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Summary 

 
In order to make clear fundamental characteristics of soil-structure interaction of buildings, the microtremor 
measurement and oscillation test by man-power are conducted in a residential building and its surrounding 
soil ground. As the characteristics of soil-structure interaction, fundamental frequency and damping factor of 
the building in the interactive system are focused. The fundamental frequencies are estimated through 
transfer functions of measured data between at a top of building and at 1st floor or at ground surface. The 
damping factors are evaluated by not only the transfer functions of measured data but also waveforms of free 
vibration obtained by an application of random decrement (RD) method and by man-made oscillation. The 
results are summarized as follows; 
1) The ratios of predominant frequencies of the interactive system to base-fixed condition are 0.68-0.70 and 
0.75-0.78 in the transverse and longitudinal directions, respectively. It is pointed out that the effects of 
rocking and sway motions are large, in the transverse and longitudinal directions, respectively. 
2) In the results by FEM analysis, amplitudes at predominant frequencies are smaller with base-fixed, 
rocking-included and sway-rocking-included systems. The results are corresponding to the phenomena 
which are observed in the general soil-structure interaction. On the way, the opposite result is observed in the 
microtremor measurement. A reason is that the characteristics under the base-fixed condition are not 
predominant, as the building is vibrating under the interactive system. Another reason is that phase lags of 
vibration between at 1st floor and at top of building are not constant. Some phases are delayed, and some are 
ahead. The correlation between input motions to building responses is less in the microtremor vibration. 
3) Damping factors obtained from free vibration waveforms by RD method are 5.5-6.0%, 6.5-6.9% in the 
transverse and longitudinal directions, respectively. These damping factors are within the range of scattering 
which is summarized in Architectural Institute of Japan. 
4) Damping factors obtained from free vibration waveforms by man-made oscillation are almost same as 
those by random decrement method. The damping factors in longitudinal direction are less by 10%. 
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(R8HC+(R8HW+R8HE)/2)/2

 G2HE

(1FHC+(1FHW+1FHE)/2)/2

19.25m
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@Ú&N	N7+Ú�(�úû\]ü��� 

+@-ABCDEFGHIJCDEfB8KLMN

fSRB fRB fB fS fR fSB
Hz Hz Hz Hz Hz Hz

2.87 3.23 4.13 6.21 5.21 3.44
(0.70) (0.78) (1.00) (1.50) (1.26) (0.83)

2.80 3.19 4.11 5.83 5.04 3.36
(0.68) (0.77) (1.00) (1.42) (1.22) (0.82)

2.62 3.32 3.37 4.28 19.57 2.65
(0.78) (0.99) (1.00) (1.27) (5.81) (0.79)

2.76 3.21 3.70 5.39 6.47 3.05
(0.75) (0.87) (1.00) (1.46) (1.75) (0.82)

+O-I2ABCDE8KLMP2ABCDEQN

SRB RB B S R SB
1.03 1.02 1.00 1.07 1.03 1.02

1.07 0.96 1.22 1.36 0.26 1.27

+R-S	�T�8KLMS��T�QABCDEQN

SRB RB B S R SB
A� 1.03 1.03 1.01 1.02 1.07 1.02

B� 1.03 1.02 1.03 1.05 1.01 1.03

A� 1.07 1.01 1.06 1.19 0.56 1.10

B� 1.05 1.07 1.02 1.01 1.28 1.02

UVWX

YVWX

UVWX

YVWX

 f����� / f�����

UVWX

A�

 fA� / fB�

B�

A�
YVWX

B�
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(a)( UVWXZI2 (Data:TM01- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b)( YVWXZI2 (Data:LM04- 
� 4.2� ø]¤Bue0�9+5�º?o�D ØÕ�BûüU 

(1) ��%�FË& 

(2) ��øÃ��Ë& 

(3) ��ø�FË& 

(4) ��<Q(ug) 

(5) ug+uf+H¥+uNug+uf

(6) H¥+uNH¥ 

(7) ug+uf+H¥ 

(8)'&¦§¨©ª«¬­®¯ (9) ug+uf+H¥+uNH¥+uN 
H¥N��øÃ��Ë& 

(10) ug+uf+H¥+uNug+uf+H�N 
ug+ufN��<Q(ug) 

(1) ��%�FË& 

(2) ��øÃ��Ë& 

(3) ��ø%�FË& 

(4) ��<Q(ug) 

(5) ug+uf+H�+uNug+uf 

(6) H�+uNH� 

(7) ug+uf+H� 

(8)'&¦§¨©ª«¬­®¯ (9) ug+uf+H¥+uNH¥+uN 
H¥N��øÃ��Ë& 

(10) ug+uf+H¥+uNug+uf+H�N 
ug+ufN��<Q(ug) 
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3.1 R8HS-R8HN 1FHS-1FHN
1 42m  
1 5.1 1

3.4Hz 3.4Hz
2.7Hz 1  

1.33× 1) 3.4Hz 4.3
2.9Hz 1.17  
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6.1

X(t) D(t) F(t)
R(t) X(t) 6.1 t=0

Xi(t) Ri(t)
0 Di(t) Pi

Pi(t)  
 

Di(t) ( Pi)exp(-h 0t) cos (1-h2) 0t (6.1) 
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RD
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RD
1 1

� 6.1� RD��&� �` 
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� Î ÏÙ��D� �� 6.3%%K; 
 
 



