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An Experimental Study on Characteristic Analvsis of Deflection Response
of RC Structures using Measured Strain
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Abstract

In the past few years, the nondestructive inspection technology has greatly developed due
to the increased necessity to gain a complete understanding of the bridge behavior.
Especially, the deformations of bridzes contain a lot of informations about its health state.
By measuring these deformations it is possible to analyze the loading and aging behavior of
the sbructure. However, the current wethods (such as LVDT, dial gage, oplical displacemnent
transducer, etc) are often of changeable application on site and have the limitations of
installation.

In this paper, the classical beam theory was reviewed and the deflections of structure are
estimated using measured strain which is easy to acquire. The applicabilily of this algorithm
is verified by laboratory{simple reinforced concrele beam) and field test. By this test, we
proposed correction factor to estimate deflection of reinforced concrete beam after cracking,
and analyze about the gencration of correction factor.

Also fiber oplic sensors as well as resistive strain gages were installed in the concrete
beams to establish the applicability of fiber optic sensors in the field of civil engineering.
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* RRY, PRAWISATY ERATY FRIAIEY, T o2 =io TR EAE 20019 99 30974 SHE By
* g ed T L«.ﬁ?%’ A4d74 2% 20024 1930l E2QdE AQEA G
vt R ANTEATH ERATY 479

HEPREALIEE MeW M3sco. » 173



LM E

F88 AP AEdEFS R aFTIES
A7, F, F5 F A3k 23 F4REE e
of 72 &35 g 4 gler, oare AE
o] AA3] As=AY §9d A8 /1H 4 v
ol Aelx HI Bo| pxEe &AF 4E%
E, B 72HQ EAE A VRALE 45
371 4% vjglel Prpr)Ee] viebEq) wHo] ool
A g}

£3), af dAsede] H4e dFsse 548
A FetA, el dAirte 44t iy $4
g gion], o] YEL ZHe] e ok 71
Bo] 4451 Yt

ol & &% FME SR Fdwt
ER4RH WX Gl v, FA”N FHA o
#go] dodvke vl Aok mE Fo|DAA
F= LVDT g9 3HF AME o&8 &9 38
AAe] Hla] Zhe 2 AdEst Fhshhs el
FARY, St wE Gngeld mEERE A EE
Aol Bl A5 G olpdge] g V@I

B widMe oltld FAEE dda] % Ikt
oA, 9499 MP-A9E AAHE ol Ed
NP E2RE AR & FP8e GuRFs el
Ha, 58, ANAG A gFAolA g AAX el
W 2ne) 29 Rye] 4akg ¥4 e, WP
of Holuhd, S8 vzt B¢ FHF2RE v}

el PSCIEaE dides AW ¥ A4age
Esiglen, o2y #AdeA A - 3] HARY
gaRlE 4en, dYEE ol &g TEmge] A5
A 7PsRe dEANY.

ol Aex, A¥day] NH HEE Hsid A
Se =2 el DIANAE o &tkd FEE v2g
YN g aEan.

2. BHRAMOE
FfaAe] Fe SRl wkel OTDR(Optical

177 si=azsacss MsH M3E 2001, 0

Time Domain Reflectometry). Micro-bend Type
F9 B4 (Intensity Sensor), #3844, wo]
AL, el F 59 2% AN (Interferometric
Sensor) Z12lil FHH o1 AAM (Fiber Bragg
Grating Scnsor) 2} 3742 7-HHr}.

2 @Fode 72 998 Z94 A4 2 o
clE|2A9] B4z e o] Aoaien, o
g 743 Ageittn s w2 (krpl,
Extrinsic Fabry-Perot Interferometric Sensor)
BRRAAE el A - ule] HE AEA AsEisio.

