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O>(?J,+$3O$*E+$->*+,(>?9$7J*$,>*E+,$5E>,>5*+,(^+)$7;$>$->*E+->*(5>?9$0+3-+*,(5>?9$+?>/*(5$ (1/*>7(?(*;K$
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*3,/(31>?$ )J+$ *3$ *E+$ ?>,0+$ *3,RJ+$ >TT?(+)$ *3$ *E+$ 7+>-$ 5,3//$ /+5*(31K$ SE+$ *3,RJ+$ 5>J/+/$ >$ ?(1+>,$
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F(0J,+$g<$p31$!(/+/$/*,+//+/$YT/(Z$(1$*E+$7+>-$
-3)+?$P(*E3J*$/JTT3,*$T?>*+/K$

F(0J,+$U<$2(1$n3?+$F3,5+/$

F(0J,+$':<$p31$!(/+/$/*,+//+/$YT/(Z$(1$*E+$7+>-$
-3)+?$P(*E$/JTT3,*$T?>*+/K$
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SE+/+$ ,(7/$ >))+)$ /*(OO1+//$ *3$ *E+$ 5,>1+$ )J+$ *3$ *E+(,$
?>,0+$ T3?>,$ -3-+1*/$ 3O$ (1+,*(>9$ >1)$ 7+(10$ >**>5E+)$ *3$ *E+$
/()+/$ 3O$ *E+$ 5,>1+$ >??3P+)$ *E+-$ *3$ )(/*,(7J*+$ 5315+1*,>*+)$
/*,+//+/$*E,3J0E$*E+$PE3?+$/*,J5*J,+K$$H(*E$+>5E$,(7$>))(*(319$
*E+$ /*,+//+/$ (1$ *E+$ 5,>1+$ )(-(1(/E+)$ 531/()+,>7?;K$ L1$
T>,*(5J?>,9$*E+$,(7/$E>)$*E+$7(00+/*$+OO+5*$31$*E+$/*,>(1/$>*$*E+$
+1)/$3O$*E+$7+>-$PE+,+$*E+$,+>5*(31$O3,5+/$>,+K$$"))(*(31>??;9$
13*$ 31?;$ )()$ *E+$ ,(7/$ ,+)J5+$ *E+$->I(-J-$ /*,+//9$ 7J*$ *E+;$
>?/3$T,3A+)$*3$7+$A+,;$+OO+5*(A+$(1$->(1*>(1(10$>1$+A+1$/*,+//$
T,3O(?+$*E,3J0E3J*$*E+$/*,J5*J,+K$6J,$>1>?;/(/$?+)$J/$*3$T?>5+$
*E,++$ ,(7/$ (1$ *E+$ 5,>1+$ `$ 31+$ >*$ *E+$ ,33*9$ 31+$ >*$ *E+$
-()/+5*(319$>1)$31+$>*$*E+$*(TK$$$L1$3,)+,$*3$,+)J5+$P+(0E*$>1)$
*3$>??3P$O3,$*E+$TJ??+;$5>7?+$*3$T>//$*E,3J0E$*E+$5+1*+,$3O$*E+$
5,>1+9$*E+$5+1*+,/$3O$*E+$,(7/$P+,+$E3??3P+)$3J*K$$

$
$

#
#
#
#
#
#
#
#
#
#
#
#

!
#
$
$
$ L1$>))(*(31$*3$>1>?;^(10$*E+$5,>1+$>/$>$PE3?+9$>$5?3/+,$>1>?;/(/$31$*E+$/*>7(?(*;$3O$*E+$73**3-$
T>1+?$ P(*E$ ,+/T+5*$ *3$ 7J5B?(10$ P>/$ T+,O3,-+)K$ $ H(*E3J*$ >1;$ *;T+$ 3O$ ,+(1O3,5+-+1*9$ *E+$ T?>*+$
7J5B?+)$ +>/(?;K$ HE+1$ *E+$ SQ7+>-$ P>/$ >))+)$ *E+$ /*(OO1+//$ 3O$ *E+$ T?>*+$ (15,+>/+)$ ),>->*(5>??;K$
F(1>??;9$315+$ *E+$,(7/$P+,+$>))+)$ (19$ *E+;$,+)J5+)$*E+$+OO+5*(A+$ ?+10*E9$>1)$*E+$5,>1+$P>/$ OJ,*E+,$
O3,*(O(+)$>0>(1/*$7J5B?(10$(1/*>7(?(*;K$$$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

F(0J,+$''<$C,3//$/+5*(31>?$A(+P$3O$,+>5*(31$
O3,5+/$)J+$*3$W$5E3,)$?3>)(10$

F(0J,+$'%<$S3,/(31>?$/*,+//+/$YT/(Z$(1$*E+$5,>1+$
P(*E$*E+$>))(*(31$3O$,(7/K$d3*+$*E+$,+)J5+)$
/*,+//$>*$*E+$,33*$>1)$*(T$>1)$*E+$+A+1$/*,+//$
T,3O(?+K$

