
 
 
 
 
 
�����o�]���Œ���š�]�}�v�����v�����À���Œ�]�(�]�����š�]�}�v���}�(�������v�}�v�o�]�v�����Œ��
�u�����Œ�}�r���o���u���v�š���(�}�Œ���^�^�/�����v���o�Ç�•�]�•���]�v���š�Z����
�'�Œ�}�v�]�v�P���v���Œ���P�]�}�v 
 

 

 

Francesco Cavalieri, António A. Correia 

 

MOSAYK 
 

Date April 2019 

Editors Jan van Elk & Dirk Doornhof 

  



  



General Introduction  

In this report, a study into the transfer of seismic motion from the soil into the foundation and the 
structure of buildings, i.e. the soil structure interaction, is described.  

Extensive studies have been carried out by Deltares to prepare a detailed map of the shallow subsurface 
(Ref. 1 to 3).  Based on the description of the shallow sub-surface, amplification factors of the ground 
motion have been derived and included in the ground motion model (GMM) (Ref. 4).   

Using representative values of the amplification factor, the response of a selection of buildings to 
earthquake motion is analysed in this report.  The models prepared for the index buildings used in the 
derivation of fragility functions were used in this study (Ref. 5).  The foundation of the buildings is 
important in the transfer of the ground motion into the buildings.  In this study index buildings with 
shallow foundations as wells as buildings with pile foundations were considered.   
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,<)!&)F'&+!=+1&+=!-9!?<1F+)&!#!K-+<!1!B)=*&-F+-'9!'>!+<)!*<1&1*+)&-=1+-'9!'>!+<)!='-.!F&'F)&+-)=!-9!
+<)! `&'9-9R)9! &)R-'9! 19B! +<)! =).)*+-'9! '>! &)F&)=)9+1+-C)! ='-.! F&'>-.)=! >'&! +<)! =43=)^4)9+!
191.5=)=J!?<1F+)&!6!=4;;1&-=)=!+<)!)-R<+!+5F-*1.!=+&4*+4&1.!*'9>-R4&1+-'9=!+'!K<-*<!+<)!+<&))!00E!
1FF&'1*<)=!1&)!1FF.-)BJ!,<-=!-=!+<)9!>'..'K)B!35!+<)!*1.-3&1+-'9!'>!+<)!-9F4+!F1&1;)+)&=!>'&!+<)!
9'9.-9)1&! ;1*&' V).);)9+! 1FF&'1*<! O?<1F+)&! :P! 19B! >'&! +<)! +K'! 1.+)&91+-C)! .-9)1&! ;)+<'B=!
O?<1F+)&!$PJ!2-91..5H!-9!?<1F+)&!QH!+<)!*';F1&-='9!-9!+)&;=!'>!>&1R-.-+5!>49*+-'9=!-=!F&)=)9+)BJ!!

!

! !



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" B"

!

 

> ?)$+':;)'".$)"-3'"2'%'+-&$#"$.")'@)'2'#-(-&A'"2$&%"@)$.&%'".$)"//0"
E9! '&B)&! +'! 1**'49+! >'&! 0'-.V0+&4*+4&)VE9+)&1*+-'9! O00EP! -+! -=! >-&=+! &)^4-&)B! +'! B)>-9)!
&)F&)=)9+1+-C)! ='-.! F&'>-.)=! +<1+! ;15! 3)! 4=)B! >'&! 1==)==;)9+! '>! +<)! -9F4+! F1&1;)+)&=! '>! +<)!
B->>)&)9+! ;'B).=! 4=)B! O'9)VB-;)9=-'91.! >&)^4)9*5 V-9B)F)9B)9+H! a%WH! ;1*&'V).) ;)9+PJ! ,<)!
&)F&)=)9+1+-C)9)==! '>!+<)!='-.!F&'>-.)!3)*';)=!19! )C)9! ;'&)! -;F'&+19+!1=F)*+H!R-C)9!+<)!K-B)!
1&)1!3)-9R!*'9=-B)&)B!-9!+<-=!=+4B5J!

,<)! =).)*+-'9! '>! &)F&)=)9+1+-C)! ='-.! F&'>-.)=! +1\)=! 1BC19+1R)! '>! +<)! B)+1-.)B! ;-*&'d'91+-'9!
*1&&-)B!'4+!-9!&)*)9+!5)1&=!>'&!+<)!`&'9-9R)9!&)R-'9H!&)=4.+-9RH!1;'9R!'+<)&= H!-9!;1F=!'>!+<)!=-+)!
&)=F'9=)! A;F.->-*1+-'9! 21*+'&! OA2P! >'&! =)C)&1.! =F)*+&1.! '&B-91+)=! O@'B&-R4)dVW1&)\! )+! 1.JH!
67#8PJ!,<)!)T1;-91+-'9! '>!A2!B-=+&-34+-'9=!=<'K=!+<1+!-9!R)9)&1.!+<)!F1++)&9=!'>!<-R<!19B!.'K!
A2!1&)!K)..!&)>.)*+)B!35!+<)!R)'.'R-*1.!d'91+-'9!;'B).!OU';;)&!)+!1.JH!67#8PJ!,<)&)>'&)H!+<)!A2!
&)F&)=)9+=!K)..!+<)!='-.!3)<1C-'4&! '>!+<)!=<1..'K!B)F'=-+=H!19B! -+! *19!3)! *'9=-B)&)B!1!&).-13.)!
F1&1;)+)&!>'&!+<)!-B)9+->-*1+-'9!'>!&)F&)=)9+1+-C)!='-.!F&'>-.)=J!

,<)!F&'*)B4&)!>'&!+<)!='-.!F&'>-.)!=).)*+-'9!-9C'.C)=!=)C)&1.!=+)F=!.-=+)B!3).'K!19B!B)=*&-3)B!-9!
;'&)!B)+1-.!-9!+<)!>'..'K-9R!=)*+-'9=J!

#P A91.5=-=!'>!+<)!A;F.->-*1+-'9!21*+'&!OA2P!B-=+&-34+-'9c!

6P 0).)*+-'9!'>!'9)!'&!;'&)!=)+ =!'>!=-+)=!1&'49B!&)F&)=)9+1+-C)!C1.4)=!'>!A2c!

:P 0).)*+-'9! '>! +<)! M=! F&'>-.)=! *'&&)=F'9B-9R! +'! +<)! .'*1+-'9=! K-+<! <';'R)9)'4=! A2!
-B)9+->-)B!-9!6Pc!

$P LC1.41+-'9!'>!+<)!;)19!M=!F&'>-.)=c!

QP 0)1&*<!'>!+<)!=-9R.)!M=!F&'>-.)!K-+<!+<)!3)=+!>-+!-9!*';F1&-='9!K-+<!+<)!;)19!M=!F&'>-.)c!

SP LT+&1*+-'9!'>!+<)!F&'F)&+-)=!'>!+<)!=-9R.)!M=!F&'>-.)c!

,<)! B1+1! 4=)B! -9! +<-=! =)*+-'9! *';)=! >&';! +<)! )9'&;'4=! 1;'49+! '>! ;4.+-B-=*-F.-91&5! K'&\!
*1&&-)B! '4+! '9! +<)! `&'9-9R)9! >-).B! 1&)1! *'9*)&9-9R! R)'.'R5H! =)-=;-*! <1d1&BH! =-+)! &)=F'9=)!
191.5=-=H! R)'+)*<9-*1.! *<1&1*+)&-d1+-'9H! R&'49B! ;'+-'9! ;'B).H! &-=\! 1==)==;)9+H!)+*JH! 19B!
B'*4;)9+)B!-9! 94;)&'4=!F43.-*1+-'9= H!=4*<!1=!)JRJ!U';;)&! )+!1.J!O67#QPH!U';;)&!)+!1.J!O67#8PH!
U';;)&! )+!1.J!O67#_PH![&4-C)&!e!B)!a19R)!O67#QPH![&4-C)&!)+!1.J!O67#81PH![&4-C)&!)+!1.J!O67#83PH!
@'B&-R4)dVW1&)\!)+!1.J!O67#8PH!@';-(9!@J!O67#8PJ!

><> !#(%12&2"$."-3'"!*@%&.&+(-&$#"V(+-$)"O!VT":&2-)&8;-&$#""

,<)! `&'9-9R)9! =43=4&>1*)! *'9=-=+=! '>! 4F! +'! 19! _77! ;! +<-*\! =)^4)9*)! '>! ='>+! 49*'9='.-B1+)B!
=)B-;)9+=!+<1+!1&)!;1-9.5!*';F'=)B!'>!=19B!19B!*.15J!!

,DN! b!`)'.'R-*1.!04&C)5! '>!+<)!D)+<)&.19B=!O,DNV̀0DP!=5=+);1+-*1..5!F&'B4*)=! :"!R)'.'R-*1.!
;'B).=!'>!+<)!"4+*<!=43=4&>1*)!OM19!B)&!W)4.)9!)+!1.JH!67#:PJ!N9)!'>!+<)=)!;'B).=!-=!+<)!C'T).!
;'B).!*1..)B!`)',N%H!K<-*<!B)=*&-3)=!+<)!R)';)+&5!19B!F&'F)&+-)=!'>!+<)!=<1..'K!=43=4&>1*)!+'!
1! ;1T-;4;! B)F+<! '>! DA%! fQ7! ;! O0+1g)4! ) +! 1.JH! 67##H! 67#6c! W1.()&=! )+! 1.JH! 67#Qc! 0+1g)4! e!
"43).11&H! 67#SPJ! `)',N%! =*<);1+-=)=! +<)! =43=4&>1*)! -9! 1! &)R4.1&! R&-B! '>! &)*+19R4.1&! 3.'*\=!
OhC'T).=iH!h+-.)=i!'&!h:"!R&-B!*)..=iP!)1*<!;)1=4&-9R!#77!;!j!#77!;!j!7JQ!;!OTH!5H!dPJ!L1*<!C'T).!-9!
+<)!;'B).!*'9+ 1-9=!)=+-;1+)=!'>!+<)!.-+<'=+&1+-R&1F<-*1.!49-+!19B!+<)!&)F&)=)9+1+-C)!.-+<'.'R-*1.!
*.1==!O-9*.4B-9R!1!R&1-9V=-d)!*.1==!>'&!=19BP!O[&4-C)&!)+!1.JH!67#81PJ!

