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H�hyTGV{]�O�DGH�b�W�o2QI^GH
V�B�q§VPH��EHCV¦BEN�@CYI]E@a�XB`TnHCDGOPDG_`F#Q!^G]�Ql]EYIHUDGB�QlHC]EFSopQ!B��yOPFIKf]�V�O���HEd

â ã ;åäX/s5�æ ÚC×U7sÕkÖ ×U/21>Ü
�<^GO�F#q�B`YS�2q#]EFgTf]�YSQ!O�]EV�VZo�N�KGDGbGH�bmW�o8µ��U?Ý]EDGbrFIKGTnHCY��yOPFIH�bmW�o8µ
YCd � dj�gBEQ!]c]�Q\Ã%��?�dç ×
Ø`×U3>×U/:;g×UÜ
t �Cv »<d0wLQ!YI]EFIFSWGKGYS_`HCY�i�Æ�d0wyH�DMN#]�DGb£Æ�d¦�gBEQ!^MHCDG^Iè]�KGFIVPHCYCi0efYI]E@�QIKGYIH�Ê>YIBETf]E_�]�QIO�B`DmbGKGYIOPDG_X©�[czTf]E@�Q�OPD��<^GYIH�H£�6oLT�H�FmBEN�Ã%HCYI]E[kO�@CF�i¥éM°�ê��Lâ�à�¯�ëª"j±dì
íïî�ðßñ�ñóò·ôzõºt�FSKGTGTGV d#©Öº v ® � ¬`¬E��´���E��z����E¡Md
tÈ} v ��d�ÆlB`YSDGHC[�]EDGD�i�öMd�e%d���]�VPQ!^MBE¨�i�Æ�d��xB�Q!^GH�DG^Iè]EKGFSV�H�YCi¦Æ�d¦wyH�DMN�]EDGb£w�d�Ë�OPDG�RV�H�YCiE÷�tF$f±f'(ø¯� p±�ßf½ ¾E¿ ì�ß e ±aà�½ ¯<� ¾ ½¥¯*)�ßù)Ø&:ú ¾�e ± ¾ ßnÞüû�' ¾wv ½�"w'!±�êy'3)O$ ¾ � ¾ ½¥¯*)�ß³¯áß�ý ¿Z¾ àaà�ø�þ ¿Z¾Íÿ à��I) ¾ ÞL±IÞÿ â�þj½Í±a± ¿�� â ¿ ¯áßnÞL±f'!à ¾ ½��\¯<�c��ìf ±$ ¾wv ½·ín± ¿ ) v ¯á½¥¯Ì±aà�i4®¥» « ©gYIHCTnB`Y�QU»��RÀE¡E�MinË)HCOPV�]E[ �g^GHCOPD®*�UHCYS[p]ED�oM´�i � ¬`¡E�R´�d
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t�� v öMd<Ã#]E_EDGB`Kyh�i��	�±8&Q)c'( ¾ ½ ¯*)�ßö±�½Ú'f"L¯áß�±sÞ�
 "yß e ±f'('!±�$nâc'!±ut¼à¤)c"H c¯�à
�¾ "yß v �
) v ¯áßf½Í±�ßMà�±��
�±�½�"MÞL±8±utF$��±f'�¯� p±�ßf½ ¾E¿ ±2±�½� )CÞ��± ¿ ¯�à ¾ ½ ¯*)�ßuÞ�" v )c ±$
)c'�½Í±f p±�ßf½�i<®��<^��HCFSHXb�A~»>Q!]�Q�i��xDGOP�EHCYSFIOPQ�oBEN�Ê�B`OZQ!O�H�YIF�i � ¬`¡��E´�d

