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Monitoring of Beam-Column Joint Using Optical Fiber Sensors
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ABSTRACT

For monitoring of the civil and building structure, optical fiber sensors are very convenient. The fiber sensors
are very small and do not disturb the structural properties. They also have several merits such as
electro~magnetic immunity, long signal transmission, good accuracy and multiplicity of one sensor line. Strain
measurement technologies with fiber optic sensors have been investigated as a part of smart structure. In this
paper, we investigated the possibilities of fiber optic sensor application to the monitoring of beam-column joints
of structures. We expect that the fiber optic sensors replace electrical strain gauges. The commercial electric
strain gauges show good stability and dominate the strain measurement market. However, they lack durability
and long term stability for continuous monitoring of the structures. In order to apply the strain gauges, we only
have to attach them to the surfaces of the structures. In this paper, we investigate the possibility of using fiber
optic Bragg grating sensors to joint structure. The sensors show nice response to the structural behavior of the
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.M E
B &8 Fo AR A + JYEE 3

>

TZ
TREE A, AT, 2 HHEE 5o 34 Bl o TERE B o ol gt AdsA gAE 3l
728 J15E WM Hed, gPdoln g 4A, = 7S] TERE AA FHEHEE s FRES 4P
AE o F2E AFolTe] otAAAY ETH ¥ 2PE TEE(Smart Structurelelgt @tk o 7|Fe
ol

%
& B2 383 GHE BANAAY 8Y 5o FzEY A TARC HUF AT AW Harr dAsks Fx2E #
o

$4¢ IS B ohle £2B SRS @gst  UE Ui AR w p2E £7 R BEd ge
n ok F2ES H3d 33 5o U BAzke sag 18 AH EAS 28 T IS Pl . 7aEe oA
2 oglo] WS 2ad aa @ oo Pz uo) my AT REFUL A5 AN MYE LE 52 2%
8 el RolA %t 825 ¥e FxEel Zage of © A0 T8N WYIL T2Ie A%, R Ay 5
4 W AAS DA e AFolt ojo] wap gz © Smart Structures] RAZAE $HY F g adeln,
o WS PRAAANN b Ye BARE FRspy ) A 2R Ao 58 g} 72E oy
Ao FEEE HAAOT OnLinesto] Prgel ggg o LITE FBA o8 Ak AL clEAT A @
BN RYSL, AEFRE ABeHY] olge naasle @ o e el WAEE SRsked Hudn 4714

el Ko Ho = Ao 23] + Zglx
HE 7 T A HHRGvle e gane] dFEm o}gm;jgéow;: ﬁi xfi}lﬁzejlo; };1:‘%;]_3_43%]
e Aot W e e i ST = =

W i Y(embedding)shs 4%, TxES IBVILES AR

4 2B AlojAs} 2EA Alojo] of4ka} %@ A o] A

* SAUER WXty datdress 4 g gon x3 Az 224 AolxE ¥wE & 3
E-malil : kisoo@office.hoseo.ac.kr o] MAfel] shle] glmAo] ARtk oA wjEe] FRZe

Td: 0 I Fac (S5-I 7] A&E A2"(On-Line system)olls &7

_,d
32
rir
pa}

~-595-



oz Budy 9t ¢ 2o FP4Y U S v
FxEo 4dE do} BE odF ¥ £ A 71EHA AA
b EEm Qe AR, A3t AARE B ANE
o438 Alado] FaBe JANY AEFUL W 7)
Fo2 299 A4¥e ¢ Ao sigsa Yo
olgjd FMFAMMY FEE HEL A5 24
S 2 Hod 73 ‘ego! A4HIT e A4S

A AA (Fiber Bragg Grating)& ol438ld n3=
23adE RB-71% AFFAAMY wrHEstFe] g A

597 8 FAsE,
2. ¥HF MM e el

2.1 Fiber Bragg Grating2l &

FBG ¥ Ge’t 3718 #4444 Zolol Aed 49
o Yol e Frixez zAFoEN HE WHE
S%5 9 grating®] F71o] o8 AAREE BF A
o Wg A= BHF Axtelth <oy >
FBGS F2E& JEetdo

<oy 1>9 Zo] Fude 2HERS
QAN A%, otaol Foi A 22
DA W& Stk AEe] FAH gratmg‘ﬂ]’ﬂ s

A, elA sy gRe ane

i

Source Light

AN

Reflection Transmission

Ge-doped Fibar Corg
L n = Reflective Index

2% 1 Fiber Bragg Grating 73

Rrle) et

SHetel # 2REY

e

A py=2nd W

9ol AofH ng HAF Fojol §3 24 E(effective
refractive index)el®, A€
9] Z+4(grating period)®] .