F(0J,+$'&<$S3,/(31>?$/*,+//+/$YT/(Z$(1$*E+$5,>1+$
P(*E$13$5,3//$/+5*(31>?$7,>5(10K$d3*+$*E+$
)(/*(15*?;$>/;--+*,(5>?$/*,+//$T,3O(?+K$

F(0J,+$'M<$@J5B?(10$(1$*E+$
5,>1+$P>/$>A3()+)$O3,$?3>)/$
JT$*3$>1)$(15?J)(10$[N:$
T3J1)/$O3,5+9$PE+,+$P+$
7+?(+A+$*E+$,(A+*/$P(??$O>(?K$
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! 615+$ *E+$ T,37?+->*(5$ /*,+//$ (//J+/$ P+,+$
,+/3?A+)$ (1$ *E+$ 5,>1+$ /*,J5*J,+9$ 13$ 31+$ >,+>$ P>/$
>73A+$ *E+$ O>(?J,+$ ?(-(*$ 3O$ *E+$ ->*+,(>?K$ n3P+A+,9$
*E+$ /*,+//$ )(/*,(7J*(31$P>/$ 5+,*>(1?;$ 131QJ1(O3,-K$
G3-+$ /+5*(31/$ 3O$ *E+$ 5,>1+$ P+,+$ T,>5*(5>??;$ (1$ >$
/*>*+$ 3O$ 13$ /*,+//$ 53-T>,+)$ *3$ *E+$ -3/*$ /*,>(1+)$
>,+>/K$L1$*+,-/$3O$+OO(5(+15;9$>$?3*$3O$*E+$->*+,(>?$(1$
*E3/+$?(0E*?;$?3>)+)$>,+>/$P>/$P>/*+OJ?K$615+$*E+/+$
?3PQ/*,+//$>,+>/$P+,+$()+1*(O(+)9$P+$53J?)$,+-3A+$
->*+,(>?$ *3$ ,+)J5+$ P+(0E*$ P(*E3J*$ 53-T,3-(/(10$
*E+$/*,J5*J,>?$(1*+0,(*;$3O$*E+$5,>1+K$$
$ SE+$T,35+//$3O$,+-3A(10$->*+,(>?$O,3-$*E+$
5,>1+$/B(1$P>/$13*$*,(A(>?K$"1$>))(*(31>?$(-T3,*>1*$
531/()+,>*(31$ (1$ 5J**(10$ >P>;$ O,3-$ *E+$ >?J-(1J-$
P>/$ *3$ T+,O3,-$ (*$ (1$ >$ P>;$ /J5E$ *E>*$ /*,+//$
5315+1*,>*(31/$ P3J?)$ 13*$ 7+$ (1)J5+)K$ G*,+//$
5315+1*,>*(31/$ >,+$ O3,-+)$ PE+1$ *E+$ >,+>$ 3O$ >$
?3>)+)$ -+-7+,$ ,+)J5+/$ /E>,T?;$ h8iK$ SE+$ P3,/*$
/3J,5+/$3O$E(0E?;$5315+1*,>*+)$/*,+//+/$>,+$/E>,T$>10?+/9$/J5E$>/$ (1$/RJ>,+/$3,$ *,(>10?+/K$SEJ/9$ *3$
-(1(-(^+$ *E+$ (1*,3)J5*(31$ 3O$ /*,+//$ ,(/+,/$ P+$ 5E3/+$ *3$ 5J*$ 3J*$ *E+$ 31?;$ 5(,5J?>,$ E3?+/$ O,3-$ *E+$
->*+,(>?K$HE(?+$ +??(T/+/$-(0E*$ >?/3$ E>A+$P3,B+)9$ 5(,5J?>,$ E3?+/$ >,+$-J5E$ /(-T?+,$ >1)$ RJ(5B+,$ *3$
->1JO>5*J,+K$b/(10$C,+3_/$>1>?;/(/$*33?/9$*E+$/T>5(10$>1)$/(^(10$3O$*E+$E3?+/$P+,+$3T*(-(^+)K$
! 615+$*E+$)+/(01$3O$*E+$E3?+/$O3,$P+(0E*$,+)J5*(31$P>/$53-T?+*+)9$P+$,+,>1$*E+$O>(?J,+$*+/*/$
O3,$7+1)(109$*3,/(319$>1)$7J5B?(10$*3$A+,(O;$*E>*$*E+$5,>1+$P>/$/*(??$4J/*$>/$/*,J5*J,>??;$/3J1)K$HE(?+$
*E+$/*,+//+/$(1+A(*>7?;$(15,+>/+)9$*E+;$P+,+$/*(??$P+??$P(*E(1$/>O+*;$?(-(*/K$$
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1(&.2$)3$/)4$2-(&22$
+)5+&5-(.-,)5$

