
� 10�� ����	
��
������������( 2010� 12�) ����

�������	
��
�����������	���

Analysis of the Momentum of Missiles and Associated Impact Impulse in Collision Experiments 

 !"#*$%&'(** 
Shigefumi Takeda, Yoshiyuki Kasai 

*)*+,-�-�.$+�/0,-�.123371-0816456)*789:; 460<=� 1>

**+?$)*+,-�-�.$+�/0,@A2B8>

Key Words: Momentum, Impact impulse, Collision experiment 

��������	
��
�
����

��� ����	
���

� C�$����DEF��GHIJ�
K�LM��

�N�	O$	
��DPQ$RST�UVW�XY�

Z[\]	O$]U�^_`aDbc�de�Pfgh

f���F 1), 2)ijekl�Km
nodp��DEF

���N�	O$	

���qr 2), 3) \st$�uv$

wu$xy$wxT�z{|}
K�~�$L���w

�$��$����	OT����|}
K�~�
�

�kl$�
$������gN�wu	O�Kmn�

IJ����	O$��b��������gN�wu

	O�KmnIJ�\�	O���
�	��ib��

l����	O(��$�	����sd��	O\ �

�)$����Kmn¡nIJ�
K�E�N�	O\¢

od¡IJ��	OT
���£\iG¤�p£�Km

n	O¥¦�§¨�©$����	
ª«\¬­�®�

Km
`a��¯i�f�°\n�p

� ±²
$³´µ��¶·°(Reinforced Concrete$��

RC\¸�)���
	O$	
¹Li|}sd���¬

­ 4)Hº»1 
¼�Km
$½¾¬­\¿�¬­\
-

À�l�pIJ��	O
ÁÂ��½¾¬­HÃÄ$Å

ÆÇÈ$ÃÉ
�Ê�l$Ë¨ÌÍÎÏ 5)T
ÐÑÒ`

ain�lt¢�pÓd$¿�¬­HÔÕ�Ö¢×ØW

�
1Ù�Y�nÚÛ^ª«\stÜÝÑ�kl$ÞJ$

	
¹Lißà�ldá$Wâã�äåæçèMéZê

ëT
Kì¿�íî¬­i`a�lt¢� 6), 7)p

� 	
¥¦��êD]	
bc
ï¢tH$IJ�D�

	O�iðñòó�l$Wôâô�Wâã	
Zê
K

ot	
ª«i`a�lt¢�pIJ�	O�©�	


Zêõë
�st 8)$IJ�$�	O�$	
¹L�ö

÷¯kZêðñò 9)�-À��\º»2
¼� 4 øÊi

§¨kl�pùúë�ûMHü�ÉìGý�p

• AëGH$IJ�\�	O��þú�çèMéGðñ

òós(Finite Element Method$�� FEM\¸�)$IJ

��	O�� v��¨tWôâô�	
Zê��mp

• B ëGH$IJ�\�	O��þú��ÀMéGðñ

òós(Discrete Element Method$��DEM\¸�)$

��áHAë\BÙKm
Zê��p

• C ëGH$IJ�\�	O��þú��÷
ðñòó

s$IJ�\�	O���V	
 e�§�sd	O�

½¾¬­

ÃÄ ÅÆÇÈ ÃÉ

¿�¬­


���s�¤��

(�������) 
¿�íî��

º»1� 	
¹L
K�RC�¬­ 4)

Aë Bë

Cë Dë

�V	
 e

Wâã	
¹L

º»2� 	
Zêðñò

(5)



