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The primary goal of engineering design of buildings is to reduce the 

weight of the structure and its resistance to earthquakes and explosions 

because the occurrence of these events is inevitable. In this research, 

lightweight concrete has been used due to its unique advantages in weight 

reduction, and attention has also been paid to increasing the resistance 

and behavior of this concrete in the face of any type of accident and 

investigating its static and dynamic behavior. The dynamic behavior of 

concrete has been studied by using Hopkinson compression machine at 

three strain rates of 100, 200 and 300/s. Static and dynamic properties of 

concrete include compressive strength, modulus of elasticity, and dynamic 

increase modulus. For this purpose, a study has been conducted on 8 

mixing designs for samples without metal fibers and nanosilica and 

samples containing different percentages of nanosilica and metal fibers. 

The results have shown that nanosilica and metal fibers play a role in 

improving compressive strength and the best results are obtained by 

adding 3% nanosilica and 1% metal fibers. Nanoparticles are more 

effective in static loads because the pozzolanic interactions of nanosilica 

improves the microstructure, and in dynamic loads, nanoparticles are less 

efficient due to nano's sensitivity to high loads, and also metal fibers 

prevent cracks in concrete. In this study, a mathematical relationship for 

the dynamic increase coefficient has also been extracted and compared 

with the experimental results. 
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  ها: واژهکلید
 بتن سبک سازه ای، 

 الیاف تقویت کننده فلزی،

 سیلیس،نانو

 رفتار دینامیکی، 

 .رفتار استاتیکی

 ،ها کاهش وزن سازه و مقاومت آن در برابر زلزله و انفجار است هدف اولیه طراحی مهندسی ساختمان

. در این تحقیق از بتن سبک به دلیل مزایای منحصر به باشد ناپذیر می زیرا وقوع این حوادث اجتناب

افزایش مقاومت و رفتار این بتن در مواجهه با هر فرد آن در کاهش وزن استفاده شده و همچنین به 

است. رفتار دینامیکی بتن با استفاده   نوع حادثه و بررسی رفتار استاتیکی و دینامیکی آن توجه شده

 بر ثانیه مورد مطالعه قرار گرفته 333و  233، 133از دستگاه هاپکینسون فشاری در سه نرخ کرنش 

 شیو مدول افزا تهیسیمدول الاست ،یبتن شامل مقاومت فشار یکینامیو د یکیخواص استاتاست.  

های فاقد الیاف  طرح اختلاط برای نمونه هشتای بر روی  مطالعه ،برای این منظور است. یکینامید

 است.  های حاوی درصدهای مختلف نانوسیلیس و الیاف فلزی انجام شده فلزی و نانوسیلیس و نمونه

با  جینتا نینقش دارند و بهتر یدر بهبود مقاومت فشار فلزی افیو ال سیلینشان داد که نانوس جینتا

 یکیاستات ی. نانوذرات در بارهااست  هدست آمد به فلزی افیدرصد ال 1و  سیلیدرصد نانوس 3افزودن 

شود و در  یم زساختاریباعث بهبود رسیلیس نانو یفعل و انفعالات پوزولان رایز باشند، میثرتر ؤم

 نیدارند و همچن یکمتر ییکارا ادیز ینانو به بارها تیحساس لینانوذرات به دل ،یکینامید یبارها

 یبرا یاضیرابطه ر کی زیمطالعه ن نیکنند. در ا یم یریترک در بتن جلوگ جادیاز ا فلزی افیال

 .است  هشد سهیمقا یتجرب جیاستخراج و با نتا ،یکینامید شیافزا بیضر

 

سیلیس و الیاف ای حاوی نانو هاشمی سید کمیل. بررسی رفتار استاتیکی و دینامیکی بتن سبک سازه ،توکلی حمیدرضا ،الطالب فاطمه استناد:

 https://doi.org/10.22091/cer.2023.9673.1497 .130-88 :(1)13 ؛1033 .یهای عمران های زیرساخت پژوهش .فلزی
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 1��45 (��;2 _9�> *� }�5 :�;�� �- �N���� 9�

�� 1�2 � 3b�� E��� �-   3b�� :4���591�� ,����

 }�5 1�/5�� :�;�� ~��P2  :�;�� ) �51�2 }�51 

�� ,��-��- .1��- �� 
)�� 3<�� 9� :45 ��+N� (�� 

E� ���� '���> ,�- � ,���� Eu�> (��94�� '��  9� (.�9

.�4;� 
��@�� :�;�� K4� ,� ) ]�P (4�  

    
(Z�)  (H)  