－ 18 －

���rj��

���ri��

���ri��

���ri��

)��ri��

��� ��� 	��� 	���

�sdtudvwf(�Sx�

y
�
�̀(�
z{
v
d
|
cd
w
�

��	UV}�	

����Sx

���rj��

���ri��

���ri��

���ri��

)��ri��

��� ��� 	��� 	���

�sdtudvwf(�Sx�

y
�
�̀(�
z{
v
d
|
cd
w
�

���UV}�	
����Sx

���rj��

���ri��

���ri��

���ri��

)��ri��

	��ri��

��� ��� 	��� 	���

�sdtudvwf(�Sx�

y
�
�̀(�
z{
v
d
|
cd
w
�

��)�Sx
��	YV}�	

���rj��

���ri��

���ri��

���ri��

)��ri��

��� ��� 	��� 	���

�sdtudvwf(�Sx�

y
�
�̀(�
z{
v
d
|
cd
w
�

����Sx
���YV}�	

���rj��

���ri��

���ri��

���ri��

)��ri��

��� ��� 	��� 	���

�sdtudvwf(�Sx�

y
�
�̀(�
z{
v
d
|
cd
w
�

����Sx
���~��}�	

���rj��

���ri��

���ri��

���ri��

)��ri��

��� ��� 	��� 	���

�sdtudvwf(�Sx�

y
�
�̀(�
z{
v
d
|
cd
w
�

����Sx ��	~��}�	

���rj��

���ri�)

���ri�)

���ri�)

	��ri��

	��ri��

	�)ri��

��� ��� 	��� 	���

�sdtudvwf(�Sx�

y
�
�̀(�
z{
v
d
|
cd
w
�

����Sx
��	������}�	

���rj��

���ri�)

���ri�)

���ri�)

	��ri��

	��ri��

	�)ri��

��� ��� 	��� 	���

�sdtudvwf(�Sx�

y
�
�̀(�
z{
v
d
|
cd
w
�

����Sx

���������}�	

� 6.2� 'ø]�D ØÕ�BûüU�u 
� � � ¨��)³�D»UÏ �Ù�@© 

(a)  A	C¹0C��Ú& (b)  B	C¹0C��Ú& 

(d)  B	C¹0Cð�Ú& (c)  A	C¹0Cð�Ú& 

(e)  A	CM@/\] (d)  B	CM@/\] 

(f)  A	C�����\] (g)  B	C�����\] 



－ 19 －

 

 

���"�

����������

RD�Q��

���&��� t=0 8��� ¡¢£
+���&¤¥5¦§�¨©§¡~¢£-

+f0�ª« ¬��­�®�����3��-

¯°FGH������±2.0~4.0Hz
....... ~��±2.0~5.0Hz

¯°±²³Q´µ�"¶·�¸�
~��±²³¹0Q�^º»Q¼
������±1½¾,WXQ�^º»Q¼

��¿À®ÁÂ�Ã�8G�1ÄÅÂ��CDEf0QÆÇ

ÈÉCDÊË
+RDÊËQÆÇ-

���&

t=0

CDE

���&¤¥5¦§Q�"��
t=08���¡~¢£M

�§

�§

���ÌÍÎ�"

RDÊË8ÏÐOÑ��
��Ò\]^E�ÆÇ

ÓÔÕhTÖ89 4× h�ÆÇ

Ø0

�2Ù:Q��Ú������"�

����������

RD�Q��

���&��� t=0 8��� ¡¢£
+���&¤¥5¦§�¨©§¡~¢£-

+f0�ª« ¬��­�®�����3��-

¯°FGH������±2.0~4.0Hz
....... ~��±2.0~5.0Hz

¯°±²³Q´µ�"¶·�¸�
~��±²³¹0Q�^º»Q¼
������±1½¾,WXQ�^º»Q¼

��¿À®ÁÂ�Ã�8G�1ÄÅÂ��CDEf0QÆÇ

ÈÉCDÊË
+RDÊËQÆÇ-

���&

t=0

CDE

���&¤¥5¦§Q�"��
t=08���¡~¢£M

�§�§

�§�§

���ÌÍÎ�"

RDÊË8ÏÐOÑ��
��Ò\]^E�ÆÇ

ÓÔÕhTÖ89 4× h�ÆÇ

Ø0

�2Ù:Q��Ú���

� 6.3� ÃÄ�%o�Î ÏÙ�D�  



－ 20 －

6.3� "#LJK-H 
1)RD�%o�ýþ#ü 

RD �%opvw(��\]¤B¨RD ¤B�Qã>%���©�� 6.4a~6.4h %%K;N(�d�
�%��Q 2n�opvw(ÅÆ�L�1%�MÚ
�(;d��fg�H)�%�ÅÆ�� RD¤
B�ýþ�o�O��nm�	�2Ç��<ã>%lmn��ÅÆ�fg­È¼/�z&	Jwg/�; 
� O 6.1%��'6ËÎ ÏÂ�D ØÕ�BûüUfg7+�( 1ù\]ü�RD¤Bop7+�(
ýþ#ü�	Í�?o� RD¤B7+>��M�"çü�#��n%K;d�Oop�³�*�¹0�
ù\]ü%°K�ýþ#ü��6ËÎ Ï��gl
�M�L����5�%9�e��Ú&�

