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Figure 1-1 Brillouin frequency shift caused by strain
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Figure 2-1 Geological map onthe site
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Figure2-2 Fiber optic cable installation
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in an existing tunnel during
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Figure 5-1 The arrangement of loads for
lining ring analysis

TableS-1 Data on the segmental lining rings Table5-2 Toads used in ring analysis
of the cable tunnel
Outside diameter 3150 mm Vertical earth reassuer 47.07 kPa
Bore 2842 mm Lateral earth and water pressure at top 28.22 kPa
Widrh 1000 mm Lateral earth and water pressure at bottom 38.81 kPa
Girder height in segment 154 mm Bottom reaction load (100%) 47.04 kPa
Number of segments per ring 6 Bottom reaction load (97%) 45.63 kPa
joint type Two-rings staggered joints Coefficient of Sub grade reaction(nomal) 3000kN/m’
moment of inertia of segment 7318080 mm Coefficient of Sub grade reaction(tan grit) 1500kN/m’
Rotation spring constant for segment joint | 2100k-m/rad Coefficient of Sub grade reaction(pull) 750kN/m’
Ring joint Rigid joint Height of loosening bedrock 8.0m
Modulus of elasticity of segment 206GPa
Hade B u&jﬁ?im , . - 1000, | Before J 000,
é “074 . . .. . )
3 E A (6.319)
5 ; Bending moment
prosreeay T R 9.62mm
Hebe Vo] prmme garm) | - A2 S5
EH -2143 - convergence
53 .
: (3.297)
2145 . A

analysis moder 7SIS 10w

has 116 1

T After -
Ho | iE TR After . B A Hoge  [Hhui Comasae . Co T
T EIH) L L9 S r ’
; T355 o
E % 4 (6.668)
3 Iz & . 0
ER) :
3 0ol 9.14
T mim
i 2 Bending moment *
Yoo 11 |, I B 5 Vods -
e Hode convergence
04
Qs
o 7y
86
o1 , 0 7572 ’ (2.467)
L3 - cl 035 N
T 7 IR & e
h fﬂlls Jniﬂ ysis Le ning ana < model
has 116 nodes ha & node H F 1 S
5 has 115 nedes Expangion of the convergence is 048 mm

Figure 5-3 The bending morments and the convergences in the cable tunnel
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Figure 3-4 management flow chart

PRI LT D 5alE, Bkl —L FOPRTmED,
WER bRV ORER I EEMSE L TERT 20T, =
DG, WEAORBZIC DI DT, AT
PBEEEZOND.

FBIOT—R13, FEGERT—/L R2NEITL, S@ER hx
NOTHENERDHIIASEfF S, RHRICEET 258 Th
5. TAFER N FOUBHERTE (/v NLEER - FIfER)
UM E NI EQEB ORT, PRt —A K b X
FIZTHBEDHI L DIEIFHUC K B &5 2 b SR ORER A
e, MMM T 22 EDFB %, FEOELE L THEHy
BEHTHATEDHEL LT, BER M RVOSHER D
KT THDEFHELT.

SEIOFATEGIZ VT, FEOER S —/L FYEEGHER
R RO TE BRI, FEGEH S —/v FORRHIDZE
b, EHIAET 2@ER b AR O TEEDHILANE fE
BENIZEEZ, THIOBER b OFER IO L L
TEbHAT.

(2) FEEAS—IL FTAHBEBDEEEEE L%
DBEER b R ILOBRE SR

AFATIZIBNT, BEM bRV EFERER L —L RO
HERTHD 3 mEBEL, FEOISHRFREOE R L5 BB,
EEOSNER D HARB S 7. Z OB EER G ONE & JEE D
SREINIEID By, U U BRI ORI AR L 72
HERIZRAMER L, ETONESEIE5. il —
I FIETHRZ 31T 2 B L OIS AR ERIE, 2 oehifbr <l
T 20 % FREC' D1 L XUTUVEDS, BEORFFE P Ok H
W& B & BT 10 fFolE B3 H 5 L 0HELHY, Zh
HESEIL 2% 720U 5 % FRER BRICERH AT o 1o fE
R EENFPNZEEERL 0. 5 mm &IFAT AREHEROMIL 3 %