E9! '&B)&! +'! ^419+->5! =)-=;-*! <1d1&B! 19B! &-=\! B4)! +'! F&'B4*+-'9V-9B4*)B! )1&+<^41\)=! -9! +<)!
`&'9-9R)9! R1=!>-).B!+K'!R)'.'R-*1.!;'B).=!1&)!1C1-.13.)H!+<)!>-&=+!>'*4=-9R!'9!=-+)!&)=F'9=)!19B!
+<)!=)*'9B!'9!.-^4)>1*+-'9J!,'!B)&-C)!-9F4+!F1&1;)+)&=!>'&!00E!191.5=-=H!;'=+!'>!+<)!-9>'&;1+-'9!
*1;)!>&';!+<)!>-&=+!;'B).H!K<-*<!-=!+<)!h`)'.'R-*1.!;'B).!>'&!0-+)!&)=F' 9=)!-9!`&'9-9R)9i!O`0`!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" W"

!

 

;'B).P!O[&4-C)&!)+!1.JH!67#81P!19B!-=!31=)B!'9!+<)!B)+1-.)B!:"!`)',N%!C'T).!;'B).!*'9+1-9-9R!
.-+<'=+&1+-R&1F<5!19B!.-+<'*.1==!1++&-34+)=!;)9+-'9)B!13'C)J!

,'! 34-.B! +<)! `0`! ;'B). H![&4-C)&! )+! 1.J! O67#81P!*';3-9)! +<)! `)',N%! ;'B).! K-+<! -9 >'&;1+-'9!
>&';!3'&)<'.)=H!*'9)!F)9)+&1+-'9!+)=+=H!&)R-'91.!B-R-+1.!R)'.'R-*1.!19B!R)'V<5B&'.'R-*1.!;'B).=!
+'! *'C)&!+<)!>4..!&19R)!>&';! +<)!=4&>1*)!B'K9!+'! +<)! 31=)! '>!+<)!D'&+<!0)1!04F)&R&'4F!O31=)!
%1.)'R)9)P!1+!k_77!;!B)F+<J!,<)!`0`!;'B).!*'9=-=+=!'>!1!;- *&'d'91+-'9!31=)B!'9!R)'.'R5!19B!1!
=+1*\! '>! ='-.! =+&1+-R&1F<5! >'&! )1*<! '>! +<)! 13'4+! #$7H777! R&-B! *)..=! O#77! ;! j! #77! ;P! +'! K<-*<!
F&'F)&+-)=!OM0!19B!F1&1;)+)&=!&).)C19+!>'&!9'9.-9)1&!='-.!3)<1C-'4&P!K)&)!1==-R9)BJ!!

2-R4&)!#J#!=<'K=!+<)!`)'.'R-*1.!d'91+-'9!'>!+<)!`&'9-9R)9!>-).B!4=)B!>'&!+<)!1==)==;)9+!'>!=-+)!
1;F.->-*1+-'9!O`W%L!M$P!O[&4-C)&!)+!1.JH!67#81PJ!E+!-=!*'9=+-+4+)B!35!66!;1-9!d'9)=H!)1*<!'>!+<);!
*19! 3)! >4&+<)&! =43B-C-B)B! -9+'! =43d'9)=! K-+<! =-;-.1&! R)'.'R-*1.! *<1&1*+)&-=+-*=H! >'&! 1! +'+1.! '>!
;'&)!+<19!#Q7!d'9)=J!L1*<!d'9)!-=!*<1&1*+)&-d)B!35!1!*'B)H!+<)!>-&=+!+K'!94;3)&=!B)=*&-3)!+<)!
+5F-*1.! ='-.! *'.4;9H! K<)&)1=! +<)! .1=+! +K'!B-R-+=!1&)! 1! =)^4)9+-1.! 94;3)&! *<1&1*+)&-=-9R!
B->>)&)9*)=!>'&!-9=+19*)!-9!+<)!+<-*\9)==!19Bl'&!B)F+<!'>!*)&+1-9!.15)&=J!2'&!-9=+19*)H!d'9)=!#7##!
19B!#7#6!<1C)!+<)!=1;)!+5F-*1.!='-.! *'.4;9! '>!+5F)!#7!O=))! .)R)9B! '>!+<)!R)'.'R-*1.!d'91+-'9!
;1FPH! 34+! K-+<! B->>)&)9+! +<-*\9)==! 19B! B)F+<! =)^4)9*)H! -9!'&B)&! +'! *1F+4&)! +<)! .-+<'V
=+&1+-R&1F<-*!1;F.->-*1+-'9J!

!

)

G59<+.)FHF)E.,8,95/48)I,1405,1),2)0D.)E+,1519.1)25.87)<=.7)2,+)0D.)4==.==3.10),2)=50.)43>8525/405,1)JE6*")%KLH)
C53584+)/,8,<+=)5175/40.)=53584+)9.,8,95/48)=<//.==5,1=)51)0D.)=D488,M)7.>0D)+419.)JN+<5@.+).0)48HO)PQFR4LH)

2'&! +<)! `&'9-9R)9! >-).BH! 1! &)R-'91.! =<)1&VK1C)!C).'*-+5! OM0P! ;'B).! K1=! *'9=+&4*+)B! F1&+-1..5!
31=)B!'9!+<)!`0`!;'B).!O[&4-C)&!)+!1.JH!67#83PJ!,<)!M0!;'B).!)T+)9B=!+'!1!B)F+<!'>!1.;'=+!#!\;H!
+<)!B)+1-.)B!M0!F&'>-.)=!1&)!*'9=+&4*+)B!>&';!1!*';3-91+-'9!'>!+<&))!B1+1!=)+=!*'C)&-9R!B->>)&)9+H!
F1&+-1..5!'C)&.1FF-9RH!B)F+<!&19R)=J!,<)!4FF)&;'=+!Q7!;!'>!+<)!M0!F&'>-.)=!1&)!'3+1-9)B!>&';!1!
<-R<V&)='.4+-'9!R)'.'R-*1.!;'B).!K-+<!&)F&)=)9+1+-C)!M0!C1.4)=!1==-R9)B!+'!+<)!=)B-;)9+=J!2-).B!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" G"

!

 

;)1=4&);)9+=! '>! M 0! K)&)! 4=)B! +'! B)&-C)! &)F&)=)9+1+-C)! M0! C1.4)=! >'&! +<)! B->>)&)9+! +5F)=! '>!
=)B-;)9+=J!,<)!F&'>-.)=!>&';!Q7!+'!#67!;!1&)!'3+1-9)B!>&';!-9C)&=-'9!'>!=4&>1*)!K1C)=!&)*'&B)B!
O1=!9'-=)P!B4&-9R!B))F!=)-=;-*!&)>.)*+-'9!F&'>-.-9R!'>!+<)!R1=!&)=)&C'-&J!,<)!B))F)=+!F1&+!'>!+<)!
F&'>-.)=!-=!'3+1-9)B!>&';!='9-*!.'RR-9R!19B!M%bM0!&).1+-'9=<-F=!31=)B!'9!;)1=4&);)9+=!-9!B))F!
3'&)<'.)=! O[&4-C)&! )+! 1.JH! 67#83PJ! ,<)!-9+)&)=+)B!&)1B)&! -=! &)>)&&)B! +'! +<)! .1++)&! K'&\! >'&!
1BB-+-'91.!-9>'&;1+-'9!13'4+!+<)!=<)1&VK1C)!C).'*-+5!OM0P!;'B).J !

,<)! &)R-'91.! =<)1&VK1C)! C).'*-+5! OM0P! ;'B).! B)=*&-3)B! 13' C)! <1=! 3))9! 4=)B! 1=!1!31=-=! >'&!
=)-=;-*! ;-*&'d'91+-'9! '>! +<)!̀ &'9-9R)9!R1=!>-).B!1&)1H! )T+)9B-9R! ;'&)!+<19!#777! \;6J!E9!+<-=!
>&1;)K'&\H!+<)!>-).BVK-B)!M0!F&'>-.)=!1&)!=43=)^4)9+.5!4=)B!+'!B)>-9)!1!&)>)&)9*)!&'*\!<'&-d'9m
1+!1!B)F+<!'>!13'4+!_77!;m 19B!+<)9!4=)B!-9!1!.1&R)!94;3)&!'>!=-+)!&)=F'9=)!191.5=)=!+'!'3+1-9!
9'9.-9)1&! >&)^4)9*5VB)F)9B)9+! 1;F.->-*1+-'9! >1*+'&=H! 1=! B)=*&-3)B! -9! @'B&-R4)dVW1&)\! )+! 1.J!
O67#8PJ!

,<)!=-+)!&)=F'9=)!191.5=-=!=+4B5!O*1&&-)B! '4+! *'9=-B)&-9R! :S77! -9F4+! ;'+-'9=!=43B-C-B)B! -9+'!
+)9!.)C).=P!K1=!F)&>'&;)B!>'&!1!R&-B!'>!13'4+!#$7i777!F'-9+=!<';'R)9)'4=.5!B-=+&-34+)B!-9!+<)!
`&'9-9R)9! 1&)1J!2-R4&)!#J6! =<'K=H! 1=!19! )T1;F.)H! +<)! =F1+-1.! B-=+&-34+-'9! '>! A2! 1*&'==! +<)!
`&'9-9R)9! 1&)1! 1+! 7J7#!=! F)&-'B=! >'&! n)1\! -9F4+! ;'+-'9! O-J)J! &19\! #V:S7P! 19B! 0+&'9R! -9F4+!
;'+-'9!O-J)J!&19\!:6$#V:S77PJ!0-;-.1&!B1+1!-=!1C1-.13.)!>'&!'+<)&=!F)&-'B=J!

!

! !

1P! 3P!

G59<+.)FHP)'3>8525/405,1)G4/0,+)J'GL)2,+)STQHQF)=U)4L)V.4W)3,05,1)J+41W)FBXYQLZ);L)C0+,19)3,05,1)J+41W)XPKFB
XYQQL)JN+<5@.+O)PQF[LH)

,<)! A2! B1+1! 1&)! '&R19-d)B! -9! '9)! >-.)! F)&! R)'.'R-*1.! d'9)J! L1*<! >-.)! *'9+1-9=! +<)! >'..'K-9R!
-9>'&;1+-'9/ ! .'*1.-d1+-'9! +<)! =-+)! O-J)J! d'9)! *'B)H! *''&B-91+)=Pc! ;1R9-+4B)! 19B! B-=+19*)! '>! +<)!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" X"

!

