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=@ |Q=Hiv= |yOpmW VwQx@ xrwr |oOt;Q@ O}rwD w R}r=v; '|L=Q] Qw_vtx@ j}kLD u}=
xar=]t OQwt pwYLt C}i}m |wQ Q@ Ov}=Qi |=yQDt=Q=B QF= u}vJty "OW s=Hv= ?; |x]U=w
w [1]Tqo =O '|OOa |=yVwQ R= xO=iDU= =@ w xQHivt |xO=t ?=NDv= R= Oa@ "CiQo Q=Qk
|=Q@ "OW x@U=Lt |Q=Hiv= pmW Q}}eD |=Q@ R=}v OQwt |xQHivt |xO=t Q=Okt '[2]|SQv=
xQHivt |xO=t u=tO}J w ?r=k |QU l} '|m} R}i VwQx@ Q_v OQwt pwYLt CN=U

|=yQ=Ri=sQv R= '|Q=Hiv= pmW Q}}eD Ov}=Qi |R=UpOt Qw_vtx@ u}vJty "OW |L=Q]
Ov}=Qi R}r=v; w |R=Ux}@W |=Q@ 'TBU "OW xO=iDU= HYPERMESH w AUTOCAD

|HvUQ=@Da= 's=Hv=QU "OW xO=iDU= LS-DYNA Q=Ri=sQv R= 'OwOLt <=RH= VwQx@ |Q=Hiv=
"CiQo CQwY |SQv= VwQ w Tqo =O VwQ R= xO=iDU= =@ 'xOt; CUO x@ |OOa G}=Dv
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mohammad rezvani 429@yahoo.com

<=RH= VwQ 'xQHivt |xO=t '|Q=Hiv= |yOpmW 'xrwr|oOt;Q@ %|O}rm u=oS=w
"|SQv= VwQ 'Tqo =O VwQ 'OwOLt

xtOkt
C=}rta QO "OW O=yvW}B xOWxDN} Q =} xDN=Oo Oqwi ẁv R= |vRxR=Ov= w |]=U@v=
|=yTv=QrwD w `=aW xrtHR= �� OOaDt pt=wa x@ |oDU@ ?r=k |xO=t ?=NDv= VWm
'p=mU=B=ot 375 R= QDq=@ s=mLDU= =@ |O=wt |yOpmW |=Q@ |rw 'OQ=O �� |O=a@=
20 R= QDsm C=a]k O=OaD xm |v=tR |=Q@ "CU= xOW O=yvW}B xOWxDN} Q |=yOqwi
S=}r; ẁv l} OW=@ p=mU=B=ot 375-200 |xOwOLt QO |WWm s=mLDU= w OOa
uwJ |QDh}a[ O=wt OOa 10 R= QDsm C=a]k O=OaD |=Q@ w |} wQx}=B xOWxDN} Q

"CU= xOW O=yvW}B 1|UmwB= |=yu} RQ
|UmwB= O=wt R= xO=iDU= |=yVwQ w =}=Rt ,qYit OwN Cq=kt QO u=QoVywSB
O}OH |Qw=:vi Qwy_ =@ 'u=v; Qw=@x@ [7]"Ov=xOQm K} QWD =Q |Q=Hiv= |=y?r=k x}yD QO
|O=YDk= x}HwD xvwoI}y '|Rri |xOWxDN} Q |=y?r=k R= xO=iDU= '|Q=BU@ O=wt
OYQO 90 =D Ovv=wD|t ?r=k VWwB u=wvax@ =} pt=m Qw]x@ =yQ=BU@ "OQ=Ov |vi w

"OvwW |r@k O=wt u} Ro}=H
=y?r=k j}kO|L=Q]C}ty= x@|}xr=kt QO|mUv} Rq@ '|Oq}t 1964 p=U QO
R}yQB '?r=k pmW ?U=vt uR=wD x@ |oDU@ |Qvi CWoQ@� %CWwv w OQm xQ=W=
QO |v=yo =v w OvD C=Q}}eD R= ?=vDH= w 'l} Q=@ w j}ta |=yQ=}W w R}D |=yx@r R=
QiY x@ RoQy =t= O@=}|t Vy=m |Qvi CWoQ@ 'GQN Q=Okt V}=Ri= =@ "OQ=O pmW

