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Fig.1 System schematic 

 

 

Photo.1 Measurement system 
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Photo.2 Oscillator system 

 

 

 

 

 

 

 

 

 

 

 

Photo.3 Sensor 

-0.005

-0.004

-0.003

-0.002

-0.001

0

0.001

0.002

0.003

0.004

0.005

0 1 2 3 4 5 6

A
cc
el
er
at
io
n
(g
)

Time(s)

CH1 CH2 CH3

 
Fig.2 Sweep vibration wave(g:gravitational acceleration) 
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Fig.3 Damping free vibration wave 
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Fig.4 Microtremor wave 
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(a) Before seismic retrofit 

 

 

 

 

(a) Before seismic retrofit 

 

 

 

 

 

(b) After seismic retrofit 

 

 

 

 

(b) After seismic retrofit 

 

 

 

Fig.5 Location of sensors (open triangle) and an oscillator (solid triangle) at W-house 

Fig.6 Location of sensors (open triangle) and an oscillator (solid triangle) at T-house 
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(a) Before seismic retrofit 
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(b) After seismic retrofit 

Fig.7 Transfer function at W-house (Ridge direction) 
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(a) Before seismic retrofit 
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(b) After seismic retrofit 

Fig.8 Transfer function at W-house (Span direction) 

 

Table 1 Resonance frequencies before/after seismic retrofit of W-house (unit: Hz) 

Ridge direction Span direction  

CH1 CH2 CH3 CH1 CH2 CH3 

Before 4.22 4.22 4.22 5.16 5.16 5.16 

After 4.69 4.69 4.69 5.94 5.94 5.78 
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(a) Before seismic retrofit 
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(b) After seismic retrofit 

Fig.9 Transfer function at T-house (Ridge direction) 
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(a) 2F/1F 
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(b) 2F/GL 

Fig.11 Transfer function of microtremor at T-house 

(Ridge direction) 
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(a) Before seismic retrofit 
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(b) After seismic retrofit 

Fig.10 Transfer function at T-house (Span direction) 
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(a) 2F/1F 
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(b) 2F/GL 

Fig.12 Transfer function of microtremor at T-house 

(Span direction) 
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Table 2 Resonance frequencies before/after seismic retrofit of T-house (unit: Hz) 

Ridge direction Span direction  

CH1 CH2 CH3 CH1 CH2 CH3 

Before 5.31 5.47 5.31 5.00 5.00 5.00 

After 5.78 5.78 5.78 5.47 5.47 5.63 

 

Table 3 Predominant frequencies before/after seismic retrofit of T-house (unit: Hz) 

Ridge direction Span direction  

2F/1F 2F/GL 2F/1F 2F/GL 

Before 5.78 5.63 5.47 5.39 

After 6.25 5.55 5.78 5.47 

 

Table 4 Damping coefficients before/after seismic retrofit of W-house (unit: %) 

Ridge direction Span direction  

CH1 CH2 CH3 CH1 CH2 CH3 

Before 3.3 3.4 4.8 4.9 3.6 2.2 

After 3.1 3.4 4.9 3.5 5.2 4.1 

 

Table 5 Damping coefficients before/after seismic retrofit of T-house (unit: %) 

Ridge direction Span direction  

CH1 CH2 CH3 CH1 CH2 CH3 

Before 2.3 4.1 6.0 8.6 9.5 5.6 

After 5.3 7.4 5.0 5.2 6.3 6.3 

 

� � � � � �
2

1 1

2
ln

h

h

A

A

n

n

�

��

�

�
� � � � � � � (2) 

��Z δ =Ý���(�A
n
�A

n+1=������}

~! n *+�n+1 *+!��¹���h =����

ZD': 

� Table 4*Wí�Table 5* Tí#Ýä*$%V(

����#�&:����#
'b�5%XY!BC

*DE�����*W,'>?@�GbÝ-V97

':�(���ÛÜ*.79
'b�&íbeÚ

ÛÜ!Û3����3ª�7 Ü*D'3���	


XYZ��&'b�>�! Ü=
/8�.�(: 

 

0�1�
 

� xyZ= ACM PQ��R2*+'��	
RS

#TUV(����*W79	
XYZ��-�#

TUV����������W+Þ����!/0

+E��	
[\!]^#$%V(:xyZÙ�(

�-�\#�b)'b��!+�*�': 

(1)� ��*+'������!{*|/8(�

�}~./����#0)�����!���

��#$%V(:��	
XYZ�����#

��V(b�1�	
Y!Û3���3H5�

E�	
![\323Z�(: 

(2)� ����-�Z|/8(}~./����!

����#$%V�F!�����b��*

+�90)(�����#��V(:F!�\�

�����3�����+Ee4VH5��

(3�����=��V(~�#�V(:�(�

�����=	
Y!Û3H7 Ü*D�(: 

(3)� ��*+�9d5tq(������}~

./����!����#$%V(b�1��

���!>?@�GZD�(:��ÛÜ*.7

9����!��#
(b�1�ÚÛÜ!Û

3ØÙÛÜ*�`����3ª�7 Ü*D

�(3���	
XYZ��&'b�>�! 

Ü=
/8�.�(: 

 

23�T�Ýä!����!Û6*=_7*859

:K;��V(:<�=£ >?�Ð!Û6*=_7

*W79�6�@A#��9;��V(:�(�x

Ã!BCDNÌÍÎÏ*=��-�!{*9EK;

��V(:��*�Fï#GE9HI#J&e!Z

D': 

 

4567� 

1) ��������	
�������������

����������� !"#$%�pp.275-276�

2006. 

2) &'()�*+,-�./��01234�56 2

������

��
�

�� ����� ��



��������	
�������������

������� !��"#�41$�pp.101-112�2008. 

3) %& '"�()*+�,-./0�1��2�345

6���789:;<=>?�1@AB�CD�EF

�G HIJKLMN�No.585�pp.71-76�2004.�

 

 

�

4) O)P.��QRS�TUVW0ACMXYZ[�B 

�3� RC�\�����EF6�� H]H^#

N�pp.168-169�2008. 

���������� ��	�

 

EVALUATION OF SEISMIC PERFORMANCE EFFECT OF 

RETROFITTED WOODEN HOUSE BY VIBRATION 

MEASUREMENT 
 

Hayato NISHIKAWA and Tomiya TAKATANI 

 

ABSTRACT����In this paper, both the sweep vibration measurement using an oscillator-sensor system 

and the microtremor observation were carried out in order to investigate the effect of seismic retrofit of 

wooden house using ACM bracing method. Transfer function and damping coefficient of wooden house 

were evaluated in the vibration measurements. Resonance frequencies before and after the seismic 

retrofit of wooden house were compared in this paper. Consequently, it was found that the predominant 

frequencies estimated from a transfer function of microtremor are almost the same as the resonance 

frequencies of wooden house. It should be noted that damping coefficient obtained from damping free 

vibration wave corresponds to a general value of wooden house. 

Key Words����Wooden house, Seismic retrofit, Oscillator, Microtremor, Resonance frequency, 

Damping coefficient 
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