 E8�1 - ��� (1�- (Z�) 3�9�  (H) � (�8��) ���(����) ���.�9  

��1I 2- :�;�� _�C[��  

Elements Na2O Al 2O3 SiO2 P2O5 SO3 Cl  K2O CaO Zr Pb  MgO 

wL% 735/1 353/16 259/63 201/0 331/0 098/0 114/3 159/4 017/0 014/0 869/3 

Elements Fe2O3 Ni Cu TiO2 MnO Zn Rb Sr Ba LOl Cr 

wL% 566/5 006/0 006/0 532/0 112/0 015/0 009/0 043/0 047/0 5/0 014/0 

  

2 -4 -  �::% 7�'� ;�� m40 :�9 K4� ) 
��@�� �94� 
1��2 EN� ]4� �- 

���� _X�N8�4-�2 �4CD� 32�� ����\  �;��
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9�;� '1 )1403( 
 

 :�;�<��:�P��-A' �- ]�� (9��5P8-3R   .+� v�9 �- �

]�I S4C[� 1050 ]�P4/�2 �- eQ8���� 
�4-  3� 

]29[. 

2 -5- =�$�2����  

�, 4��� �- �Q��R� SiO2 '91\4��� 85��  .3���, 

 4��� 9�4�SiO2  q��<99 9� 1\9�(  _9` 
)1�11-

13  ���4���� @� v�9 �-�1 3� ]30[. 9�9��<��.  �-

� ) 
��@����48���8 ����8�� 94+b( )TEM(  �

��C5��  �Q� ~���78 )XRD( 5��k1 
1�  .3� 

���48���8 ����8�� 94+b (9.-(  � T�- Y4d� �-

9.-P�;��� m40 �- 
��Q�( \45�Z .�9.3� �4� 9��<�� 

���A�.  �Q� 9�4� ~���'78 � ]����� ?�Z ����  �Q�

�'78 9���0( �- �2 3�( �P����( � 9��<���;����  �

�2 9��<������N� +? ]�NI�Q� b4�C� �� �[5 :�1-�e 

:A  ��� 
��@��� ��4�� .�4�(  �Q��78  �M 1����

� �2 1��N� 3���� ��9��<�� 1��45( �2����N� \�<� 

����� 9��  78b .1��2TEM  �-3	� ��( ) Z/�[�a (

1/0 ) '���4���b (150 ) '���4���c (40 ���4��� � )d (300 

 9�4;� � ���4���XRD  �Q��78 E8� 9� ��( 2  �3 


1� �u9  ��� �1� .3���
 TEM' EM10C-100KV 

)�7  E8� 9� ':�;�A4 :��� 
1�  3�.  

  
 E8�2 -  9�4;�XRD 7�/��4��� (�-  

    
 (Z�)0.1 nm   (H)150 nm  

    
 (�)40 nm  (_)  300 nm  

E8� 3 -  
����� �- 7�/��4��� ����C5TEM 3	� �- Z/�[� (��  



90  ��9�- 9��09 ,�- �8������ � �8�5��� 
)�� *+� ( (��> 7�/��4��� � 6��� (./0  

 

B���� 3<����) (�� ���;b (��   ������ 
9�;� '1 )1403(  

 
E8� 4 -  
�����TEM  

2 -6 - ?���� ��@�� 

�94� (�T40 6���  32�� �4CD� 
��@��

Kimix 
�4-  E8� (9� �2 3� ����N� �- (�=�� 

HX	 �� 9�  E8� 9� :A ) �8�5�;� � 1��-5
�� :��� ' 

 
1�   .�� :A �8�.�0 � �8���8� _�C[�� ,��L;� .3�

 ��1I 9�3�u9 '  
1�  3� ]31[.  