�
KotWôâô�	
Zê��mp

• DëGH$�	O��çèMéD�÷�TGðñòó

s$IJ�i	Osd©�Wâã	
¹L�|}�


tWôâô�	
Zê��mp

� 	
ª«`a�ö÷¯k���/0�ûöst��\

���ÉìGý�p

� �� 10), 11)GHRC���¦\stL�w�	OÍÎ$

FEMZê$bcÏ�� in�ltïì$!"nFEM(º

»2�Aë)
K�ÍÎá��#$%·�&�Zêin�

lt$¯nì'¢'�GÍÎ()i*¥G¤�\st¢

�p�� 12)GH�	��\st���b�sd RC�


���L�w�	OÍÎin�ltïì$�� 13), 14)GH

-+ RCQh,��¦\stL�w�
K���	OÍ

Î$�	��\st��$-u�b�sd��	OÍÎ

in�lt¢�pÓd$]	
bcë\st�� 15)
H

��D./�	���b�sd������g
0¢t

�12$ÍÎ$bcËi!sÒÓ\eklt¢�p�8

�ÍÎGH$IJ�	O
K�	
¹L$�	O��3

÷�4$ª«56n®iWâã7æ\st8à�ltï

ì$	OÍÎ��ê
9dotH$:\st	
¹L$

3÷�4$ª«56�;·�<iL=�l$	
4>


0¢tH?\�®@A�lt¢n¢p	
¹L�;·�

<HIJ�D�	O��BC
Kot5YsD�Ò$Ó

d$	
¹L�;·�<�Zê
KotDE
F¨�£

\H¯nìGs¢£\i�Z�l�p

� Ód$	
ª«�H8
ï¢tH FEMDDEM
K�

ZêG~I�nH8'�iJkltïkK 16)$¢¯
!

