Development of smart elastomeric bearing equipped with PVDF polymer film
for monitoring vertical load through the support
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Abstract

This paper presents a smart elastomeric bearing using PVDF polymer film, which is very
sensitive to dynamic loading condition. The PVDF polymer film is inserted into the
elastomeric bearing to monitor the normal load, which is applied to the bridge structure.
Therefore, the prototype of the smart elastomeric bearing is finally fabricated with the electric
circuit for signal of the PVDF polymer film subjected to vertical loading. The evaluation
system for smart elastomeric bearing is manufactured with shake, accelerometer and plate.
The bearing was tested under sinusoidal loading condition. Finally the system confirmed that
real time measurement of elastomeric bearing reaction provides the structure with certain

intelligence.

1. Introduction

The durability of bridges and the ability to
maintain their initial structural capacity are
topic of interest[1, 2]. For a long time,
inspection programs have been carried out to
follow up a changing state of large structure.
To help managers in their decisions, an
advanced metrology was introduced in
sensitive parts of bridges to assess their
structural aptitude. In particular, an abnormal
behavior of the structure often causes a load
re-distribution on its supporting parts. Thus if
the reaction force is monitored at supporting
parts, the entire structure can be assessed
and its main deficiencies eventually detected.

Generally a bridge is composed of connections
of some plates, and a pier supports the decks.
Meanwhile an elastomeric bearing used in
between deck and pier provides a flexibility of
bridge against forces caused by earthquake or
passage of vehicle on the bridge. Thus the
elastomeric bearing makes it possible to act as

an isolation bearing to reduce the
damaging motion that horizontal
earthquakes transmit to bridge. The

isolation bearing consists of thin sheets of
rubber bonded to interleaving steel plates,
thus, providing sufficient vertical rigidity to
sustain gravitational loading and vyet
allowing horizontal flexibility to shift the
fundamental frequency of the isolated
bridge away from the dominant frequency
range of most earthquake.

Meanwhile there are some techniques for
diagnosis of bridge structure using strain
gages or optical fibers[3, 4] attached to
bridge structure. However these methods
are inconvenient and inefficient since many
sensors are needed and attached to bridge
structure. On the other hand, if a PVDF film
sensor is inserted into elastomeric bearing,
the integrity of bridge structure can be
easily and effectively monitored and
evaluated. The properties of PVDF film are
as follows[5]: wide frequency ragne(0.001



Hz to 10° Hz; vast dynamic range; low acoustic
impedance; high voltage output; high stability
on environmental condition(moisture, chemical
and so on); glue with commercial adhesives.
Thus, this paper describes a development of
smart elastomeric bearing using PVDF
polymer film to monitor the safety of bridge
structure effectively and simply.

2. Theoretical approach for bridge modal
analysis

Let us assume a bridge as a beam with
support restraint conditions at its ends. If such
restraints against either translations or
rotations are linearly elastic, they may be
idealized as sprins, as shown in Figure 1. Let
the symbol k; and k, represent the stiffness
constants for the translation springs at the
ends.
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Figure 1. Simple beam model with spring
constant for bridge modal analysis.

If the spring constants are same as k, the
governing equation and the boundary
conditions may be expressed as
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where m is a mass per unit length, E is an
elastic modulus and 7 is an area moment of
inertia, and Y is the displacement in the
direction y-axis. Thus the normal functions of
governing equation (1) can be expressed as

Y(x)= A(sin fx+ C, cos fx + C, sinh fx

(6)
+ C, cosh px)

Using equations (2) to (5), the solution of
characteristic equation f can be obtained
by
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and the variables can also be calculated by
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The reaction forces at ends of beam are
represented by

F_, = AEIB*(-1+C,),
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Meanwhile, if we know the natural
frequency, f, the S can be calculated easily
by
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2. Dynamic behavior of smart
elastomeric bearing using PVDF film

Figure 1 shows the spring constants ki, ko,
which are assumed as the spring constant
s of two elastomeric bearing with PVDF
film. Therefore the dynamic behavior of the
elastomeric bearing should be evaluated.
In order to monitor the dynamic behavior of
elastomeric bearing supporting a bridge, a
PVDF film was inserted into the
elastomeric bearing as shown in Figure 2



(a). The PVDF film was attached to the
elastomeric bearing and covered by adhesive
layer using epoxy. Figure 2 (b) shows the
smart elastomeric bearing with PVDF film.

PVDF film

Groove

Elastomeric bearing

(a)

Figure 2. Elastomeric bearing on exciter : (a)
schematic diagram of with PVDF film on the
elastomeric bearing; (b) Fabrication of
elastomeric bearing with PVDF film.

Figure 3 represents an experimental set up for
measuring a dynamic behavior of elastomeric
bearing. The dynamic force was obtained by
accelerometer sensor attached to 15 kg mass,
which was put on the elastomeric bearing with
PVDF film. The bearing was accelerated by
shaker (B & K 4802 and 4817), and the signal
amplifier(B & K 2708).

From since sweep method using FFT analyzer
and actuator, the sensitivity of force (N) to
output voltage of PVDF film was obtained as

shown in Figure 4. The sensitivity was flat
in range 40 Hz to 100 Hz. The resonance
frequency of elastomeric bearing, caused
by interaction of spring of elastomeric
bearing and mass 15 kg, was occurred at
about 32 Hz.
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Figure 3. Experimental set up for dynamic
behavior of elastomeric bearing with PVDF
film.
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Figure 4. Sensitivity of force (N) to output
voltage of PVDF film as a function of
frequency.

3. Procedure for monitoring safety of
bridge structure using smart
elastomeric bearing with PVDF film

The smart elastomeric bearing was
developed to monitor the safety of bridge
structure, and Figure 5 represents the
procedure for safety evaluation of the
bridge structure using the modal analysis
[6] obtained from PVDF film, which was
inserted to elastomeric bearing.



First, we can measure the dynamic reaction
forces of Equations (11) and (12) from PVDF
film sensor inserted into elastomeric bearing
supporting a bridge. Next, using signal
obtained from the smart elastomeric bearing,
the frequency analysis is performed by FFT
analyzer. After modal analysis is performed by
boundary conditions of bridge structure as
shown in Figure 1 and the obtained frequency
analysis, the summation of the calculated
modes like Equation (1) is conducted. In
reference, if we obtain the natural frequency, f,
from signal analysis, we can calculate the
solution of characteristic equation S. On the
other hand, we can estimate the damage of
bridge structure from the change of natural
frequency in case of the bridge being
damaged.

Measurement of dynamic
force from smart elastomeric
bearing

Frequency analysis using the
measured dynamic signal

Modal analysis using
boundary condition and
frequency analysis

Summation of modes
obtained from modal analysis

Figure 5. Procedure for safety evaluation of
bridge structure using smart elastomeric
bearing

In the future, more study on the analysis of
bridge structure as shown in Figure 6 and
experimental evaluation, in case of passage of
vehicle on the bridge or earthquake, are
needed to realize the use of the smart

elastomeric bearing.
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Figure 6. Schematic diagram of bridge
structure equipped with smart elastomeric
bearing using PVDF film sensor.

4. Conclusion

The smart elastomeric bearing with PVDF
film sensor was developed in order to
monitor and evaluate the integrity of bridge
structure. The PVDF film was inserted into
elastomeric bearing and covered by
protection layer. The dynamic behavior of
the smart elastomeric bearing was
evaluated by an arbitrary mass and shaker.
Thus the smart elastomeric bearing
showed the possibility of intelligence
sensor for real time monitoring the dynamic
behavior of the bridge structure.
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