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Bakis!" 4 A\ F| B R EF 4RI EFE AN (Piezoresistive effect) WIS MR AT
5. MATAAGMERASEE SR ER N RS R LTEL, SFYENRTE
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sEo BIZE FRP W00 Dt B e a i A i, oisi FRP-OFBG

( Fiber Reinforced Polymer-Optical Fiber Bragg Grating) & Eef&H, N
CFRP-OFBG (Carbon Fiber Reinforced Polymer-Optical Fiber Bragg Grating) A7
GFRP-OFBG (Glass Fiber Reinforced Polymer-Optical Fiber Bragg Grating) PIF';
T AR EATN R S R B, SRR, Ba R AR L
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Figure 4-1 Technique of FRP-OFBG bar fabrication

& 4-2 FRP-OFBG ##il & HE
Figure 4-2 Picture of FRP-OFBG bar fabrication

# 4-3 GFRP-OFBG #i#8 A ] 4-4 CFRP-OFBG #iHE /
Figure 4-3 Picture of GFRP-OFBG bar Figure 4-4 Picture of CFRP-OFBG bar
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Figure 4-5 SEM of bare FBG and GFRP Figure 4-6 SEM of bare FBG and CFRP

B 4-7 fE506ET S GFRP R SEM B 8 4-8 fEHIL4TS CPRP S0 SEM B
Figure 4-7 SEM of optical fiber and GFRP Figure 4-8 SEM of optical fiber and CFRP
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4TF1 FRP #54E&18/R0F, HEUk FBG 524w L5 FRP thE T1E, AnfaghiIipy
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Figure 4-9 Comparison of CFRP-OFBG bar Figure 4-10 Comparison of GFRP-OFBG bar
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Figure 4-11 Picture of FRP-OFBG bar strain sensing experiment
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Figure 4-12 CFRP-OFBG bar

strain sensing property
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Figure 4-13 GFRP-OFBG bar

strain sensing property
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Figure 4-16 Picture of FRP-OFBG temperature sensing
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F14-20 FLLEH, FARREEH CFRP-OFBG RO E 4 B RS 250510
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AN AN 2.7%. BRI 45 B E e 2R B R AL AE PR FRP-OFBG & AE Btk
BCEUIEAR /N, CAE ARSI E AR T R R A YE .

4.6 FRP-OFBG /i & geiR a1 EA et =

A T #1537 FRP-OFBG i 7E TRk 1 2 o 1) B 728 4% B Fll FRP 75 iR -
WA TS, RATE 12 18 FRP &2 E4E T FRP-OFBG R 1E FBG,
SRt 30 MM, AT, BRMNEEP—WE EETHETH/LHDH
CFRP-OFBG #j. GFRP-OFBG #. &=3% FBG, LM 10 MLk
W AR ETEMMERELMETT. X EETTHEAR, FRT
FRP-OFBG #i R A IR, Sl T HAR AR SR 10 ] Jef
4.6.1 WEESR

D RS R 5i8& FRP £ GFRP. CFRP. CFRP+4 5 =M 77 &,
i TRUERE-L S FRP Bt A L{E, % FRP iR T ESAL DAL, FRP
TR IR 4-1 FToR .

% 4-1 FRP X F#) GFRP F1 CFRP &ifi 68
Table 4-1 GFRP and CFRP’s properties of FRP beam

L T | e | e | e | PR e
A ¥z | (mm) | (mm) | (mm) I (GPa)
(MPa)
ik I 20 8.5 631.3 47.64
sty i 20 8.5 631.3 47.64
iy 1 16 10 631.3 47.64
GFRP Fwb 1 16 10 631.3 47.64
Y2 1 20 12 631.3 47.64
M 1 20 12 631.3 47.64
gELE 1 11 4 2109.5 126.24
CFRP | Yass 1 11 6 2109.5 126.24
gLs 1 12 8 2109.5 126.24

KA C30 A1 C40 MFMRE T5RA, A B A RIGEE 525 5K (5
PTLSE 58MPa, 0 =3.1glem®). FRS (M 2.65 g/em’). WA (B Xkhifz
20mm, RMWEE 27gem’). FEMEL S A C30: KRE:W:F:K=
381:631:1172:195, C40: K¥e:#P 7K =454:609:1131:195.
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Table 4-2 Mechanics properties indexes of concrete
Jau(MPa) | fa(MPa) | fa(MPa) | E(GPa)
C30 30 20.1 2.01 30
C40 40 26.8 2.40 325

EESR R — 24N, F £4=335MPa, E~200GPa. H#£J) 6. 8, 10, 12mm.
FER R — A1 4% 6mm, NIFE SOmm. 3BHNESRA EA% Smm — B .

ARIG I & N ERE T 0, RS ke . sl Al
4332 . YeEFYeMHE TR (% 2% E MICRON OPTICS Inc.EF=#] FBG-SLI. NWAF{L
A ERR L R R N A . .