"nZêðñò�}¢t~$Ë¨Ì��D-u�Kmn

LMBCDN¿OP
Kot5Y���	QiR}�l

���
H$	
ª«�H8��£\HST_
CÒ$

�	Q�U)�VW
`a��£\~Gs¢\§¨kl

�p

� sdiot$]	
bc
XMn	
ª«(Ü
ª«5

6)�H8D`a
9dotH$IJ�ÓG�!"
ðñ

òó��Zêúë(º»2�Aë$Bë)GHnÒ$º»2

�Dë�Kmn	
¹L��¨�úëiVst¢��G

Hn¢¯\¼Y�l�pº»2�Dë
K�úëH$-

ÀstZIJ�����[D��\��[�Ð
$G¤

�]�DE
`asd	
¹L�Wâã7æ��¨�ú

ë$^D_`7$.a7$bæ7�Km
cdósdæ

O�	
¹L�Wâã7æ��¨�úëiý�pÜ
^

H	
ª«�^O��ZsD�¢úëGýì$Ë¨Ì

Meder17)
K�	
ª«Qe�°òº
K�úëD

UFC18)
¼�lt¢�úëi�
� �lt¢�ps¯

s$�lk�úëH	
¹L�;·�<\¹L×ØW�

�f
DE
bàG¤n¢\	
ª«(Û^g)�ßà�

�£\iG¤K$Ü
�IJ����	O���
H	


¹L�;·�<H5YsD�Ò$Qe�°òº¯kj

ekl�	
ª«HSDE
nìD�¢p  

� ±ú$ h?i 19), 20)ij 3/4kl)
mnsd	
4

>
opsd	
¥¦�F¨ú(4>���kq)Hrl

dst
ÐÑ¢tïì$��§¨ú�uìÄlt	
¹

L�;·�<
v¨t	
¹L�4>wF(t)dt (��$	


4>\ ��)��hx·y\��£\
Kì$)z�

Qe�°òº�'�'ÒR¢D�¢~�\��£\iG

¤�T_^i¼Y�ldp�£G$��/0�	OÍÎ


ï��	
4>
opsd\£{$���/0ËHÔ

Õ�|nÒ$Ë¨Ì$}~�±�
Kotn�ldÍ�

����}¢d	OÍÎ 21)$x���	OÍÎ 22), 23)$�

��Ü^
��� FEM24)$DEM25)�}¢dZê�/0$

}~k
Kotn�ld	
4>��¨d	
ª«�c

ß 9), 26)TiXîkl�p�lk�()
K�\$�Y�

N��$��$	O)á��Y�iN��l$IJ��

�Y��5ói4>
Ts¢\��Y4��Ð�ë�i

��st¢�£\i¼Y�l�pÓd$)z�	
4>


���@Ai|n¢�� 10)-15)T
ï¢t~$8à�l

d	
¹L�Wâã7æi¼�lt¢��G$�lk�

7æ�Ð
	
4>�`a��£\iT_Gý�p�£

G�²$��
Í��ld	OÍÎ()�	
4> I\

IJ���Y�mv(m�IJ����$v�	O��)��

	����
�êst�d\£{$2 �G���Km


	
4> I\IJ���Y� mvi¯nìC¢<Gý�

£\(��$I�(0.8�1.4)mv)i���l$ßàsD�¢I

J���Y� mv�Ð
	
4> I�`asJ�£\i

¼Y�ldp

� �8Kì���H]	
bcë�F�ö÷¯k$	


4>�Ð
	
ª«�G¤�]�'�'Òs¯~��


ßà��úë�� ��£\�p�\st$���ùø

	OÍÎ
ï��IJ���Y�\	
4>��	�[

k¯
��~�Gý�p


�� �������
�����

� 2 �÷�	O�§¨�\$�Y�N��¯k�	O�

iIJ�¯k���	
4> IH(1)Ï�Km
��£\

iG¤� 27)p

� ££G$t�W�$m�IJ����$v�IJ��	

O��$e��V	
$M��	O����Gý�p

� (1)Ï¯k�Y�\	
4>��	�§¨���$IJ

����m\�	O����M�Ôm/M�§���X

M~ý�i$�Ò�	OÍÎ���$�	O�H=ÆD

so¯ì\sdÐ�G3��ltïì$M�-¤Ò`a

G¤���(m/M�0)~ýì$	
4> I H I�mv (1+e)

\¢mcdG¯0-¤p
`a��ÏG��£\iG¤

�p���ùø	OÍÎ 11)-14), 28)-35)
�stIJ���Y

�mv\	
4> I��	���stº»3
¼�p��

mv

M

m
1

e1
F(t)dtI
∫

+

+== (1)



�
	
4>iz��lt¢�~�H��<�$z��

lt¢n¢��H ~ki	
¹L�Wâã7æ�º¯

kÆ>�¡�uì	
4>�`asdpº»3 �¢£H

	
4> I\IJ���Y�mv�Ô I/mvGýì$�I

J����	O�ÍÎ�¤G$�	����sd��	

O�ÍÎ�¥G$�	����sd��	O�Zê�¦

G§��°stý�p(1)Ï
ï¢t m/M i¨=G¤n

¢��
0¢tH�� 11)G m/M 
opsd�êin�

lt¢�i$ ~ki	
¹L�Wâã7æ�º¯kÆ

>�¡�uì	
4>�`a��\$m/Mi©�¢��

H	
4> I\IJ���Y�mvHC¢<\nì$m/M

i-¤¢��H	
4> IHIJ���Y� mv\Ô�

t©�¢<\not¢�£\i��G¤dp

� �IJ����	O���H¹L×ØW�HªÒ$	


¹L�;·�<H-¤¢«¬
ýì$	
4> I\I

J���Y�mv�Ô I/mvH­®G I/mv=1.12Gý�p

�� 35)GHRC�
���L�w�
K�	OÍÎin

�ltïì$�IJ����	O���GH	
4> I

\IJ���Y�mv��	H I=1.31mv\�
�\¯°

�lt¢�p

� �	����sd��	O���H$�IJ����

	O\Ô�t	
¹L�×ØW�HÖÒ$	
¹L�;

