Comparison on variations of natural frequencies for wooden structural
models with and without damages part 2, shaking table based results
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ABSTRACT: Following part 1, this part 2 reports the shaking table results, and the comparisons between the
simulations and the experiments. Because the small size of our shaking table (only 1m by 1m), the model
structures have a special scale reduction, which have been precisely calculated without loss of real structural
characteristics. Input waves are completely same with those in part 1. The shaking table result has also clearly
shown that for one construction type, the natural frequency decreased following the increase of damages. But
for the other type structure, the natural frequency remains unchanged even the damage increases. Those re-
sults completely identify with the simulation results from ANSYS in part 1.

One strange result appears that even if the degree of damages increases, the natural frequency remains un-
changed. Such results will have minus effect for the research itself of structural health monitoring. It is a fact
that many monitoring methods depend on the decrease of natural frequencies while we have damages in the
building, but the result of this report clearly have shown that sometimes the frequency unchanged, which will
in turn show the impossibility of the frequency based health monitoring system. It is a big confusion but we
believed the problems will be solved this year, because we planned to do same experiment on the real build-
ing this year, and the results on the real building will be reported.

1 INTRODUCTION

Following part 1, in this part 2 we will report the vi-
bration experiment result using shaking table, cer-
tainly the models are same with the real buildings,
that means same with the model for ANSYS in part
1. Comparisons between simulation results and vi-
bration results will be carried out.

2 THE MODEL

The models used for the experiments are shown in
Fig.1. The detailed data will be reported in the fol-
lowing.

2.1 The scale of the model building

Because of the small size of our shaking table, the
suitable rate of the model to real building is 1:18, as
shown in the Fig.1.

2.2 The area of the column and beam

To obtain reasonable resistant force for the model,
the area of the column and the beam can not be re-
duced to 1/18, we selected a suitable reduction rate
as 1/8 for the area of the column and beam.
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Fig. 1 Model buildings

2.3 The connecting point

Connecting point between the column and beam be-
come the most difficult thing during the making the
specimen. As shown in left Fig. in Fig. 2, real con-
nection uses the complicated method but as shown
in the right one, only simple method have been used.
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(a)Real connection Point

(b) Connection point for model
Fig. 2 Connection Point

3 SHAKING TABLE

Shaking table is used for vibration experiment,
where the size of the shaking table is 1m x 1m, made
by Shimazu Coop..

4 INPUT WAVE

Input wave are same with that used in part 1.

4.1 Sine wave

One kind is the sine wave as follows:

Y (t)=10SIN(2xtx f) 1)
where the Y (t) is the displacement of the input wave.
As in the equation the amplitude of the input wave is
the 10cm, and the frequency has been selected as 8,
9 or 10 Hz and others.

4.2 Real earthquake wave

Earthquake wave input is the one recorded from the
Tyuetu earthquake occurred at pm 5:56, 2004-10-23,
at 37.30N, 138.80E, in Japan. Magnitude of the
earthquake is M6.8. Fig. 3 in part 1 is the wave of
the earthquake.

5 EXPERIMENT RESULTS
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(b) Result from ANSY'S
Fig. 3 Experiment Results V.S. ANSY'S Results

Fig. 3 shows the results of Natural Frequency varia-
tions from experiments and from simulations using



ANSYS. It is clear that the tendency of the varia-
tions of the natural frequency are same.
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(b) South Part of the New One
Fig.4 Acceleration Comparison between Experiment and AN-
SYS using Earthquake Input

Fig. 4 is the comparison on accelerations between
Experiment and ANSYS. It is clear that the detailed
data are different but the tendencies are same. It is
strange that the data recorded from the north part of
the building clearly show that following the damage
of one or more columns, beams, the recorded accel-
eration increase. Also the results from the ANSYS
are identical with the experiments.

In general, when parts of the building damaged,
the stiffness will decrease, which will cause the de-
crease of the acceleration response. Unfortunately,
Fig. 4 shows different tendency.
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(b) South Part of the New One
Fig. 5 Acceleration comparison using Sine wave Input

Fig. 5 is the comparison on accelerations between
different sine wave inputs (different frequencies).
The Fig.5(a), is the recorded results on the North
part of the building and the Fig.5(b) shows the re-
sults from the south part building. It is clear that fol-
lowing the degree of damage of the columns and the
beams, some acceleration response decrease and
some increase.

6 CONCLUSION

Very strange results have been achieved in this pa-
per, in which damage of columns and beams will not
always cause stiffness reduction of the building,
sometime increase the stiffness, resulted from model
experiment and ANSYS simulations. In this year, we
will carry experiments on real buildings and will re-
port the real data.
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