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æ^�?í�\1EâÚ�ÔØåOÿÁEâ, é C100 ·vè3��AC^�e�ÀÂA5?1
¢�ÿþ
Ú©Û. Äu�ÔØåOÿþ�ØåÅ/,ÏL.�KF©Û��
�.¼ ���'Ônþ, ¢ÿØåÅ/w«:

ØÓ �?�ØåÅ/3×�þ,�¸��þ��mÅìP~, ÀÂÅ¸�q�DÂålP~, u´ò�úÚ
\G��§, 2lù
ÔnþÑu, ��
õ�ª/ª Grüneisen .G��§¥���Xê.

'�c: G��§, ÀÂ, pr·vè

PACS: 67.80.Cx

1 Ú ó

pr·vè3�oó§¥kX2��A^,
3�oó§¥·vèá�Ï~¡é�´p�
EÂ, Ï~·vèéA�pACÇ, Ïd, k7�
é·vèá�?1íN�Á�ïÄ [1−5]. 3É
ì�rÀÂÖ1�^e, �o(�?u GPa ?$
D����pØG��, ·vè����ÃÅ5
�Ø �6N, Ù���§Ò´·YØå�NÈ
AC�m�'X, =pØG��§. 3 LS DYNA
�;�O�^�¥, Grüneisen .G��§ [1,2] ´
�~^�G��§, ®²^u Johnson-Holmquist-
Concrete, Mie-Gruneisen, JOHNSON-HOLMQUIST-
CERAMICS G��§� [3−5] �.¥�NCÆÜ
©, �©[æ^�?�í�\1, ÿÁ C100 ·vè
3��AC^�e�Aå�§�,ÏL.�KF
©Û, ���'ëê��§�, ,�é Grüneisen
.G��§?1ïÄ, (½k'�á�ëê, ïá
ê��[�Á��xù.

2 íN�¢�

nØÚÁ�L², 3ïÄÄ�Ö1�^�, 7

L�Äü«Ä��ÄåÆ�A: .5�A (½Aå
Å�A) Úá�ACÇ�A. cö��
�«/ª
�!°(�½{z�AåÅDÂÚÙ¦/ª�(
�ÄåÆïÄ; �ö��
�«a.�!ACÇ�
'���'XÚ»�OK�ïÄ. AåÅ3á�
S�DÂÚüC5ÆqÉ�á���1��|�,
�¢�Ì�ïÄ�´��²¡Å¯K.ÏL3á�
SÜØÓ �?î\�Daì (.¼þO), ÿþ�
T?AåÅ/�Cz, = σ-t(Aå��m) �, 2
d.¼©Û�{��á� σ-ε(Aå�AC)!ε̇-t(A
CÇ��m) ±9 u, E-t(��, Uþ��m) �ëê
�'X, l
)á�ØÓACÇe�Ä�1�.

ã 1 �í�¢�C�9ÿÁXÚ«¿ã

¢��ò�¡Åbu��þ, pØíN�â,
º�íÄ��÷ý���+$Ä. �p�$1��
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�-Eq��, �)���p�ØåóÀ, d�Ô
Ø{DaìP¹�|Øå&Ò, ØÓ�EÂ�ÝÒ
¬�)ØÓ�Øå¸�. �âù�X��Øå&Ò,
Ò�?1á�Ä�A5�©Û.
ã 1 ¥�|Üq (Ï~�n¡q?1|Ü, �

g¢��o¡q) 9�ÔþO^uÿÁ��AC
�¹e�ÀÂÅØå. du·vè�{|Øp, é
ué¡-E, q¥¤U¢y�ÀÂØå'�$, �
O(ÿþØå&Ò, æ^
d�®nó�ÆJø
� 50 Ω ��{��ÔDaì, ã 2 �Ñ
éA�
¢Ôì¡. TDaì~^uÿþÌ�'�$�Øå
&Ò. �®nó�ÆéTDaì?1
I½, Da
ì�>{Cz�Øå�m�'Xª�

σ = (0.3252 ± 0.0679)

+(40.2733 ± 0.4164)
(∆R

R

)
,

(1.5 − 12.67GPa),

σ = (0.0014 ± 0.0055)

+(51.4697 ± 0.2773)
(∆R

R

)
,

(0 − 1.5GPa),

Ù¥, σ �I½Øå, R �{�, ∆R �Á�c�{
�Cz.

