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ABSTRACT

This paper summarizes and discusses ground subsidence caused by shield tunneling for the Taipei
Mass Rapid Transit Systems. The settlements observed were evaluated for different geological zones in the
Taipei Basin. The results show that the averages of the ground loss (v%) varied from 0.4% to 1.4%. Except
in some curved sections and Zone C of south section of the Chungho Line, the ground losses were found less
than 1%. The averages of long-term consolidation settlement indices (o) ranged from 2 mm to 9 mm.
Among these consolidation settlement indices, those in Zone K1 appeared relatively high due to the presence
of thick clay layers. The experience learned could be used for the designs or construction of other similar

projects in the Taipei basin or in other areas with similar geological conditions.



— Rl

P TR AE 3% AT B R it TR 399 BB S I TR nTRES [ B R D0k - FEAS DL
bR R E - DU FH A YR ER < B - BUIRE R SR EIT R
R B PRIV A K FE RS e - L RPAGRE SR8 TR 4 &~ il TRk & A - DUR e T I i
R PRELK -

A 5 AL S T B E i TR AR vy BBk - BRE ST A 7 O e
5 TR S 1% A6 N A LAt M e B i T 2 255 -

B AL E PR A 7S ORES AR - AR — PR o P BRORHIRR A= A - HBR TR
B AR AR T B o i ELARA TR IS B5E - B ROR SRR TS R R TR E R B RE DL
1A~ 1B 52 7R » TAFOR Vb A 3 9 09 58 — IR F% 3 - 1B LB B $8 91 19 28 —
fRlEiE - DICLAEAE - A5 S RAE(RAR - — SR 60MRME G ¥ IE - BY I 30TL/EIGEH - BR 14
Ay CH22 T W i e 7k U7 IS B O - e B E S 1 B P- 1l =08 S B - L ORAE (g e
LOf6e % » TEIYIfE FI ST 7 i 4% -

FIT A 78 )5 BB B2 DR B B Ty #8LA0) - BR 18 5 AR ey CH222 48 By B8R Fr R B 5 30
Norhh - HARRE R REEE 2507 c M NIEE S AN RK5.6.8 R R - #r
Ji #RER CH22 1424 » HABARAY R E NIEHZES 4N R 5 REBHRERCN251E 241 - Fr A H
AR R ERE 5.4 R 5 i AR R ARG AR AT A B E B A A2 5.6 A R -

HAl

o DL

T EERNRRME

17 385 o3 W T » AR SCER F 28 = 0% (1996) FT 4 R 9 M BT 43 W [l HHESE B AR AT AR
3t 3 o B PR B — o AL R B A SORK TR AR e - MEERE A B REERT - AL
BRI © FoR7E T8 - S PRESHRIRRAY o 31 e st B8 0 W PO R [ = 2R 1S > FHiE
Sl n DUE - BR 1 2R 3R B b FLAT it B g S B RSt - HAh S R e A TR AU E 10
ANREI8LRZIH - A ITBIERE AL R AR LG < - B 785 B (GOTEGO09u,)
KRR R B AE RS SE T AE R R e RS - HAhES B AR S A i + Rkt e - [B-ERoR
B AT 1 SRR A A - AR L A2 I8 X mT DR R b PRk - T By s KA AR
[ SR VYR B AR L 56 TR v gg 4T - B\ FoR B B = = fh 3Bk R - mhEl v] AR E T
FERIERE - R LA PIBY IS EAE50 2 100k Pa.Z fi] -

=~ JikErE AT
g 388t 7 149 B DI — A A Peck £ 1R (196O)FT R KA T IE (L AR L 2R (2
SEA) -

Sx = VA_ exp (_ XZJ e e (D)

H



6 x © BEREE AL /KPR xR S IR DIE R, m

v T AR

At REETHHE, m?

x ¢ PEFRE L K FEEEE, m

1 PIPARE TR 28 - BEE o0 2B Rl Bk SRR EE, m
R SR A KPR &AL B E LA 5 0 Bilx =0,

o= V—A_ ..................... (2)
2.5i
VEBIIFEEEZ2H 2% Clough & Schmidt (1981D)&EH Z AXH ¢
i (Dy(Zyos
|_(2)(D) .................. (3)
z: QU EH L EHIREE, m

