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ABSTRACT

The first part of this paper analyzes the surface settlement-time relationship due
to shield tunneling. This study collects 198 sets of field measurement data due to

shield tunneling cases reported ifr differeént patts of the world from 1980 to 2008. A

hyperbolic model S(t)= is proposed to simulate the surface settlement-time

a+ bt

relationship due to shield tunnéling constructed: in different types of soils with
different shields. Based on the collected data, this paper suggests empirical tables to
estimate initial rate of settlement 1/a and the maximum surface settlement Spa=1/b to
estimate the surface settlement-time relationship. Base on this study, the following
conclusions are made.
(1) Field monitored data indicate that the surface settlement-time relationship
induced by shield tunneling can be properly described by the hyperbolic model.
(2) The initial rate of ground settlement 1/a in the empirical table, it is found that the
initial rate of settlement in sandy soil is faster than that in clayey soil. For soft
clays, the initial rate of ground settlement is faster than that in clayey soil.
(3) Base on the maximum surface settlement Spax=1/b table suggested in this thesis

indicate, when compared with Syax due to tunneling with an open shield and an

il



EPB shields, the slurry shield induces the smallest Syax.

The second part of this paper analyzes the subsurface settlement due to shield
tunneling. Based on 21 sets of field cases, the relationship between surface and
subsurface settlement troughs has been established. Based on the normal distribution
curve suggested by Peck(1969), an empirical method is suggested to evaluate the
subsurface settlement trough due to shield tunneling. Base on this study, the following
conclusions are made.

(1) Field monitored data indicate that subsurface settlement trough can be described
by the distribution curve.

(2) This study established the relationship between the surface and subsurface
settlement trough parameter dyfis and Smax /Siaxs- It is concluded that at a deeper
elevation, the width of =settlement trough is narrower and the maximum
settlement is larger.

(3) The suggested empirical method can-successfully estimate the subsurface

settlement trough in clayey soil induced by shield tunneling.

Keywords: Settlement-Time Relationship, Subsurface Settlement, Shield Tunneling,

Tunnel, Hyperbolic model
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2.5.2 AEr %A

R AR A R AR AT FITRGR O R FIE g b
FRAGEF AT RS sk B Tk o £ H A g3 L kYo Fl TR
M I ERPHFIFF R AL RBIN G RE ¥ B dpd K T2
w0 A RAUTIR Y AL ) - A T AR Y ARk RPN

AR 2 EE RS R RAE T RV e

253 7R AR

AR R SO LREFRT I o - R 2 2
AR V- RIMT R AL B ERAERYFLIMIIHH A AL B EIRL -
TR S X R RS DI FCED T
pEST RS S T & 2 1w 7 (pitching or yawing ) st R 4 £ 21 3k
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ez 4 'F:*;P; R AR R R o - AT i g =5 o

254 Bip o g anc ¥

RSB RGBT RGOS - fed o SRR 2
PR F A PR R 2R RS MA 2 e g
BABS A B2 R RE D ME e B GH  RFEEA R B P e e E

Pl BE R EZEL IR CARERR S FELRE B 2R

!

Foengg ok R4 S QI e w2 hd EFIR e A BAE 2R A R e

=

éi rﬂﬁ}fﬁrﬁ é_i;}ﬁ_ﬁ’f" %’E;(f‘; %\ rﬁféiﬁ"

255 BTk g
R AR TR BT L SRAER R P2 R 2R
S AR R L R A L AR 0 B Tk T 4 R ke

A AL RHRE IS E R

2.5.6 b2 K £ CriE S R BT IS

B RE Y LAY BTG E G B BT - 5 kTR
T e FERER GRS R EIHORRESH 4 Fla A 2 R RIT
Fae H R IZ4c® 2-11 (Mori and Akagi, 1985) #7177 > Bl ¥ 2. ¢ & a 2% 1 % A4f
% 1 3 (Undisturbedsoil) 2 B % d & > & b 5% 1 EF L2 1T 5 > A d

ACR 5 EH L E (Remolded soil ) 2. F4 v 81t » F]% %5 1

b
-
e
=
0.

FaRaz Bl (BRI HIt e T ) Ad MbB2BE o FRELE ok o
Gy Rl o, EE MR AT KR A e B e o 2 AR
MbTIEEE3p B D3 EARY o ot B A J IR Al
Flpt g S RIS

10



2.6 ¥ - sjiE w15l k2 B

FERRE T IR B R L K IEE 5 1L 2o 1 PR B

S EEEMEgi o2 PG

(ES
=
14
A8
3
l y
A
o
ol
14
bt 8
3%
=
B
&)

i

Bzt 3 AL - F R 3R e T R BT A TR~ B AR BT

et 2 & 3 15— 45 -

261 KA TR E
Peck (1969) ks BRI FTHFA L HFM > W BREF w1 2RI EYE » %6
1975l Rz R kel v 324 S (Error function) 2 & 4 ¢ 41 (Normal

distribution curve ) * ¥t > UG L BRI O T od T N3]

ﬂ-r *

S(y)=8muxexp(—%j (2.2)

e,

S(y) © BEFRIE ¥ oK T REHL Y il & T RAE
Sax - %‘AE‘J R LA s £ 2 S L SPIT F= ',E_

i@ wkif ¢ F)F & gL (Inflection point) &k T e

n 2-12 v # M«A’\ lrl’ W zgﬂ\ﬁ W Qé:'h"r‘lif)%m/’bh"l& S 0.61 T%—L Smax vl %‘%1—7\&

AW FEEEONEEY MBI A BB AR B 022 B Spaxo ¥ A SN H

R RN R Vs S

V, =27z xixS__~2.5xixS__ (2.3)
Hanya (1977) teiRlEfirdlz Ba s (4ot BRI G 2 KV BE )

TR 2 A Uka o A H S SR Peck (1969) #riEk2 F A o

Rk g

11



Peck (1969) A 4532 I 2 K kin T2 1 5l Rz 3 4wt B 52 0 & -
PUIE R R AT TR L Sl X LT R Y SRR Z 2 TR S
P2 B FE AR 2-13 WY B 0 FEAZEGE R IRERRR SR
(P ZR2RERAZ ) 332 koriEplz iE (REAmKah2 T8 ) HAREH A
Bos koo BB TORENT 24 KBRS 0 B TR R

re Bt v oA L
Mair et al. (1993) B4 ¥ H7]385% o e GAk2 g v > e

FTIRR Z R KA F b BRI R (40T S

0 0

ZL=0.175+0.325(1—Z£] (2.4)
N
Zo: Mg PSS RURR
233 & ER L
At AR A T 0 T Z 5 0B K st (24) Fit T @
1=0.5xZ, (2.5)
Loganathan and Poulos (1998) I #* % ig 3 4% /2% (Equivalent ground loss )
LA o R 2 AR 2R & ZI2R 2 B e

i Z 0.9

:?“ ¢
Z:wgi ¢ SRR (m)
Wu and Lee (2003 ) #:iE4 ##-138% > g o dbd k@ wgwa1 >
2ilD £ ZID 2_ B tahoT

2:0.58(£)+1.0 (2.7)
D D

12



e

D: i g e (m)
Z:giE s SRR (m)

262 B xR B E
Kanji (1979) % #-8 =& R & i 884 Ve &7 5 2 K 120 ¥y
A S 23 Y VB3 EdeT

(1) » % R 2 v

0.5% <V—5(%)< 2.5% (2.8)
A
(2) R dge
0.2%<V—S(%)<10% (2.9)
A
(3) »2bp Rt g
3%<\;—5(%)<1o% (2.10)

d s B ETE fE ACTTRATES (28) 12 (210) B mhal
HAE Voo $F Peck (1969) »rif 2 ¥ fi A fid M5 (22) AL His > 7 it
- HiRT A AN A A N 0y

— VS
max '272: % i

Fujita (1982) W& p AFP p 1965 # 12k 94 3B 5 g o 1 % b2 R

w

(2.11)

TRIFAH RGP IR RREGFH IR AT ERE I I A
BAHAE B ek 2-5% £ 2-6 977 0 GG A RE W LI R A AT

Koy enik

&

Mair et al. (1993) #H a4 B H A HF% » HFPE 32 B Rg w1 > 3

%\’ /F}i Z )i /’L F\‘.’f}% ﬁ’»" /’L F\?‘J’E Smax .&r-"lf :

13



S _ 1.25V, i (2.12)
z) Z,
0.175+ 0.325[1 - Z]

0

}’\: ‘:‘ b
R:FRSE SIS
Vi B aim% (B aE A0 ) (%)
Z:y & TFER
Zo "RiE YOS HURER
Frgte ARl 0 Z 50 00 B2 (5N (212) H BT E
R2
Smax:2'5VL XZ— (213)

0

Wu and Lee (2003 ) i#% 38 3w #5507 385 > i e dbd & P g1 > 7

PoE oz Bk THAE Smax & -

S Z —0.43
7§§<=000327(5§j V, (2.14)

}‘\‘A ‘:‘ b
R: B y2uki 2 /2
VA ST I § ;Y

Vi ¥ 5E4 (NBREHAgR v ) (%)

2.63 i 3l

Fang et al. (1994) #& ) Peck-Fujita (5% > 2 > % WG B33 P83 ~ & 7
EE SRR IFER S RE B ST 9 R A TRaY Ao 32 L 31 Peck
(1969) #1i& k2. 2R &2 ZI2R M % > & B 4&+ R4 b - B H ¥ 5 4o@) 2-14
a0 LR SARFR ZE LS REIEFGE > T B 2-14 Bk
AR S8 i 2 Bl iow > lavg * ihigh © T 1935 Fujita (1982) 4 2-6 #fi&ik2 #

R I N SN 7 T R AN ST S

14



24 %\ B ok ';%_ Smax?’ r%](Smax)low (Smax)avg (Smax)hlgh o Hirid Z_ 1 l’? Smax IR

Peck (1969) 2 4 fi A ff = 425 » 7 & 5B i 1 8 % 2 £ ¥ £ m il -

2.7 ¥ R ITKAORE PR AR
TR A RS BRI 1 TR 2 R R ERA LT AR

(Japan Society of Civil Engineers, 1996 ) 4c ] 2-15 #757 » H 8 I % 25if 4o @

(1) A fFmra: R 2 0B P E 2 4p 3 BE3 2 2 Tk e

(2B 8 5% 2 el A (5 2 305 B4 6 T3] pr2 i ias B As -
ARG E TR B RG22 R KR TR

(3) WP mhad A 1 G 2 0B F B EpF L Mt hdr > B A4 2 31 &
RFIGEFRHe ¥ A6 e G2 B, 02 DR A 4 2 B HHR
B e

(4) Ahzhiminsdhde R 2 B AP L I E 3 A 2wkt fhde 0 #
AA22ZALRFNIBRVAL BRLERPELER LAY 5T H
(Tail Void) > #7k ¥ i D G+ B 2 nlne - &a 3 o -
BREARAD B 2 TR R A - PR AT A o

(5) tfimkn: Ghatmiki2 4k A7 M2 MG > 2 RASTFPHG e

“TalAC RN 2 1 AR 2 R F .
e =

2.7.1 = 5T FemEd R R s

Hwang et al. (1995) e 3 4pd) > 7 d SRR S @Y P s A 2 i
k& (Immediate settlement ) 228 % it Koo @] 2-16 #-w o & PR 380 2 e %

W > Hwangetal k¥ a 15 6 7l 61 ¥+ X 2 A iR Swik 5 FIES
B R P A TR T 3 2 A S R BT BN E R

PEF LS 100 2 LTS % 10 2 2 TR L& 53R o Kody oo i 5

15



TigF 2 ARBICEEE Sc 7 d TN RF

t
Sc =a-log — 2.15
c=a Og(le ( )

;V\:‘ s
Sc: BmiwknE (mm)
o B % Kedp i (mm)
C1 B L (5 PpE R (day)
Wy BRAGW AR ULE - EERBICKAR A > PAITEAE 5
S, =S, +1.56 (2.16)
;\::‘ s

272 ¥ sps

Fang et al. (1993) 4z & RPN ¢ % G| Fymbee P B (h e 120 A 47 > BI04
BILGNBEAWS AL F PN B TR E Y R T T A2 FE S

(Hyperbolic model ) 4 14 45 it :

t
SU)=a+bt (2.17)
PR
S(t) © R LA P 2B A TR
U B ARG
a~b: gy R Lk
S8 (2.17) Py A TSN
L=bt+a (2.18)
S(t)
F(2.18) 5 US()z AR N o 5 1 % b T P TR T L US(E) B Sk

16



Ut SR WY 0 T s o
(B 5)

35

!

EAMG R ¥#ka (£E) {b
B (1998) W f RP ¢h 4 BRI GEN s R K40 RN R B RGBS 0
REMER 2LREE LY BRI R A T

e
(7 RIFAEE L5
ed B RBCN R kehgdica BliTER A L & 2-7 WY Fujita 2 & 2-6 #F
EiRz B A R X TR Smax e ZREE > THEIRDEEY RIFH A R L
MR RPN S ARG R Y R LR A G T B
PR a2 A

2.8 FR U &

L >L1
-

BRI e 1 IR AR R M e Rt 0 A AR B R
BPTOERERE R e 2 T ¥ F R Aokl R LETE AR FL TR 2 B
AHEFHRE G SWLF TINRGE T SRR T SHY o S AR RE
IR EVFER kA e
Cording and Hansmire (1972) #3523

o IR AN AR R R DB e A B X
h /}E\‘J °

ERARE AR 1 T R T
G ¥ LI SRR LR R S 4
O'Reilly and New (1982) 4 {52 F &%
WHARR ST %R o B PR /gau,x
B A%3E Tk B (Crown) i

G151 % &) 0 4r Mair (1979) enggw
51 5k
/bTm/}f:\‘

SRR LI TR o
P gt b L R Spax AR IR R mi‘éﬁ 4v

2 W ERERR 2B Se @
R A { Ao X 0 Ao B] 2-17 Ao e

''m K_,i;”g’lj
bR S 0 F]R 0 R RS AR g "
O'Reilly and New 1335 BLIR e A8 dp o) » "k %6 1 33
Z S #c (Error function) 4c 1445 it » 4o ;N

E a2 /Fé]/urr:# ¥ Ok 2R

17



y2
S(zy) = Swmaxa -eXP[— o ZJ (2.19)

5\‘. =
Sy FEWE P SHKTEER Y o iFR 5 Z AT KGR
Smaxz © BERRIE P S AT FRIURR S Z kB X LESGE
2P FR S Z e SRR P A TAKSY AF O BEeNpESE
B Eaviiat P A EER MR SR A T Ao (201) 0 BRKE A SR
PR R A AR 0 RS (2.19) Tl A 4o 5
2
Sty = ﬁ : exp{— 23i’22 J (2.20)
5\‘. ¢

¥ F okt A (m’)
3 Rk LR A 2R S B O'Reilly and New H#-gLp| 35 4L 5w
a1t BT I ARG RREcl s R
SRS
i,=0.43(Z,-2)+1.0 (2.21)
By ARl g
i, =028(2,-2)-0.1 (2.22)
Zo ¥ 72, TEACK 2-17 #7577 o
Mair et al. (1993) 5 iF k& dwiliad ek & dvbfad Mapin > ¢+ % §
(AT NS - SN RN R * %5344 (London clay) p e 1 % 6] »
de b0 g B ORGSR ehig B 0 #rr I S  ZUZo e idZe BB > 4o
2-18 #7757 o d B¢ hF L > Mairetal. £33 i/Z0 8 F R 22 PR GdeT

L 017540325 1-2 (2.23)
z z

[} 0

B R R VL KAt SRR BT 1 A LI SR A AR P 0 Mair et al. £ g B

18



ot oM A S VLEERD > B0 - GEMEY T 2 RFERZ B

A Ry Smax,z * 4" Fol

_ 2ﬂ-'iz'smax,z
v, = Y O 7o
4

2
s =0313%P (2.25)
’ |

z

(2.24)