F(0J,+$'8<$L)+1*(O(5>*(31$3O$>,+>/$3O$?3P$/*,+//$YT/(Z$(1$
?3>)+)$5,>1+K$$

F(0J,+$'N<$G*,+//$T,3O(?+$YT/(Z$(1$P+(0E*$,+)J5+)$
7+>-$PE+1$?3>)+)$31$*E+$V$5E3,)$

F(0J,+$'[<$G*,+//$T,3O(?+$YT/(Z$(1$P+(0E*$,+)J5+)$
7+>-$PE+1$?3>)+)$31$*E+$W$5E3,)$
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While our analyses give us confidence that our crane will withstand the test load of 500 

pounds, all structures have an ultimate yield and failure strength. If the crane is to fail, our 
prediction is that the weak link will be the rivet fasteners. Since the 2024 aluminum used in the 
skin is very stiff and strong, it is more likely that rivets will snap due to shear than the skins 
failing from large deformation. In fact, we predict that the beam will hardly yield at all.  

To provide an estimate as to what specific load limit the crane can hold, we made slight 
modifications to the rivet calculations done in (II. C.) to find the maximum shear that the rivets 
would hold before popping out of the structure. For the side skins with rivets that had shear 
strength of 120 lbs, the load was limited to: 

!! ! !! ! !!
!"
!! ! !! !

!
! ! ! ! !"#!!"#!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! !$

H(*E$ >??$ *E+$ ,(A+*/$T?>5+)9$ *E+$ ?3>)$2$P>/$ /?3P?;$ (15,+>/+)$J1*(?$ *E+$ /E+>,$ O3,5+/$ ,+>5E+)$
>TT,3I(->*+?;$'&:$?7/K$SE+$5>?5J?>*(31/$P+,+$>??$)31+$J/(10$+I5+?K$L*$P>/$O3J1)$*E>*$*E+$->I(-J-$
>TT?(+)$?3>)$*E>*$31+$3O$*E+$/()+$/B(1/$53J?)$E>1)?+$P>/$q8[:$?7/K$@+5>J/+$*E+,+$>,+$*P3$/()+$/B(1/9$
(*$ (/$ >//J-+)$ *E>*$ *E+$ ?3>)$ (/$)(/*,(7J*+)$7+*P++1$ *E+$ *P3$ /B(1/K$HE+1$ *E+$ ?3>)$ (/$ (1$ *E+$-())?+9$
+>5E$/B(1$(/$>//J-+)$*3$E3?)$E>?O$*E+$?3>)K$n3P+A+,9$)J,(10$*E+$*3,/(31$*+/*9$*E+$P+(0E*$(/$W$X$O,3-$
31+$3O$*E+$/B(1/$PE+,+$X$(/$*E+$)(/*>15+$7+*P++1$*E+$/B(1/K$SEJ/$*E+$P+(0E*$)(/*,(7J*(31$P(??$13*$7+$
+A+1?;$)(A()+)$ (1$E>?OK$ $ L1$ O>5*9$P+$ 5>?5J?>*+$ *E>*$ *3$T,3)J5+$ *E+$ +RJ(A>?+1*$-3-+1*9$ *E+$ *E+$ /B(1$
5?3/+/*$*3$*E+$?3>)$P(??$E3?)$r$3O$*E+$P+(0E*K$SE+,+O3,+$(O$*E+$/B(1$53J?)$E>1)?+$>1$>TT?(+)$?3>)$3O$
8[:$?7/$7+O3,+$*E+$,(A+*/$/E+>,$3J*$3O$*E+$/B(19$*E+$/*,J5*J,+$5>1$E>1)?+$q[N:$?7/K$