 

*'&&)=F'9B-9R!-9F4+!;'+-'9c!+<)!&19\!'>!+<)!-9F4+!;'+-'9!OK-+<!+<)!;)19-9R!B)=*&-3)B!3).'KPc!
+<)! =F)*+&1.! 1**).)&1+-'9! 1+! +<)! &)>)&)9*)! &'*\! <'&-d'9! 19B! +<)! *'&&)=F'9B-9R! 1;F.->-*1+-'9!
>1*+'&! OA2P! >'&! 6:! F)&-'B=! &19R-9R! >&';! 7J7#! +'! Q!=c! +<)! ;1T-;4;! =<)1&! =+&1-9c! +<)! %`M! '9!
3)B&'*\H!+<)!%`M!1+!=4&>1*)!19B!+<)!%`M!1;F.->-*1+-'9!>1*+'&J!!

,<)!&19\!*<1&1*+)&-d)=!+<)!-9F4+!;'+-'9H!K-+<!1!.'K!&19\!*'&&)=F'9B -9R!+' !1!K)1\!-9F4+!;'+-'9H!
K<)&)1=!<-R<!&19\!*'&&)=F'9B=!+'!1!=+&'9R!-9F4+!;'+-'9J!,<)!:S77!-9F4+!;'+-'9=!K)&)!='&+)B!
-9+'!#7!R&'4F=!19B!'9)!;'+-'9!F)&!R&'4F!-=!4=)B!>'&!)1*<!*''&B-91+)J!,<)!K)1\)=+!;'+-'9=!<1C)!
&19\!#V:S7!OR&'4F!#H!a'K! -J;J! -9!+<)!>'..'K-9RPH! -9+)&;)B-1+)!<1C)!&19\!#$$#V#_77!OR&'4F!QH!
W)B-4;!-J;J!-9!+<)!>'..'K-9RP!19B!+<)!=+&'9R)=+!<1C)!&19\!:6$#V:S77!OR&'4F!#7H!]-R<!-J;J!-9!+<)!
>'..'K-9RPJ!

,<)! A2! -=! 1C1-.13.)! >'&! B->>)&)9+! F)&-'B=H! +<)! 191.5=-=! '>! +<)! B1+1! <1=! 3))9! *1&&-)B! '4+!
*'9=-B)&-9R! +<)! F)&-'B! '>! 7JQ! =H! K<-*<! -=! *.'=)! +'! +<)! =+&4*+4&1.! F)&-'B! '>! +<)! 34-.B-9R=!
*'9=-B)&)BH!19B!>'&!+<&))!B->>)&)9+!.)C).=!'>!-9F4+!;'+-'9/!.'KH!;)B-4;!19B!<-R<!-9F4+!;'+-'9J!
2-R4&)!#J: !=<'K=!+<)!<-=+'R&1;=!'>!+<)!A;F.->-*1+-'9!21*+'&!OA2P!>'&!F)&-'B!)^41.!+'!7JQ!=!>'&!+<)!
+<&))!-9F4+!;'+-'9=!*'9=-B)&)BJ!

!

! !

1P! 3P!

!

*P!

G59<+.)FHX)\5=0,9+43=),2)0D.)'3>8525/405,1)G4/0,+)J'GL)2,+)>.+5,7).]<48)0,)QH^)=U)4L)#,M)5H3HZ);L)6.75<3)5H3HZ)/L)
\59D)5H3H)
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! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" H"

!

 

><6 /'%'+-&$#"$."$#'"$)"*$)'"2'-2"$."2&-'2"()$;#:")'@)'2'#-(-&A'"A(%;'2"$."!V"

"4)! +'! +<)! 9'9 V9)R1+-C)! C1.4)=! '>! +<)! A2H! -+! K1=! 1==4;)B! +<1+! A2! >'..'K=! 1! .'R9'&;1.!
B-=+&-34+-'9J!A==4;-9R!o!19B!p!&)=F)*+-C).5!1=!+<)!)TF)*+1+-'9!19B!=+19B1&B!B)C-1+-'9!'>!.9OA2PH!
+<)!>'..'K-9R!&).1+-'9=<-F!*19!3)!B)>-9)B/!

o ) o!q!or !/!;)B-19H!R)';)+&-*!X;)19ZH!
o ) p!q!pr !/!;4.+-F.-*1+-C)!=+19B1&B!B)C-1+-'9!

2-R4&)!#J$! =<'K=! +<)! +5F-*1.! =<1F)! '>!1! .'R9'&;1.! B-=+&-34+-'9J! E9! 1**'&B19*)! K-+<! +<-=!
B-=+&-34+-'9H!13'4+!S_s!'>!B1+1!1&)!-9*.4B)B!-9!+<)!&19R)!Oor l!p rPtOoruprPH!K<)&)1=!13'4+!GQs!'>!
B1+1!1&)! -9*.4B)B! -9! +<)! &19R)! Oor lp r 6Pt! Oorupr 6PJ! U1=)B! '9! +<)! .'R9'&;1.! B-=+&-34+-'9! +K'!
&)F&)=)9+1+-C)!C1.4)=! '>!A2!<1C)!3))9!=).)*+)BH!+<)!>-&=+!-=!+<)!;)B-19!OorP!K<-.)!+<)!=)*'9B!-=!
=)+!)^41.!+'!orupr 6J!2'&!)1*<!'>!+<)!+K'!C1.4)=!'>!A2!1!=)+!'>!M=!F&'>-.)=!*'&&)=F'9B-9R!+'!B->>)&)9+!
=-+)=!<1C)!3))9!191.5=)BJ!")F)9B-9R!'9!+<)!A2!*'9=-B)&)BH!+K'!B->>)&)9+!-9+)&C1.=!'>!C1.4)=!<1C)!
3))9!*'9=-B)&)BH!>'&!+<)!;)B-19!OorP!A2!+<)!=).)*+)B!-9+)&C1.=!<1C)!19!1;F.-+4B)!&)=F)*+-C).5!'>!
7J#!19B!7J6H!K<)&)1=!>'&!A2!)^41.!+'!or !pr 6!+<)!1;F.-+4B)!'>!+<)!-9+)&C1.=!*'9=-B)&)B!-=!.1&R)&H!-J)J!
7J6!19B!7J$H!B4)!+'!+<)!&)B4*)B!>&)^4)9*5!1&'49B!+<1+!C1.4)J!

!

!
G59<+.)FHK)CD4>.),2)8,9B1,+348)75=0+5;<05,1H)

,'! 191.5=)! +<)! A2! B-=+&-34+-'9H! +<)! F)&-'B! '>! 7JQ!=! <1=! 3))9! =).)*+)B! *'9=-B)&-9R! -+=!
&)F&)=)9+1+-C)9)==!K-+<!&)=F)*+!+'!+<)!=+&4*+4&1.!F)&-'B! '>!+<)!34-.B-9R!=+'*\! '>!+<)!`&'9-9R)9!
1&)1!4=)B!>'&!B)&-C1+-'9!'>!>&1R-.-+5!*4&C)=J!, 13.)!#J#!=4;;1&-d)=!+<)!94;3)&!'>!=-+)=!*'9=-B)&)B!
1&'49B!+<)!+K'!A2!C1.4)=!O-J)J!or !19B!oru!pr 6P!1+!F)&-'B!)^41.!+'!7JQ!=H!>'&!+K'!1;F.-+4B)!-9+)&C1.=!
19B!+1\-9R!-9+'!1**'49+!+<&))!.)C).=!'>!-9F4+!;'+-'9!O-J)J!W)B-4;H!]-R<!19B!a'KPJ!

!

S4;8.) FHFU)_<3;.+),2)=50.=)/,1=57.+.7)4+,<17)0D.)0M,)'G)@48<.=)40)>.+5,7).]<48)0,)QH^)=)J5H.H)`a)417)` ab)c aPL)2,+)
0M,)43>850<7.)510.+@48=)417)04W519)510,)4//,<10)0D+..)8.@.8=),2)51><0)3,05,1)J5H.H)6.75<3O)\59D)417)#,MLH)

!

!"#$%&'& ()*%+'$%&'& ,%-.$%&'&
/0$1%2)1$%3$2.)$%32)4567$8&9$64"+3*$')*%63$$:; <=>? @A@A @A9<
/0$1%2)1$%3$2.)$%32)4567$8&A$64"+3*$')*%63$$:; 9B@C> 9C?88 9CCB@

/0$1%2)1$%3$2.)$%32)4567$8&A$64"+3*$:;$)D+67$2"$$µE$F$$! EA$ 9?A< 9C>9 ===

/0$1%2)1$%3$2.)$%32)4567$8&C$64"+3*$:;$)D+67$2"$$µE$"$! EA$ BA9C B8@8 9=9?



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >I "

!

 

2-R4&)!#JQ!=<'K=!+<)!9'&;1.-d)B!<-=+'R&1;=!19B! *'&&)=F'9B-9R! .'R9'&;1.!B-=+&-34+-'9! '>!+<)!
A;F.->-*1+-'9!21*+'&!OA2P!>'&!1!F)&-'B!)^41.!+'!7JQ!=H!>'&!+<)!+<&))!.)C).=!'>!-9F4+!;'+-'9J!,13.)!
#J6!=4;;1&-d)=!+<)!&).)C19+!F1&1;)+)&=!'>!+<)!.'R9'&;1.!B-=+&-34+-'9!'>!+<)!A2!1+!F)&-'B!)^41.!
+'!7JQ!=!>'&!+<)!+<&))!.)C).=!'>!-9F4+!;'+-'9J!

!

1P !

3P !

*P !

G59<+.)FĤ)_,+3485I.7)D5=0,9+43=)417)8,91,+348)75=0+5;<05,1),2)0D.)'3>8525/405,1)G4/0,+)J'GL)2,+)>.+5,7)
.]<48)0,)QH^)=U)4L)#,M)5H3HZ);L)6.75<3)5H3HZ)/L)\59D)5H3H)
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! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >>"

!

 

S4;8.) FHPU)&.8.@410)>4+43.0.+=),2)0D.)8,91,+348)75=0+5;<05,1),2)0D.)'G)40)>.+5,7).]<48)0,)QH^)=)2,+)0D+..)8.@.8=)
,2)51><0)3,05,1)J5H.H)#,MO)6.75<3)417)\59DLH)

!

!