ã 2 H / 50Ω Daì

ã 3 �¡��÷

�¡��÷, ·vèÁ¬�¢Ôã�ã 3,ã 4.
Á��Á¬æ^
pr·vè (C100), Á�¥�Ä

Á¬�°þ'±9J`', ±�Ø>ýDÕ�A

ÚJ`DÕÅ�K�. Á���
EÂ�Ý� 327
m/s �·vè¥�Øå�§� (ã 5), �1��D
aì�.�KF�I� 0, �âæ^�Á¬þÝ, Ù
{ü� ��.�KF�I� 8 mm � 16 mm, ò
Øå p ±9�¡ÏL.�KF©Û���Ônþ
�.�KF�IéA��ã 6,ã 7,ã 8.

ã 4 ·vèÁ¬

3 .�KF©Û

ý5á�¥� Lagrange ©Û�{´�«|
^ Lagrange Daì�P¹5O�ý5á�3ÀÂ
Å�^e�6|©Ù��«ÊH5�{. �Ò´|
^¢�ÿ���|�§�, ÏLÄþ�§, ëY
5�§, Uþ�§È©, ¦�6|¥����§
�, 'N�§�, SU�§�±9'SUCz
Ç. 2ÏL�A��§¦�Aå�AC'X�.
§´¢�, nØ�.Úê��[m��éXóä.

éu��6|, kÅð�§

u − u1 = v0

∫ t

τ

(∂p

∂t

)
t
dt, (1)

v − v1 =
∫ t

τ

(
∂u

∂h
)tdt, (2)

e − e1 = v0

∫ t

τ

p
(∂u

∂h

)
t
dt, (3)

Ù¥, u ���, v �'N, e �'SU, p �Øå, v0

�Ð©'N, eI 1 L«ÅcG�.
du÷���È©¬��6|&E�þ¿�,

3¢S�O��¥æ^´»�{. ò�^Øå�§
�þäk�qA5�: [6,7] (^DaìP¹��
�Å/�A�: (X�5Åª:, �5ÅÅ¸:, �
1å© �Úª:) ��6|��:5�å»�y
©) ^1w�ë�å5, ù
�Ò´»�. du
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.¼Daìî3·vèp¡, b�.¼Daì�·
vèk�Ó�$Ä, u´,�K��´þOP¹�
�ëê (ùp´Øå) ��m�Cz [6].

��©C�, ò���È©=��é»�Ú,
�È©. (∂p

∂h

)
t
=

( dp

dh

)
j
−

(∂p

∂t

)
h

( dt

dh

)
j
, (4)(∂u

∂h

)
t
=

( du

dh

)
j
−

(∂u

∂t

)
h

( dt

dh

)
j
, (5)

Ù¥eI t L«÷���, p, u L«I�¦)�Ô
nþ, eI j, h L«÷»�Ú,�.

ã 5 ·vèØå�§�

ã 6 �.ýÿØå�1w��Á�Øå�§�

é¢�ÿ��Øå�§� p(t) �È©, l
�§ (1),(2),(3) O���
����§� u(t)!
'N�§� v(t) Ú'SU e(t) �§�, ,
�ÏL'SU e(t) �§���ACÇ�§
� (ã 7) �AC�§�, AC�§��Øå�
§� p(t) ���mCþ, ��·vèAå�AC

� (ã 8), �d�´|^�§ (4),(5) ò÷,��
È©=z�÷»��È©, ¿vk�Ù¦�?Ûb
�, Ø��5Ì�´5g¢�Ú�[Ü. �
[Üæ^ng B �^¼ê����¦[Ü, �±¦
�ÛÜ6Ä�K���3�����S, Ø¬*Ð
��6|.

