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Underground Structural Monitoring System with FBG Piezometer using
Partially Striped Optical Fiber
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SYNOPSIS | FBG fiber-optic sensor, which has excellent durability against corrosion, can be used
for the long-term monitoring system on structure. The technology of FBG fiber-optic sensor come
to the fore to monitor on large-scale structures, tunnels, dams, bridges, slopes, high-rise buildings,
and etc for their lifetimes by one-time installation. FBG piezometer has bheen developed by domestic
design, manufacture, and test for lecalization of FBG fiber-optic sensor. Pressure performance test
was carried out with portable pressure calibrator(DPIG10) and field application test was performed.
Result of tests show that it can be replaced for electric or vibrating wire piezometer and also can
be used for a variety of applications due to good linearity and small error.

Keywords : FBG Sensor, Partial Striped, FBG Piezometer, Measurement, High Durability

_La

A AZVe= gFrER »lu FBG %L

B od AFE dEgor F

o2A sl sdoz A2e F28
9]

FANE A7 R 24 259 FU g BFEem
FAFE 4T A2 ¥ 24 A2de EE T4
T Ak AR AA 2 &S AA"ES giAEE, o) 3
%

wh 2

& A 22e3y FEGHARAA A7 59 H8e Bde] FBG F4F BI5UA A%
o] #ag Ta) REVIY FBG #I+A4AY 44 Ago] Axw

kel FBG %‘74]—4 AUdd 2 9% A dolHe 4340 £, L4V Kol HE, &, ¢
A&k T3 Zé—* HOMI Abgol 7H5d 71eR AAXS B4 F30d wg nE&EE, As
d, AR 59 HZAIY Fol &datA o|FolAE AHAA 71EY A4 # IAFEH ANE oF

de] ddE i%ﬂ-%ﬂﬂ S E ZE FBG BAFAME o] &3 AF77] Aol
I Fapolw, ‘4|7 Ar]” A4, €, B 34 A fEE ARG R A dFE
= ‘% T 9% FBG U AE 398 + & Aes wddd

- 1104 -




53 B Aol $3F AU A9 AgolAe delHE DA B ¥ /e A5EH @ A
714 AAE dAste ASTEEY ASdESl 438 A4 Roz FuAG

2. FBG EMRMAe 74 3! e
2.1 ZHRMM} 7Y

FAHE T4 AR U, 2o)(Core)st 28Y(Cladding) el zojs 2YYL RIFE
—‘3— xl-a(Jacket)zi Toste 27 19 Zow, ¥ 13 2& 74 EHE TAHA 0.

125
230

o9 1 BARY A0S um)

F479 H‘»J A2E Fol(Core) < 8 Q(Cladding)F A o1FAH, o] FAsE 2L F
Hdolt), (3 AFE FEE L& FElEY FZol(Core) RS B AEE0, 2280 ¥ Fy
Ae] Z# 9 (Cladding) ¥l Ae Zol(Core)2 2 FABHE L(F)e] £4& I 9L @}, 5] (Core)
29 Zd (Cladding)#2] 24L& 126ime =72 w4 ow 2Bon 7aRA= E46 ¢kslr] o
Fo 2 9{Polymer)®EE olZ @ o) E(Acrylate)s} &L I Z2l(Jacket)S ©]-&38le] W FFT)

X1 B4 Y AR L A

2| (Core) Si028t GeQa 8~10 24E

2 #83
£ 1 2 (Cladding) Si0z 125 ZHE 92 #4994
A4 (Jacket) Polymer, Acrylate 250 Fol ¥ ZIY B

2.2 FBG ZaqdA 3zl

FAFAZAAFBGAA)E Gert A7 BAF Zol(Core)dll A8)i FH9] dolAE FrlHe=
FAgozA 2HE WEE FEY FAHGrating)E A, o] Ao A ) EHHE 5A
se] Y VAATIE FahA et IY 28 FBGH T2E dvehdth Fdioe A2FEHES FA el
YA Z A5, obdle] FolF A Ze TxHd wE5se 37 ARl FHF HAHGrating) ol A
vhAbE H, Ul A B dR2 22 FIele] F 2YEY E247])d YEbdd.

