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 cC2BCP8xG�LMTUª«W¬�B®

2.15¯TNK5¤¥¦§w?Z 

 ==5B
x&& °ª«89±5²TU³²´�_B

hz&& °9±8´�_B
cD °µ¶�a|UZª«WCP8¶52·¸m8¹;ºe=WWwB�»8?4B¼½9:´�_8¹;stTUWw?Z==aB¾9:´�_5N>r¿«5ºeÀÁm;ÂÃ·¸m�Ä�?WÅ5Bª«2LM�ÆÇTUZÈLMÉ8ª«52BÀÁmWM·¸m;ºÅBÀÁm;ÊË>rÌ9±5²TU³²�_;Í5]UËaLM�ÎjUZÏª«8LM�;Vµ¶5%w?�Bª«2CPWXYTUZ=q

h8=WghÐgqUª«8¨M�©�WLMÆÇBÑÃÒÓ�ÔÕ5¯TZ 

 

[
LM�

] )(xsigngzx h
&&&&& ⋅⋅−−= ν        

 

[
ÂÃ�

] 0=x&&     

 

[
LMÆÇÒÓ

] gzh ⋅> µ&&  

 

[
LMÑÃÒÓ

] 0=x&  

 

[
XYÒÓ

] cDx =   

 ==5B
ν °M·¸Ö×Bg : 

nm´�_B
µ °ÂÃ·¸Ö×B

)(xsign & °ØÙ���UÚ×a|UZ=qh8¨M�©�WÒÓ��tbrB9:´�_8�ÛÜ�ÝmwLM8Þß8àá��bBª«8´�_�â�wr³²�_W³²ãä��4B³²ãä;µ¶�5%w?�8³²�_ eqV
��4?Z 

 

 å1'æç´�_5NUXY�_8��� V8XY�_����5��wNKWTU@ABèéaê6ë5ã§TU9:ç�ì8NK5�OíKg;îïW]UZVXY2B�¶�5êðÎ]ñòa|U?4Bó�ô8LM;|U©_õÎwrVµ¶5%w]bW�3]bZw?;>rB9:´�_;�ÅbB|Ub2öb÷�ø�8W=ù8úK;LM�¶;öeBXY;<=UûüÁ;ýbZ~=aB9:ç8KþXY��3dÿUa|ùKç����5�ñTq�NbW¬�B���a2B�
3-1��a��hqU'æç´�_8��

A
W÷�

T
59:ç8��´�_W�	÷��tbU=WWw?
2)Z 

x&&  

hz&&  

cD  cD  


�
2.1 ���������� 

�
2-1� �
2-2� �
2-3� �
2-4� �
2-5� 



 

[
'æç´�_

] 







= t

T
Azh

π2
sin&&  

 �
2-1��89±8´�_5 �

3-1���+ÝwBª«8LM8¨M�©�WLMÆÇÒÓBXYÒÓ�tbrÐ�w?'æç5NUXY�_8����ÔÕ5¯TZ 

 

111sin

2
cos

2
Dt

T

AT
gtV +








+=

π

π
µ     









−−= 001

2
cos

2
t

T

AT
gtD

π

π
µ     

A

gT
t

µ

π
1

0 sin
2

−=    

( )

Ag

DC
ATAT

AgC
AT

C
AT

t

c

−











++−−−








+−








+−

=
µ

π
µ 2

2

2

22

11

1

324
2

44
 

 

001

2
cos

2
gtt

T

AT
C µ

π

π
−







−=   

01

2

002

2

2
2

12
sin

4
tCgtt

T

AT
C +−








−= µ

π

π
   

 ==5B
sinV °'æç´�_5NUXY�_B

0t °LMÆÇ�ÛB
1t °XY�ÛB 21 ,CC °â��×a|UZ 

 

