
�
I ��� �����
	���
�������������������� ��!#"��%$
&'�%�)(+*

,�-/.10/243/51276 2989: ;1<#=?>�@,/-�.#0�2/0�2/A43/5127B�C/D E9F/GIH J/K?L�M,/-�.#0�2/0�2/A43/5127B�C/D N9OP: Q�R/SUT�VW�X#0�2/0�2/A45#24B/C�D N9OP: Y/SUZ1[

1. \1]7^�_
1995 `#a4b9cPdfe 69g9h9i j�kIg/h _4l�m#nfo7p1a1q�r�\fs9t#_4u�v�wIx9yfz1a4{ k 2004 `#a|9} d�~�� g/h
� \#]7^��f�I� kI�1� a 0#�4��g9h1�%���/�/gP�7��� w�� �1nfy��1� g/h�k �1e9�g�h'k e/� g/h a4� 87���9�+��� �#�1n��f�9�9�9  g9¡ \4¢9£'¤�l9¥ � xI�/���1nIy¦¨§�© _�l#m/n�ª7«#\�¬7­��I���4u¯® k±°
² a ¦�³��4´7§7µ7¶ �����9a ©Pk¸·7¹PºI» �����1a ©Pk¼�½9¾�¿ aPxf^�a ©P��À�ÁfÂ \4Ã�Ä�Ã9Å �/Æ nIy ¼�½�¾/¿�Ç _IÈ�ÉÊ��x�Ë�Ì k�¦�§9© a�Í9ÌP\4Î�Ï kÐPÑ7Ò k�Ó/Ô
Õ�Ö ¤�u+�7y�×1{�a � v�Ø
v �Ù¦Ú§1©Pº7»
��Û/Ü m#nf_ Æ x ÖÝk4g1h
�)ÞPß x�Ë9Ì aà�á
�ãâ#ä n � ��\Iå#æ1ç �PÆ nfyz ������B/C/� \Iè ½¯¦Ú§9©+�Êé%Öëê/ì9k 3 í1î1ï�ð#ñ �Êò�ó m1n � ��_ Õ w)� g/h�ô aIõ §��ö�÷ m1n7¤7a �1Æ n4y

2.
©9ø a ¾9§ö/ù \ 3 íPî �fV � k ï�ðPñ#\ûú¸ü#ý9þ)a9ÿ �ãâPä nIy ©�ø a��9r���� ����� _ ©�ø a�	/{�

�������k���� 
�� �����#k4ê�� 
�� ����� �)m�nfy � a���� ���! �4�4� k4¾�§ a ¦4³�"
� z �$#� a���� � a&%('!

�/��)+*�
��Ia 6

¦�³," �)m1n�-/.10 y�)2* ¾9§ _/q9��� k3�4� ) Ö afï H6587 ú �GIH:9�7(;I¾�§�k,�<� ) Ö a9ï H�527 ú �2= ý4> 7(;�¾9§#k��?� ) Ö a/ï H
5+7 ú ��@�H�AB7�;I¾�§��C�D#y i�ê a ©/ø a ���9¾9§+�&E 1 _&F'm�y

G

x

y

z

yawing
pitching

rolling

E
1:
©9ø a �9�9¾9§

G

X

Y

x

y

l f

lr

d1

d3
d2

u

v r
Fx11

Fy11

 G
H

E
2: I���

�4a ©/ø �!��J

k1

k2
c2

c1

m1

m2

zin

z1

z2

E
3: 1/4

©/ø ï�ðPñ

3.
¾9§ a ö9ù

a. I9��
6�
�!��J#\ k�E 2 _�F#m Õ�K��4©/ø a&�9r����#_
L8M'�9x2���!J ��N�� � kIg�ê _
L8M ��x2����JO N�P ��m1n4y 6 Qfa ¾9§ a K8RÊê�� 

�TS �U� 

�!V�a&%(' ¾�§ SXW:Y 7�ZB7(;I¾�§ V i([+��\�]m1n7x�^9_ Á �fx&���!J+� ©9ø ï�ðPñ ��E 2 _BF#mIyö/ù a�l�^P\�_/��`Ba+�)mPn4y ¾/§ 
Bb�c �ãâPä n+d1a [$e \ k$f(A8g _�h Á mPn e � g�h9§ �� k7Ñ�i�j!k \ â#ä/� �9¤�a ��m#n7y ��l4k�f(A2g _Bh Á m#n e \�m §onqp9§�e asrutÊ�wv e axrzy��â�ä n7y �2� � �{� a�%�' ¾1§ _�Q#�f�Pz ��#/�P¾1§ 
�b$c � xf��nfy ö1ù \ Newmark a}|B~