A p=2nA (1

- 1105 -




e HDelA nd FAH Zole] & =4 & (Effective Refractive Index)oi®, Ax 2AAHGrating)
¢l HZ{Grating) Ay0]2] 7+3(Grating Period)e] v},

Sovrce Light

m Bragg Grdhng

L

Reglection Light

Cladding

Transmission Light

Ge-doped Fiber Core
n= Reflective Index —

23 2. B HZAAM (FBGAM)E] )

HAHGrating)oll A WAL R E EH2(Bragg) 32 #19 A3 2ol &5 =287 AR (Grating)Zt
Zo| ggoly, FYFAAEBRAN Sxvt 4F T4 A5 2yFE At FS 2y (Bragg) 7ol
gttt 232 R B 2(Bragg) #79 WEHAE SAIGR FBGY 7ted 2d3E 78 ¢ Utk
W E(Strain) Watel F 2 Y I2(Bragg) T4 e WAsE oge] 4 )9} FoH,

AN g= A (1— P @
A A@2)elA P = B4 45 (Photo-elastic Constant)olw], F2 ALE-=E A2y d8s) &
2] (Germano-silicate Glass)2] 25 91 022 ¢ #E 7F1, &2 F4H-Z A (Grating)ol] 7tz W
& (Strain)o]ch.
2.3 RS2 £ ZMRAAMA Sl aFUH

agyels =Wol B APl FYL WiHm WAL AV, PA%Y vnedF dge] LA
o =AueEd 9BE NAA Aek olF PAsH] G claYAol=E HPE BEACE 93 (Strip)
A ZAAAE Bk wWE BYAE DIAKA S BARO) Wshe] FEs} DelAS] g AFel

yle

aAEA Ha f4A Beld 5 den, FHFERAAME] GFe FHez AMEst7] f§8 #H7A
(Package) A4 & o ofF7)7 - ol fA7] e 28 37 22 & 23d 44/ RER 14
AHFixture)® A 43sle] $270) dsle FHFE BIFch o|fd aAANE AL&se % £ F8e
TAZ FAFAAMMNE 1A T o FAFAAA4e W1 2 (Coating) FEo] 2EHIS wo}
Mg F(Slpy 4L WA F

- 1106 -




WRA BEEG Hola-.,

BT Y oty

Rorylate Costing,

a7 3, Fg-he 28 ¥ aAHA(Fixture)o] HI

3. FBG ZIS<8H7] Al&E M3

FBG t5gtAle 244 T Sxe 7€ 2374AL fAE 2712 dA8s AL 3oz &
ot HEddo| 7bed FBG B FAAe Fd-e ] daAs AA @7)R] fRo)A B FA 0
& A g 7 AT H42T9 030mm ol F7ro] Lasich 030mm ol E Fge] &4

of WAse}, AEA) Y AAR AFsA ¥k dho) Ak ARTL NE VW 2F5AAS 44
¥ 2712 AFtgon, AFHE A43te) FBG dolHEA9 Add A 2709} FBG 1344AE
Q@ Yerow AN