SE+$/>-+$T,35+)J,+$P>/$,+T+>*+)$*3$O(1)$3J*$J1)+,$PE>*$>TT?(+)$?3>)$*E+$,(A+*/$(1$*E+$/()+$
-3J1*$P3J?)$/E+>,$3J*K$"/$)(/5J//+)$+>,?(+,9$?>,0+,$,(A+*/$P(*E$/E+>,$/*,+10*E$3O$[::$?7/$P+,+$J/+)$
7+5>J/+$*E+$+IT+5*+)$/*,+//+/$31$*E+$/()+$-3J1*$>,+$-J5E$E(0E+,K$SE+,+O3,+<$
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n3P+A+,9$(1$*E+$5>/+$3O$*E+$/()+$-3J1*9$*E+$)(/*>15+$*3$5+1*,3()$A>?J+/9$,9$>,+$-J5E$/->??+,$
>1)$*E+,+$>,+$O+P+,$,(A+*/9$7+5>J/+$*E+$-3J1*$(/$-J5E$/->??+,$(1$*+,-/$3O$>,+>$*E>1$*E+$/()+$/B(1K$
n3P+A+,9$7+5>J/+$3O$*E+$(15,+>/+)$/E+>,$/*,+10*E$3O$*E+$,(A+*/9$(*$P>/$O3J1)$*E>*$*E+$/*,J5*J,+$53J?)$
E>1)?+$q$g&:$?7/$7+O3,+$*E+$,(A+*/$(1$*E+$/()+$-3J1*$P3J?)$/E+>,$3J*$3O$*E+$T?>*+K$
$ @;$ *E(/$ T,+?(-(1>,;$ >1>?;/(/9$ (*$ P3J?)$ /++-$ *E>*$ *E+$ /*,J5*J,+$ P3J?)$ O>(?$ 315+$ *E+$ ?3>)$
,+>5E+)$[N:$ ?7/9$>*$PE(5E$T3(1*$ *E+$,(A+*/$ (1$ *E+$/()+$/B(1$P3J?)$/E+>,$3J*K$@+5>J/+$ *E+$ *3T$,(A+*$
5?3/+/*$ *3$ *E+$ 7>/+$ (/$ OJ,*E+/*$ O,3-$ *E+$ 5+1*,3()9$ (*$ P(??$ +IT+,(+15+$ *E+$ E(0E+/*$ /E+>,$ /*,+//K$
SE+,+O3,+$P+$T,+)(5*$*E>*$*E(/$,(A+*$Y3,$>$1+>,$1+(0E73,Z$P(??$T3T$3J*$O(,/*9$?+>)(10$*3$>$)+5,+>/+$(1$
*E+$(1*+0,(*;$3O$*E+$3*E+,$5311+5*(31/$>1)$5>J/(10$*E+$?(1+$3O$,(A+*/$*3$T3T$3J*K$
$ S3$531O(,-$*E>*$*E(/$P3J?)$7+$*E+$-3)+$3O$O>(?J,+9$>1>?;/(/$P>/$)31+$(1$C,+3$P(*E$>1$>TT?(+)$
?3>)$3O$[N:$?7/K$L*$P>/$37/+,A+)$*E>*$*E+$,(A+*/$P3J?)$O>(?$7+O3,+$*E+$5,>1+$O>(?/$(1$>1;$3*E+,$P>;K$
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!
!
!
!
!
!
!
!
! F(0J,+$'U<$"TT?(+)$?3>)$3O$[N:$T3J1)/$O3,5+K$YT/(ZK$
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! 6J,$ 03>?$P>/$ *3$ )+/(01$ >1$ >+/*E+*(59$ ?(0E*P+(0E*9$ >1)$ OJ15*(31>?$ 73I?(O*$ 5,>1+$ *E>*$-+*$ 3,$
+I5++)+)$ >??$ /T+5(O(5>*(31/$ >1)$ )+->1)/K$ "/$ >1>?;^+)9$ *E+$ T,3)J5*$ *E>*$ P+$ )+/(01+)$ >1)$
->1JO>5*J,+)$-++*/$*E+/+$5,(*+,(>K$$6J,$5,>1+$(/$?(0E*$>1)$+OO(5(+1*c$(*$P+(0E/$31?;$&KN$T3J1)/9$PE(5E$
(/$ >?-3/*$ '8a$ 7+?3P$ *E+$ P+(0E*$ ?(-(*K$ $ G;--+*,(5>?9$ 5,(/T$ >1)$ 5?+>1$ ?(1+/$ ->B+$ *E+$ /*,J5*J,+$
T?+>/(10$*3$*E+$+;+9$PE(?+$-(1(->??;$53-T?+I$5J*/$,+)J5+)$*E+$)(OO(5J?*;$3O$->1JO>5*J,(10K$
$ HE(?+$ *,>(*/$ /J5E$>/$A(/J>?$ >TT+>?$ >1)$P+(0E*$ >,+$ (-T3,*>1*$ (1$ *E+$J?*(->*+$->,B+*>7(?(*;$
>1)$OJ15*(31>?(*;$3O$3J,$5,>1+9$3J,$T,(->,;$O35J/$P>/$31$T+,O3,->15+K$F(,/*$P+$()+1*(O(+)$*E+$B+;$
/*,+//+/$ >1)$ T3*+1*(>?$ -3)+/$ 3O$ O>(?J,+$ P(*E$ /(-T?+$ /3?()$ -+5E>1(5/K$ SE+19$ *E,3J0E$ 3J,$ )+/(01$
T,35+//9$P+$->1(TJ?>*+)$*E+$5,(*(5>?$0+3-+*,(5>?$T,3T+,*(+/$*E>*$>OO+5*+)$*E+$/*,+10*E$?(-(*/$3O$3J,$
5,>1+K$
$ HE(?+$>1>?;*(5>?$5>?5J?>*(31/$0J()+)$*E+$0,3J1)P3,B$O3,$3J,$5,>1+$)+/(019$+I*+1/(A+$ O(1(*+$
+?+-+1*$ >1>?;/(/$ (1$ C,+3$ 2>,>-+*,(5$ 0>A+$ J/$ /T+5(O(5(*;$PE+,+$ E>1)$ 5>?5J?>*(31/$ 53J?)$ 13*K$H(*E$
F#!$P+$P+,+$>7?+$*3$3T*(-(^+$*E+$*>T+,/$31$73*E$*E+$/()+/$>1)$*3T9$>1)$P+,+$>7?+$*3$()+1*(O;$>1)$
/*,+10*E+1$5,(*(5>??;$P+>B$>,+>/K$ L1$3,)+,$ *3$ ,+/(/*$ *P(/*$)J+$ *3$ *3,/(319$P+$>))+)$5,3//$ /+5*(31>?$
,(7/$ *E>*$ )(/*,(7J*+)$ *E+$ /*,+//$ 3A+,$ *E+$ /*,J5*J,+9$ >1)$ *EJ/$ 0>A+$ +I*,>$ ,(0()(*;$ *3$ *E+$ 5,>1+K$
"))(*(31>??;9$C,+3$T,3A+)$+/T+5(>??;$J/+OJ?$(1$()+1*(O;(10$PE(5E$>,+>/$3O$*E+$>?J-(1J-$/B(1$P+,+$(1$
/*>*+/$ 3O$ E(0E$ /*,+//$ >1)$ ?3P$ /*,+//K$ b/(10$ *E(/$ (1O3,->*(319$ P+$ P+,+$ >7?+$ *3$ 5J*$ ->*+,(>?$ O,3-$
/*,J5*J,>??;$ J1(-T3,*>1*$ >,+>/9$ >1)$ *EJ/$ -++*$ 3J,$ 374+5*(A+$ 3O$ -(1(-(^(10$ P+(0E*$ PE(?+$
->(1*>(1(10$E(0E$T+,O3,->15+K$$