5.5~6.0%�N(ð�Ú&� 6.5�6.9%esp�ð�Ú&�ýþ#ü	��Ú&�	Í%�3nFFã

�ab:/(; 
� ÓÚ�M@/�ýþ#ü��A	� 4.89�7.39É¨�5 6.36%©�B	� 4.26�5.26%¨�5 4.70É©
e A	�Ú	 B	%�3�gl
	ã
��ýþ#ü��5>L�É�Ãã
m	Íesx(; 
� ������º%lmn���5�%9�e 5.59~6.11%esp�A		 B	%�3nFFã
m	
Íesx(; 
 

O 6.1� RD�%o�ýþ#ü�7+	Í 

� � *1ÉF0� 1ù�·\]ü 
� � *2ÉN��M�."ü 
 

ÌÛÜÎÝ ��(�Sx�
|	 _.+e� Þ|� ÌÛÜÎÝ ��(�Sx�

|	 _.+e� Þ|�

y��	ß}�	 ���� ���	 	)�	 y���ß}�	 ���� ��)	 	���
y��	ß}�� ���� ���� 	��� y���ß}�� ���� ���� 	��)
y��	ß}�� ��)� ��)� 	��� y���ß}�� ���� ��	� 	�)�
y��	ß}�� ��)� ���� 	��	 y���ß}�� ���� ���� 	���
y��	ß}�� ��)� ��	� 	��� y���ß}�� ��)� ���� 	���
y��	ß}�� ���� ���� 	��� y���ß}�� ��)� ���� 	��)
àá ��)� ���� 	�)� àá ��)� ���� 	���

y��	â}�	 ��)� ���� 	�)� y���â}�	 ���� ���) 	���
y��	â}�� ���� ���� 	��� y���â}�� ��)� ���� 	�	�
y��	â}�� ��)� ���� 	��� y���â}�� ��)� ���� 	���
y��	â}�� ���� ���� 	)�� y���â}�� ��)� ���� 	���
y��	â}�� ��)� ���	 	)�� y���â}�� ���� ��	� 	���
y��	â}�� ��	� ���� 	)�� y���â}�� ���� ���	 	�	�
àá ���� ���� 	)�� àá ��)� ��)� 	)��

y��	ß}�	 ���� ���� �	)	 y���ß}�	 ���� ���� 	�)�
y��	ß}�� ���� ��)� �	�� y���ß}�� ���� ���� 	���
y��	ß}�� ���� ���	 �	�	 y���ß}�� ���� ���� 	���
y��	ß}�� ���� ���) �	�� y���ß}�� ���� ��	� 	���
y��	ß}�� ���� ���� �	�� y���ß}�� ���� ��	� 	)	)
y��	ß}�� ���� ���	 �	�) y���ß}�� ���� ���) 	�)�
àá ���� ���� �	�� àá ���� ���� 	�)�

y��	ß}�	 ���� ���� 	��� y���ß}�	 ���� ���� 	��)
y��	ß}�� ���� ���	 	)�� y���ß}�� ���� ���� 	��)
y��	ß}�� ��)� ��)� 	��) y���ß}�� ���� ���� 	���
y��	ß}�� ��)� ��)� 	�)� y���ß}�� ���� ���� 	�)�
y��	ß}�� ��)� ���	 	��� y���ß}�� ��)� ���� 	���
y��	ß}�� ���� ���� 	)	� y���ß}�� ��)� ���� 	�)	
àá ��)� ��		 	��� àá ��)� ���� 	���

!ãäµå

~��

y2 æ2

UVWX
@ÄCD

YVWX
@ÄCD



－ 21 －

��@+UV-

}�	

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+UV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+UV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+UV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+UV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+UV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

� 6.4a� RD¤B¨A	C¹0C��Ú&©



－ 22 －

��@+YV-

}�	

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+YV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+YV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+YV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+YV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+YV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

� 6.4b� RD¤B¨A	C¹0Cð�Ú&© 



－ 23 －

��@+~��-

}�	

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+~��-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+~��-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+~��-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+~��-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+~��-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

� 6.4c� RD¤B¨A	CM@/�º© 



－ 24 －

��@+!ãäµå-

}�	

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+!ãäµå-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+!ãäµå-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+!ãäµå-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+!ãäµå-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

��@+!ãäµå-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

� 6.4d� ÃÄ¤B¨A	C������º© 



－ 25 －

���+UV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+UV-

}�	

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+UV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+UV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+UV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+UV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

� 6.4e� ÃÄ¤B¨B	C¹0C��Ú&© 



－ 26 －

���+YV-

}�	

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+YV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+YV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+YV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+YV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+YV-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

� 6.4f� ÃÄ¤B¨B	C¹0Cð�Ú&© 



－ 27 －

���+~��-

}�	

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+~��-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+~��-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+~��-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+~��-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+~��-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

� 6.4g� ÃÄ¤B¨B	CM@/�º©



－ 28 －

���+!ãäµå-

}�	

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+!ãäµå-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+!ãäµå-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+!ãäµå-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+!ãäµå-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