dr

1107 -




7 3744 part® T

“

p

FBG 23447

o+ . el
of Aot T L
. = oH
w_m m,,.E T AR AR
Ho il “._A_E_ % t.._
_M = Al g % oft
oo
e cw
o w uf ocm W m.
= w T g ® t
g o oo X bl
ot gn T
" L _M. ~ T du
ﬂu._ 2ﬂ W o B [=p|
A D5 G
11.A|L G Ot Oﬂa Q—O .MM .mu W .hﬁ!..t|!?|i...£|a.la||s
< . I B
%Hw - R mm T B A - & 4 mwm,
— -t i . i
5 g ire| 2 o o B | A
EMM SSWmA__qua ﬂEATMMﬁ Wsse«,.azﬂilauﬁsfil}.\m!a/
- . & (e | 2 - W i
W 215150 gl R 4
h_oﬁl R_IR X Lm:o|i M=% =% Lk ;
ool =0 £y ~ = o * oA ctn i
~ R SRR F e B o
- Slg|™w m_ ¥ fir T ERepe T )
= iRl =% 52 N o x %P
T | = o B Pyl f .
w P g o R o S o _ 2568 & oo
.Q Dﬁn_ ,ﬁa a g m %o ‘..lAu .mujﬂ..w-u ihgiy:s) M.M. &»f.m;ﬂ..s.;:rrf
— [ E3 [j11M] 1) H
_ﬂ 7 - © %GATWM o L
3 O @ Ar =X b T
T % K 5 Wehg® Y
& = | H prgld I L
E e ( HOERERET et
- 3 o &+ _ oo
W = - 2 B a¢h o “ o
<< MELE2 . a DoFEC R
FE W Ao | S| : o wE L wn
o 7 —_— &2 -
=n H .mu.,__' _ﬂm_u Ot X Q—o ] —-——l ....M_._._ ‘_Ur - T,.;—..
~ o %O — 7 el ..;.._ T oty ,__ﬂl
e o | 70 [ B ; s = PS5
- K o : s N
" _..T on ﬂ.Ln W a W A_,,_m G 1..,ﬂ.._w|u o = .AluM .m_.x_
= £1 .;om &l oo Ml o
aom e S a Ered
5 < . 44 e 0" oW
5 o . NW"ET T
TR W <f e

=

- 1108 -

a9 2 YA L8 ] 0




QA FHARE A A B dRPASA Asee 54E AR Aok AF 5mE
AEse] olofuAL WA FBG AIFUAS} AASA e F48 FBG A24stAs A 3
Fol e +9 W3E FARAG. IHYE AT A9 9 52| 02m oUelA 2Fe]
ReH, dAYE UNSA B FLE WEFo] 04m oY A9 9 Az ekt o) 249 E
A G AARSUS 630)9 BAE ANE Tl olohzddo] exe] 9He A/ W oz BHe

1o ole] weh AFSEAS telobz@e dAYS FH LASAL AHate o) vEAT Aes

=

FH2IGOPME[A Tt BAMEE 2t

S RHRETUE ke |

%ghw)

11300000 1290000 1202000 12-030:20 1203 063 1205000 1205008 1207 g2 1203009 1105007

ki

29 10 tolotxs] gAe HRol e HEY AU

iyl

5. 8 #t

Z H|m A

[l

QHF GGl erdsed e LERAASE BB APL Ba) =2l sMrEch 1Y
gaEel wsis F7 L ARE BAo] 48] AW AdAFe] Yy G T AN 4ge
B8 2 2AE #B2o] At AFBAT F9F AATA Aol Aol AFL AX ek FBG

FEA AREF V/W Typed B354AE AFAEA e 234¢ FHAE vase A9e
ANaac Ade 49 g ¥ 39 2o,

3 o A9 A=)

ARAE e
== o 19,29 ¥
54 YA - V/W 7F=3R3H 14, 29 &

= = 64m 1% &
o A= ~70m 28 ¥
28 Az — 2010/09/15 23A105% ~ 2010/09/16 134 52% 10413t 472

FBG HaaAe @4 H&4 278 st 718 VW 349 2FsdAs nnddes ANER
AEE 64met 7.0mel™ Z1zbe] & FBG =S54 AY V/WEA Y 55444 98 A%
ool AA9 AERAE Fristgo. AS55YAT A 2] Wi 24X