L1$T,(15(T?+9$3J,$5,>1+$53J?)$7+$T,3*3*;T+)9$ *+/*+)9$>1)$ OJ,*E+,$,+O(1+)c$E+,+$P+$,+?(+)$31$
53-TJ*>*(31>?$*+5E1(RJ+/$*3$)+-31/*,>*+$*E>*$3J,$5,>1+$P(??$P(*E/*>1)$*E+$>//(01+)$?3>)/K$L1$3,)+,$
*3$*E3,3J0E?;$A>?()>*+$3J,$)+/(019$>1$+IE>J/*(A+$/(-J?>*(31$7>/+)$*+/*(10$P>/$T+,O3,-+)K$$H(*E$8::$
T3J1)/$ >5*(10$ 31$ *E+$W$ >1)$V$ 5E3,)/$ 3J,$ 5,>1+$ )(/T?>;+)$ /*,+//$ ?+A+?/$P+??$ 7+?3P$ *E+$->*+,(>?$
?(-(*/$3O$>?J-(1J-$&:&MK$@+1)(109$*3,/(319$>1)$7J5B?(10$*+/*/$P+,+$T+,O3,-+)9$P(*E$5>,+$*>B+1$*3$
5E+5B$O3,$/->??$5315+1*,>*+)$>,+>/$3O$/*,+//9$>/$P+??$>/$0+1+,>?$O>(?J,+$T>**+,1/K$L1$3,)+,$*3$->(1*>(1$
*E+$ ?+0(*(->5;$ 3O$ 3J,$ *+/*$ ,+/J?*/9$ P+$ E>)$ *3$ *>B+$ 5>J*(31$ *3$ ->5E(1+$ *E+$ *,J+$ T>,*/$ >/$ 5?3/+$ >/$
T3//(7?+$ *3$ *E+$-3)+?K$H+$>,+$531O()+1*$ *E>*$3J,$5,>O*/->1/E(T$)()$13*$ (1*,3)J5+$>1;$J1O3,+/++1$
P+>B1+//+/$3,$(-T+,O+5*(31/$*3$>1;$>TT,+5(>7?+$)+0,++K$$

LO$*E+$5,>1+$P+,+$+A+1*J>??;$*3$53??>T/+9$*E+$+IT+5*+)$-3)+$3O$O>(?J,+$P3J?)$7+$/E+>,(10$3O$
*E+$,(A+*/K$G(15+$*E+$/()+$/B(1/$>,+$/3$J1;(+?)(109$*E+$/E+>,$/*,+//$(1$*E+$,(A+*/$P(??$+I5++)$*E+(,$;(+?)$
/*,+10*E$P+??$7+O3,+$*E+$/B(1$O>(?/K$HE+1$>$,(A+*$O>(?/9$*E+$O3,5+$*E>*$(*$P>/$5>,,;(10$O>??/$3A+,$31$*E+$
1+(0E73,(10$,(A+*/K$n+15+$315+$*E+$O(,/*$5311+5*(31$0(A+/9$*E+$,+->(1(10$/+>-$3O$,(A+*/$ (/$ ?(B+?;$*3$
J1^(TK$ $HE(?+$ *E(/$ (/$E3P$P+$T,+)(5*$3J,$5,>1+$P(??$J?*(->*+?;$ O>(?9$P+$>1*(5(T>*+$ *E>*$ *E(/$P(??$13*$
E>TT+1$J1*(?$*E+$?3>)(10$>TT,3>5E+/$[8:$s$U::$T3J1)/K$H+$>,+$531O()+1*$*E>*$>*$*E+$+IT+5*+)$?3>)$
3O$8::$T3J1)/$3J,$5,>1+$P(??$7+$/>O+$>1)$/*,J5*J,>??;$/*>7?+$P(*E$)+O?+5*(31/$P+??$7+?3P$O3J,$(15E+/K$$
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h'i$ CE(1*>T>??(9$G,()E>,K$t2,+?(-(1>,;$G*,J5*J,>?$.+/(01$6T*(-(^>*(31$3O$>1$"(,5,>O*$H(10Q