2) FRP EET R FRP Mg ® 4-21 fras, JUAI RSN 150
X 300X 2700mm, JBE TR ZEEEN 15mm. FRP EE TR RIFSHIE
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e £70
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Figure 4-21 Structure specification of FRP concrete beam
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Table 4-3 Design parameters of FRP-concrete beam

o . 2 kRl | TR | BET | REREw FEH By
®E A AR BBRER O | o oy | g |8 O | 8 G | 1 L
G30W-A 4a8. 5{3 JeHH 295, 88 0. 504 0.416 36.1 90. 25 8&100 243 8
G4OW-A 4g8. 5{1 Y6 296. 88 0. 504 0. 555 37.10 95. 75 8@100 244R 8
GAOW-B 4510 (3 Felfh) 314 0. 698 0. 555 49. 75 122.37 | 8@i00 2441 8
G40¥-C 4512(1 Yo 452 1. 004 0. 553 67. 98 189. 95 8@a0 434E 8
CI0W-A 4e4 (3 J6HD) 50. 4 0.112 0,177 27,57 68,925 | 883100 248
CI0%-B 34, 2a6 (3 SEHE) 93.9 0. 209 0.177 47.82 119. 56 8@50 4315 8
C308-C 3a6, 404 (1 54D 1235.4 0. 301 0.177 4. 07 160.17 | 10@30 | 1341 10
CAQW-A 394 (1 Fd), 26 93.9 0. 209 0. 236 49,73 124. 33 8@50 43418

CFRP W CERP | 0 Hi95 CFRP
CS30%-B ?E‘i(ll :st 11;80 129 130 0. 289 0. 289 51,60 129 8@50 4347 8
CS400-4 ? (11 ;a% 1e8 229 | 50,2 | 0.112 0. 509 1.1 177.75 | 10@50 | 4348 10
C540%-3 1;5;(11;‘5 11:1% 129 130 0.289 0,289 59, 68 149.2 | 10@100 | 24210
S40W 2p@6CFRP 2a10 10@50 43@10

3) FRP ;B L & FBG EREBNHRESME AN KAV 11 R FRP 1R &k
TR E R EAE MR 3 BN FRP-OFBG &, 1ER52HH. b
it FRP-OFBG # 6il B AEZE 93, 10 3 Yotk FRP-OFBG # Ul 73 Al A0 & T
b Inak SR RN, S THT9T FRP R T2 A Es taE, =4 S0
HATR, M 5-22 FioR. A THHMTHEL, BATETIAES 12 48 FRP B+ 24,
HAT £# %0 FRP-OFBG 2 /%7, FRP-OFBG 1£E. &34 FBG M
A RER . B, HARMESAHWE 4-23 fik 4-4 FoR. AT X
b, ATAE FRP RER L RIS AN RIS E R 7 5 FBC A RS AH FALE HIR
BLRMEAET 5. FBC ERBNME SRR RERBTERRE.
HTRITEARANE B G FRPIE R FBG, HFEH e et f &t
SRR RIT] ., RRBENAR S A mE 424 (2) (b)) FiR.

¥ i
| |
() L)
FRP-OFBG Jui
T  maa TILXr
g /97
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Y 7 g 7

Bl 4-22 FRP yR&E+ 2 (A & FRP-OFBG e &
Figure 4-22 FRP-concrete beam under loader and the position of FBGs in FRP
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Figure 4-23 Position sketch of FBG sensors embedded in 12th FRP-OFBG beam
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[ 4-24 FBG &S0 HRE

Figure 4-24 Picture of FBG sensors installation and concrete pouring
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Table 4-4 Numbers of the FBG sensors embedded in 12th FRP-OFBG beam

G FBG 4 Egs 38R Al S A

1# B A3k FBG PVAR (6888 ¥ R

24 CERP-FBG # X

3H CFRP-FBG RSB A
4# H I GFRP-FBG AR 44 %88 P h

s# CFRP-FBG # &S BB
6% CFRP-FBG #i 5o

7H - B FBG MAM SRS %

84 L %

9 JCEh GFRP-FBG AR {5528 B ()

108 H Rl GFRP-OFBG ()

4.6.2 WIWERSTEITIE

BAVRA T T3 2185 FRP 1REE L 3T g ng, e ms
RE—EREE, iR, s/t CRITTID. e EEdn. &
B 4-25 iR,

¥ 4-25 FRP-1i2 4 + A sl A
Figure 4-25 Pictures of FRP-concrete beam under loading
4.6.2.1 B FRP-OFBG #7E FRP R#E TR IRR AR (1~11 #i5)

a. AN CFRP-OFBG iRy FRP ;BB L BRI LR C30W-A sl
CFRP-OFBG 5 L EPRIGH, 7 B4 U7 ngk Sfis g, HaR 5Nk &
& 5-26 Brom. T MEREKE K, HEFRIIFEOEAES 6 2%, J7E 25kN
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FRAH A T0KN B o CFRP FTHIAR T 5 41 2 R - R T AEA Rl B 80T
FEHHATE AT, B EREEL IS, B REE Y i, H CFRP-OFBG
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