[8]"�OUQ|tv
|}xv=wDU= |=yxrwr|yOpmW Qw_vtx@ R=}v OQwt GQN u=R}t uOQw;CUO x@ |=Q@
'|yOpmWEL@ QO [1]"OW |yDvt ?wr]t |H}=Dv x@ xm OW s=Hv= |W}=tR; '|r=NwD
|Q=Hiv= |yOpmW C} Rt "CU= 2lwW Gwt OwW|t Q=m s=Hv= Ea=@ xm xJv;

R= |Q=}U@ xRwQt= [3]"CUq=@ |SQv= MQv =@ O}rwD |=yVwQ R= |m} |Q=Hiv= VwQ
|Ov}=Qi �|Q=Hiv= |yOpmW� "OvwW|t O}rwD VwQ u}= =@ |t=_v w |Q=HD C=a]k
|SQv= w OQ}o|t Q=Qk Q=mxa]k R= |v}at |xrY=i QO xQHivt |xO=t u; QO xm CU=
=} 'uewQ '=wy Ovv=t �� \U=w \}Lt l} j} Q] R= 'Q=Hiv= R= pY=L |xOWO=R;
|xv}tR QO hrDNt |=yC}r=ai ẁQW xJQo = "OwW|t pkDvt Q=mxa]k x@ �� ?;
OQ@ Q=m p}rOx@ �� u; |SwrwvmD 'OOQo|tQ@ p@k |xyO u}OvJ x@ |Q=Hiv= |yOpmW
w |rta VwQx@ xv}tR u}= QO C=k}kLD "CU= xDW=Ov |v=oty |xO=iDU= �� |t=_v
xU}=kt O}rwD |=yVwQ u}= R= |[a@ 1984 p=U QO "CU= xOw@ |}xv=}=Q |R=Ux}@W
w O=wt hQYt u=R}t w ẁv '|Q=Pox}=tQU Q_vx]kv R= =yVwQ u}= [4]"CU= xOW
|yOpmW |=Q@ xOWu=}@ |=}=Rt "OvOW |UQQ@ pwYLt C}i}m w O}rwD u=tR '|SQv=
'C=}rta O=OaD uOw@sm 'x}rw= |Q=Pox}=tQU |xv} Ry uOw@sm %R= CU=CQ=@a |Q=Hiv=
O=wt C=a}=[ Q=Okt uOw@u}}=B p}rOx@ O=wt QO |OYQO 20 |r= 10 |} wHxiQY w

"CU= |SQv= |xv} Ry uOw@u}}=B w
p@=k |} wHxiQY CQwYx@ |Q=Hiv= |yOpmW |=}=Rt |Oq}t 1963 p=U QO
Q=}U@ C=a]k O}rwD 'xO}J}B |=ypmW O}rwD C}r@=k '|R=U?r=k |=yxv} Ry QO xHwD
|Qvi CWoQ@ w |yOpmW u=tR Vy=m 'CNB R=@ |=yOv}=Qi O=OaD Vy=m 'nQR@
|UQQ@ OQwt |Q=Hiv= |=y?r=k TvH 1960 p=U QO [5]"OW |Ov@xDUO 'QDsm
C=}rta QO xO=iDU= OQwt *|Q=Hiv= |=y?r=k TvH =y|UQQ@ u}= QO [6]"CiQo Q=Qk

pw�Ut xOvU} wv �
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"�xrwr|oOt;Q@� xOWO}rwD |xa]k "1 pmW

[3]"R}r=v; QO xDiQ Q=m x@ C=Rri |m}v=mt X=wN "1 pwOH
s}rUD VvD VvQm u=wD |DNU VvQm ?} Q[ Q=m xa]k TvH
�y (Mpa) n |DNU K (Mpa)