gratingol 4] ¥AlSlE Bragg #3& AD# #ol
$5 B2HAEH grating A9 Foln, FBGA 2%
U g 29 I8 23 A7tE A4S Brags F%

grating & grating Ao}

o] @alxr}t 2222 Bragg #F9 HsE &A%
oty FBGol 97ks 3%E 78 4 v} strain

wate] i Bragg 4 % #ae oy A 2
3 gon,

AAB:
ANA P e

Aertg

Ag(l— Pk (2)
FHetA 4k (photo-elastic constant)®
A217F f2l(germano- silicate glass)el %A
£ hEr 022 9 @& JMAY, 2 FAHF gratingol
74 straino] o}

20 Al x2] AlAEO A

NN A& TARE oS <O 2>9 29 Al
g pae 9 2499 ELED(Edge-emitting LED)IE 7%
37 94t LEDFER, 9489 254 stran 39 8%
WES ANk FAF AR, AXA WDALE] Eold
A5 E Fabry-Perot BE1E ol&3le A&dle s A&F,

agln A" ASE CPUZ olf3te] Agske 4z H
R Fagch

a Tranmitted

L [
FabryPero!
I Filter
- fﬁw}

i ﬁ‘EHE(

CAIAR]

[Pk
>

21§ 2 Fiber Bragg Grating Sensor System A4 28%

(1) Su%

B dApe £l g g FBG AAY ¢4
& 27337 943 $4%9) Broadband LEDE 1300nme
H4L 7 pigtail® HHEAS AHESE mefoldes ¥
dck LEDEEEY Fe WDM couplerd 7{7‘4 GEE
42 238 3, shiel FBGAMY BB 7hela]
£480] 1550nm7t AREY, 2@ § ¥
¥ FBGAIMS] 24504 Holg do7ly, +
Fabry-Perot Filter 7Hd71%5} 337 A=

—{o o

_596-



©2 5pg wolo] Tt HlolEE AL & Utk

(2) Interferometer Technology

WDM Z#7IE 533 AlEE © & A dojetet
4 AZ, & gy Mold Fujie 9 ATE 9Fd U
oA & N dsle HAFe N4 doh HEE a3
Hold FuE 31 #3lTo2 481 A¥oln BAdf
s} AAste AL & F YT ¥ Finessed 4L F o
o ZiAZe R ¢H4Ao) 9= Fabry-Perot FilterZ AM:-3
o

l

ok

(3) MExeg

3 AEVeMe HdEd" 7 A3E ANEJD Az
#gsle] FBG 4lAMel 718 b9, & dlojets EAgit). 3
A d3t FA7gME dolA deleze #A wsE A
e 715 g g Hol MHvleA Fag #lo]
A mge 7 B gag WY E g 4 F
dolfm, AT HYFojMe AP Hojd g Eﬂ;i}%%
£9] Hal5e zm W Az ol M2)sly] daiM A2
E 3Bt Z2AMES ARFoRN A5 Bivs Y
7l AzA e £EE it

7o
OiN rlo

u

ol
Al

3. B-U|SHET 43

i

3.1 AME=H

FAolE F2E0] AMRESF(service load) WY WolA
2e HdislgzAe Ase @S AL e, o
o= 3718 #3E(cyclic lateral load)el] 3k WX F=
o] Azl g FAF A7s @ws] A=l 21
=3 HZ HZEIE F2EY Ugs, n5sEo /4
’\1 AAss 2 F3Fy T2 A4E Hgd WEe Yoy
HE FUlEEE we 9 B-r5 AR ek §
o] o|HETt FolAlA HUOH FRHOFE FHofg REO
2 "ok

fir

dYPEel et TRES GAY A¢ 2y E‘E AEx
(ductile moment resisting frame)olA 713 X5 w3

9 7teE WEsn e 99 9 e E 7% A
Rolct, B-71E HEYE 23 AEHe 71FH 2 A
£ of&] dele] @Zéilx}‘ﬂ, W2 AE sl nelEe 8
F27& 15 Boe vay] Wi Fof 4& v
£ avs gu. 3, FTSIYE BH-715 HATReA
o gl Heje A B F2Y AEREAM Y g A
PR AvgIE FRHD Jon, o#T s FEE
o g A AFAA HHAHA HHE ez
W HAZEAYE F2E T2 Ao AHAL FHHE 13
A Bk

oz BolF ARPAME FEE) AYS
A S ALEA g0l 3, 2 4 o2 W] 7l
ABE J1§e A% dEol Tz :