  
 E8�5 - �- (�T40 6��� ) �8�5�;� �- 6�\ _94\ (�=�� 

HX	 9�  

 ��1I3- _�C[�� �8���8� � �8�.�0 6��� (�T40  

E8� (���r  6�\  

E8� �R��  
���  

�4? �/��) (���  3  

�R	 �/��) (���  8/0  

L/D  5/62  

3����� ���2 (��8������)  1200  

���<9�2 
1�)��  Ki mix  

2 -7- B�
 �  012 34  C	4D� ��% E('F" 3�� �� �4��  

 9��, �D5�F  WX�< Y�? )�-n�� 

�91����ACI 211.2  ��4;� ,�<�� 9� ��( ����  
��@��

1�l Y�? 7�� � 1��,  �- WX�< Y�? �5 1� YX\ 9�-

�- e���� }�X�, 50  �580 ��/� ��� �- 1�A 3�� 

��1I) 4(4��� .7�/�� �I�.��, ��:�;  �� 9� 3+N�

�)�� 1 '3  �5 
1� 
��.0 ,�- �-  .3�   

�-( )45�� �3<4�8' 4��� 9�4�7�/��  _1� �-2 

	���� -4< �-� � �-�:�; � W4/[�� ?4/[� �5 �4�� 

�- ,�;�( ���.0 :4�b �- 
��@��� �- ,�- A 3���1 .

	� �� _1� �- *�< �4� ]�;5��� W4/[� 9� 2�5 ,2�e 

�� ��> HA 7�� � 1�4�( ]�� 915 �- 
1��2�^  W4/[� �-

� �0�d� .�4� 7�� ��6� �T40(  �0�d W4/[� �-

�� � 9� �4� E��2 :1� W4/[� ) 7� .�4��'�N8  ,�-

T �� 9� 
)�5�� e��	 9� ��( � �94��)� l E+	 ) �2�
1 


1� 9 1����[ �� W4/[� .�4� ��( ��-� �9( ��. 

��Q59� � �2���� 1���Pe��	 .  ) 1Q- ��24  )�- 3b��

�� 1�4�� .94R��;  E8� 9� �26 
�� :���  
1�   '3�

��4;� ��( :A :1���4� �- � 
1� ��0�P e��	 �� �- ���:4/  �

 _1� �- H4?�� �l9��28 E;b ')�9 9�A( .1�1�  7��

4� ��Q� 9�(  .1��0�P 9�	 �)A90  ) 7� )�9


���A )��(' ��4;� �- ��( ��)A�B 5����8� � ������8� 

1�1� 
���A .��4;� ��(  9� 
��@�� �94��,  '�����

��4;� ��( ��4�� (  ��Q- �-5×5 ����� ��� �- �2 
�4-( 

.�9� �4I� ��4;� �� WX�< ~�9 �� ����� ,� 9�'  9�=l

 9� ,�- (��1� ��<�� WX�< Y�? 3��
    9� �2 3�

��1I 5 
�� :���  
1�  3�.  
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 ��1I4- �- *+� ,�- WX�< Y�? 9�2  ,� 9� ��09����� ��4;� 9� �I�� (��  

:�;�� )kg/m3( 3�9� �8�� ��� )kg/m3(  ���.�9 ���� )kg/m3(  :�;�� �- HA 3+N�  

450  350  850  38/0  

:�9 m40 
1��2   (9��0 3�����28 )�9 fc (MPa) S4C[� :)� )kg/m3( ɣ  

1%  30 1910 

  
E8� 6- E;b ��4;� (9�A �� 

 ��1I5- WX�< Y�? �- (�� 9�2 ����� ,� 9� ��09  

Y�?  (./0 6��� �;�> 1\9� (%) 1\9� 4��� ��)�7�/�� (%) 

�� (�� (��+� Y�?)  -  -  

]�� (�� ((./0 6���)  

5/0  -  

1  -  

5/1  -  

2  -  

]4� (�� 4���)(7�/��  

-  1  

-  3  

-  5  

]9�=l (�� (�+�2�5 Y�?)  1  3  

  

2 -8 - ��% H�I�� #'�  

 7�/��4��� � (./0 6��� �M ��9�- �- ����� ,� 9�


)�� ,�- *���T ��1� � (9��0 3����� �- *+� ( 9� 

O�� B��2 (�� �8������ � �+� �8�5��� ��<��� 
1� 

 3� .9� ���' i��� 3<�� ��4;� �� � 
����� �� � 
4D� 

]��� _�����)A �8�5��� � �8������ Y�� 
�� 
1�  

3�.  

8 -2-1- ���8� ���2  

��4;� 
1� 
���A �/2 ���� �� 9� �� 1� .9� ���� 

��' ��4;� ,�- 1��� :�1- 6��� � 7�/��4��� ��=5 1� .