PP AR A ST RIRE IR AAGHBATTRER A
gt 8 > Mairetal. 223 * - 5% E V=14%~F -
FHIFER TRA RS B A R R BRI R - R TG R

B I R 2 A

19



gl
™
-3
|y
S
W

FRAWERP PEF LA R - FRBFREF L TE AL e
FUKARERE Y S o AFT 3 kg Fang et al. (1993) #riE k2 B U550 - kIR
POEGH - R SR S 2 b AT e kI BP h 5 BRI R AT
EEEY Ry WivEdy REPuzRL o

AERZEA I & o5 &N LRGSR Frd % 2 @y RE S S8k
ERE N N TR - NI N R LI el w5 R S B Sl
FOEREd REG] o hw & a2t doimimE F adkd TR Vaimsrirg

E‘l\‘ €€n°§:3 ;‘: ;‘;L}%:—iﬂ; %\‘ E’SJ‘ /EFZ’J:‘E‘ max—llbiépi%\ ’ T' é‘]’ Smax ‘E]”TAO\*% ';i L ﬁio

3.1 B s

3.1 B AP A R

W

R S AR LER R RN R S ENE 2
310 #F g AR E R FHF AT
R:sfFizm 2T
Z: WY s BURR

AR L ERR L BT

S(t) : “EPFRY 2 AR

AFT 3 4% Fangetal. (1993) #7123k R BULab2 B ) s 2 BT gm0
WRIZE > 2 PR M % ¥ % Y R (Hyperbolic model ) 4e 14 4 it -
AR (1998) i 7 BIP PR BB A S A RSP Y ALK 6] 40 £

S B AUHC T RO T SRR RV R AR K 2

20



B o %272 ] &9raf > 1058 (2.17) fichis & SUkadpE fF enbd %

S(t) = (2.17)

a+bt

e

312 4wz e M4 Haz b

Fod Bt (217) @RUS(H)2 A E S - dest (2.18) ¢

L:bt+a (2.18)

S(t)
BTLE TRl B A TSR h R e US(t) B Sidh o PRt 5

WP o T s w G 02 SRR R Rdica (B E) foddicb (A5 ) 4o
32 U AR Y Rpdea D oaotwR B AR > FERAELE 0 TR
Bt dl - 5 d B BN R 2 ROR R Y A o
Zyp B 3-3 (a) 2B 3-3 (¢) BHE P 4o d B i g v 151 Re £
FrpEd S - e M Scacbe B 33 (a) R BRSNS S AR
BRI 5 b o A% B 5 % K Haycroft enferd J\l,ﬁ_/gﬂﬁl A2 TpltLs) C e
BRI Y AT P Bcdy (Attewell etal., 1986) o #-H 3 & ST pFd RN
Pllchy > T US(H) % S PR L S P2 BY o Bl° Ao T RIEIRE - SUEH
%o i ﬁlﬁ_wﬁr’fb AR 20 Y=0.0103%X+0.1263 > 7 {7 e R4 Hca
0.1263 > g 2 28 b 5 0.0103 #-fFd 2 2 fca~bE S w g 50 (2.17)
TE AR N2 P RIS Y A B33 &Y kg kbt gyt o
B 33 (b) S#* R KRBT AL KPR 2R 25050

AU HAE & s CH218 15 0 X p|2: SMS83 e & T RofE P S & Pl #icdhy (Song,

21



1995) o #-% RHcIp B> SO t B IER P > 7 B - AR B f1r R
‘?ﬂﬁp’?f\ug’%ﬁlﬁ_" #2358 Y =0.0368*X +0.4269 > 17 gFw R SHca 5 042690 ¥ R
S8cb % 00368 B 3-3(c) af* I RIGNBEGP LI EAPBERL FH -
*% 55 € f w Limerick 3 7 -k ey 35553 (Dock Road Tunnel) > & P2k
TA18 3= % it K P A0 % P ficdp ( Tonkin, 2005 ) i f& + i = 2 #-H 4 ~ t/S(1)
¥t ogiEEr o Fal Rl = 0.0207*X + 0.1031 > T gEd S 5 ¥c a 3
0.1031 - g s %% b 5 0.0207 -

d B 3-3(a) TH 33 (c) 2% HAZMA FANFRPE LR
Z UK By v T R~ USHA AN (2.18) 2 B¢ o F- MM G

Y M SHca~bo B33 &Y gkl Y MSBca~b Bk 2w

i BE B A -

313 4k llaz B 3&

By M SHcl/a v A SANIER21T7) S g g

S(t)= (2.17)

a+bt
WY RN ENA, > T RINTKEFRY SA S dS(t)/dt- §t—0pF >
AS(E)/dt B 5 PERF 5 0 27 441 %K » 4™ 58 (3.1) #97m o o SA= 4527 RA F £

1/a -

(3.1)

1
(a+bt) a* a

(ds(t)j:um(a*bt)_t(b)—i
dt t—0
t—0
Vat 2P B EZFHFFWPApLERBY - 2 FARgE? o>
Arig A 2 B LT RaE 0 o4 H =3 (mm/day) o 4o 3-4 #77 o
Sl

af o R RE BRI g F R o F 2 F S
bl ied F AR o Sl laz <P R R A BRI S

$4c Ua

>

Bl M 0 B34 H Rdp kbl IEP o

22



314 S8 lb 2 #12 3 &

B M Sdcl/b 2 IR ATV B S 5(2.17 )48 17 - 1345 L'Hopital’s
Rule » 3¢ (2.17) ¢ > Ft > oo pF > S(t)H#-¢€ 417> 1b > 407 3¢ (3.2) ¢

1
s(t)=1i —— 32
tfg tratbt b (32)

Tl S B Ub e B A N A AT A2 LB BITAE T

2,62 &7 % E * AR Smax (Sma=1/b) > S8 Lo cho 4] H =5 (mm) > 4o ]
3-4 #¢5 o

gl l/b 2. % o) R AR R £ B2 —Fo B Y CRE
BRZ EE /2R EFHAN W1 22 FEF M #3580 @i% ol

de P o

32 RIP HBEE g RbIE B
321 25w &

AEBRIER S E 2 L BB TREET RS FHERTAE B TRk
FEPERE 02 EFEY M5B a~boea & B SRS ﬁgﬁlf‘ % TR PR W
R WERP R0 G AT 27 &L

AWy R4 l/b 2 Hm3 K58 2B L TR Spac 2 fﬁ%ﬁmﬁ
AR IR A TR R EE Y S a~b; rad p
E At 2 R RE 1 IR A B A TSR Spax 0 EE Y RS HDb o ;ﬁd H 4
e M gBcbz 2008 BF EY AN M-

AARAEHR 2 AT R I VL L IRR AR E
BIARZ ERIS R AR IT RGOS 1 2 F B i o AT AL E R S 4p
BEA B2 IR R LTS 5 R R e SRFREBEET R G

RGO AP T 2 B L kb > WA 1980 £ 2 1 enRp Y R



A LR PEAITZ L EFREL R LR ERETR REF 198 8
AL EE Skca i 92F - fdicb i 198 % o

*E G RS Pl 198 £ ,535 X 1295 3.1.2 ) &l 2 2 2 B Y R
B =Spx 2 FPRELEZ > RBEFLZFRLEFR Y 2B HA 2 fRinz
BEr L Z e g o1 @ WA A S 34 A B 5 2 BRI (EPB
shield) %z % E ~ kK 4c B 5% (Slurry shield ) 115 % S &2 B2z ;% (Open shield )
HiB e Oc Bizgd Rykims 5 337 42 K (clay) HB e Chgeisdbd f ( soft
clay).,%fﬁ:% = sCErit k (sand).,%fﬁ:% 5 Ser 2 ik F g% 4 v4 12 (Additional

Method ) #4c 12 4 % o

322 &7 %

#3-13 4395 28 3 3l B @ 155 1B A UIRARERE Y 2k b7
o RBREFHANE L R RITAR ) TR RE SRR RRRT

2 3-1 RSB IREROHI BRI RS L ITIHFREY B2 kb0
OS % %> % & Openshield inthesand e S H|#c s 9% » H @ gFw R fdHca 5 2
Lo Slich 598 o 232 Z BN RENAS B BRI RE LT
Mz %G| 2 OC 5 3> & 4 Open shield in the clay » % &#c s 27 & > 2 ¢ #

W SHca s 1L Fdb 275 0 & 33 LERGVBETRE T HEALY K

W

RAIRS ZTEEY 82 % 6] 2 OsC 5 %3 % 4 Open shield in the soft
clay e 2 bl#cs 104 27 o S ficas 44 $dcbi 10X

F3-4 SRR RGCEFRER D B RE LTI MLk
B> 1SS & 85> % 4 Slurry shield inthe sand » % G#c s 18 4 » H ¢ o R %
#a s 4d o $db i 18L& 35 R RSB AL R BRIIR
¥R TR PR 2 % 6] > 12 SC & %L % % Slurry shield in the clay ° % ] #c

245 B By MSscas 24 Flicb i 24% o £ 3-6 2Rk BRNER

24



RRE T AL R BT I R A TR M2 % k) 12 SsC G 5L i & Slurry
shield inthe softclay > & s#ic s 6 & > H ¥ o M ffca 2 45 2¥%kbi6%-

% 37 G2 RIGSVEATEENH I BRI IRE LNIEFREY B2k
) » 2 ES 2 %> X & EPBshieldinthesand - % 6|#c i 44 4 » 2 7 o ;M4
fca i 203 Sdcb 445 L3852 BRIGHVEGTRE AL ERLIR
BRI A2 %) 1 EC 5 5L % & EPB shield in the clay - % | #c %
3L HY o mdcas 2458 58kbi31E 4395 RIGEL G
EOTHR ALY R BRI R A TR M2 % B0 01 EsC i 5L A& EPB

shield in the softclay % &|#c 3 294 » H ¢ gFd g fica 2 254 » S8 b 5 29

43
o

O A BT 0 BRI RE R R RS A TRREREY Rk b
Mpdea @l 79 o d 2 i ST FUSRGI L 1990 £ 0w 0 A or B CE
FHBES & Ak 0T e B B R F 1R H
WA AR A 2 TA A T ERE BE R o R KA RSB R B R 4
TTRREPE Y Rk b B RSBl 1080 BN E s 1 B B8 1 B
ERif ko BAM K LW FR IR A B R ORASIRE 0

Fiw oM E Y R R L) BTN RS L AT A R A
A

3.3 MR SRS BT R P Y AR
B 302 ) Eei S R R BRI R R AT SR

Bl AT Y R Slca~bo B A Ba-bEEAwEY RN (2.17)-

S(t)= (2.17)

a+bt
B A MKASOM T t 2 B ERL > T ERN - 4 B R
fo 23 IR o AR o HBEE R O E R B AT R - B WY 4P
3ot o B 5 AoR) 3-5 1 B 3-7 frF e

25



302 ) aTiE 2o R b o P dofe 1 B AN R A TR AR o

FB 3-5(e) 56 2% 3% OsC 9 % Open shield in the soft clay -
% ¥ W Haycroft enfgr2 T R G 142> Z R 5| C ihy L TP d RE B
#x (Attewelletal., 1986) c i 2 /2 3.0 m > "R ¥ wiFR 6.5m > FH* Bf 1
E oo B M S Bca b 012630 EEW M SBcb 5 001030 E-fHcE w B AR oSN
(2.17) > B % 4@ 3-5 (e) #777F o Bl ¥ B & % 6|5 PIBE2 47 4000 Fend 50k
R ORB GRS TE Y MBS L fPIE R R S AR K M
Bl3-5(a) 2B 3-5(e) 5 VY MEGHIRB B i EFRS
N2 A UKRORE RS S0 Bl B S 3R R bW B AR & A o

B 36 (b) 206]> *%H 8% SS 13 % Slurry shield in the sand » 3 &
A RSE ks CH218 1% 0 £ pl2E SMS83 this £ i [=fFpF o &% iRl #icdp (Song,
1995) « gif F /£ 6.05 m > i POCTRA 1200m 0 B YRR E o W RS Hca
% 04269 0 W RSB b 5 0.0368 c BrBN WY M (2.17) 0 BEE 4B
3-6 (b) #r7 » B ¥ &7 > kvl QIR0 ;0> & 245 - B] 3-6 (a) 1 B
3-6 () 5 MY SESGUHRE ReBBAY > 22 AR S0 &
R A0 Y BEor & 304 Kby & B RS £ o % ] SC 24 R A BE
Fk o Bt 422 PR B TP

2@ 3-7(b) 2% A% 6] 5 ES 26 > 7 EPB shield in the sand - 3 &
f: % Limerick 7 -kif erdp 35 L% 3E (Dock Road Tunnel ) » & /B8 TA18 e
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Pl 2 S THAE Smaxs © ¥308 2 T2 BIFR 2 B S ITKSE Snaxz 0 R A

PO R N R A E N PRI S R B PIE

513 BP HiER T A% bR B

€ 1974 & 3 2004 & FP b e A2 B RE S L IR FER T

>}.
it
é*‘!«
‘T*ﬁ
(u

FaZ R BT R Gl 2 BRI A AN R ER g 2SR 7
FiRR KA TR S i, 4ok Sl ERGIE P R 2 A FIER b < T
PR Smaxy FIZFUH 4 5-2 0 R olSB? PR PR & F REES J B A T St o
d & 512 4 52PBEw1 R0V IFR o F 4R 1981 & uaurn?)EL )
RE R SR EORGUBRA S AT EGUBRE B R RB SN F LB
+ i

7“«*
\

AR SRR ¥ Y FEE LEN IR Y S RN AT A R
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BT o ANT 2T BT E RS RURY o & 512 A 529 2 R
LR S AL TOREIRAGE Y CIFRREZ R0 HPE R FE S
BRRE B RIRRRGY RS AR R OARE TR R e T A TR
PUIRE R W SRR IFA TR TR R LR & 2R ITIAE R R 2%
P

% 5-1 2 4 5257w B2 %5 "‘filﬁﬂ%{fipm 4+ 38 % ] ( Washington Metro )
@ LA fEd T oksE ¥ 2 B (Taipei sewerage sec.2) & b 0 BE ki Bz K LR
DB TR X SR GRE B KL AL K A TR S

G &Y B K LR AR o

52 4ofe TR T kath 280, 3 Snaxg
iR R TN 2 BB S8, 70 = fEipiz & (1)OReilly and New = % 5(2)

Mairetal. = ;£ ; % (3) Fangandwu = o+ '1_"‘5\‘;4]4\2,1"1?‘3{4]39 .

