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Preliminary study on damage evaluation at substations in Wakayama Prefecture, Japan, 

based on Area of Exceeded Response Acceleration during the Nankai trough earthquake 
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   Strong motion due to the 2011 Tohoku Earthquake caused serious damage to electrical substations in the focal area. 

The 2011 main shock along the Japan Trench also motivated us to hypothesize an equally gigantic earthquake along 

the Nankai trough. Thus, we have already carried out the strong motion prediction at substations in Wakayama 

Prefecture, Japan, considering the empirical site amplification and phase effects. In this study, using the predicted 

strong motions, seismic damage at the substations of interest was evaluated based on Area of Exceeded Response 

Acceleration. The obtained findings will be useful for performance evaluation for the electrical supply network. 
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 !"#$�
2011 Lr¿��ÀJÁ´�QïMW9.0òRS�µW{Å

â;R}&gQ�Atä9h<J[4§A[¶»`�Î

Az¶}�x`�G 1),2)��FE<I,�R�2011 Lr

¿��ÀJÁ´�QAab�b;�5s�¦ß9:EF

Ó MW9.0 1�AµW�Q`U���F:i�5s�¦ß

µW�Q9¯H<[¶»`�ÎA·QÞ�]�yE�¯

q��cF:&�|SÇkRn<I�Ah�}W¸¹�

Q9¯H<[¶»`�ÎA·QÞA���î� 2)H<²

ó�ON�Î9:EF
«��<�Q�AW¸��
{

�]cF:&
k`n<I

�Ad9KcF�3®x�S�5s�¦ßµW�QA

U�Q^�9£Eðñ�fäA 66 �4AJ[4ïÍ��

¯ÁJ[4|	|�·-1 ãºò9:EF��»�%«�
î� 3)c�ÀA%«½ç9�¸ H/V �	)��9h<

�¼Q��Þ��] 4)cFE<I�Ï9��¼Q��Þ

�¡BcdgQ�'\]�^'*(�y��|R�¯Á

J[49täH<gQ��
« 5)cFE<I·-2 :h�
·-3 S�¯ÁJ[4E|A
«�Q�9h<a¯�h�
°p�	)��ï�½�Ï 5%ò� N-S:h� E-WKÂ9

DEF¾¿cdÓARn<I·-2 :h�·-3 9S�[�
Î�A·QÎ%åTïH22ò9h<Î%�M�	)�� 6)�

2011 Lr¿��ÀJÁ´�QA<9#ÀcdÁ�J[4

RAÂ��Q�9h<°p�	)�� 2)���ÃJ[4

RAO«�Q�h<°p�	)�� 7)�:h� 2000LÄ

ßfk��QA<9#ÀcdUÙJ[4RAÂ��Q�

9h<°p�	)�� 8)9DEFÓÇ�óõ9hi¿�

9úcFE<I·-2 :h�·-3 9úHh�9�
«�Q
�A°p�	)��S�7f~�9h~F�¾¿¯Á|

cdÎ%�M�	)��� 2011Lr¿��ÀJÁ´�Q

AQ^�9:;<J[4RA°p�	)���¼�<Å

¢`ïðR¸��AÅ¢S N-S:h� E-WKÂ9:EF

	�¾ Rn<Ih~F�¼½A°p�	)��A¾¿

ñò�é�¢�
�5s�¦ßµW�Q�9¯ÁJ[4

RS�Ï�A#À§`abH<ýþÞ`ú���<I

À�RPùRS��M|H<�	)��ï��ò9¯H

<°p�h� 9)AÆNÇ�9ë$cdåL|cF�ERAA
ïArea of Exceeded Response Accelerationò�ºSc�ºS

åL9�¸¯ÁJ[49:;<�1�A�]�`ëdI�

�
N

0 20km

·-1J ðñ�fä�j|cd¯ÁJ[4AÂ|

－ 9 －

地域安全学会梗概集 No.41, 2017. 11 



�

0.1 1 10
10

1

10
2

10
3

10
4

66 sites
¸¹£º

»¼®¯

½¾¿®¯

ÀÁ®¯

A
b

s
. 

R
e

s
p

o
n

s
e

 A
c

c
. 

(G
a

l)

Period (s)

·-2� 
«�Q�A°p�	)��A¾¿ïN-Sò

20.1 1 10
10

1

10
2

103

104

±�������ÂÃ�c

®Ä¸Å�Æ©¸¹£º

Ç300GalÈÉÊË2ÌÍ

A
b

s
. 