 �1��5�tTU9:çW·¸Ö×Bµ¶�5�br
 � �� a 2

K-NET
W

Pacific Earthquake 

Engineering Research Center (PEER) 
8

Strong 

Ground Motion Database
8�:��ghB

El Centro , 

Northridge ,Taft , Kobe�8+ �]9:M�!"#
78$89:ç�%&'()*wB+,w?¥)-8.²��´�_�

5 /08́ �_
1000gal

B
1500gal

B
2000gal

B
2500gal

B
3000gal

51�B
3/08·¸Ö×

 230.5 , 0.6 , 0.7 
W

3/08Vµ¶� Dc=10cm , 

15cm , 20cm 
�4¹A�ÿr

35105)68����>?Z?7wB89:ç�tb?��a29:;)-84¹A�ÿ5N>r2BXYw]b@A;|U?4B<hq?¥)-2 1471 5)6W]>?Z���5t

bU9:M8�	÷�2B+,w?9:´�_8¥)-�=)>?ã@wr�	TU÷��A�wBBCC¯�D
3)
5�dqrbU9±/E8�05FGbrBHI/9±5�0dqU9:ç� 11 $BHJ/9±5�0dqU9:ç�

39 $BHK/9±5�0dqU9:ç�
38$W�0w?Z 

 

 L1'æçW89:ç5NUXY�_ ���5NUXY�_2'æç´�_�9MWwr��?Ì8a|U?4B89:ç5NUXY�_W2M]UZ���W89:ç5NUXY�_8N;�3UOP�ÔÕ5¬QTUZ89:ç ���9:´�_
3000gal

B·¸Ö×
0.5
Bµ¶�

20cm�5N>rVXY;�3UËa8��RS8TU�®5.1(a),(b)
5¯TZ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ®
5.1(a)

ghVXY��3dÿ?´�_2
2300gal©_a|U=W;�gUZ=8NK5B89:ç5NUXY2V�wÌ.²��´�_;�3U�5XYT

(a) WXYZ�[\]^_`�ab 

(b) (a)
�[\]cdefg�hijk

 
�
5.1 WXYZ�lmno�ab 

�
3-1� 

�
3-2� �
3-3� �
3-4� 

�
3-5� �
3-6� �
3-7� pqrrrpstrrpsrrrptrrrtrrsrrrstrr

qrrrqtrrurrr q u v t wxyz{|}~������
�������������� � 2300gal 

� 0.25sec 

���f
 

������������
������ � � � � � � �

����� ¡¢£¤¥¦§̈
©ª «¬®¯°± � 7cm 

���f
 



²²³´²³µ²³¶²³·̧
³̧´³̧µ³̧¶
² ¸ ´ ¹ µ º»¼

½¾¿À ÁÂÃÄÅÆÇÈÉÊ
ËËÌÍËÌÎËÌÏËÌÐ
ÑÑÌÍÑÌÎÑÌÏ
Ë Ñ Í Ò Î ÓÔÕ

Ö×ØÙ ÚÛÜÝÞßàáâã
UW2äh]bZË?B89:ç2'æç´�_8NK5'å8´�_;ó3�ÅdaæOçTW2äh�B'å8ìþhgT�;l%wrbU=W;èbZ=8@AB'Wå8�ôaLMTU�¶8éA;M]U=WghB'å8ìþhgT�8³²ãä;êë5ìâdqrbeZ®5.1(b)

8
5.5íî��ïUW³²ãä2ð

7cm
W]>rñOB���5tbUµ¶�NOÌ,dbòW]>rbU=WghBXYËa8LM�¶;óe]OXY�_8RS5ôõ���UW¬�hqUZË?B®5.1(a)

8U�ïUW���atb?9:ç8�	÷�8ö÷�2
0.85ía|U85²wBVXY��3dÿ?89:ç8ö÷�2

0.25 í©_a|U=W;�gUZ=8NK5BV�wÌ9:M8�	÷�Wó3÷�aXYw]b=WÌXY�_8��5ôõwrbUW¬�hqUZ 

 

 ÷1øù��tb?���5NUXY�_8ú' û¡w?���W89:ç5NUXY�_8N2:'%ü5l�TUW¬�hqU8aBøù��tbrú'TU=WWwB�
6-1��5¯T89:ç5NUXY�_

eqV
W'æç´�_5NUXY�_

sinV
8ý�XY�_8��þNWwr�ÿw?Z 

 