5.2.1 O’Reilly and New = ;7 2-"2_1,
OReilly and New (1982) 4 47 ¢ = & e d whif %6 1 % b » 23k R 9%
S HUER Zo s BRI IER Z 0 T SIS EM B (221) 2 & (222) %
o BRI RA TR S,
SRS
i, =0.43(Z2,-2)+1.0 (2.21)
B ARl g
i,=028(2,-2)-0.1 (2.22)
AT A 51 & & 52 St 2 BFE L 0 16 BIEA ITRAE B B AL
% ~ O'Reilly and New (1982) efics @ » 4o 5-3 #771 o

Bl 5387 » #0802 B a = > OReilly and New #7222k 12 18 27 4 52
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T E B AEA I TR Sl 0, B8 A 0 By AR T T B3 OReilly
and New “TZRIN7 0% RIFGHEFRE T RAREIERLE S 27k
oty B8R S8 F12 AP T B 2 TR LR R I BRI 2

% b o F] &2 2% O'Reilly and New #1a& 3% ;% (2.22) 2§ * 4 -

5.2.2 Mair et al. = ;= /& 2_i,

Mair et al. (1993) 235> 550k 4 (London clay) P 9% 1 % 6] » 4c + 14
B A S GRS R 0 M i 5 ZUZ0de 1W/Ze AR P 0 4] 2-18 5
oo YR B P HF AL > Mair et alZ 3R FRA T S0 B FR Z 2 LR R

4o 5% (2.23):

L v [ (2.23)
Z a

0 0

A FT GRS 1 i RpURAE BRG] 5-L2 i,~Z % Z,® > % » Mairet
al. (1993) #7i& &k e ZIZo v 2o BB e s e B 5-4 #751 o d B 5-4 7 500 237
TR B2 kb, 28 Mairetal &Rt (2.23) B4 2l B E %0
AR 5 A ET e B AT E VU T B3 > Mairetal. #raZ ket (2.23) 2 U &

SRS A R AR A R R Sk, o

5.2.3 Fang and Wu = /% /& %_i, % Spay.,

Ry AE e L S ER AT R A 5-1 2 & 520 22 An
F\Z’f}:g %}ﬁ,{ ig N Sma)(ysl:;i'.7 /;g‘éi /"—E Pé:’f}:g 2}\:@,{ iZ N Smaxyz ‘;’1/”“_‘47‘_.56? Fﬁg f/éf' ’ 41\—”@ 5-1 ’:’Li—f]_‘ ° j&—‘}\

B0z % Smaxz B> F AT S TT IR /35 BRIE Y LV R 5 R GVER ITIAN, -

5231 &2 0,2 ig2 B i%

R EAETER R A TR TR Rl ifis oM oo mah A 51 R 2Rk E Rl
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S

BIFOE B30 ifis 3 AR 0 M T A H RSB Y 0 4oB] 5-5 17 o B¢
PR G TS > R BT AENE - BRI EE ISR IER Z A
R/ BAR] AR o TR AR IR R ARFE KA 2 AR o &
B g ok ) 555 BT /iM% o d B A IEH TR e R AR TR - ER Aun

ety 0% R 2B -

5232 1= % Spaxz ¥ Smaxs 2 M %

K e R B kb R M o A S22 ERB G TA B
"4 Smaxz/Smaxs = T A% > 1 Z/T 5 HAEAROR Y > 4B 5-6 “r7 o Bl¢¥ R TR
Bt o RUllcpy 0N R - FEHRET O T F IR IFR Z AF 0 Snac/Smaxs
BAR S B R o TN R TSR IR R ARIE o ST AR 20 B S T HAE Spaxz AL o AT
7 H#-ik iy B 5-6 R0 2. Spax/Smixs B FmEnis A B < KGR Spaxs 2 K T R - R

R e i 2 2 R R B S TR Spaxz

IR O PR Sl PR | MERE = et I 8 i P i TR R
SA G R E Gl IEP o 2 MRS £ 52 P2 BE E w1 % 0l
AL GRAREI R R ASHR D ZRFEFE ARAREI AT mfﬁ"ﬁ

i B

53 MGE D EFEBIRE TR L #
;g%%%‘ﬂ’i&%ﬁﬁuig%%gﬁ%aﬁlzﬁiﬁﬁ%ﬁﬁ
Bl oo T = R R R B REP 0 TR R T A 17 B AR o
(e 4 01)
# ) & FE  N.W.A. Sewreage Scheme Tyneside, Hubburn. (Attewell et al., 1975 )
Wi 7 /2 2R 1201 m

RE Y OSIFER Zo:7.5m
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SRR SRR 22 2.6 m

1

oA PE R (crown) B ER T 65m

Bz 2 EHA - clay

Kilﬁﬂ NF S g SR ésmax5'7-86mm(ﬁ_%§7‘?‘“§)

G %)
(1) oo 2P THEDE2 AR T 5 65 m> “THuThafiZR 2 5 2.6

(2)

(3)

(4)

(5)

5.4

m> 3+ E®2/T=04-

et @enz/T o % 0 o & BE GBI I 5-5 2 B 5-60 & i Ap4t /T =
0.4 2 ¥ 4 21K RSN S8 %A B 5 iy/is=0.60~0.82 * Smaxz/Smaxs =
1.13~1.43 -

Wep 4 T AR, S8 is =406 M 5 Smaxs =.7.86 mm £~ /i = 0.60~0.82
Smaxz/Smaxs = 1.13~1.43 o 7 RERA WG SHcde B4 S 5 0 = 2.76~
3.77m > Spaxz = 8.88~11.24.mm e

Bt RAF i & Spaxg B N REA Ga A 20 (2.19) ¢ o ald (ig) iow
=276 m % (Smaxz)1ow = 8.88 mm ¥ @ ¥ iz & fix-] gk whad @ d (i)
high=3.77 M £ (Smaxz) nigh = 11.24 mm 7 & & 18 Fl 4+ GuF K A 4 o
4of) 5-7 ¢ TR chs ER AL o

By TRER THAR R R ST ¢ 0 BY Aon TRl EI0E IR

#]%]P\ I U 5&'"’ 2 T o

A e E A ¥k,

* & K-k Jp 7 B N.W.A. Sewreage Scheme Tyneside, Hubburn % &> 333/ 14

= &7 3 x-20, 448 1 (1) OReilly and New (1982) = /% > (2) Mair et al.

(1993) =% » 2 & (3) »5% > ;2 (Fangand Wu method) ¥ &z 2 /5 "k if
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g AR TRA TR Sl R R
%= 12 OReillyand New (1982) » 452 = = e 'f g %5 1 k6 1@
PTG E R TR B R Sl sk M G (221) 2 & (222):
FRNME L
i,=0.43(Z,-2)+1.0 (2.21)
e S U o
i,=0.282,-2)-0.1 (2.22)
1945 % 6] Hubburn 2 3 TR FH > BH 4 BB L 42 K > % ® o F
B Zo=T75m> kA iER Z=26me #F it Z 2 Zo i 2 55N (221) 7
7] (1) OReilly and New = i 7§ 5 i® & it kit % & S#c i, =3.11m -
Mair et al. (1993) 13352 = 55742 (London clay) B " % 1
% Gl de b AL B RS ko 2R LB ER Z 2 MR e
7o

'—Z=o.175+0.325(1—£] (2.23)
Z 2

0 0

1395 % ] Hubburn 2 33 Z BT 4L > i ¥ IR R Zo=T7.5 m» STISH GUF
BZ=2.6m" B FREDT RN Z/Z,=035 ¥ Z/Z, % » Mair et al.5h 55 ;% (2.23) >
R 02 =039 c -yt B URE P SIFER Zo=7.5m > ¥ 12 F (2) Mair et al.
G RFEE AN B R 580, =293 m -

A2 53 &R (3) A% R HIFE TGN TR S R

2.76~3.77 m - ¥2 O'Reilly and New 5% =3¢ iz i, & % 3.11 m /2 2 Mair et al.
Tl i, @5 293 m4p+t > O'Reilly and New £2 Mair et al. #73¢ iz 670, > ¢ Z 30 A5
B FEA i, FHERY AT AERD F OV G 1N E AW
WRiE o Flak L b AT Rath Solicis 0 B L RNIGER R BIRA TIEE Sl A

1 %7 # * O'Reilly and New & Mair et al. #72& 3K 2 1, 5% 3% 5 B R STl
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5.5 1

-

TR R T ek b
| B == AA %}g\,ﬁq,%& “Iilﬁ‘%@W
B2 R A FIAR T v g MEBRE A 2 TR R IR
Ep gt

¥ R E R TSR R T ARG
= g
I

o~ Z_ /jc/%] 7t ]’\a_—,}"i’ AET 1 PES ﬁz Fi« ,56;12‘ ]p
R gt W AT R TR
TR % o 0 AL R S e 3

eV SR o d AR ¢

21 e iFEk e
5.5.1 BV E i 2 2 iR R T lA
B 58 (a) %

() B7 > 22 R 2 BN BBy & * 2 7k
SR ERAEAE L u

SRS TR PSR R

R

F R AEH3E 4 % (Washington Metro ) B 42

LR o % B
1T 4R 5-8 (e) % B 5-8 ()

B - T

PR 2 FR e S
Willington Quay Sewerage

= Ip—\/r}é] /'Lh’)ﬂ—]%@#gw 2 .é%ﬁr@S 8(3.),]_%]5 8(])"'1"[‘ °
’§ﬁ§%;;1

B Willingten Quay Sewerage % #]i& (7313 ©
[ B R R s TR 1 AR g B
=425 mo g P oo iFR 13.37.m (Attewell et al., 1976) o & & bi4r * B 2z ;8
BFrORg Agebg (& + 90 kN/m”) bz BPEE R A
iéﬁiwﬂﬁ‘#%%ﬁ%%#ﬁﬁ%’ Ak k’%tiﬁ/%’i o EH M R 23 % 15
& % «’ébi;ﬁ:iéiﬁ _E'k;gbﬁigﬁﬁgl R fR 21 (G gL 71
)R AU ERIL 149 R o A FRhE A TKAE 5 65mme AT Y
FURR 25 275m 2 8m TR 2 TR A I IAE 22 IR e
(e) B » 7R 275 m B R RaE E 53R R
FR 8 m R Wi ¢ AR D hBo s ]
5-8 (j) 110 2

—

> El
& GIEET 0

A A ]

S ) e ] 5-8
i B o W58 (f) A7

G IER R o B 58 (a) I
F‘\%}:igb;g%?
5.5.2 ik KRS i S 2 ER T

Bl 59 (a) 2 (f) T 22 iR 2 R KNG B RE & & 2 7k
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Faze 6 Lk B P Bk b S RITEZIFENIRGES NE%R > TR 27k I
Ry o T iRRB 59 (¢c) TH 59 (F) #HEaFF 2 T-kig A®R® B
4 (Mexico City Sewer, Line A 2 B) % b|:& 73t

Mexico City Sewer, Line AandB 5 & & # 7 K & 807 -Kif & 3La 48> "gig
B2 40mo i ¢ s HFER 13.0m (Romo, 1997 ) o & % b * kKB A F
P o M PR E Fl4L » % (CPT) @Bzt & 5 idids aded & o
PRERPEERLL FARE S I B FLRRERM L KT LT
MEDIE R ARG A Ug 2 ALK (inclinometer ) > & B[ £ R LB
RiBFRE R T g ATy % %5 LineA 2 LineB/F& 5 5m % 10.15m
SR 18 20 IR A T Kete 2 3E T i K BV o B 5-9 (C) BT 0 Line A 2 (R R
5m e R P S S 2 koA it AL S IERE R B 5-9(d) AT E A 10.15
m Jagt P s SR R 205 RATEA ] 2T AR e ] o B 5-9 (e) AT 0 Line B 2
FR S m e FORIFR T RARGE SRR RN 5 B 59 (f) AonFR 1015 m
JagP] 19 €0 Ry e ReTE R g AR Rhee B B 5-9 (@) I B S5-9 (f) #7&goT 6

f S B R R SC R B SRR 2 SRR R A I R A Y TSR R

j\P\o

553 2 RIS i % 2 R A TS

AT FRIBRIGNEAP T LGS IFR TR N E ST AP RR G
EORIOTIE 2R R T I S R SR R 2 IR A T At B4R 0 o] 5-10 (a)
T H5-10 (e) #r7 o 2T 5B 5-10 (b) I B 5-10 (d) % Shanghai Furongjiang
Sewer % | AL (734 o

Shanghai Furongjiang Sewer 3 ® B} /3 cnX 717 -Rig 1 2% b > "Rig B /5
42mo i ¢ s iR S.6m(Yietal, 1993)e A % b4k % 3 BT R B E 55 1 o

G R & R AR T BRI K BB TR T b oA K
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AL ARRE B AT & (Zo=5.6m) P B R S EToIBAI K YER
AR 3 b HENCE BRI S E e SR SR A NS R
BIRE > T BT £2-KET R o AFETHEIFERL 09I m~ 1.8 m % 2.5 m ARl

R i RAlE 2 3E 5 el gt [V 4 o B 5-10 (b) Ao 0 GFAR 5 091 m
P Mg A TR AL IR o B 5-10 (¢) 2 B 5-10 (d) AT IRA
1.8 m % 2.5 m Jaeshiit Kald % 3038 R m#'ﬁl’\ - B 5-10 (a) T ®5-10 (e) 5=
OB K0 2 RTS8 1 E 2 2 F ORI ITRATOR IR
@1po

AR 5-8 1 Bl 5-10 021 27 PR AT R 55 D 2 IR R ¢a)§]7 L 2

4 j\;sg—» AT OH j@g‘if—é ERE N A G S @i’ﬁ};\l ;535' ﬁ&fj\ B4
R P BRI RAE i 2 2 TR U RGe Bt S R S P 0 RIS SR T R TR R R T
Feth 58 iz 2 Smax 2 (B 5-4 2 Bl S-5) 0 Fikfpiost R oord 2 » Ft Rl

%EIE'L?‘*;A; B 43 12 4‘ A 13%:;?‘0

5.6 K™ zﬁ,&. g3 R
AEE G - S IR R R 1 ReAER TR 2 A1

R gl 2 iR BE JE R e R A A L R R i T FHm A

Kl R R SRS 7 1N

- ,%“m‘_h

(1) B%7H A gk i 505 5 aF A i erfp] B 4o F 8 £ pl i 4p
P BT R R R 2R TRAE BIE S R IR R

(2) AriEAe i B © 5 & i & bt S ¥ i % Smaxs 0 7 HER £ BRK
ITHaS AR ARl B3 AT RIRR G i S8 i; > Smae 0 # b i S

2

Pl ARG W E R AR R R B R R AT Rea R o

g
y
=%
=%
D2
i\\

~
W
~—
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Ty
s
i}
N

X
i

|

bl

B0 gk FARIRR I B RO R SR L - W
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B oot fils it @ F4 (OReilly and New, 1982 ; Mair et al., 1993) 73
Ml - FERIY AR R RER EE LRI S o

(4) 2 kivP @ % "1 8L BHIFEH > 512 X2 0 42 =R T RAT A

i o

&

I %

]
S

PABRSE ARTE AL L ST E w1 FRIFHEF A 22

R

(1) 2L ERNGHR> ZHE W22 A 478 LW $8cis 2 Spas
FEEW L BRER TS BB (R R R IURE e, S8 12 Shaxs
PG IR ERIT A KRS DIPRIEE o

(2) @ *ve g & g RIEA TIAE RITHE T 43 5 0 T8 ifis chbl 50 (B 5-5)
2 Smaxz/Smaxs <M Th B (B 5-6) 0 &2 RAEGEA BRI A2 Weta 2
be 1L R A o

O)ﬁ%%@ﬁﬁl&ﬁiwﬁﬁlﬂ%(M%?i%%‘ﬁﬁ)%ﬁﬁm%
R o

(4) AE%PZFEANAHLE S 2 L EEBEFIFR  $350KT 282 LR

>

4
E-0y

RiCEHFA 0 R ER
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g

L

s LN ¢y 23+ X%
SFEmH Z R

i

Bl ?EE) BRiEE AT R 2B AU RSP MR AN AT A3
2R ERBERLARRGZTRAE RIS AT AT BRI BN E
FERRE WG L AT SO T ERU Y AT R AR

BN IRE AN B S S A B RE R TEE T 2 R EaEik

6.1 %

‘\1

6.1.1 ¥ £ TR 5

(1) d &% & W& o|E RITHAER R RS 2B 5 15 ROgaf ¢ e

2 b RO KERE PR AR T AR S(f) =

t -4‘: V) *E_‘%E o
bt
(2) ®F7§ BT 45 & BURH SR Rl 2 e P TR o § 4

VA7 4 it
Fedd & lla 2223k 4 - Sl Va 2 P REZ 5B W55 L @RS -
SR SR S It SRS ) )
(3) & Aodpihind F la 2234 @ azb@BiEd k7P B2 4 i il
FO AR K B L BRI A PR o 2 A ARAR

33 0 A7 & TR AR o

<4> d 3 & B S AR Smax=1/b Lj:piEZ\ [l ?E?ngiikiﬁ"ﬁﬁﬁl 3 @—I@t—?i“%

AR o KA BB B AT R 2 Spax 5 ] e
(5) 2732 2.3 4 5% THAE Sma=l/b 23% % 22 Fujita 2% 2 3 4 B =

