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3-dimensional propagation of localized deformation in foundation under shear

132 435
∗

Terumasa NISHIHARA

∗ 6�7�8�9 ������: ( ;�<�=�> : ?�@�A�BC=�D )

When a strike-slip occurs, the base rock itself slides uniformly, but on the ground surface

so-called echelon faults, which are periodical oblique faults, emerge. In order to examine such

characteristics of propagation of faults in foudation, 3D-FEM analysis is carried out. Damage

in foundation is expressed by void damage theory. Various models are analyzed in order to

investigate change of the echelon pattern influenced by intervals of such faults and the thickness

and damage of the foundation
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d]f � \	´ < x�µ�¶ ��®]éOf ¬ 
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y , ��� J}bec§P�~Jz	ìOX�J�-Jz�PÛ� ² fU�	X§PÛ� jOi�]�Oä]t ¬ ]�^KÒ »�ó o � bOc z�.O² � ² ÉM~�§ j]ä]±
m °��]�Oä �K��/��QP�� ² fU� ´Oµ]x�� J	+ ² �U~ �O�0 ³ ��1 XO[]\ �e�]ä]± /��Od]f�2�3 ½ P�R qO¡ \�4 ²��� JKN¸¿Kf z ~O�O� i]�O� ¤OfKY ã [�X ��º�» Å Ç z.Q° ¬ ����J�5Ob ä pQP�~]� � Y ã�ä]±�qO¡ 2�3 ½]����]z}jOi J �Oä �K��6 < P��OYOy � J �Oä �K�O¿ Ê ��>?O�]z�7 �ed]fO� ¬ z�ú�ûQ¦ pO� ² f z ~]� � ¸O¹O[��jOi��]�Oä]t J � pO��]�^KÒ »�ó o � bOc z k]l �]� J
J�8 z �}� ²Q° � ¬ ä�± � �KuOv � o�° yQP�� ² fU� ¨
J êìë í ýÌ� b Ô � b c �8\ P R£� –6 �Fð f ¬ ~H]£^
Ò »�ó o � ¬ � ¬]� bOc]�]P�� ² fO� ¬ z b ä fU�O�Kp



\OêKë#íþýO�eb Ô]� ;�9 z Ò »�ó o � J�: uQ¦ pO� ² f
R]l}[]¤]®�^�;O[]\e¤OfU���KRU~]êKë%íþýO�Ob Ô]� � <
ÀC\ 2.6×10−6 } ~U[C¤U�MR z ~C�MpC\UêMë í � { �
:u d]f�Q�R ��<�=�>O� b z ®]éKR )�OqOr�° []\ < É °x]± oU~]ê}ë#í � ;�9 z�? ¬ ò�� êKë#í � LON ��� J�:uQ¦ pO� ² fKR]lK[]¤OfU�OêKë#í ýO�Ob Ô]� bOc]\�]�^
Ò »�ó o � ¬ ø�@ J�AOR .]� �	\Od j JM~�X ��B �OÀ�X� � � \
C ¦�²C� [ e E �U� x
DE \ 9 é xM² �
(2) Fpæ
GHJI
KLMNJO æ
GHMPQR ²

(stiff)
x Y � JÌ\ì¥ �ÌhÌiÏz LÌN P xÑ² � ¬ z

� � Å�! í �O�]ä]± \ ¦ pO� ² f z ~]�Kp]�}ô | d]fKR
l JTS ÇVU Ô � f ª � 10 W ¬ P R kHl � � � RC� � �
�U� � � �UqUrCz 3.0×10−2 � � 5

i õ � ]p^MÒ » ó o�Ï� bÌc �(� –7 § J8\ dC�(î ±ìä Jì¥ �(º£» Å Ç z L
NQPÛ��+ ± oU~�� � Å�! í �O�]�}ÞOß �K¿OÀ w J���\Od
� ¬ z [CÉMRC�

1.0E-04 �����
1.0E-04

1.6E-03

X
Y�Z�[ 
2.0E-04 �����

2.0E-04 2.8E-03

f0 = 0.5

È
–7 ����
 �!
"
#�Ð ���
\ ���
	�� 3.0× 10−2

¨ J æO»�� < É x dO ]ê}ë#íþýe�Ob Ô � 0.5
¬ P�Re�

�Ï�(� –7 mÏJF\ÌdC�ì¥ �(ºê» Å Ç(� | pÌ� ² f z ~H��ÎqÌrÏz^]Ì²`_ba [ hÌi7ëÏz X � �7�ìYÌy � J 7Ï� f� Å í z : uOw J x �K� ² fU�]P�R z �K�U~O¥ �OhOi��
LON]\KY �]� R ¦ ¬ æO» ~ �O�Oqer]� < É ¦ J�c � P��² f
d zU�Uä �MRC�
(3) efhg�MijJI
klmJn
oJp

0 0.01 0.02

y q�r ��� (m)
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(N/m)s
70 m( t�u ÿ )s

70 m(
þ¨ÿ

) s
105 m( t�u ÿ )s

105 m(
þ¨ÿ

)

s
140 m(t�u ÿ )

s
140 m(

þ¨ÿ
)

È
–8 vw�	x�ynËnÌ�ÍnÐ��
�
	�����

z hOi]zMjOi]��{�| J�}�~Kd��U½ ����� � jOi]���|���e� < É ¦ [ ��� ! ½ PÛ� D�E d�fU��� –8 J Ø�z 70

m, 105 m, 140 m
�n� � ! �n: èUqUrpénë �n\UdC�U�U�

[ :�è \�� ��� z�ì]È]®�m�©]JO¤Of�U�ª ã]��í R ��y ���� ! ��Ø [�VQP�RJ� � []¤OfU��^�; ~ Ø]� 4 ²���� !