9� ���� ']�� 5/01' 5/1 � 2 1\9� 6��� (�T40 �- ,�- 

*+� �0�d 1� .9� ���� ']4� �� 91�� 7�/��4��� �- 

(��1\9� 1' 3 � 5 1\9� �- ��4;� ,�- *+� �0�d 1� .

) 61� 9�2 ,� ',��Q5 1\9� ���=- 6��� (�T40 � 



92  ��9�- 9��09 ,�- �8������ � �8�5��� 
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B���� 3<����) (�� ���;b (��   ������ 
9�;� '1 )1403(  

7�/��4��� 
�4-   E8� 9� .3�7' ��4;� �<�-  (��

:��� 
1� ��<�� 
�� 
1�  3�.  

  
E8� 7 - ��4;� 
1� ��<�� (��  

3 - E����J �(  

9� ����� ,�' ���)AB  � �8�5��� 3��> �� 9� ��


1� ]��� �8������  �A �- ��� 9� �2 3� ��<��� �=


1�  .3�  

3 -1- ���K� ��'��� E����J (L����42�)  

�-n�� � ) WX�< Y�?�B Q5��, ��4;� '
1�  ��

�-( ��)A�B ��( =5 Z/�[��� 
1� 1�.  9��,  ) �Q��R�

 :4�)A 9��0*5 94D�� ( �D��� B�5 - 9��0 B��2( 

�-( �9�-� ��8� S4<�8� ��4;� 1� 
��@�� ��3� 
 .

��)A�B 9��0 3�����(  �8�5����- �91���� n��

ASTM C39 1� ]��� ]33[��T ��1� .�* ��4;� �� 

.�� �- �91���� n��ASTM C469 Q5��, 1�
  3� 

]34[ 9� .�, �D5�F ������ )� 0�r �-�3 2000 

2�4/��,54  3	� �*� 2�4/��,54 �-( 
)1� P��( 

�D��� ��( B�5- 1� 
��@�� B��2
   3�  E8�)8.( 

B���)A 3����� (�9 �- (9��0 ��4;� (�� ��4�� (�� �- 

��Q- 5×5 ����� ��� n���- �  �91����ASTM C39 '

 ,� 9� .3� 
1� ]���B���)A��4;� '  ) 1Q- ��90  )�9

�- 3N5 
����� (9��0 3=I ]��� B���)A E����   
1�

 �B���)A :A (�9 �- (9��0 3����� 
1� ]��� ��   .3�   

  
E8� 8 - (9��0 3����� 3N5 
�����  

3 -2- L����:�� E����J �$�� ���42�) (7�M:��"�(  

�- B���)A ,� *���T f4� 9���� (94�5 n��

*� ���� (1Q- 
1� (9GP   ) .3��8N/2 �2 ������7 

 ��� 9� 9 �/�� ,�1949  9� B���)A ,� '��2 K��<

 �94� �4� �8������ 9��09 �Q��R� (�- �94� ) (9��N-

3� ��0�P 9�	 
��@�� ]35  �36[ ,� �=� ��-9�2 .

B���)A' �- B�5 ��D�� :�9�A 3�� -  �8������ B��2

O�� 9� �4� T�- B��2 (�� �� �� �2 1��- 5 ���o5 �- :4

�/�� 3b�� �-�d O�� 9� '
1��)  :4P��4P B��2 (��

B�5 (��9�4;� - �- 9 B��2 .�9�A 3��  

 9� 0E8� 9' ��4;�  :4N��8��� 
����� ) (

(9��08 
1� 
�� :���   3����� 
������)A 9� �2 3�

�� �4I4� :1;� (���� �/b4- 
����� j��C� 9� .1��- 

��4;� *� '
����� ,� ��4��  *� �/��� �- 
�542 (

�-�d �)�� 
���0 1�/- *���T �/�� �� ,�- 
1�  �2 ���P

�/�� �� �T40 ) ��4;b ��
1� ��<�� ]�8D�� B��2 .1�  ��

B��2 �� �/��� �- �/�� (�9 �- �2 ^��  � (��9� (��

�� 3+M 1�9� 9�	 �I��<  � B�5 �+��D� (�- .�4�

 �2 '1�4� ������� 1��- B��2 f4� �� �=�5 ��4;� B��2

 e�5�5 �- ) 
1� 78Q�� � �I��< �/�� 9� (94+b f4�

�� (��9� �/�� 9� �QR	 .1���-  

�+��D� (�- �8N/2 �R-9 ) ��4;� B�5 )1( 


��2 
��@��  :3� 

                                                 
7- Kolsky 
8- Hopkinson bar apparatus 
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)1(  ( ) ( )b
s T

s

A
t E t

A
σ ε=  

:A 9� �2' E ��1�  '(9��0 �/�� ���N���TAs  jR�

 '��4;� �R��Ab �/�� �R�� jR� � ( )T tε  B��2

�� �I��< �/�� 9� 
1� E���� 1��- ]37[.  

