
� � � ��� ��� 	 
�� �� � ��� ����� �
� � � � � � 	

������������ !�" #%$�&('*),+.-�$0/�1

243 57698;:
<�=*>�?A@CBEDGFIHKJML7NPORQTSVUXW�Y�ZV[�\^]M_G`badcfeMg�hjiMk�L^J�l +TmVn aocfeqp�r^]Ps�t�u*rwv
x�y ijzqJMLRNC{}|9~ + [*\��*�jlq���K�9i��V�XNP���X���R� + _E`baoc�e�]M����g*hA@Cu�����H,N*�9��i�l
� �}�M���A@A�ANC{M�G]}��D + ���*g�hG�C��iq�������*�X@�u�����H +Tm*n aoc�e�]Mp�rX@��K Az��q¡�¢ +Tm
n aoc�e�]Pp�rji�£7¤qJC_G`badcfe�]Pg�hwvM¥§¦f¨�©b@CªK«C����NE©¬^®KFIH,N�{M�¯¨.� +° QM±�²;³´��l m
n aoc�e�]Pp�rwvqµ*¶*·G¸j¹q²�º}iq»RzT·K¸^¹¯³.c*¼.½�¾9ºT¿ÁÀM²�vq¥*L +m�n a;cfe�]Pp�rji�£K¤C�q_G`.a
cfeMg�hK]P¢�Â�ÃK]PÄ�Å�rGvM¬�Æ�¶KNC{
ÇÈ3 É7Ê7ËRÌ
_E`baÍc�e�]PÎ�Ï*ÐVÑA����NPÒ�Ó*Ôw]Pg�hXiMk^ÕANPÐ*ÖXl +Ø×*Ù r��ÛÚ.ÜCÝ}²MU�r��ßÞ*à*á*âVr��ßãVä*å*r��
Ã � �PÒ*ÓVræ�èç^²éa^²q·ê¼�½éë}ì*rí�î£VïVÒ*Ó*ræ�îðVñ*ræ�óòVô�õKöT÷Vø*rjù�úE�é�*ûV�V�7� + pXiP�G]PüÁ�
lMçE²qaE²�·Í¼M½V]Mý�þEvqÿ����EÕAN����G]����G©éùAN
	�� Ù © çE²qaG²�·Í¼é½G©é]���Gv���� ���7N
��Å +
��� Ù i7©��Pùd¦����ji���N7ÚéÜCÝV²PU���Å + � zqJ�Þ�à��*¥wv��������KN
��Å! 7Fÿ��ê��H N9{^¨*¨é��lq[
\����E]Mø�"^�X GF# �i�ùXN mAn a;c�e�]Mp�rEi�£R¤C��_G`Pa;cfe�]qg�hK]M¢�Â�ÃG]MÄ�Å�rEvq¬�Æ�¶KNV��D +
m�n a;c.e�]Cp�rGi � LGi%$'& �IH¯N7©T¬G®7F H¯NMÞAà'�A¥G])('*� 7Fq]CÒ�Ó�ÔK])+�ÐAü �.i9»�¶RNM>�?Kv
¥-,q�V{
Þ�à.��¥w]�(�*/ GFé]�O7QTS*U�0�1�r*W�YVZ�	2�M[*\^]
3�4�r.5.6^]
7^i�l + L98�:/ �]*Ý
;oc çGvMÎ�<Kz
�9H>=�HKiC»7zqJ)5�6X@C¥^�bH N�@ + ° QM±�²;³´��lP�K]'?C�@�A5�6^]�B�C¯©.ù�N
B ° Ý
;ocIç^i�»V¶KN
3.4
r�5�6 + :K�7�D��EG��	�� Ù�F iq»�¶KNéaocbeMr�Å�5�6�G�H^i�B>IKJM¬�Æ�¶KN9{
B ° Ý#;dcIç^��l�LNMPO iRQ�¶S�R¦�i)0�1�r*ÞVàX@C_

