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      �Ü4�Ü# áæ%Ü$ æ +L,��-�ÇæÑ%,B :2� ¡+AN5 :;9< &,# Ø�[�ÑÇ

 !�Ç å%6 åÏ�H-�Ç !�Ç]F\[] áæ%^ ÑÏ .F +$ _  9Ü-Ü$ÇÑ�? äÇ)�  í�ÜB

 íÇ9# �,-�/Ç (,5�; ÑÏ !4�5 (4Ï�X$ æ íÏ�$ Ê�,3)`1 (# Ø)#9$

 Ï9< å%B��$ ÇÑ ¡+2-# ÝÇ%BÇ æ (#��9?]Fa[  (< !�Ç D,b)� (# ãÒ/ .

9-$ÇÑ�?!,;)C)B ='9b í�BM ä7'�;æ9C !#�I æc!!   !Ü"� d�)�  í�ÜB

 í78� (#��9? (#9b +#9N�]Me[  +2-# Ý%B æ]MF[ (#     å%Ü$Â !Ü�Ï

.!�Ç 

 Þ)Ü� íÑÇfCÑ�# !R9� (< äÂ 9g�1 (# 9b�5 h,J*� ÑÏ   åÏ�ÜXÜ4Ç

  :;9< Î9; Ç9'Ò .i,BÏ ÑÇ9Z 9j; %$ ÇÑ :;9< Î9; ÊÇ9IÇ %'�# ¡!�/�#

9IÇ +��< !$æ�J$ Õ)`1 (# ¡åÏ�$ !$æ�J$ íæÑ 9#     .!Ü�Ç ÑÇfÜC

åÒ�� ÑÏ :;9< Î9; +T-"# (#��9? (#9b !R9� æ ã9^ (# ¡+2-# í�B

 ÏÑÇÏkFlm åÒ�� ÑÏ :;9< Î9; ÊÇ9IÇ .      +Ü$ ÇÑ +Ü2-# í�B     �Ü# äÇ)Ü�

åÏ�H-�Ç Ñ)-<�� ÒÇ :'Ç7�Ç +L,$�2'Ï-ÊÑ�[R (< !�Ç ÒÇ  !$æ�J$ ![";

+L,$�2'Ï +��<l +L,��-�Ç +��< !$æ�J$ (#- .Ï9< ä�,# 

ã�N;Ç Ê�J,J*� h[g    ] KÜL6 %2;�AB &,JJ*$ d�)� (-�9Cc _

+$:;9< Î9; íÇ9# äÇ)�  ÒÇ 9-A< í�B    Ñ)ÜÜ-ÜÜ<�ÜÜ� ÑÇ%ÜÜJÜÜ$

 Ï%R ÇÑ +L,$�2'Ï :'Ç7�ÇFno  !�9C 9j; ÑÏ]Fc-a[       �Ü# &Ü'Ç9Ü#�2# .