PR SmaiE R 4 400t 0 ¥ 2@ aviTE (1980 & X 2008 & ) B S ki 1 i

el

7L

E’\;—LE%\’&J‘/’ —E_Smaxﬁ&_@‘i (1965-&__[_ 1982-&)/? ’* Smax’ t—LF«l‘!‘g";/{

REAWY T8 6190 KRR 8390 ~ 2 BT ERN 69% 0 ¥
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WERBEAW CRE L EE L L BH AL

6.1.2 iF R TR,

(1) 237 RIpy 7R ITKAE Pl %% > Peck (1969) #ZE &Ry i m o

BT g e R 2R RGN,
(2) AF§ 2 50FR 28 4TIl TR 28 i 2Rk 28 48 mIaE

smaxz/smax,s “'ﬁﬁ‘»g ’//Af‘ ]_%] o 7 ;L.. ’?:»L‘ % &F“:F 1§f Fr‘lﬂfl /#)i f"\/# » PE"J’}"E ﬁ- ér\

F ?ﬁff—’ffﬁif’»"‘ A = Smaxz A% =~ ©

(3) R4 § st W f PR o 21 S I F S AR § R A TR
B BaRP P ERLGHRSFET Y RFEE RS Rk 2 2 BRI

FREAEWORENE S A BRI LR T

6.2 E:x

(1) A3hv BIILE THAE AIBRE = S5%A2 > A k7 3 BH7" fih s

AN w o MEBFL 2 B Fwm Y

WP ARE AR R

/

(2) A= WEHARI % e B w1 » A k7315

SRR & SR

(3) e g P 2RSSR FRRFER T FILEFATRERITREZ 5
p‘fpm°5'\7\%”ié?ﬁf%i

L 1}1‘_:.m;35 L ) \aﬁﬂjfgi/%];}%,ﬁ/,}

KRR 0 RIF IR AR B RERE BF RE B2 0T F
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% 2-5 ¥ 4 & % itka® (after Fujita, 1982)

Type of , Additional Maximum Surface Settlement (cm ) Cited
. Type of Soil
Shield Measures Smax Sinin Average Errors Cases
cl Not Adopted 12 6.8 10 13 4
a

Y Not Adopted 20 20 20 0 2

Open Shield | Clay and Sand | Not Adopted 13 7 10 13 5
Adopted 7 1.3 4 13 7

Sand

Adopted 25 5 20 15 3

Adopted 5 0.7 3 2 6
Blind Type Clay Not Adopted 5.7 2 2 10
Not Adopted 11.2 7.5 10 2.5 4

Clay Not Adopted 5 3.5 +1 2

Slurry Type | Clay and Sand | Not Adopted 12 6 13 3
Sand Both 6.4 2.1 2.5 4

cl Not Adopted 8.5 3.5 2.5 3

a

Y Not Adopted 18.6 12 15 3.5 2

EPB Shield | Clay and Sand | Not Adopted 2.5 1 2 | 3
Adopted 6 3 4.5 1.5 4

Sand
Not Adopted 24 1 2 | 3
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% 2-6 ¥ # & * TKa® 2. 75 Rl & (after Fujita, 1982 )

Additional Predicted Surface Maximum Settlement and Errors (mm )
Type of Soil
Measures Open Shield Blind Shield Slurry Shield EPB Shield
Clay 100430 40420 40£10 60425
Not Clay (*) 20020 100+25 - 150435
Adopted Clay and Sand 100430 : 9030 20£10
Sand - - - -
Clay - 30420 ; ]
Adopted Sand 40130 - - -
Sand (*) 200450 - - -
(Zp3 K ¥ 29 plER RimhaB2 <) A3 8 RTHAR R L 2 - #F)
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% 2-7 o M SHca ikt (FPF,1998)

B AP aEiEikE (day/mm)

Bem Al
Wesa iz ER: §i1- 2R gk ek A B SN R

. 0.15~ 0.25(13 &) 0.19~0.57 (4 &) -

L $c 33 4 2 0.05~0.09 (5 %)) - 0.19 (1 &)
Fy2 0.05~ 0.11(6 1) 0.06 (2 1) -
Fi 2 0.16~ 0.36 (2° ) - 0.73 (1 1)

= H L - - 0.11~0.21 (2 1)
L. - 0.35~0.87 (2 &) 0.01~0.33 (2 1)

P gsigkd D REE Y 3% N & <4 -~ Marine clay ~ Sensitive clay -
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2031 BRSNS R R S R BRI R R TR M2 % 6] 5] 4

Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
Lumb Brook Sewer Willow Drive, O’Reilly et al.,
OS 1 3.6 4.7 78 N/A N/A 0.0128 C.G
UK. (1980)
Lumb Brook Sewer Hollow O'Reilly et al.,
OS2 _ 3.6 6.48 15 N/A N/A 0.0667 C.A.
Drive-1, U.K. (1980)
Lumb Brook Sewer Hollow O'Reilly et al.,
0S3 _ 3.6 6.48 20 N/A N/A 0.0500 C.A.
Drive-2, U.K. (1980)
Lumb Brook Sewer Chester Rd., O’Reilly et al.,
0S4 3.6 6:48 7 N/A N/A 0.1429 C.A.
UK. (1980)
Warrington Mersey St. to Howley O’Reilly et al.,
OS5 2.0 8.4 28 N/A N/A 0.0357 C.A.
Sewer, U.K. (1980)
OS 6 | Caracas Metro Section 4, Venezuela 5.6 11.2 19 N/A N/A 0.0526 C.G Saiz et al., (1981)
Ouseburn Valley Northumbrian O’Reilly and
0S7 3.47 13 81 N/A N/A 0.0123 N/A
Sewer, U.K. New (1982)
0S8 Taipei Sewer Main Line B, Taiwan 4.52 8.8 44 17.92 0.0558 0.0193 C.A. Cai (1989)
) El-Nahhas et al.,
0S9 Greater Cairo Sewer, Egypt 5.15 14.0 20.6 3.47 0.2879 0.0605 C.A. (1991)

Note : C.G. : Chemical grouting ; C.A. : Compressed-Air °
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F3-2 BN B AR B RIS RE L ITIARE Y R kb5 4

Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
Lumb Brook Sewer Greenfield Av., O’Reilly et al.,
oC1 3.6 9.0 19 N/A N/A 0.0526 C.G
UK. (1980)
Bristol City Avonmouth 2 Sewer,
0C2 UK 34 6.0 20 N/A N/A 0.0500 C.A. Toombs (1980)
West et al.,
0oC3 York Way, U.K. 4.1 14.1 3 N/A N/A 0.3333 N/A
(1981)
OC4 | Caracas Metro Section 2, Venezuela 5.6 15 6.5 N/A N/A 0.1538 C.G Saiz et al., (1981)
C.A.
oC5 Budapest Metro, Hungary 5.5 30 34 N/A N/A 0.0294 DW Rozsa (1981)
O’Reilly and
0Ce6 Regents Park, London, U.K. 4.2 34 5 N/A N/A 0.2000 N/A
New (1982)
O’Reilly and
oC7 Regents Park, London, U.K. 4.2 20 7 N/A N/A 0.1429 N/A
New (1982)
Thames Water Authority Sutton O’Reilly and
oC 8 1.78 17.1 3.8 N/A N/A 0.2632 N/A
Sewer, U.K. New (1982)
Thames Water Authority Sutton O’Reilly and
0oC9 1.78 34 3.7 N/A N/A 0.2703 N/A
Sewer, U.K. New (1982)

Note : C.G. : Chemical grouting ; C.A. : Compressed-Air ; D.W. : Dewatering Method °
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2032 B NG R ARY R BRI K AU B2 %654 (Cont’d)

Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
Thames Water Authority Sutton O’Reilly and
OC 10 1.52 4.9 7.1 N/A N/A 0.1408 N/A
Sewer, U.K. New (1982)
Newecastle Tyne and Wear tunnel, O’Reilly and
oC 11 52 14.2 7.5 N/A N/A 0.1333 C.A.
UK. New (1982)
Belfast Sewer Sydenham, Northern O’Reilly and
oC 12 2.7 4.9 16 N/A N/A 0.0625 C.A.
Ireland New (1982)
Belfast Sewer Sydenham, Northern O’Reilly and
0oC 13 2.7 4.5 20 N/A N/A 0.0500 C.A.
Ireland New (1982)
) Cater et al.,
oC 14 Hong Kong MRT S1, China 5.5 28.5 43 N/A N/A 0.0233 D.W. (1984)
) C.A. Cater et al.,
OoC 15 Hong Kong MRT S2(L), China 5.5 28.5 47 N/A N/A 0.0213
D.W. (1984)
) C.A. Cater et al.,
OC 16 Hong Kong MRT S3(L), China 5.5 28 19 N/A N/A 0.0526
D.W. (1984)
Metro C301A E.B. TA97, C.G Shirlaw et al.,
oC 17 ) 6.3 16 344 1.17 0.0858 0.0273
Singopore C.A. (1988)
) ) Shirlaw et al.,
OC 18 | Southbound tunnel Line7, Malaysia 6 20 6 N/A N/A 0.1667 N/A (1988)

Note : C.G. : Chemical grouting ; C.A. : Compressed-Air ; D.W. : Dewatering Method °

69




F3-2 BN B R AR R BRI R AR Y 2 k74 (Cont’d)

Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
. . Shirlaw et al.,
OC 19 | Northbound tunnel Line7, Malaysia 6 12 24 N/A N/A 0.0417 N/A (1988)
. . Shirlaw et al.,
OC 20 | Southbound tunnel Line7, Malaysia 6 20 19 N/A N/A 0.0526 N/A (1988)
) ) Shirlaw et al.,
OC 21 | Northbound tunnel Line7, Malaysia 6 12 39 N/A N/A 0.0256 N/A (1988)
Singapore Metro C104 S.B., C.G Shirlaw et al.,
0C 22 _ 6.5 13 53 N/A N/A 0.0189
Singopore C.A. (1988)
Lake et al.,
0C23 Gateshead, U.K. 1.5 5:3 37 N/A N/A 0.0270 N/A
(1992)
Deane and
0OC 24 Heathrow Express Tunnel, U.K. 8.5 19 39 N/A N/A 0.0256 N/A
Bassett (1995)
OC 25 Bangkok, GBCS, Thailand 2.7 18.5 13 N/A N/A 0.0769 N/A Thongyot (1995)
OC 26 Bangkok Sewer, Thailand 2.67 18 12 N/A N/A 0.0833 N/A Phienwej (1997)
Kawamura
oC 27 Chicago, U.S.A. 3.7 10.7 24 N/A N/A 0.0417 N/A (1997)

Note : C.G. : Chemical grouting ; C.A. : Compressed-Air ; D.W. : Dewatering Method °
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#3-3 BN Bt esidd B Rl R &

e T X S SUED

+
=~

Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
Mexico City Central Interceptor Schmitter et al.,
OsC 1 , 6.28 27 122 N/A N/A 0.0082 C.A.
Section6 (1981)
) ) Som and Narayan
OsC 2 Calcutta Metro Section 1, India 5.1 13.8 65 N/A N/A 0.0154 C.A. (1985)
] ) Som and Narayan
OsC 3 Calcutta Metro Section 2, India 5.1 13.2 60 N/A N/A 0.0167 C.A. (1985)
] ) Som and Narayan
OsC4 Calcutta Metro Section 3, India 5.1 13.5 110 N/A N/A 0.0091 C.A. (1985)
] ) Som and Narayan
OsC 5 Calcutta Metro Section 4, India 5.1 13.6 125 N/A N/A 0.0080 C.A. (1985)
] ] Som and Narayan
OsC6 Calcutta Metro Section 5, India 5.1 14.1 40 N/A N/A 0.0250 C.A. (1985)
Attewell et al.,
OsC7 Haycroft Sewer Array A, UK 3.00 8.0 94.0 5.27 0.1899 0.0105 N/A (1986)
Attewell et al.,
OsC 8 Haycroft Sewer Array B, UK 3.00 53 60.0 5.10 0.1961 0.0166 C.A. (1986)
Attewell et al.,
0sC9 Haycroft Sewer Array C, UK 3.00 6.5 95.0 7.92 0.1263 0.0103 C.A. (1986)
OsC 10 Case B (by Attewell), UK 4.30 13.4 81.0 1.37 0.7324 0.0108 C.A. Farmer (1997)
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+

F 34 FoRABABGEENF I R B IIRE RIS B2 k74
Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
Action Grange Sewer Section A, O'Reilly et al.,
SS'1 2.87 6.0 25.0 16.58 0.0603 0.0351 N/A
UK (1980)
Action Grange Sewer Section B, O'Reilly et al.,
SS2 2.87 5.6 18.5 16.10 0.0621 0.0434 N/A
UK (1980)
Warrington Acton Grange Sewer, O'Reilly et al.,
SS3 2.87 6.8 19.9 N/A N/A 0.0503 N/A
UK. (1980)
Warrington Acton Grange Sewer, O'Reilly et al.,
SS 4 2.87 6.8 14.2 NZA N/A 0.0704 N/A
UK. (1980)
Warrington Acton Grange Sewer, O'Reilly et al.,
SS5 2.87 6 42.2 N/A N/A 0.0237 N/A
UK. (1980)
Warrington Acton Grange Sewer, O'Reilly et al.,
SS 6 2.87 6 18.6 N/A N/A 0.0538 N/A
U.K. (1980)
Warrington Acton Grange Sewer, O'Reilly et al.,
SS 7 2.87 5.8 25.3 N/A N/A 0.0395 N/A
UK. (1980)
Warrington Acton Grange Sewer, O'Reilly et al.,
SS 8 2.87 6.9 2.2 N/A N/A 0.4545 N/A
U.K. (1980)
Acton Grange Trunk Sewer, New et al.,
SS9 2.87 6.5 20 N/A N/A 0.0500 N/A
Ellemere Road, U.K. (1980)

Note : C.G. : Chemical grouting ; C.A. : Compressed-Air °
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3034 Rk RS RE NI R BRIRK A WISERY R2 % 67)4 (Cont'd)

Case ) . Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
_ Cassinis et al.,
SS 10 Rome tunnel Section P, Italy 10.6 35.3 7 N/A N/A 0.1429 N/A (1985)
. Cassinis et al.,
SS 11 Rome tunnel Section Q, Italy 10.6 35.3 12 N/A N/A 0.0833 N/A (1985)
) Cassinis et al.,
SS 12 Rome tunnel Section R, Italy 10.6 353 14 N/A N/A 0.0714 N/A (1985)
SS 13 | Taipei MRT CH218 SM583, Taiwan 6.05 12:0 27.6 2.34 0.4269 0.0368 C.G Song (1995)
SS 14 | Taipei MRT CH218 SM587, Taiwan 6.05 12.0 18.2 1.27 0.7884 0.0574 C.G Song (1995)
SS 15 Cairo Metro, Egypt 9.48 16 10 N/A N/A 0.1000 N/A Ata (1996)
) ) El-Nahhas et al.,
SS 16 Cairo Metro Tunnel Line 2, Egypt 9.43 18.0 15 N/A N/A 0.0667 C.A. (1997)
Lyon-Vaise Metro D Line Section Bernat and
SS 17 6.27 16.9 10.8 N/A N/A 0.0926 N/A
S1, France Cambou (1998)
Lyon-Vaise Metro D Line Section Bernat and
SS 18 6.27 13.3 2.5 N/A N/A 0.4000 N/A
P2, France Cambou (1998)

Note : C.G. : Chemical grouting ; C.A. : Compressed-Air °
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203-5 RGBSR AR K B RE A TR R % 0] 4

Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
. Kobayashi et al.,
SC1 Tokyo Sewer Section D, Japan 7.35 13.6 14.1 1.61 0.6217 0.0510 N/A (1984)
Cassinis et al.,
SC2 Rome tunnel Section C, Italy 10.6 30.3 7 N/A N/A 0.1429 N/A (1985)
) Cassinis et al.,
SC3 Rome tunnel Section H, Italy 10.6 30.3 4.5 N/A N/A 0.2222 N/A (1985)
) Cassinis et al.,
SC4 Rome tunnel Section I, Italy 10.6 30.3 6.5 N/A N/A 0.1538 N/A (1985)
) Cassinis et al.,
SC5 Rome tunnel Section L, Italy 10.6 30.3 8 N/A N/A 0.1250 N/A (1985)
] Cassinis et al.,
SC6 Rome tunnel Section E, Italy 10.6 17.3 7 N/A N/A 0.1429 N/A (1985)
] Cassinis et al.,
SC7 Rome tunnel Section F, Italy 10.6 17.3 6 N/A N/A 0.1667 N/A (1985)
SC8 Taipei EII-Chorng Sewer, Taiwan 4.83 12 14 N/A N/A 0.0714 CG Lee et al., (1990)
SC9 Mexico Sewerage Line A, Mexico 4.0 13.0 23 N/A N/A 0.0435 N/A Romo (1997)
SC 10 | Mexico Sewerage Line B, Mexico 4.0 13.0 29 N/A N/A 0.0345 N/A Romo (1997)

Note : C.G. : Chemical grouting °

74



F 3-5 FoRACRFBEGRE AR R BRI RE LT B2 %674 (Cont’d)

Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
London DLR tunnel S.B. MS-1, Sugiyama et al.,
SC 11 5.85 17.4 5.4 N/A N/A 0.1852 N/A
UK. (1999)
London DLR tunnel S.B. MS-3, Sugiyama et al.,
SC 12 5.85 17.4 5.4 N/A N/A 0.1852 N/A
UK. (1999)
London DLR tunnel S.B. MS-4, Sugiyama et al.,
SC 13 5.85 16.4 6.7 N/A N/A 0.1493 N/A
U.K. (1999)
London DLR tunnel S.B. MS-5, Sugiyama et al.,
SC 14 5.85 13.8 ) N/A N/A 0.1818 N/A
U.K. (1999)
London DLR tunnel S.B. MS-6, Sugiyama et al.,
SC 15 5.85 13.8 5.5 N/A N/A 0.1818 N/A
U.K. (1999)
London DLR tunnel S.B. MS-7, Sugiyama et al.,
SC 16 5.85 16.4 6.4 N/A N/A 0.1563 N/A
UK. (1999)
London DLR tunnel S.B. MS-8, Sugiyama et al.,
SC 17 5.85 14.5 10.6 N/A N/A 0.0943 N/A
UK. (1999)
London DLR tunnel N.B. MS-1, Sugiyama et al.,
SC 18 5.85 17.4 4.5 N/A N/A 0.2222 N/A
UK. (1999)
London DLR tunnel N.B. MS-2, Sugiyama et al.,
SC 19 5.85 12.4 4.1 N/A N/A 0.2439 N/A
UK. (1999)

Note : C.G. : Chemical grouting °
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F 3-5 FoRACRFBEGRE AR R BRI RE LT B2 %674 (Cont’d)

Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
London DLR tunnel N.B. MS-3, Sugiyama et al.,
SC 20 5.85 17.4 8.4 N/A N/A 0.1190 N/A
UK. (1999)
London DLR tunnel N.B. MS-5, Sugiyama et al.,
SC 21 5.85 13.8 8.3 N/A N/A 0.1205 N/A
UK. (1999)
London DLR tunnel N.B. MS-6, Sugiyama et al.,
SC 22 5.85 13.8 7.7 N/A N/A 0.1299 N/A
U.K. (1999)
London DLR tunnel N.B. MS-7, Sugiyama et al.,
SC 23 5.85 16.4 12.0 N/A N/A 0.0833 N/A
U.K. (1999)
VAISE Subway Lyon Vaise sector Dias and Kastner
SC 24 6.27 13.6 21 1.28 0.7797 0.3851 N/A
EX31, France (2000)

Note : C.G. : Chemical grouting °
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F 3-6 FoRABRBERRE B KRR

EANIg P i B A B

Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
) Kobayashi et al.,
SsC 1 Tokyo Sewer Section A, Japan 7.35 13.6 32.0 4.00 0.2500 0.0259 N/A (1984)
_ Kobayashi et al.,
SsC 2 Tokyo Sewer Section B, Japan 7.35 13.6 23.9 2.25 0.4447 0.0339 N/A (1984)
Milwaukee Sewer Section CT-7, Ilsley et al.,
SsC3 3.57 7.4 55.2 4.49 0.2229 0.0181 N/A
USA (1991)
Milwaukee Sewer Section CT-8-1, Isley et al.,
SsC 4 3.18 15981 | 114.7 59117 0.0169 0.0089 N/A
U.S.A. (1991)
Taipei Metro CH221 1A Tunnel, Yang et al.,
SsC 5 ) 6.25 27 9.5 N/A N/A 0.1053 N/A
Taiwan (1996)
Taipei Metro CH221 1B Tunnel, Yang et al.,
SsC 6 ) 6.25 12.5 12 N/A N/A 0.0833 N/A
Taiwan (1996)
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3037 2RI GENES R NE 2 K BRI R TR 82 % 65 %

Case . _ Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
Tennohji-Benten Giant Sewer Kitamura et al.,
ES 1 6.75 7.9 60.0 8.48 0.1179 0.0156 N/A
No.94, Japan (1981)
Tennohji-Benten Giant Sewer Kitamura et al.,
ES2 6.75 7.9 43.8 9.06 0.1104 0.0223 N/A
No.103, Japan (1981)
o ) Moh et al.,
ES 3 | Taipei MRT CN256 SM175, Taiwan 6.00 12.9 34.0 18.94 0.0528 0.0287 N/A (1995)
o ) Moh et al.,
ES 4 Taipei MRT CP262 SM66, Taiwan 6.25 14.2 30.0 17.01 0.0588 0.0300 N/A (1995)
o ) Moh et al.,
ES5 Taipei MRT CP262 SM35, Taiwan 6.25 13.6 41.0 17.92 0.0558 0.0221 N/A (1995)
Great Cairo Wastewater N150, )
ES 6 3.24 15.5 37 N/A N/A 0.0270 N/A Flint (1992)
Egypt
Great Cairo Wastewater N259, )
ES 7 3.24 15.5 40 N/A N/A 0.0250 N/A Flint (1992)
Egypt
Great Cairo Wastewater N605, )
ES 8 3.24 15.5 23 N/A N/A 0.0435 N/A Flint (1992)
Egypt
Great Cairo Wastewater N677, )
ES 9 Eovnt 3.24 14 18 N/A N/A 0.0556 N/A Flint (1992)
gyp

Note : C.G. : Chemical grouting °
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2037 2RI GBS RS A BRIRE LmISfEY M2 2 6(7)% (Cont'd)

Case . _ Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
Great Cairo Wastewater N852, .
ES 10 3.24 14 21 N/A N/A 0.0476 N/A Flint (1992)
Egypt
Great Cairo Wastewater N1371, )
ES 11 3.24 14 40 N/A N/A 0.0250 N/A Flint (1992)
Egypt
Great Cairo Wastewater N1575,
ES 12 3.24 14 27 N/A N/A 0.0370 N/A Flint (1992)
Egypt
Great Cairo Wastewater N2350, )
ES 13 3.24 12.5 33 N/A N/A 0.0303 N/A Flint (1992)
Egypt
Great Cairo Wastewater N2450,
ES 14 3.24 12.5 38 N/A N/A 0.0263 N/A Flint (1992)
Egypt
Great Cairo Wastewater N2568, ]
ES 15 3.24 12.5 28 N/A N/A 0.0357 N/A Flint (1992)
Egypt
Great Cairo Wastewater N2661,
ES 16 3.24 12.5 41 N/A N/A 0.0244 N/A Flint (1992)
Egypt
Great Cairo Wastewater N2080, ]
ES 17 3.24 12.5 87 N/A N/A 0.0115 N/A Flint (1992)
Egypt
Great Cairo Wastewater N2186, .
ES 18 E 3.24 12.5 89 N/A N/A 0.0112 N/A Flint (1992)
gypt

Note : C.G. : Chemical grouting °
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2037 3BT GERES R K BRI R LTI M2 % 67 % (Cont’d)

Case . _ Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
o ] Moh et al.,
ES 19 | Taipei MRT CH218 SM139, Taiwan 6.05 18.0 28.5 13.14 0.0761 0.0349 N/A (1996)
Taipei MRT CH218 A-A SM33,
ES 20 ] 5.90 16.0 35.1 9.66 0.1035 0.0280 N/A Ou et al., (1998)
Taiwan
Taipei MRT CH 218 Section A.A.,
ES 21 ) 6.04 16.0 35 N/A N/A 0.0286 N/A Ou et al., (1998)
Taiwan
Abdrabbo et al.,
ES 22 Alexandria Section A, Egypt 2.86 13.0 23 N/A N/A 0.0435 C.G (1999)
) ] Abdrabbo et al.,
ES 23 Alexandria Section B, Egypt 2.86 13.0 21 N/A N/A 0.0476 C.G (1999)
) ) Abdrabbo et al.,
ES 24 Alexandria Section C, Egypt 2.86 13.0 17 N/A N/A 0.0588 C.G (1999)
Limerick Drainage Scheme Dock )
ES 25 2.82 11.0 26.1 3.66 0.2731 0.0360 C.G Tonkin (2005)
Road Tunnel TA16, Ireland
Limerick Drainage Scheme Dock )
ES 26 2.82 11.0 46.1 9.70 0.1031 0.0207 C.G Tonkin (2005)
Road Tunnel TA18, Ireland

Note : C.G. : Chemical grouting °
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2037 3BT GERES R K BRI R LTI M2 % 67 % (Cont’d)

Case . _ Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
Limerick Drainage Scheme Dock .
ES 27 2.82 11.0 50.6 4.32 0.2317 0.0188 C.G Tonkin (2005)
Road Tunnel TA20, Ireland
Limerick Drainage Scheme Dock .
ES 28 2.82 11.0 479 7.97 0.1254 0.0196 C.G Tonkin (2005)
Road Tunnel TA22, Ireland
Limerick Drainage Scheme Dock )
ES 29 2.82 11.0 52.5 5.56 0.1797 0.0171 C.G Tonkin (2005)
Road Tunnel TA24, Ireland
Limerick Drainage Scheme Dock )
ES 30 2.82 11.0 63.5 11209 0.0902 0.0150 C.G Tonkin (2005)
Road Tunnel TA25, Ireland
Limerick Drainage Scheme Dock )
ES 31 2.82 11.0 5352 10.67 0.0937 0.0175 C.G Tonkin (2005)
Road Tunnel TA26, Ireland
Madrid Metro Extension, Control Melis et al.,
ES 32 _ ) 94 6.3 5.6 N/A N/A 0.1786 N/A
Section 4, Spain (2005)
Kaohsiung Metro CO4 LUO17 Xiao and Liu
ES 33 ] 6.10 18.5 55.8 83.33 0.0120 0.0168 C.G
SM18, Taiwan (2007)
Kaohsiung Metro CO4 LUO17 Xiao and Liu
ES 34 ] 6.10 18.5 60.1 73.53 0.0136 0.0154 C.G
SM19, Taiwan (2007)
Kaohsiung Metro CR2 Hsiung and Lu
ES 35 ] 6.34 19.5 5.7 11.51 0.0869 0.1873 N/A
LUR10-MCS02, Taiwan (2008)

Note : C.G. : Chemical grouting °
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2037 2RI GBS RS A BRIRE LmISfEY M2 2 6(7)% (Cont'd)

Case . _ Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
Kaohsiung metro CR2 Hsiung and Lu
ES 36 _ 6.34 12.7 7.7 55.56 0.0180 0.1337 N/A
LUR11-MCS06, Taiwan (2008)
Kaohsiung metro CR2 Hsiung and Lu
ES 37 _ 6.34 21.9 22.5 11.99 0.0834 0.0439 N/A
LUR12-MCS12, Taiwan (2008)
Kaohsiung metro CR2 Hsiung and Lu
ES 38 _ 6.34 28.7 3.8 0.13 7.6608 0.2741 N/A
LUR13-MCS15, Taiwan (2008)
Kaohsiung metro CR2 Hsiung and Lu
ES 39 _ 6.34 21.9 4.9 1:30 0.7710 0.2322 N/A
LURI13-MCS16, Taiwan (2008)
Kaohsiung metro CR2 Hsiung and Lu
ES 40 _ 6.34 14.3 6.5 13.97 0.0716 0.1535 N/A
LUR10-MCS04, Taiwan (2008)
Kaohsiung metro CR2 Hsiung and Lu
ES 41 . 6.34 23.9 11.0 1.44 0.6923 0.0791 N/A
LUR12-MCS10, Taiwan (2008)
Kaohsiung metro CR2 Hsiung and Lu
ES 42 . 6.34 29.5 6.7 6.48 0.1543 0.1443 N/A
LURI12-MCS11, Taiwan (2008)
Kaohsiung metro CR2 Hsiung and Lu
ES 43 . 6.34 23.9 10.2 1.03 0.9686 0.0966 N/A
LURI13-MCS14, Taiwan (2008)
Kaohsiung metro CR2 Hsiung and Lu
ES 44 6.34 20.3 32 4.09 0.2443 0.3323 N/A
LUR13-MCS17, Taiwan (2008)
Note : C.G. : Chemical grouting °
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238 3 RTGENBERE 0A S K BRI R A UK Y 2 % 654

Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
Tennohji-Benten Giant Sewer Kitamura et al.,
EC 1 6.75 11.5 33.0 5.20 0.1922 0.0285 C.G
No.82, Japan (1981)
Tennohji-Benten Giant Sewer Kitamura et al.,
EC2 6.75 11.5 26.9 3.06 0.3266 0.0343 C.G
No.80, Japan (1981)
EC3 | Taipei MRT CH218 SM33, Taiwan 6.05 12.0 32.5 8.66 0.1155 0.0279 N/A Zhang (1993)
EC4 | Taipei MRT CH218, SM84, Taiwan 6.05 12.0 $213 6.50 0.1538 0.0298 N/A Zhang (1993)
ECS5 | Taipei MRT CH218, SM94, Taiwan 6.05 12.0 28.0 8.75 0.1143 0.0354 N/A Zhang (1993)
EC 6 | Taipei MRT CH218, SM99, Taiwan 6.05 12.0 29.0 5.46 0.1831 0.0336 N/A Zhang (1993)
EC7 | Taipei MRT CN254 SM13, Taiwan 6.00 14.3 370 4.46 0.2240 0.0257 N/A Lin (1993)
EC8 | Taipei MRT CN254 SM61, Taiwan 6.00 14.0 o5 7.02 0.1425 0.0511 N/A Lin (1993)
Taipei MRT CN256 SM 143, Moh et al.,
EC9 . 6.00 12.2 2922 3.57 0.2800 0.0296 N/A
Taiwan (1995)
o ) Moh et al.,
EC 10 | Taipei MRT CN256 SM 14, Taiwan 6.05 18.9 9.8 1.27 0.7880 0.088 N/A (1995)
o ) Moh et al.,
EC 11 | Taipei MRT CN256 SM27, Taiwan 6.05 17.7 8.3 0.81 1.2321 0.1020 N/A (1995)
Taipei MRT CN256 SM156, Moh et al.,
EC 12 _ 6.05 12.7 28.1 3.69 0.2713 0.0308 N/A
Taiwan (1995)

Note : C.G. : Chemical grouting °
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303-8 3 R e B S E ot AR K PG RM AT IR Y 82 % 6)71 % (Cont’'d)

Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
Taipei MRT CN256 SM175, Moh et al.,
EC 13 6.05 29.1 329 17.21 0.0581 0.0270 N/A
Taiwan (1995)
Moh et al.,
EC 14 | Taipei MRT CN262 SM52, Taiwan 6.25 13.6 31.7 61.35 0.0163 0.0311 N/A (1995)
Moh et al.,
EC 15 | Taipei MRT CH218 SM34, Taiwan 6.04 17.3 28.4 6.86 0.1458 0.0336 N/A (1995)
Moh et al.,
EC 16 | Taipei MRT CH218 SM35, Taiwan 6.04 18.2 344 13:12 0.0762 0.0281 N/A (199%)
Moh et al.,
EC 17 | Taipei MRT CH218 SM37, Taiwan 6.04 19.8 20.2 9:20 0.1087 0.0481 N/A (1995)
Moh et al.,
EC 18 | Taipei MRT CH218 SM39, Taiwan 6.04 21.2 20 7.09 0.1411 0.0434 N/A (1995)
Taipei MRT CH218B1 SM139, Moh et al.,
EC 19 ) 6.1 18.5 27.3 4.03 0.2484 0.0338 N/A
Taiwan (1996)
Abu-Farsakh et
EC 20 San Francisco N-2 Tunnel, USA 3.70 11.0 28.8 4.65 0.2152 0.0330 N/A
al., (1999)
EC 21 | Taipei MRT CC277 SM322, Taiwan 6.27 22.7 34.3 1.69 0.5905 0.028 C.G Chien (1999)

Note : C.G. : Chemical grouting °
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303-8 3 R e B S E ot AR K PG RM AT IR Y 82 % 6)71 % (Cont’'d)

Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
, Sigl and Atzl
EC 22 MRT C706, Singapore 6.3 18.3 9 N/A N/A 0.1111 N/A
(1999)
] Wannipa and
EC23 Bangkok, Thailand 3.06 18.66 12 N/A N/A 0.0833 N/A
Supot (1999)
EC 24 Taipei CN 257-1 SM139, Taiwan 6 13 20 N/A N/A 0.0500 N/A Chi et al., (2001)
Komiya et al.,
EC 25 Tokyo Koto-ku Case A, Japan 3.0 14.3 224 0.97 1.0320 0.0344 N/A (2001)
Komiya et al.,
EC 26 Tokyo Koto-ku Case B, Japan 3.0 143 27.7 1.19 0.8404 0.0276 C.G (2001)
Komiya et al.,
EC 27 Tokyo Koto-ku Case C, Japan 3.0 14.3 28.6 1:07 0.9344 0.0276 C.G (2001)
EC 28 | Bangkok MRT Blue Line, Thailand 6.45 21.8 14 N/A N/A 0.0714 N/A Lin et al., (2002)
Bangkok Water Transmission )
EC 29 ] . 2.77 18.5 12 N/A N/A 0.0833 N/A Lin et al., (2002)
Project, Thailand
Madrid Metro Extension, Control Melis et al.,
EC 30 ] . 9.4 14.2 4.6 N/A N/A 0.2174 N/A
Section 1, Spain (2005)
Madrid Metro Extension, Control Melis et al.,
EC 31 ] . 9.4 17.7 4.4 N/A N/A 0.2273 N/A
Section 3, Spain (2005)

Note : C.G. : Chemical grouting °
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Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
o ] Balasubramanian
EsC 1 Pipeline CH1480m, Singapore 3.75 10.6 30.0 5.09 0.1963 0.0303 N/A (1987)
o ] Balasubramanian
EsC2 Pipeline CH2830m, Singapore 3.75 10.6 61.7 5.44 0.1838 0.0137 N/A (1987)
o ) Balasubramanian
EsC3 Pipeline CH350m, Singapore 3.75 10.6 56.7 78.74 0.0127 0.0186 N/A (1987)
o ] Balasubramanian
EsC4 Pipeline CH1600m, Singapore 3.75 10.6 28.8 38:02 0.0263 0.0354 N/A (1987)
o ) Balasubramanian
EsC 5 Pipeline CH2860m, Singapore 3.75 10.6 56.9 8.08 0.1237 0.0170 N/A (1987)
Metro C301B W.B. TA158, Shirlaw and
EsC 6 ] 53 18.9 43.5 23.75 0.0421 0.0205 N/A
Singopore Copsey (1987)
Metro C301B W.B. TA151, Shirlaw and
EsC7 ] 53 18.9 32 18.18 0.0550 0.0290 N/A
Singopore Copsey (1987)
Tokyo Subway Shinjuku Line Miyazaki et al.,
EsC 8 7.45 15.8 353 0.89 1.1235 0.0176 N/A
No.11, Japan (1988)
Tokyo Subway Shinjuku Line Miyazaki et al.,
EsC9 7.45 15.8 40.9 1.05 0.9541 0.0154 N/A
No.12, Japan (1988)
Note : C.G. : Chemical grouting °
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Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
Metro C301B W.B. 177A, Elias and Mizuno
EsC 10 ] 53 18.9 36.4 10.80 0.0926 0.0222 N/A
Singopore (1990)
Metro C301B W.B. CH32600, Elias and Mizuno
EsC 11 ] 53 18.4 15.7 61.73 0.0162 0.0632 N/A
Singopore (1990)
Milwaukee Sewer Section CT-8-2, Ilsley et al.,
EsC 12 3.17 13.0 72.3 7.40 0.1352 0.0138 N/A
U.S.A (1991)
Milwaukee Sewer Section CT-5/6, Ilsley et al.,
EsC 13 3.22 10.7 40.0 432 0.2313 0.0253 N/A
U.S.A (1991)
Milwaukee Sewer Section Isley et al.,
EsC 14 2.25 7.9 83.1 4,79 0.2086 0.0118 C.G
NS-10-U, U.S.A (1991)
Milwaukee Sewer Section Iisley at al.,
EsC 15 2.25 7.56 74.6 0.58 1.7204 0.0109 N/A
NS-10-R, U.S.A. (1991)
) Clough et al.,
EsC 16 | Washington Metro F4 SSI14, U.S.A. 5.7 15 113.8 6.43 0.1555 0.0086 N/A (1993)
EsC 17 | Taipei MRT CN254 SM34, Taiwan 6.00 14.3 40.0 3.47 0.2886 0.0222 N/A Lin (1993)
EsC 18 | Taipei MRT CN254 SM66, Taiwan 6.00 14.0 26.5 12.97 0.0771 0.0355 N/A Lin (1993)
Taipei MRT CN254 SM157, )
EsC 19 Tui 6.00 14.0 36.0 28.99 0.0345 0.0266 N/A Lin (1993)
aiwan

Note : C.G. : Chemical grouting °
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% 3-9 2RI grN B E aE T AR B BRI RE LUK B2 %k 6]7] 4 (Cont’d)

Case ) ) Diameter | Depth | Spax 1/a a b Additional
Site Location Reference
No. 2R (m) Z(m) | (mm) | (mm/day) (day/mm) | (1/mm) Method
EsC 20 | Taipei MRT CH218 SM73, Taiwan 6.05 12.0 553 13.62 0.0734 0.0178 N/A Zhang (1993)
EsC 21 | Taipei MRT CH218 SM79, Taiwan 6.05 12.0 41.3 10.98 0.0911 0.0237 N/A Zhang (1993)
Shanghai Furongjiang Sewer )
EsC 22 ) 4.20 5.6 76.4 N/A N/A 0.0131 N/A Yietal., (1993)
Tunnel, China
Moh et al.,
EsC 23 | Taipei MRT CN262 SM59, Taiwan 6.25 13.8 48.9 25.32 0.0395 0.0189 N/A (199%)
Moh et al.,
EsC 24 | Taipei MRT CH218 SM36, Taiwan 6.05 16.0 315 10294 0.0914 0.0312 N/A (199%)
Barcelona Subway Extension Ledesma and
EsC 25 8.00 10.0 24 N/A N/A 0.0417 N/A
Tunnel, Spain Romero (1997)
EsC 26 Mexico City Sewer, Mexico 4 12.8 30 N/A N/A 0.0333 N/A Romo (1997)
EsC 27 | Shanghai Metro Line2 S19, China 6.20 15.0 46.7 3.37 0.2966 0.0181 N/A Lee et al., (1999)
EsC 28 Shanghai Metro Line2 S2, China 6.20 15.0 20.6 6.09 0.1643 0.0496 N/A Lee et al., (1999)
EsC 29 | Taipei CH 218B1 SM127, Taiwan 6.04 18.5 24 N/A N/A 0.0417 N/A Chi et. al., (2001)

Note : C.G. : Chemical grouting °
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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 -




% 3-11 BEw M4 do it e & a3k 4

Recommended initial rate of settlement 1/a (mm/day)

Type of shield machine
Additional
: : : hiel
methods Type of soil Open shield Slurry shield EPB shield
Sand - 16.67 (2 cases) 16.67 + 8.33 (13 cases)
Not
adopted Clay . 1.45+0.17 (2 cases) | 7.73 +3.38 (16 cases)
Soft clay - 7.57 +4.93 (4 cases) 20 £ 13.33 (18 cases)
Sand 11.72 +£ 8.28 (2°cases) | 1.80 £ 0.53 (2 cases) 15+ 10 (9 cases)
Adopted Clay - - 2.30 £ 1.15 (5 cases)
Soft clay 6.48 £ 1.21 (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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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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% 3-13 ¥ 2 B X TKAE

Smax=1/b £ & %

Predicted Maximum Surface Settlement Sp5=1/b (mm)

Type of shield machine
Additional : . : :
methods Type of soil Open shield Slurry shield EPB shield
Sand - 14 + 7 (14 cases) 23 £ 13 (29 cases)
Not
adopted Clay 24 £ 12 (9 cases) 7+ 3 (20 cases) 22 £9 (27 cases)
Soft clay - - 37+ 11 (25 cases)
Sand 22 + 11 (7 cases) - 43 + 15 (12 cases)
Adopted Clay 31 £ 13 (10 cases) - 30 + 3 (5 cases)
Soft clay 84 £ 28 (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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Comparison of Spay (%)

Type of shield machine
Argjiﬁggsl Type of soil|  Open shield Slurry shield EPB shield
Sand - .- -
Not Clay ~76% -839% 263%
adopted
Soft clay - - -75%
Sand -459% - -
Adopted Clay - - -
Soft clay - - -
Average -619% -83% -69%

93




#5-1 BF g w1 R o Bl A Sk,

Tunnel Tunnel .
Case Case Ground Shield ) Width Parameter
N Locati Condit Depth | Diameter Reference
0. ocation ondition type Z, (m) 2R (m) z(m) | i, (m) | z(m) | i, (m)
N. W. A Sewerage Scheme Tyneside, 0 4.6 2.6 3.8 | Attewell et al.,
1 Clay N/A 7.50 2.01
Hubburn, U.K. 4.0 34 | 522 | 3.0 (1975)
_ ) ) ) 0 59 0.7 5.6 Cording &
Washington D. C. Metro Project Silt Sand & Mechanical ]
2 ) ) ) 14.6 6.40 2.32 4.7 4.4 3.5 Hansmire,
A-2, Line c, U.S.A. Silt Clay Shield
7.6 2.8 10.8 | 24 (1975)
3 N. W. A. Sewerage Tyneside, Silt Alluvial | Hand-excavate % 425 0 8.0 1.0 7.5 | Attewell et al.,
Willington Quay Siphon, U.K. Clay d in Shield ' ' 275 | 6.2 8 4.1 (1976)
o Hand-excavate 0 3.08 0.9 2.4 Glossop &
4 Belfast Sewerage Scheme, Ireland Organic Silt ) : 4.55 2.70
d.in-Shield 1.6 2.3 N/A Farmer, (1977)
Use'a Full-face Palmer &
Thunder Bay Sanitary Trunk [ 0 3.4 4.5 2.2
5 S A 5 Canad Clay Boring 10.50 2.47 Belshaw,
ewerage Array 2, Canada
8 Y Machine 6 1.8 | 75 | L7 (1980)
) ] ) ) 0 17.7 6 12.3 Schmitter et
6 Mexico City Central Interceptor Silty Clay Open Shield 23.5 3.5
12 11.2 N/A al., (1981)
o . _ 0 4.1 2.9 3.0 | Fang & Chen,
7 Taipei Sewerage Sec. 1, Taiwan Clay EPB Shield 9.0 4.00
6.1 2.5 N/A (1990)
o ) Silt Clay ) 0 9.4 3.5 6.8 Fang & Chen,
8 Taipei Sewerage Sec. 2, Taiwna ] Slurry Shield 14.4 4.83
& Silt Sand 9.6 5.1 N/A (1990)
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% 5.1 BEEEE 1 kgt B S8, (Cont’d)

Tunnel | Tunnel :
Case Case Ground Shield ] Width Parameter
N Locati Conditi . Depth | Diameter Reference
0. ocation ondition ype Zo () Rm) |7 m) | i,(m) | z(m) | i, (m)
Taipei Ell-Chorng Flood Way, ) ) 0 9.9 5 4.6 Leeetal.,
9 ) Silty Clay Slurry Shield 12.0 4.83
Taiwan 11 4.3 N/A (1990)
. . ) 0 3.18 | 091 2.5 Yietal.,
10 Furongjiang Sewer Tunnel, China Clay EPB Shield 5.6 4.2
1.8 2.3 N/A (1993)
) h 0 11.2 53 9.8 Mair et al.,
11 London Bank Station, U.K. London Clay ERB Shield 41.0 7.8
257 | 52 | 333 | 3.7 (1993)
0 4.6 4.3 3.6
12 Japan Clay N/A 16.9 3.63 6.1 3.2 9.1 2.5 | Toombs (1995)
12.3 1.8 N/A
Taipei MRT CH218B1 RE33, ! Moh et al.,
13 ) Clay EPB Shield 18.5 6.0 0 8.9 10 59
Taiwan (1996)
, . , 0 9.8 5 6.8
14 Mexico Sewerage System, LineA Soft Clay Slurry Shield 13.0 4.00 Romo, (1997)
10.15 | 3.7 N/A
) . ) 0 10.0 5 6.9
15 Mexico Sewerage System, Line B Soft Clay Slurry Shield 13.0 4.00 Romo, (1997)
10.15 | 3.8 N/A
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% 5.1 BEEEE 1 kgt B S8, (Cont’d)

Tunnel | Tunnel :
Case Case Ground Shield ] Width Parameter
. » Depth | Diameter Reference
No. Location Condition type Z (m) Rm) |7 (m) | i, (m) | z(m) | i, (m)
0 4.62 2 4.97
) Soft to Stiff ) 4 4.49 6 3.96
16 Bangkok Sewer Tunnel, Thailand EPB Shield 18.5 2.66 Park, (2004)

Clay 8 3.50 10 3.05
12 2.62 14 2.09
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Tunnel | Tunnel Maximum Settlement
Case Case Ground Shield )
) o Depth | Diameter Smax.z Smax.z Reference
No. Location Condition type z (m) " | z(m) '
Zo(m) | 2R (m) (mm) (mm)
0 6 9.5 7
London Transport Fleet Line, Green Hand-excavate Attewell &
1 London Clay ) ) 29.3 4.146 15.4 8 22.0 10
PK, y1, UK. d in Shield Farmer, (1974)
25.2 11 27.1 15
0 6 8.5 7.7
London Transport Fleet Line, Green Hand-excavate Attewell &
2 London Clay ) ] 29.3 4.146 14.9 8 20.9 8
PK, z1, UK. d.in Shield Farmer, (1974)
26.5 15 N/A
_ ) ) : 0 150 | 2.32 | 207 Cording &
Washington D. C. Metro Project Silt Sand & Mechanical ‘ ]
3 ] ) 1 14.6+ 6.40 7.1 255 10 304 Hansmire,
A-2, Line ¢, U.S.A. Silt Clay Shield
10.8 | 333 N/A (1975)
N. W. A Sewerage Scheme Tyneside, 0 8 2.6 10 | Attewell et al.,
4 Clay N/A 7.50 2.01
Hubburn, U.K. 4.0 11 5.22 12 (1975)
s N. W. A. Sewerage Tyneside, Silt Alluvial | Hand-excavate 1337 425 0 65 2.75 69 Attewell et al.,
Willington Quay Siphon, U.K. Clay d in Shield ' ' 8 97 N/A (1976)
Soft
Mechanical 0 67 103 76
6 Japan Subway, Case B-2 Cohesive ) 27.5 7.06 Hanya, (1977)
Soil Shield 204 | 118 N/A
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%052 FERE S R OISR Y M L S h % THAE Spa (Cont’d)