Thot-. Fiz, BER P RVLLTIOREITIE, BAE
WAL TELEMRE SN TRY, BEOMBRRNG HZD
FEPEIER I NS, AR T, TR TRTOBEMREDE
EM b FNAOWEADORIEICIL, LBHIRRET & FFEOBEL HE
VD) BSEA L. £, mEA b RV OBTE DEITICI,
Fig. 52 OBEED 2 U U VBT ET V&AW TEE L.
& BT, TIRET ORISR C OV T, MWIERET & kA,
FHHIEOBIER b R APOPNR, BEROREFREEB D72
EDBENG, SEIOHFETIEERE L TR0, 25 L&D
b, FEHE AT —/L ROSERFISEEM b o UmIc RS E L
TWD &Ml L 7B A ORI R % Fgs3 129 RIDAE
Mo EENLEER b L OmohifE— 2 > b, TEEE
FEHERER T —/V N TE@RIZ X Al E—2 > FOWRRT,
MEDENLEE 2D, KPP OEMITFNZIUTHG L-N
PN OFNTHERTH Y, LEEOHEIMOYIHPRIET 9.62 mm
DENENZEENLN, FrEbEA—/L Ri@EBic kY 914 mm O
SNENZEZAI E 2L, 0.48 m mffU- Z EASRL TS, X
HIZ, FDOROETOSAER TR OM: & iz L 97 %
TholoZ L2 RLTWAD, FighEMA—/L FTEmiEic &k 3
BEEER b R ~OEEIIEOMTE—A > FTL1 % D
#n, BOMTE—A2 FT6.4 % OEINTHY, R LOK
HIRINE D DO ThoTe. BEBER b RO THBIHER
FERRATICV b RV DFETCE Tables-1 12, AW EZE%
Table3-2 ("9 735, FHHEMAT —/L ROMELORZIZRE
T, Mkt & e o7 BEEREIER N RV OHITKIZ L DT E
& L CONRETIFE LA 200 & LTEHE L7,

(3) 774 N\—HEEEfTERAW = —IL R oI
DREEEEHR
ARETIL 77 A S—DBOTDRFRICLY, %77

-322-



AN—=lr =T NVEEEEZ Y —L LT, 1 mEALTO. 1 m O
TEREETT, HERER S — RONEER 30 T
DEEOBBEH b o RO A VSR T L, A%IARO
W7 7 AN =T MBS HZ Lok, Eigec i
MC&EDHIELER LI SR OET IR D225
SRR, HERRAEERD b R OLREFTOH
BICULAREEZOND. £, HEERAETO | R O%EH,
OFHINZIINGEREE T — & O ORUE St T A A AN D
VERH Y, ZHUSL D SRR VR EIRE L 72 D75,
WIS HOBRIZEY 12V, £ TORRFEN HER
E A FHIL TR Z &I, &HIN7 ko ps
BNTIHEL 72 5. A#lata ks, L oEmttomo b olosg
BEETHELWEBXTWHD. KT 7 A=l ED b
S BEOMERS % Fig, 5-4 L2087

6. #EhH

(1) BOTDRIZEAEERBEN b VNG E b
FAREFHIOLE T 4L, (ECROBRROT A, Aukh
ETFHOMIEHRER & RO—8or Uiz, EARHD &5 1ok
S ERERR R L= Z ISk, EOEE R AT DR b
FIVOFHRT RG] & 72 5T

(2) fEH N o RN D TE EHERE 2 — /L R B 2sE Y
DS EEM R RARICERE LT-BO TDRICK S 5 o
PIZEZENT &, I e b 2 R HER T O T e A 1572, JB(E
b R DWNGEIERLE b 2 R IVRER T OTE T RO BR %
BB —/L ROMLE & ORI B, A7 D2/ 3 It
IR Lot L. 2SR, #kifs—n FRET L
SOWEIEREE LI L, o 4 Wil T 28EEIE Th -
7= BER b2 RV ONTEBNLNE, T HIEE I > —v FHgHIRE
DY O & | Z O5EE4 2 TR A LT D b orx
ST I OTE F R3O IBIEE R L, I T o #ae 2
T2 5 WA TSRO T, BERRMIE N o L R R vk
Tk, B OONZEZNLIIAIE AN G L, $hie )i
Wiid 5 2 & REL LT