 +L,��-�Ç +��< !$æ�J$ æ +L,$�2'Ï :'Ç7�Ç Ñ)-<�� ÑÇ%J$ &-6ÇÏ

+$ !�%# i,J-"$ 9,E :�< !"� ÒÇ (<+$ ¡%'Â      !Ü$æ�ÜJÜ$ äÇ)�

(;)A; +L,$�2'Ï +��<(# äÂ ÒÇ æ ÏÑæÂ !�%# ÇÑ +2-# í�B   äÇ)Ü2ÜR

(;)A; +��< +T-P,"C Ñ�,X$.Ï9< åÏ�H-�Ç +2-# í�B 

1� Steel Fiber Reinforced Concrete (SFRC)   
2� Hugoniot coefficient   

3� Gruneisen's gamma   

4� Dynamic Increase Factor  

'@+;&ÇÑ'/ %A'2+/ 
$íÏBC*$Ý',DÇ$ !0E$.FÑÏ 

G% =H5% =% 

+4�TU!(kg/m!) p\pe Mlpe Mcoe McGe 

 +69# áæ%$(GPa) ppno oonce Mlnoa GcnFo 

i,8"� :2�!(MPa) oee Mpnlc MonMa MlnGc 

 íÑ��� !$æ�J$(MPa) - cMnoM cenF M\nec 

 (-,",-�/Ç áæ%$!(GPa) - FcnFG FlnFe Flnae 

ä)�Ç)? ='9b - enFa enFa enF\ 

 +��< !$æ�J$!(MPa) - oneM lneF cnGe 

áæ%$ !P�+C%;)6 !(GPa) lnM - - - 

!R9� ß)6!_m/s) lope FGaMno FpaGne F\FcnG 

 !,;)C)B ='9b Fnle  Fnle Fnle Fnle 

ä7'�;æ9C !#�I MnFp - - - 

$áæ.I=�$%JC!J$æ$%A'2+/$KD'E$%DÏ'L&$æ$íÏ'&$ÕÇCM$í'@+;&ÇÑ'/$$í'@

]$ (;A=?[ 

2 1
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$9N3G�$O(2$ãÇ+P'1Ï-Q2$Ñ'7*$K<2$ÒÇ$OJ+R$åÏ'8$S;A$íÇ+A$íÑCT&

$$ *',DÇ$S;A$æ 

$9N3>�$$Î+J$ÊÇ+UÇ$V<E$+A$$ N,&'(1Ï$O1ÇW*Ç$ÑC;R'*$ÊÇ+,,X2$ÑÇÏC!J

åÒ'8$ÑÏ$OJ+R]$ (;A$í'@=>[ 
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>-?-")&@A"å+/-íÒ�! 

á�� íÇ�� ¡��!"# $%Ç ÑÏ                 &Ü'Ü(Ü) Ï*Ü+Ü%Ç æ ,-�./ íÒ*-

0�0�1 ÒÇ ¡í�.� ,� ãÇ íÇ ÝÇ �2)ÒÇÏ�138  

4   56Ü-Ç å�) åÏ*79-Ç

æÏ ÊÑ:; &� ,.9� &<:=< æ &�*#�1 &>!< ?% *� íÑ:"� äÑ*!# æ í�@�

áÇ�29<Çá�� í��Aå�) íÒ*-        ÔæÑ &Ü� &ÜBCD� EF $�.G=/ 5�<Ç

 &�*#�1 56-Ç &9H�A ÊÑ:; íI<Ç�AJ E') �.<*=/ íKBH í*/L  &ÜM ¡

E') &� �AÐ:7< �- íÇÑÇÏN�< ¡6O# í*/      ¡�Ü.Ü9ÜD/ :%*PÇ æ íæ�M

 ,(%�!# ã�P íÇÑÇÏLQ  �- Ú*@) æ ã�A43RS ,B��,� �9�   æ �.)*�

 ,(%�!# 6T�- *�3LUL ,� 6�*;Ç ,.9� Ý�/ &� &�<*V �� �9� 5�..M

&�*#�1 ÒÇ ?% �/íÑ:"� äÑ*!# ÊÑ:; &� */3  *�4W3  K%*- *� æ ä*=XÇ

YRWSQ ,B��&'() �9�å�) í�.�   6Ü�*V íÇ�� &M 6-Ç �MÐ E�*Z 5�<Ç

&�*#�1 ã*=# �>Z æ ã�P ä�<*�&�() ÑÏ */,� 6(D< ¡íÒ*-  á:Ü[ �@�

&�*#�1 íÇ�� �>Z &�N�< ¡6O# í*/&� :%*PÇ æ íæ�M \�#�#YRQ   ¡YRU 

 æYRW,�5�)*� 

 