ã 7 ·vèACÇ�§�

ã 8 ·vèAå�AC�

4 ·vèá�pØG��§£ã

éu�úá��Øå�±deª¦� [8]:

P = (1 − ϕ)Ps[(1 − ϕ)V, e],

Ù¥, ϕ ��úCþ, Ps �Ã�á��·YØå, V

�Ã�á��NÈ. ¢Sþ, .�KF©Û��
�NÈ´k�á��NÈ,

Ã�·vèá��NCÆÏ~æ^õ�ª/
ª� Grüneisen .G��§5£ã, äN/ªXe:

P = A1µ + A2µ
2 + A3µ

3,
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Ù¥ A1, A2, A3 �á�~ê, u´

P = (1 − ϕ)(A1µ + A2µ
2 + A3µ

3),

Ù¥, µ = ρ/ρ0 − 1. ¢Sþ, éu��-E, µ �
AC ε ´��� [3], �úCþ�±de¡�ú
ª¦� [5]:

ϕ = ϕ0ε
a(ε∗)b,

Ù¥ a, b �á�~ê, ε∗(= ε / ε0) �Ãþjþ.
ε0 = 1/s. u´[ÜÁ����ëê, [Ü�
¹�ã 6:

A1 =46.4GPa; A2 =−195GPa; A3 =416.6Gpa.

5 ©Û�?Ø

�,éõ;[Æöé·vèá�?1
íN
�¢�ïÄ, duI����¤��&Ò, ¢Sÿ
Á¥�ÿ·vèÏ~����é�,Ï~�k 2—
5 mm, ·vè3·�Ø ��3��Ø;�²��
ã, ù�²�é·vè�5U�'�, 3Ä�
Ø ¥ù�y���3, �´du3±c�¢�¥,
�ÿ·vè�O���, Ø ãé¯Ò�¤
, �
d, 3¢�¥, òü�q¡�O� 8 mm, Ó�æ^
é¡-E, ¦�Ø ã��.

8cïÄÙpØG��§�~5�{Ñ´l

ÀÂý9�ÑuT�{|^
ÚO5ÆU�Ð�
ïÄá��G��§, �´T�{Á�¤���m
Ñ�p, æ^.�KF©Û, ,�ò�úÚ\��
�.¥, U!�Á��m�¤�, �
¦�Á�?
näk��¿Â,Ï~ò·vèU�' C100 ��
¤�IOÁ¬, ,�ÏLÄ���{��¤·vè
Î, ,�é·vèÎ?1��, ��¤�·vèÁ
¬, ,�é·vèÁ¬üà¡?1��, ¦�üà
¡Ø²Ý�u 0.05 mm.

6 ( Ø

1. ��AC²�EÂÁ��¢ÿ(Jw«

ØÓ �?�AåÅ/3×�þ,�¸��þ�
�mP~, Ó�ÀÂÅ¸�q�DÂålP~.
¢�ïÄL²pr·vèÇ�'A5ØU�Ñ, ¥
yÑ²w�AåtµA�ÚÑÑA�.

2. |^.�KF©Û�{��
ØÓ.¼ 
�?�Ônþ��§�, ��
�Ônþ�P~
A�.

3. lprÝ·vè�Øå�Ñu, ²L.�
KF©Û, ò�úÚ\NÈNCÇ, ¼�
õ�ª
/ª Grüneisen .G��§¥���[ÜXê, e
å
Á��ê��[�xù.
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Abstract
The shock properties of C100 concrete are investigated by the gas gun planar impact technique. The manganin pressure gauge is

used to measure the pressure-time curves of the samples. The physical quantities are all obtained by the Lagrange method. Moreover,

it is observed from the measured pressure-time curves that the rate-sensitivity of dynamic response for C30 concrete is not negligible,

showing marked stress relaxation and dissipation. The damage factor is introduced into the state equation. The material parameters in

the Grüneisen-type equation of state are determined.
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