Tunnel | Tunnel Maximum Settlement
Case Case Ground Shield )
) o Depth | Diameter Smax.z Smax.z Reference
No. Location Condition type z (m) "l z(m) '
Zo(m) | 2R (m) (mm) (mm)
. Use a Full-face 0 52 4.5 59 Palmer &
Thunder Bay Sanitary Trunk _
7 Clay Boring 10.5 2.47 6 69 7.9 102 Belshaw,
Sewerage Array 2, Canada .
Machine 8.5 | 109 N/A (1980)
) ) ) ) 0 122 6 140 Schmitter et
8 Mexico City Central Interceptor Silty Clay Open Shield 23.5 3.5
12 150 N/A al., (1981)
o ) | 0 204 3.0 277 | Fang & Chen,
9 Taipei Sewerage Sec. 1, Taiwan Clay EPB Shield 9.0 4.00
6.2 336 N/A (1990)
Taipei Ell-Chorng Flood Way, ) ’ 0 144 5 138 Lee et al.,
10 ] Silty Clay Slurry Shield 12.0 4.83
Taiwan 11 121 N/A (1990)
Milwaukee Sewer Section CT-8-1, ) > Ilsely et al.,
11 Silt Clay EPB Shield 16.0 3.20 0 69 13.3 98
U.S.A (1991)
Milwaukee Sewer Section NS-10-U, . ) sely et al.,
12 Organic Clay | Slurry Shield 7.94 2.25 0 22 6.0 47
U.S.A (1991)
Milwaukee Sewer Section CT-7, ) _ Ilsely et al.,
13 Organic Clay EPB Shield 7.44 3.57 0 19 4.9 27
U.S.A (1991)
o . . . 0 9 4.6 10.8
14 Taipei MRT CH218, Taiwan Silt Clay EPB Shield 12.5 6.00 Chang, (1993)
7.7 12.6 | 8.7 14.7
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%052 FERE S R OISR Y M L S h % THAE Spa (Cont’d)

Tunnel | Tunnel Maximum Settlement
Case Case Ground Shield )
) o Depth | Diameter Smax.z Smax.z Reference
No. Location Condition type z (m) "l z(m) '
Zo(m) | 2R (m) (mm) (mm)
. . ) 0 76 0.91 77 Yietal.,
15 Furongjiang Sewer Tunnel, China Clay EPB Shield 5.6 4.2
1.8 74 2.5 74 (1993)
) ] 0 11 53 11 Mair et al.,
16 London Bank Station, U.K. London Clay EPB Shield 41.0 7.8
25.7 19 333 32 (1993)
0 6 4.3 8
17 Japan Clay N/A 16.9 3.63 6.1 9 9.1 10 | Toombs (1995)
12.3 16 N/A
Taipei MRT CH218B1 RE33, ’ Moh et al.,
18 . Clay EPB.Shield 18.5 6.0 0 20 10 27
Taiwan (1996)
] , _ 0 25 5 36
19 Mexico Sewerage System, Line A Soft Clay Slurry Shield 13.00 4.00 Romo, (1997)
10.15 | 48 N/A
5 2 12
] Soft to Stiff . 4 14 6 16
20 Bangkok Sewer Tunnel, Thailand EPB Shield 18.50 2.66 Park, (2004)
Clay 8 18 10 22
12 25 14 35
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4 %= 2_ & 3 (after Japan Society of Civil Engineers, 1996 )




Center Line

Ground Surface —

Smax,s

Pipe line

N

Bl 1-2 g ki »6 1 51 RemjF R it e T g 2 AR

(after O’Really and New, 1982 )
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[« t j Shield Front rShield BOdyﬂ Shield Rear ﬁ

- 7 / Lining Segment
}  HIN
l ] ~t
3 L HN Pressure Ring
} [ HI
| — 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
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b. After Excavation

Newly Installed Lining Segment
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f— Dr——
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c. Installment of Lining

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

( - ) Hand-Excavated Shield

el 1

e

Face Jack Belt Conveyor

—J —— 1/
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N = 5)( (= ) Semi-Mechanical Shield
Belt Conveyeor
_— |-

U Hj = —= =
Digging Machine

Cutter Head

SEh

|

(Z/ (= ) Mechanical Shield
Belt Conveyor

o
Bucket

Bl 2-2 Bz 5 # (IHI Tunneling Shields 3]4%, 1987)
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A SR Window

I.% 31’5'“%‘?:"'3«1"}

L LT PN I8
B % &x8T4is
B I

(b)

Bl 2-3 # /& ;%5 # (after Hitachi Zosen Corporation, 1990 )
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Bl 2-4 * BT §5 B 7 4 (after Hitachi Zosen Corporation, 1990 )
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Cutter Wing Cutter Drive Motor

Mud Pressure Articulation Jack Screw Drive Motor
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Bl 2-5 4cif 2 BT 75 B A 4 (after Hitachi Zosen Corporation, 1990 )
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Cutter Driving Motor Tail Seal

o \ . Erector Driving Motor /
BN
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/ Agitator Shield Jack \ * Erector

(b)

Bl 2-6 % -k 3 %5 # (after Hitachi Zosen Corporation, 1990 )
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* Soil Particle Size Distribution Curves for Shield Machine’s Selection

100
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0
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Particle Size (mm)
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Sand Gravel

B 2-7 A3 s BB ;g (after Hitachi Zosen Corporation, 1990 )
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Degree of Disturbance

a<b<c

€

Void Ratio

)

Effective Stress Log o

B 2-11 k2 2 $Fd 751422 B % (after Mori and Akagi, 1985)
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Ground Surface
2i i 0 / i 2i

Point
inflection ((.61 Sy
L o

Settlement, s

Tunnel Diameter:
2R

Volume of trough = 2.51 S,

Bl 2-12 34 Solied A (& F A ¥ S Boe 4w kal, (after Peck, 1969)
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B 2-13 % 2 R srhad BB 2 SRR 2 & =t B % (after Peck, 1969)
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Rock, Hard Clays, /
' Sands above /
" Groundwater /
| /
o Level
g6 : v ©
/ .
/ /| Soft to Stiff /
/ /
/ 7 Clays ,
/ / 7 P
4 / pa ‘ - v
/ s i:= - Sands below
3/ s e ~ Graundwater
o ’, 4 “Level
b —
/ v 3 ~ _ —
o ~ -~
2 (_/) ~ e - o . d
@) L i
Q P - _ | bi —
/ I - -
-0 - — =
_oeF 0
0
0 1 2 3 4 5
i/R

Bl 2-14 72 F 3 K iukath R 2 ag iR R 2 & F1= M % (after Fang etal., 1994)
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4 % = 2_ & 3§ (after Japan Society of Civil Engineers, 1996 )




Settlement, mm

)

Days after the passing of shield

100

ek

0.1 I 10
N Tail Passing
Phase Phase Phase
I | I | 11
! D
Shield Advancing Tail Void Consolidation
Closure

2-16 B f HiE %6 1 F I L TRERE Y A (after Hwang, 1995)

Ground Surface R

Center Line

0.61Smax

Zo \

Tunnel Axial

Bl 2-17 # % 2 Fk iz iaty (after O’Really and New, 1982 )
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.0 0-2 0-4 C-6
0 T ¢ e LA
o
0-2t .
0-4}
‘@ I =05 (ZQ - Z)
N
0-6 7
7 ]
4 Iz Z
/ —=0.175+0.325(1- =)
/ o Zo
o8 4
// ¢ Equation
/
10
Location Soil O:m 2g: M Reference
type
* Green Park London 4-1 29 Allewell &
Clay Farmer (1974)
4 Regent's Park London 4-1 20 Barrall &
(northbound) Clay Tyler (1976)
Y Regent's Park London 4-1 34 Barralt &
(southbound) Clay Tyler (19786)
% Willington Soft 4-3 13.5 Glossop
Quay clay (1978)
©  Centrifuge® Soft 0-06 0-13 Mair (1979)
model 2D0P clay
O Centrifuge*  Soft 0-06 0-22 Mair (1979)
model 2DV clay

"Models tested at 75g: equivalent full-scale O = 4-5 m,

Zo = 9-8 m (2DP), 165 m (20V)

B 2-18 ithath B R S @2 i® B 2 B % (after Mair et al., 1993)
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Ground surface ~

Surface settlement
trough

N

Shield
tunnel
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Time,t (day)

00 >0 100 150 200 250
T T T
T1F Y =0.0103 * X +0.1263
£
2 L
=
L2k Case OsC 9
Haycroft Sewer o s
F Array C, UK. . o
(Attewell et al., 1986) Linear (¥s)
3
(a)
Time,t (day)
0 100 200 300
0 2) I T
@ 4 Y =0.0368 * X +0.4269
£
>
2 |
N
2 8-  Case'SSi3
Taipei MRT CH218 Y
- SM583;Taiwan : .
(Song,*1995) == Linear (t/s)
12
(b)
Time, t (day)
09 20 40 60 80
I T I

Y =0.0207 * X +0.1031

E o5l

=S

< L

=

22 CaseES26
[ Limerick

1.6 + Dock Road Tunnel
TA18, Ireland
(Tonkin, 2005)

Linear (t/s)

(¢c)

Bl 3-3 doie i RUBF S 5 1 51 R A TR PR M2 B M LK
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SURFACE SETTLEMENT, S (mm)

TIME, t (day)

Ultimate
settlement

. Initial _ L
' tangent — g

\

B 3-4 e MApFcasb 2512 F &
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TIME, t (day)

TIME, t (day)

0 4 8 12 16 20 0 10 20 30
’g 0 R \ \ \ \ g 0 \ \
E '\ 7=88m Case OS 8 s 7=14.0m Case 0S 9
ZEBTIAN JR=4.25m  Tlaipei Sewer xn . \ JR=515m Greater Cairo Sewer
= i LineB, Taiwan = R o . (El-Nahhas
L \ Compressed-air > _
£ . P (Cai, 1989) & 5 Compressed-air ") "j9o1)
E 20 \ E
2 b \Q —o- Observed 2 sr \ —o- Observed
= 30l A — Hyperbolic Fit = b —— Hyperbolic Fit
0 A 0 & D
7 | 7
g b2 g 12| =20 o
< 40 Te —To=——_ _ _o. < ~=o_ o
P ~ o) & ==
5 1 = T
50 «® 16
(a) (b)
TIME, t (day) TIME, t (day)
20 40 60 80 0 100 200 300
g 0 \ \ \ g0 \ \
\
£ Q Z=16m Case OC 17 E 753 Case OsC 8
«n \ 2R=6.3m Singopore Metro izl SR Onrnn Haycroft Sewer
g 1071 —o- Observed C301A E.B. TA97 g C ed-ai Array B, UK.
E L <5\ —— Hyperbolic Fit (Shirlaw et al., 1988) E 20 OMPressec-air — (Attewell et al., 1986)
|
&) =)
2 201 éﬁ Chemical grouting = ® —o- Observed
5 | Compressed-air & <\;§ —— Hyperbolic Fit
@ @ 401
S 30 0
E Bl |
2 :
40 © 60
(©) (d)
TIME, t (day)
0 50 100 150 200 250
e 0 T T T T T T T T
g Case OsC 9
“ 90 2ZR:763.50m Haycroft Sewer
E Compres é“ . Array C, UK.
g ok OmPressed-airt A ttewell et al., 1986)
i
L»H H —o- Observed
E 60 7& o —— Hyperbolic Fit
wn
o L
< 80
2|
=)
“ 100
(e)
X , 3 . 2 i
Al 3-5 N S R

YRR SUBCS O N R

14
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TIME, t (day)

TIME, t (day)

—~ 2 4 6 8 10 0 100 200 300
E N T T T T T T T T T e 0 T T T T T
£ ANN ] Case SS 2 E 7=12.0m Case SS 13
w5\ Z=56m  Action Grange Sewer @ JR=605m  Taipei MRT CH218
= AN 2R=2.87m Section B, UK e Chemical erouting  SM383; Taiwan
& N (O'Reilly et al., 1980) Z 10 g € (Song, 1995)
2 1or . = )
= F \ —o- Observed = P —o- Observed
5 15 D N — Hyperbolic Fit = @QO — Hyperbolic Fit
2 r Yo — o= : 201
2 20t - 9
s L
2 | ~
=} =)
N 95 @ 30
(a) (b)
TIME, t (day) TIME, t (day)
0 10 20 30 0 - 2 4 6 8
g 0 ; T ; T ; T : g % e o I 1
E N\ Case SC 1 E %o O~y
©n \ 7=13.6 m Tokyo Sewer nor N
g 4r 2R=735m Section D g e
g | o, (Kobayashi et al., 1984) E 2+ o= ——o—
é \’\ —o- Observed =
[[: 81 N — Hyperbolic Fit [l: [
Q@b & N 2 4 Z=13.6m Case SC 24
g 12 s m 2R=627m VAISE subway
E:) =&~ % “o Ob d Lyon Vaise sector
5 | - _ T served EX31, France
= = — Hyperbolic Fit  ( Dias and Kastner, 2000 )
@ 16 %
() (d)
TIME, t (day) TIME, t (day)
—~ 10 20 30 40 50 0 100 200 300 400
E T T T T T T T T T e 0 T T T T T T T
g ' Case SsC 1 g _
»n ‘\Db Z=13.6 m Tokyo Sewer e 2%: ;4517m . Case SsC 3
£ 101 2R=7.35m Section A - =3.5/m Milwaukee Sewer
z ® cetion g \ —o Observed Section CT-7
o) > (Kobayashi et al., 1984) E 20 - cectio y
s r 8 o = —— Hyperbolic Fit  (Ilsley et al., 1991)
[5a] ~ 3]
= 201 S —o- Observed =
5 | N —— Hyperbolic Fit 5
N ® 7}
m =
g 30p T g
: 2
B L
=} =)
@ 40 1z
(e) )
v 4 N K VI ol [ , S OO £ 2 4 _\ " .
Bl 3-6 M MBUHRA KA RABEARAL N2 B FRE S AR

A=
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TIME, t (day)

0 40 80 120 160
e 0 T T T T T T T
g _ Case ES 1
»n i Z: 79m Tennohji-Benten

- 2R=6.75m .
= 20 _o Observed Giant Sewer
E ved No.94, Japan
E ) Hyperbolic Fit  (gitamura et al., 1981)
)
2 403
= L °s
5] [es
8 6o . o e
5
=)
80
(a)
TIME, t (day)

0 20 40 60 80 100
e 0 T T T T i T i T ;
g ! Case EC 15
w Z=173m Taipei MRT CH218
g \ 2R=6.04 m SM34, Taiwan
& 1o0b, (Moh et al., 1995)
= \
Iﬂ L\ —o- Observed
E . — Hyperbolic Fit
m
@ 20
m
@]
E L
=)
» 30

(c)
TIME, t (day)

0 10 20 30
e 0 T T T T T
g Case EsC 7
» \ 7=18.9m Singopore Metro
£ 10H 2R=53m C301B W.B. TA151
& N (Shirlaw & Copsey, 1987)
5 i o
d 20 \\ —o- Observed
5 L - — Hyperbolic Fit
©n N
m <
g30* P -
R
4
j=)
@ 40

(e)

SURFACE SETTLEMENT, S (mm) SURFACE SETTLEMENT, S (mm)

SURFACE SETTLEMENT, S (mm)

TIME, t (day)