 ] E') &� &P:# *�Q     *Ü� íÑ:"� äÑ*!# ÊÑ:; &� ,.9�  &<:=< ¡^

 Ú*@)3QY ,B�� 6�*O_ æ �9�4YY ,B��ä*=XÇ ÏÇ�@# *� æ �9�  í*Ü/

8Y ×3YY  *T:=+� æ4`YYY  K%*- *� ä*=XÇ3QR4 ,B��      íÇ�Ü� �Ü9Ü�

&'() ¡\-*.� ÈÇ:P 6ZÏ &� ä��-Ñå�) í�.� 5�<Ç 

Ñ*�@� ÒÇ ,'%N�D!# ÑÏ Na� í*/&�*#�1 í�.�   íKÜ�Ü# \%�_ ¡*/

&�*#�1 �-S ,�á:��H &M �)*�    �Ü- íK�# íÇ�� ,7B9O� ,��+# í*/

&�*#�1  &Ü�*#�1 íÇ�� \%�_ $%Ç ¡�%Ò b�ÇæÑ ÑÏ 56-Ç å�) &cÇÑÇ */  í*Ü/

N�< ¡:%*PÇ 6-Ç å�) �MÐ 6O# æ íæ�M]4S[d  

 

 

 

 

 

 

 

 

 ] áæ�P ÑÏ3 ,� ^�9�ÇÑ*1 �%Ï*!� äÇ:#  eÜ%�@# íÇ�� eB9O� í*/

   fÜOg� áæ�P &� &P:# *� 5Ï�M å�/*g� ÇÑ &�*#�1 �- íK�# Ñ:9M*H

K�# &�*#�1 �- ¡�)*� �9=M &�*#�1 �- íK�# Ñ:9M*H &h�/ &M 6-Ç  �Ü#

 &�() ÒÇ E;*F i%*9< ÑÏ Ú:_:� $%Ç &M 56-Ç     å�Ü) ,Ü-Ñ�� íÒ*-

56-Ç!
 

>->-"9$Ç#B"Ñ�&C�"DE#C( 

ã�< Êj'g� ÒÇ ,'% kÜ�/ Ï:(< ¡*.%ÇÏ ÓÇ áÇ ÑÇKHÇ      á�Ü� &Ü<:ÜA

 ÁÇKPÇ E�B"# &�*<�� ÑÏ ,H*�XÇ $9� 6%Ò:l�*M äÏ�M á�� íÇ�� íÏ*�

,� �_*F Ïæ�"�   $Ü9Ü� íÇ�� åÏ*� á�� $%�.h ,BM 6X*F ÑÏ 5�)*�

ã�< ÑÏ åÏ*- ÑÏ ÇÑ Ý*�XÇ �VÇ äÇ:9� &M äÂ íÇ�� 5ÏÑÇÏ Ï:Pæ íÑ*P ÑÇKHÇ

&��_ Ñ*9HÑ¡EF åÇÑ *a.# ¡Ï�M á�� $9� íÇ!!  ,Ü�Ç�m &.%KA ÒÇ åÏ*79-Ç

ä*=XÇ4,� $9� n%�#*� íÏ*� 6D') Ñ*�@� äÇ:.T &� */   �)*�]4W5o 

 ,Ü)�� 0<�M N=%KM*� í*/Ñ*�@� ÒÇ ¡,��+# i%*9< ÒÇ åÏ*79-Ç *�3   ÑÏ

         0Ü.Ü# NÜ=Ü%KÜM*Ü� Ñ*�@� ÒÇ æ ¡,.9� Ý�/ æ &�*#�1 íÇ�� ¡6D')

,ggMS     ,Ü2Ü9ÜO�DA å:"< Ñ:p.� &� ,.9� Ý�/ íÇ�� ¡6D') ÑÏ

&%J �VÇ ÑÏ Ý�/      ä�Ü) Ï�Üm æ Ý�/ í�%Ò Í:>- ÑÏ ä�) &%JL 

ã�< ÑÏ &<:=< ,%J*� q>- ÑÏ Ý�/  ,�*2./ 56-Ç å�) åÏ*79-Ç ÑÇKHÇ

ä*=XÇ ÑÏ ,ggM 0.# *% ?�9-j1 �V:� 0<�M &M      �Ü%Ï*Ü!Ü� &� */

,� ß*1 �p< ÏÑ:� ä*=XÇ ¡�.-�� Ï:m ,<Ç�"�      fÜOÜg� íÇ�� 5Ï:)