·�<H©�¢«¬
ýì$	
4> I\IJ���Y

�mv�Ô I/mvH­®G I/mv=1.12Gý�pÓd$º»3

��	����sd��	O
�stH$��G��ê

p�
V�sd±²n FEMZê 24)in�ltïì I/mv

��ê
³�0\´�s��Zê()~¦G¼st¢�p

� º»3 
H§��°st¢n¢i¡IJ��	O�

I/mv�`a�µ§
n�ÍÎ\st$�� 21)�Í� F-4

¶·�°�¸¹� (¡n��$ÔÕ��nº���\»

¼�½¾sd¿G���l�¡IJ�)�RCÀ
	O�


�ÍÎiý�p�LGÁ8�
d�n RC À(��

M=469t)
 F-4¶·�°�¸¹� (��m=19t)��� v= 

215m/sG	O�
$��Â��zÃ�Ð
`asd	


4> I\�Y�mv�Ô I/mvHj 0.9\not¢�pÓ

d$�� 22), 23)GHx���	
4Ü^�/0in�lt

ïì$¡IJ�Gý�Ä²�x���	O
K�	
4

> I\	O�)�x����Y�mvH?ÅTs¢(I/mv

�1.0)\¯°�lt¢�p�� 36)GH=�NL�i	O

�����	
4
0¢t��kltïì$��Kmn

Û^�N�L�	
��GH$Û^5æ$Æ$ÇºÈò

É·T
K�ºÈòÉ·�Qi-¤¢de$4��ºÈ

òÉ·N��H��
K$�Y�N��i3Ê�Gýì$

	
4> I\L���Y�mvHTs¢(I/mv=1.0)\st

¢�p

� �8Kì���	OÍÎ()��êD	
ª«56�

ßà
ï¢tH$	
¹L�;·�<iL=�lt¤d

i$	
¹L�;·�<H	O�BC(�IJ����	

O$�	����sd��	O$¡IJ��	OT)
K

ot}sÒ5YsD�Ò$DE
`a��£\iGs¢p

��÷$	
4> IH$IJ���Y�mv
�st 0.8

�1.4Ë��<Gý��G$]	
bc�de�	
ª«

56�ßà
H$

\st�Y�	
Ì=1.0�1.4 �ÍÎ¯k	OBC\b

cG�Ï¿g�§�stÌ�<�Ðà�lÌ(2)Ï
K

ìVWn	
4> I�bàG¤�\@¨�p

��� �����������

� IJ���Ñ¡$IJ����$	O��$�	��

�ç¨T
Kì	
¹L7æD¹L×ØW�HÒôGý

�p��
:n	
¹L�Ü^�¼�p

���� ����� !��������

� Ë¨Ìwu�Kmn�IJ�i�	O�
��	O�

���G$	
¹L�×ØW�Ói�	O��Ú^Ôç

ÕÖT
Ô�tä×
©�¢��
H$	
ª«56i

	
4> I
KotØÓ�\¢mÙs 19), 20), 37), 38)�Ð
$

	
4> I�)z(1)Ïn¢s(2)ÏG`a��£\iG¤

�p	
¹L7æHD_`7D.a7T\s$¹L×Ø

W�ÓHÚ^ÔçÕÖTKìI�ª¢~�(Ó/T<0.1(1/10 

))\��p�V	
 e H$IJ����Ú\�	O��

��M�Ôm/MD�	O��¬­OÛ
�Ü��\¢

m/0�) 39)T~µ§
stbà��£\iG¤$Ë¨

Ì RC �D RC Qh,
L�i��	O����
H

e=0.3�0.4Ë��<iÐà�l�p

��
� "�#$%&'()!��������

� º»4 
¼�KmnIJ�\�	O���
�	��

ib��l����	OG$Ë¨Ì�	��\st��

ib��l���H$	
¹LH�	������£\

G$ý�Ýiì��ot�	O�
|}��\§¨kl

�p�	O���^H£�¹L|}Þ�§�stßßs$

�	O����
H�	���L��§���p	
¹

L�×ØW�ÓH��	O
Ô�tÖÒn��G$�l

γmvI = (2)