D: BEME AL, m

SRR 53 o T B B SR - T BRI R FLBRPA 45 » 48 MO B B EI0 153
B+ O S A+ 8 L DURR 2 B o2 - 2 A AL B K R 2 B o T S -
i R L T B UM B K R LR 2 B IR 4 B - B
b BEETRASE R - SEEBIURL R - SR TN - BoRILE A f - SR
% (1995) A I I 2T B 1 RO UL S B S BN » S BAS 10T » Ht L PR
BRIV O DUE BB B R i 2 AR R (2 HIE ) -

5§ =6, +a(log t—l) ................ 4)

t>10

t BEEEBRKR R - HENER > o WEREEIOREEI00 KW -
Ry T VYR B 3= 00 B A B AN [R] - A2 AT 000 B R 53 AT By - W 28 T 53 il =5 g -

=
by

F— KR FRORI E 28 B i 8 o A R R

s BB E T DIRARR I R AHE 2% - A R i~ RROESRIE  EERAA L&
BET7 ~ JERALBR ~ 812~ WS - HUBWR ~ ZROETETE - AT H IV KA
6 0 1 i W VB T LR A @ AR AU AR AT - FEHN SARRYRB - FTDIBER SR - L EBRIIEA
R INFR K ZRESEFFRE - AL RERIE RHE R -



9~ $RE

TE V8 G HEEE R AR - H e A T Z LR o - Bam L BEgR B Lk
K IR G AR A AR B I R L B S - 2 S A (199D IFSE - L
H i & A6 HE S 8 5 B TR e et < MBS # Bl 1205 50 - 35 il R AL R 200E 4004 R #
A L IE AL E S & - nTRE S B U0 AR S AT 0.5~ 1.0m Ay e L & - BT ULFETE R IR
B o P RR B IR IR R R AR BRI R o S IR R AR R L WAL
IR OISR I - E2 B IZAT g 8IS R E Y FE R ZE IR - 26 g RimiE s LA R
MDY - RIMEA S & - FIRF - E78)E TREEGT e T LTSN R - SaaEy

MY % -

SRAETRE o3 AT BT 15065 SR W 00 o EL AR B S R B > DURPA B FE 2 & - EAR BRIV P 39 £
IR HR T 0.71% - i gl R B AU P2 R IR R R Ry 1.13% » SR ELAR BeHY P39 R i K 3R
i 160% > 2= RlECAR E TR T2W - £ H At b fh 87 B8P3 R R R I /DN - 58
AT HE RS A Ry A2 T R T2 Wi Y 5% {18 8 88 By ff SRR 2~ ELAR B SP 3 R 3 DR T8 B
6.04mm - [fij AR B A SE 3 B 5 0 PR 4R SR 5.33mm -+ 5 AR B A S 35 JBR 4% 0 P 48 B/
12% > F HEEAR S BIR/DN - 20its R el B R TR A2 LW

HPA LU R - BUN 8 23 BT BRI B B DLk A A e s 1

A~ WERR

AREBRES A FIHE 77 2 IR AR - (RO el s A M KBS B B - &
fi R E R — K2 HE = EE N - DUFEE IR DR E R BRI i s - e R
22 QU] DUBUR BB AR 7 U P - B 25 U8 o0 W B BB 0 A BEURS 13 U 2K SR B R 1Y
B ARIEANHIER - A HE o)l B AR B BRI AR - BR T AR PRI R I I ClE 2 S - BT
oA 38 o W B4 R R RERAE 1%L T - SPEEAREUTR0.6%E0.9% 2 [H - FEHE
T 722 QAT TR 0.2% 22 0.5% L fA] = Bbobh - BURAN BT P SgE Ay S AR Bfm K - BEURBIBE
FE[R] — 38 73 W - BRI 20 B SRR 52 25 T T IR 3R 5 15 P ol O s B AR K » [RI I
GHBRABAZL > IR e BN - TS R RR 22 - TR ClE iy T ok
RPIEBA - (BRI FE BB AR Z - IR A B -