276 0 45 1275 321 uRv nvR Oqwi
�SS321�

155 0 2 205 6061 sw}v}twr;
�Al-6061�

"sDU}U |Q=PoGQN w ?r=k QO x}rw= |xa]k |Q}oQ=Qk |xwLv "2 pmW

[2]"xQHivt O=wt |OQ@ Q=m X=wN "2 pwOH
C=QD}v=QDD pwD} Q= =DvB u�wrwD wQD}v |QD |Q=HD s=v

PETN TNT |}=}t}W s=v
1300 780 (J/kg) � xS} w |SQv=
22 1 16 5 (GPa) Q=Wi QFm =OL
8290 7010 (m/s) Q=Hiv= CaQU
No.6 j-2 R=}v OQwt |vW=J

[1]"xa]k |UOvyt xWkv QO syt CtUk xU O=a@= V}=tv "3 pmW

w u; sm Q=}U@ O}rwD u=tR '4|}x_Lr |Q=PoQ=@ '3q=@ VvQm MQv %R= CU= CQ=@a
[2]"xQ}e w x@vU 'TQB Ovv=t |DvU |yOpmW |=yx=oDUO x@ R=}v sOa

Ov}=Qi |=yQ}eDt R= |Q=}U@ xm CU= |a}Uw Kq]Y= �|Q=Hiv= |yOpmW�
CavY QO sDU}@ uQk p}=w= w syORwv uQk QN=w= QO VwQ u}= "OyO|t VWwB =Q
CqwYLt CQwYx@ 1970 p=U R= Oa@ VwQ u}= R}t;C}kiwt |=yOQ@ Q=m "OW Qy=_
=Q QwOt |tw}v}twr; |xa]k l} u=QoVywSB [9]"Ot; Q=R=@ x@ |Oqwi w |tw}v}twr;
G}=Dv '=yu; VQ=Ro j@] [10]"Ov=xOQm |R=Ux}@W |Q=Hiv= O=R; |yOpmW VwQx@
w xar=]t Qw_vtx@ "OQ=O OQ@ Q=m |Q=Hiv= |yOpmW |=yOv}=Qi |xty QO |R=Ux}@W
l} '|Q=Hiv= pmW Q}}eD j} Q] R= |r=NwD C=a]k O}rwD OQwtQO C=aq]= ?Um
|SQv= ?PH Q=Okt [11]"CiQo Q=Qk R}r=v; OQwt |Q=Hiv= Q=Wi CLD lR=vQ=OH |xrwr
|Q=Hiv= |Q=PoQ=@ ltmx@ sw}v}twr; *S=}r; TvH R= *pmW|a@ Qt w |}xQ}=O |=yxrwr
R= Q=Ox@r |=y|UOa CN=U Qw_vtx@ '2010 p=U QO [12]"CU= xOWxOR u}tND
w [13]OW x}yD w |L=Q] |Q=Ri=CNU =OD@= '|Q=Hiv= |yOpmW VwQx@ sw}v}twr;
G}=Dv ?Um x@ VvQm `} RwD w =y|UOa |Q}opmW 'jQw O=a@= OQwtQO xar=]t TBU

"OW QHvt |@U=vt
|=yS=}r; w uDUovD QOwB |DNU w |r=oJ uOQ@q=@ |=Q@ R}v |v=Q}= u=QoVywSB
OwN |@ QHD G}=Dv w OvOQm xO=iDU= |rta Qw] x@ |Q=Hiv= |yOpmW Ov}=Qi R= 'u;
|yOpmW Ov}=Qi xm OvO=O u=Wv =yu; [17�14]"OvOQm xU}=kt |OOa |R=Ux}@W =@ =Q
uDUovD QO QDW}@ |DNU w |r=oJ V}=Ri= x@ '=yVwQ Q}=U =@ xU}=kt QO |Q=Hiv=
sRq lwW Gwt CaQU u}}aD |=Q@ '2007 p=U QO u=v; "Ot=Hv=|t u; |=yS=}r; w
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xO=iDU= =@ QwOt |Oqwi |=yxLiY QO pmW Q}}eD uwt=Q}B |D=ar=]t R}v 2009 p=U
xU}=kt |Q_v G}=Dv =@ u; G}=Dv w [19]'s=Hv= ?; Q} R |Q=Hiv= pmW Q}}eD Ov}=Qi R=
h=QLv= u=R}t |x@U=Lt |=Q@ u=QOvH=Q |@ QHD |xrO=at xm OvDiQo xH}Dv =yu; "OW