(| =1/6) _ Õ n8���(����~1_ Õ w�� V w�xfy ö7ù'ô(���B����� \ k 0.00002(sec)
� v�
��w��� ����� �x9x7^ � a&�!� �)Á ��x�y

——————————————————————————————————————————————————————————————————————————————

Shunsuke Fujii, Junji Kiyono, Kazuyuki Izuno andKenzoToki

平成17年度土木学会関西支部年次学術講演会

I - 51



b. ����
6�
W�Y 7$ZB7(;4¾�§ _/q1���1\ k�E 3 _&F�m 1/4

©�ø ï)ðPñ ���#Á �7x -/.10 y � a�W��7\ fBA+g a�`����k�ê a�W
�f\��
��� 7!Z6��7 W
�2M(� � z ��#���� ���#�9nIy/v�x k�ê a(� � S�W6� ê VÊ\ ©7ø� a$� Ç���k�� a(� � SXW6� � V�\ ©�� � Ç S fBA+gfk���A7H ñ k8�:�4H���� ý(�,  ��¡�¢ V �{� ��#�9nIyw	 � �ã{ � a�W
� � a!L+£�¤ § �#\ » t�¥2¦!  �7� � ��§:¨ k7� a Õ
K _ ©�ø+� 1/4 _���Í�9x7ï�ð ñ �/ê�� ¤ §
�w� m(dP_9\ �PÁ��±� �'�1nfy �/B/CP� \ k { � \�©(ª � 2
� � � w�� �1n�#k�«�¬�­ _ 2

�+�
1
� �)ÿ � �4� 1/4 ï)ðPñ ���#Á mPnfy

4. ® efg9h�¯
® efg7h�¯ \ 1995 `PaIb�cPd4e 6�g�h a(d/_&°�±9��� i ^$² (JMA °�± )

��\�³��±� x2´�µ "�¯¶ �)Á � k�E 2 _&F�m&·1l��!�!J�a O 
6�4_ EW ¸!� k(P 

�4_ NS ¸�� k(� 

�4_ UD ¸�� � ®e m�nfy1x(¹#� k4ö9ù _ Æ x'wÊ�#\4Ï!º 6 _!a!»�aB® e9� \ � ® ©9ø »�a�¼ ��e ® e �4� k m�½#�a&¸!�P_ l �4��¾(¿ ô!�2À�Á a9x9^(Âf« §96 ��a 20 Ã � a ö1ù+�ÊVÄK y
5. ú¸ü�ý9þ�a g9h�Å�Æ9ö9ùÇ!È�É�Ê �4��� k,�,� 

�I_ ô µ 100km/h

� ��' �����/n�Ë�Ì �ãâPä n4y ¼9½ a2�$Í#\ � �7¤7a�)m1n4y9v�x k�¾ *�Î#a2Ï Å \ â(Ð � � �7¤Ia���� k8Ñ!7 �±ñ�\�L�M �Ú� �#� � �/��m/n4y � a&Ë(Ì���/� Ë!Ì
� Õ D�y7\�]7^9_ �9� Ë!Ì � a gPh ô _ l4ß n ©9ø afõ §
� F�� k�¼1½ ��Í�a�£!Ò k(Ñ7 �¸ñ�Ó�h �ãâ�Ð ��x�Ë9Ì#a�Ô�Õ k)g7h�¯ a g���Ö�×P0 ´�µ " _ Õ n8Ô�Õ �¸VÄK y y 
��Ia&�(�#_IÈÉ�� k�©1ø/�9�!Ø a&Ù V ü AB7 §�¨ À a�®B¨4�2Ú�Û'mPn7aB§ ��©/ø a��/r�a y �!��_ Õ w��(Ü$Ý�mn4y v�x kI©!Þ$ß (3.5m) §:¨ ©�ß (2.18m)
�Bà ���$á1^�¨ � n+â!ã ß a�ä(��a�� �1Æ n 0.66m

� �ä n1� ©!Þ+� Ú�Û'm1n7¤�a�� âPä ¨ � k z � ¨�a&� �ãö9ù�å�æ �(ç7] E 4 _ ”border” �4�I�BF'm�y

-0.5

-0.25

 0

 0.25

 0.5

 0.75

 1

 1.25

 1.5

 1.75

 2

 2.25

 2.5

 0  5  10  15  20

di
sp

la
ce

m
en

t[y
](

m
)è

time(sec)

track
border

a. é<ê3ë<ì
-0.0015

-0.001

-0.0005

 0

 0.0005

 0.001

 0.0015

 0.002

 0  2  4  6  8  10  12  14  16  18  20

A
ng

ul
ar

 V
el

oc
ity

(r
ad

/s
)í

time(sec)