t � v e%dfÆxO�V�b�i���dGÏ%Y!]� SH�YCijÃ\djµ
H�DGB`Kf]�V¦]EDGbrÊ�dGejBEYIJRKGO�D�ifÑ
DXQ!^GH�Ê>YIB`WG]EWGO�VPO�F�Q!O�@�zÍµ
H�Q!HCYS[�OPDGO�F�Q!OP@��YI]EDGFSOPQ!OPB`D¶©�DR�EB`VP�EHCbÎOPDº]§efYI]E_`[kHCD�Qa]�QIO�B`D¶Ê>YIBL@CH�FIFÁB�NXÏ%YSOPQIQIV�H « ]�QIHCYSO{]EVPFCi � )c ±$ß"y½Ì°þj½�'(" v ½¤°¢õ��:t � } v ®Ì} ·`· ��´ � }�� � z � }`�E�Md
tÈ� v öMdnw�df�gO�DGH�^f]EY�Q�ifµ\oLDf]E[kO�@\efY!]E@�Q!KGYSH|wRQ!YIH�DG_EQI^GFgBEN4�gBL@a�LF�i�êy'O) v ±a±IÞE¯áßw��à���½8��þjâc ±$�°���) v��

� ± v �M°�i+® � ¬`���E´�d
t�� v Æ�d���d��UKMQIQIHCYU]EDMb£Ã\d�ej]EO�YS^RKGYIF�Q�i¦Ñ
DsQI^GHcefY!]E@�Q!KGYSHcÊ>YIBL@CH�FIFUO�DsÏ%V{]EF�Q!OPDG_Gi�ì�ßf½Ì°�éM°���) v��

� ± v �M° � ¯áßn°�þ v ¯¥°�õÁ® � ¬�� � ´ � ¡ � z�} · }yd
tÈ� v µ�d>?|d�wy^GBL@a�EH�o`igµ�d6�
d�Ã%KGYIYI]ED�i � d�wyHC]E[p]�D�iÌöMd6�Ud��gB`FIH�DLWnHCYS_Á]EDMb�Ã\d�e%d6Ê�H�Q!H�YIFIH�D�iefY!]E_`[kHCD�Q!]�Q!OPB`D)B�Ng�xBL@a�RF�KGDGbMHCYcµ\oLDf]E[kO�@ � B�]EbGF�i�ì�ßf½Ì°åéM°���) v�� � ± v �M° � ¯áßn°Îþ v ¯¥°�� �® � ¬`���R´#� · ��zÍ� � �Ld
t�¡ v ��d�Ê�d0�UHCDGDMHCbMoEi�? �gH��LO�H�q BEN%Ê>YIBL@CH�bGKGYIH�F�N�BEY
Q!^GH�?\DG]EVPoLFIOPF
]EDGb£µ
HCFSO�_`D�BEN#Ã%B`DG@�YIH�Q!HwLQ!YSKG@�QIKGYIH�FxQIBk�xH�FIO�F�Q « O�FSFIO�VPHU©�[�TG]E@�Qx»4¨�HC@�QIFCi�!±" v�¿ °E÷�ßw��°���±aàC°#"%$)® � ¬��E��´ � ¡`��z�} · �Md
t�¬ v D�d<e�d « BEQSQ�ilefY!]E_`[kHCD�Q!]�Q!OPB`D­BEN|wy^GH�V�V
Ã#]EFIH�FCi¥êy'3) v °&��)�âE°�þ�) v °��E)�ßnÞ(')�wõ#*�® � ¬E�R�E´� ·`· z�� · ¡Md
t ��·�v µ�d0»<dE�
YI]EbMo£]EDGb « d0»<d+�UO�TGT�i��UHCB`[kH�QIYIOP@kwLQa]�QIO�F�Q!O�@�F
]EDGb)µ\oLDf]E[kO�@�efY!]E_E[�H�DRQ!]�Q!OPB`D�iéM°�+Ì$Í$ ¿ °Eê��Lâ�àC°%,�õÁt�� v ® � ¬`¡��`´ � } ��· z � }`}`}yd
t �E�Cv D�d0�UKGFI]EDGBGi+�Ud0?\B�o�]E_EOÌi�öMd¦?\OP��]�q#]yi��xHCDGBGi�Æ�d « B`YIOP��]�q%]�]�DGb.D�d0�UB`Wf]�o�]EFS^GOÌi+©�[kTGKGVZzFIOZ�`H � BL@�]EV0µU]�[p]E_EH�?lDf]EVZoyFSO�FgBEN�Ã%BEDG@CYSH�Q!H�wLQ!YSKG@�QIKGYIH�W�oXQ!^GH|µ
O�FSQIO�DG@�Qxe�O�DMOPQ!H
»>VPHC[kHCD�Q« H�QI^GBLb�i-!@" v�¿ ± ¾ '@÷�ßw��°���±aà�¯<�Eß.�/"�õ¼® � ¬`¬�}`´ ��· ��z �`��· d
t � } v ��d%�UdxÃ#]E[p]�@a^GB³]EDGb « dxÑ
YSQIO��Ei\Ã%B`[kTGKMQ!]�Q!OPB`Df]EV « BybMHCV�VPO�DG_¼BEN�©�[�Tf]�@�QrµU]E[�]E_`HsOPDÏ%YIOZQIQIV�H « ]�Q!HCYSO{]EVPFCi�ì�ßf½¤°IéG°�þ�) ¿ ¯¥Þ�à@þj½�'(" v ½¤°%" "¼t~} · z�}`} v ® � ¬E¬`��´#}E¡E¬`¬�z�}�¬`�`¡Md
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t � � v w�d « ]�FSQ!OPV�B��LO�@X]�DGb³µ�d4�UY!]� S@�O�DGB��LO�@�i�ÆlO�_E^yzÖº6H�V�BL@COPQ�o£»�hyTf]EDMFIO�BED³B�N
]�Ã#]��LOPQ�oÁqgOZQ!^GOPDÐ]Ï%YIOZQIQIV�H « ]�Q!HCYSO{]EV i¢éM° � ± v �M°Eê �Lâ�àC°Eþ�) ¿ ¯¥Þ�à10�$)® � ¬`¬`¬�´%�`�`��z�� ·`· d
t � � v ?|dy©�WGY!]E^MO�[�WnHC_`B��LO�@l]EDGbX?�dMµ
H�V{]ETMV{]E@�HEi « O�@�YIB`FS@�]EVPH
]EDGbp[�H�FIB`FS@�]EVPH\bGOPFI@CYSH�QIHU[�BLbGHCVPF�N�BEYbMoLDf]E[kO�@2N�YI]E@�QIKGYIH8BENlFSQIYIKG@�Q!KGYSHCFpWMKGO�VZQcBENlWGYIOZQIQ!VPH2[�]�Q!H�YIO{]�VÌi � )c ±$ß"L½¤°=þj½�'(" v ½Ì°åõ���t � } v®Ì} ·E· ��´ � }`�E��z � }��`�Md
t � � v Æ�dfµ�dM»>FITGOPDGB`F!]yifÊ�dfµ�d32�]��E]�QIQ!OPHCYSO�]EDMbrw�df�cdfµ\qgOP�EHCbGO iM?�e�O�DGOZQ!H
µ
H�N�B`YI[�]�QIO�B`D2Ã%B`D�Q!O�DLzKGKG[pÀEµ
O�FS@CYSH�Q!H « BLbGHCV+N�B`YlQI^GHcµ