"CU= xrO=at u} QD?U=vt |Oqwi |=yxLiY QO

xa]k O=a@= w xr�Ut h} QaD
[1]"CU= 321 uRvnvR OqwiTvH R= '�1 pmW� xrwr|oOt;Q@l} 'Q_v OQwt |xa]k
xOW xO=iDU= R}v 6061 sw}v}twr; R= '321 uRvnvR Oqwi Q@ xwqa '|OOa p}rLD QO
j@] "CU= xOW x�=Q= 1 pwOH QO xO=iDU= OQwt C=Rri |m}v=mt C=}YwYN "CU=
R= u; pN=O w OW xO=O Q=Qk ?r=k QO Q=m xa]k u=wvax@ |}xv=wDU= |xrwr '2 pmW
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CQwY |yOpmW pw] x@ xHwD =@ GQN pmW ?=NDv= "OW xO=O Q=Qk |]N GQN

"CU= xOt; 2 pwOH QO xO=iDU= OQwt |xQHivt O=wt X=wN "CU= xDiQo
|UOvyt |xWkv QO |L=Q] |=v@t xm '�C w B 'A� Q=mxa]k R=CtUk xU O=a@=
QO Q_v OQwt Tv=QrwD =@ x=Qty O=a@= u}= "CU= xOW xO=O u=Wv 3 pmW QO CU=
VwQ =@ xOW O}rwD |xa]k 25 u}ov=}t O=a@= 'u}= Q@ xwqa "CU= xOW x�=Q= 3 pwOH

[1]"CU= xOt; 3 pwOH QO '|Q=Hiv=
VwQ R= OwOLt <=RH= p}rLD QO 'y QwLt x@ C@Uv xrwr uOw@uQ=kDt x@ xHwD =@
sQ=yJl} w OW xDiQo Q_v QO R}v x QwLt x@ C@Uv uQ=kD "OW xO=iDU= |QwLt uQ=kD

"OW |R=UpOt xa]k
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t "CU= xOW xDiQo Q_v QO |wkrL \=U@v= CQwYx@ \Uw CtUk x@ \w@ Qt 8 w 7

U = K2
n+ 1"

n+1
eff = 2�KS

n+ 1 (D � t) t
�
ln Dd

D

�n+1
(4)

"eff =
�2
3
�
"2
t + "2

r + "2
�

�� 12
(5)

"eff = "� = ln Dd
D

(6)

"t = ln t2
t1

= ln A1
A2

(7)

"� = "r = �0 5"t (8)

W1 = EL = � w � (9)

?r=k O=a@= |x@U=Lt
10 u=v}t]= ?} Q[ p=ta= w '11 w 10 |=yx]@=Q R= xO=iDU= =@ ?r=k |HQ=N `=aW
[1]"�CU= xOQm O=yvW}B 10 Q@=Q@ =Q u=v}t]= ?} Q[ Q=Okt Tqo =O� O};|t CUO x@

"CU= xOW x�=Q= 4 pwOH QO ?r=k O=a@= G}=Dv
Ct=N[ Q@ |Q}osWJ Q}F-=D Q=mxa]k TvH Q}}eD 'OwW|t xOy=Wt xm u=vJ
QF= uOWnvQsm Ea=@ Q=mxa]k sm Q=}U@ Ct=N[ =Q} R 'CU= xDW=Ov ?r=k |xv}tm

"OwW|t Q=mxa]k TvH
�t = �y

X
(10)

Ro = Ri
�
�t + Pex
�t � Pex

�0 5
(11)