=R
AFE LAY Fol FH& LA

- 1109 -




O 1L s Hudd 3 AR

FTZo] 64molA e IFEedA e 2AANS AW nw(ay 12 FF), = VW Zl':‘#-ﬂ'ﬁ]ﬂ
kol o 8000mm H,02 &A= Qex, At o 8600mm H02 3ol HAHIAT. 8527 64m
2 o 1,600mm H:08 3¢ #el7t dAsi= Aoz ettt o]d 4k FBG #2438 713541
5 &7 &Age] ¢ ,000mm LOE &Aool Hu gdon 5800~6200mm H.09 YA ¢
L= e et %%% LFER S

=8 V/W 5994 A %‘: =
RE Aol H}O]”Oq FBG ¢k
2 100mm Hs09] Fzfe]l& L}E]-LH;?_

‘-;’}

o fm

}:J_,_o.j‘_),lﬂ
oﬁ

.I.n

}
= #d 200mm H.09) F%%ol& Yehz o
o] LRHAASFY ALl BHE AoT Fagc]

A7 F¢ 271ER Ko Wy 600mm H.0% ¢-“ri} 1%
01 A

254 FAIHS i} (@3 +46,400mm)

10,000 1

2,000

BOmE £

T.000

BOGD |4

LR e ——————

4000 P ————

4 QHmmH,0)

3.000

=
R iR R BT

2,000

1,000

a i i i
15€1 2219 169 0313 1620209 160405 1R 060D 16 GTSS  16W 0850 16% 1L4% 1w 1340

E3AZHLE/)
a8 12, AFZel 64molAM Y TS5 44T

FETEol 70molA e AEedAL] HHANE AWRU(TE 13 FF), A€ VW 259449 %
Soff &7] Sshel oF 9,000mm H02 HAHZ LW, A o 9800mm H09 o] FAHUL —5%75
Azkel A wel EREE fFL7L FIHET Jle], A0 oA e AR Awdn. BT
o7} 7.0me] B2 o] 2800mm Hx09 4] olrt 2AstE Rez velytt o ety FBG 2

- 1110 -




A BFTEAY A4 27 #Age] °F 7,000mm H:02Z FAe] Ha glen 7000 ~ 7,200mm 0
g WA FU4E e AT

712 V/W 3554A9 A9e 347170 §¢ 27154 A0 215 800mm IL0Y F£53}e]%
ol gls Al Wsted, FBG S+9AE 9 200mm H09 FF301§ Uehin o} Jize
2 100mm H08| FAe| & YEh IR glo}, ExnAAG5e Hge] AEY zloz vudr),

oleh 22 J9ENE FYY Z, 29 dste BE LERAAGE 457 98 e Eyy
Aol Hdg oz A

o |z

bl

US4 YA FAH ZIES 4 7,000mm)

0,000
5,060
8.000
o
& 80 o
T
£ s
£ £l
R —
4
3,000
2000 TUFAG USSR
.......... STV SRR
1,000

i
15§ 2218 16 004 0209 SWORM 16 O0E00 1SR OTSS 16 (ESC L6 1143 168 130

HAAIHIE S

a9 13 B3Qel TomolAY HIFY AEN

%4 3% 4E 0odHyl AMEH] FYY FBG BIFWAY 53 AHE vhehin, 4R
AAY AZ7)e) BA 3 HF2e AAR AZA Y 4R Aol Im AER AHHYT. 27)0]
4AW ke 27N 4AE Fol FAEAFS TYTE TAKNYD, FA7 348w PRI
FRaze) #n Aok Gl BFELY Aolst BT A= Ao BRI |

TTenann asdug

T
2

2
&
i
Ar
~

EPPRPE S S "*w_.._,
i T,

u‘é"i&mﬂ
=
-t (31.&9,.-3
I bty i A ol et i "-1:«-(_,(( tpoty.