���+!ãäµå-

}��

i���

i	��

���

	��

���

��� ��� ��� ��� ��) 	�� 	�� 	�� 	�� 	�) ���

��.�cdw�

ç
è
é
C
<

� 6.4h� ÃÄ¤B¨B	C������º© 



－ 29 －

2) ÊË�yz�Íe�°- 
� 4Æ
�5§���
@�ýþ%lmnëÌ 2)���ËÎ Ï%�t�
�@�ýþ#ü%lm
n���E(Â%#��Newnm�;0d��O 6.1 %%�( RD �%o�ýþ#ü�	Í��
RC*
@��ËÎ Ï�	Íe�����(; 
� � 6.5 %�Í©e 1ù�·�6�_`��N(�� 6.6 %�Í©e 1 ùýþ#ü�_`�%K;
:g%�� 6.7%� 1ù�·�6e 1ùýþ#ü�_`��� 6.8%� 1ù�·\]üe 1ùýþ
#ü�_`�%K;d/g��%�RD�op7+�( B	���?o�ð�Ú&�¹0� 1ùý
þ#ü�	Í��Mn{��ü�(;̈ A	�B	�G� :m�� B	�9{��ü© 
� d/g��fg�4Æ
�5§�Î Ï%��20m���
@)�{U	º÷%�s��Í©�
åm̈ M�m��·�6��m©
@�ýþ#ü� 2~8%e�gl
�ã
m	�Æ°±
@� RD
�op7+�(	Í¨�� 5.56%�ð� 6.86%©��5§��gl
78%9Np��1%%K5
§�:7;eLÞá��M�; 
� N(�� 6.9%��1ù�·\]üe 1ùýþ#ü�_`�������¤m%Î���,X�
�e���%º'n{��ü�(	Í�%K;Æ°±
@� PC����:/nm�ïfg�ÐÑ
	Í����
@��%�Mn{��ü�(;d��op�5§�)�{U�\]ü 3Hz 2T�
Ã�Î Ï	�sm	�Æ	Í�Î Ï��gl
78B%M�; 

�  
� 6.5� Í© He�ù�·�6 T�e�_` 2) 

 B	ð�

B	��

 
� 6.6� Í© He�ùýþ#üÏ1e�_` 2) 



－ 30 －

� � 6.10�6.11 %��Í©eM@/�6�_`?o�M@/\]üeýþ#ü�_`�%�(;
d/g��op�5§�)�{U%��Í© 25m ���
@Î Ï�sm	�Æ°±
@�M@
/�6��5§�Í©eM@/�6�:7;eÞá��M�;N(�� 6.11 %��A 	�B 	�
	Í��Mn{��ü�(	�5§�Î Ï��gl
	ã
��\Isz&�Jwg/sm	�

Æ°±
@�M@/�\]ü%°K�ýþ#ü¨=	 6.36%�>	 4.7É©�5§�)�{Ue�
��nã
w�z&%M�; 

 B	ð� 

B	�� 

 
� 6.7� 1ù�·�6 T1e 1ùýþ#üÏ1e�_` 2) 

 B	ð� B	�� 

 
� 6.8� 1ù�·\]ü f1e 1ùýþ#üÏ1e�_` 2) 

 B	ð� 

B	�� 

 
(a)� ,X��
@� � � � � � � � � � � � � � (b)� ���
@ 
� 6.9� 1ù�·\]üÐ1e 1ùýþ#üÏ1e�_` 2) 



－ 31 －

� s?�ëÌ 2)��������ýþ#ü%lmn��Ë	Í�Newg/nmsm; 

 
 
��a�� ������

1)  ®ñÑÒ�ÓÔ�Õ�Öû¾âÉRD �%o���@�Y�×Ñ\]>�ýþab�4Æ
�5§
��*êëµYô�À 454/�pp.29-38�1993 

2)� 4Æ
�5§É
�@�ýþ�pp.137-143�2000¨Ó���%RÜ© 
 

 

B 	

 

� 6.10� Í©ØeM@/ 1ù�·�6 Tt1e�_` 2) 

 

B	 

=	 

 
� 6.11� M@/ 1ù�·\]ü ft1e 1ùýþ#ü ht12) 



－ 32 －

êë�ìíîC8GMïðQ\]ñò(

ýþ#ü�abK�(w��ËÎ Ï�aèÚ�%���¤üJK�Î Ï�km�Ú����\]

¤B�km�Ú��P�ÙÑß#�km�Ú�sÒ	Ó"�sÚ�e�nM�;@ß���÷>ø]�

>vw¤B%ÃÄ�¨dfgh�i�ejkljijgm�ÚjkÛgÜÝÞj©�kmnvw(��\]¤Bfgýþ#ü�ab

�(	Í	%:/(;Æß���î5R\opèg/(��\]¤Bfgýþ#ü�ab�(	Í�%

K;�

�

7.1( �"���QW�(
î5R\�R\ß�^¬	àØemx(ð{�M�áì�¶\\]ü�ï@%âË�n?�×Ø	M

�(wø]Ë#>%��K�â�	æm;N(�åP�
�@sÒ��©ù\]üN��ab�ã��

M�(w��ù\]ü%Î��(åù( )��ab%äN�â�	æm;:g%�R\>%��
@

�åK5e�nî�)�O]�äkK�(w�R\C�Ð�]T�Ãæ�(w�
@��·\]ü%�

x(³U�çFf'èsÒ%�."n\]:"�oá�R\¯%�½:"�sÒ
wrfsï@Þ#	

×Øes�;dd����(î5R\Ú���
@�QÃ���î����Le�I�Kî2T	³�

*
@� � ùúû\]ü%°-:"(�# �� �²�R\�üç2T-xnèg/(��\]¤B��

ËÎ Ïe�(;ÐÑ°±eK�Î Ï��
@QÃ�%^¬�(��) opèg/(��\]¤B

e��D»UÏ Ù��@é�g3(eßà��ùúû\]ü�1êe�(ëìK���)³�D»U

Ï Ù�¨��uíî ïðñò§ª¦ó¯ñ§©�-x(��\]¤B�km�dee�(;�

D»UÏ Ù���(Þ�	(�Ú&(���\]¤B��K?�%%K;î5R\�����q�� �

2T�78��R\%
�nm�e´./nm�	�Æ
@��ùúû\]ü�# uíî 2Tefsp�

m�6�Mp�]T�^m��\]¤Be�näk�
��ËÎ Ï�:¹Òæ��èg/sfx(;