9 20 40 60 80
0 ! | ! | ! | !
Z=11m Case ES 26
10 2R=2.82m Limerick
4\37 Chemical grouting ~ Dock Road Tunnel
\ TA18, Ireland
20 —o- Observed (Tonkin, 2005)
L — Hyperbolic Fit
0\,
N
L o
A
40~ 0= o _,
r -~ -6 — —o
50
TIME, t (day)
0 40 80 120
0 i T i T T
9 7143 Case EC 26
L\ —1%.om Tokyo Koto-ku
% 2R=3.0m CaseB
1ol Chemical grouting (Komiya et al., 2001)
L —o- Observed
— Hyperbolic Fit
20+
30
TIME, t (day)
40 80 120
0 i T i T T
| Case EsC 8
\ Z=158m Tokyo Subway
1ok 2R=7.45m  Shinjuku Line No.11
I . (Miyazaki et al., 1988)
sl e . —o- Observed
N —— Hyperbolic Fit
30 Te:
| e S
40
A %2 , P 2
£ V4 %] Bz i /ﬁ]‘eﬂf_ﬁ'

B 3-7 W AR RS R T RN

A=
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SURFACE SETTLEMENT, S (mm)

TIME, t (day)

80

0 20 40 60
0 | ‘ ‘
20
AN
> e
40 |- S
L O\\(}*@‘\G\\G‘\O‘ N
— o)
oF Case ES 31
Limerick Z=11.0 m o ob ;
80 - Dock Road Tunnel IR=2.82m serve
TA26, Ireland”’  Chemical grouting ~ Estimated
(Tonkin, 2005)

100

W] 4-1 % 6] ES 318 RIb 250 e p6 o 502 57 12 (8200 i
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TIME, t (day)

8 16

20

0 12 E
= T T T T T T T T T
g N g
~ N
“ 20 N :
= 5
4 ~ 4
o ~ |
E 40 ‘6\\&7{,“9,,{,\\0 E
| |
=) =
o 60 7=88m E
N Case OS 8 2R=4.25m (LG
8 %0 Taipei Sewer Compressed-air %
: L T o O :
=) ’ — Estimated =)
2100 «n
(a)
TIME, t (day)
00 100 200 300 -
= i T T T i g
: :
e I —o- Observed ~
n 2
=40 % e _ — Estimated =
Z — T - -0 o _ Z
= — . =)
z =
© =
g 80 =
2 2
| Case OsC 8 A
m ase Osl _ o
% 120 Haycroft Sewer 215'3 m %
E L Array B, UK. 2R=3.0m . %
5 (Attewell et al., 1986) Compressed-air
160 ©n
(c)
TIME, t (day)
0 100 200 300 400 500
g 0 T T T T T T . T .
£ o
9 40 %y
E o - o
o o-
E 80 &}&&&&&&&&&&
—
~
5 120
n Case OsC 10 7134
8 Case B 21;, 4'3 m —o- Observed
< 1601~ (by Attewell), UK =4om Estimated
E | (Farmer, 1997) Compressed-air
=)
«2 200
(e)
R ANt e s 2
B 4-2 1 SRR B RS
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TIME, t (day)

0 10 20 30
0 ‘ ‘ : ‘ :
e
H O =
69740‘6‘6\‘0*9\9,7776‘
20
O Case0s9
ase _
| Greater Cairo Sewer 2%2:154 10 Sr‘r; —o- Observed
(El-Nahhas Com reése d-air —— Estimated
etal., 1991) P
60
TIME, t (day)
GO 50 100 150 200 250
: ; : ; : ; : ; :
Il —o- Observed
40 157\ — Estimated
,& O\Q\
o
8ol s-_____
P T T T ---
Case OsC 9
0ia Haycroft Sewer Z=6.5m
L Array C, UK. 2R=3.0m .
(Attewell et al., 1986) Compressed-air
160
2 -\ , .. v 4 '
R EABIzE 2P 4 T PR



TIME, t (day)

00 4 8 12 16 s
= T T T g
£ N E
P RN @
= N E
& 20- ‘s E
E o - = - - — - - — = — — o =5
— F —
= =
&2 &2
40 Case SS 1 Z=6.0m <£
8 Action Grange Sewer 2R=2.87m O
s L Section A, UK —o- Observed =
% (O'Reilly et al., 1980) —— Estimated %
73 7]
(a)
TIME, t (day)
00 10 20 30 40
z T T T T T T T =
£ £
wv B A e
z . z
o 10- °% oo 3
= To-—o0- — 6 _ _ E
O - =
= [ z
= =
5] o
o 2r Case SC 1 Z=13.6m 7
2 Tokyo Sewer 2R=7.35m Sé
[ [ Section D —o- Observed ~
B (Kobayashi etal., 1984)  _ Eetimated =
w2 30 «

(©)

Bl 4-3 0w MECN R AR A
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TIME, t (day)

0 2 4 6 8 10
0 T T T T T T T T T
N
B N
N

L ~
10 o

L N

o - 0- o ——
20 -
Case SS 2 Z=56m

30 Action Grange Sewer 2R=2.87m

L Section B, UK —o- Observed

(O'Reilly et al., 1980) —— Estimated

40

(b)

TIME, t (day)

0 2 4 6 8

P ‘ ‘ ; ‘
T o

L ® o - o —6_ o_

4 %
7Z=13.6m Case SC 24
8 2R=627m VAISE subway
Lyon Vaise sector
E —o Observed EX31, France
—— Estimated ( Dias and Kastner, 2000 )
12

(d)
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TIME, t (day)

0 20 40 60 80 100 —
g 0 \ \ \ \ g
g g
s | @
- 6 H‘
E 20 % g
S =
= I e — 2
= 4o g
a F Case ES 3 Z=129m o
m Taipei MRT CN256 2R=6.0m m
Q S0 SM175, Taiwan o= Observed 2
B L (Moh et al., 1995) — Estimated i
= =)
(a)
TIME, t (day)
0 20 40 60 80 100
’g 0 T T T T T T T T T fg
E g
wn ! [70)
E 20Hm, £
& R P Z
) © V-0 -0 ©-0 — — _ o_g &
s T 3 S
3 g
g2 40 =
: :
0 [ Case ES 19 Z=18.0m 17}
8 eoF  Taipei MRT CH218 2R=6.05m =
E SM139, Taiwan —o- Observed <
2 (Moh et al., 1996) — Estimated %
“2 80 75}
(c)
TIME, t (day)
0 20 40 60 80
z T T T T T T T z
g E
2] AN [72]
> 20 1
= P00 =
Z [ ol 4
=) ~o_ =)
> 40 O o om o _ s
=] L - -0~ - -0 Lﬁ
= E
2 90" CaseES26 &
m r Limerick 7Z=11m B o
2 g0 Dock Road Tunnel ~ 2R=2.82m e g;?:;’;‘jl >
I~ | TAIlB,Ireland  Chemical grouting )
=) (Tonkin, 2005) =)
“2 100 »n

(e)

Fl4-4 12 fEd SUBER R 2 RS RN R

,
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TIME, t (day)

80

0 5 10 15 20 25
0§
Ay
L\ N
N
200 N\~
L O —o- 0 _ _ o o — - — — __ o
40~
[ Case ES 4 Z=142m
60k Taipei MRT CP262 2R=6.25m
SM66, Taiwan —o- Observed
3 (Moh et al., 1995) — Estimated
80
TIME, t (day)
20 40 60 80
0 ‘ ‘ : : ; : :
[\ ©0-0 o _
40+
Case ES 25
80 Limerick Z=11.0m
—o- Ob d
Dock Road Tunnel 2R=2.82m > Est?;r:teed
F - TAIl6, Ireland  Chemical grouting
(Tonkin, 2005)
120
TIME, t (day)
20 40 60
0 \ \ \
Q
20
T -
L o
G- —
40 S - o o
[ ~o
601 Case ES 27
i Limerick 7Z=11m
80 Dock Road Tunnel ~ 2R=2.82 m ~© Observed
TA20,Ireland  Chemical grouting — Estimated
100 (Tonkin, 2005)




TIME, t (day)

0 20 40 60 80
e 0 T : . | . : .
£
\
. 20He
= | [SY o
é 40 T
L oo
E L © T e -6 0o
=
g sor Case ES 28
= Limerick Z=11m
S 80 Dock Road Tunnel ~ 2R=2.82m —o Observed
] | TA22,Treland  Chemical grouting — Estimated
=] (Tonkin, 2005)
100
TIME, t (day)
0 20 40 60 80
e 0 T T T T T T T
E
¢ 'R
=) ®
g 40f oo
= e
— L i p—
~ ~ -0
H
= 801 Case ES 30
m Limerick Z=11m _
2 Dock Road Tunnel ~ 2R=2.82 m - gbt?e”e‘ji
> [ TA25,Ireland Chemical grouting rmate
£ (Tonkin, 2005)
120
(1)
TIME, t (day)
0 20 40 60
’g 0 : T . : i
g K
“ Xe
;20* \‘ﬂffef‘*’\\gyf’e—‘e“o
m L
=
o
2 4or
=) F Case ES 37 7=219m
(LG Kaohsiung Metro JR=6 3 4m
O 60~ CR2LURI2-MCS12 o Ob‘ d
= Taiwan serves
B (Hsiung and Lu, 2008) — Estimated
@80

(k)

SURFACE SETTLEMENT, S (mm)

SURFACE ;SETTLEMENT, S (mm)

SURFACE SETTLEMENT, S (mm)

TIME, t (day)

20 40 60 80
0 . | : | : | :
\
NS
o
(e
[ el
40 ﬁ‘c\e\e,e‘e‘e“o‘ﬂ‘
- 0
sol Case ES 29
Limerick Z=11m o Observed
Dock Road Tunnel 2R=2.82m .
TA24, Ireland  Chemical grouting Estimated
(Tonkin, 2005)
120
TIME, t (day)
0 20 40 60 80
0 T T T T T T T
20
AN
& TOo-
40 o
L C”\ck—e“o,‘&\& o
~0 o
89T CaseES 31
[ Limerick Z=11.0m _o Ob d
80 Dock Road Tunnel 2R=2.82m serve
TA26, Ireland  Chemical grouting Estimated
(Tonkin, 2005)
100
TIME, t (day)
100 150 200 250
T T T
-0 00— - _
L Case ES 43 7=239m
Kaohsiung Metro 2R=6.34m
60—  CR2 LURI13-MCS14 B )
Taiwan e Obgerved
(Hsiung and Lu, 2008) ~ — Estimated
80

(M
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TIME, t (day) TIME, t (day)

0 40 80 120 160 0 4 8 12 16 20
e 01 T T T T T T T e 0 T T T T T T T i T
g £ R
o | oo EN 0 o0-0 @
E o ; L © - e 0 —o- oo
o 20r Qg\% E 2 & 0o_g

° L

% ©009-6 4 6-0 6-0 0-0 0 E}J

L =t
E Case EC2 o 301
z 401 Tenn?)shcji—Benten Z=79m 2 L Case EC 8 Z=14.0m
o Giant Sewer No.80 ZR=6.75m C ,oL  Taipei MRT CN254 2R=6.0m
s r Japan ~ o Observed 2 SM61, Taiwan ~o- Observed
B (Kitamura et al., 1981) Estimated & (Lin, 1993) —— Estimated
wn 5]

(a) (b)
TIME, t (day) TIME, t (day)

0 20 40 60 80 0 20 40 60 80 100
g 0 ‘ \ ‘ \ ‘ \ ‘ g0 ‘ : : ‘ : : : : :
£ N e
1%} RN e Y
E R = \b
& 20 \_ % &G 20\~
= S = AN
EJ_]J | \0““““‘ 5 © -0-- -9 -—--96—-——6-—-—-—=9
= — R
= 7=122 &
»n 40 Case EC9 = 12.2 18 7 - _
& Taipei MRT CN256 2R=6.0.m i,  Case EC 15 Z-173 m
3 b : —o Observed O Taipei MRT CH218 2R=6.04m
E [ SM143, Taiwan E :ervted 5 i SM34, Taiwan —o- Observed
% (Moh et al., 1995) stimate: = (Moh ct al., 1995) — Estimated
@ 60 260

() (d)
TIME, t (day) TIME, t (day)

0 20 40 60 80 100 0 20 40 60 80 100
g0 \ \ \ \ g 0 \ \ \ \
g £
= 1O o 76\0@
g [P Z oo\ e ol
= 201 et - e-_ o o ——-e--0 = e T
5 )
— F — L
= =
g 30F &
N v40+- Case EC 18 7=212m
o r Case EC 17 w L —
O 4oL Taipei MRT CH218  7z=19.8m —o Observed 0 Taipei MRT CH218 2R=6.04m
= 40 - ; < | SM39, Taiwan ~o- Observed
5 SM37, Taiwan 2R=6.04m —— Estimated B Mot ot al 1995 ;
35 (Moh et al., 1995) = (Moh et al., ) —— Estimated
7] 60

(e) (®
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TIME, t (day)

0 20 40 60 80 100
fg 0 T T T T T T T T T
g
7 I
= 6}9
g 20 \ beo_
2 e oo g
— L
=
=
=
& oar Case EC 19 Z=18.5m
@) Taipei MRT CH218 B1 2R=6.1m
=t SM139, Taiwan —o- Observed
% (Moh et al., 1996) —— Estimated
260

TIME, t (day)

0 100 200 300 400
o) 0 T T T T T T T
£
%} S~ —o- Observed
= q —— Estimated
z \
tn 201
= \
EIJ + o - Py
E —0 = O G'O@
@ a0
o Case EC 21 7=227m
(é Taipei MRT CC277 2R=697m
E | SM322, Taiwan Chemical‘grouting
B (Chien, 1999)
@60

(i)
TIME, t (day)
00 40 80 120
e % T T T T T
)
ot —o- Observed
= °s —— Estimated
Z Yo
n 201 So o
E P e o © - —o-
= | —e — o— g
)
[
@ a0
8 TCkase EC 26 7= 143m
okyo Koto-ku

< L C 2R=3.0m
E aseB Chemical groutin;
B (Komiya et al., 2001) g g
@60

(k)

SURFACE SETTLEMENT, S (mm)

SURFACE SETTLEMENT, S (mm)

SURFACE SETTLEMENT, S (mm)

TIME, t (day)

0 40 80 120 160
0 ‘ T ‘ T ‘ T ‘
\
\
20\ _
L e - - ©
40
F Case EC 20 Z=11.0m
San Francisco 2R=3.7m
60~ N-2 Tunnel —o- Observed
(Abu-Farsakh et al., 1999) — Estimated
80
TIME, t (day)
%) 20 40 60 80 100 120 140
on&,o@%““““““
© 6 o o
201 h e 06 -6 o0
40 Case EC 25 7Z=143m
Tokyo Koto-ku 2R=3.0m
L Case A —o- Observed
(Komiya et al., 2001) — Estimated
60
TIME, t (day)
0 40 80 120
0 . ; ‘ ; ‘ ‘
L —o- Observed
oo —— Estimated
)
201 R,
00— —o_
e o 00— —o—
40+ Case EC 27 7=143m
Tokyo Koto-ku JR=30m
L Case C S .
Ch 1 t
(Komiya et al., 2001) ermical grouting
60
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SURFACE SETTLEMENT, S (mm)

SURFACE SETTLEMENT, S (mm)

SURFACE SETTLEMENT, S (mm)

TIME, t (day)

0 20 40 60 80 100
0 —
o
20 .
r ~e - - ————— == = = — = o
401
60— Case EsC 1 7=10.6 m
L Singapore Pipeline JR=3 7 Sm
CH1480m _ :
80— . o- Observed
(Balasubramanian Esti d
L 1987) —— Estimate
100
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TIME, t (day)
0 4 8 12 16 20
0 ! | ! | ! | ! : !
cA
20 AN
o
[ N
40~ ~e = _
60— Case EsC 6 7=189m
L Singopore Metro JR= 5' 3m
80 C3(%}E g‘B‘ —o- Observed
(Shirlaw & Copsey, 1987) Estimated
100
(c)
TIME, t (day)
80 120
| !
T - wv- -0 - o
60— Case EsC 8 _
L Tokyo Subway ZZR;175 4851:[1
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