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_SYNOPSIS

Precise forced vibration tests were conducted on the Urado Ohashi
Bridge with respect to the transverse and longitudinal directions, and
several lower resonant modes were satisfactorily excited. As the results,
it can be seen that these lower resonant modes and frequencies of such a
long spanned prestressed concrete bridge with tall piers could be estimated
through the eigen-value analysis in which the effect of ununiform damping
characteristics of super-structure and pier foundations were not taken into
consideration, and a response analysis using a conventional lumped mass
model would be useful.

INTRODUCTION

In July 1972, the construction of Urado Ohashi Bridge which crosses
the mouth of Urado Bay, Shikoku Island, Japan, was completed as shown in
Photo. 1. It is a five spanned prestessed concrete frame bridge, the
main span of which is the longest in the world. As shown in Figure 2,
the main span is 230 meters and provides a hinge which can slide to the
longitudinal direction. The maximum height of the bridge is 50 meters
from water surface.

Just before the completion of the bridge, precise forced vibration
tests were conducted and the vibration characteristics of long spanned
bridge were confirmed.

VIBRATION TEST

1) Vibrator; A rotating unbalanced mass type vibrator was installed
at the center of the main span, or the top of the P3 pier. In the test,
the bridge was excited by adjusting the exciting unbalanced moment 200
kg-m(0.2 Hz~2,0 Hz) and 50 kg-m (2.0 Hz~4.0 Hz).

2) Measuring system; Twelve sets of pick—ups(moving—coil type) were
installed on the various points of the super-structure and foundations.
The signals from the pick-ups were sent to the measuring van named MIK
System, which was equipped with the data acquisition system based on a
correlation technique. By the system, the real response amplitude and
phase angle are clearly determined by separating noisy signals caused by
wind or ground tremor. Detailed description for the MIK System is given
in the other presentation for. this conference.
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3) The response displacements for various exciting frequencies were
obtained at 35 measuring points on the bridge. Typical examples are shown
in Figure 1. From these results, the virtual damping factors obtained by
familiar half-power method are 0.01~0.03.

4) The resonant modes were obtained by plotting 90 degrees out-of-
phase component of response displacements to the exciting force.

The typical examples are shown in Figure 3.

COMPUTER USED ANALYSIS OF VIBRATION CHARACTERISTICS

1) During construction of the bridge, the forced vibration tests
were conducted for the P2 pier erected on the clay-slate stratum and for
the P3 pier constructed on the diluvium through the alluvium. And co-
efficients of subgrade reaction and damping factors were obtained. In
the analysis, requirements for each pier foundation were determined re-
ferring to the test results.

2) Natural modes and frequencies were calculated using the convent-
ional lumped mass model. In the preparation of the model, not only
variation of girder section but also rize of girder was taken into
consideration. Results of the analysis, which are also shown in Figure 3,
showed relatively good agreement with the measured resonant modes.

DISCUSSION AND CONCLUSIONS

l) The vibration component of the transverse direction is predominant
when the bridge is excited transversely. But when the bridge is excited
longitudinally, predominant vibration component is the vertical. And it
is noted that a fundamental frequency with respect to the transverse
component is lower than that to the vertical component.

2) In the test, lower resonant modes were satisfactorily excited, of
which phase angles were generally in-phase or 180 degrees out-of-phase be-
tween each point, except some cases where slight coupling of vibration
modes arose at side spans. Therefore it can be seen there are few cases
that difference of damping characteristics between super-structure and
pier foundations dinterferes these lower vibration modes which will have
major affection to earthquake response.

3) These modes were considered ta be arisen almost by the ones of
super-structure itself, and so an earthquake response analysis using a
conventional lumped mass model will be useful even in case of such a long
spanned prestressed concrete frame bridge with tall piers.
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Figure-2 Side View of Urado Ohashi Bridge
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Figure-3 Examples of Resonant Mode and Frequency

— 2701 —