-3 8 2 U] AYE b

- <A WA AR 2 e

- 42 2 e oy, #34

- 22 9 ARl d8E X e R

3 &4 sIiws] @D gE99y Fox A4
d= HYESYE Sel] PURAME E3YE K
Hol A FAA i, SF ZHCIE(CFRP
: Carbon Fiber Reinforced Plastics) & 88% 8%
PAXE aele] A 2 AFATELE F &3k

3. EHHEES 0|83 AHFY ¢F

8 NYEE o1$F AJFE L Ard 7
LolEd TAZ @ Hel FER A9 WA EF
g A 34E olguislen, 549 W¥ES
el A dgem 2(2)9 #o] vkl 4 gt
o] F Hoaiy H(3)7 B2 HAF WYES W

o iy
Z e W 4 g @@

_1_dv__M
X=—p =y = gy (1)
L
v _ & :
de® Y (3)

wel f4e A Fig. 131 gl ZWdse
ARHNTH Byt ol B3R, aeln 442D @



1 1
| 1
/777/'7;/5/ W sl s2 83 s4 35 B8 s7 sB 8B 7/]%77'
[ L |
* —
x
|
(@) Sau2y

(©) HF 3

Fig. 1 a8 XA EH

B ARYFE LAsmeEd AR AL 98
4= sich

4 Az

2 d7xe 2z wdd AP duelE
o ulgh AEALE FPl] A dER F39)
A ez ANdgE s, A
244 daelolele] Sk B0tono & 2} Atk £
A AgEgen], A3 Loading). ASHUnloading)
& wiEAog . A g3 AAg fYLe
Bol o gt A7)AgE WP BA ], R A
A NG EACA, CFRP 344 wxel-#Z
FAFAM (P eASHNEA A8 Fold, Ahg &
e 213 MAE AR Photo 1). bl A
o} 9 B A FEARIARE Fig 29 v

41 FLLY Mol HESY

H2PE teRe) AW A SE9A9 25kN
NAE BIAEE oy, 99 Zled 89999
AR-Ag g drdourE AL L & dokh
Ak o2 g AFAANMNE Imm vl uig
AFE Yehol AUAE o83 S3dads AR

Photo 1 AE&H

* A7 ARG EA o)A
AAA

2 20

etal
029
D.Il_r
A O, T 1T 1] mmul@m
K ‘)'w D29

"t o ¢ ¢ ¢ ¢ ¢ ¢ o ¢

ﬁﬁﬁ%ﬁﬁ:ﬁ%d&’-ﬁﬂ-&sﬁﬁ

Fig. 2 gle s el sl

¥l Aeeldon, Fig. 39 839t 28kN ¢
ne) o - ol Syuigaare F48 Ad F2
g2 25 A& vlarge] eRAKICE Table 191
E 8594 25kNYd e tidAa4 S1RE 545
) 2A&E dMARE 7)Eod Jepglen,
2 zavygene F4¢ g0 947 ZyuYs
25E Y% Q9 HlEle] exrge] Addos
A EHATE ol 8 Ade] BTFAAH A
o8 glekd ZEe Wgg 240 ol ¢ ARy
o Blgle] R vidy BYPEAIA s o HEa A

& &40 FsTE dFee Rl Bl 24
7] A AAdME F9RRL AT wlnsks
& o v)@A FA g Yehiln gdeng 84
Age FelAd e =gk st

42 TEHY Fo| HEEY

Tge] BAg ol TP A DR FY

URTFRSALISS KoM M3zt o 175



Table 1 3tEhA 25kN2luf ol x| 2XHB(%)

23914 e 513
1./4 -0.22 2.73
2L/4 ~-0.45 2.93
3L/4 -0.99 1.77

2R (%) =100X (A4 A B-3343)/6 427

[ U2 - aa oo

00 : al
-0.1 x& F/
= -0.2 ) -
E -0.3 o . ; z)f.
isg 0.4 ‘ g
ro 0. ‘ ‘
® -0.5 R e
-0.6 SN b
-0.7 ' . i
0 100 200 300 400 500
S X (cm)

Fig. 3 3tE &bl 25kNS W X #e|;