dd����K?�%%Koá%��\]¤Be�näk�
�Î Ï�9cd���ùúû\]ü%

2#�nýþ#ü�abK�ïe�(;�

�

7.2( \]^EQóôW�õº»(

@�\]W �æ#%?mn���\]¤B��>²JK%?mn�
@�\]W �´µ�O�

�n?p�
@��·\]üFýþ#üsÒ���� �%abK�ï	�
�;î5R\%opvw

(��\]¤Bfg�ýþ#ü�abK��%lmn���%bgK�;�

��\]¤Bfgýþ#ü�abK�(w�ôO�sÚ�e�n��\Výþ�%o�Ú�eQ �

n�%o�Ú�	^�kmg/�;\Výþ�%o�ýþ#ü�ab�� õ�M�defg^�km

g/nm�;�f����\]¤B�<>�9%Î�K�(w
@\]W �´µ�äk�
�öp©

�s��ab]T	aºfÒáf:;LM�;ÓÚ�Q �n�%o�ab�����\]¤B�´µ

�Qã2%äk�
���ab]T�©me´é�;dd���Q �n�%opýþ#ü�ab�(

	Í%lmn%K;äk�
��ËÎ Ï	fsp2g/nm�deLMp�ab>²�#����²

�^#�'¼��ûÂ�Q �n�%opýþ#ü�ab�(;�



－ 33 －

�

��	ß���( ���	( ö(�(�ræ���(	�÷��(�����((	ø���Sù(úrâ

i���	�

i���	

i�����

�

�����

���	

���	�

� �� �� �� )� 	���ødw�

��
z
{v
d
�

��	â���( ���	( ö(�(�ræ���(	�÷��(�����((	ø���Sù(úrâ

i���	�

i���	

i�����

�

�����

���	

���	�

� �� �� �� )� 	�� 	�� 	���ødw�

��
z
{v
d
�

���û���( ���	( ö(�(�ræ���(	�÷��(�����((	ø���Sù(úrâ

i����

i����

i���	

�

���	

����

����

� �� �� �� )� 	�� 	�� 	���ødw�

��
z
{v
d
�

���â	jâ����( ���	( ö(�(�ræ���(	�÷��(�����((	ø���Sù(úrâ

i���	�

i���	

i�����

�

�����

���	

���	�

� �� �� �� )� 	���ødw�

��
z
{v
d
�

� 7.1� D»UÏ Ù��(Þ���\]¤B 

�  ¨÷©>	Éð�Ú&���\]¤B 

¨ø©>	É��Ú&���\]¤B 

¨a©A	É��Ú&���\]¤B 

¨b©A	Éð�Ú&���\]¤B 



－ 34 －

 
 

� 7.2� ýþab�vw�Î Ï�²�ù+ 
 
� î5R\opèg/(��\]¤B%�ù\]üìK���)³�D»UÏ Ù���(¤B��

ù���\]¤Be9s�����;�
k��Q �n�%op\]ü f1�ýþÏ1�æ#�(; 
 
� a(t)Àa0Cexp(-h1C�úÐ1Ct)Ccos¨�úÐ1û(1-h12) Cü©� � � � CCC(7.1) 
 
Ã;opæ#�(ÅÆB�Óu��Ë:/(��\]¤BeeL%�K?F%�æ#	Í�OK?

�%0/�/%�(;N(�Ã;opæ#�(��\]¤Be�Ë:/(��\]¤B��K?H

%���(;èg/(ýþ#ü����Ú&�ýþ#ü�ÃÄ�%opèg/(	Íe¹<ßà�Mx

(	�ð�Ú&%lmn���=2T :w%ab:/nm�z&%Mx(;��Ú&�ð�Ú&�ý

þ#ü��¶% 5.0�6.0%2T�78�>	èg/(; 
 
 
 

 
 
 

ü��	UVìíîC+æ�ý���g���Sxi���Sx-þ

i���	�
i���	
i�����

�
�����
���	
���	�

� �� �� �� )� 	���¦�

�
z{
v
d

ü©§÷��¦�Ù�¦þ

i���	�
i���	
i�����

�
�����
���	
���	�

�� �� �� �	 �� ���¦�

�
z{
vd

�^©§��Ç



－ 35 －

 
� 7.3� ýþab	Í¨A	© 

 
O 7.1� î5R\%o�ýþ#ü�7+	Í 

A	 B	  
Ð�¨Hz© Ï�¨É© Ð�¨Hz© Ï�¨É© 

��Ú&�ùúû\]ü �?W� H?WG �?KG G?II 
ð�Ú&�ùúû\]ü �?KG G?LL �?K� H?WN 

 
 
 

ÈÉCD±\]y2UV
�Sg����e�

i	

i���

�

���

	

� ��� ��� ��� ��) 	
+¦-

�
è
é

���	+çèé-
fgdh`�ia	|�
|�	|��

ÈÉCD±\]y2YV
�Sg��))e�

i	

i���

�

���

	

� ��� ��� ��� ��) 	
+¦-

�
è
é

���	+çèé-
fgdh`�ia	|�
|�	|��



－ 36 －

 