AstA "ot ol HEEHHLE 7lv«l s 744
A7), el de] B F2e] FF % J{R A
ATl GFS Fol 72EY U ¥ WysHo] wsg 7}
40 Jeng ATFoIMY B F2o FAEAH F 4
o WAEAL W9 g Fest ok

HeA, 1% TR TERES ¢4 2 WAL 4
23 Brlelz] faM B-71% HER shases 448
el B AME BT A AZel s A7 B8t
itk B-71% JERe dAHd 215 #Heotay] Hsko
szt e AR AU At 498 AAsa

—[m

3.2 Mg

ot

ue

AT FIYE H-715 FYEY wE3F gl

A9 AES A3 d3ld £dEI de B-71% HE
AFRE 271 AP L, ACT 318-9%6 2 ACI-ASCE
352 9143 AR A uEeE HASHY. APy 2
AYE YEAEE 0kg/cmioln, AFAY AL 7P

dal zel 2ASES sglen, AFAe A
ACI-318-96 2|3el w2t A&t

(1) Mg =M g dx|

AlgAle gele ¥ 3% 2ow, 71SUue 400 mm

x 270 mm, R@H2 270 mm x 370 mm, £HE FH=
95mme®]ct.
Immmcrm
0 STEEL| FRAME
\‘jg
e Bearing Plate
:{ fudged  JRod L Lond ten
J‘l : Column Cap
o ¥
D J
W P - i
f?? SPECIMEM {J
o [ Lmﬂd-(f(‘l]} ?Loud Cell
Hifued ﬁgd‘l_‘ o Column Gep
Actbogr 2 Hydiagh szkACL_rt !
i TBate 3
a9 3 A gAY g4 2 71EE A% A=
BRI HRR ASS 971 Askel, 7|

SRl YT HUL FAHUN B FBU] wRAFS

-597-



Fol 1o & yEAeE ARIAt 7159 ¢ e
AsHs dAn  AsEY T dEAlE
hydraulic jack® 3H5A(loadcel)E AX3ld 3 & =3}
Hom, HAAE WM ¥ZHE AYsy HEYS
WS s 2 3eAe) o] Al st AZAYE
A= iialﬁ}‘;’a‘:}

Z XA stFAE AHEEe e AE
stgon, AR 715, B BArt Fshe PAeM F2=
Bz WEs Ay Yetd FaEYdd 949 wire
strain gageS ©o|&38lo M9 WHIYEE ZAHIPT, HY
5 oy 2 5z 3deg A o8 HAYE 2 2 7%
o] 4ARIA BEE LVDT(inear variable displacement
transducer), potentio meter 522 Z33|Yon, He E
Yole Long LVDTE AMEdld R ¥ =43t

2432 488 I8 4994 HodFEm ok

05 152004,
e N

ad 4 AgHY AF 4A 3%

(2) M7 MM iz

FAE AME ol 88 ASL Hludld Aol uwhg ]
2, 221 33 AEl AA AHAlstgen, zZbze WA ¥
FBG 449 3454 g3 2t

13 A AlgAle] 29 59 2o 479 FAHF A
Ag FEdz dZsld YA LVDTS HlZAdE 8%y
ot AHEE FBGAIA Y oh3e ® 1% #on] ghassd
oA o] &Y ALE oulstd AME APA F
A% o Z FBG AAuitt FA %4 o] 2~3nm AE 0|53
=E (%f*é% AAZE 2000 ~ 3000ke AT Z22EHAL
22 8) st & AdYE BT FRY ¢ UA 4N

3t

-598-

©)