R
e

s
p

o
n

s
e

 A
c

c
. 

(G
a

l)

Period (s)

� ¡¢PM

·-4� °p�h�ÆNÇ�AºSïÔ�ERAA-PMò

20.1 1 10
10

1

10
2

103

104

±�������ÂÃ�c

®Ä¸Å�Æ©¸¹£º

Ç300GalÈÉÊË2ÌÍ

A
b

s
. 

R
e

s
p

o
n

s
e

 A
c

c
. 

(G
a

l)

Period (s)

� ¡¢P

·-6� °p�h�ÆNÇ�AºSïÈ�ERAA-Pò

%!������ ¡¢ERAA�ÎÏ
 !R�Ãd ERAA |cF�PùRSÍj9úHÉD
AåL9DEF���y~dI�

0.1 1 10
10

1

10
2

10
3

10
4

66 sites
¸¹£º

»¼®¯

½¾¿®¯

ÀÁ®¯

A
b

s
. 

R
e

s
p

o
n

s
e

 A
c

c
. 

(G
a

l)

Period (s) �
·-3� 
«�Q�A°p�	)��A¾¿ïE-Wò�

20.1 1 10
101

102

10
3

104

±�������ÂÃ�c

®Ä¸Å�Æ©¸¹£º

Ç300GalÈÉÊË2ÌÍ

A
b

s
. 

R
e

s
p

o
n

s
e

 A
c

c
. 

(G
a

l)

Period (s)

Ð�ÑÒG

� ¡¢PM

�
·-5� °p�h�ÆNÇ�AºSïà�ERAA-PM-Gò�

20.1 1 10
101

102

10
3

104

±�������ÂÃ�c

®Ä¸Å�Æ©¸¹£º

Ç300GalÈÉÊË2ÌÍ

A
b

s
. 

R
e

s
p

o
n

s
e

 A
c

c
. 

(G
a

l)

Period (s)

Ð�
ÑÒG

� ¡¢P

�
·-7� °p�h�ÆNÇ�AºSï[�ERAA-P-Gò�

�

MÔNERAA-PM�ï�j$ÆNÇ�ò�

MàNERAA-PM-G�ï�j$ÆNÇ�$Çþ7fò�

MÈNERAA-P�ï�$ÆNÇ�ò�

－ 10 －



�

-499� 0

1� 500

501�1000

1001�1500

1501�

� -500

NS (Gal)
N

0 20km

N

0 20km

EW (Gal)

-499� 0

1� 500

501�1000

1001�1500

1501�

� -500

�
·-8� °p�h�ÆNÇ�AÂ|ïÔ�ERAA-PMò�

�
N

0 20km

NS (Gal)

501�1000

1001�1500

1501�2000

2001�2500

2501�

0� 500

N

0 20km

EW (Gal)

501�1000

1001�1500

1501�2000

2001�2500

2501�

0� 500

·-10� °p�h�ÆNÇ�AÂ|ïÈ�ERAA-Pò

M[NERAA-P-G�ï�$ÆNÇ�$Çþ7fò�

� �é�ERAA-PM 9DEFS�·-4 9úHh�9�ß
¦D�}�	)��ò��úH7f~�ï[�Î�A�Q

�19¾¿LÊË���H7f~�ÌÍ��ÊË7f~

�|	|òäRAÎ%�M�	)��ïÍ��Î%�M|

	|ò6)9¯cF�¼�~FE<ï�Aò°p�h�|j�

~FE<ïjAò°p�h�A�Í�7fÎ¼R%Ïc�

ÀA�ÍAÊË7f~�äRAJÐ°p�h��Å{dI�

� �9�ERAA-PM-G 9DEFS�·-5 9úHh�9�
¼½A ERAA-PM 9¯H<7fÎï¯ÏÎò¼RAÇþ7

f�Ñ;óõdÓARn<I��Sh�AGH|}<I

� �Ï9�¼½A ERAA-PM RS�|j(�A°p�h

��¡BcFEd`�·-6 9úHh�9�ERAA-P 9D

EFS��A°p�h�Aë�¡BcdÓARn<I

� V�9�ERAA-P-G 9DEFS�·-7 9úHh�9�
¼½A ERAA-P 9¯H<7fÎï¯ÏÎò¼RAÇþ7f

�Ñ;óõdÓARni���S ERAA-PM-G |¿í&

h�AGH|}<I

J ·-8�·-11S�¯ÁJ[49:;<ERAA-PM, ERAA-

PM-G, ERAA-P, ERAA-P-G9KH<Â|Rn<I·-8�
·-119úHh�9�rSA��#Ò�:h�kSAë}
Ã#Ò�G£9:EFºSåL`¾¿LW¸}w�úH