HCFS@CYSO�TMQIO�B`D�BEN�efY!]E_`[kHCD�Q!]�Q!OPB`Ds]EDMb:µU]E[�]E_`H�O�D:Ï%YSOPQSQ!V�H« ]�QIHCYIO�]EV�F�i�éM° � ± v �M°�ê �Lâ�àC°�þ�) ¿ ¯¥Þ�à10%4¼® � ¬`¬`¡�´ � ¬ · ¬�z � ¬E�R}yd
t � � v µ�d+»gd��UY!]EbMo£]�DGb « d�»<d��UOPTGT�i�Ã%B`D�Q!O�DRKGKM[ « BybGH�V�OPDG_�B�Ng»�hMTMV�B`FSOP�`H�efY!]E@�Q!KGYSHpOPDÁÑ
O�Vwy^f]EVPHEi�ì�ßf½¤°�éM°���) v�� � ¯áßn°�þ v ¯¥°�5 ýl±O)c p± v �M°�+ ÿ à�½�'�°��6$)® � ¬`¡ · ´ � �R��z � �`�yd
t � � v � d��cd « ]EYI_`BEV�O�D�iE»>V{]�FSQ!OP@COZQ�o « BybMKGV�OLBENn]UÃ%YI]E@a�EH�b�Ï�BybMoEi ì�ßf½Ì°�éM°Gû�' ¾wv ½Ì°87#7r® � ¬`¡`�`´�����zÍ�E¬Md
t � ¡ v ?|d « d��l]� SH�DGbGYI]ED�i « BybMHCV�OPDG_#Q!^MH�©�[kTf]E@�Q+Ï%HC^G]��LOPB`Y¦BENy?
µU¡��gÃ%HCYI]E[kO�@4KGDMbGHCY « KGVZQ!O�]�hyO{]EV� B�]EbGOPDG_Gi�ì�ßf½¤°EéM°�ì( ±$ ¾wv ½�÷�ßw��°��/,ÁtÈ� v ® � ¬E¬E�R´<����¬�z��E�`¡yd
t � ¬ v Ã\d�µ
HCDGB`KG]EVR]EDGb|e%d�ÆlOPV�b�i�?³µU]E[�]E_`H « BLbGHCV�N�B`Y¦QI^GH%µ\oLDf]�[�OP@6ejYI]E_`[kHCD�Qa]�Q!O�BEDUBENfÏ%YSOPQSQ!V�HwyB`VPO�bGF�i � )c ±$�° � ±�½8�M°�+å$Í$ ¿ ° � ± v �M°E÷%ßw��°��wõ#"Á®Ì} ·E·`· ´#}�����z�}`��¡Md
t~} ·�v ËÝdMÏ�HCDG�\]EDGb2»<dL?\FSTG^f]EKG_Miy©�[kTf]E@�Q<wyOP[�KGV�]�Q!OPB`DGF4qgOPQI^2efY!]�@�Q!KMYIHEdR©ad « H�QI^GBLb2]EDGbp��H�FSQ!F�dì vI¾ '("�à9�/:-$)® � ¬`¬E��´%¬`¡�z �`� �Md
t~} �Cv Ã\d�µ
H�DGB`Kf]EV�]EDGb�e%d�ÆlOPV�b�i�µ\oLDf]E[kO�@�efY!]E_`[kHCD�Q!]�Q!OPB`DmBEN�Ï�YIOPQSQ!VPH�wyBEV�O�bMFª�g? « KMVPQ!Oûz�wy@C]EV�H« BLbGHCV i¢÷y"H'�°�éM° � ± v �M°�+<;�þ�) ¿ ¯¥Þ�à=7��:®Ì} ·`· }`´ ��· ��z � } · d
t~}E} v ��d
�UKGV�OPDGB|]�DGb8w�d � dMÊ>^GBLHCDGOûh�iyË)HCO�WMKGV�V�wLQIYIHCDM_EQ!^8wRQa]�QIO�FSQIO�@�F�N�B`YÌ�
YI]ETG^GOZQ!Hle�O�WMYIHCF « HC]�zFIKGYSHCbÐN�YIB`[ Q!^GH8Ï�YIH�]��ÁÊ>YIB`_EYIHCFSFIOPB`DÐO�DÐ] « BLbGHCV��UY!]�TG^GOPQIH�À��UV{]�FIFaÀ�»6TnB�hLo « OP@CYSBy@�B`[�zT�BEFIOPQIHEi�éM° � ¾ ½Í±f'�°�þ v ¯¥° 7#4Át �E�Cv ® � ¬`¬ � ´#� ��· ��zÍ� �`� ¡Md
t~}�� v µ�d�öEH�KGV�OPD�i � )CÞ��± ¿ ±aàÌ )c'Ö$
�
) ¿ )��E¯�ëª"f±aàgÞL±�à�½�'(" v ½�"w'!±aà ¾E¿ �± ¾ ½Ø)�¯�'!±aàg±�½ v � ¾ ßw�L±f p±�ßf½0Þ�
��± v �f± ¿á¿ ±`i®�QI^��HCFSH�b�A~»4Qa]�QCi��lDGOZ�`H�YIFIOZQ�oXBEN4Ã#]EHCD�i � ¬`¬ � ´�d
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t~}�� v ?|d « d
ejYSHCKGbMHCD�Q!^f]�VÌi�wLQ!]�Q!OPFSQIO�@�]�V|?\TMTGYIB�]�@a^¶QIBöÏ�YIOPQSQ!VPHuefY!]E@�Q!KGYSHEi�OPD���û�' ¾wv ½�"w'a±EicÆ�d� O�HCWnB�qgOPQI�Eif»>bMQCdPi+®�?\@�]�bGHC[kO�@
Ê>YIH�FIF�i¢DxH�q§¢�BEYI��®��
wy?
´�i � ¬`�E¡�´�iG�E¬ � z�� � ¬Md
t~}E� v µ�d��cdEw�dEµU]��LO�H�FCi`�<^MHgwLQa]�Q!O�F�Q!OP@�]EVR?\TMTGYIB�]�@a^�Q!BU»>DG_`OPDGHCH�YIOPDG_Uµ
HCFSO�_`D�O�D�Ã%H�Y!]E[kO�@�FCiHêy'3) v °