><D /'%'+-&$#" $." Y2" @)$.&%'" +$))'2@$#:&#5" -$"&:'#-&.&':" %$+(-&$#2" K&-3"
3$*$5'#'$;2"!V" "

,<)! M =!F&'>-.)=! F&'C-B)B! 35! ").+1&)=! O[&4-C)&H! 67#_P! 1&)! R&'4F)B! -9+'! #Q_! >-.)=! 31=)B! '9! +<)!
R)'.'R5!d'91+-'9J!A9!-9+)&;)B-1+)!=+)F!K1=!+'!=)F1&1+)!+<)!B->>)&)9+!M=!F&'>-.)=!O+'R)+<)&!K-+<!
+<)! '+<)&=! 1++&-34+)=P! -9+'! =-9R.)! >-.)=H! &)=4.+-9R! -9! #$7i_6#! M0! F&'>-.)=H! )1*<! '>! +<);!
*<1&1*+)&-d)B!35!1!F&'R&)==-C)!94;3)&J!

E9!=)*+-'9!#J6H!1!>)K!=)+=!'>!=-+)=!K-+<!<';'R)9)'4=!A2!K)&)!-B)9+->-)BJ!,<)!=-+)=!K)&)!=).)*+)B!
>&';! +<)! X?';F.)+)Z! B1+131=)! +<1+! -=! *'9=+-+4+)B! 35! 1! &)R4.1&! R&-BH! *'C)&-9R! +<)! K<'.)!
`&'9-9R)9! 1&)1H! '>! 13'4+!! #$7\! =-+)=J! ]'K)C)&H! =-9*)! 34-.B-9R=! 1&)! 9'+! )^41..5! =F&)1B! '4+!
+<&'4R<'4+!+<)!&)R-'9H!1!X@)B4*)BZ!=43=)+!'>!=-+)=!<1=!3))9!B)>-9)BH!-9*.4B-9R!13'4+!! :$\!=-+)=H!
31=)B!'9!+<)!)TF'=4&)H!-J)J!*'9=-B)&-9R!'9.5!F&'>-.)=!*.'=)!+'!34-.B-9R=J!!

2-R4&)!#JS!=<'K=!1!`&'9-9R)9!1&)1!;1F!-9B-*1+-9R!+<)!=-+)=!K<)&)!+<)!M0!F&'>-.)=!1&)!*'9=-B)&)B!
19B!+<)!F'=-+-'9!'>!+<)!34-.B-9R=J!

!

!
G59<+.)FHY)E+,1519.1)4+.4 )34> )51)MD5/D)4+.)5175/40.7)0D.)=50.=)MD.+.)0D.)%C)>+,258.=)4+.)/,1=57.+.7)417)0D.)

>,=505,1),2)0D.);<587519=H)

!"#$"%&'!()*+,%*-.,*"$ !"#$%&'& ()*%+'$%&'& ,%-.$%&'&
()/0$"1$203456$778$µ 9&::;< 9&:=9> 9&>??@
AB/0*/C*$*)D%/B%"0$"1$203456$778$! 9&;<@: 9&;=@E 9&E@=<

')*%/0778$µ" =) µ ;&F9 ;&=? ;&;<

$! " =) ! ?&;: ?&E9 ?&@?

$µ"  ! "2 @&@: @&@E @&<9



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >6"

!

 

E9! +<)!>'..'K-9RH! +<)! M0! F&'>-.)=! K-..! 3)! =).)*+)B! *'9=-B)&-9R! 3'+<! +<)! X?';F.)+)Z! 19B! +<)!
X@)B4*)BZ!B1+131=)H!-9!*1=)!+<)!&)=4.+-9R!;)19!M0!F&'>-.)!-=!9'+!1>>)*+)B!35!+<)!&)B4*)B!94;3)&!
'>!=-+)=!*'9=-B)&)BH!+<)!X@)B4*)BZ!=43=)+!<1=!+<)!1BC19+1R)!'>!*'9=-B)&-9R!'9.5!='-.!F&'F)&+-)=!
*.'=)!+'!+<)!34-.B-9R=H!3)-9R!+<)&)>'&)!;'&)!&)F&)=)9+1+-C)!>'&!00E!191.5=-=J!

,<)!>'..'K-9R!*';3-91+-'9!'>!M 0!F&'>-.)=!K)&)!)T+&1*+)B!>'&!6$!*1=)=/!

o +K'!B1+131=)=!'>!=-+)=/!?';F.)+)! 19B!@)B4*)B!B)F)9B-9R!'9!)TF'=4&)c!
o +<&))!.)C).=!'>!-9F4+!;'+-'9/!a'KH!W)B-4;H!]-R<c!
o B->>)&)9+!A2!1;F.-+4B)/!µv!19B!µv" 6c!
o >'&!)1*<!A2!1;F.-+4B)!+K'!B->>)&)9+!-9+)&C1.=/!7J#!19B!7J6!1&'49B!µv!19B!7J6!19B!7J$!

1&'49B!µv" 6!!

,<)!191.5=-=! '>!+<)!M0!F&'>-.)=!<1=!3))9! .-;-+)B!+'!+<)!>-&=+!Q7;H!+<-=!B)F+<!*19!3)! *'9=-B)&)B!
=4>>-*-)9+.5!&)F&)=)9+1+-C)!>'&!00E!191.5=-=J!

,<)! >'..'K-9R! >-R4&)=! =<'K! +<)! M0! F&'>-.)=! O3.4)! *'9+-94'4=! .-9)=P! >'&! )1*<! R&'4F! B)=*&-3)B!
13'C) J!,<)!>-R4&)=!1.='!=<'K!+<)!4FF)&!19B!.'K)&!)9C).'F!O5)..'K!B1=<)B!.-9)=PJ!W'&)'C)&H!-9!
1**'&B19*)! K-+<! +<)! *'9=-B)&1+-'9=! B-=*4==)B! -9! =)*+-'9!#J$H! +<)! >-R4&)=! 3).'K! 1.='! =<'K! +<)!
;)19!O&)B!B1=<)B!.-9)P!19B!;)19!F.4=!19B!;-94=!+<)!=+19B1&B!B)C-1+-'9=!O3.1*\!B1=<)B!.-9)=P!
M0!F&'>-.)=J!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!
!
!
!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >D"

!

 

A,3>8.0.) 7404;4=. )
!

! !
W)B-4;!-J;J!E9+)&C1.!7J#!1&'49B!µv! W)B-4;!-J;J!E9+)&C1.!7J6!1&'49B!µv!

! !
]-R<!-J;J!E9+)&C1.!7J#!1&'49B!µv! ]-R<!-J;J!E9+)&C1.!7J6!1&'49B!µv!

! !
a'K!-J;J!E9+)&C1.!7J#!1&'49B!µv! a'K!-J;J!E9+)&C1.!7J6!1&'49B!µv!

G59<+.)FHR)%0)>+,258.=) 2,+) 7522.+.10) 51><0) 3,05,1) 8.@.8) J5H.H) 6.75<3O) \59DO) #,ML) /,1=57.+519) 0D.)A,3>8.0.)
7404;4=.),2)=50.)d)'3>850<7.),2)0D.)510.+@48)4+,<17)µaU)QHF)417)QHPH)
!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >="

!

 

&.7</.7)7404;4=. )
!

! !
W)B-4;!-J;J!E9+)&C1.!7J#!1&'49B!µv! W)B-4;!-J;J!E9+)&C1.!7J6!1&'49B!µv!

! !
]-R<!-J;J!E9+)&C1.!7J#!1&'49B!µv! ]-R<!-J;J!E9+)&C1.!7J6!1&'49B!µv!

! !
a'K!-J;J!E9+)&C1.!7J#!1&'49B!µv! a'K!-J;J!E9+)&C1.!7J6!1&'49B!µv!

G59<+.)FH[ )%C)>+,258.=)2,+)7522.+.10)51><0)3,05,1)8.@.8)J5H.H)6.75<3O)\59DO)#,ML)/,1=57.+519)0D.)&.7</.7)
7404;4=.),2)=50.)d)'3>850<7.),2)0D.)510.+@48)4+,<17)µaU)QHF)417)QHPH)



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >B"

!

 

A,3>8 .0. )7404;4=. )
)

! !
W)B-4;!-J;J!E9+)&C1.!7J6!1&'49B!µv" 6! W)B-4;!-J;J!E9+)&C1.!7J$!1&'49B!µv" 6!

! !
]-R<!-J;J!E9+)&C1.!7J6!1&'49B!µv" 6! ]-R<!-J;J!E9+)&C1.!7J$!1&'49B!µv" 6!

! !
a'K!-J;J!E9+)&C1.!7J6!1&'49B!µv" 6! a'K!-J;J!E9+)&C1.!7J$!1&'49B!µv" 6!

G59<+.)FHe)%C)>+,258.=)2,+)7522.+.10)51><0)3,05,1)8.@.8)J5H.H)6.75<3O)\59DO)#,ML)/,1=57.+519)0D.)A,3>8.0.)
7404;4=.),2)=50.)d)'3>850<7.),2)0D.)510.+@48)4+,<17)µa" PU)QHP)417)QHKH)



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >W"

!

 

&.7</.7)7404;4=. )
)

! !
W)B-4;!-J;J!E9+)&C1.!7J6!1&'49B!µv" 6! W)B-4;!-J;J!E9+)&C1.!7J$!1&'49B!µv" 6!

! !
]-R<!-J;J!E9+)&C1.!7J6!1&'49B!µv" 6! ]-R<!-J;J!E9+)&C1.!7J$!1&'49B!µv" 6!

! !
a'K!-J;J!E9+)&C1.!7J6!1&'49B!µv" 6! a'K!-J;J!E9+)&C1.!7J$!1&'49B!µv" 6!

G59<+.)FHFQ)%C)>+,258.=)2,+)7522.+.10)51><0)3,05,1)8.@.8)J5H.H)6.75<3O)\59DO)#,ML)/,1=57.+519)0D.)&.7</.7)
7404;4=.),2)=50.)d)'3>850<7.),2)0D.)510.+@48)4+,<17)µa" PU)QHP)417)QHKH)



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >G"

!