Q) B AL NI T OMTETALE LT, BFD 2 VT
BT T LA, TELZOVTE, /L REARIRHC
IMAER DR 0L, @l @ISOV TEEREN &
K S A ETT NVERE L. KEHlOE T AL MY
OWFEAEAT L, IS NINZEERLE GBS ED LD,
BT T AR &, A LMD /7 & AT % 157 A
Tk, FERER > — /L F@REHOSER HOIUEERT 3 % T
iz,

B . AFEICBT DT — 213, NTTA Y773y ME
LT A Ly 7 BRI Lo TIE &, k&7, BIRENT
I LA UL Ed. £, il —2 oiEHicdhi--

T, OW) g - EERE e TRiR A TEV S, T ZISELTC
FaoEER LET.
SEIHR

1)Tateda, M., Horiguchi, T.,Kurashima T
Ishihara, K., First measurement of strain distribution along field-installed
optical fibers using Brillouin) spectroscopy. IEEE Journal of Lightwave
Tech- nology, Vol.LT-8,pp 1269-1272.Sep.1990.

DEBGH, JHRAT, NRIE, TR T 7 A = —T
JMZ LD b RIEBERSGERH &l E b o o o/
fiEdr, TARTS hoxor DRSO, U3 5% pp. 107-114,
2005.

3 BERUNE WA ATFFGHA > 7 T &3 X HifE LAEI,
With{5 4 > 7 Z0FEER, pp. 192-217, 2000,

4 EIBILER, FEABEN, BRG—Z DY 7 A /S Y —%)H
W o RUEEIERICOWTE 5 6 [l - AFERERS
R, S5 B, pp. 364-365. 2001,

SEHFA T, IR DT 7 A /S ARG & N (o %
U R) ACHEU HEO@NE, [ EERER T H
Y, pp.92-97, 2008.

B /N, FERM -, SAEESL, PhERE LT 7 A 3l
LB R aNVBELTORRERE, S EMTE 3 65
2%, pp. 143-150, 2005.2.
7)Mohanmad,H., Bennett, P. J., Soga, K. MairR.J. LimC.S,,
KnightHasselLC.K.and Chun: - Monitoring tunnel deformation induced
by close-proximity bored tunnel using distributed optical fiber strain
measurements; Intemnational Symposium on Field Measurements in
Geomechanics (2007)ASCE. Boston
8) K.T.V Grattan and B.T.Meggitt Optical Fiber Sensor Technology,Vol2,
Published by Chapman&Hall,1998.

9)T. L. Yeo, D. Iickstein. B. McKinley, L. F. Boswell. T. Sunand K. T. V.
Grattan, Demonstration of a fibre-optic sensing technique for measurement
of moisture absorption in concrete. Institute of Physics Feb. 2006.

10)). Braunstein, J. Ruchala and B. Hodac, Fiber-optic deformation and
displacement monitoring Smart Structures IABMAS 2002 Balceronal4-
17,2002

)R FERE AN B L R R G At T O PR 2 BT
S = A OB & FEE L 5 3 RITA IR T AT, A
et ilih S CHEES 498 %, pp. 83-90, 1998 42 8 A

12) b o UL T — b R - R, TR,
ppdl—44, 2000 4.

I3)R#KF — NI LR KU 2, PR R A i Lsie &
EW LT — B R 3OV ToIEHET R, AT X
T Vol. 65 No. 2 pp. 128-147, 2009, 4

IHKIWZZ GV R b RO DB L ORGHTEIZ
B 20, HUERT R4 2 GhsCEAME) Tl
144 3 J

ISV 4 [PEHA S AR A Sramoon. ZEREEER A FRL Vi AT
FHRIEIT LD —L NiddH C3s 1) % B % 0O 2R,
FARFEFCHE pp19-58  No. 722, 2002. 12,



The three dimensional monitoring an existing tunnel by use of optical fiber technology
to measure and analyse the effect of a new shield TBM advanve during tunneling

Yohji Oku,Noriyuki Horichi,Atushi Koizumi,Laurence.F.Boswell and Isamu Ono

The three-dimensional displacement of an existing NTT cable tunnel was measured by BOTDR ., a
displacement measurement system using the characteristics of fiber optics. As a result, characteristics of
behavior during the construction of railway shield tunnel passing directly beneath and transverse to the
existing tunnel were identified and new knowledge was obtained. This paper discusses the specific
measurement method using fiber optics and proposes a segmental lining ring analysis considered on
measured displacement. We also refer construction work control and maintenance method of using fiber

optics technologies.
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