175 pirii) 16 piri] 37 a/34 542 5723 613 brs pie-
¥ 14 FBG =454 cooder] €4 &4 Ay

MAF ZFAzbe] o 7Y o F AntEel® FA U Er} F2A velhtn glew, A Hid

9% SEo P WA G A2EZ BUEDh o FNE WYLE ATFYL F5d AU FBG
SgAE A%l Fusn @3 249 sh54e) g B 71¢d Ao vuHd

- 1111 -




®
[N
Hl

B EEHstd nHsln ZAEHE ¥4 FBG 2594419 AZRE L A3tste A 249 &
A3 48L& AR, olF B3t NFAANAE A4 AF F AS 2 4T AZxe 7% 21e
9L "ol Fouh

FAH Aol FEYdHRE(FE} FHu)E 13 eE AAFA R (Coating)S T3 B89
299 PEE 259 AT HF RHsle PAloz nAsle WHWAA BAES FA h—t— A
FEE AlolellAM wAdte WMuyA(Slipda4E BRsn, e o) 2AsE AP FYsA ZA o
7heste g Y, 538 LWl dgg ALEE £ JEE 2xnyd SRS T3 FB G Ee
FAE Adsiict @3 249 2 HEEEY AZdolEy BAEL AANE AR 7E VW 3544 A
of vlatd FEE B FLAE YeEhIRT A7|7te] 24 o) EX®E EAYolEE ?l-?é’ﬂe.i =7
Hi 9 Aoz ey,

ol g} Zho] ATl £ sy FBG A F A= B g 7T v Iﬂﬂuﬂﬂi B
o] wiEARke) Zts4gte] 24, Ho AXW A #Hrh, ARk IFFAe EHEE ASV R
g ez Badd
ZAlel 2

AL EH LA AdEe T09dE R&D AAMAd=Za A, o ‘Y A4
2 EUER A2 A ETe 79 9o E FaAEFTh

wy rlz
&
4
o

off
Jo
r__)z‘
>

T

o

ll?.‘.'

1. Andreas Othonos and Kyriacos Kalli, (1999} “Fiber Bragg Gratings: fundamentals and applications
in telecommunications and sensing”, Artech House.

2. K. P. Koo and A. D. Kersey, (1993) "Bragg Grating—Based Laser Sensors Systems with Interferometric
Interrogation and Wavelength Division Multiplexing”, Journal of Lightwave Technology, Vol 13, NO.
7, pp. 1243-1248,

3. “Mine operating accurate stability control with Optical Fiber Sensing and Bragg Grating Technology”
Journal of Lightwave Technology, (1993) Vol. 13, NO. 7, pp. 1303-1311.

4. A, D. Kersey, K. P. Koo and M. A. Davis, (1894) "Fiber Optic Bragg Grating Laser Sensors”,
SPIE, Vol. 2292 Fiber Optic and Laser Sensors XII, pp. 102-112.

5 W. W. Morey, JR. Dunphy, and G. Meltz, (1994} "Multiplexing Fiber Bragg Grating Sensor”,
SPIE, Vol. 1686, Paper #22, Boston, pp. 216-224.

6. Kim, K. S, L. Kollar and G. S. Springer, (1993) "A Model of Embedded Fiber Optic Fabry-Perct
Temperature and Strain Sensors”, J. of Composite Materials Vol. 27, pp. 1618-1662.

7. A. D, Kersey, T. A. Berkoff and W. W. Morey, (1992) "High—Resolution Fiber-Grating Based
Strain Sensor with Interferometric Wavelength-Shift Detection”, ELECTRONICS LETTERS, 30th,
Vol. 28, No. 3, pp. 516-518.

8. Kim. K. S, M. Breslauer and G. S. Springer, (1992} "The Effect of Embedded Sensor on the
Strength of Composite Laminates” J. of Reinforced Plast and Comp, Vol. 2, pp. 949-958.

9. (F)elel A&, (F)eldield, (F)U$AA, (2000) “REEHs AT T xEgH 7MEE FAR
AAAAN ASAEE HRYE YA LD NeT AL8A7)& A 5755,

- 1112 -




