
2011�������	
������������* 

 

����� ��� 	
�

����� ��� ��

����� ������

����� ��� ���

 

������ 

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

,-'Breaking(./012345)������6!789:

;<=>?@./>�AB���CD�%&)*+),-EF4

2GHIJ9K/LM3N/0 

� 2011 OPQRSTUVWRX��$�YZ����3G[1

20��CD�GH\]^GHIJ9_`./2a)bcde�

f��ghijdbkl��>gm5'��1()n>o�9pq

>CDrs)tuv'w()%&x*+x,-�GHy]9zR

{|120}2)i~l���������'�����(>�

F5)G[�>��12o�9pq>%&)*+),->�./

zR��9\�120 

� ���� 2011 OPQRSTUVWRX��>�m/��o�

�GH\]�:��^�����gh�2GHIJ>�./zR

{|E�^�����gh�2GHIJ>�./zR����8

9��/0GHIJ$�)����� � Sea casuarinas>p./

zR��>¡¢F2%&E*+�GHIJE�£¤x¥¦§¨©0

��3ª�$N422a)YZ����$��6!789=«$� � ��1� PQRSTUV� 

¬g423)®¯��$�78°9±.0 
 

���� !"��#$%

� ��o��rs^GH²>�./zR{|�bcde�f��ghijdbkl��>g

m5\�120{|³´�Cw H)µw�¶ D)tuv hEGHy]$N/0 

� ��o��GHy]EGHIJ>�./zR���i~l�����$\�120·¸³´

�¹�º�E»¹��¼½¾$CD¿ÀÁ./uUS��� F)CD�uUÂÃ�'��2()µ

w�¶)*+Ä�+Å�vÆ hREÇ'ÈÉEÊÉ� 2S�()CË�£Ì$N/0��ÍÎÏ

ÁÌÐ'PÑ·Ò��Ó)¸ÔÕÖ 100 kN($·¸120��ÀÁ×�RØghwÆ 1.2 m�

µw�¶·¸Å$N/0uUÂÃ� 10 cmÙÚ$´Û9ÜÝ2·ÖÞ�¾9��pqCD�ß 
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  
* Damage to Coastal Black Pine Trees in the 2011 Off the Pacific Coast of Tohoku Earthquake Tsunami     

by Hideo MATSUTOMI, Kazunori NAOE, Eriko YAMAGUCHI and Kenji HARADA 

Hachinohe

Rikuzentakada

Iwanuma

Noda

Miyako

Kamaishi

Ofunato

Sendai

Soma

�

�

�

�
�

�
�

�

�

東北地域災害科学研究　第48巻（2012） 115



(0 kN, 0) (19.55 kN, 2.0) (36.00 kN, 2.7) (48.55 kN, 4.4) (60.00 kN, 7.8)

(70.40 kN, 17.0) (72.85 kN, 28.1) (70.30 kN, 43.4) (71.60 kN, 70.5) (67.00 kN, 77.3)

 
��2� ��o��%&àá�Äâã°'Case 10( 

 

0

5

10

15

20

0 0.2 0.4 0.6 0.8 1 1.2

D  (m)

h
 (

m
)

: Withstanding

: Lodging

: Uprooting

: Breaking

Transition

������	


Damaged

Withstood

�

��3� ��o��µw�¶ D)tuv hEGHy]��ä�
 

>åæ1)ÀÁÁÌç>èé12êëghìí120 

� ��2���o��%&àá�Äâã°9±.0Aàáîï�ðñ�òghuU�'kN()R

ØghwÆ 1.2 m$�uUÂÃ'cm($N/0ó�CD�ôõö>*+120 
 

&���'(��)*+"�),-%

� ��3 > 2011 PQRSTUVWRX��>�m/��o��µw�¶ D)tuv h EGHy
]��ä°9±.0GH9÷m2§�Eøùúû2§�3Ü;ü�42ýþ��'��$�}

Ý2��$)����¸ö§�(3g;�F3)	
3µw�¶Etuv$£¤ö:Z�

�ÆÝ/óE3ì/0}2)tuvEµw�¶�£3�¬Z/>Ý5),-���3�F

óE§ì/0,-3%&E*+�	��>}2345F/óE���'��h)2011(� Sea 

casuarinas���E��$N/0*+��3%&��:;�ÆF��>N/3)óÝ����: 

116



0

400

800

1200

1600

0 0.2 0.4 0.6 0.8 1

D  (m)

F
 (

k
N

)

: Withstanding

: Lodging

: Uprooting

: Breaking

: Lodging limit

: Uprooting limit

0

400

800

1200

1600

0 0.2 0.4 0.6 0.8 1

D  (m)

F
 (

k
N

)

: Withstanding

: Lodging

: Uprooting

: Breaking

: Lodging limit

: Uprooting limit

DhuCF D
2

2
1 ��

DhuCF D
2

2
1 ��

 
��4� ��o��µw�¶ D)���� �?@�>¡¢Z�� FEGHy]��ä°'ò�

�ô��� �)���U��� �9 !( 

�

0

3000

6000

9000

12000

0 0.2 0.4 0.6 0.8 1

D  (m)