`éa cbe�vRTKUjzCJ m�n a c.eV?�])	@� Ù i%W�XAz
Y
Z@ZViw�V�R[V\ �IH + _K�V@>]'^�¶RNA�*�A]�øV"w@}»
_ ©�ù�,bJéLKNq{ �,¨.��`}L¯F HRNPÞVà>�V¥.a>bAl + _
`éa c.e�cV��l>d'e�¡ +bm�n a;c.e!c9��l>� F ¡EvRf
�Rz +hgji'k �VE'	@� Ù'FVl a'bKv@�A©éiGz9J>mÁF H
N�n'o &�p J�]9� �'F'q vR`�LG�sr i'k a'bGi��w�¥
�bH,NE¨A©f@%t�Lw{
° Qq±�² ³ ��l�	�� Ù�F�q,+ ½7cvu,À%w�UKù
x.y'x

z �}�A]R{'|�ü �~}��@� m�n a c�e�]R{'|�ü ��©����/�
©D� ¦��R:^] mVn aÍc e}] Ù Â � �CùPpVrAvé·^¸A¹.²�º
©MzMJ +��������.�V��� iqkjÕ�N
��C/�9²X¾j©#��¤�Þ�à/�
¸7¼.½�¾q@9t��ê� H NPÒ�Ó�ÔE]Püê�bv����*¶KN�} µ%MPO�� {
a�b��RôN�j¸��9i*l � ? ���#� ]�� �¢¡£� �¢¤¦¥ � v�`*L +
\'§'¨�©��ªW'a�« �ª¬E¸w¾'qÃ'®K?�]CÞ�à^õ�¯�S@¯ ³
c�²R°K]qÃ ��± £'²K]�a�b�·7¸G¹q²Xº*l �'�V� ] �'�
³ i�CR¤C�*{

´#µ·¶ _G`.a;cfe�]�r�Å�5�6wiqkEÕAN�¸�¹@L
º µ·¶ �.C@�}²w¾9iqkEÕAN
»�ï�·K¸w¹q²Aº

��C@�}²j¾
¬G¸A¾�PÃ�®E]�o�¼ }¾½.� ¿ÁÀ Â
_G`éadcbe�]Mü � }Ã½�� ¿ÁÀ Â
m�n adcbe�]�{�|�ü � }¾½.� ÄÁÀÅÄ
	�� Ù�F�q }�Æ�½.ÇÉÈÊ� ËÁÀÅÌ

ÍÏÎÑÐ¢Ò>ÓÕÔPÖØ×ÚÙ�ÛDÜ�Ý'Þàßâáäãæåèçêé¢áìëDíDîDïêð
ñ%òóòÉôöõö÷ÉøóùÉø�úDûDüêýDû#þèÿ����öõ�ôöõ�ò�úDû���������������	�
����������� �Áôöõ�ùÉ÷��Áòöõ�ø����Éô�������� �Áôöõ�ùÉ÷��Áòöõ �����Éô



!#" $&%&')(
*,+PÌ.-/*,+103254/68796;:=<?>A@CB�D/E�FHG9Iw@J-3K=L

M/NPO FRQ�S Ì�T�U¯©&VWSXQYU;F8Z=F\[=]=^_F\`baV©�c=d=e=f
g9hji\k O FmlonJp5qsrut/vxw\-,[9]�^JF5`ya{z|c�dPe
f g�hsi}k O ©8~o�uK9L M8N_O F}486)Eu���9�9�jr5tH�
��� *8�3c?d8e/f g?hJi,k O @xVW�XQ�Fo�?�P2HK8L MuNPO F
c=d?e8f g?h&i3k O ���=�&rotH� �u�?� vJ*=�?F=�\�m2_-
:=</>{@CB=FH�=�9`ya���p5K9L M/N�O Fo`ya���� �X�\F{VWSXQ��
Ì�SXQW��0WSXQW���.SXQoU ©��9�xa �&¡�Z9FHcPd�e�f gPhsi}k O E
¢ �u� *,+£�?25:�<?>{@3B�D/EPF�G9I;pHK9L M?N�O F{Q�SXVW�
Q�SÅÌWTW��QWSXTW�¤V�SXQ¥U�© �=�ya��;¡R©\¦=F§-C:=</>{@CB=FH�=�
`yaC�u�9�=¨ � [9]9^JF�`ya}p5©=¨)�o�§E�¢ �u� 4?6?7
6jFP�o�;2HK9L M=N�O ©oªH«JF�¬99�9«^@/®�¯�6 ��°�±
²\�&puqsr5t5� �u� ¨�¨\E&-3:=<?>A@CB9F5�9�9`ya�©�[
]=^�F\`ba³2�´_�oK=L M/NPO F\4�6;Eu�=�8�8�Jroto� �u�
¨oF9*/µ&¯/-�¶j®5·?¸=¹=º=»mE9F�G=IX@uK=L M/NPO F