 

><= RA(%;(-&$#"$."-3'"*'(#"Y/ "@)$.&%'2""

E9!+<-=!=+)FH!+<)!;)19!M0!F&'>-.)!19B!+<)!*'&&)=F'9B-9R!=+19B1&B!B)C-1+-'9!K)&) !)C1.41+)BH!K-+<!
+<)!F.'+=! '>!+<)! ;)19! M0!F&'>-.)!O1BB-+-'91..5!1.='! ;)19!w!=+19B1&B!B)C-1+-'9P!>'&! )1*<!R&'4F!
*'9=-B)&)B!1.&)1B5!=<'K9!-9!=)*+-'9!#J:!O=))!2-R4&)!#J8H!2-R4&)!#J_H!2-R4&)!#JGH!2-R4&)!#J#7PJ!E+!-=!
K'&+<!9'+-9R!+<1+!+<)!B-=F)&=-'9!1&'49B!+<)!;)19!M0!F&'>-.)=!-=!R)9)&1..5!.-;-+)BJ!

E9!+<)!>'..'K-9RH!+<)!B->>)&)9+!F1&1;)+)&=H!91;).5!+5F)!'>!B1+131=)H!-9F4+!;'+-'9!.)C).H!C1.4)!'>!
A2H!)+*JH!*'9=-B)&)B!>'&!+<)!)C1.41+-'9!'>!;)19!M0!F&'>-.)=!1&)!*';F1&)BJ!,<)!*';F1&-='9=!'>!M 0!
F&'>-.)=!1&)!.-;-+)B!+'!+<)!>-&=+!67!;!B)F+<!3)*14=)!+<'=)!='-.!.15)&=!1&)!+<)!'9)=! ;'=+.5!1>>)*+-9R!
00EJ!A.+<'4R<!-+!-=!9'+!=<'K9H!+<)!M0!F&'>-.)=!-9!+<)!.'K)&!F1&+!Ox67!;P!1&)!1.;'=+!*'-9*-B)9+J !

2-R4&)!#J##!=<'K=! +<)!;)19! M 0!F&'>-.)=! >'&! +<)! +<&))! -9F4+! ;'+-'9! .)C).=! O-J)J! W)B-4;H! ]-R<H!
a'KP!19B!+<)!+K'!B1+131=)=!O-J)J!+'+1.!19B!&)B4*)BPJ!, <)!191.5=-=!-=!*1&&-)B!'4+!*'9=-B)&-9R!+<)!
=-+)=! K-+<! A2! 1;F.-+4B)! -9! +<)! -9+)&C1.! 1&'49B!µv! )^41.! +'! 7J#J! 2'&! 3'+<! B1+131=)=H! a'K! 19B!
W)B-4;! -9F4+! ;'+-'9=!<1 C)!=-;-.1&!M0!F&'>-.)=!O&)B!*'9+-94'4=!19B!3.1*\!B1=<)B! .-9)=PH!K<-.)!
+<)!M0!F&'>-.)!*'&&)=F'9B-9R!+'!+<)!]-R<!-9F4+!;'+-'9!=.-R<+.5!B-C)&R)=!-9!+<)!4FF)&!F1&+!O13'4+!
SV8;P!O3.4)!*'9+-94'4=!.-9)PJ!!

!

! !

1P! 3P!
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G59<+.)FHFY)A,3>4+5=,1);.0M..1)0D.)3.41)% C)>+,258.=),;0451.7)/,1=57.+519)=50.=)M50D)'G)43>850<7.)51)0D.)
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0)*+-'9! #J$!=<'K )B!+<1+!+<)! ;)19!M0!F&'>-.)=!<1C)H!-9!R)9)&1.H!=-;-.1&!+&)9B=!-9B)F)9B)9+.5!'>!
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B)C).'F;)9+!'>!>&1R-.-+5!*4&C)=!-9!&).1+-'9!+'!+<)!=F)*+&1.!1**).)&1+-'9!.)C).=!*'9=-B)&)BJ!!

2-R4&)!#J#_!=<'K=!+<)!&)=F'9=)!=F)*+&4;!1+!3)B&'*\!19B!=4&>1*)H!>'&! ]-R<! -9F4+! ;'+-'9! .)C).!
19B!&)B4*)B!B1+131=)!>'&!+<)!+K'!=-+)=!-9!+<)!A2!&19R)!*'9=-B)&)B!O-J)J!µv!19B!µv" 6PH!K<'=)!M0!
F&'>-.)!<1=!+<)!;-9-;4;!B)C-1+-'9!K-+<!&)=F)*+!+'!+<)!;)19!M0!F&'>-.)!)C1.41+)B!-9!=)*+-'9!#J$J!
2'&!+<)!+K'!*1=)=!;)9+-'9)B!13'C)H! 2-R4&)!#J#G!=<'K=!+<)!A;F.->-*1+-'9!21*+'&!OA2P!)C1.41+)B!
1=!+<)!&1+-'!'>!+<)!&)=F'9=)!=F)*+&4;!1+!=4&>1*)!19B!3)B&'*\J!,<-=!\-9B!'>!F.'+!F&'C-B)=!1!&'4R<!
-B)1! '>!+<)!>&)^4)9*5!K<)&)!+<)! ;1T-;4;!1;F.->-*1+- '9=! '**4&=J! ,<)!B1+1!1&)! )T+&1*+)B!>&';!
+<)!&)=4.+=!'>!=-+)!&)=F'9=)!191.5=-=!MQ!F&'C-B)B!35![&4-C)&!O67#_PJ!

!

! !

1P! 3P!

G59<+.)FHF[ )&.=>,1=.)=>./0+<3)40);.7+,/W)417)=<+24/.)/,1=57.+519)&.7</.7)7404;4=.)417)\59D)5H3HU)4L)=50.)
M50D)%C)>+,258.)M50D)35153<3)7.@5405,1)2+,3)0D.)3.41)%C)>+,258.)/,++.=>,17519)0,)'G).]<48)0,) µa)B)510.+@48)
QHPZ);L)=50.)M50D)%C)>+,258.)M50D)35153<3)7.@5405,1)2+,3)0D.)3.41)% C)>+,258.)/,++.=>,17519)0,)'G).]<48)0,)

µa" P)B)510.+@48)QHKH)

! !

1P! 3P!

G59<+.)FHFe)'3>8525/405,1)G4/0,+)J'GL).@48<40.7)4=)0D.)+405,),2)0D.)+.=>,1=.)=>./0+<3)40)=<+24/.)417);.7+,/W)
/,1=57.+519)&.7</.7)7404;4=.)417)\59D)5H3HU)4L)=50.)M50D)%C)>+,258.)M50D)35153<3)7.@5405,1)2+,3)0D.)3.41)%C)
>+,258.)/,++.=>,17519)0,)'G).]<48)0,) µa)B)510.+@48)QHPZ);L)=50.)M50D)%C)>+,258.)M50D)35153<3)7.@5405,1)2+,3)0D.)

3.41)% C)>+,258.)/,++.=>,17519)0,)'G).]<48)0,) µa" P)B)510.+@48)QHKH))

><W RC-)(+-&$#"$."-3'"@)$@')-&'2"$."-3'"2&#5%'"Y2"@)$.&%'"

U1=)B!'9!+<)!*'9=-B)&1+-'9=!*1&&-)B!'4+!-9!+<)!F&)C-'4=!=)*+-'9=H!+K'!&)F&)=)9+1+-C)!='-.!F&'>-.)=!
+'!1**'49+!>'&!00E!K)&) !-B)9+->-)B!*'&&)=F'9B-9R!+'!+<)!>'..'K-9R!*';3-91+-'9/!
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! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" 6D"

!

 

!  *+,258.) S?>.) ' /! @)B4*)B! B1+131=)! '>! =-+)=c! =-+)=! K-+<!A2! 1&'49B!µv! 19B! -9+)&C1.!
1;F.-+4B)!7J6c!]-R<!-9F4+!;'+-'9!.)C).J!

!  *+,258.) S?>.) ( /! @)B4*)B! B1+131=)! '>! =-+)=c! =-+)=! K-+<!A2! 1&'49B!µv" 6! 19B! -9+)&C1.!
1;F.-+4B)!7J$c!]-R<!-9F4+!;'+-'9!.)C).J!

2'&!)1*<!'>!+<)!+K'!F&'>-.)=!-B)9+->-)B!13'C)H!-+!-=!F'==-3.)!+'!)T+&1*+!3)=-B)=!M0!F&'>-.)!19B!='-.!
=+&1+-R&1F<5!1.='!'+<)&!R)'+)*<9-*1.!F1&1;)+)&=!4=)B!>'&!=-+)!&)=F'9=)!191.5=-=J!E9!F1&+-*4.1&H!1!
=)+! '>!R)';)*<19-*1.!F1&1;)+)&=!4=)B!+'!B)=*&-3)!+<)!B591;-*!='-.! 3)<1C-'4&!-9!+)&;=! '>!+<)!
;'B4.4=!&)B4*+-'9!19B!B1;F-9R! *4&C)=J!2'&! *.15H!+<)=)!F1&1;)+)&=!1&)!+<)! 'C)&*'9='.-B1+-'9!
&1+-'!ON?@PH!+<)!F.1=+-*-+5!-9B)T!OE%PH!+<)!49B&1-9)B!=<)1&!=+&)9R+<!O04P!19B!+<)!+'+1.!49-+!K)-R<+H!
K<-*<! 1..'K=! +'! B)>-9)! ;'B4.4=! &)B4*+-'9! 19B! B1;F-9R! *4&C)=! -9! 1**'&B19*)! K-+<! "1&)9B).-!
O677#P!&).1+-'9=<-F=J!2'&!=19BH!+<)=)!F1&1;)+)&=!1&)!+<)!;)B-19!R&1-9!=-d)!O"Q7PH!+<)!*')>>-*-)9+!
'>! 49->'&;-+5! O?4P! 19B! +<)! +'+1.! 49-+! K)-R<+H! K<-*<! 1..'K=! B)>-9-9R! ;'B4.4=! &)B4*+-'9! 19B!
B1;F-9R!*4&C)=!-9!1**'&B19*)!K-+<!W)9^!O677:P!&).1+-'9=<-F=J!0))! [&4-C)&!)+!1.J!O67#81P!19B!
@'B&-R4)dVW1&)\!)+!1.J!O67#8P!>'&!;'&)!B)+1-.=!'9!+<)!B)&-C1+-'9!'>!+<)=)!F1&1;)+)&=J!!

A;'9R!+<)!1C1-.13.)!F1&1;)+)&=!>'&!*'<)=-C)!;1+)&-1.!O)JRJ!*.15H!=-.+H!)+*JP!+<)&)!-=!+<)!49B&1-9)B!
=<)1&!=+&)9R+<J!?'9C)&=).5H!>'&!*'<)=-'9.)==!;1+)&-1.!O)JRJ!=19BH!)+*JP!+<)&)!-=!9'!-9>'&;1+-'9!'9!
='-.! =+&)9R+<H! +<)&)>'&)! >4&+<)&! *'9=-B)&1+-'9=!9))B ! +'! 3)! 1BB)B! +'! B)>-9)! F&'F)&! =+&)9R+<!
F1&1;)+)&=J!