     ¡$Ü9Ü� n%�#*� ÒÇ ä�) å��gM äæ��� ÑÏ Ý*�XÇ ,@ZÇæ 0!< äÏ�M

,�&� 6D') ÑÏ ?�9-j1 0<�M Ñ*�@� ÒÇ äÇ:#  ,Ü�Ç�m Ñ*�@� äÇ:.T

1� FEMB 28   
2� Axisymmetric   

3� Nose Shape Factor   

"FGAH�")$�(#*)$"íI41"í�<)$"#J"Ð+,-"#!"�$"íÑ+/�"äÑ��("ÊÑ+L"M&(#(

N&-"¡+E�OÇ"PFGA")$"QR")$".!ÇÑ"ÒÇ.S("æ"íæ#% 

1� Erosion  

2� Shear Strain Failure  

3� Tensile Cut-Off Failure   

4� Scabbing   

"FGA7�"T�")G@A"ÝU<"æ")$�(#*"íÑ+/�"äÑ��("íUC$"æÏ"íU:$ 

1 1*

23 24

1* *
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2
8

Nogive

N Nhemi flat

j j

j

= -

= -

]8^  

]W^  

&�*#�1 
�>Z 

 ]mm^ 

á:[ 

 ]mm^ 

á:[ 6(D< 

 �>Z &� 

 �(�X*M 

&�*#�1 �- 

 \%�_

íK�# 

:%*PÇ 3LR` 34RS YRW 4RY YRS 

N�<íæ�M 3LR` 4`RS YRU YRQ YRQ 

6O# 3LR` 43R3 YRQ YRQ YRQ 

"áæUO?�"")$�(#*"#!"íI&("Ñ+;%�1"DE#C("íÇ#$"D4;S�"í�<#;�ÇÑ�*"#EÏ��� 
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ä���Ç����� æ �!�"#$ íÇ#! ÑÇ%&' ()Ç �* ºÏ#* åÏ�+,-Ç �.     /Ü0Ü,Ü! í�.

 12"#" �!349  æ345 /' ����� íÇ#! 6%7�!           Ñ�Ü2Ü8Ü' ÒÇ /Ü0Ü,Ü! í�.

        /Ü:Ü:* ;Ü'æ�Ü&Ü' ä��. �* ¡/::* ÌÇ�'Ç �<2-æ �! /=,>2?@

A áæ%B %0���. ¡;-Ç /0,! /C2'�0)ÏD6;-Ç å%7 åÏ�+,-Ç E 

:-$@1';A$%<1'B&$æ$CDE 

 A FC7 ÑÏG �?)�&' E /!#H" I)�,� æ íÏ%J FK (2! íÇ]L9 [ #!

/M�! ;J#- íæÑN2� FC7 �! �!�"#$ å%��'          ÑÏ Ð�Ü+Ü� #ÜOÇ ÑÏ íæ#*

%PÑÏ �! /0,! ÝÇ%.Ç �,Q#@ ã�H�Ç íÏR�Q Ý�2�Ç S<,>' /�HK í�.

   �Ü! #!Ç#! /.�=:)�'ÒÂ I)�,� æ íÏ%J FK (2! ÝT,UÇ #V*Ç%K 6;-Ç

W /' X /' ä�:� I)�,� íæÏ #. 6%7�!         %ÜPÑÏ YÜ)ÇZÜQÇ �Ü! �* %.Ï

  /Ü0,! ÝÇ%.Ç ÑÏ �!�"#$ Ð�+� #!Ç#! ÑÏ ;'æ�&' ¡íÏR�Q Ý�2�Ç /�HK

/' #,:2!/' Y.�* Ý%. ÒÇ Ìæ#U ÑÏ �!�"#$ ;J#- æ Ï�76%!�) 

FC7 ÑÏ í�.\ Ñ�,��*  Ð�Ü+� å�^� æ _2,-T$ #O�' Y�#* í�.