Å¢`ni��AÅ¢S�PùRºSH<ÉDA°p�

h�ÆNÇ�9KH<åL9:EF¾ cF�b;Ï�

<I�d,�R�ERAA-P-G�Óäcde^�ï·-11ã
ºòRS�¼�cd��$ë}ÃA#Ò�9�¢F�ðñ

�#Ò�9:EFÓ¾¿LW¸}åLw�úcFE<I

¼½Añò�ÔóH<|�5s�¦ßµW�Q`abc

d<���$ë}Ã$ðñ�A#Ò�AJ[49:EF

�1AýþÞ`Õ¯L9�E�|`2ëß�<I

N

0 20km

NS (cm/s)

-249� 0

1� 250

251� 500

501� 750

751�

� -250

N

0 20km

EW (cm/s)

-249� 0

1� 250

251� 500

501� 750

751�

� -250

·-9J °p�h�ÆNÇ�AÂ|ïà�ERAA-PM-Gò

N

0 20km

NS (cm/s)

121� 240

241� 360

361� 480

481� 600

601�

0� 120

N

0 20km

EW (cm/s)

121� 240

241� 360

361� 480

481� 600

601�

0� 120

·-11J °p�h�ÆNÇ�AÂ|ï[�ERAA-P-Gò

(!°�Ó��£³´ÔÕ
� %!RS�PùRºScd�cEåLRn<°p�h

�ÆNÇ� ERAAïÉ_RòAÂ|�úcd`�PÖRS�

ERAA 9�EF�11���]H<�|�`ë<I¦

�L9S� !R×ØcdW¸¹�Q9h<�1Á²�

�H<Á�J[4$��ÃJ[4$UÙJ[4A�R�

ON�d9täcd�Q�A�h�°p�	)��`V

ÓW¸&}<AS���ÃJ[4Rn<�|�Ïï·-2
:h�·-3 ãºò���ÃJ[4RA°p�h�ÆNÇ
� ERAAïÉ_Rò9¯cF¼�~FE<�Ù�9h<Ú

ZïEô1<�]KÏ9�EdÚZò9hi�¯ÁJ[

4A�11�ï�1A�úò9KH<�ÛL}���y~

dI·-12�·-15 9�ERAA-PM, ERAA-PM-G, ERAA-P, 

ERAA-P-G9�Ed��ñò�úHI

� ·-12�·-15 9úH|:i�rSA��#Ò�:h�
kSAë}Ã#Ò�G£9:EF���ÃJ[4RA�

1î��¼�<Å¢`gE�|`ô�<I�AÅ¢S�

ERAA-PM, ERAA-PM-G, ERAA-P, ERAA-P-G9:EF	

�¾ cFïðR¸<I�Ï9�ERAA-P-G �Óäcd

e^�ï·-15 ãºòRS�¼�cd��$ë}ÃA#Ò
�G£9�¢F�ðñ�#Ò�AG£9:EFÓ��Ã

J[49:;<�1î��¼�<¯ÁJ[4`¾¿LÏ

Ø&�ÉcFE<�|`2ëß�<Icd`~F�5s

�¦ßµW�QA<9���$ë}Ã$ðñ�A#Ò�

G£9:;<¯ÁJ[4RS��1A4ÜÞ`,_Aa

¯�]|cF�E�|`2ëß�<I}:�%!:h�

(!RÝe��d¯ÁJ[4A��SÀ�/�	�RÞ

cFE<�|�Ïï·-8�·-11 |·-12�·-15 ãºò�
PùRÝe��d¯ÁJ[4A[¶Î�9¯cF�hi

ßà}·Q���y~FE&
k`n<|yô�<I

－ 11 －



�

547�

� 546

NS (Gal)
N

0 20km

N

0 20km

EW (Gal)

547�

� 546

J
·-12� °p�h�ÆNÇ�9h<ÚZïÔ�ERAA-PMòJ

J
N

0 20km

N

0 20km

EW (cm/s)