A A-88 dubsi]l AYAAEY PRl ol gapd 4
A ¥& L3 fEAE 4 Uk Fig. 4% 359
40kNYds] 4979 URudy AYgA A
2gh¢ vehd Aol egde] SNy ge
Fig. 12 (b) #QE2H0 Feo] A& Ve
og =Y AP Wl FEHA F HYPiy
B8 099 TN 2 el del #S5- HP4E
Holx| fhedh, &, vl & vleld gddd ¢l
oo EHAYEe Hlser 48 Fvisk 94
999 AA-NHE AAYE 9 o A8 & g
D FgddMe HEAYE Rl 2AAsrE
H el AFPE FPsedoF Ar). A6l BgA
T ZUHAAe FEFAYE T 44 FE% A
BEo| w2 Feold & gt

Fig. 5% 484 24759 a8 2474 1|
2F Fol}, 4¥A Ex HAH wAAeE & T
= 34" Ag9EN Ao FAdAE 539 Fig. 4
dA dEg dlez g slon, 498 1A
/8484 BAASY 87} 0.91~1.12% a4 &
Ag & Ueiin girt, ol 4¥E B8 24A4
7k ohd &ldde] B A A8l A wYg
2re vl ggad ARE e 2ol bt

177 =m=smsmuoss) My® 8EE20ct. o

2IXl (cm)

Fig, 4 894y ¥ wg8 Hajyy

1.2

4+ 0.8
=
%0 0.6

Mo
0.2

0 25 5 75 100 1256 150 175 200 2% 20
THatotE (kN)

Fig. 5 A#A SHATL #Ax BHAT

e AL Fshe ol
ol gellM AN BAA S ddE PeE HE
g7] f18e] Fig. 20 A TS SlEes &

(As) F9| Wisld] wg 2gAFe] WSl 4
Aoy FEaart

Fig. 6, Fig. 7< vehd vle} o] A4 9 @
Higol7l A% ) AalEd dsl] FATEE 6
W BAA S B ARl AUEA sksel uisko
AAELE eI, AEPE 83 ug 254
9 Aogke geAt 2445 Rygte B8
o, thdxel7l 10cm AE o} B4AP7 4HE
XE Hele AlAE 30kNY AelE Bol3 sl

APl g BAASTE Fig. 89 vepRd vl
g} o] Z39) FENYA ] AT dHA| Ff



5% 1=3000m -+ L=600m 6~ L=1,000cm

1.2

cos LA,

= Lo S

R0 06 ‘

o4
0.2

TyStotE (KN)

Fig. 6 AMztzol mg B4 Hg

(3¢ FedOom -+ reB0cm - e

1.2

=

%0 0.6

Ho4
0.2

0 0 10 15, 20 X2 30 I
XatotE (k)

Fig. 7 €t 0] W=mol Mg BHEAS wWal

WA Azkz 2 FiaelA St

1 AZEA QA dE B dnnte g WAPAS
9] dWEE fEslle oE9e], & JErNe 3
28 dieh 7L 94 9@ 43A A AdHes 2
oo} & Aojr}, olgRE FHEE veolHdd 1
glo] g BNE g, 39 A8 ad
Hae] BAASF AAE 89T + d& ez Hd
He},

43 CFRP 5&8 M |FHAMe M5HS

£ dpd4 A28 CFRP 339 449 4
FATE 489 Ui il E ooy 2 A0AY
%] *ﬂfé BAIA, 12]d CFRP 338 PisdAs
By 2749 FvAd WEES slmel] Fig. 99
R, a¥al go] $jRd A As|Ag
WYLl WYE AR FEo] DYE ]

1.2

408
=06 -
% 0.6
Hog Lo
0.2

TictolE (k)

Fig. 8 H2% Wajo] ojg BEAG W

[ HISE-HE FEQUA(CRP) -+ RN - o225

2,000

E 1,500
L]
B0

3 1,000
RO
Hr

500

0 50 100 150 200 250 300
THOIOHE(KN)