  
E8� 9 - (9��0 :4N��8��� �/�� B���)A 
����� ) ���;� 

,��L;� O��  ��) i-�9 ) 
��@�� �- B��2 � B��2

�- �� 3�� :1��A  

)2(  ( ) ( )02s
R

d t C
t

dt L

ε
ε= −  

)3(  ( ) ( )0

0

2
.

t

s R

C
t t dt

L
ε ε= −   

 9� �2:A' C0  '(��9� �/�� 9� ��4? f4� 3b��L  �4?

 � ��4;�Rε �� 
1� 78Q�� B��2 .1��-  f4� E�8�5

 B���)A 9� (9��d _�8� ) �8� (��9� �/�� 9� �-�d

��  f4� ,� .3�� 1�4< ^���� 9� (���) ��Mk5 �2 1��-

�-�d �/�� *� �/��� �- 
1��)9  E���� (��9� �/�� �-

��  �/�� B���)A .�4�O�� 9� :4N��8���  'T�- B��2 (��

T4;Q� �2  
��1D� 9�1s− 102  �51s− 104 ��  '1��-

�� ]��� .���P 

4- N��4� ' OP   

                                                 
9- Striker bar 

9� ,� �����' 7�/��4��� �- 1\9�(�� 1 � 3 � 5 

 1\9��)� 3+N� _94\ �-� ��:�;  :)� B��2 ,;d

��:�; � 1� 
��.0 ,�- �- 6��� (�T40 �- 1\9� �;�> 

5/0' 1' 5/1 � 2 1\9� ;�> 3+N� :4�b �-�  E2 ��>

,�- �- Y�? WX�< ,�- *+� �0�d 1� .(�- ,�0�� 

1\9� ���=- 6��� � '_9`4��� 1�- (�- ���;5  (��1\9�

3�4�5 �4� 
1��2 ��4;� (9��- 1� � _�����)A 3����� 

(9��0 (�9 :A �� 9� (��� m�5  � �8������ 3��> �� 9�

]��� �8�5��� 1� .��4;� - ��� ��4�� _94\ ��Q- �- � ( 

5×5 
1� ��<�� 1�. 

4-1 - ��'��� ���K�   

3����� (9��0 (�- (��1\9� Z/�[� 6��� 

(�T40 � �/��4���7 9� (�- *+� ,�- ��4;� ��Q- �- 

5×5 9� E8� 10 :��� 
�� 
1� 3�.  

  
E8� 10 -  � 4��� Z/�[� (��1\9� �- ,�- (9��0 3�����

6���  

�� 
1���� ^���� ) �2 94R��;�  :��.0 �- '�4�

',�- �- 7�/��4��� �w21> 91�� 3����� (9��0 W4-�� 

�- 3 1\9� 7�/��4��� � E	1> (9��0 3����� W4-�� �- 

5 1\9� 7�/��4��� 3� .�- �I45 �- 9�4;� E8� 10 

�� :45 3@P �2 �- :��.0 7�/��4��� �- ,�- *+� 9� 

3��> '�8������ :.�� 3����� (9��0 B�.0 ��0�� 

'3� �� �- B�.0 B�- ) 3 1\9� '7�/��4��� ,� 1��9 

n48Q� �� �4� � ���� �- B��2 3����� (9��0 

�� �4�.  �- 7�/��4��� B�.0 �- .�� 7�/��4��� �94� 9�

 � *+� ,�- ��4;� 3����� ':4���591�� 1��A�0 3�4�5

��4;� �;� 9� (9��0  �- 3+N� 4��� Z/�[� (��1\9� �- ��
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B���� 3<����) (�� ���;b (��   ������ 
9�;� '1 )1403(  