202�

� 201

NS (cm/s)

202�

� 201

·-13°p�h�ÆNÇ�9h<ÚZïà�ERAA-PM-Gò

N

0 20km

N

0 20km

1356�

�1355

NS (Gal) EW (Gal)

1356�

�1355

·-14� °p�h�ÆNÇ�9h<ÚZïÈ�ERAA-PòJ

J
N

0 20km

N

0 20km

EW (cm/s)

319�

� 318

NS (cm/s)

319�

� 318

J
·-15� °p�h�ÆNÇ�9h<ÚZï[�ERAA-P-GòJ

J

+!,�$
� PùRS�5s�¦ßµW�Q�9W¸}�Q�At

ä`ÉÊ��<ðñ�fäAJ[4�¯Á9î���d

gQ�'\]�^'*(Aá�ñò9�¸�¯ÁJ[

4A�1AýþÞ9KH<�ÛL}���y~dI·Ï

�d8��Íj9úHI

(1) ¯ÁJ[4A�1�?H<,Q�|cF�
«�

Q�A°p�	)��|[�Î�A·QÎ%åT

ïH22ò9h<Î%�M�	)��|AW¹K�9ë

$cd°p�h�ÆNÇ�ïERAAòAºS�y~dI

(2) °p�h�ÆNÇ�ïERAAò|cFÉ_RAåL�

äEF�¯ÁJ[4AÕ¯L}�1A1��Õ¯L

9�]cdñò���$ë}Ã$ðñ�#G£AJ

[49:EF ERAAAw`�Eñò`·Ï�dI

(3) £LAW¸¹�Q9h<�1Á²��H<Á�J[

4$��ÃJ[4$UÙJ[4A�3�ERAA Aw

`VÓ�E��ÃJ[4��M|cd²ó9:EF

Ó���$ë}Ã$ðñ�#G£AJ[49:EF

�1A4ÜÞ`�E�|`=Ï�|}~dI

��S�PùR·Ï�d8�9�¢F�¼½âãcd

8�RÝe��dJ[49·QÞþÓ¡BcDD�ðñ

�fä��A[¶»`�D�=^)A`aA4ÜÞ}4

9DEF���y~FE¸dE|¡¢FE<I

~�

P23Aäy9<cF�c)./��Kk���4

^$ÑüÔ)�º�23åX./J 22�23_KA,�

�Àäc�cdI��9½cF�:�c�HI

�

�����

1) æ��¡�2011 Lr¿��ÀJÁ´�Q�xA	k|�¼

y�L����¼y�;v^x��Vol.7, No.1, pp.1-11, 

2012. 

2) �¬�Ö�çè��r¿��ÀJÁ´�Q9:;<J[Î

�A�xk�|P¶�Q��.�AK��[¶�é234

�G�No.N12016, 2013. 

3) °§±�êÙT�W£À²��äüë�ðñ�fä9:

;<J[4RA��»� H/V �	)���JK 29 L�v

���Kk>�L��ìPí�Pí	k
�Paper No.0330, 

2017. 

4) °§±�êÙT�W£À²��äüë���»�%«9

�&ðñ�fäAJ[4RA MSR wA�]�v���

J 72�L��ìPí�Pí	k
�I-444, pp.887-888, 2017. 

5) ®�¯,�°§±�W£À²���»�%«9�&5

s�¦ßµW�Q9:;<J[4RAgQ�A�ÛL�]�

J 37 ��Qy�23a�PíêÙ
�v����Paper

No.1086, 2017. 

6) UP[�µ�aJ[«¬���UP[�îì¸�v´��

[�Î�A·QÎ%åT�256p., 2010. 

7) Ôó~^���4^BC�lô¶��$�����r¿�

�ÀJÁ´�Q9:;<J[Î��xAl�Â�ñò9D

EF�[¶��¹v´�[�Î��Q¯q=^/(ZZ�

^)ïJ 3 �ò¨G~��ÁX'ðïÐ^^	^;, 2011. 

ïVgðñU�2017L 10T 4Uò

8) �¬�Ö��¬ò��Oóô,�rõK�2000 LÄßfk

��Q9:;<Jö¥�xAabk�A3=�[¶�é2

34�G�No.U01023, 2001. 

9) �¢
�ðñ�fÂ"+01�+�Â"+��01%&¦

�Q${Å1x¯q÷¦�pp.1-32, 2017. 

－ 12 －