%O};|t CUO x@ 12 |x]@=Q R= ?r=k |xQ=w}O Ct=N[ u}=Q@=v@
T = Ro �Ri (12)

|OOa R}r=v;
xDiQo Q_v QO |QwLt uQ=kD CQwYx@ Q=mxa]k |xUOvy =OD@= '|OOa p}rLD |=Q@
w 'Ot; CUO x@ pOt C=YDNt AUTOCAD-2005 Q=Ri=sQv R= xO=iDU= =@ "OW
=@ TBU "OW xO=iDU= pOt |xt}v uDN=U |=Q@ Hypermesh Q=Ri=sQv QO u; R=
R= 'pY=L Vt O}}-=D |=Q@ "CiQo s=Hv= |Ov@Vt pta '5|}xDUwB <=RH= ?=NDv=
Qw_vtx@ [21]"OW xO=iDU= 7|O=a@= C@Uv w 6u}@ wm =S uwJ |}xOvvmpQDvm |=yQDt=Q=B
=@ xOt; CUO x@ |xUOvy p}=i 'LS-DYNA Q=Ri=sQv QO xOWx}yD pOt R= xO=iDU=
LS-DYNA Q=Ri=sQv QO K} QY |U} wvOm 'Oa@ |xrLQt QO "OW xQ}NP �k� OvwUB
"OW s=Hv= sRq R}r=v; w '|v=wN=Qi xOWpOt |xUOvy R}v Om |=yDv= QO w OW s=Hv=
|xDiQV}B *|R=Ux}@W|=Q@|twtaQ=Ri=sQvl} 'LS-DYNA|Q=Ri=sQv|xDU@
|=yC}r@=k R= Q=Ri=sQvu}= "CU= xOW xDWwvLSTCCmQW\UwD xmCU= xQw_vtOvJ

"?r=k O=a@= x@ \w@ Qt G}=Dv "4 pwOH
QO ?r=k Ct=N[ u} QDsm |HQ=N Q]k u} QDsm Q=mxa]k ẁv�mm� T '�C� CtUk �mm� Ro '?r=k

266 748 321 Oqwi
263 742 6061 sw}v}twr;

[1]"(mm) |rta V}=tR; G}=Dv w |UOvyt xWkv O=a@= "3 pwOH
|m} R}i pmW Q}}eD R= Oa@ O=a@=

|UOvyt xWkv O=a@= |wQ C}akwtxa]k 25 3 pmWxv}tm xv}W}@ u}ov=}t
90 018 90 424 90 246 90 170�0 254 A |rN=O Q]k
86 614 86 944 86 817 86 614�0 254 B |rN=O Q]k
101 041 101 346 101 194 101 600�0 762 C |HQ=N Q]k

GQN sQH |x@U=Lt
xO=iDU= =@ 'R=}v OQwt GQN sQH u} QDsm |x@U=Lt |=Q@ VwQ u}= QO %Tqo =O VwQ
x@K1 K}LYD ?} Q[ p=ta= =@ w OwW|t x@U=Lt Py l}D=DU= Q=Wi 1 |x]@=Q R=
�Pex� pO=at Q=Wi s}UkD R= "�2 |x]@=Q� OwW|t p}O@D �Pex� |m}t=v}O pO=at
CUO x@ xQHivt |xO=t sQH '�4 pmW� �P� Tqo =O Q=Owtv R= pY=L Q=Wi x@

[20]"�3 |x]@=Q� O};|t

Py = 2� �y � t
D

(1)

Pex = K1 � Py (2)

w = Pex
P

(3)

VvQm |SQv= '8 =D 4 |=yx]@=Q R= xO=iDU= =@ 'VvQm |SQv= VwQ QO %|SQv= VwQ
x@ xv=o =OH Qw]x@ xa]k \Uw w QU CtUk wO pmW Q}}eD |=Q@ �U � R=}v OQwt
Q=Qk GQN \UwD xOWO=R; |xS} w |SQv= =@ Q@=Q@ =Q Q=Okt u}= TBU "O};|t CUO
CUO x@ R}v VvQm |SQv= VwQ R= GQN sQH Q=Okt '?}DQDu}O@ "�9 |x]@=Q� s}yO|t
|=yx]@=Q w |wQm |Q=PoGQN CQwYx@ QU CtUk x@ \w@ Qt 6 |x]@=Q [2]"O};|t