Yaw angular velocity

b. îðïòñ3ó3ô
-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0  2  4  6  8  10  12  14  16  18  20

di
sp

la
ce

m
en

t[z
](

m
)è

time(sec)

z-displacement

c.z õ÷ö{øúù<û
-0.5

-0.25

 0

 0.25

 0.5

 0.75

 1

 1.25

 1.5

 1.75

 2

 2.25

 2.5

 0  5  10  15  20

di
sp

la
ce

m
en

t[y
](

m
)è

time(sec)

normal
load

boeder

d. ü<ý3þ<ÿ��������	�

-0.5

-0.25

 0

 0.25

 0.5

 0.75

 1

 1.25

 1.5

 1.75

 2

 2.25

 2.5

 0  5  10  15  20

di
sp

la
ce

m
en

t[y
](

m
)è

time(sec)

’reaction A’
’border’

e. 
���
�����������������	�����	�� "!$#"%'& ���

-0.5

-0.25

 0

 0.25

 0.5

 0.75

 1

 1.25

 1.5

 1.75

 2

 2.25

 2.5

 0  5  10  15  20

di
sp

la
ce

m
en

t[y
](

m
)è

time(sec)

normal
handle
border

f. (�)�*,+.-�/,021�3�45	6�7�8	9�:";�<,='>2?�@

-0.5

-0.25

 0

 0.25

 0.5

 0.75

 1

 1.25

 1.5

 1.75

 2

 2.25

 2.5

 0  5  10  15  20

di
sp

la
ce

m
en

t[y
](

m
)A

time(sec)

normal
700gal
500gal
300gal
100gal

’border’

g.PGA 4CB�0ED	F
(a G ?�@ )

-0.5

-0.25

 0

 0.25

 0.5

 0.75

 1

 1.25

 1.5

 1.75

 2

 2.25

 2.5

 0  5  10  15  20

di
sp

la
ce

m
en

t[y
](

m
)A

time(sec)

700gal
500gal
300gal
100gal
border

h.PGA 4�B�02D�F
(f G ?�@ )

H
4: IKJMLONQPSRMTVUXWZYK[,\^]`_Oa`b

I`Jc\edefOgKhOiOjOkmlonqpZrtsSpMTvu`wc\QxOy"u{zX|Vlon~}q}X�K�KiO�K�~�t�cRq�c�`Tq�QrXi�O� T^�"IKJq���K�^�cN^�q�mzX�q�Z�^�Q�o��Ne���M���K�K��zX�Q�S�Qs,�`�~�" q¡c¢^£ 50cm NMr,¤
}M¥�s,�K��zX�K�M�S�c���O� � �estdefOgqhKiO¦e§Zno�Qs,�q�mzX�q�M¨�To�e©QNO�`�M�C�O�O�mzC�Vl
noª`«Q¢�s�£ 40cm �K�{zX�O�M¨cTe�

6. ¬K­®`¯O°Q± �²l�n`�QroscP�³�´Qµ²¶�·Vnt¸`¹mzvº�»�N^¼~¨��
(1) 6 ½^¾XwM\^�K�Q¿oÀQ�²zXÁKÂM¨QTK�QroN~³Z¥�sS�K�c\SÃKg{zSÄZÅ,Æ~ÇSyVUv�Knq�
(2) ÈOÉ`ÊOË`icpMT"ª`«c\S���Z�" `¡Q¢KsSÌKÍ{rX�KÎ � ¶XÌKÏ{} ± \SÐKÑcN�Ò�ÓKicpMT^�
(3) ���Z�" `¡Q¢ PGA \OÔQÕcÖtN`×^Ø�ÙOÚM¨QTe�
(4) �K�c���O�e�Ûz^ÄcÅ�ÆqÇ^ySÄ�Ü��^N�ÝÞ¥�ß^·cs	�q�e�e��NOÒS¨`TvàOáÛz��`�QTXâqãÛzCäeåM�enS�

æOçcèSé

[1] ê^ë èqì , ê^í~îtïOð , ñÛêtòKó : ôOõ`ö`÷K�`�Ûøt�K�~\SIOJ`]K_`aKb . ùeúcûqüO­ èeý , No696/
I-58, pp. 249-260,2002.1

平成17年度土木学会関西支部年次学術講演会

I - 51