Fig. 9 HAIREY &82a

Fele o ol A= 4+ {4t el CFRPE
Fgal] o] 238 PfidAary &8 91
B8 FHFoaRey AN FAANAAS AR &
ofF Y vl d¢ TAFI= R wjdg 1Y
E701A 9l Fgas vl o 10% viws] 2%
&8 Jepdn e, ol BYE 538 AME
Q%o BAsrieke CFRPE ol&3te Z4de
2o wfd WPE YL ARG AR S99l
7hsdlthe A& dEse A

A7 g o] 3AQ MYE H4E N8k §ol
4851 Y AM 7 ghe AR L‘W Aa
o fAske Aotk Jev «v] F3d FLEG R
BEgE g e 3] g9 oz 43 =
%Alﬂ‘“ AL gt & wut ohE)l pEEe U

& XaAE vhsdol slvl ceiRe ANFe] ¢

EM FEE uh~ Ao 39E F44 A4E ?x}
&7 el ASol 2azle dvd 448 I3

Y

_,

simpasRiGEE Mew Maaoo. o 177



£ CFRPE <839 ANE 743
PEe] A4 g FuaA dlS &

APAEe 58 A o3 F=E 7 AM
B8 e, ol SPE WIE-AAe A
dA & Ha - B 2 FHeR JAekiv. @
g dslo] H4% % CFRPA #3% Hin
g-HE BARAM, ARG A rAClA, 1%
I A A ol Fig. 10),

L2439 33549 A7)AY2 AXe] 98
HE s - A 4y, CrRpd 384 #ael-s
2 Baane Ad ek g 119 <k T3p e
oltf, ZAE FW] ¥AQ AZAGH] AFPEA |
A9 o $2ae 4 62p e o8, Bl ol
Eo| 2#49 drel-dE 23R4 Jd gl

RTIR

fo?

Y g g

- - TTLT]

A N 3

& 1

| } ;

- Lol - E

WW Wit ey Tey sy
T

SEALE SAAE T

e
oo

1,530
e 2 F L4 A AR
equL-AR FHGAS
(ghays i:ﬁ B

PR CER o)

Fig. 10 CHadiazrel WA B & & (PSCIDEH

[ ZOIHEA SBENOI -+ HER-HE BEGHA]

40 30 40 a0 600
AR [ Z32i2 (se0)

0 100

Fig. 11 A&dAME 53 HEE LLRAE)

177 s=ssgsiuss Msd M3s et 0

AAGY HREACAE g A Shatd) vE
o 0pe A= o 2A S4AE & 5 9k &
& FAE ] fuel-d % Bdhdre] H3a ¥
BEL 60~T0p e Alol SHARE, m1la 77
Ag] gAY A4 d¥HeR 50~60u
e Ale] A& R

adr2Ee TG0l A9 BAHA @sta, Ui
PSC 539 AARANRL F95 A2 AR
£ 1.2mZ 7M§ Adeels 1A padeql
FEARWAS G 9 A A
2 HRdE AME ol SHANGES AR
g 5 AES Wl

AREH A3 Fig. 129 Fig. 134 Jebd w}
st o] FANFR SAAZL AAF Hol Ak
& oRE gz Jeideu, 44 ARE&gans 3

AlZH(=)

Fig. 12 FHEMA2 SEMHE (1)

AIZHE)

Fig. 13 FHE XA HTHA 2



FE2RH 48 A9 e A9 AEdE 3
& ¢ 4 g AR Aele dolHE3 & AT
FARANE dolEI2AE ANA Y 53§ 249
Egxon gdgoay s v A0
98] Wil Ao gadr)

