Cross Wind Distribution on Traffic Lane of Certain Continuous Viaduct
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Abstract

Cross Wind Distribution on Traffic Lane of Certain Continuous Viaduct

Noriko Yamagata

1. Objectives

Bannosu viaduct of Seto Ohashi is a double deck bridge
for highway and railway. The piers are very thick and
tall structures of wall-type. The piers are built with
equal spacing as shown fig.1l. It is reported that
periodical wind speed fluctuation is generated on the
traffic lane under skew wind condition, and that some
vehicles came in contact with the wall-type hand-rail
due to the wind speed fluctuation. This problem was

solved by installing the windshield. However, the cause

Figure. 1. Bannosu viaduct

of wind speed fluctuation has not been clarified. The
objective of this study is to clarify the cause of wind speed fluctuation, in order to avoid the similar
trouble.

2. Research methodology

The study is based on the hypothesis as follows, “Fluctuation wind load acting on running vehicles is
caused by the special distribution of wind speed, generated by the massive wall-type piers.” Then, the
mechanism of generation of such distribution is investigated. This hypothesisis verified through the wind
tunnel test, and the cause of the generation of the wind speed distribution is investigated.

Following the hypothesis mentioned above only the time-average wind speeds are considered, and the
wind speed variation as a function of time is neglected in this study. At first, the wind speed distribution
on the traffic lane was measured using thermistor-anemometers. The results of the measurement revealed
that the hypothesis is correct. Then to investigate the mechanism, a qualitative feature of the flow around
the pier and girder was examined by the numerical analysis and two flow visualization tests (tracer
method and taft method). Finally, the mechanism was presumed from the above-mentioned experiments
referring several research works in the past.

3. Experimental results
The distribution of the wind speed on the traffic lane

The distribution of the wind speed on the traffic lane was measured using thermistor-anemometers. The
wind directions are 0, 30, 45 and 60 degrees. Four models were tested, varying the structural geometry, in
order to investigate what structural components dominate the wind speed distribution. “Original”,
“Without lateral beam”, “Without wall of the pier”, and “Without lateral beam and wall of the pier”. The
results of “Original” and “Without lateral beam” at 30 degrees are shown in Fig.2. The wind speed
fluctuation is moderated “Without lateral beam” compared with “Original”. It is guessed that protrude
part of the lateral beam affects on the wind speed fluctuation on the traffic lane.
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Figure. 2. Examples of wind speed distribution at 30 deg.

Causes of the wind speed fluctuation

The flow visualization tests (tracer method and taft method) and numerical analysis on two models
(“Original” and “Without lateral beam”) were done at wind direction of 30 deg. The results of taft tests on
“Original” indicate that the flow is ailmost horizontal or slightly downward behind the protruding part of
lateral beam. In the case of no protruding part, apparent upward flow is observed, which suggests that
there is strong separation from the wall-type hand-rails. The strong separation generates the large
dead-water region, which results in the relatively low wind speed. Contrarily, the weak separation reduced
the dead-water region. This causes the relatively high wind speed.

According to the research in the past (reference-1), if the separated flow attacks the other obstacle and
experience the second separation, the flow feature is changed considerably, comparing the case that only
one separation occurs. In the case of no protrude part of the lateral beam, the separation is considered to
occur from the top of wall-type hand-rail. In other words, only one separation occurs and large dead-water
region is generated. However, in the case of original, the flow separates from the leading edge of the
protrude part first, then it may attack the wall-type hand-rail and the second separation may occur. It is
supposed that these staggered separations weaken the total separation and reduces the dead-water region.
Naturally, in this case, the wind speed on the driving lane becomes relatively high.

4. Conclusion

It is clarified that fluctuation wind load acting on running vehicles is caused by the special wind speed
distribution.

The reason why there are the strong wind region and the weak wind region on the traffic lane is that one
separation that generates the large dead-water region and staggered separation that reduce the dead-water
region.



