
1 INTRODUCTION 
Earthquakes frequently occur in recent which needs 
us, at one hand to build strong or vibration-
controllable new buildings, on the other hand to 
check or to predict the strength or the possible future 
life cycle for old and under-using buildings. Struc-
tural health monitoring system for buildings appears 
to be a good way to solve such problems, as the sys-
tem have been expected to predict the degree and the 
place of the strength-variation (generally strength-
reduction).  

Many methods for health monitoring systems 
have been developed based on the variation of the 
natural frequencies of the building [1]-[4]. The story is, 
if the strength varies (in general, decreases), then the 
natural frequency will certainly varies (in general, 
decreases). In turn in real buildings we can obtain 
the natural frequency variations (generally reduc-
tion) through censors and based on these data to 
simulate the strength, thus to check the health of the 
building. 

Such story is correct theoretically, if the natural 
frequency really decreases. For real buildings the 
problem becomes: will the natural frequency really 
decrease?  

To solve such problems, we have carried some 
simulations and vibration experiments. This part 1 is 
on the simulation results from ANSYS soft, where 
the simulation models are same with the real struc-
tures, while the input wave have been tried as two 
types: the one is the real earthquake wave which has 
been recorded from the Tyuetu earthquake occurred 
at the end of 2004, the others are Sine waves with 
different frequencies. It is important that the two 
structures are indeterminate, and thus we have cut 
off one column (or beam) or more step by step to ob-
tain the damages for the structures during simula-
tions and experiments.  

2 REAL BUILDINGS AND SIMULATION 
MODELS 

2.1 Two Real buildings 
In 2001 we have built 2 buildings in the campus of 
Kinki University, wooden material, 3 stories, one 
traditional construction method and one newly de-
veloped method. The purposes of the 2 buildings are 
to predict possible recycle material rate after 5 years 
use. And thus these 2 buildings will be destroyed in 
Oct. 2005, to check the recycle rate. In the time we 
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will take vibration experiments during that time, 
which will certainly predict the variation of the natu-
ral frequency while one or more column or beam 
will be cut off. The two real buildings are shown in 
Fig. 1. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Two Building in the Campus of Kinki University 

2.2 Simulations models using ANSYS 
Version 10 of the ANSYS for university is enough 
for vibration simulations of the two buildings, even 
if we can only use the 50000 nodes. Following the 
construction design, we have built the structures in 
ANSYS, as shown in Fig. 2. All materials and scale 
for columns and beams are same with real buildings, 
but all walls have been omitted. 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
(a)New method one 

 
 
 
 
 
 
 
 
 
 
 

 
(b)Old method one 
Fig. 2 Simulation models in ANSYS 

 

3 INPUT WAVES FOR SIMULATION 

3.1 Sine wave  
Two kinds of waves have been used for the simula-
tions. 

One kind is the sine wave as follows: 
)2(10)( ftSINtY ×= π                      (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. 

3.2 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 is the wave of the earth-
quake. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Earthquake wave 

4 SIMULATION RESULTS 

Two typical simulation results have been shown in 
Fig.4, where the vertical axis is the natural fre-
quency for the Fig.4 (a), and the acceleration for the 
Fig.4 (b). The Horizontal axis means the degree of 
the damage. 

From two Figs., it is clear that the natural fre-
quency changed from 10 to 7, in the same time the 
acceleration changes from 200 to 150. More detailed 
discussions will be found in the part 2. 

 
 
 
 
 
 
 
 
 
 
 
(a) Natural frequency 
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(b) Acceleration 
Fig. 4 Simulation Results 
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