 
¨ý©ð�Ú& 

 
� 7.4� �Ë��\]¤Beæ#¤B��� 

¨a©��Ú& 

ÈÉCD±y2YV

�a	g��))e��	g����Sx�
i	

i���

�

���

	

� ��� 	

�§+¦-

�
è
é


�

�Æ

ÈÉCD±y2UV

�a	g����e��	g���	Sx�
i	

i���

�

���

	

� ��� 	

�§+¦-

�
è
é


�

�Æ

ÈÉCD±æ2UV

�a	g����e��	g����Sx�
i	

i���

�

���

	

� ��� 	
�§+¦-

�
è
é


�

�Æ

ÈÉCD±æ2YV

�a	g���e��	g����Sx�
i	

i���

�

���

	

� ��� 	
�§+¦-

�
è
é


�

�Æ



－ 37 －

L?�bc <de �R@fghijfklmn�

�

8.1� ����Îõ��^E�
� 
@C<Q%?mn�2ùO FEM%o�þ 78�PQRS PT�ÐÑ����(;ÐÑ� B	
���Ú&��ð�Ú&%lmn���(;ÐÑ(ÎU�� 8.1%%Ke?p��<Q� GL-41.5mN
��(ÎU��(;Ã�����&²�°æ"1íØ��³	����þØ�N��þ��)þe�(;

�����8�'é&%\pº'�de%op������Z[�(;N(�'� �%?mn���

��#>%h�K�DEe�n�aº�s<Q��#�(ÐÑL���(;ÐÑ��Ú95%o��,

���°±e�(; 
��67Ú��^6�Ú	���smdefg��VsÒ�VÈC(ÎU#ü%lmn�����o

á%^#�(; 
2 ùO FEM ÐÑ�M�(w�
@C<Q%lmn
@¿-
V��8��� ��6��
@¿-

���V%?'�>�7#�(;�%lmn�N'D Ð������� (EA)e°æ� (EI)�7
#��K3n�D Ð����6>fg
@¿-
���V�>�7#�nm�; 
·Ã��Ó"��������øìÀ�(p��8��0/�/ 0.6, 1.2, 4.0 tone^#�(;°æ

"1íØ��"1í� e°æ� ��'�K3nßÓe��ø]Ë#	Ífgèg/(���#*�

ùúû\]üe$��s�
@�#ü�vw(�Ã�������íìÀeíì 2ù( ��üsÒ��
O 8.1%%K; 
� 2.3 %%K<QDEe4�<Q� Vs �ÕZe��O 8.2 %%K<Q#ü�^#�(;s?ýþ#
ü�<Q	 3É�
@	 3ÉÓ#e�(; 

 
 

O 8.1� �� e��  

� � � �

���Ä�"�µ������� 5.0 0.0239 13.0 0.0308
£���������� 0.104 0.0926 0.296 0.119

�µå�E�zÞ���� 3.15*107 3.15*107 3.15*107 3.15*107

���µN 0.2 0.2 0.2 0.2

YVWX
� 

UVWX

 
 

O 8.2� <Q#ü 


!���(
øÊ��
���c�

"¶#$%&

��'v����
���µN

��� 	�� 	��� ���)

	� ��� 	��� ���)

�� ��� 	��� ���)

�	�� �	� 	��� ���)

i ��� 	�)� i  
 
 
 
 
 



－ 38 －

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b)  
8.1  

7  
A 

 

B 

 

30m C 

 

 

 

 

 

 

 

30m 

 

 A 

B 
C 

 

 

 
 

6.45m

20.775m 



－ 39 －

8.2� ��º» 
�: 41.5m �95ìe�(>�OP<Q��_ü�\VW �� 8.2 %%K;1 ùúû\]ü�#

2Hz�2ùúû\]ü�# 5Hzesxnm�;� 8.3%�1ùúû\]üe 2ùúû\]ü%lmn�
95�¬�Ð�ìe�(â��95�¬�\V%°K�'�:��\V��{��ü�n%K; 
� 8.4%N��Ú&%?'�����#*�
@���_ü¨B©���ø%°K�
@�����_

ü¨RB©�?o� 30m �/(<Oì%°K�
@�����_ü¨SRB©�%K;'Ú&�úû\]
ü%lmn�÷>ø]Ë#e���(	Í�O 8.3 %%K;FEM ÐÑe÷>ø]Ë#%opèg/(

úû\]ü�o�°-�nm�; 
� D³I �%op�'��_üfgýþ#ü�vw�e���_ü BNRBNSRB�0/�/ 3.0, 

4.9, 6.6%espN���#%?'�
@� 3%�ýþ#ü	�����C�����	�N/(hij
k*�� 6.6%eUã�n?p�hijk*���UV
	ý�K�W �%�nm�;ÓÚ�� 4.3
%%K B	���_ü%?mn��úû\]ü%?'�UV
�N��_ü BNRBNSRB��%ã

�sxnm�;� D³I �%op�0/g���_üfgýþ#ü�vw�e���_ü B�RB�
SRB��7.63� 9.14� 5.37%esp�ÐÑ	Íe�háK�	Í	èg/(; 
ÊË�yz 1), 2) %?mnLN÷>ø]Ë#	Ífgvw(
@���_ü��N³�*�\V%�3

n���#>�\V	 :�s�	Í	èg/nm�?ëÌ���NEÔ�¼{��
@����#>

W ���	-./n?p�¡\��Ï(
@Ã�R\)�â�%�����#>�W 	]T^�vw
g/nm�;÷>ø]oá%
@¼�fg�95�â�%�N
@-.%���#>�\]ü�º	ú