\ qO¡ PKJ °�² R�lKYOy � [ �KqOr \�� �OqOr ¬ %�' P
�C ¦U°Mx �M� ² fU� � –9

¬ � –10 J ØCz 70 m
¬

105

m
�n� � ! � � �UqUr 3.0×10−2 � � 1

i õ ¬ 5
i õ �

]J^KÒ »�ó o � bOc���\QPÛR z ~ Ø�z 70 m
����� ! [

\�© �]����j����]����� �����M~��KRU~eYOy �]�KqOr]z< É °Kx]± o�z�ìeX]J qOr]z -�z]P xK² � ¬ ä]± ]�^KÒ» ó o � bUc z
� � �
��U� ² f z ~ ØCz 140 m
�n� �

! []\�z�ìOX]J qe¡]z -�z]P¨]�^KÒ »�ó o � bOc �K¡ Z
\K� {Q°Kx �K� ² fU� eej È]®�[]ÉOf���� Ø ��8 ° ]f
� ¬ z��O× ¬ 
]é ± p]f z ~ 5

i õ � ]�^KÒ »�ó o �]�ºp» Å ÇU\U¤ �C® �� ¦ p xM² �

2.0E-04 �����
2.4E-03

2.0E-04

1 ���

2.0E-04 �����
4.0E-04

2.0E-04

5 ���

È
–9 �b���T �!T"T# �T� (v

70 m)

2.0E-04 �����

2.0E-04

3.0E-03

2.0E-04 �����

2.0E-04

4.0E-04

È
–10 ����
 �!
"
# �
� (v

105 m)

(4) ���M�J�I
klmJn
oJp
� –11 J8Ú ¦ 32 m, 40 m, 48 m

�8�H� ! �8:Hè
qOrJé�ë ��\OdC�O�O�}[U~ :�è \�� �]� z�ì]È]®�m�©]J
¤Of�U�ª ã���í R ��y []¤OfU�O�KpJ��^�; �KÞOß []\O¤
f z ~�Ú ¦Kz 48 m

����� ! \ qO¡ PKJ °�² ��� –12
¬

� –13 Jn� �UqUrCz 3.0× 10−2 Jn+J�UfnÚ ¦Mz 32 m
¬

48 m
�	��� ! � Yey � J	]J^}d�f i�� ]J^}Ò »�ó o �

bOc]��\Od]� :�èOqOr�é�ë [�î ±Käex È t J qOr]z C ¦² Ú ¦ 32 m
����� ! [�]J^KÒ »�ó o ��� � < À z C ¦°Mx �M� ² fU�

0 0.02 0.04

0

2
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���
40 m

���
32 m

���
48 m

���
(N/m)

y q�r ��� (m)

È
–11 ���
w�	x�y��
��Ð
�
�

	�����

2.0E-04 �����
8.0E-04

2.0E-04

4 ���

È
–12 �V���� T!T"T# ��� ( �

� 32 m)

2.0E-04 �����
2.0E-04

4.0E-04

6 ���

È
–13 �V���� T!T"T# ��� ( �

� 40 m)

�}RU~�Ú ¦ 48 m
����� ! [�\�Ú ¦ 32 m

����� ! ¬
%�' P�� ]�^KÒ »�ó o �]z x

�]� J�8 z �K� ² fU�K�U�i]�O� ¤OfKY ã [ >�?]z 5Ob ä pQP�R ¬ ÉOJ�X � Y ã]ä±K� �O� i]� Ú ¦}z Ú ²�?]tKz YOy � J | p]f >�?]� 8



2.0E-04 ����� 2.0E-04

4.0E-04

È
–14 �
�� 26.667 m

2.0E-04 �����
6.0E-04

2.0E-04

È
–15 ���� 33.333 m

2.0E-04 �����

4.0E-04

2.0E-04

È
–16 �
�� 46.667 m

2.0E-04 �����

2.0E-04

È
–17 �
��� 53.333 m

2.0E-04 �����

2.0E-04

4.0E-04

È
–18 �
��� 60.0 m

2.0E-04 �����
2.0E-04

6.0E-04

È
–19 ���� 66.667 m

2.0E-04 �����
4.0E-04

2.0E-04

È
–20 �
�� 73.333 m

2.0E-04 �����
2.0E-04

4.0E-04

È
–21 ���� 80.0 m

z ® z < É °Kx f ¬���  ¦ p]f z ~]� ��.]� ��\QP�R��� ¬ 
Cé ± pCfU�
(5) ¡¢£�M¤¥pänåpænç

0 0.02 0.04

0

1

2
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���

(N/m)

þ¨ÿ����
(m)

¦�§ � 46.6 m¦�§ � 26.6 m

¦�§ � 53.3 m¦�§ � 73.3 m
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