05 B PR R WO 2 — R P BRI IR 10mmiZ F - 534
£2.040.TH8.944.3mm 2 [l = LURL I 8 1y 2SR - 2 KT o T > SCRE S0 W
WA - PR RN - 4 40 O s A E A T WA B AR ARK - BT 1
HCN256~ CN257HICN2584% » H A CN25THE SE g R PG IE B K Ry 11.844.2mm
CN258}%9.0£2.1mm ;  CN256fZHIfz/]N » F45.843.3mm » {HCN25THE Y45 + HH L
SRAD /AN » IR CN 25 THIE S T3 A o 5 05 B B S A RS PR A - 1 153 BT S
We » BRI SCANATRE D R B B SO IR REK <

P B 08 T o DRI 545 B A SRR » DR B O L WA LR £ NS
BB 5 S BB 2 W % B 19 SR 51 PO i B R R 0 RT3 15
HERE » BRRHEE PTG R T 0 AT MRS AT + R RR R R B EROB -



N > fEEE

(1) AR A ME & LR AR R DA - P HEE B T2
5o MEES DY o W RN B AR B A > SR AT RERCK -

(2)  VBJE R E dh AR B T 0 B V0K S R DO R R R R T i B A i R - ARG A T
TR

(3)  BUBEAEIR —HuE 43 & - VB JE i Lol B i WU P R g B L - (P ik
LA e

(4)  ARAHBTE LA o W R SRR B E I L5 [ BUZUiET R - 165
BERRIIBRNRERZ > W H2 B EEEEE T - 8@ R 2 HE 2 & &L 12
R BE A _ERY TR -

(5) #ERME » AAUEEBER LI B2 iR - LI H A TR TR R - G
R TS - b B AR B AR A T i YRR 4%

B2E R

ZRF(1996) > “BILTHE TREME & - #th T - 55541 > 5525~34H -

R RS R BB (1997) - “VEIE I TATEEUZ DIFERE T 0 1 TR
HBO60H - 5545~56H -

Clough, W. and Schmidt, B. (1981), "Design and Performance of Excavations and
Tunnel in Soft Clay", Soft Clay Engineering, Elsevier Amsterdam.

Hwang, R.N, Fan, C.B., and Yang, G.R.,(1995), “Consolidation Settlements Due to
Tunnelling” Proc., the South East Asian Symposium on Tunnelling
Underground Space Development, pp 79-86, Bangkok, Thailand.

Peck, R.B. (1969), "Deep Excavation and Tunnelling in Soft Ground", Proc., 7th
ICSMFE, State-of-the-Art Report, pp 225-290, Mexico City, Mexico.



©
m = O)
4 ==Nep}
[
2 ,,w;
- i
LE
m (e] D
&

—

SRS XK
RIS L5
JRIIGRIRIRKIILI KA K] LR IEEIT
sk ] (e

e S ET SR (08 et Ry 565555

RRXLK e
A
¢ 0o to et tetetetetes
02 statetetetetotetetotetes
SSesssetesesesesee 1
Soletetetrgtotetet
0303950 o 5 NOS0es ]
PR AL BRSNS N
RKRGIIEIIRIIN i
S ISR [
Dletetetoteter
SIRRKES ]
5555
NoSe%Z
0S4

AR fe 5 AL st E o)

_




e Ll

]
CT201A| CH218 CH219 H22 CH221 H22 CH223 l CH224

1By

=N

7 /
Z — 0 -l s
F'F #A%ﬁg Fl AR z $

P CH22ME 1A ~ 2ABEHT ™ AL Rpeiys- i Fl s
Prtiast, VR AT BB E T T

o]

=
U 3

CH219

-
$ i
P4

P B 7

] E &
EAAEB
N

®

T’g’fﬁ AL 4 DRI R RTEE T AU
Mt -
P o sslspalymlomlis ] | WO R Ei;% j’p*l
FEEE] T2 [ 20 [ 20 [ 14 [ 4 [f "# %@
[ 6 11 5 8 2 |# - j,c 4 e
a5 J | BEEALE YR | SRpps ()
B (Fr) PERRE (1Y) e En )

* in’\ﬁﬁ% W

B — Sl E TR TR S R E LA LI




Elevation (m)

Elevation (m)