û�nmsm�Ks.!³�*�\]( )�*/nm�(w����#>�W 	�+:/%�md

e	Zég/�;N(NëÌ 3%�N
@��fg�95%opN
@	-.�nm�â�%�N��
�#>���_ü	]T^�vN�	���95	�N/�e����#>���_ü	ã
�{:/N

\V	fsp :�s�deLÄ	:/nm�;
@-.%�<K95%�N��\]F
\]	XY

�nm�eeL%N
@,�95LÓà�sm; 
ø]Ë#	Í�qr%���n9�e����oá%sxnm�;� 4.3%?mn���_ü��h

�//��e�n�mnM�	�úû\]üV4�����Ú&���_ü BNSRB¨ð�Ú&���
_ü B%Lßà�	Í©%?mn��h	01å	Íesxnm�;��_ü SRB%?'� 80s²�
0/�/���_ü�Þ3n9�e��h	//nm�â�e01�m�â�	ß2T+g/�<Oì

�M��&�\]e
@���\]��÷%Ó#��h_`e�sxnmsm;�5��(��_ü%

���h�//�N(�09��
sÚ	�/�de%s�;��_ü RB%?mn�N�h�//�
%Kâ�	æmdefgN
@��,�95%opN
@��	\]�nm��hW esx(eZé

�de	�
�; 
ÓÚ�� 8.5%Nð�Ú&%?'�����#*�
@���_ü¨B©���ø%°K�
@���

��_ü¨RB©�?o� 30m �/(<Oì%°K�
@�����_ü¨SRB©�%K;ð�Ú&%
?mnL�úû\]ü�^m°-�%K	�\V%lmn����Ú&eßàsz&	+g/�	��

�Ú&¹Ò�G�sme´é�; 
A�º�%lmnÐÑ>eË#>����nO 8.4%%K;��Ú&���ÐÑ>�������º
�Ú	FF :m	�H)�%�^�°-�nm�;ð�Ú&��������º�ÐÑ>	Ë#>�

1/22Tesp������AB	 :m	Íesx(; 
 
 
 
 
 



－ 40 －

 
8.3  

 
 
 
 
 
 
 
 
 
 
 

8.4  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

8.2 GL-41.5m 2E/2E  
 
 
 
 
 
 
 
 

ÐÑ 6Ë ÐÑ 6Ë
u��� ���u
������� ������
���� ��u�
������ ������
��Xu ��r�
������ ������
���B�>��ÌË>%°K�����	Í��

��_üdn

��_ü�dn

���q

��X�

��Ú&

����

��r�

ð�Ú&
\]ü�íî�

��_ün ���qu��u



－ 41 －

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

� 8.3� OP<Q� GL-41.5m<Q%°K���_ü�\VW �:º�¨2E/2E© 

i��

i��

i��

i��

i��

i��

i	�

i	�

i�

�

� 	 � � �
()�*í¶·8KLMN+�r��r��



!
+
+
-

	ÄCDE�	���Sx�

�ÄCDE����	Sx�



－ 42 －

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)� \VW  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b)� �hW  
 

� 8.4� RB,SRB,B���_ü¨��Ú&© 
 

�

��

��

	��

	)�

� 	 � � � � � � )

CDE�Sx�

¶
,
-
��
-


æ

ø
æ

æ

�

�

	�

	�

��

��

� 	 � � � � � � )

CDE�Sx�

(
)


æ
ø
æ
æ����Sx

��)�Sx

����Sx



－ 43 －

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)� \VW  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b)� �hW  
� 8.5� RB,SRB,B���_ü¨ð�Ú&© 

 
��o�� ������

�©B¶ÑÒ��»�â�§��Ò��®�âÉ
@e<Q�]�hijk�XY�½¾�(â��


@�9�\]W æ#N4Æ
�5§��*êëôN���qruN�����ÊurN�����

�©&��N�®�N����É÷>ø]Ë#%o�1åP
@�°±e�(<QC
@hijk*�

ß#®�N4Æ
�5§��*êëôN���qruN�����Ê��N�����

F© ®!�NB¶ÑÒ�×Ø´�Pý�&®"\É���������Z[�(÷>ø]%o���

@�\]W æ#N4Æ
�5§��*êëôN���qrrN�����ÊuuN�����

�

��

��

	��

	)�

� 	 � � � � � � )

CDE�Sx�

¶
,
-
��
�


æ

ø
æ

æ

�

�

	�

	�

��

��

� 	 � � � � � � )

CDE�Sx�

(
)


æ

ø
æ

æ

���	Sx

���	Sx

����Sx



－ 44 －

W?p���

�


@e<Q�]�hijk�±��Æ ��tuK�de���e�n�ô�õöe0���<Q%

?mn�÷>ø]Ë#Cî5R\�-x(;0�Ë#	Í%�t
�
@�úû\]ü?o�ýþ#ü

�ab�(;<Q³�*%?'�
@��ùúû\]ü�ab��÷>ø]Ë#%?'�
@����

�?o�<QÃ�Ë#¤B���_ü%op7#�(;N(ýþ#ü����_ü��h_`fg7#

K�eeL%�÷>ø]	Í% RD��
k�(��\]¤BFî5R\%o���\]¤Bfg°ü
ýþ
e�nab�(; 
N(
@C<Q%?mn�B	���Ú&��ð�Ú&%lmn 2ùO FEM�kmn�þ 78�
PQRS PT�ÐÑ����(; 
°±
@��ñòól��¼%
^:/nm�K�
�1ô�õ�ô�õö�M�;�ì���Ú&

