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for Shield Tunnel Segment Defor mation Monitoring

Student : Chieh-Min Huang Advisor : Dr. An-Bin Huang

Department of Civil Engineering
National Chiao-Tung University

Abstract

The empirical procedures typically used in shield tunnel lining design
consider the earth pressure distributions expected in the field. Due to drastic
variations in the environment, the loading conditions experienced by the tunnel
lining segments during fabrication, transportation and installation can be rather
much more complicated than those considered in the design.  Attempts have
been made to measure the loading conditions within the tunnel lining segments
using either strain gages or fiber/optic sensors. Hampered by drawbacks in
their monitoring techniques; these attempts had limited success. The technique
of monitoring strain from within arernforcement steel using fiber Bragg grating
(FBG) has been developed in this research. - With the FBG installed in the
reinforcement, a complete record of 'strains experienced by the tunnel lining
segment from fabrication, concrete pouring, curing through the loading tests was
obtained. This technique enables the strains experienced by the shield tunnel
lining system be monitored on a long term basis throughout the periods of
tunneling drilling, lining installation as well as subway operation. Thelining
segment loading test was numerically simulated using FLAC. A comparison
between the FLAC computations and FBG measurements was made to evaluate
the reliability of the FBG readings. The thesis narrates the development of the
FBG adhesion and monitoring techniques, as well as the results from numerical
analysis.

Keywords : Fiber Bragg Grating, Shield tunnel lining segment,
Optical Fiber Monitoring, FLAC.
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2.1.1 sk &Sk PEsE

# 3 $5 5k 4k ¢ (Fiber Bragg Gratings, FBG) & % % &t 1978 & » o
K. O. Hill &4 £ % 3 247 3 ¢ « (Canadian Communications Research Center,
Ottawa)s 3 > # f1* A& 5 488nm 2 g 41+ G oFL g & ~ ek > 24
Lk % RS A TS LRI s Fl@ ARk o LI
Fzo & F k4 (Hill Grating) » & &4 e £ &5 Im> & F g 2y
%L o

17 1989 # > G Meltz 1% ple 2 i jtw(Transverse Holographic
Technique) » #-5 R R % L A 2 F HiEk » X% Ko kv 3 75
#kg ¢ f & (Cladding)eg i - B 418 % &k g4rw (Core)rt 2 4 ki o

RSN

plts

G r B Az IR REFTLRLGRLPpENF
Fa B o

1993 # » K.O. Hill ez 2 L3 sk gk enfl 173 02 » B Dipi=k i
(Phase Mask)iz » 4rB] 2.1 %77 » B EF i3 L 9230 a § » Sk end
B> P RERAZE- AT LI 3ApkY o RREF|LE ik
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212 kREkphL A RE

d sk & spet(Diffraction) R 2+ &> LRz » 541 - BE 5 DTG >
EFla r BB EEREDTR > BV - A22 7 FREDORG A
BHiER > @ BB R g 5 X ¢ 12 Bessel function 4 fF &k & IR o

FoRSES R IZ Y hH gk MR S I R A BT U E D] e &k
PRI L R S Aol 22977 0 LB AT A X 21 &7
n,sing, =n,sing, + mlf (2-1)

B momp A A Lo 27 et oA 5 o~ sk £ 0 A S
K iFH om 5 SRR i 012 054 B 5 Gk B & {o-1 FF(m=-1) SR
£ o

Eg k- datg ~ L EM T 5K FE LR 48 £ (Coupling) it » # 3= F5 sk 4k
AR P 0 R TR W 24 % (Bragg Condition) 2 # €Uk & ¢ AR ST
gk g F AP AR AR o FRREEZ R SR E AT I 22 RF
|l g =2Ln (2-2)
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LipenE R GE 0 6F & 5 i BEB R
2.1.3 gk ens 5

i PR KGR D A ] TRk S A R N E A L
oo HP 4o o
1.E ¥ 8p 38 L & sk 4 (Long Period Fiber Grating)

£ EHP S R G CE T H S T 5 58k 4k 4 (Transmission Fiber Grating) »
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£ EH R o o] 2.3 P o
2.5 3F #p ;% sk & sk 4 (Short Period Fiber Grating)
TR HP SRR W ARFL S T R R R B F S50 kg kg
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SRR P SSAL M TR X TR Y 2 R e AR
BFIRE -G IPE WEHARE ISR R HTIERSY
DREC) B A BRE O RMERE  $S ETe g 2 $ER S L H A g
cARHEFGET HASTRAESEEIRYOF - B HFEBREAR
Bl Fh o - R AR F IR AN RER AR Y
#H1FE o
SEFEEERY

T R flut feE(Ductile) r 2R HR T EL AR F 0 L A4
B WEHR Bk B ARSTERE walith 1 R P RR
PR o PR ST ATRY o B EEBR TR Y FAZ G R
BUBTERREP MR THEEY M R E R

4 A 435 CRE80A Fehfli@ * = # AT S 5 # BATRY 1 - &
KA®y ked- gk dofl 26 907 cA QR * S HRFIRY > 23 4l
FEE TG oBARS- RISEE Taa 2 AL RYRE - RIAGA
mE KA %SG