M
 (

k
N
�

m
)

: Withstanding

: Lodging

: Uprooting

: Breaking

: Lodging limit

: Uprooting limit

0

3000

6000

9000

12000

0 0.2 0.4 0.6 0.8 1

D  (m)

M
 (

k
N
�

m
)

: Withstanding

: Lodging

: Uprooting

: Breaking

: Lodging limit

: Uprooting limit

 22

4
1 DhuCM D��

 22

4
1 DhuCM D��

 
��5� ��o��µw�¶ D)���� �?@�>¡¢Z����� MEGHy]��ä°

'ò��ô��� �)���U��� �9 !( 

�

�"#E$��$N/0óÝ>�R%IJ3�ä15F/g§1ÝF0 

� &'��$� 2011 OPQRSTUVWRX���tuw3 20 m ()Eª�$N42'The 

2011 Tohoku Earthquake Tsunami Joint Survey Group, 2011(01g§)��'��*¨¬3N}

;Z)'�Ü+��E,;��3��Eó-9¨¬ü©²122ag)}2���3./

122ag)01�2x3Øtuv>4563«ahÝg42012345)ô��Ü+

��7�>8912tuv�?@�:1F0;ó$)���$�01�2Øtuv�ô��Ü

+��7�>8912E< '̧=>?��¬��9@¸(1)tuv9!F/��'Matsutomi 

and Okamoto, 2010(���A$����� � u9B¸1)��o�>CZ��^�����
9B¸./óE>./0 

� ��4E 5>��o��µw�¶ D)"������ �?@�>¡¢Z�'��(F}2�
����� MEGHy]��ä°9±.0�D>������ � Sea casuarinas>p./z

R��>¡¢F2%&'\�(E*+'��(�)EIJ'��h)2011(§±15N/0 

ô��� �F� ghu 2.1max � � � (1))� � U��� �F� ghumean 81.0� � � (2) 

��F� DhuCF D
2

2
1 �� � � (3))� � �����F� 22

4
1 DhuCM D�� � � (4) 

117



0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8

h r /R

u
/(
gR

)0
.5

: 1992 Flores Is. : 1993 Hokkaido

: 1994 East Java : 1996 Biak Is.

: 1998 Papua : 2004 Sumatra

: 2006 SW Java : 2007 Solomon

: 2009 Samoa : 2010 Chile

: 2010 Mentawai : 2011 Tohoku

F r=2.0

F r=0.7

 Rhr

 

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

h f /R

u
/(
gR

)0
.5

: 1992 Flores Is. : 1993 Hokkaido

: 1994 East Java : 1996 Biak Is.

: 1998 Papua : 2004 Sumatra

: 2006 SW Java : 2007 Solomon

: 2009 Samoa : 2010 Chile

: 2010 Mentawai : 2011 Tohoku

F r =2.0

F r =0.7

 

 Rhf  
��6� ����tuv hf'012Ø(}2� hr'013Ø(E�� � u��ä'Cv�1.0( 

 

0

30

60

90

120

0 10 20 30 40 50

D  (cm)

F
 (

k
N

)

: Withstanding

: Lodging

: Uprooting

: Breaking

: Lodging limit

: Uprooting limit
0

40

80

120

160

0 10 20 30 40 50

D  (cm)

M
 (

k
N
�

m
)

: Withstanding

: Lodging

: Uprooting

: Breaking

: Lodging limit

: Uprooting limit

 
��7� zR��>¡¢ZG[�>��12��o��µw�¶ D)uU� F'ò�(}2��

���� M'��(EGHy]��ä° 

 

óó$)g�Ì�G�H)�� IJH$)��äð CD� 1.1)KéØL� DMh)�����
� FM0.5h E15F/0}2)NO���>�m/�� � u �?@°9��6 >±.0�D)
R�tuv�·×^;�PQ�tuw}2�R)w)Cv� �äð$N/'��)2009(0 

� ��4>:/E)�gh�2E¬)Sea casuarinas�GHIJE�S�T�ô��� �9 !

12��3:F02U1)óÝ� Sea casuarinasE��o�3��GHIJ9V./E12��

>Wû/óE>XY9M./0 

� ZS)�����gh�2E¬'��5()Sea casuarinas�GHIJE�S�T�²ùh��

� �9 !15§:ZF0[û5Wû\)U��� �9 !12��3S�T3:F0

óÝ>�������?@A'�(4)(3�915F/g§1ÝF0zR��$���]!×

9">RØgh 1.2 m�wÆ>^¸15F/�>p1)zR{|$�_tuvE15`a15

F/0}2)zR{|b�c>�RØgh 1.2 m()�wÆ$,-12§�§d}Ý5F/0 

� ��7>i~l������m/zR��>¡¢Z��o��µw�¶ D)uU� F}2��
���� MEGHy]��ä°9±.0�D>� Sea casuarinas>p./%&E*+�)EI