> '�¯á½¤° � ±f' ¾  k°Eþ�) v ° 7#7¼® � ¬��E��´%��}E¬�z����`}yd
t~}�� v Ê�d��xOP@a^f]EYSb�]EDGb « d#Ã%^GH�oLYIHC��o`i
Ã%B`[�TnB`FSOPQ!OPB`DÐBEN
YIHC]E@�QIOP�EHmTnB�q�HCYp@CB`DG@�YIH�Q!HCF�i � ±f p±�ßf½

� )�ß v °��g±aàC°%7#,ÁtÈ� v ® � ¬`¬��E´ � � ·M� z � � �`� d
t~}E� v öMd�µ
KM_�]�Q�ißD�d��gB`Kyhm]EDMb��cd�Ï�HCYIDMO�HCY�i « HC@a^f]EDMO�@�]�V�TGYSB`TnHCYSQIO�H�FlBEN4YIH�]�@�Q!OZ�`H�T�B�qgbGH�Y\@CBEDyz@CYSH�Q!H�FCi � ¾ ½¤°�þj½�'(" v ½Ì°�7#*¼® � ¬`¬`��´<}��`��z�}�� · d
t~}�¡ v � dMÏ\dyefYIH�KGDGb�ijÃ%YI]E@a��Ê6YSB`Tf]E_`]�Q!OPB`DpOPD2]EDX»>V�]EFSQIO�@\wyB`V�OPb2wLKGWL SHC@�Q!H�b8QIB·�UHCDGH�Y!]EV � B`]EbGO�DM_z%Ã%B`DGF�Qa]ED�Q\�l]�QIHUBEN�»4hLQIHCDGFSO�B`D�i�éM° � ± v �M°Iê��Lâ�àC°�þ�) ¿ ¯¥Þ�à=7?:Á® � ¬��`}E´ � }E¬�z � � · d
t~}�¬ v Ê�dy�xOPB`K�iLÃ\dyµ
HCDGBEKf]EVn]EDGb8Ã\dL»<dMÃ%BEQIQIHCDGBEQCiwº\O�FSKf]EV�OP��]�QIO�B`D�BEN�Q!^GH\µU]E[�]E_`Hx»4�`B`VPKMQ!OPB`D�OPD©�[�TG]E@�QIHCbmwyO�VPO�@CBED8Ã#]EYIWMO�bGH�Ã%HCYI]E[kO�@CF�i�ì�ßf½Ì°�éM°�ìf ±$ ¾wv ½�÷�ßw��°%7��mt�� v ® � ¬`¬`¡`´#}`}`��zÍ}E���yd
tÈ� ·�v Ã\d�µ
H�DGB`Kf]EV i��cd�Ï%]EYIWGOPHCY\]EDGb:e%d�ÆlOPV�b�ij?ÎÊ>YIBEWf]EWGOPV�O�F�Q!OP@�?lTGTGYSB�]E@a^sN�B`Y\ejYI]E_`[kHCD�Qa]�Q!O�BEDBEN�Ã%HCYI]E[kO�@CFlKGDGbGH�Y
©�[kTf]E@�Q � B�]EbGOPDG_Gi � °@�
°�+ vI¾ Þ�°�þ v ¯¥°�ê ¾ '�¯�à�" 7#,³t~wBAHCYIOPH|©S©�W v ® � ¬`¬��E´�`¡���z��`¬ � d
tÈ� �Cv µ�d�öEH�KGV�OPDu]EDGb³Ê�d�öEHCKGVPO�D�i�wRoyD�QI^GHCFSO�F�BENx�gB`KG_`^³wyKMYSN¥]E@�HCF�W�ou�x]EDGbGB`[ « B`YSTG^GB`VPB`_`OP@�]EVefKGDG@�QIO�B`DMFCi�êy'3) v ±a±IÞE¯áßw��àDC�'SÞ�÷y"H'3)O$f± ¾ ßüþjâc ±$
)�à�¯�"H )Ø&�þj½Í±f'!±O) ¿ )��Eâ:® � ¬`¡ � ´#}E�`¬�zÍ}����Md
tÈ�`} v öMdjwyH�YIY!]yi�ìf ¾ �L±E+\ß ¾E¿ â�à�¯�à ¾ ßnÞ � ¾ ½8�f±f ¾ ½¥¯ vI¾E¿ � )c'Ö$
�
) ¿ )��Eâni�®¥?l@�]EbGH�[�OP@UÊ>YIH�FIFCi � B`DMbGB`D®��l��´�i � ¬`¡�}E´�d
tÈ�E� v ?|d �cd`»4��]EDGF�i�? « H�QI^GBLb�N�BEY>»4�E]�V�Kf]�QIO�DG_xQ!^GH<�<OP[�H�zÍµ
H�T�H�DGbGHCD�Q�ej]EOPV�KGYSH#Ã%^f]�Y!]E@�Q!HCYSO�F�Q!O�@�FBEN�Ï%YIOZQIQ!VPH « ]�Q!HCYSO{]EVPF+z�]EDMbkOZQ!F4?lTGTGVPO�@�]�Q!O�BED�Q!B�Ê+B`VPoL@CY�oLFSQa]�V�V�OPDGH#?lV�KG[kO�Df]yiwéM° � ¾ ½Í±f'�°¢þ v ¯¥°