N2� #- �! �!�"#$  FÜCÜ7 Ñ�*æÒ�- æ Ý%. ÑÏ íæ#*        æ ß#Ü" í#Ü2Ü@

 äÏ#! Ñ�* �! �! /0,! ����� /=,>2?@L4`          ÑÏ ¡Ý�Ü2Ü�Ç /Ü�ÜHK X

ä�'Ò í�.aG ¡`a ¡WW  æaD3 æ#C2'6;-Ç å%7 N-Ñ �2��O 

å%)%$ (2�æÇ     FÜCÜ7 �2K��A/0,!  ����� ä%7 Ï#U í�.   í#Ü2Ü@

  ä�'Ò ÑÏ ����� /)æÑ bc- ÒÇ ¡Eå#+KaG æ#C2'/' Þ�+"Ç �2��O  6%Ü,QÇ

 ä�'Ò ÑÏ íÑ�:Q Y0" Ì�' �* /'�=0.`a æ#C2'      bÜcÜ- �Ü! �2��O

/' ����� ()#)Ò�! ¡%-Ñ/' dC80' /::* ÌÇ�'Ç ÊÑ�P ÑÏ æ Ï�7

�,-�$ å%)%$ �e^� ()Ç      Þ�Ü+Ü"Ç �Ü���� ()#)Ò bc- ÒÇ ä%7 �,-�$

/'  ä�'Ò ÑÏ 6%,QÇWW f2. �2��O æ#C2'   Ð�Ü+Ü� #!Ç#! ÑÏ /,'æ�&' ���@

/M�! ;J#- �! �!�"#$ æ ÏÑÇ%� Ï�Bæ �!�"#$ å%��'aDL    ÒÇ �2��O #! #,'

/' Ñ�gJ Ý%.  ä�'Ò ÑÏ 6%)���aD3 æ#C2'           /Ü)�ÜhÜ� FÜCÜ7 ¡�Ü2��O

6;-Ç å%.�:' F!�M /0,!  ����� æ �!�"#$ íÇ#! /=,>2?@ 

FC7 ÑÏA í�.W �!�"#$ ;J#- /��'Ò �i>)Ñ�" E FÜC7 �! �.  í�Ü.

%PÑÏ �! /0,! ÝÇ%.Ç ÑÏ Ð�+� ã�=0. ÑÏ S<,>' S<,>' /�HK í�.

 �!�"#$ �* ;-Ç bjÇæ 6;-Ç å%7 åÏÇÏ Y)���        È�Ü,Ü7 �Ü! �g)#&" �.

/' Ð�+� ÝÇ%.Ç ÑÏ /,!�O ;J#- ¡Ý%. ÒÇ �!�"#$ Ñ�gJ ÒÇ d$ æ %00*

/' ;!�O N2&,?' kU _) ÊÑ�P �! �!�"#$/M�! ;J#-A%��' 6Eå%��' 

 A FC7 ÑÏ9 /M�! ;J#- EFC7 �! �!�"#$ #. å%��'  ¡SÜ<,>' í�.