K43 5 B r 2 o7 A L Tw b S50 40 B YD RG
ﬁﬂ—ﬁﬁ'}%%”?,]_&& Al E > 4B 2.7 #71 o K 1&111,{3_@15],\ ¢ A4 -5
4 (Joint Angle, ag) » 4@ 2.8 #7177 > M E VI N 2-10 £ 7

8= (2-10)

12



~E

K AI7E 2 it~ e & 4R & o -

jud
L
D
A
Wi
H
2
~F
e
4
=
e
El)

AT 0s 250 B BRI TET Gl g 0 F K AR G
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Al g A2 — 4~ & (Insertion Angle, o) > 4ol 2.9 #771 » & fR36 1 eyl > o

5 17~24°
223 B HE P EYS

AR RE R SR TR IR RE R 2% 2 2T
P oA S S L4 (JSCE, 1996) » 7 #H R FEL LB E - =

PoE oz FRPE S P EAGAN AR 210 915 0 P T
1.3 & §* £ (Primary L oads)

AEPESF I REMPPRT TR A AP L T ERE
A558 0
(1) £z &2-k T+ & 4 (Vertical and Horizontal Earth Pressure)

Bypd AR > TR TORRA A SR AR 0 g ikt 2
B M TORRA B RS s wE o gt gt R 4 3 (Cohesive
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W2 BARE LS o R RS AR AL RS o R aP
A AEY (ASN<B) & gt 33 4L 4 (2<N<4)?® > p|i@ % 23nFH I £ F kL3
FRA4 o

KT IRA L ADGFREEH IR ES R HT I F RS R
w 4 B 4 % #(the Coefficient of Lateral Earth Pressure, k)@ i - & % % jg ¥
BEARE, T E RS Gl S Re 2 R Gl EY RFERE S
PP % 2 d 3 R4 e B ok 3RS GRER T AR 2 R4 Rlice K
Yople 2 R A B F AT v oY £ 212 8 4 F 4 T die(the Coefficient
of Soil Reaction, k)£ ] v 3 B4 B HchG k=% -
(2)-k & 4 (Water Pressure)

LEORRA L - B PEAGERR A (T N S0 E R B
P RFNE B o KT KRR 5 G- GH P E 2 FRRA o B RO

S EC SN

11\1«
l—-ﬁ

(3)p ¥ (Dead Weight)

RRAE P s FAL el R R P E(g)T R N 2211 Ry

oW
2R,

HOWy ks R E R PTR Y £ (UM) R b 3 R AL s L

(2-11)
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(4 % § £ ¥ 3 (Effects of Surcharge)

Z]

PAPEORRL I Y 2 S Bl Y R AN AAHK

e

T\4

C2 A FRNME IR R P E L Y Gd B ¥ 354 Boussines’s
equation(;* 2-12 {r3* 2-13){= Westergard’s equation(s* 2-14) % & % » = ¥ {1
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UV Light Beam Phase Mask
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Input Spectrmn
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Input Spectrum
Transmitted Spectrun
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Reflected Spectrmn
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Segment Width
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Skin Plate T&?Enﬁgf Skin Plate Skin Plate  Filling Material
I L "/ ¢ Sealing
Selilgelrgﬁ? V Main Girder —= :tmlgi?]ggi[r(ger “ﬁl ain Girder al.L o
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Caulking Groove Skin Plate
(1)Steel Segment (2)DuctileCast (3)Corrugated Type
| ron:Segment Ductile Cast Iron Segment
Segment Width
Back Board

Segment L Sealing Groove i Thickness
Height of Segment
/ \
Main Girder /

Caulking Groove
(4)Ribbed Typed RC Segment (5)Flat Type Segment

B 25 & ¥ %5 47727 2 Bl(;eg p JSCE - 1996)
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(a) K segment inserted (b) K segment inserted
in radial direction in longitudinal direction

B 27K 413k 7 4747 & Bl p JSCE » 1996)
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Ml 28K JI% 5 d ook r TR 4 2 Bk d apr L FI(3c4 i JSCE » 1996)

JERIAENC IS

a-a section

B 29K A3k 5 d G g~ TA 2 2 40~ & a7 LHI(Fg B JSCE > 1996)
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221 fple 2 B4 tal(k)e S5 4 falic(k)2 M % (ISCE, 1996)

Design M ethod Ground Condition Ky (kN/mm?) Approx. N-value
Very Dense Sandy Soil 0.35~0.45 30~50 30<N
Medium Dense Sandy Soil | 0.45~0.55 10~30 15<N<30
L oose Sandy Soil 0.50~0.60 0~10 N<15
Hard Cohesive Sail 0.35~0.45 30~50 25<N

Effective Stress M ethod

Stiff Cohesive Soil 0.45~0.55 10~30 8<N<25
Medium Stiff Cohesive Soil | 0.45~0.55 5~10 4<N<8
Medium Stiff Cohesive Soil | :0.55~0.65 5~10 4<N<8
Total Stress Method Soft Cohesive'Sall 0.65~0.75 0~5 2<N<4
Very Soft Cohesive Soil 0,75~0.85 0 N<2

%+ 2.2 Brrit ALz " = & (JSCE, 1996)

Primary Lining Secondary Lining
Concrete See DuctileCast Iron | Plain Concrete | Reinforced Concrete

WE7TR T A

Unit Weight 26.0(kN/m°) | 78.5(kN/m°) 72.5(kN/m?) 23.5(kN/m?) 25.0(kN/m?)
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FLAC (Version 4.00)
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