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Crack and Debonding Donitoring of RC Beams Strengthened with CFRP Plates
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Abstract

A CFRP (Carbon Fiber—Reinforced Plastic) strengthening method being widely used to increase the load—carrying
capacity of structures is very suitable for existing bridge structures. However, not only flexure and shear failures but
also debonding failure might be additionally occured in reinforced concrete (RC) beams strengthened with the CFRP plates.
The CFRP debonding failure would cause a brittle fracture of the beam. Therefore, health monitoring for the CFRP
bonding condition is strongly required. In this study, a feasibility of the impedance—based damage detection method using
PZT sensors was investigated through a series of experimental studies for realtime structural health monitoring(SHM) for

the CFRP laminated concrete structures.
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Table 1 Property of concrete(28—day strength)
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Photo 1 Experimental set up for concrete crack monitoring and
concrete beam loading
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Table 5 Concrete crack conditions by load levels

Levels Crack conditions

22.54kN
(Crack occurrence)

38.2kN

58.8kN

76.44kN
(CFRP debonding)

After CFRP
debonding




76.44kN(Debonding)
/ \ A After CFRP debonding

Impedance(ohm)

200 300 400 500 600

Frequency(kHz)

Fig. 2 Impedance measured at C—PZT#1

Table 6 RMSD(%) of impedance data at C—PZT#1

—Baseline
_ —Intact
E 50 —22.54kN
) —38.2kN
S 40 - —58.8kIN
5 —76.44kN(Debonding)
i 30 - A 76.44kN(After debonding)
E [/
| .

200 300 400 500 600
Frequency(kHz)

Fig. 3 Impedance measured at F—PZT#3

Table 7 RMSD(%) of impedance data at F—PZT#3

Scenario RMSD(Root Mean Damage evaluations
Square Diviation) (variate/intact)
baseline 0 %
intact 0.323 % 1
22.54kN -
(Crack occurrence) 1.856 % 5750
38.2kN 1.945 % 6.014
58.8kN 2.336 % 7.223
76.44kN
(CFRP debonding) 3331 % 10302
After CERP 5.618 % 17.373
debonding
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Fig. 4 Impedance measured at F—PZT#6

Table 8 RMSD(%) of impedance data at F—PZT#6
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Fig. 5 Crack appearance of CFRP strengthened concrete beam
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M intact
18 1
W 22.54kN
m 38.2kN
2 58.8kN

76.44kN

J A

C-PZTH1

16

-
ra

Damage evaluation

C-PZTH2 C-PZTH#3 C-PZT #4

Fig. 6 Damage evaluations of C—PZT sensors bonding on
concrete

Table 9 Damage evaluations of C—PZT sensors bonding on
concrete beam

Scenario RMSD(Root Mean Damage evaluations
Square Diviation) (variate/intact) . Damage evaluations
Scenario
baseline 0 % C—PZT#1 | C-PZT#2 | C-PZT#3 | C-PZT #4
intact 0.931 % 1 intact 1 1 1 1
22.54kN 8.602 % 9.237 22.54KN 5.750 2.353 2.115 1.230
(Crack occurrence) (Crack occurrence)
38.2kN 12.071 % 12.962 38.2kN 6.014 3.598 2.235 1.234
58.8kN 20.608 % 22.130 58.8kN 7.223 4.236 3.658 1.654
76.44kN 76.44kN
(Before CFRP 31.644 % 44,719 (Before CFRP 17.373 12.548 12.658 4.658
debonding) debonding)
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Fig. 7 Damage evaluations of F—PZT sensors bonding on CFRP

Table 10 Damage evaluations of F—PZT sensors bonding on CFRP

Damage evaluations

Scenario
F-PZT#2 | F—-PZT#3 | F=PZT#4 | F—PZT#5 | F-PZT#6

intact 1 1 1 1 1

22.54kN
(Crack 10.994 16.753
occurrence)

16.524 12.995 9.237

38.2kN 15.244 20.254 20.125 16.608 12.962

58.8kN 19.250 26.247 25.658 24.189 22.13

76.44kN
(Before CFRP| 22.459 32.565 32.214 38.642 44.719
debonding)
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