V�¼�Ì#E9¢&w�:=<u>x@,B=F\�?�8`½a @HK=L M/NPO F�ÌWSXT�U;¢
� ©�¾J¿8ro¡7©3¦u2�-Y[?]8^P2oK?L M5NPO F�QWS �ÀU=Á?Â�F
`ya,E/Ã�Ä¯¨A©é@/Å;µ �?��Æ ¡J-C¶E®u·8G�Iw@/K9L M8N
O FÇVWÈÉ�Ê-Ë:/<5>Ì@³B8F\�?�?`�a@x0�U=Á?Â�E9¢�6m·&-Ëe
f=Í9Î9Ï9Ð;µ&¯\2u[9]9^JF�Ñ�Ò9`ya�@ÓQ3Ô �ÖÕ�×=Ø^@/®
¯Ë6 �u�

Ù}ÚÜÛ G=Ij@uK=L M/NmO FÌQ�SÅÌWT#U

Ù}Ú�Ý G=Ij@uK=L M/NmO FÌV�SXQWQ#U
Þ#" ß9àâáoã

ä8å :8<u>æ@,B=Foç=è�p�©8¨8é h�ê N�ë E9¢ �\ì;íoî
FHï9ð9G9IyÔ�ñ N > N é i\k ©9ò_µs¯ k @Yóõôuö}÷�é O
Æ EmFH�9�9`ya}p�é h;ê NPë ÔurutJ-,K=L M=N�O Ô�ªPø
e9f g9hsi}k O @/®�¯�6 � [P]9^JF�`ya3��l\¨ �où ÂPÏ
Ð§p5Îsú5¡ � 4JFH×PØ_2J-C:=<=>A@3B=FHûPç_�u�søu¡/ü
ý >{@3B�þ9ÿJF ±�� �Jp�ÎRÕ���Ô�F��9è�ç§p5q��sr5tH�
�u���&Æ w	��F5×9Ø§2J-,ü ý >A@,B�FHþ9ÿ§2�
9Å���JF
���8�u�sø5t����srHt5�����õ-,¨ � ²������ ì�� ï����
E92/K9L9þ9ÿ;p5Î=��- �=ï ì�� ï��!�8E92u:9<=>æ@3B9F
û=ç§��l\¨ � " Nmë p�#9®sr ±��!$9� þ�ÿJp&%�'jrP-)(
��
9Å�*�+�,�-JZ?�uv�. ��/�0 z21�3§�54Pw¥c�6 $9� �
�=þ=ÿ_poÎ ÕCÔ87 Õ:9<;;F=�=è=ç;poqsr�tH� �5�

> ? >
@ A B
C D E
F G H
I J K
L M N O P Q R S T U V W X Y Z [ \ ] ^ _

Ù}Úa` K=L M/NmO Ôoª�ø3e=f g=h)i\k O p�bdc �
[=]=^;Fo`ya

c<em��f�g&h Nji E92�k<l_F?¡�Do:=<u>æ@�B=F\û=ç�po©=¨8é h�ê N�ë p�m8�j-³e?f8Í=Î�F&n<omµJ¯ :=<u>{@
B=F\û=çm�H�Jø5¡�[=]=^�F�`½aCFoþ=ÿ8Ò<pmpoq)r�¡V@;-q%�r5�=2�[=]8^X@�st� �9� �=ÔC�!4 � ¸=¹=º8»<u�F\e
f<vxwzy=Â�{<|=Â<}�~§F\�=�X@��=f=���/é h�ê N�ë ���<�u¨��<���)-q( �9�=�<� @5Ñ=Ò�Ô �=�=�t� @��<�<���
¨ �H�
�<�<���
�����������&�=�=�=�z =¡=¢=£=¤=¥=¦z§=¨=©=ª=«�¬®=¯=° ±5²q³�´�µ�¶¸·=¹�¬»º½¼�¾À¿ Á�ÂÃ¼Ä¿ ÅÆ¬»Ç®ÇÈ�aÉ�Ê�ËÌ�aÊÄÍ
ÅÄ��ÎzÏzÐÒÑ�ÓzÔÖÕ	×�Ø�Ù=Ú=Û=Ü=Ý=Þzß=à�á8â<ãä¦�å	æ)¬èçz°<é8ê=·=¹=ë=ìzí�¬ îïÊ�Å�ðÆ���


	kyotsu: 　　土木学会第55回年次学術講演会（平成12年9月）
	No: CS-199　