F�³��ð�Ú&W�³��öB�M�;Æ
@��ÇCø%�RC ��{S�ý�üs�kmn�
þ� RC����£�£ùú�ûØ ü��Mp�PC����:/nm�;60m2T�/nßÓ
@
	
^:/nm�;STõ��) �
@B?o�<QÃ%^¬��60º²2T�bc�9c�(; 
Ë#	ÍCÐÑ	Í�W�CW �New�e����oá%s�; 

a)��_ü%?'�
@��ùúû\]ü 
� C��Ú&������#*%°K�³�*�úû\]ü����0.68�0.70%������	�N

/�\]*�� 0.77�0.78 esx(;N(ð�Ú&������#*%°K�³�*�úû\]
ü����0.75�0.78%������	�N/�\]*�� 0.87�0.99esx(; 

Cúû\]ü�å�%��
@e<Q�]�hijk	_`�n?p���Ú&���������

XY	ã
��ð�Ú&��������XY	ã
mde	IJ:/(; 
C�hl	 90 Tes�\]üe\V�C û�éé�úû\]üe	Óy�smdeF���#*
��h	09
%p@�sÒ��ê�sW e
��sm	ÍLèg/(; 

C��Ú&Cð�Ú&eL����#%?'�úû\]ü?o����#*%°K�³�*�úû\

]üeL%�FEMÐÑ%?'�	Í��Ë#	Íe^m°-�%�(; 
b)�ùúû\]ü��UV
 
CFEM ÐÑ�����Ú&Cð�Ú&eL�úû\]ü��UV
�����#*������	

�N/�\]*�³�*��% :�s��Ks.!ýþ#ü	ã
�s�W �%�(;d�	

Í��Ó"�s
@e<Q�]�hijk��±e#�K�L��M�;ÓÚ�ø]Ë#���$

�	Íesxn?p�Ó"�s
@e<Q�]�hijk��±e��sx(W �%�(;d�

�����K�(w%�ÊË�ëÌ�Þ3n9�e�¡\��Ï(
@Ã�R\)�â�%����
�#>�W 	]T^�vwg/�	�÷>ø]�oá%
@¼�fg�95�â�%�N³�*

�\]( )�*/nm�(w����#>�W 	�+:/%�mde	%:/nm�;ø]Ë

#	Í�qr%���n9�e�³�*���_ü%?'�'¤BÙ�>²(80s)���_ü�â��
�h	//nm�â�e01�m�â�	ß2T+g/�÷%Ó#��hW �%�nmsmde

F�5��(W ��� �	aº%tu�
smde	\gfesx(; 
c)RD��
k�(
@�ýþ#ü 
CRD¤Bop7+�(³�*��ùúû\]ü%°K�ýþ#ü���5�%9�e��Ú&� 5.5
�6.0%�ð�Ú&� 6.5�6.9%esp�ð�Ú&�ýþ#ü	��Ú&�	Í%�3nFFã
�
ab:/(;ÓÚ�M@/�ýþ#ü��A	� 4.89�7.39É�B	� 4.26�5.26%e A	�Ú	
B 	%�3�gl
	ã
��ýþ#ü��5>L�É�Ã�G	+g/(;������º%l
mn���5�%9�e 5.59~6.11%esp�A		 B	%�3nFFã
m	Íesx(; 

C4Æ
�5§�Newg/nm�úû�6eýþ#ü�_`��%Ýç�	Í�{��üK�e�



－ 45 －

RD�op7+�(ýþ#ü��5>¨�� 5.56%�ð� 6.86%©��5§%?'����gl

�78%9Np�5§�:7;eLÞá��Mx(; 

d)î5R\%?'�
@�ýþ#ü 
Cî5R\%?'�
@���Ú&�ð�Ú&�ýþ#ü��¶% 5.0�6.0%2T�78�>	èg
/(;��Ú&�ýþ#ü��ÃÄ�%opèg/(	Íe¹<ßà�Mx(	�ð�Ú&%lm

n���=2T :m>esx(; 
e)1åP
@�÷>ø]Ë#Î Ï�¿À 
C1åP
@�â��ÕZes��Ëu	�sm(w�\]W �tuFË#Cab	Í��� s

Ò���	aº%-./nmsm;�Ë?o�ëÌïufgopæ��\]W �¿À��op]

T�^mW �abK�×Ø	M�; 
�

�

qr�


@C£<B��÷>ø]Ë#%?mn#�[m(å
N�(�_+$%&%Ä$%ï%{?o�%

Ä$%ï%{£¤+'{�(��)à%�?*�+�Ãæ�eeL%�÷>ø]�Ë#CºÑ%¥5m

(å
N�(£¤
�yz�_¥¦§Cª«§����ÚÔ%��,-y�NK;�

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

©
 

22 1 22  
22   1 29  

 
 

 
 

 
305-0802  

(029) 864-2151  
 

 


	表紙

	はしがき
	概要

	Summary

	目次


	１．
はじめに 
	２．対象建物と地盤条件
	３．計測内容

	４．スウェイ・ロッキングによる建物の振動特性 

	５．建物のねじれ振動特性

	６．RD法による建物の減衰特性

	７．人力加振による建物の減衰特性

	８．2次元FEMによるシミュレーション解析

	９．まとめ
	奥付