><W<> ?)$.&%'"-1@'"!""

%&'>-.)!+5F)!A!*'&&)=F'9B=!+'!1!=-+)!O*''&B-91+)=!6:$QQ7H!Q_7SQ7P!)T+&1*+)B!>&';!+<)!&)B4*)B!
B1+131=)H!+1\-9R!-9+'!1**'49+!=-+)=!K-+<!A2!1&'49B!+<)!;)B-19!C1.4)!OµvP!19B!-9+)&C1.!1;F.-+4B)!
)^41.!+'!7J6H!19B!*'9=-B)&-9R!+<)!A2!'3+1-9)B!K-+<!]-R<!-9F4+!;'+-'9!.)C).J!

,13.)! #J: !=<'K=!+<)!=+&1+-R&1F<5!19B!+<)!1C1-.13.)!R)'+)*<9-*1.!F1&1;)+)&=!K-+<-9!:7!;!B)F+<!
>'&!='-.!+5F)!AH!+<)!B)F'=-+!-=!*'9=+-+4+)B!35!19!1.+)&91+-'9!'>!>-9)!=19B!19B!*'<)=-C)!O-J)J!*.15)5!
=19B!19B!=19B5!*.15P!.15)&=J!2-R4&)!#J671P!=<'K=!+<)!=+&1+-R&1F<5!O3.4)!*'<)=-'9.)==!.15)&=c!&)B!
*'<)=-C)! .15)&=P! 19B! 49B&1-9)B! =<)1&! =+&)9R+<! F&'>-.)! >'&! *'<)=-C)! ;1+)&-1.H!K<)&)1=!2-R4&)!
#J673P!=<'K=!+<)!=<)1&!K1C)!C).'*-+5!F&'>-.)J!

!

S4;8.) FHXU)C0+4059+4>D?)417)9.,0./D15/48)>4+43.0.+=)M50D51)XQ3)7.>0D)2,+)=,58)0?>.)'O)/,++.=>,17519)0,)4)=50.)
M50D)'G)4+,<17)0D.)3.7541)@48<.)JµaLH)

!

!"#$% &%'()*"++ ,'$%-.-/0 12 ! 34 567 68 ! 9: ) : 28

; ; < ;=+ )>=; ? < < < < < )3@
: A B'*"C2@*D EFGHE EIHJ : EH: 9H9? :H:I :H9 C*@*
A ? AAJH9 EKHJ : EH: EHKJ :HEA E C*@*
9 E 6.@0"0C+@*DC@*DC+@*D0C(.@0EKGHK EFHK 9: JHI C*@* C*@* EHE IGH9
F ? AEEH: EFHG E9 JHK C*@* C*@* EHA E:EH:
K A AEEH: EFHG E9 9H: C*@* C*@* EHA EEGHG
EE E AEEH: EFHG E: 9H: C*@* C*@* EHA EAGHG
EA ? B'*"C2@*D AG:HI EKHF : EH: EHIJ :HEA E C*@*
E9 ? 6.@0"0C+@*DC@*DC+@*D0C(.@0AAJH: EIHE ?: 9H? C*@* C*@* EHA EJAHF
EI A A?GHE EIHE ?: 9HA C*@* C*@* EHA E99H:
A: ? B'*"C2@*D AIJH? EKHF : EH: EHIJ :HEA E C*@*
A? E 6.@0"0C+@*DC@*DC+@*D0C(.@0AFEH: EIHE ?: 9H: C*@* C*@* EHA EI:HE
AJ E B'*"C2@*D AIIHJ EKHF : EH: EHIJ :HEA E C*@*
A9 E 6.@0"0C+@*DC@*DC+@*D0C(.@0AG:H9 EIHE ?: JHK C*@* C*@* EHA EKEH:
AF E B'*"C2@*D AK:HI EKHF : EH: EHIJ :HEA E C*@*
AG E 6.@0 AFFH9 EGHF 9: JHI C*@* C*@* EHE AJEHE
AI A B'*"C2@*D AK?HF EKHF : EH: EHIJ :HEA E C*@*



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" 6="

!

 

! !

1P! 3P!

G59<+.)FHPQ)C,58)>+,258.)0?>.)'U)4L)C0+4059+4>D?)J;8<.)/,D.=5,18.==)84?.+=Z)+.7)/,D.=5@.)84?.+=L)417)<17+451.7)
=D.4+)=0+.190D)>+,258.)2,+)/,D.=5@.)340.+548Z);L)CD.4+)M4@.)@.8,/50?)>+,258.H))

A=! B)=*&-3)B! -9! ;'&)! B)+1-.! -9! 0)*+-'9 ! :J#J#H! 00E!191.5=-=! -9C'.C)=! ;'B)..-9R! +<)! >'49B1+-'9=!
+<&'4R<!+<)! ;1*&'V).);)9+!1FF&'1*<H!K<-*<!&)^4-&)=!1=! -9F4+!F1&1;)+)&=!+<)! *1F1*-+5! '>!+<)!
>'49B1+-'9J!,<)!=<1..'K!K1+)&!+13.)!.)C).!&)^4-&)=!+<1+!+<)!*';F4+1+-'9!'>! +<)!3)1&-9R!*1F1*-+5!
3)!F)&>'&;)B!49B)&!49B&1-9)B!*'9B-+-'9=H!*'9=)^4)9+.5!F&'F)&!=+&)9R+<!F1&1;)+)&=!9))B!+'!3)!
B)>-9)BJ!

,<)!Q! ;! '>!>-9)!=19B! -9!+<)!4FF)&!F1&+! '>!+<)!=+&1+-R&1F<5! ;'=+.5!1>>)*+=!+<)!3)1&-9R!*1F1*-+5!
*1.*4.1+-'9!'>!+<)!=<1..'K!>'49B1+-'9=J!0)*+-'9!:J#J#J#!B)=*&-3)=!+<)!;1-9!>)1+4&)=!'>!+<)!=<1..'K!
>'49B1+-'9=H!K<-*<!1&)!+5F-*1..5!*<1&1*+)&-d)B!35!1!K-B+<! '>!13'4+!S7!*;!19B!>'49B1+-'9! .)C).!
&1+<)&! .-;-+)BJ! ,<)! +K'! 1=F)*+=! ;)9+-'9)B! 13'C)! ;1\)! +<1+! +<)! B)F+<! 1+! K<-*<! +<)! =+&)9R+<!
F1&1;)+)&=!49B)&!49B&1-9)B!*'9B-+-'9=!9))B!+'!3)!)C1.41+)B!-=!&1+<)&!=<1..'KH!*'&&)=F'9B-9R!
;'=+.5! +'!+<)!>-9)!=19B!.15)&J!

y9>'&+491+).5H! >'&! >-9)! =19BH!=+&)9R+<! F1&1;)+)&=!K)&)! 9'+! B)>-9)B! -9! +<)! >&1;)K'&\! '>! =-+)!
&)=F'9=)! 191.5=-=! *1.*4.1+-'9! O=))!,13.)! #J: Pc! ;'&)'C)& H! &)=4.+=! '>! .13'&1+'&5! +)=+=! 1&)! 9'+!
1C1-.13.)J! ?'9=)^4)9+.5H! =+&)9R+<! F1&1;)+)&=! >'&! >-9)! =19B!K)&) ! B)>-9)B! 31=)B! '9! .-+)&1+4&)!
-9>'&;1+-'9H! +&5-9R! +'! *'9=+&1-9! +<)! =).)*+)B! C1.4)=! 31=)B! '9! 1C1-.13.)! -9>'&;1+-'9! O-J)J! M0!
F&'>-.)H!?4!19B!"Q7P!19B!)9R-9))&-9R!(4BR);)9+J!

,<)! 1==)==;)9+! '>! *'9=+19+VC'.4;)! >&-*+-'9! 19R.)! O$i*CPH! 1=! K)..! 1=! '+<)&! *&-+-*1.! =+1+)!
F1&1;)+)&=H!<1=!+<4=!3))9!*1&&-)B!'4+!31=)B!'9!.-+)&1+4&)!-9>'&;1+-'9J!E9!+<)!>'..'K-9RH!&)=4.+=!
'>!.13'&1+'&5!+)=+=!'9!*'<)=-'9.)==!;1+)&-1.!1&)!*'..)*+)B!>&';!.-+)&1+4&)c!F1&+-*4.1&.5!,13.)! #J$!
=4;;1&-d)=!+<)! *<1&1*+)&-=+-*=! '>!+<)!=19B=!4=)B!35!U'.+'9!O#G_SPH!,13.)! #JQ!=4;;1&-d) =!+<)!
*<1&1*+)&-=+-*=! '>! +<)! =19B=! 4=)B! 35! D)R4==)5! )+! 1.J! O#G__PH!,13.)! #JS! =4;;1&-d)=! +<)!
*<1&1*+)&-=+-*=!'>!+<)!=19B=!4=)B!35!2)1&!e! @'3)&+='9!O#GGQPH!K<)&)1=!,13.)! #J8!19B!,13.)! #J_!
=4;;1&-d)!+<)!*<1&1*+)&-=+-*=!'>!+<)!=19B=!4=)B!35!019+1;1&-91!e!?<'!O677#PJ!2-91..5H!1.='!+<)!
B1+1! -9*.4B)B! -9!+<)!K'&\! '>!%&)1&'!O67#QP!<1=!3))9! *'9=-B)&)BJ! ,<)! .13'&1+'&5!+)=+=!&)=4.+=!
-9*.4B)!3'+<!*.1==->-*1+-'9!+)=+=H!>'&!-9=+19*)!R&1-9!=-d)!B-=+&-34+-'9!&).1+)B!F1&1;)+)&=!=4*<!1=!
?y!19B!"Q7H!1=!K)..!1=!*&-+-*1.!=+1+)!F1&1;)+)&=H!=4*<!1=!$i*CH!%!19B!&.9J!
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!

 

S4;8.) FHKU)AD4+4/0.+5=05/=),2)0D.)=417=)<=.7);?)(,80,1)JFe[YLH)

! !

!

