8.5~10 | 1.4~4x10" 12 74~87 600 20 Fiw ki
(1979)
FHEA
S2 BT oK 42 11.9 N.A. 13 65 500 30 [t =
FIRA = (1984)
Southern trunk scheme,
S3 2.15 18 N.A. N.A. 55 300 N.A. Lock (1988)
England

S4 SR TR T BLAR 5.43 10.1~16 N.A. N.A. 90~92 300 N.A.

Hiranogawa underground <20 (g ERIRIE
S5 10 23 N.A. 60 100 N.A. Hashimoto (1989)

reservoir, Osaka # iT) 7 4




%7-1 AP h B Grg e BEin e (F)

Case BHokthik ¥ & mka e E BApE | BrF
1L HE Dm) | Z(m) # 3L e o
NO. (cm/sec) (mm) (%) (mm) (%)
BTk 2R TRt
E1 o 2.28 6.2~8 10-1~107 13 83 1,000 25 SEFRRaE ’
ER EE (1980)
AT R ERIR FEES
E2 o 484 | 7.8~85 N.A. 21 85 N.A. 28 :
AR E (P 3¢ 2§ ) (1980)
ey ) - kL
E3 ARGk T K 3.08 8.8 3.8x10° 11 70 300 N.A. Bk RE K
(1983)
E4 § T B 745 |5.0~10.0| 3~6x10" 24 74 350 35 SrEgetad |2 (1983)
o BRI e B AAEIEK | WAL
E5 , 7.25 10 10-2~10° 22 71 600 N.A.
Mppw 1 RATKIE % % 3= (1986)
. RS SR
E6 L - R & 1 6.44 6~17 N.A. 26 74 500 25 e fei (1986)
LRI
FANER g
E7 | A A4 iRD . T | 755 26 N.A. 10.5 88 400 N.A. ERIR %
7 A frs (1987)
o thpza
E8 YA AR 6.56 N.A. N.A. N.A. 62 500 N.A. 3N LT E s (1992)
1992
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%7-1 AP h B Grg e BEin e (F)

Case Bokthde | P E2mkn | PREZE | RARE | BroF
14 LH Dm) | zZ(m) L= 34 2k
NO. (cm/sec) (mm) (%) (mm) (%)
San Diego south bay IERE SRR VR U
E9 3.65 50 N.A. N.A. 70 910 N.A. Stephen et al. (1996)
ocean outfall Y e
. , l PR B A
E10 | P #4043 T4 1258 8.5 14~24.1 | 1.5~3.6x10° 5 64 450 N.A.
2 A H £(1996)
; Fjoh 5z
E11l RO&EE TR 218 | 6.5~13.4 3x107 12 70 450 31
et al.(1998)
Fron 3822 ,
E12 y 2.48 3.2~20 | 2.3~2.7x107 25 30~80 800 18 S ¢ OERE R (2004)
3 ,J\' 3 ,J( JE
Fron 3y 3 ,
E13 y 2.48 4.5-23 1~3x107 18 55~80 600 28 S ¢ OERE R (2001)
3 ,J\' 3 ,J( JE
AT 1 ER ,
E14 o 4.54 8~12 1~1.5x10 11 60~90 750 N.A. 3 F AR ¢ EAE R (2007)
THESRFE AR
FTARTIARRRED | 6.7 Nk
E15 } 8~19 1~1.2x107 12 60~80 450 36 ERElLZ
AR 6.24 (2009)
AR =i )
P B s 5 X o R R
E16 624 | 6.6~29.4 5x10° 11 80~85 650 50 B ER
CUO2A (2009)
R
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* 72 & ’}Mc@;“(jzt;‘ﬁ"ﬁ i ,}z&%—% ;k):/garﬁ ﬁ&i—a#g%g,\_r‘ il

(P MABE etal.,1996)

Fh L (m) | £ (R)E 5 Emm) | 7 2% b U (mm)
2.0~2.7 150 ¢100x 1501
27~35 200 ¢150x2501
3.5~5.0 200~250 (¢150x250l
5.0~6.0 250~300 ($200x300l
6.0 250~300 $200x300]

IR YT N A
273 AREAE (FFER) LV RpE AR

(p MUBE etal.,1996)

WAEHE AT | T R%ER A RE
F% 1 (m) REWE ] RS S % o
(mm) (mm)
2.0~2.7 500 0350350l :
2.7~3.5 700 ©450x4501 ;
3.5~5.0 900 ©600x600I (7 ok KR AE)
5.0~6.0 1000 ©700x700I (F 2 kR 4E)
6.012 1000 9700700l (7 kKR 2E)
i i ol L FANRER
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81 B el dor#r vl ki