¤��IJ����	O�ÍÎ

º»3� 	
4> I\IJ���Y�mv��	

¥��	����sd��	O�ÍÎ

¦��	����sd��	O�Zê

I/mv



�VW
§���£\iLMGý�p	
¹L�×ØW

�ÓHË¨Ì�� 40)T�µ§
stbàs$	
¹L7

æHD_`7T\s$	
4> I H (1)Ïn¢s(2)ÏG

`a��£\iG¤�p�V	
 eH�	Q�Q�
K

ìàn�i$Ë¨Ì�����$	Oá
IJ��áâ

ãìi¨¢\§¨lÌ e=0\st'¢p(2)Ï
ï¢tH

�Y�	
Ì=1.0�Ðä��£\~G¤�p

���� *������������

� Ë¨Ì����	ODÄ²��x���	OT���

G$¡IJ��	
¹LH Riera 
Kot� �ldú

ë 21)
Kì$ü�åà
ÐÑ¢tßà�l� 6), 41)p

(a) IJ�����Ö�$�	O��5æHn¢p

(b) IJ��æ��5æH	OÆCÒ�©�nçÞ
è

klt¢�p

(c) IJ��5æçÞ\èé��H5æçÞ
Ä�ÓG

5æsn¢psdiot$£�ä5æçÞ���t

�¾�HBÙ��GY¢t¢�p

(d) �	O�
���æ��n4Hü�~��êGý�p

   (d1)5æçÞ�ë��
�de�Y�¹Lp

   (d2)IJ��ë�st¢n¢¾���Y��5óp

� IJ��ìé¯k�íÈX�Q¼i¬­çÞ
Äot

îï�
kl�W$�lH	OÆ
�stü�(3)Ï
K

ot�¨kl�æ��n4 F(t) i|}��p

� ££
Pd (X,V)H6�X Aðë�s00ý�¾��	

O�� V 
ï��IJ��Y�ë�\�Gýì$U(X) 

H$6�XG�c6Ö�ýdì���$VHIJ��ë

�st¢n¢¾��æ���Gý�pU(X)V2Hc6W�

ýdì5æçÞ
ÄotÒ��Y��ñò
Kot1Ù

d4Gý�p

� 	O��$5æçÞHIJ��ë�st¢n¢¾�


�st Pd (X,V)�4�AÅ�\åà�l�p£�4Hë

�st¢n¢¾��ó� A(X,V)�1Ùt$�lH Pd 

(X,V)\ë�st¢n¢¾�����ÔGý�p��$

A(X,V)H(4)Ï
Kot��l�p

� ££
 U(ô)H$IJ��èé\ X���ý�÷G�

IJ��ë�st¢n¢¾��c6Ö�ýdì���G

ýì$LHIJ��Ö�Gý�p

� £�úëGßà�l�	
¹L F(t)�	
4> I= 

wF(t)dtH¡IJ���Y�mv (��m$	O�� v) \

±õ��()(I=mv)\n�p

� nï$IJ�i����Km
¡k¯¢��
H(3)Ï

� Pd (X,V)iöet©�Ò(Pd (X,V)�0)$�� 42), 43)
¼�

l�Km
$�������[iûâ.aæOGý�£

\�§�st	
¹L7æ�.aæ�[\s$��	


4>I�I= mv (m�������$v�����	O��>$

	
¹L�×ØW�Ó�Ó=L/v (L�����Ö�$v�

����	O��)\st�÷
ßß��£\iG¤�p

Ë¨Ì�� 42)GHøQù�(�� 3.8t$¿Ö 12m)i	O�

� 56m/s$111m/sG	O�����	
¹Lißà�l

tïì$�� 43)GH F-4¶·�°�¸¹�(�� 19t$¿

Ö 17.7m)i	O�� 50m/s$100m/s$150m/sG	O��

���	
¹Lißà�lt¢�pº»5 
øQù��

	O¹L�Ë�$º»6 
 F-4 ¶·�°�¸¹��	O

¹L�Ë�¼�p

+,-
.��

� ���GH$IJ���Y� mv\	
4> I��Ü


opst���	OÍÎ()��êst�d\£{$

�Y��5ói4>
Ts¢\��Y4��Ð�ë��

(3)2
d U(X)VV) (X,PF(t) +=

(4)