S i
s
@

29 5 13 A% #4% A4

£ 1 344 449 3

A

dm

54 nm) 2ol

5 i A -
2| ATEA Hzx Tension¥ | (mm)
53 1540.3 15425 139
S2 15354 1538.0 140
Sl 1524.2 15275 136
4 1545.2 1548.0 155
a9 62 HA¥ FBGAMO oF& 237 $sto
¥ 2AYE Agsd FHE S 3 geleln, 2
9 2 ANE 19 73 2ol AdEY BAYlY 9%
4709 S22 vepd
SPET RN ; W Uhl!l’}'szielg. aﬂ":ai-l"‘a 1215 J‘
Rl e -0 j
ke L LT E",
34 b ,l’ﬁf‘ig‘iﬂhf; 3 /'< o, :: !
% IR A I R T e
. ( [ IR T
5 ; Z \ .o R iy
\ ‘ﬂ N’\ﬂl ; “‘;‘AM"“ g ./'\
v ;““W T AR
30480 __, ; O B
R e e
a9 6 B4F A4 3% 2 3
SPECTRUN UNIT: PS5701C Q1-0' 3193
[me A 5 [
[CTe —C N ARH C-D:
: mésml . T .i?_
- 55dBn - :ns sda: R | .;M
[ | tet
- #0dfn " nﬁ:r“
- 3548 ; :-._. b
€si0 l,lﬂ.[sl?-’lu-
97 A3 429 449 BHF AN 29



Aol 1Y 83 o] 67 B4
28] 349 LVDT ¥ Potentio
stolch AMgEl FBGAIMS stge ® 2

g3t FdshA wrEslEAEeA EEo)
248 ASE sl ANE AFAe 2 o Z
FBG dlAoleh 2000 ~ 3000pe A= ZAEHUAE 2E
% lgsiel 4Asgleh

22 A4¥ge ¥ ¥iA
f AME 7 |z
meters} ®]i

I gon, 134

g2
44

a9 822 A AF AM wA

¥ 2 0% 49 BAY AN g 54

AR e S nm) Ao
3 A #% | Tension¥| (mm)
@ S4 | 15354 1537.3 120
@ S5 | 15403 1542.6 120
® S6 | 15452 15483 120
@ S1 | 15242 1527.0 120
® S8 | 15551 1557.9 120
® S2 | 15275 1531.7 120

) ZHE-Eol = concrete strain gage® A

A 23wl askct.

&, Hge
Aste} FAH

4. -7l HERT= AEZ
4. 11X A8 23}
13 48e AgAE 29 99 2o] v 3

358
Zisiel AEg ANSET 38 108 YA WRel Q%
& wE AT 22 AolAe ZheA s3olHel e

212128 2)39.28 214728 219534 220334 221134 221934 222734

time

a4 9 4yl HEd gy

g 10 A A R QAR
LVDTS #4f AA9 #lu 9 Hgee 3He71s
s Avud, 2 Ao &3 Weld wet V“*‘ﬁé‘" Hoj
T HTRY d7dtEd duye dosle HEes Us
F Stk 3~12 tonf Aleld] ¥HESLE 71 A, MR gz
Bojl 248 F4F AAM 1, 29 ZEE 2E, 19 19
2ol g% Al 038 mm, %% A 01 mme] HPE BYS
o, Y $x9 LVDT? 7% noise ¥ resolution®] &)
wel HEEe] njawMyo] Pue 2R 23,

el of

29 11 4ERe $3-98 24
a9 129 2ol & w9 o
M BARAA 3 49 BE A%
Fo] vyeigon LVDT &34

Pol A7le FEY A
1 0.86 mm, 052 mm2
A FaH AAL {41

-599-



& §98 290y 54%e) M¥oE pIgN 2o &
= 0,
<

foa (ont

0.9 0.8 DT 0.6 0506 -0.3-2~01 0 01 02 03 Q4 05 08 07 08 DI

cisincerent {mm} ~ ot i ]
o~ B RN

(a) B4 FBGAIA 3

Iosd {ontt

‘09‘08'07’06'(\5*04‘03-‘02-01 4 81 02 03 04 05 0§ 07 09 o8

spkacactent {rmm) PaTeTE G
Mgt {41 -L1H

(b) FdH FRGAA 4
a9 12 B gy sE-ud H4

FAFANS LVDTY

o WS Y%

d Awg A o 2
2% s adsE EARYG 28 13 @

9 uawy REojNel sFo] HEAeE Y 9
LVDT= é_ 3 dg P48 BEd mds Ko Ad
2e] Wag vebdon), 19 13 (el dugee WY

o] 04 mmoﬂfﬂ 06 mmZ WY o LVDTE 2 H3E
ZAsA RSAn FARAA delsiRct o 129 ¥¥E
Berh ¥ AAde wamps Zdd, LVDTY 3% 54
resolution®] A9l rlady Bl A% 2HE ¢

7 Ak

L1
i
g4}
i
a3t
i
se !

ot

3
g M:-A
EI ‘-fwrmwmv
"oz
03
2.4 ' YT Y 1
st . R [ e FARAMZ |
2BE0H  MABM 204204 204608 TIHOE  2UBAI0 BB 22O
s
(a) F5 FBGAMZ FHR

