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Dynamic load Monitoring of Bridge Elastomeric bearing

Using PVDF Film

Sumin Kim

Department of Safety Engineering, Graduate School,

Pukyong National University

Abstract

In this study, the applicability of PVDF films of dynamic load
monitoring in* a Bridge Elastomeric bearing  .was investigated. A
relationship between ~“the strain and the wvoltage -response of a PVDF
film was analytically derived. Free vibration test on a steel cantilever
beam was performed and vibration response of the beam was measured
both by a conventional foil ESG (ESG) and a PVDF film.
Strain—-voltage relationship obtained from the experiment was compared
with the analytic relationship. In addition, the Bridge Elastomeric bearing

for the Static/Dynamic load test of load-strain relationship found by



doing. Through Strain—voltage relationship and Load-strain relationship
to Load-voltage relationship is derived. Good agreement between the
analytic and experimental relationships was observed. It was found
that a tailored PVDF film can monitoring the dynamic load of a Bridge

Elastomeric bearing .
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Fig. 1-2 Smart tendon embedded FBG sensor (Left);

Smart beam attached Piezoelectric sensor(Right)
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V = Vortcal Member (tubs): 1" x 17 x 116"
L = Longitudine bMember (tuba) 1 1 ¥ ° x 1% x /16"
DV = Diagonal Vaicsl Mambar (plata) - 17 x 1:8°

DH = Diagonal Hor, Member {tube) « %" x 32° 16"
T = Transverse Member (tibe) : 1 102 % x 17

Figure 1: Bridge Model (left)
w1/ L | Close-up of the Instrumented Bearing with
= 118" five strain gages (right-top}

Fig. 1-8 Smart Bearing embedded ESG for overloaded vehicle
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Fig. 2-5/ Measurement Setup and Configuration of| Test Specimen

Table. 2-1. Parameter Values of PVDF Film

E
d31 633 I{H
Length Width | Thickness. |*(Coulomb { .
(Coulomb/Newto (Farad/Meter) (Young’s
n) Modulus)
30 mm | 10mm 52 um 23 % 10 12 106 < 10 12 2 GPa
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Table. 3-1 Parameter Values for Rubber Bearings and PVDF Film

Bridge Elastomeric Bearing

Material properties
Materi . .
: Length Width Height Poisson’s Young’s
als Density
Ratio modulus
Steel 134mm 284mm Tmm 0.29 216 GPa 790?
kg/m
2100
Rubber 150mm 300mm 8mm 0.49 100 MPa 3
kg/m
PVDF Film
. Thickae ds1 “a Ki;
Length | Width X (Coulomb/Newto | (Farad/Meter (Young’s
n) ) Modulus)
30 mm | 10mm 52 um 23 < 10712 106 %< 10712 2 GPa

4
1°| PWDF 3
5

Front and Back side (300mm) Side (150mm)

Fig. 4-1 . Configuration of ESG and PVDF Film
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Table.3-2 Dynamic load data

Cyclic load level Load control
Preload level (kN) (kN) (frequency)

25 05 1 2
100

50 05 1 2

25 05 1 2
200

50 05 1 2

140 T T T T T T T

Load{kM)

| 1
'QDEI 10 20 30 40 50 B0 70 a0
time({sec)

Fig.3-6 Pre load- 100kN, Cyclic load- 25kN, Freq— 0.5 Hz : Time-Load
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(b) Pre load- 100kN, Cyclic load- 50kN, Freq- 1 Hz

Fig.3-7 (a) and (b): Strain Response of Dynamic load
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Fig.3-9 Strain Response of Frequency
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Fig. 3-11. Strain Response Coefficients
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(a)Pre load- 100kN, Cyclic load- 25kN, Freq- 0.5 Hz
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Fig. 4-2 Calibrated Load Responses of PVDF Film
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