%PÑÏ �! /0,! ÝÇ%.Ç ÑÏ Ð�+� #OÇ ÑÏ/' ÇÑ S<,>' /�HK í�.  äÇ�Ü"

 6Ï#* �eKT' 

$9F3G-$ H'E$I#+7$%<1'B&4,A$9F3$'E$%E'2+/$å.A'&$ÐJKA$+LÇ$ÑÏ$íæ+M

.NÑÏ$'E$ (;E$ÝÇ.OÇ$ÑÏ$íÏPJ*$Ý',QÇ$R";S&$ !0T$í'O 

U1'7+*$Ñ',V& %E'2+/ 
%AJ!A (;E$í'O 

aX L4`X LX 

$ 66M$U(2$4!1WM'&(MPa) - \4`D G43L` `453 

I<F3$UA+M 349 345 

$áæ.X>-$ä'!QÇ$íÇ+E$U1'7+*$Ñ',V&%AJ!A$æ$%E'2+/$í'O$ (;E$í'O 

ES�ÇA 

EÈA 

EÌA 

EÏA 

$9F3Y-$$'E$ (;E$%AJ!A$ÑÏ$Z,;7[/$+LJ&$UA+M$ÑJ;A'M=\5$ !0T$]

$^RQÇ$_ä'&Ò$ÑÏ$¡Ý',QÇ`G^È$¡5`$^Ì$¡88$^Ï$¡`>a$æ+F,&$$%,A'L 
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             ÒÇ äÂ �Ü� í�Ü�Ü� �!�" #$ %!&'Ç #(&��) #$ *�Ç +,-.

#(&��)     /Ü.&Ü$ Ð%01 2�3 ÑÏ í�4-�( 5!ÇÑ&$ ¡*�Ç �46$ �7!Ï í&8

 #(&��) 2�9:68 ;ÏÑÇÏ Ý<8 /=ÇÏ>�1 í&8�� æ íæ�$   &Ü?Ü!�@� *,�

         *ÜAÜB íÇ�Ü( 2�9:68 ;<1ÑÇÏ Ð%01 å<!<) 2�3 ÑÏ 5C(&-. Ñ&4DÑ

#�?E F!&41 58&7-!&.ÒÂ F!&41 ¡íÒ&�]GH![    >Ü�Ü1 #(&��) íÇ�(  íæ�Ü$

;*�Ç å<E #IÇÑÇ 

 J /KE ÑÏGL #4�%) #�3&1 �MN O#4�%)         æ O2Ü!�Ü!Ò PM�J å<E

    <ÜBÑÏ &Ü( 594( ÝÇ<8Ç ¡O5!Q&( PM�J å�03 Ï&R!Ç #�3&1 �MN  í&Ü8

/KE &( #(&��) Ð%01 �SÇ ÑÏ TU4,. 56R3      ÝÇ<Ü8Ç ÑÏ TU4,. í&8

5. ÇÑ 594( ;Ï�$ #V3W. äÇ%�!!                       5Ü8&Ü7Ü-!&Ü.ÒÂ XÜ(ÇæÑ ÒÇ 2�9:68

%!- ÓÇ- ãÇ-íÇ-5�G ]GY [  J /KE #( #'%� &(GG 5. O      ÑÇ<Ü@Ü. äÇ%�

5(Ð%01 Z6\ <^(_ 5( *?`1 �`3 �(     <Ü3Çæ �Ü( 5-?9' í��1Ç <^(

5K�.&9!Ï *.æ&@.a  J X(ÇæÑ ÒÇ #$ Ý<8a  æb              #Ü?Ü�&ÜAÜ. /Ü(&ÜN O

5.                    ÒÇ /ÜB&Ü3 FÜ!&Ü4Ü1 #Ü$ *�Ç +,-. ;Ï�$ 5(&!ÒÑÇ ÇÑ ¡<E&(

#�?E;ÏÑÇÏ 5(%= *NÏ 5U6\ F!&41 &( íÒ&�! 

