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Purpose &
Contents

Development and Performance Verification of Wearable Piezoelectric Sensor Technology for

Damage Detection in PSC Structures

O The goal of the first year is to develop the wearable piezoelectric sensor technology for

damage detection in PS strands and anchorages.

- To develop damage detection method that uses EM impedance—dynamic strain

- To design composite of stiffener—piezoelectric sensor and wearable mechanism for anchorage

- To establish damage detection method which uses wearable piezoelectric sensor in PS strands
and anchorage

O The goal of the second year is to develop a failure detection software that uses an wearable

piezo—electric response device and assess the failure detection performance for the PS Strands

and anchorages.

- To design anchorage with wearable piezoelectric sensor device based on 1% year research

- To develop damage detection software, which employs dual piezoelectric response, for PS
strands and anchorages

— To evaluate the performance of damage detection for multiple PS strands and anchorages in a
lab—scaled tests

Results

O Wearable piezoelectric device technology for damage detection in PS strands and anchorages
(O Damage detection software with wearable piezoelectric device and its performance evaluation

Expected
Contribution

O The technigues including wearable piezoelectric device and damage detection for
tendon-anchorage is useful for the maintenance of PSC structure such as bridges and
nuclear containments.

O The techniques are technically expected to increase the reliability in the maintenance through
traceable damage history in tendon—anchorage of PSC structures.

O The techniques are economically expected to replace existing maintenance systems by the high
technology system with low—cost and high durability.

Keywords

Multiple PS Piezoelectric ,
uitip Anchorage Wearable 1z .' Damage detection
strands sensor device
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Frequency response function
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B2 mME. &4 o4 Ech Al Control Chart sHAlg &Ssff duEA Sl RMSD ¥ CCD #tol A
& 0|42 oLt 40| LYt W2 ZhFs

% Root-Mean-Square-Deviation Index (Sun et al. 1995)
. L 2 & 2
RMSD(Z,Z )= Z (o)-Z(o, Z(o) |
Acquire Impedance Data ( ) ;[ ( 1) ( 1):| ,ZZI:I: ( 1):|
From Interface 4 ’ - o . e
++ Correlation Coefficient Deviation (Zagrai and Giurgiutiu 2001)
1 = 5 =
impedance™ €D = T— —*E{[Re(zi) ~Re(Z) |[Re(Z) - Re(Z )]}
Feature Extraction 0,0,
Nerdarmage ++ Control Chart Analysis Statistical Damage Detection
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‘ Estimate Prestress-loss | 3 99.7% : 1
l = - Confidence Level :
‘ Detect Damaged Strand | : o
- 36 2 lo 0 lo 2% 30 0.1 = e — 25 5
Test Number#
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SHHYE 5o ROty 22 53 NN MSSH 23 I
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Frequency-domain Decomposition (FDD) for Global Damage . Power Speciral Density
Frequency and Mode Shape Extraction Monitoring )
Acquire Dynamic s
Step 1: Establish PSD Matrix S (@) Strain Data from Interface ;
Step 2: Calculate singularvalue e
desamposttion (SVB) Vibration Feature Extractior S E %
Step 3: Extract natural frequency fio i aks
& mode shape damage ) Mode Shape & Freq
Detect Damage Location | “
1 H \
| Estimate Damage Severity | £ \
Fot-3E 78t
AmHAS ENHHES SA Mot /MM aE Ty
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Dynamic Strain-based Damage Monitoring

' A

. i Dynamic strain Vibration Feature Global Damage Damage 1

passive | Measurement | | Extraction | s | | Localization & !
response | from Anchor of Whole Monitoring Severity H

! Head Structures Estimation !
- i _______________ i _______ o
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Stressing Temperature
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EFS-based Temp. Compensation
Effective Frequency Shift (EFS) &
Y- Z) 2w~ -D))

I 0,0,

ccp=1
56

EFS is obtainedby minCCD (Koo et al., 2009)

Intact State after EFS
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Verification

Temp. Compensation
EFS: dT=156°C

CChgrs Index (%)

<Before>

of EFS-based Temp. Compensation

CCDges vs Temp
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02535 kHe

17-41 Kz
2530 kHz

19

13 15
Temperature (°G)

17

02335 kHz
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25~30 kHz
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2 26 2 2 20 a0 Decision-making on Prestress-loss Monitoring
Freguency (kHz) B 2 . 3 s 2 . r
e = Temperature: 872~22 33 °C Terperature: 18.80~19.96 °C
T 1
Test#363 at 6.72°C b o %
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e T e P
A 1+ +4 1
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(b) QIEBIE sto] 2& Foleiz Tx (o) =5 flojelz Pz fEesed
a8 127 2% gojei2 eleimola 7xe| fEes 2y

I 2-1 flojelE eleHolae 2t & M=o &4

Material properties 1| =5 (FRP) PZT i35
Elastic modulus (N/m?) 1.65E+11 - 1.09E+10
Shear elastic modulus (N/m?) 6.11E+10 - 3.94E+09
Poisson ratio 0.35 - 0.38
Density (kg/m®) 1600 7750 1700
Thickness(mm) 1.2 0.00051 0.5
Elastic compliance s31 (m?/N) -7 .22E-12
Dielectric coupling constant d33 (C/N) 3.74E-10
Permittivity es; (Farad/m) 1700
Mechanical loss factor g 0.0125
Dielectric loss factor d 0.015
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Measured Strain

applied stress: 81. 75 MPa
(c) P = 100kN

applied stress: 122.625 MPa

(b) P = 150kN

applied stress: 163.5 MPa
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P=100kN Point to obtain strain

o
14
*‘iri o — Cover layer (CFRP/GFRP)
¥ ] . =—* Bonding layer
500 ‘ o T—> Host structure (steel)
b " Y
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Measuring
temperature

Data acquisition for dynamic

measurement with MATLAP
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Impedance Signature of PZTs 1-7: PS 1=0ton
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CFRP INTERFACE: TYPE 2 Tf=Tb
Bonded sections: Hint x Wbl (Wb2) x Tb=23 x 153 (37.4)x 0.8mm

Flexible sections: Hint x Wfx Tf =23 x 24 x 0.8 mm A SEGMENT A I CFRP INTERFACE
Interface body :Hintx Wint  =23x 110.9 mm
Note: P Tf, Wf can be changed. Wil
int = 111
Wbl=15.3 Wi=21.5 Wb2=374 Wi=215 Wbl =153

FRONT VIEW OF 9-STRAND SYSTEM h

“X= A segmental interface

Hint=23.0

1 Il I 1 1 I [l Nl Il
! Il 1 1 il 1

o T = Il Ll Ll I

T m || T L Ll T u T

TOP VIEW
A segment of interface

d

. A /
N 4 / /,f‘
Sy, k! } /
Int. 2 Int. 4
Int.3 UNIT: mm
Center point of anchor
Date: Oct 27 ,2019
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