, Wm&mﬁhmmwnﬁmwzg

diratacement fmen}
&
5

04 (‘,ﬁ]

08 K

Ty T
T BYRAKY |

-t
23404 203304 20ATG04 L4808 24:50:04 2U5810

Yo

(b) BF4H FBGAAY (B a3
Y 13 LVDTS BdG449 vlm s

ZESI0 202018

4,2 2i Hg o
23t d¥e AEAE 1Y 149 go) wiE FF2
2 il Age AAsidol 1 Gl 3lEel 8
tonf ol ARG w1, HEH WA o] YRerRz 24
fgfgoﬂﬁc 1 tonfoll At ~14 tonf Alol8} B8 level®] 5
L weger 7Esgel

(.6
14
12

1

zqﬂmﬂm
|

load {tontt

-0.2
~g.4
08
08

.

-2

-4

-6

20384 20820 21320 2620 2230 20020 23 2IWN
tme

ZAT20 4B

1Y 14 A¥d AgE sFold

olgol} & & WEol A 016 mm FE o HA &
7} 2o, 13 A9 27 EoE LVDT &3y B4e

AelEha potentio meterst B F AAY ulw FE 1Y
159 ®A519ch potentio meter 3t Al LVDTS bt
A2 noised Bo] EFSR sl



displacemant {mm}

" otantio Meter 8
- 2eREH
Q16 . -2eRe
20312 2080 21320 218X 22030 28N WA WA 283N 2@2A

i

‘I - Potential Matar g
- RERANG

dispiacemen {mm}

O‘:m“ 20820 21320 21820 22320 20820 23320 23820 24320 24820
ime
(b) A 5
3¢ 15 Potentio meterst FHAF-4M39) vl 2

R oy 4xs 2EFRARAY} FAFAAY
Adrke e Z2ov], 2EHRJIACNAE FHFY AR
level®) W3S JEISH, 2 169 (a), (09 Zo] AR
Aoz XS e FAF AAM 1, 29 BIT e
2 24519t FBGAMT W& leveld 359lA 2006
mm Fx9] WL Hch

(b) FHAAM 2

19 16 Strain gageSt FAdtArie] vim o=

5% B

oo 4¥ A oL 2L FEL 4 + UM
A WA, 1272E HPEUE-N5 HEH) g A7)
AES 9% 2t AN A% vlu HHE § Ik 2E
H2AA )X} LVDT, potentio meter, BASFBGAAN 4Z9)
AN F B-71% JERY ASE AYs] AZsy) sy
B FARFBGAAMYY 71 ARES & ¢ AN
F dA, 7129 A&7 F LVDTY A% E-71% JER
dMe viamye dEiMe o FHEol Lolax] £ Ao
Z Holy, potentio meterd] A4 AL Jssht Ao
A noise7t %ol FAHHALH, 2EHACIXY F¢ B
HFFBGAAMS 7FF fALH HEEe A%S A & A
Aot G vl Eo M noise?t Bol HEEHU.

ZEHLR B-7IF AR A7) AFE A% A29
& TS At HEEY dAHEASE HlMe #

FFBGAAME AMEehz o] 7P¢ Eddelr, B 715
9 qEEe AS4E F4F FBG 4x7 dids) #88

o

£ 7

B oATE AATERY ATY AN BRTeA
©o} 20l AbslsleAle ATAE S A gjsel 4
Psigien oo ZAE =@uch

(1) Kin-tak Lau, Libo Yuan, Li-min Zhou, Jingshen Wu
& Chung-ho Woo “Strain monitoring in FRP laminates
and concrete beams using FBG sensors” Composite
Structures 51(2001),9~20

(2) Ki-Soo Kim, Laszlo Kollar and George S. Springer,
"A Model of Embedded Fiber Optic Fabry-Perot
Temperature and Strain Sensors,” Journal of Composite
Materials, Vol. 27, pp 1618 - 1662, 1993,

(3) Ki-Soo Kim, Menachem Breslauer and George S.
Springer, "The Effect of Embedded Sensors on The
Strength of Composite Laminates,” Journal of Reinforced
Plastics and Composites, Vol. 11, pp 949 - 953, 1992.

(4) Ki-Soo Kim, Aharon Segall and George S. Springer,
"“The use of Strain Measurement for Detecting
Delamination in  Composite  Laminates, Composite
Structures,” Vol. 23, pp 75 - 84, 1993.

-601-