3� ��0�� B�.0 *+� ,�-' �- (��1\9� ���T (

B�- B�.0 E��� �- 7�/��4��� )  K4� ��> 1>

4CD�TR� 9� :4���591�� _j  � ��1��� c����

�- (��1\9� (9��0 3����� ':�;�� ��;<�5T )5 1\9�( 

 ��4;� �- 3+N�3 B��2 '1\9�  B�.0 .3� ��0��

�� 9 7�/��4��� B�.0 �M 9� (9��0 3����� 45 �- :

.�9 �4+=- e+� �2 ��.���8� B�.0 ����� 9� � 9��<��

�P��� �� ,�- �8���8� (��  '�4� _94\ ,� �- :��-

4;�:�  

 (Z�)�)4� B�2�T ���N��2 (���) 91�� :��

 HA � :�;�� B�2� �? 9� ��N/21�N2�91��

�� 1��45 ���N��2 .�4�Ca(OH)2   ����N��2

B� 3� ��4P  ,�- ������ ��>�� :��� 9� �

�1����  � �9� 9�	 :�;�� ��;< 7��5�� � ��

3����� (�- �� ,�  �� ��� ,�-  .1��-

�- 9��N- 
��� jR� E��� �- 7�/��4���T �4< (

B�2� 9��N- �G�3� �.  �- ����� 9�Ca(OH)2 

 �-� 3b����N/2 �s � 
�� B�2 - _�8�/��- 

�� 1��45 9 _91�� 1�2.  B�2� ,� 9� 7�

�)4�T���N��2 91�� � 
)1� ��  (��

�� B��2 ��N/21�N2�91��  � �2��� �s � 1-��

3������� H–S–C �)4� B�2� E\�> �2T ��

 ab�- ���< (����0 :��2�� �- '3� B�.0

�� ������ ��>�� ����l ����� 9� � �4�'  3�����

�� B�.0 ,�- ]�� � ��.1-  

 (H).�9 3�\�<�s _9` ,������ �R	 :�P1��2�� 

H–S–C �+���5  �-�-72 �� ���4��� 1��-. ,��-��- 

2�� 3�\�< �-�E/< �P1� � ab�- '�4I4� f�0

�2��� 
1�+Nl ��;< 7��5�� *� ����  �5

�� �4�.  

 (�)���N��2 ����2  4��� 91�� �2 �594\ 9� :()��
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1� �0�d ��( .0 9�8��B 

�� .1�� ;� �-�, ���E � �2 3��6� Mk5 3D5��  � ��9�-
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10- Inter-Transition-Zone 
11- Dynamic Increase Factor 
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���� - ^���� �- �I45 �- .1��  �- 6��� :��.0 
1�A 3��


9 *+� ,�- 9� ���=�5  B�.0 94U�� �- �+���� E>

T ��1����N��� ��9�- 3D5( 5����8� ��3N �I45 �- .

T ��1� �8�� �- ��1� ��Mk5 3D5 ,�- ���N���

TE�8�5 (.I ���N���  
1��� :A ��;< �/;I )

�9� 9�	 :�;��' T ��1� B�.0 ,��-��- �- ���N���

 � :�;�� ��;< E[/[5 B��2 �- �2 7�/��4��� B�.0

�� �=�1- '3� 
�;� (9��0 3����� B�.0  �- � 1��-

�2��� ,�- ���� 3/b  ��1� ����� 9� � ,�- ��[� '�5

T .3� ��0�� B�.0 ���N��� �2 94R��;� 
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12- Dynamic Increase Factor 
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a4 4697/0 b4 285/3- 

a5 5721/0 b5 991/2- 

a6 0399/0 b6 07049/0- 
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 (Z�)1 4��� 1\9�   (H)3 4��� 1\9�  

  
 (�)5 4��� 1\9�  

E8� 19 - ��������)A � (�1b ������ �N���� DIF 7�/��4��� Z/�[� (��1\9� :��.0 �- ,�- (�-  

    
(Z�)  (H)  

E8� 20 - ��������)A � (�1b ������ �N���� DIF  (�- (Z�)(./0 6��� � 7�/��4��� 1	�0 �I�� ,�-  (H) � �- ,�-3 � 7�/��4��� %
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 (Z�)1 4��� 1\9�   (H)3 4��� 1\9�  