J§±15N/0G[�>��12CD�2ag)R%IJ^e�2ag)��o��S3 Sea 

casuarinas>£f5g�3hF0óÝ�)zR{|b�c�ij>�F5)tuv>¡¢Z�^

������?@$�)U��� �� !9kø15F/0}2)��>:45�)zR{

|�8E�l>'��4E 5()*+��^�����3%&�§�:;�ÆFE¬3N/0 

118



�

��

0

2

4

6

8

10

12

0 200 400 600 800 1000

X  (m)

Z
 (

m
)

 : Ground height

 : Inundation height

0

2

4

6

8

10

12

0 200 400 600 800 1000

X  (m)

Z
 (

m
)

 : Ground height  : Inundation height

0

2

4

6

8

10

12

0 200 400 600 800 1000

X  (m)

Z
 (

m
)

 : Ground height  : Inundation height

0

2

4

6

8

10

12

0 200 400 600 800 1000

X  (m)

Z
 (

m
)

 : Ground height  : Inundation height

L1

L2

L3

L4

A

E�

��

./0

 
��8� ®¯��>�m/m�ghn�o}$�pqRyEtuw Z�°'Google Earth( 

 

h=3.88 m

Z=5.69 m

�=0.68�

�=0.25�

h=3.14 m

Z=4.95 m

h=4.16 m

Z=6.11 m

h1./2
Z1./3
4DL567  

(a) G[�'���Ç 140 m)*¨¬ 220 m( 

 
(b) G[2'(a)�rs�FÅ�( 

��9� ������6!�78EEt°'®¯lPu('Google Earth( 

119



8�����9:";<= 

� ª���$N422a)YZ����$��6!789=«$¬g423)®¯��$�

;�783«ahÝ20®¯��>�m/m�ghn�o}$�RX��pqRyEtuw Z
�°'DL ¡v(9��8 >±.0wxyz{�c�²�|}Eó-9~F5)tuv h �
3�6 m áH$N/0}2)Pu>�m/������6!�78EEt°9��9 >±.0�

D�� ��xJH$'��h)2004()��9(b)�G[2�������9±.0����ZÅ

3F%&^*+) ���GH9÷m2g��$N/3)���3�42Eó-�'?3�

$�)tuw Z'DL¡v()tuv hE§>�615F/óE3ì/'Z�h�R%w(02U
1)Pu$�����*¨¬3 220 máHN45§'n�o�?����9~Z()tuv�

25%áH��6$N;)���>�¬��6!789��./óE�$¬F0 
 

>�?@A� 

� ���$�hÝ2n�8�"��;$N/0 

�zR{|EzR��>¡¢¬)��o����>p./GHIJ9¥¦12'��3�5(0

EhÝ2b�c$�ìq$N/3)��o����>p./g������� � Sea 

casuarinas>£f5hF:©$N/'��7(0}2)NO���o�$�%&>�/�'��

���(:;§*+>�/�'�����(3�ÆFEF©óÝ}$�$�q3�hÝ20 

�EhÝ2b�c$�ìq$N/3)zR{|b�c�ij>�F5)tuv>:/�}2�

������?@$�)U��� �� !3S�$N/'��4)5)7(0 

�2011OPQRSTUVWRX��>�m/����78EEt°9¸Öö>±12'��9(0 

� zR{|b�c)zR��b�cE§>ð3�F0zR��>F5���3��$N;)

N�E§b�c9�L./LM3N/0�

�

B% CF���� JST-JICA R�����p�� ¡�¢£¤�'¥¦§�()¡�¨'¡%

��(C)('��	
(EQPQ�© 3��ª«B¬��'� ®C(E15¨¯Ý20zR�

�$�)X[p�°>§gg¯h±)bcdgh²ai)²¤�F2UF20|>)³�u´

Åµ�¶·�� ¸¹Zº»E¼���½¾¿³�Åi~³�½¾{�c�� Y��À»>�Á

Â>420zR{|$�����Ã�x� Ä�� ÅÆ�Ç�9�20È15ÉY9Ê./0 
 

DEFG�

��	
x�kËTÌxNÍ§TÌF�x��� �¡Î�E�xCËÅ�ÏÐÑ)��Ò�
�ÓÔ)# 51Õ)pp. 301-305, 2004. 

��	
FôP�¼�x')��>�m/��)ÖD�× 45OuÒ�>�./Ø��Ù×ÚÛ
Ô)BÜ�Ý)pp. B-3-1-20, 2009. 

��	
x����xA. Bagyo WIDAGDOx Subandono DIPOSAPTONOFCasuarina�%&x*
+IJE 2010O MentawaiRX��$�;�¥Þ)ÖD�×�ÓÔ B2'��Ò�()Vol. 
67, No. 2, pp. 301-305, 2011. 

Matsutomi, H. and Okamoto, K.: Inundation flow velocity of tsunami on land, Island Arc, Vol.19, Issue 
3, pp. 443-457, 2010. 

The 2011 Tohoku Earthquake Tsunami Joint Survey Group: NATIONWIDE FIELD SURVEY OF THE 
2011 OFF THE PACIFIC COAST OF TOHOKU EARTHQUAKE TSUNAMI, Journal of Japan 
Society of Civil Engineers, Ser. B2 (Coastal Engineering), Vol. 67, No. 1, pp. 63-66, 2011. 

120