Case Sinax FREZE
12 EH D (m) Z(m) Z/D Smax/D(%0) 332 f’é
NO. (mm) (%)
Rapid transit tunnels in Edgers et al.
o1 7.1 30 15.8 423 0.22 45~65
Cambridge, Massachusetts (1984)
o -
02 |ATH A RTRE S = 4B 248 6 28 242 1.13 30~60
(2003)
282 FoRBETHEERE S Kb
Case Sax rREZL
1REH D(m) | Z(m) ZID | Syax/D(%) $4 2
NO. (mm) (%)
; ; : FITE
S1 ARG R TR 2.95 6.5 12 2.20 0.41 74~87
(1979)
FHEA
S2 B RT R 4.2 11.9 13 2.83 0.31 65 ZIA =
(1984)
Hiranogawa underground Hashimoto
S3 10 23 20 2.30 0.20 60
reservoir, Osaka (1989)
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#8-3 4 BT RN ST %1 S b

Case Sinax FREZTE
1qR LA D(m) | Z(m) ZID | SmadD(%) F4 2
NO. (mm) (%)
. v ke e AR
El BRTRELZAF- TR 2.28 3.8 13 1.67 0.57 83
(1980)
FEES
E2 A ETTORGE S AR 52 R 4.84 7.8 21 1.61 0.43 85
(1980)
=RE kb
E3 FrigE kT R 3.08 8.8 11 2.86 0.36 70
(1983)
E4 T AR 7.45 8.7 24 1.17 0.32 74
(1983)
. .. , FAhoL
ST BB e AT 1 W .
E5 7.25 10 22 1.38 0.30 71 & R
AR E
(1986)
bl Fe Ak
E6 L TR 6.44 9.4 26 1.46 0.40 74
(1986)
Feli ¥ Ak
E7 AR LR T AR 7.55 26 10.5 3.44 0.14 88 ¥ Ao
(1987)
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283 PRI GAEGS B rHEE L S0 ()

Case Sinax FREZE
1R EH D (m) Z (m) ZID | Spax/D(%0) il &
NO. (mm) (%)
) . Ry~ 15z et
E8 RO& g TR 2.18 4.1 12 1.88 0.55 70
al.(1998)
) Y
E9 A B 3g2 375 KT kg 2.48 4.5 18 1.81 0.73 55~80
(2001)
} . ¢ EpE R
E10 |#M# @1 ¥R e FRFE142| 454 10.3 11 2.27 0.24 60~90
(2007)
: : UR Vb e
Ell |[ATHATI LB BRETTFELAZ| 624 13.8 12 2.21 0.19 60~80
@3 (2009)
e A AR
E12 ¥ R E #5458 CUOA 1+ 6.24 14.6 11 2.34 0.18 80~85 B (2009)
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Predicted Surface Maximum Settlement and Errors (mm )

Additional )
Type of Soil
Measures Open Shield Slurry Shield EPB Shield
Not .
Geavel Soils 2246(2 cases) 13(1 case) 17+6(4 cases)
Adopted
Adopted Gravel Soils 20+£8(2 cases) 16+6(8 cases)

P.S.: Additional methods: including Grouting method; Chemical grouting method;

Ground freezing method -

Gravel Soils: Gravel content > 50% o
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FO-1 Ba g > e kB I25 Ry 4 MR 2 kb

Case ) ) Monitored| Diameter | Depth Simax 1/a a b
Project Title ) Reference

No. Section | D (m) Z (m) (mm) (mm/day) | (day/mm) | (1/mm)
SM101 2.48 4.30 25 10.85 0.0922 0.0394 R R (2004)
SM104 2.48 4.70 24 14.37 0.0696 0.0412 47 1* (2004)
SM107 2.48 4.75 26 13.68 0.0731 0.0382 =R ¥ (2004)
SM110 2.48 4.90 19 8.79 0.1138 0.0517 47 1F (2004)
SM113 2.48 4.90 24 9.69 0.1032 0.041 =R F (2004)

El VAREIEE K- ES I QI § 1:]
SM116 2.48 5.15 13 23.87 0.0419 0.0765 £ 47 1F (2004)
SM119 2.48 5.26 12 53.48 0.0187 0.0832 =R 1F (2004)
SM122 2.48 5.30 14 12.33 0.0811 0.0706 ERE F (2004)
SM125 2.48 5.57 11 15.43 0.0648 0.0904 ERE E(2004)
SM128 2.48 5.64 12 19.08 0.0524 0.0904 EREE(2004)
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300-1 FERE T R B R A TR 2 % 6] ()