  
 (�)5 4��� 1\9�  

E8� 21 - ��������)A � (�1b ������ �N���� DIF (./0 6��� Z/�[� (��1\9� :��.0 �- ,�- (�-  

��1I 7-  �;�.2��WX�< Y�? ���;5 (�- B��2 O�� 9� ��  B��2 Z/�[� (��  

Strain Rate1/s max strain Plan 

Static 0033/0 0%N+0%F 

00/100 0428/0 0%N+0%F 

00/200 0528/0 0%N+0%F 

00/300 0628/0 0%N+0%F 

Static 0035/0 1%N+0%F 

00/100 0428/0 1%N+0%F 

00/200 0528/0 1%N+0%F 

00/300 0628/0 1%N+0%F 

Static 0038/0 3%N+0%F 

00/100 0428/0 3%N+0%F 

00/200 0528/0 3%N+0%F 

00/300 0628/0 3%N+0%F 

Static 0036/0 5%N+0%F 

00/100 0543/0 5%N+0%F 

00/200 0653/0  5%N+0%F 

00/300 0863/0 5%N+0%F 

Static 0035/0 0%N+1%F 

00/100 0428/0 0%N+1%F 

00/200 0528/0 0%N+1%F 

00/300 0628/0 0%N+1%F 
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Strain Rate1/s max strain  Plan 

Static 0034/0 0%N+1.5%F 

100 0428/0 0%N+1.5%F 

200 0528/0 0%N+1.5%F 

300 0628/0 0%N+1.5%F 

Static 0034/0 0%N+2%F 

100 0428/0 0%N+2%F 

200 0528/0 0%N+2%F 

300 0628/0 0%N+2%F 

Static 0039/0 3%N+1%F 

100 0428/0 3%N+1%F 

200 0528/0 3%N+1%F 

300 0628/0 3%N+1%F 

  

�0�? )'  :.�� :��- (�- (���� 9��Q�

E8� �� .�9� �4I� �4� (��G�  ��D�� ��) jR� :45

B�5 -  �- 9 B��2(s�� HGI :�8� E8� :.�� �  (��G�

 
��� 94CD� jR� 9��Q� ) E��� ,�;� �- .3N�� i+5��

WX�< Y�? ���;5 �N���� (�- ��D�� ��)  ]�;5 9� ��

O��  B��2  ��1I 9� ��8 .3� 
1� 
��@��  �2 94R��;�

 ��1I 9� 
1� �u9 ^���� )8 3� q[��  ,�����-

B�5 ��D�� 94CD� 3>�N� -  HGI (s�� �� B��2

WX�< Y�? �- W4-�� 
1�  � 6��� 1\9� *� �- �+�2�5

) E\�> ����� �- �I45 �- .3� 4��� 1\9� ��  B[- ,�

�� WX�< Y�? ) 
��@�� ]�.� �- :45  �- �+�2�5 (��

3�4�5 1�l ) 
��@�� .��- �� ,�- 
1��2  

��1I 8- B�5 ��D�� 94CD� jR� - B��2 WX�< Y�? ���;5 (�- � 9� ��O�  B��2 Z/�[� (��  
Strain Rate1/s Area Plan 

Static 07/0 0%N+0%F 

00/100 88/3 0%N+0%F 

00/200 20/7 0%N+0%F 

00/300 67/10 0%N+0%F 

Static 07/0 1%N+0%F 

00/100 22/4 1%N+0%F 

00/200 71/7 1%N+0%F 

00/300 88/10 1%N+0%F 

Static 08/0 3%N+0%F 

00/100 57/4 3%N+0%F 

00/200 55/8 3%N+0%F 

00/300 28/12 3%N+0%F 

Static 08/0 5%N+0%F 

00/100 74/5 5%N+0%F 

00/200 59/10 5%N+0%F 

00/300 16/16 5%N+0%F 
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 ��1I8- ��� 
Strain Rate1/s Area  Plan 

Static 07/0 0%N+1%F 

00/100 04/6 0%N+1%F 

00/200 11/10 0%N+1%F 

00/300 56/13 0%N+1%F 

Static 07/0 0%N+1.5%F 

100 97/5 0%N+1.5%F 

200 23/9 0%N+1.5%F 

300 36/13 0%N+1.5%F 

Static 07/0 0%N+2%F 

100 81/4 0%N+2%F 

200 85/8 0%N+2%F 

300 33/12 0%N+2%F 

Static 08/0 3%N+1%F 

100 11/6 3%N+1%F 

200 90/10 3%N+1%F 

300 67/18 3%N+1%F 
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a0 9/108  2/172  1/212  

a1 7/114  1/108  0/94  

a2 9/12  8/18  6/22  
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a4 9/6-  6/2-  8/24  
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