$)® � ¬��`}`´ �E� ����z �`� ���Md
tÈ��� v Æ�dRµ�dRÏ%KMOj]EDGbk?|dR»>^GYIV�]E@a^GH�YCiyÊ6YSB`Tf]E_`]�Q!OPB`DcbMoLDf]E[kO�JRKGHgb�AÈKGDGHx�CB`DMHxH�DGbGB`[k[�]E_FAHCHgbf]�DGFKGD¼FSB`V�OPbGH.AHCV�]EFSQIO�JRKGHcN�Y!]E_EO�V�HcH�D¼[kBybMHk©S©I©lH�Q�HCD¼Y/AHC_`OP[�H�TnHCYS[p]EDMHCD�Q�i � °��
°�+ vI¾ Þ�°yþ v ¯¥°ê ¾ '�¯�à=G�HIKJMLNIPO t QCdj}E¬ ·�v ® � ¬`¡ · ´<}`�E��zÍ}`�E�Md
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tÈ�`� v Æ�djµ�dfÏ�KGO0]EDGb8?|dj»>^GYSV{]E@a^MHCYCijÊ>YSB`Tf]E_�]�Q!O�BEDXBEN4µU]�[p]E_EH
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Eqn. (13)

Eqn. (15)
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Concrete plate

(300 x 150 x 10 mm3) 


Steel ring  
(Dext = 24 mm, h = 30 mm)

T
¶

ungsten alloy cylinder 
(D = 13 mm, h = 30 mm)

A
·

luminum projectile 
(D = 20 mm, h = 50 mm)
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impact

10 mm
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