¢ Hsinit(i)r:]%Gm) C.K.S. Memorial
120 ,,///////////”// Station(G11)
100 - AN \ \\§ ////////é////é%///é//%//‘%%l///////////
o
- 2
60
/] SilyClay | | silty Sand SO0 Silty Gravel
Sandstone Tuff
Bl = GAbEEE G RR T S e
120 Taipei BL9 BL11 KunYang
-| Main Station *StationLlB
AV e % 7//// 7 7
[ [ T ~ b w/ AR
80 L7 7 /////g Z/// @/ // ()--::__::;::1,:::»030mo
. S o / ( >~ tkm  2km
40
7~ Silty Clay .~ |Silty Sand
= o7 | Gravel Sandstone

VY oAb p AR R A e




Elevation (m)

Elevation (m)

120 - Nan shih Ching An Yung An Ting Hsi

100 -

60 -

40 -|

Chlao Sta Sta.(018) Market Sta. Sta.(016)

/ ’’’’’’’’ T A ===
'//,y// < \\ -
iy " ,/ // M@Z
80 /’Z//W/// /%; 7

/Il,

1km 2km

_.__.-a-/

Silty Clay 1 Silty Sand
C—1 Gravel Top Soil

B F o bREE AR R e T

120

100

]
o
|

(*2]
o
|

o
o
|

Panchiao Station Lungshan Temp
(BL2) Station|(BL5)

Top Soil | siltysand
7 silty Clay Gravel

7N S b REEA R R A b




Depth(m)

Pore Pressure

Tip Resistance Local Friction Response
d.. MPa f , MPa p , MPa
0 3 6 9 12 0 8.1 02 03050 1 2
NP Of——i——i 7 g i
VI (CL) [
—_— ]
5 5 5
\Y
(SM) 10 101 101 &
D
% 15 { . J
Y 15 15
AV
€L g0 201 207
—
11 25 1 251 257
(SM)
I1(CL) 30 307 301 2
3
| "
(SM) ]
35 35 ry A A 35 \ I Il
1= A R = == 2
Bt BAtiEE TSR
100 200 300
0 ! ‘ T
UUU TEST
| @ SUU TEST _|
CKoUE TEST *(R1)
/\ CKoUC TEST *(R1)
10 | [] CK,UC TEST *(R2) -
<> CKoUC TEST *(R3)
[ \]
B A *RECONSOLIDATED TO N
“ IN-SITU STREE STATE
20 SY» A ] N
® g <>
AN
o ©
40 -
Suu \Uuy <
Su(kPa)

&\

EAbTHER: L EHiBIREE



Settlement

A
ﬁ—kg[[}:(ﬁﬁﬁﬂl)
= d?5/dx? = 0.446 8 i

E}IEHI%’!I— (X :i ,5 = 0.6065max

BARE do/dx=0.6060may! |
5= maXP(-x %121 ?)

3%#\?5% ﬁ—kg[lgx([L[lEI[)
VS =270 =25 1 dx %= Sax/ i 2

Bf. BRI

Days after the Passing of the Head

0.1 1 10 100
]

* Tail Passing

Phase | Phase 11 Phase IlI
I |
| |
Shield S
. Tail Void Closure fL
Advancing & Grouting Consolidation

1 7EVEREE TS Bt R UbE < FERF AR



T1
T2
TK2
K1
H1
YH
Bl
B2

T1
T2
TK2
K1
H1
YH
Bl
B2

17
21

34
13
19
62

180

202

?ﬁ@%gg:?ﬁiy
e = D)
EISRIT
minE e BRgt
0.70 0.23 4
0.64 0.54 11
0.70 0.35
0.66 0.55
0.76 0.17 3
0.89 0.41
0.86 0.42 7
0.63 0.45
1.42 0.26 2
0.71 27
BT MR

BISRIG

o

Sy O1 O1 =3 O O1 0 O1 O1 DD

.00
.40
.50
.90
.20
.80
.40
.10
.00
.04

BRESE
EXGESN A%
0.70 4
2.70 11
0.90
4.30
2.00 3
2.80
3.60 T
2.80
1.60 1

26

3.00

5.20

3.00
5.33

0.04

0.36

0.19

0.80

2.90