S4;8.) FĤU)AD4+4/0.+5=05/=),2)0D.)=417=)<=.7);?)_.9<==.?).0)48H)JFe[[LH)

!
!

!

S4;8.) FHYU)AD4+4/0.+5=05/=),2)0D.)=417=)<=.7);?)G.4+)g)&,;.+0=,1)JFee^LH)

!

! "

# $%&$
' ()%)*
! +%,,
- $%,,
. +%)*
/ +%0)
1 +%(+
2 +%&,
3 $%$&
4 +%0,
5 $%$*
6 $%0)
7 +%0*
8 )%,,
9 +%*(
: +%&*
; +%+*



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" 6W"

!

 

S4;8.) FHRU)S.=0.7)340.+548=h >+,>.+05.=)J2+,3)C410434+514)417)AD,O)PQQFLH)

)

!

S4;8.) FH[ U)C53>8.)AC)0.=0)+.=<80=h A+505/48)=040.)>4+43.0.+=)2,+)=.@.+48)=,58=)J2+,3)C410434+514)g)AD,O)PQQFLH)

!

!

,<)! *&-+-*1.!=+1+)!19R.)! '>!=<)1&-9R!&)=-=+19*)! '>!='-.H!K<-*<! -=!=<)1&-9R!1+! *'9=+19+!C'.4;)H! -=!
F&-9*-F1..5! 1! >49*+-'9! '>! ;-9)&1.'R5! OU'.+'9H! #G_SPH! 19B! -=! -9B)F)9B)9+! >&';! &).1+-C)! B)9=-+5!
19B! ;)19! )>>)*+-C)! =+&)==J!,<)! =4RR)=+)B! C1.4)=! '>!' i*C!'>! +<)! U&-+-=<! 0+19B1&B! _776/67#Q! '9!
L1&+<!&)+1-9-9R!=+&4*+4&)=!1&)/! :#z!>'&!&'49B)B! ;1+)&-1.c! ::z!>'&!=4319R4.1&! ;1+)&-1.c! :Qz!>'&!
19R4.1&! ;1+)&-1.J!U1=)B! '9!+<-=! .-+)&1+4&)!B1+1H!+<)!C1.4)! '>!+<)!*'9=+19+VC'.4;)!>&-*+-'9!19R.)!
O$i*CP!-=!1==4;)B!)^41.!+'!:7zJ!

2)1&!e! @'3)&+='9!O#GGQP!F&'F'=)B!1!>&1;)K'&\!>'&!)=+-;1+-9R!+<)!4.+-;1+)!49B&1-9)B!=+)1B5V
=+1+)!=<)1&!=+&)9R+<! '>!=19B!O04P!>&';! -9!=-+4!+)=+=H!K<-*<!*';3-9)=!+<)!+<)'&5! '>!*&-+-*1.!=+1+)!
='-.! ;)*<19-*=!K-+<!=<)1&!K1C)!C).'*-+5! ;)1=4&);)9+ =H!+<)!.1++)&!3)-9R!1C1-.13.)! -9!B)+1-.!>'&!
+<)!`&'9-9R)9!1&)1J!

n-+<-9!+<)!*&-+-*1.!=+1+)!='-.!;)*<19-*=!>&1;)K'&\H!-+!-=!F'==-3.)!+'!*1.*4.1+)!04!>'&!1!='-.!K-+<!1!
R-C)9!C'-B!&1+-'!K<)9!.'1B)B!-9!49B&1-9)B!=<)1&H!1==4;-9R!9'!F'&)!F&)==4&)!&)B-=+&-34+-'9!19B!
+<)&)>'&)!9'!*<19R)!-9!C'-B!&1+-'J!,<)!*'9*)F+!-=!+<1+!1!=19B!K<-*<!<1=!19!-9-+-1.!=+1+)!R-C)9!35!
OF{H!^H!)P!19B!-=!.'1B)B!-9!49B&1-9)B!=<)1&!K-..!&)1*<!+<)!=1;)!04!1=!+<)!F'-9+!'9!-+=!=+)1B5!=+1+)!
.-9)!O00aP!K-+<!+<)!=1;)!C'-B!&1+-'!OFi==H!=̂=H!)P!O2)1&!e! @'3)&+='9H!#GGQPJ!,<)&)>'&)H!04!*19!3)!
B)+)&;-9)B!1=!>'..'K=/ !
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! ! !
!
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! !
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! ! ! ! ! !!!! ! ! ! !!!!!!!!!!!!!!O#J6P!
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+1\)=!-9+'!1**'49+!1..!+<)!9'9.-9)1&-+-)=!'**4&&-9R!-9!+<)!=5=+);/!R)';)+&-*1.!9'9.-9)1&-+-)=!.-\)!
>'49B1+-'9! =.-B-9R! '&! 4F.->+! >'&! =<1..'K! >'49B1+-'9=H! 19B! ;1+)&-1.! 9'9.-9)1&-+-)=! B4)! +'! ='-.!
5-).B-9R! 49B)&! +<)! >'49B1+-'9! O%)*\)&! )+! 1.JH! 67#$PJ! ,<)! )9+-&)! ='-.V>'49B1+-'9! =5=+);! -=!
*'9B)9=)B!-9+'!1!=-9R.)!9'9.-9)1&!).);)9+!1+!+<)!31=)!'>!+<)!=4F)&=+&4*+4&)H!1.='!1**'49+-9R!>'&!
)9)&R5!B-==-F1+-'9!+<&'4R<!&1B-1+-'9!B1;F-9R!O=))!2-R4&)!: J#PJ!

!

!
G59<+.)XHFU!A,1/.>0),2)34/+, B.8.3.10)J*./W.+).0)48HO)PQFKLH)

D<> /3(%%$K".$;#:(-&$#"*(+)$,'%'*'#- "

W1*&'V).);)9+!;'B).=!>'&!=<1..'K! >'49B1+-'9=!<1C)!F&)C-'4=.5!=<'K9!+'!3)!1!*'=+V)>>)*+-C)!19B!
&).-13.)! +''.! >'&! =4*<! +5F)! '>! 191.5=-=H! =-9*)! +<)5! =4-+13.5! &)F&)=)9+! 3'+<! +<)! 9'9.-9)1&! ='-.!
3)<1C-'4&!1+!+<)!9)1&V>-).B!19B!+<)!R&'49B!=43=+&1+4;!B591;-*!*<1&1*+)&-=+-*=!1+!+<)!>1&V>-).BH!
1=!K)..!1=!+<)!-9+)&1*+-'9!K-+<!+<)!=)-=;-*!&)=F'9=)!'>!+<)!=+&4*+4&)J!])9*)H!1..!1=F)*+=!'>!).1=+-*!
19B! -9).1=+-*! 3)<1C-'4&! '>! +<)! >'49B1+-'9! =5=+);! 1&)! )9*';F1==)B! -9+'! '9)! *';F4+1+-'91.!
)9+-+5!19B!1&)!B)=*&-3)B!35!+<)!3)<1C-'4&!'>!1!=-9R.)!F'-9+!1+!+<)!*)9+&)!'>!+<)!>'49B1+-'9J!,<)-&!
1FF.-*1+-'9!+'!=)-=;-*!B)=-R9!-=!=+&1-R<+>'&K1&BH!.)1B-9R!+'!1!;'&)!)>>-*-)9+!B)=-R9!19B!+'!<-R<)&!
*'9>-B)9*)!-9!+<)!F&)B-*+)B!=+&4*+4&1.!&)=F'9=)J!

,<)! ;1*&' V).);)9+! ;'B).! 35! ?'&&)-1! e! %1'.4**-! O67#GP! 34-.B=! 4F'9! +<)! -99'C1+-C)!*'9*)F+=!
19B! >'&;4.1+-'9=! '>! +<)! ;'B).=! 35! ?<1+d-R'R'=! )+! 1.J! O67##P! 19B! 35! 2-R-9-! )+! 1.J! O67#6PJ!
D)C)&+<).)==H! -+! -9*'&F'&1+)=! &).)C19+! -;F&'C);)9+=H! 91;).5! 1BB&)==-9R! -9*'9=-=+)9*-)=!
&)R1&B-9R!+<)!>'&;4.1+-'9! '>!+<)!F1&+-*-F1+-9R!;)*<19-=;=!19B!)T+)9B-9R!+<)-&!=*'F)!+'!+<&))V
B-;)9=-'91.!.'1B-9R!*1=)=J!W'&)'C)&H!+<-=!;1*&'V).);)9+!-9+&'B4*)=!19!)9<19*)B!4F.->+!;'B).H!
31=)B!'9!1!9'9.-9)1&!).1=+-*V4F.->+!&)=F'9=)!+<1+!1.='!*'9=-B)&=!+<)!B)R&1B1+-'9!'>!+<)!*'9+1*+!1+!
+<)!='-.l>''+-9R!-9+)&>1*)!B4)!+'! -&&)*'C)&13.)!*<19R)=!-9!-+=!R)';)+&5J!A9!-;F&'C)B!3'49B-9R!
=4&>1*)! F.1=+-*-+5! ;'B).! 19B! &)+4&9! ;1FF-9R! 1.R'&-+<;=! K)&)! 1.='! 1B'F+)B! -9! '&B)&! +'!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" D="

!

 

&)F&'B4*)! 1! ;'&)! R)9)&1.! 19B! &)1.-=+-*! 3)<1C-'4&H! K<-*<! *'&&)*+.5! +1\)=! -9+'! 1**'49+! +<)!
=-;4.+19)'4=!).1=+-*V4F.->+!19B!F.1=+-*!9'9.-9)1&!&)=F'9=)=J!n-+<-9!+<)!>&1;)K'&\!'>!+<)!F&)=)9+!
)9B)1C'4&H! +<-=! ;'B).! <1=! 3))9!-;F.);)9+)B! -9! 0)-=;'0+&4*+ ! 19B! <)&)-9! );F.'5)B! >'&!
9'9.-9)1&!00E!191.5=)=J!