∫

=
L

X

d

U(k)dk

V) (X,P
V) A(X,

�

�

�

�

�

��

� ��� ��� ��	 ��� ��


�
�
�
�
�
�
�
	

��
��

	O�� 111m/s

øQù�	O

	O�� 56m/s �
�
�
�

(M
N

) 

º»5� øQù�	O
K�	
¹L
Wâ(s)

�

��

��

��

��

��

� ��� ��� ��� ��� ���

�
�
�
�
�
�
�
	

	
��


F-4¶·�°�	O

	O�� 150m/s

	O�� 100m/s

	O�� 50m/s�
�
�
�

(M
N

) 

Wâ(s)

º»6� F-4¶·�°�	O
K�	
¹L

IJ�

¹L|}Þ

¹L�Ýiì

º»4� �	��\¹L|}Þ

�	��

�	O�



��iEú�ldp���)�M÷Hü�ÉìGý�p

1) IJ�����N�	O�øÊ\stZ�IJ��

��	O$^�	����sd��	O$û¡IJ

��	OT
���£\iG¤�i$BÙ	O��


ï¢t	
¹L�;·�<HZiü~-¤Ò$^

DûGH©�¢i$¹L×ØW�Hý
ZHªÒ$

^DûGHÖÒ$	
4> Ii±à\n�«¬
ý�p  

2) ���	OÍÎ()��êD	
ª«56�ßà


H$	
¹L�;·�<iL=�lt¤di$;·

�<H)z 1)�Km
	O�BC
Kot}sÒ5

YsD�Ò$DE
`a��£\HGs¢p��÷$

	
4> IH$IJ���Y�mv
�st 0.8�1.4

Ë��<Gý��G$]	
bc�de�	
ª«

56�ßà
H$I=Ìmv \st�Y�	
Ì=1.0�

1.4�ÍÎ¯k	OBC\bcG�Ï¿g�§�st

Ì�<�Ðà�lÌVWn	
4> I�bàG¤�p

�

/0�

� ����|�
9dot$���	OÍÎ()
ï�

�	
4>\�Y���ê�þ9sd)*+,-��¾

1�����
��õsÓ�p

�

1234�

1) ����$	]	
bcPfghf�ÑÒì
¬�

t
$2009 ����EF��-�(�
)��¾�(ª

}4�)�Èòñ�Q���&��¼		OÑUVn

®�	
�n�4
K������Äóó
0¢t

§¨��$pp.1-10$2009� 8�. 

2) �!��$		
¹L
��������uì���$

2009 ����EF��-�(�
)��¾�(ª}4

�)�Èòñ�Q���&��¼		OÑUVn®�

	
�n�4
K������Äóó
0¢t§¨

��$pp.55-61$2009� 8�. 

3) %&'($		OÑUV�qË���$2009����

EF��-�(�
)��¾�(ª}4�)�Èòñ�

Q���&��¼		OÑUVn®�	
�n�4


K������Äóó
0¢t§¨�
$pp.11-20$

2009� 8�. 

4) %&'($		
¹L��àsdÍÎ�$µ��¶·

°+�$� 39�$9�$pp.74-77$2001� 9�. 

5) �h��$ !"#$-$?%$	�IJ��	O


���³´µ��¶·°����bc`aÏ�$��

�����$No.507$pp.201-208$1995� 1�. 

6) P. Barr, "Guidelines for the Design and Assessment of 

Concrete Structures subjected to Impact", 1990 Edition, 

May 1990. 

7) &'($	)*+*,�+��Ï¿^()*+*,�

+�
ï���b�ûM\Ï¿^)
$-.4+/$

� 36�$9�$pp.24-32$1989� 9�. 