@3IKt$6*#'789:$8&2&.(+;$8&<)2,-)(=K$C3153,)(>$b1(A+,/(*;9$1K)K$H+7K$&M$65*K$&:'%K$
uE**T<\\/T+5*,J-K?(7,>,;K53153,)(>K5>\g:g%\'\!D&:[8UKT)OvK$

$
h&i$ t"(,5,>O*$G*,J5*J,+/Kt$1>,.-,)5$:.,5-&5.5+&$7&+;5,+,.5$?.5@A))B$C$1,(3(.D&K$F+)+,>?$

"A(>*(31$"J*E3,(*;K$H+7K$
uE**T<\\PPPKO>>K03A\,+0J?>*(31/wT3?(5(+/\E>1)733B/w->1J>?/\>(,5,>O*\>-*w>(,O,>-+wE>1
)733B\-+)(>\>->w5E:'KT)OvK$

$
h%i$ t"(,7J/$"(,T?>1+$H(10$G*,J5*J,+$>1)$S+,-(13?30;Kt$E)D&5+/.-F(&0$7&.(@)450$#G</)@&@$

H,.I(.DK$dKTK9$1K)K$H+7K$&M$65*K$&:'%K$uE**T<\\PPPK13-+15?>*J,3K53-\>(,7J/Q>(,T?>1+Q
P(10Q/*,J5*J,+Q>1)Q*+,-(13?30;KE*-?vK$

$
hMi$ 2++,;9$.>A()$kK9$>1)$k>->?$kK$"^>,K$1,(+(.3-$6-(F+-F(&2K$d+P$j3,B<$!5=,>P$n(??9$'gU&K$2,(1*K$
$
h8i$ n(77+?+,9$DK$CK$:&+;.5,+2$)3$:.-&(,./2K$bTT+,$G>))?+$D(A+,9$dk<$2,+1*(5+$n>??9$'gg[K$2,(1*K$
$
hNi$ !+0/319$SKnK=K$tC311+5*(31/Kt$1,(+(.3-$6-(F+-F(&2K$M:[Q'8K$H+7K$
$
h[i$ t!5!>/*+,QC>,,Kt$:+:.2-&(C'.((K$dKTK9$1K)K$H+7K$&M$65*K$&:'%K$
$
$
>;! =4@'(A-#<&#8#'.$!
$
L*$/E3J?)$7+$13*+)$*E>*$+A+,;31+$531*,(7J*+)$53-T>,>7?+$>-3J1*/$3O$P3,B$*3$*E(/$T,34+5*K$
$
=>7,(+?$ @>,>7>1<$ 2,+?(-(1>,;$ ,+/+>,5E9$ C,+3$ /(-J?>*(31/$ >1)$ (1(*(>?$ )+/(019$ T>,*/$ ),>P(10/$ O3,$
,+T3,*9$ *3,/(31$ ,(7$ )+/(01$ >1)$ C,+3$-3)+?(109$ ,+T3,*$ +)(*(10K$!>1JO>5*J,(10<$ G()+$ /JTT3,*$ T?>*+/$
>1)$,(10$T(1$,(A+*$E3?+/9$>?310$P(*E$0+1+,>?$>//(/*>15+K$
$
.>A()$@+5B<$2,+?(-(1>,;$)+/(019$*3,/(31$,(7$/(-J?>*(31$>1)$>1>?;/(/9$T,3)J5*(31$3O$C,+3$/(-J?>*(31/$
>1)$O(0J,+/$J/+)$(1$,+T3,*9$,+T3,*$+)(*(10K$!>1JO>5*J,(10<$CJ*$/()+$/B(1/9$>//(/*+)$(1$->5E(1(10$>1)$
/()+$T?>*+$E3?+$>)4J/*-+1*K$
$
"11(+$ C>,)(1>?<$ =,3JT$ ?+>)+,/E(T9$ 3,0>1(^>*(319$ /5E+)J?(10$ >1)$ ?30(/*(5/K$ 6,)+,(10$ >1)$ /+?+5*(10$
->*+,(>?/K$ L1(*(>?$ )+/(019$ C,+3$ /(-J?>*(31/$ >1)$ C".$P3,B9$ ,+T3,*$ +)(*(10K$!>1JO>5*J,(10<$ 2,(->,;$
->1JO>5*J,(10$ >1)$ >//+-7?;9$ -(??(10$ >1)$ 53J1*+,/(1B(10$ 3O$ /()+$ /JTT3,*$ T?>*+/$ P(*E$ >10?+)$
7>5B(109$,(A+*(10$>1)$),(??(10$O3,$5,>1+$>//+-7?;9$O(1>?$T3?(/E(109$O(**(10$>1)$/>1)(10K$
$
D(5E>,)$CE+10<$L1(*(>?$)+/(019$C,+3$/(-J?>*(31/9$>1)$C".$)+/(01K$D(A+*$5>?5J?>*(31/9$/T>5(109$/T+5(O(5$
T?>5+-+1*$ (1$T>,*/$>1)$C".$),>P(10/9$>1)$/+?+5*(31$3O$,(A+*/$ O3,$J/+$ (1$5,>1+K$F>(?J,+$T,+)(5*(31/$
O3,$,+T3,*$>?310$P(*E$O(1>?$+)(*(10K$!>1JO>5*J,(10<$F(1>?$T3?(/E(10$>1)$.;B+-$,+-3A>?K$
$
")>-$ F(/5E<$ 2,(->,;$ C,+3$ /E>T+$ 3T*(-(^>*(319$ >1>?;*(5>?$-+5E>1(5/$ ,+/+>,5E$ O3,$ ,+T3,*K$ D+T3,*<$
2,(->,;$P,(*(109$O3,->**(109$>1)$+)(*(10$3O$*E+$,+T3,*9$(15?J)(10$F@./$>1)$3*E+,$O(0J,+/K$!>5E(1(10<$
G()+$/B(1/$>1)$E3?+/$(1$/()+$/B(1/9$?>()$3J*$,(A+*$E3?+/9$?>*E+)$,(10$/JTT3,*/K$
$
$