 

OTcÇJ 

OÌJ 

OÈJ 

">?@A�""BÈ".C("BD2Ç"E#FÐ+,-"#!" $")$ (#*".=#!"8- 7Ò")GCHÑ (

I&-JKÑÏ" $"8:;$"ÝÇJ<Ç"ÑÏ"¡+H LÇ"BÌ"¡íæ#%"Ý &2Ç"D4;C7"8MNO"í < 

">?@9�"8P $".=#!"ÑÇÏ+M->?@" $")$ (#*"åJ- 7"Ð+,-"#'Ç"ÑÏ"D4;C7"í <

JKÑÏ" $"8:;$"ÝÇJ<Ç"ÑÏ"D4;C7"8MNO"í < 

1� USMIT   

2� Normalized Depths of Penetration   

3� Kinetic Energy Per Unit of Dynamic Strength   

">?@QR�");!+*")&O -"#SP"å#,O"Ï NHÇ")&O -"#SP"æ"TH#HÒ"3S!"ÑÏ"åJ@

""8:;$"ÝÇJ<Ç"8H0 $"3S!"ÑÏ 
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@-$%1,;Aí+,B 

��� ���Ç�! ÑÏ "#$ ÝÇ�%Ç ÒÇ &'( åÒ)Ü* ÒÇ åÏ)+,*Ç -$).   &Ü()Ü%

    /�Ü�Ü0)Ü1 2,0ÇÏ &3Ñ)4 Ð5+6 �1Ç�1 ÑÏ ÇÑ 7$æ)8$ 9(�,:�1 2; 7*Ç

21   2Ü1 íÏ<5� Ý)�=Ç ÒÇ åÏ)+,*Ç >�8?@ 9(Ç ÑÏ Ñ5A�$ 9�B%   äÇ5Ü�Ü.

7(58@åÒ)* ÑÏ å���;21�C Ñ)1 �1Ç�1 ÑÏ &�,1 í)%    2ÜDÜ=)ÜE$ ÏÑ5$ íÇ

21)@�! ÒÇ åÏ)+,*Ç F�6 -1)8$ å)G�(Ï ÒÇ 7��G ÑÇ�H   9Ü(�Ü,:�1 2; &()%

   &ÜIÇ�ÜJ K?1 ÑÏ ä)88?$ ÝÇ�%Ç ÒÇ ÏÑÇLM1 åÒ)* íæÑ �1 ÇÑ N(�O@

ÍP*&$ È5Q?$ <)1 ä)$�6ÇÑ )1 í)% 7Q@ ÒÇ /Ï50   &Ü'Ü�@),*Ç í)%

     RÜ(ÇFÜ�Ç K.)1 9,1 S(�@)$ ÑÏ Ý)�=Ç ÒÇ åÏ)+,*Ç 2; 7*Ç TO:$
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Abstract 

In this paper, modeling of high speed projectiles with different nose shapes, penetrating into 

steel fiber reinforced concrete is investigated. Numerical simulation is used using LS-DYNA 

cod capabilities with Lagrangian method and axial symmetry form. The projectiles have an ap-

proximate mass of 45 (gr) and their velocities are about 2500 (m/s) penetrating into steel fiber 

reinforced concrete panel with volume fraction of 1.0%, 1.5% and 2.0%. In this article the exact 

behavior of steel fiber reinforced concrete confronting metallic projectiles at high speed is pre-

dicted. Here, Elastic-Plastic Hydrodynamic material model is used for prediction of projectile 

behavior. Also, the Mie-Gruneisen state of equation is employed for the relationship between 

the volumetric strain, hydrostatic stress and modulus of bulk at high velocity. The results of the 

simulations are compared with experimental work of other investigators and, the results show 

that ogive nose projectiles are more efficient than other projectiles. In other words, by increasing 

the projectile length to diameter ratio from 0.5 to 0.9, for flat, hemispherical and ogive projec-

tiles their residual velocities are increased.  Also, it is shown that by increasing the volume frac-

tion of steel fibers in concrete matrix, damage of top surface damage is reduced dramatically. 

The most important innovations of the present study is effect the steepness and length to diame-

ter ratio projectile on the ballistic performance of the projectile and the effectiveness of use of 

steel fibers in concrete panels that increase the efficiency of passive defense. 

 

 

Key Words: High Speed Penetration, Projectiles, Steel fiber reinforced concrete, Numerical 

Simulation, LS-DYNA. 
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