8) %&'($		
Ñ	O���üC�V0\�á�1

��$������	EF��4�
ï��üC�V

0\02�$��EF����34�ª}4��53

4��¼$pp.38-45$2008� 12�. 

9)  !"#$%&'($	�÷ 1�÷�
K�RCQh

,�	
ª«Zêõë�� 
$)*+,-�/0l

M$� 13�$pp. 25-32$2010� 3�. 

10) 678$.8�$		
¹L�¹W
íî��i�9

�� RC��^_:2+]	
bcë
���±�

 
$��+����$Vol.53A$pp.1251-1260$2007

� 3�. 

11) 678$�;<%$.8�$=!>?$	-+RC�

�^_:2+]	
bcë
���±� 
$��+

����$Vol.54A$pp.1077-1088$2008� 3�. 

12) �;<%$678$u@?A$.8�$	���b�

sd-+ RC��L�w�	
ÍÎ
$µ��¶·°

+��ü���$Vol.28$No.2$pp.859-864$2006�. 

13) �;<%$BCD$&E[$678$F*G�$	L

�w�	
����-+ RCQh,�]	
XY
$

­� 21������
HI3¾��¯°�$� 66

�$A-15$4e·�$2010� 2�. 

14) BCD$�;<%$&E[$678$F*G�$	�

�ý�¢H-u�b�sd-+ RCQh,
���

	
�¹ÍÎ
$­� 21������
HI3¾�

�¯°�$� 66�$A-17$4e·�$2010� 2�. 

15) ������+�34�	
��/0©34�$	�

�����g�]	
bc�$��+��¶·J 8$

����$1998� 11�. 

16) ������+�34�����^_:2+]	


bc
���/0©34�$	^_bc�ûK
ÐÑ

Ò����]	
bcë
$��+��¶·J$No.52$

2007� 10�. 

17) G. Meder, "Dynamic Response of a SDOF Elastic-Plastic 

System Subjected to Aircraft Impact Pulses", Nuclear 

Engineering and Design, 74-1, pp.61-74, January 1983. 

18) "UNIFIED FACILITIES CRITERIA (UFC) 

STRUCTURES TO RESIST THE EFFECTS OF 

ACCIDENTAL EXPLOSIONS"$December 2008. 

19)  hL$	4>���kq»UM
K�������


N��§O»
$EFPQ���$� 21 �$

pp.246-251$1941� 4�. 

20)  hL$	����Y�Zê»]Rbc�¶·J 4

»
$STUÏ�V$1966�. 

21) T. Sugano, H. Tsubota, Y. Kasai, N. Koshika, S. Orui, W. 

A. von Riesemann, D. C. Bickel, M. B. Parks, "Full-scale 

aircraft impact test for evaluation of impact force", 

Nuclear Engineering and Design, 140-3, pp.373-385, June 

1993. 

22) W¾X$©YZ±$9h[�$�\]^$�\_$	-

+;��$·°�}¢dxyÍÎ$�� 3»Ä²�

x��	
7æH8»
$��x���` x�$64



� 1�$pp.25-31$2002� 1�. 

23) a�b$êcd$%ef<$�g¾_$	h²�x�

�	
4Ü^\���Ë
$��x���`x�$69

� 4�$pp.471-480$2007� 7�. 

24) 678$=!>?$�;<%$i!jk$	��Q�

�	Ü^`a�de�
<Zêðñò
���±§

O
$��+����$Vol.49A$pp.1323-1332$2003

� 3�. 

25) lmh%$n'�$9ho$�\9pq$	3 ür

DEM �}¢dL�w�
K�Í�-s�g���

&��	
ª«Zê
$��+����$Vol.55A$

pp.1296-1303$2009� 3�. 

26) tD#$%&'($	�÷�÷�ðñò
K�	
Z

êõë�V}^�uv
$)*+,-�/0lM$�

12�$pp. 20-27$2009� 3�. 

