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Abstract
Basic Study on the Identification of Structural Characteristic of
Wooden Houses Using Vibration Test

Satoshi Sakamoto

1. Preface

In recent years, the number of wooden houses, which are checked on earthquake
resistance, is increased. The diagnostics for wooden houses is based on visual check.
This method has advantage of simplicity, low cost and short checking time.

The present diagnostics judge the earthquake resistance by total ratings obtained from
such factors as the grade of the foundation, the plan of the house, location of walls,
horizontal resistance capacity (brace, the rate of walls), and aging level of the structure.
This method has serious problem that the damage of the invisible structures in walls
must be guessed. Thus, it can be said that the present method has defect from the
viewpoint of reliability, because the most important factor, which dominates earthquake
resistance of the house, is not evaluated adequately.

The earthquake resistance of wooden houses is dominated by the strength of the
structure. The strength can be measured, if the breakdown test is conducted. However,
it is apparent that the break down test on the actual houses is impossible. On the other
hand, the stiffness can be measured by such nondestructive methods as loading testing
by the winch or vibration test. The estimation of the stiffness may be very meaningful,
since the strength can be considered to have the strong correlation with the stiffness in
the case of wooden houses.

The objective of this study is to establish the basic procedure for the identification of the
structural characteristics of the wooden houses, by using the data obtained from the
vibration test, intending to apply the procedure to the diagnostics of earthquake
resistance of wooden houses in future.

This paper is divided into two parts. First, the measurement method is studied to obtain
the data, which can be used to identify the structural characteristic of wooden houses.
Second, the method to identify the structural characteristic of the house is investigated,
using the vibration data.

2 Vibration test

Following three tests are carried out.

@O Ambient vibration measurement

@ Vibration measurement under man-powered excitation

@ Vibration measurement with using vibration exciter



From the ambient vibration, the data, which can be used to get the dynamic
characteristics, is not obtained, because the response is too small. Man-powered
excitation can generate the enough magnitude in response for the structural
1dentification. However, the accuracy of the measured data is poor, because the exciting
force is unknown.

The vibration induced by the exciting force with white noise spectrum, is measured by
using the vibration exciter, which can be driven by the arbitrary wave. It is shown that
the usage of the vibration exciter improves the accuracy of the measured data, and that
the excitation by the force with white noise spectrum is effective to shorten the
measurement time.

3 Identification of the structural characteristic

Using the data obtained from the measurement, the structural characteristic is
identified.

The procedure of the study is as follows;

(D Modeling the house in question

@ Estimation of the masses by the draft for the house

@ Identification of the stiffness from the natural frequencies and the distribution of the
mass

@ Identification of the damping from the vibration modes and the stiffness

For the identification of the stiffness, the eigen-value analysis is done for the numerous
models of the house. Each model has the various stiffness of frame member, which are
set randomly with adequate condition of constraint, considering the actual structure of
the house. Then, the combination of the element stiffness, which gives the best
approximation for the measured natural frequencies, is selected as an identified
stiffness.

For the identification of the damping, the damping matrix, which can give the best
approximation to the measured vibration mode, is searched, by assigning the damping
of the element randomly.

4. Result of the identification

4.1 Stiffness

Among 10000 models, the best combination of the member stiffness can be found. The
calculated lower five natural frequencies agree well with those obtained from the
vibration test. The calculated distribution of the stiffness shows no serious discrepancy
with the structure indicated in the draft for the house.

4.2 damping

For the identification of the damping, no satisfactory result can be obtained.



The followings are considered as reasons.
@ Only five lower natural frequencies and the modes of vibration are used. More

modes of higher order must be used.

@ Modeling of the house is too simple.

® Identified stiffness is not correct.

@ The computer program used in the identification has bugs.
4. Conclusion

The vibration measurement by the exciting force with white noise spectrum is
useful. All dynamic characteristics can be obtained once and the measurement
time can be shortened.

The identification of the stiffness from the vibration data is possible.

The identification of the dumping is difficult and is the subject of the future
study.