[1]"Tqo =O Q=Owtv "4 pmW

59



"""x
rwr|

oOt;
Q@O

}rwD
Ov}=Q

iR}
r=v;

w|
R=Ux

}@W
'|L

=Q]

"�PETN %GQN� |Q=Hiv= pmW Q}}eD Ov}=Qi |OOa R}r=v; G}=Dv "5 pwOH
pmW Q}}eD C}a[w pmW Q}}eD C}a[w xa]k TvH CtUk GQN sQH CtUk GQN sQH u=tO}J xQ=tW
��� \Uw CtUk ��� QU CtUk Q=m �sQo � QU �sQo � \Uw GQN sQH

100 100 ST 1 1 3 1
OyO|t MQ |oQ=B OyO|t MQ |oQ=B ST 1 5 2

100 84 ST 0 5 1 3 3
100 94 ST 0 5 3 4
100 85 AL 0 4 0 2 5
100 100 AL 0 4 0 5 6
100 70 AL 0 3 0 1 7
100 75 AL 0 3 0 2 8
100 100 AL 1 10 9

"�TNT %GQN� |Q=Hiv= pmW Q}}eD Ov}=Qi |OOa R}r=v; G}=Dv "6 pwOH
pmW Q}}eD C}a[w pmW Q}}eD C}a[w xa]k TvH CtUk GQN sQH CtUk GQN sQH u=tO}J xQ=tW
��� \Uw CtUk ��� QU CtUk Q=m �sQo � QU �sQo � \Uw GQN sQH

100 100 ST 1 2 5 10
100 OyO|t MQ |oQ=B ST 1 5 11
100 82 ST 0 5 1 3 12
100 92 ST 0 5 3 13
100 82 AL 0 6 0 4 14
100 100 AL 0 6 0 7 15
100 68 AL 0 4 0 3 16
100 71 AL 0 4 0 4 17
100 100 AL 1 10 18

"R=}v OQwt GQN sQH x@U=Lt x@ \w@ Qt G}=Dv "7 pwOH
xQHivt |xO=t sQH |xO=t ẁv TvH C}akwt|OOa VwQ Tqo =O VwQ |SQv= VwQ xQHivt Q=mxa]k

(gr) (gr) (gr)

1 0 806 0 4194 PETN Oqwi QU CtUk1 0 935 0 6990 TNT

Q=mxa]k0 4 0 450 0 1218 PETN sw}v}twr;0 6 0 522 0 2031 TNT

1 3 1 842 2 1160 PETN Oqwi \Uw CtUk2 5 2 1367 3 527 TNT

Q=mxa]k0 5 0 5876 0 737 PETN sw}v}twr;0 7 0 6816 1 230 TNT

xHwD =@ "CU= xOW xOQw; xa]k \Uw w QU |=yCtUk |=Q@ |OOa R}r=v; w Tqo =O
\Uw w QU CtUk |Q=PoGQN '�6 w 5 =ypwOH� xQHivt |xO=t |=yu=tO}J x@
Q=Okt 'xv}y@ Ov}=Qi ?=NDv= w VwQ xU |xU}=kt |=Q@ =Pr "OQ=Po|t QF= Qo}Om} Q@
VwQ wO x@ C@Uv |OOa VwQ |=]N TBU "OW `tH sy =@ \Uw w QU |=yGQN

"CU= xOW sUQ 5 pmW QO G}=Dv u}= *Q=Owtv "�8 pwOH� OW x@U=Lt Qo}O
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90 272 90 348 90 119 89 967 A |rN=O Q]k
86 792 86 817 86 665 86 614 B |rN=O Q]k
102 311 102 362 102 235 102 337 C |HQ=N Q]k

61



"""x
rwr|

oOt;
Q@O

}rwD
Ov}=Q

iR}
r=v;

w|
R=Ux

}@W
'|L

=Q]

"1 xQ=tW u=tO}J 'RU}tuw VvD xv}W}@ Q=Owtv "9 pmW

"15 xQ=tW u=tO}J 'RU}tuw VvD xv}W}@ Q=Owtv "10 pmW
[2]"O}rwD sHL w xa]k s=mLDU= ?ULQ@ ?r=k |xO=t TvH "11 pwOH