27) ©YZq$%&'($-;w�$	h+¯k�w��


���Ï¿^uv�de�	OÍÎ
$� 7���

��	O��
���������xy���$

pp.187-192$2004� 11�. 

28) z={#$678$&E[$�;<%$	2/5RC|}

I½+�~ìãsL�w�	
XY
���
<Z

ê�uv
$­� 21������
HI3¾��¯

°�$� 66�$A-24$4e·�$2010� 2�. 

29) =!>?$678$&E[$�;<%$	RCh·x

����]	
XY
���ÍÎ�uvïKð
<

Zêõë��9^uv
$��+����$Vol.55A$

pp.1388-1398$2009� 3�. 

30) =!>?$�;<%$678$	©+RC|�·�½

+�]	
ª«
���ÍÎ�/0
$�=��/0

+�¯$No.649$pp.2-14$2007� 6�. 

31) �;<%$i!jk$678$���±$	���b

�sdwu}+} PRC��L�w�	
ÍÎ
$µ

��¶·°+��ü���$Vol.26$No.2$

pp.1057-1062$2004�. 

32) �;<%$678$F*G�$BCD$&E[$	�

��	Q�b�sn¢RC|������g½+�

]	
XY
���L�w�	
ÍÎ
$��+��

��$Vol.56A$pp.1101-1112$2010� 3�. 

33) BCD$678$�;<%$&E[$	���	Q�

ç��RC|������g½+
���	
�¹

ÍÎ
$��+����$Vol.56A$pp.1149-1159$2010

� 3�. 

34) &E[$�;<%$BCD$678$F*G�$	�

��	Q�ç��RC|������g½+�L�

w�	
ÍÎ
$­� 21������
HI3¾�

�¯°�$� 66�$A-18$4e·�$2010� 2�. 

35) ��v.$n'�$�\9pq$	RCHì�	
Ü

^\^_`a
���ÍÎ�/0
$��+����$

Vol.55A$pp.1261-1272$2009� 3�. 

36) -e��$h!�Z$	=�NL�i	O��\¤�

	
4
$� 2�����	O��
�������

��xy���$pp.146-149$1994�. 

37) ������+�34�	
ÍÎÑZêë���ó


���/0©34�$		
ÍÎÑZê�Ð�\ª

}
$� 4� ]	
bc
���uvqË 4.1 1�

÷���
ï��	
ª«��÷`aë(%&'(

� þ9)$pp. 349-363$2004� 3�. 

38) %&'($	���	OW�	
¹L�æO\	
ª

«��	
$������� 17�cß4�xy�x

y���$pp.491-492$2004� 11�. 

39) h!��$%&'($	����	
��
ï���

�\	Oa�i	
ª«
AÅ����uv
$)*

+,-�/0lM$� 10�$pp. 45-50$2007 � 3

�. 

40) �'��$���±$n'�$9ho$�\9pq$

	s�g���&�8N�L�	O��ÍÎ
0¢

t
$� 9�����	
��
���������

���$pp.145-160$2008� 12�. 

41) tD#$%&'($�!�k$	RCN�¡IJ��

	O
K�ÃÉ�ÅÆÇÈ
��� 30���ÍÎ

N� UKAEA Pfg�`aë�V}^uv
$� 9

�����	
��
������������$

pp.187-192$2008� 12�. 

42) %&'($���$ -h<$	³´µ��¶·°h

/E�N�	
¹L
���ª«Ü^»���	O


K�ª«\=Rª«\�ÔÕ»
$��EF��¡

¢¯°�$�22�$pp.221-216$2005� 12�. 

43)  -h<$%&'($���$	³´µ��¶·°h

/E�N�	
¹L
���ª«Ü^»�� 2� �

£½����	O
K�ª«Ü^»
$��EF��

¡¢¯°�$�24�$pp.143-148$2006� 12�. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