Fig. 120 A8 AA5& vlapd, Agze o
£ H4A4e 1.26mm. CFRPe] 334 #da)-
FANE BARAAE 08¢ FAXLL 4.31mm, 18]
I AN AYEACAE ol FdA4ES
3.85mme &8990 A4S o848 2P
A7e] 2AH&& CFRPY| #4% Axel-A% B3 &
AML AY -1.2%. ANAYE HEBACHE
8.9%%, CFRPY %##& dAdel-dZ 247449
AS ANAGA AGEACIA A wlale] v A
a7 &4e] sPsthte 3g ¢ 4 gleov, ol &
fob A2 e wg FEEe M35l sheet
ta g

6 #d &8

E deiE SHAYES 183 AR5 st
BAE syl fe] 9E RCY 2 PSCIYaE
digez YRu4d 9 Faele SUFE A/494
WY EA A, CFRPY A8 feel-wZ 2944
Al nelal 848 HgE A -dle P3EaeE
Fasien, o 2 4% 2Ry

1) el 97 Aol BAAT WAL @
F9 23aY8n uo AQ-AYE TANS
olgae] HPNPEZE AYYIE A4
& o, #9e] WA olF MRAT
Gl FYUGE Ul BAASE 3
glolol ARGl Asaiglon), 2 @A
F& ehile Za9) 330E agagses
Y ez AW 48 § 9 AR
shadnt,

2) WPEeyE A4 ARE 9] A

R LECIRERE P DT

QAo WYE S AU A59

g3uay AN Z CFRP £3¢ 354
9] &gzhe eI 4 Ao A %
groxy, R AY1A gk WHEA 0|4 ¥
gl AFWFE 23hgo] ol dA e Wy
# &0 ed Ao elgr} F859
PSCIL st Wil @4A849& +39% 2
B, 2Py aene] Y A0 44 34
A9 Ae) fFARF P JEL g A%
A o WY EE o) TEIU TP A
AFgo] 7hs, on] A3 2ol g 3
AR &3] 875l 49E CFRPY 3
A9 BAFANE A58t o] PRz
Fhergel,

B A7dAE 9RzA(He RCA, Hdol &
AelA g PSCIRm € ekt 43494
Ao, FPAEEE o[4F EH A
AFEE 8 &F 9t a4 £ 494
AT AdrE o o] Folzlof drta feldrt,

Lo
b

zrtel &

B A7E ARTEN 09 A TEATNRAG
9 1AdE AU ARolol, el o xge]
A=,

Hao2d

1. (F)EotaAaay 8, FHRAANE o148 2d i
vk bt 1ARpd e QAnlaA], AMaER 2000, 11

2. 484, AR AREAE o157 2 +947 33,
¥tzge] 244 A % JA e 434, 20000
2, pp. 31~37

3.4%4 9, agdsrrd 4% 450§ 8% %

ANALge) 33, WY F2Ee) A4Y 2 9 5]

1% $1350, 2000. 2. pp. 125~130

CREEEARRATA, ERFEE A58 4N TAY
WYE DA 289 )E, B8y, 1999

5. Special Issue - Structural Control @ Past, Present,

and Future, Journal of Engineering Mechanics,

Vol 123., 1997. 11, pp 930~936

. D). Inaudi, Vertical Deflection of a Pre-Stressed

Concrete Bridge Obtained Using Deformation

s

[+

HERRSXbE Me® M3seoot. o 179



Sensors and Inclinometer Measurements, ACI
Structural Journal, 1998, 9, pp H 8§~H28

7. 8. Vurpillot, D. Inaudi, A. Scano, Mathematical
Model for the Determination of the Vertical Dis-
placement from Internal Horizontal Measurements
of a Bridge. Smart Structures and materials.
Vol. 2719, SPIE. San Diego. 1996. 2. pp 416~53

187  simemsmus gom M3B0001, 0

8.D. Inaudi, N. (Casanova, P. Kronenberg, 8.

Marazzi, S. Vurpillot, Embedded and Surface
Mounted Fiber Optic Sensors for Civil Structural
Monitoring. Vol. 3044, SPIE. San Diego, 1997.
3. pp 236~243

(H=eixt - 20014 38 92)