�MPa� |yOpmW OQwt |xO=t s}rUD VvD xa]k O=OaDQDq=@ w 414 207�414 69�207
|QoxDN} Q Oqwi Kirksite |UmwB= 1�10
|QoxDN} Q Oqwi Kirksite Kirksite 10�20
|QoxDN} Q Oqwi |QoxDN} Q Oqwi Kirksite 20�100

VwQ wO =@ |OOa R}r=v; G}=Dv |xU}=kt R= '5 pmW x@ xHwD =@ "CU= xO=O x�=Q=
QDy@ '|Oqwi |xa]k pmW Q}}eD |=Q@ xm CiQo xH}Dv u=wD|t 'Tqo =O w |SQv=
wO Qy R= |tw}v}twr; |xa]k pmW Q}}eD |=Q@ w 'PETN xQHivt |xO=t R= CU=
OYQO Qou=Wv OwOLt <=RH= VwQ "OwW xO=iDU= TNT w PETN |xQHivt |xO=t
O}rwD =Pr "CU= TNT |xQHivt |xO=t =@ |Oqwi C=a]k O}rwD |=Q@ |}q=@ |=]N
|OOa R}r=v; |=]N uOw@ q=@ p}rOx@ TNT |xQHivt |xO=t =@ |Oqwi C=a]k
Q=DWwv u}= QO xm xQHivt |xO=t sQH Q}O=kt "OwW|tv x}YwD Qo}O VwQ wO x@ C@Uv
xOW?=NDv= |xQHivt |xO=t Q=Okt O}=@ ,qta "CU= p;xO}= OL QO 'xOW x@U=Lt
sm Q=}U@ Q=Okt xm xO=O u=Wv x@ QHD =Q} R &OW=@ xOWx@U=Lt Q=Okt R= QDW}@ |QOk

"OwW|tv QHivt |y=o xQHivt |xO=t
w |k}kL Q=Hiv= =@ xOWO}rwD pwYLt O=a@= |xU}=kt '6 pmW x@ xHwD =@
Qw_vtx@ '10 pwOH G}=Dv x@ xHwD =@ "OyO|t u=Wv |@ wN j@=]D '|OOa |R=Ux}@W
u=tO}J� OwW|t x}YwD TNT |xQHivt |xO=t 'Oqwi TvH R= xa]k u}= O}rwD
"CU=|QDsm |O=a@= |=]N|=Q=O 1 xQ=tWu=tO}J x@C@Uv u=tO}Ju}= "�10 xQ=tW
OwW|t x}YwD TNT xQHivt |xO=t sw}v}twr;TvH R= xa]k u}= O}rwD Qw_vtx@
|=]N |=Q=O 6 xQ=tW u=tO}J x@ C@Uv R}v u=tO}J u}= "�15 xQ=tW u=tO}J�

"CU= |QDsm |O=a@=
\w@ Qt |O=a@= |=]N u} QDsm '|OOa R}r=v; x@ \w@ Qt *u=tO}J Q=yJ *u=}t QO

"1 xQ=tW u=tO}J 'RU}tuw VvD R=QD "7 pmW

"15 xQ=tW u=tO}J 'RU}tuw VvD R=QD "8 pmW

RU}tuw VvD Q}O=kt w R=QD '|OOa G}=Dv x@ xHwD =@ "OwW O}rwD Q_v OQwt O=a@= =@
|=ypmW j@=]t ?}DQDx@ u=tR x@ C@Uv |QoxDN} Q Oqwi TvH R= ?r=k x@ \w@ Qt
TvH R= ?r=k x@ \w@ Qt RU}tuw VvD Q}O=kt w R=QD '?}DQD u}tyx@ "CU= 12 w 11

"CU= 14 w 13 |=ypmW j@=]t ?}DQDx@ u=tR x@ C@Uv Kirksite

EL@
|=yVwQ x@ C@Uv |OOa R}r=v; xm OyO|t u=Wv 8 pwOH QO xOWC@F G}=Dv |UQQ@
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