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ABSTRACT

Keyword: field experiment, wind tunnel experiment,
wind engineering on bridge

1) OVERVIEW

The main goal of the research in wind engineering field is to study
and solve complicated boundary layer problems. In analyzing wind
effects on building structures, bridges or turbulent wind fields in urban
area, the approaching methods used for most researchers are theoretical
analyses, numerical simulations, and wind tunnel experiments. Recently,
the application of wind tunnel experiments have gradually expanded to
the area of the research for atmosphere boundary layers, building
structures under wind loads, and air pollution diffusion problems.
However, the reliability and accuracy of the results need to be further
compared and verified with those from the field experiments, which
require higher cost in manpower and experiment equipments, and the
uncertainty factors caused by the natural environment are not fully
understood. The process for collecting data is difficult and the results
might not be free from disturbances, therefore, the judgment for the
accuracy and effectiveness of the experiment data becomes important.

Even so, more and more researchers nation wide devote themselves
in the field experiment, especially in the investigation of long span
bridges, including Great Belt East in Denmark, Sunshine Skyway Bridge
cable-stayed bridge in the US, and Tsing-Ma bridge in Hong Kong.
However, the number of the research regarding the reactions of long span
bridges under wind loads in Taiwan is few, not to mention the
comparison of the results with those from wind tunnel experiment. This
project studied the reaction of the long span cable-stayed bridge under
wind loads in the natural field, and the results were then compared with
those from the wind tunnel experiment to realize the difference of the

X1



responses between the real bridge and the bridge model in the hope that
it could benefit the experiment techniques for wind tunnel experiment
and the measurement method for the field experiment in the future.

2) METHOD

This project investigated the Kao-Ping River Bridge, a cable-stayed
bridge, utilizing the experiment equipments of the ABRI to analyze and
compare the results due to the wind loads with those from wind tunnel
experiment. For the field experiment, accelerometers and anemometers
were setup on the bridge. The data acquisition system and computer
simultaneously collected the data of wind speed, angle, and vibration of
the bridge (acceleration). The wind speed was then used as the reference
speed in wind tunnel experiment.

For the wind tunnel experiment, after setup and adjusted the first
mode frequency, the full bridge model of the Kao-Ping River Bridge was
tested with smooth flow in the wind tunnel of the ABRI. The testing
wind speed was based on the wind speed measured at the field
experiment and then converted through the similarity formula. The
results were compared with those from the field experiment in order to
study the major factors such as the condition of the wind field, measure
technique, experiment method, and the design of bridge model.
Furthermore, through this project, the ABRI could also learn more about
the methods of the field experiment, the techniques of the wind tunnel
experiment, and the process of data analyses, and create step by step for
the ABRI the ability of the research and experiment in the wind
engineering field.

3) SIGNIFICANT RESULTS
A) Field experiments

The preliminary step for the technique and capability in measuring
the vibration of structures of the field experiments for the ABRI has
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constructed. The fundamental process for data acquisition and analysis
has also been tested and performed. This whole system was effective
and time saving and would be of great help to the future research and
the inspection service on site.

In order to have sufficient data for statistic analyses within a short
period of time, and to be easy in making the comparison with the wind
tunnel experiments, it should be noticed that in measuring wind speeds,
a higher sampling rate is recommended because windflaws lasted only
in seconds, for the field experiment hereafter.

B) Wind tunnel experiments

The wind speed measured in the field experiment was regarded as
the referenced speed for full-bridge model in the wind tunnel
experiment. However, the average wind speed was very low, down to
3.5 m/s, and most of the wind flows lasted not more than a few seconds.
If transformed by the similarity formula, the number of peak wind
speed was only equal to 0.8 m/s. Therefore, in the wind tunnel
experiment, a higher wind speed was performed, and during the test,
small increments of wind speed was used to examine the vibration
response of the full-bridge model. Regression analysis was then
applied to estimate the vibration response in low speed. The results
showed that the difference was within 20% for the mean square root of
the disturbance, and 10% for rotation. This concludes that under the
proper design and control, the results of the wind tunnel experiment is
reliable in estimating and assessing the responses of the structures
subjected to wind loads.

4) RECOMMENDATIONS

The conclusions and recommendations for the wind tunnel
experiment and field experiment are listed as follows:

Direct feasible recommendation
Auspices: Public Construction Commission, Ministry of Transportation
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and Communications, Ministry of the Interior
Collaborator: the Architecture and Building Research Institute

The regulation for wind design structure has been issued. It requires
that the structures with special designs need to perform wind tunnel
experiments. However, in the past, most of the experiment projects of
special design structures were outsourced to the labs abroad. With the
full-scale bridge model testing in the wind tunnel of the ABRI,
together with the experiment experiences of several structure models,
it shows that Taiwan should have the confidence and the ability to
challenge and perform large scale and different kinds of wind tunnel
experiments. Therefore, to promot the engineering and research levels,
in the structures design for wind loads in the future, not only the
design regulation should be followed, but also performing the wind
tunnel experiment in Taiwan be recommended.

Mid term recommendation
Auspices: the Architecture and Building Research Institute
Collaborator: academic and research organizations

Wind tunnel experiment has become the major way in solving the
atmosphere boundary layer problems. The technology and methodology
of the experiment are the key factor to succeed, and the condition and
assumption of the experiment are also important elements for the results
to be reliable. Therefore, to avoid unnecessary uncertainties in the
process of the experiment, a compact set of the standard is needed, and it
is one of the challenging assignments for the ABRI and other academic
and research organizations in the future.

Long term recommendation

Auspices: Public Construction Commission, Ministry of Transportation
and Communications, Ministry of the Interior

Collaborator: the Architecture and Building Research Institute

The number of special designed structures is increasing in Taiwan,
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such as high-rise buildings, gymnasiums with long span dome, and long
span cable-stayed bridges, which are all very sensitive to wind loads. To
be certain for the safety and comfort of these structures during their life
cycles, it is recommended that long term monitor systems are necessary
to be installed in these structures. The data recorded by these systems
could be used to check the healthy conditions of the structures, and to
provide to other academic organizations for relating research for the

purpose in promoting the engineering technology and research level in
the future.
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