$ 'M$

G+7>/*(>1$ =,(-7+,0<$ 2,+?(-(1>,;$ ,+/+>,5E9$ )+/(019$ >1)$ C,+3$ /(-J?>*(31/K$ .+*+,-(1>*(31$ 3O$ O3,-$
O>5*3,$>1)$/E+??$/E>T+K$!>1JO>5*J,(10<$2,(->,;$->1JO>5*J,(10$>1)$>//+-7?;9$/()+$/B(1$?>;3J*/9$5J*$
5(,5?+/$ (1$ /B(1/9$ ),(??(10$ >1)$ ,(A+*(10$ 5,>1+9$ )+/(01(10$ >1)$ (1/*>??(10$ ,(7/9$ O(1>?$ T3?(/E(10$ >1)$
0,(1)(109$5J**(10$3O$X$>1)$S$7+>-/K$
$
23$H>E$!331<$L1(*(>?$)+/(019$C,+3$/(-J?>*(31/9$>1)$C".$)+/(01K$D(A+*$5>?5J?>*(31/9$/T>5(109$/T+5(O(5$
T?>5+-+1*$(1$T>,*/$>1)$C".$),>P(10/9$>1)$/+?+5*(31$3O$,(A+*/$O3,$J/+$(1$5,>1+K$F>(?J,+$T,+)(5*(31$O3,$
,(A+*/$>1)$0+1+,>?$C,+3$P3,BK$D+T3,*$+)(*(10K$$
$
$

J&$</&@I&$)F($;)5)(2$-;.-$4&$;.>&$5)-$>,)/.-&@$-;&$?)5)($')@&$)5$-;,2$<()K&+-L$$
$
>:;! B%'*-!"#$%&'!"0*A%'&$!*'<!?#'<#0%'&$!
$
!
$ 7;&$3)//)4,5I$2&(,&2$)3$<.I&2$.(&$'1H$@(.4,5I2$.5@$MCH$(&5@&(,5I2$

)3$)F($,5@,>,@F./$+(.5&$&/&D&5-2L$H(.4,5I2$.(&$-)$2+./&0$.2$5)-&@L$
$
$
$ H(.4,5I2$,5+/F@&N$

$
OP$QF//$.22&DA/=$
RP$6,@&$2B,5$$$$$$$$$$$$
MP$S)--)D$2B,5$
TP$7)<$2B,5$
UP$%&3-$2F<<)(-$</.-&$
VP$8,I;-$2F<<)(-$</.-&$
WP$S.2&$(,A$
XP$:,@@/&$(,A$
YP$#5@$(,A$
OZP$8,5I$6F<<)(-2$
$



!"#"$$

$#%!&
'#&(!

'#&)!(#%**

'&#$+%

,-../011234.5
/
0../-6781/76/96:;21
/
<:=.2/#'(/-6.211/6>82?

<@0AB//"#)("



!"##

$!%&'

(!%&'
$!'$$

&#!#)&

!#&)

&!###
$!*$"

$!$"# $!###

!$"#

!"+#
!"##

)!### )!"## )!### !"##

,-./0,1-2
0
$03/45-6/.70$#$(0895:-25:
0
8990;2-<=0-20>2?@/=
0
8990=?A9/=0!$"0529/==02B</.
0
3-C/<-2D0.-AD6A:0A<<A?@/.0A<0)!$"0=?A9/0E?6BFF/.G

,H8IJ00#!))),H8IJ00#!)))