Case

Monitored

Diameter

Depth

Smax

1/a

a

No. Project Title Section [ D(m) | Z(m) | (mm) |(mm/day)|(day/mm)|(1/mm) Reference
SG13 4.54 9.51 7.8 8.21 0.1218 | 0.1278 ® E4E R (2007)
SG15 4.54 9.86 8.6 15.06 0.0664 | 0.1157 ® 2R R (2007)
B2 |[#M7#r 1 ¥%THRNFELAZ| SGI19 4.54 8.68 10.2 9.99 0.1001 | 0.098 ® EE R (2007)
SG21 4.54 8.24 11.2 11.26 0.0888 | 0.0887 ® E4E R (2007)
SG27 4.54 9.20 6.8 67.57 0.0148 | 0.1473 ® 2R R (2007)
SMO03 6.24 12.40 9.2 17.24 0.058 [ 0.1073 i ﬁ’/‘}%‘ k¥ 1% (2009)
E3 (#7371 R3BRETTFEL
SM04 6.24 16.32 6.3 5.43 0.184 [ 0.1544 i ﬁ’/‘}%‘ k¥ 1% (2009)
SSL1008 6.24 7.72 11.3 18.45 0.0542 | 0.0887 v A HR AR B (2009)
B4 |# BRI 5538 1 42 CUO2A 45 SSL1021 | 624 | 1634 | 7.6 | 7.03 | 01423 |0.1335| & &+ digh (2009)
SSL1092 6.24 14.80 5.6 3.74 0.2673 | 0.1826 e A R 1Y (2009)
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Bl 1-1 B a5 5% % % =2 & 4§ (after Japan Society of Civil Engineers, 1996 )




ﬁ t j Shield Front ﬁShield BOdyj Shield Rear ﬁ

rooo- 7 / Lining Segment
}  HIN
l ] ~t=
3 L HN Pressure Ring
} A
| — Jack
| ]
Lo \
a. Excavation and Preceeding
T
R /l J—
L ] t * Lining Width

x - Lap Length

/\ * Shield Thickness

4 © Clearance

/A\-+38 : Tail Void

Ds : Outer Diameter of Shield
Dr : Outer Diameter of Lining

[ ——— 71 L
\V

b. After Excavation

r*ter——‘
/]

Newly Installed Lining Segment

Dr
Ds

L HIJL o .
\Y

c. Installment of Lining

B 2-1 B 1 TLFEERT LH (48, 1984)
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Movable Hood

( - ) Hand-Excavated Shield

1

D

Face Jack Belt Conveyor

—J —————— T

11 ) . N
N = éj)( (= ) Semi-Mechanical Shield
Belt Conveyor
_— |-

O Hj /A =n=1"»
Digging Machine

Cutter Head

LF—

|

% (= ) Mechanical Shield
Belt Conveyor

o
Bucket

Bl 2-2 Bz B4 ¥ (IHI Tunneling Shields 3]4%, 1987)
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A SR Window

I.% 31’5'“%‘?:"'3«1"}

L LT PN I8
B % #=87iis
B I

(b)

Bl 2-3 #/& ;%5 # (after Hitachi Zosen Corporation, 1990 )
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Over Cutter Screw Conveyor

: /
Vs | (il iiiddiididieiiddiiiiddiiiiidide

A Motor
- 2R T /
Cutter Bit _é._n :':.:“:: — .
Soil 2:_'.:-

Chamber—~4rr=. """« b

- . ’//.4 =T
Cutter 7 |7 Belt Conveyor
Face
Muck Discharge

Equipment

NN

//-7 VPPV P PPNl e il

(2)

(b)

Bl 2-4 * BT §75" B 7 4% (after Hitachi Zosen Corporation, 1990 )
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Cutter Wing Cutter Drive Motor
Mud Pressure Articulation Jack Screw Drive Motor
Chamber \
) \
. \
) .
Fish-tail / ; Sand Plug \
l T & :
‘ r
,:—A& A2
</ .
@ \
| Belt Conveyor
]
S : Erector
L}
-/
Mixing Blade Shield Jack
Screw DisCharger

(a)

(b)

Bl 2-5 4cif 2 BT §73 A 4 (after Hitachi Zosen Corporation, 1990 )
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Cutter Driving Motor Tail Seal

L \ . Erector Driving Motor /
BN

AR AT A A A U
/ Agitato Shield Jack \ * Erector

Cutter Face Liner

(b)

Bl 2-6 % -k 3 %5 # (after Hitachi Zosen Corporation, 1990 )
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