[
��þN

]
sinV

Veq

v =β
�
6-1� 

 ==aBHI/9±8¥)-5�br2Bú�T¢r889:çaXYw]bWbKRS;<hq?Z=q2HI/9±a��dqU9:ç2B÷�;ób?4LM�¶;óeB�Å]ãä;l�w]b?4XY;<=h]g>?W¬�hqUZ~=aBHJ/BHK/9±a��dqU9:ç�²òWTU=WWw?ZË�B.²��´�_B·¸Ö×Bµ¶�B9±/E84¹A�ÿ;
vβ
8øù�_��8��5��Tôõ5�br�¢?W=ùB.²��´�_B·¸Ö×Bµ¶�84¹A�ÿ5Nh�B|U��8�����¯T=W;�g>?ZwgwBHJ/9±WHK/9±a

vβ
8øù�_��8����;M]>??4B9±/E	5ú'��K=WWw?Z9±/E5N>r�0w?

vβ
8øù�_��2®

6.1(a),(b)
5¯TN

K5
�>)���tbr��TU=W;aÅ?Z 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ==aB²×'6���tb?��5�brÌ��w?;B
�>)��8úK;�A_;ýg>??4
�>)���tbU=WWw?Z��w?
�>)���tbr®
6.2
5¯Tâøù����4B��w?âøù8wÅbòNOB ®

6.1
5¯T�Ä�øù5FGeú'Ö×���w?Z'æç´�_5NUXY�_5ú'Ö×��3?ò�XY�_8��òW�ÿTUZ 

 

[
XY�_8��ò

] sin

Pr VV ob

vc ⋅= β
�
6-2� 

 �Ä�øù
90�8ú'Ö×�tbrXY�_���w?@ABó3��´�_W�	÷����89:ç;

100
ç��wB�r8@AaVzXY;�3?WwrÌB=8�

90
ça�3UXY�_2 �

6-2��5NU��ò�Ä�]b=W���TUZ=8�Ä�øù5FGeú'Ö×�cC8n�_5N>r�b�jB

(a) ���X� 

(b) � �X� 
�
6.1 !v "#$]%& 

'()
0.50 *+,-
0.31 

'()
0.67 *+,-
0.35 



../0./1./2
./344/0
. 4 0 5 1 678

9:;< =>?@ABCDEF

../0./1./2
./344/0
. 4 0 5 1 6789:;< =>?@ABCDEF

�
6-2��5NO��w?VXY�_�tbrBuv�8����K=W;ûüa|UZ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 G1R� ���a2B9:�8cC8VXY5NUuv�����5��TU?45tbUVXY�_�B9:M8�Á�¬Hw?'æç´�_�tbr���5��TU��5�brIJw?Z 

 

 

K1Lf8Mï XYf8cC8uv�8���5�br2BcC2��w?XY�_aCPWXYTU=WWwBXYf2EFGgh8·¸m�ij];huvTUW¬�B®
8.1
5¯TNK]¤¥¦§��>?Z 

 

 uvN8¨M�©�ghÐ�w?uvÑÃ�8uv^
θ
8����ÔÕ5¯TZ 

 

[
uv

]̂ stop

h

c
stop

s t
l

eV
t

I

Fl θ
θ

cos

2

2 ⋅⋅
+−=

�
8-1� 

[
uvÑÃ�Û

]
hs

c
stop

llF

IeV
t

⋅⋅

⋅⋅⋅
=

θcos
 
�
8-2� 

 ==5B
F °·¸mB e °CP8klÖ×B

sl °uvÉoghEFËa8OPB
hl °uvÉoghVzËa8¼½OPB

I °VWQR�¬Hw?ÀÁ¤);'SB
cV °XY�_8��òBθ °c^a|UZLf2=8�8�tÁ5�br

FEM
W8ýT]ì��b��wrbeZ 

 

 

91U¬�V 

(1)WX YZ[\]^_`abcdef_ghijklmniopqrs
63 t uvYwxyz{|}~��

2011 

(2)Tomoyo Taniguchi and Takuya Miwa : A simple 

procedure to approximate slip displacement of 

freestanding rigid body subjected to earthquake 

motions. Earthquake Engng Struct. Dyn. 2007 ; 36 : 

481-501 

(3)������ ����
 ������������� 

 

ob

v

Prβ  ����� ����� 

90� 0.86 1.15 

95� 0.98 1.31 

97� 1.06 1.42 

99� 1.21 1.63 

eVc ⋅

iF  
hl  

sil  ��
8.1 �� ¡¢£¤¥¦§  ̈

(a) ©ª«¬ 

(b) ©®«¬ ��
6.2 v̄ °±²³´µ ¶�
6.1 ·¸¹º ob

v

Prβ  

θ&&  