!"##$%&

!'()

!'*+

!,-(

!*")

'!+++

'!#,)

.!+"*

(!)-+

!'()!,-,

!(*-

"!,'-

!*++
"!*++

/01230456708598:
;<=96>0?26@A83268338BC:243690123>D



!"#$

#"!"%&

$!"""
!$&'()*

$!'""

$!"""
!+'"

!,""

&!"""

&!-'"

!$',

!,&" $!",#

!&'"

'!-'"

!',#

#!$&,

./00/123456
2
$2789:5;8<=2&"&>2?@:156:1
2
?@@2A650B2562C6DE8B
2
3DF@82"!&'2:6@8BB26/08<!
2
(E82;5G802E/@8B2F;82BH1180;5DI2F6<2/6@H
0E82@8J021/B02GF@:825B2BE/K62J/;28FDE
;8L5/62/J2<5JJ8;8602BMFD56L!

3N?OP22"!"%$



!"### !"$## %"%$#

&"'#'

"&%$()*

!#"###

"#!&

$"+$# !"&%$!"### %"$##

"&+$

"$##
",,,

&"-,,

",,,

"$##

(./01234
0
&05678396:;0%#%-0<=8>348>
0
<==0843?@0340A4BC6@
0
1BD=6;0#"%$084=6@04.?6:
0
E4=F0?C60=6G?0>.@?093H6?0@/DB34I0.G06DBC0I9.8/03@0=3@?6:

1J<KL00#"#,&



!"###

$"!##

"!##

%"%&&

%"$&%

"$'(

$"!##

"%$!

("&$(

'"$&%

$"###

")##

%"*!#

"$)#

"$)#

"+##

"%&&

$"###

")!#

%")##

"'+#
"*!'

,-./0123345/0678/-
0
%09-:2;5-<=0$#$(0>72?;@2?
0
>770A@;/B0;@0;@CD-B
0
1C87-0%=%02@7-BB0@4/-<

1E>,F00#"$!#



!"###

$"!##
"!##%&'

("())

("$)(

"$*#

"$*#

"())%&'

("*##

$"###

"+*!

$"###

"$*#

"*##

(",!# -")$-

$"!##
"$+-

"($!

+"$)(

".$-("!*)

$"$+#

".$+
("!**

$".##

+".)(-"#-)

"$*#

"*!#

$"$+#

"#*!

"+.#%&'

/0123456778934':;3<
4
(4/<=609<>?4$#$-4@:6A0B6A
4
@::4CB03D40B40BE2<D
4
5E;:<4(?(46B:<DD4B83<>

5F@GH44#"$!#



!"#$

%!%""

&!'&" #!'&"

!%()

!&""

!&""

!&""

!&""

*!+""*!%++

$!"*&

,-./0123
0
$01/4526/780*"*(09:5;2<5;
0
9::0=<2>.02<0?<@A/.
0
B@-:/0!&05<:/..0<C>/7
0
DC:70>-3.0>C0EC6;062F/>0E:-G.!

BH9IJ00"!###



!"#$

%!&"" %!'&"

#!"$"

!&""

(!"("

&!"""

!'"&
!&""

!&""

!&""

$!"()

*+,,-./0+1
/
$/0.23+4.,5/%"%(/6-37+837
/
6--/98+:;/+8/<8=>.;
/
?=@-./!&/38-.;;/8A:.,
/
BA-,/C@1;/:A/=4.@:./4+D.:/E-@F;

?G6HI//"!###



!"#$

%!$%"

&!"%"
$!"""

!%""

!%""

!%""

!%""

$!'$'(!%'%

)*+,-./
,
$,-012.30+4,("(&,5627.*27
,
566,8*.9:,.*,;*<=0:
,
566,><?60,$4$,2*60::,*@90+
,
A@6+,9?/:,9@,7?B0,3.C09,D6?E:



!"#$

"!#%%

!$%%

!"#$

!&#$

!"#$
!%'"

!#$%

()*+,-.//012
,
#,(34.)1356,#%#&,78.9)*.9
,
788,.*)2:,)*,;*<=3:
,
-<>83,"6",?01,>88,@)3A:
,
B0236,,C3*231,=083,9.:2,D3,51)8835,>2,>,:9>88,>*+83
?109,*019>8,)*,01531,20,8)*3,./,A)2=,3><=,02=31
>?231,D3)*+,90.*235,0*,2=3,:)53,/8>23:!,,E=):
):,><=3)@35,DF,51)88)*+,2=3,=083:,A=)83,2=3F,>13
<8>9/35,20,>,/8>23,A)2=,2=3,:>93,2>/31,>:,2=3,:)53
:.//012,/8>23:,G:33,:)53,/8>23,51>A)*+H!