2'..'K-9R!+<)!F1&1;)+&-*!=+4B5!35!%-19)=)!O67#_PH!+<)!>-C)!*1.-3&1+-'9!F1&1;)+)&=!'>!+<)!;1*&' V
).);)9+!3)*1;)!K).. V*'9=+&1-9)BH!1..'K-9R!>'&!+<)!B591;-*!&)=F'9=)!+'!3)! '3+1-9)B!K-+<!<-R<!
*'9>-B)9*)J! ,<)! &);1-9-9R! F1&1;)+)&=! *'&&)=F'9B! +'/! O-P! +<)! >''+-9R! B-;)9=-'9=c! O--P! +<)! =-T!
-9-+-1.! ).1=+-*! >&)^4)9*5V-9B)F)9B)9+! C1.4)=! '>! +<)! B-1R'91.! -;F)B19*)! ;1+&-TH! K<-*<! *19! 3)!
)1=-.5!'3+1-9)B!>&';!.-+)&1+4&)H!19B!K<-*<!&)F&)=)9+!+<)!>1&V>-).B!&)=F'9=)c!O---P!+<)!=-T!3)1&-9R!
*1F1*-+5! C1.4)=H! K<-*<! *19! 3)! B)&-C)B! >&';! *.1==-*1.! >'&;4.1)H! 19B! K<-*<! &)F&)=)9+! +<)! 9)1&V
>-).B! >1-.4&)! *'9B-+-'9=J! E9! 3)+K))9! +<)=)! +K'! )T+&);)! +5F)=! '>! &)=F'9=)H! +<)! ;1*&'V).);)9+!
R&1B41..5! )C'.C)=! >&';! +<)! -9-+-1.! ).1=+-*! &)=F'9=)! +'! +<)! F.1=+-*! >.'K! 1+! >1-.4&)! +<&'4R<! +<)!
3'49B-9R!=4&>1*)!F.1=+-*-+5!;'B).H!-9*'&F'&1+-9R!+<)!4F.->+!19B!*'9+1*+!B)R&1B1+-'9!F<)9';)91J!

,<)!1B'F+)B!=5=+);!>'&!9'9.-9)1&!B591;-*!191.5=)=H!1=!;'B)..)B!-9!0)-=;'0+&4*+H!*';F'=)B!'>!
1!9'9.-9)1&!=+&4*+4&1.!0"N2!19B!1!>''+-9R!;1*&'V).);)9+H!-=!=<'K9!-9!2-R4&)!: J6J!,<)!=+&4*+4&1.!
0"N2! ;1==H! =+->>9)==! 19B! B1;F-9R! *')>>-*-)9+! 1&)! -9B-*1+)B! K-+<!# $H!%$!19B!&$H! &)=F)*+-C).5H! -9!
2-R4&)!: J6J! E9! '&B)&! +'! *1F+4&)! +<)! -9)&+-1.! -9+)&1*+-'9! 3)+K))9! +<)! =4F)&=+&4*+4&)! 19B! +<)!
>'49B1+-'9!OK-+<!;1==!# 'PH!+<)!=4F)&=+&4*+4&)!;1==!-=!F.1*)B!13'C)!+<)!R&'49B!1+!+<)!34-.B-9R!
*)9+&'-B!<)-R<+H!( )'' H!19B!-=!*'99)*+)B!+'!+<)!-9+)&>1*)!9'B)!35!1!&-R-B!.-9\J!E9!+<-=!K15H!+<)!&-R-B!
B-=F.1*);)9+!'>!+<)!=4F)&=+&4*+4&)!;1==!B4)!+'!+<)!>'49B1+-'9!&'+1+-'9!* 'H!19B!)^41.!+'!( )'' !"* 'H!-=!
+1\)9! -9+'!1**'49+!K-+<-9!+<)!9'9.-9)1&!B591;-*!191.5=)=H!19B!+<)9!=43+&1*+)B!>&';!+<)!+'+1.!
B-=F.1*);)9+J!,<)!=)-=;-*!1**).)&1+-'9H! +O,PH!-=!1*+41..5! -9F4+!+'!+<)!=5=+);!1=!19! -9)&+-1!>'&*)!
<-=+'&5H!'O,PH!1FF.-)B!+'!+<)!=4F)&=+&4*+4&)! ;1==/!+<-=!1FF&'1*<!F&'F)&.5! *'9=-B)&=!+<)! -9)&+-1.!
*';F'9)9+=! -9! +<)! F&)=)9*)! '>! +<)! =+&4*+4&)! O=+&4*+4&)! 19B! >'49B1+-'9! ;1==)=! 19B! +<)-&!
-9+)&1*+-'9PH! &)=4.+-9R! -9! 1! &)=F'9=)! -9! +)&;=! '>! &).1+-C)! B-=F.1*);)9+=! K-+<! &)=F)*+! +'! +<)!
R&'49B!;'+-'9J! !
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! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" DB"

!

 

,<)! +<&))! =F&-9R=! 19B! B1=<F'+=! &)F&)=)9+)B! -9! +<)! 6"! C-)K! '>!2-R4&)!: J6! ;'B).! +<)! ;1*&' V
).);)9+! ).1=+-*! 3)<1C-'4&! -9! +<)! >1&V>-).BJ! ,<)-&! *'9=+19+=! *'&&)=F'9B! +'! +<)! =+->>9)==! 19B!
B1;F-9R!-9!+<)!C)&+-*1.!B-&)*+-'9!O%- H!&- PH!<'&-d'9+1.!. VB-&)*+-'9!O%(. H!&(. P!19B!&'+1+-'91.!B-&)*+-'9!
1&'49B! +<)!/ V1T-=! O%0/ H!&0/ PJ! 2'&! =-;F.-*-+5H! +<)! &);1-9-9R! +<&))! =F&-9R=! 19B! B1=<F'+=! 1&)! 9'+!
C-=41.-=)B! -9! +<)! 6"! =*<);)/! <'K)C)&H! =4*<! ).);)9+=! 1&)! F&)=)9+! -9! +<)! ;1*&'V).);)9+!
-;F.);)9+1+-'9! 19B! F.15! 19! 1*+-C)! &'.)! -9! +<)! B591;-*! 191.5=)=H! 3)-9R! +<)! ;1*&'V).);)9+!
3)<1C-'4&!>4..5!*'4F.)B!-9!+<)!=-T!B-&)*+-'9=J!

D<><> !22'22*'#-"$."&#@;-"@()(*'-')2".$)"23(%%$K".$;#:(-&$#"*(+)$,'%'*'#- "

,<-=! F1&1R&1F<! B)=*&-3)=! +<)! -9F4+! F1&1;)+)&=! >'&! =<1..'K! >'49B1+-'9! ;1*&'V).);)9+=! +'! 3)!
4=)B!>'&!+<)!*1.-3&1+-'9!=+)F!'>!W"N2!;'B).=!'>!+<)!34-.B-9R=J!A+!+<-=!=+1R)H!+<)!F1&1;)+)&=!1&)!
B)&-C)B! '9.5! >'&! ='-.! +5F)! AH! 3)-9R! +<)! ;)B-19! A2! *<1&1*+)&-d-9R! ='-.! +5F)! A! +<)! ;'=+!
&)F&)=)9+1+-C)J! ,<)! F1&1;)+)&=! B)>-9-+-'9! -=! F&)*)B)B! 35! +<)! B)=*&-F+-'9! '>! +<)! >'49B1+-'9!
+5F'.'R-)=J!

!"#"#"# $%&'()*+%',*-.%/%0+12,,

,<)! +5F-*1.! >'49B1+-'9=! '>! +<)! 34-.B-9R=! *'9=-B)&)B! *'9=-=+! '>! 1! R&-B! '>! *'9+-94'4=! 3)1;=!
'&-)9+)B!-9!+K'!'&+<'R'91.!B-&)*+-'9=H!'>!)-+<)&!49&)-9>'&*)B!;1='9&5!'&!*'9*&)+)J!

2-R4&)!: J: !=<'K=!+<)!=*<);)= !'>!>'49B1+-'9=!*'9=-B)&)B!>'&!3)1&-9R!*1F1*-+5!*1.*4.1+-'9!35!?&4T!
L9R-9))&-9R! >'&! 3'+<! 49&)-9>'&*)B! ;1='9&5! 19B! *'9*&)+)! >'49B1+-'9=J! ,<)! +5F-*1.! K-B+<! -=!
S77;;H!K<)&)1=!+<)!>'49B1+-'9! .)C).!&19R)!3)+K))9!7J6!19B!#;J! ,<-=!+5F)! '>!>'49B1+-'9!<1=!
3))9!*'9= -B)&)B!>'&!3'+<!")+1*<)B!19B!,)&&1*)B!34-.B-9R=!+5F)J!

A! +5F-*1.! 49&)-9>'&*)B! ;1='9&5! >'49B1+-'9! Oy@WP! -=! 1! =+&-F! >'49B1+-'9! +<1+! -=! 1*<-)C)B! 35! 1!
K-B)9-9R!'>!+<)!.'1B!3)1&-9R!K1..=c!1!&)F&)=)9+1+-C)!>'49B1+-'9!=)*+-'9!-=!=<'K9!-9!2-R4&)!: J$1PJ!
,<)! -9)&+-1!*<1&1*+)&-=+-*=! '>!+<)!>'49B1+-'9!K)&) !)C1.41+)B!*'9=-B)&-9RH!1!&)*+19R4.1&!=)*+-'9!
SS7;;! K-B)H! *<1&1*+)&-d)B! 35! +<)! =1;)! ;';)9+! '>! -9)&+-1! '>! +<)! =)*+-'9! =<'K)B! -9!2-R4&)!
: J$1PJ!,<)!&)=4.+-9R!<)-R<+!'>!+<)!)^4-C1.)9+!=^41&)!=)*+-'9!-=!)^41.!+'!66#;;J!!

A! +5F-*1.! &)-9>'&*)B! *'9*&)+)! >'49B1+-'9! -=! 1! =+&-F! >'49B1+-'9! K-+<! K-B+<! S77;;! 19B! <)-R<+!
::7;; c!'9.5!-9!=';)!*1=) =H!>'&!9'9V3)1&-9R!K1..=!'>!+)&&1*)B!34-.B-9R=H!1!=^41&)!*&'==!=)*+-'9!
::7;;!K-B)!<1=!3))9!*'9=-B)&)BJ !

2'&! 3'+<! 49&)-9>'&*)B! ;1='9&5! 19B! *'9*&)+)H! 1! >'49B1+-'9! .)C).! 1+! S77;;! B)F+<! <1=! 3))9!
*'9=-B)&)BJ!!
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! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" DW"

!

 

!

!

!

1P! 3P!

G59<+.)XHKU)4L)S?>5/48)34=,1+?)2,<17405,1)J2+,3)'+<>)PQF^;LZ);L)S?>5/48)/,1/+.0.)2,<17405,1 H)

!"#"#"3 4)56%71/181'*,.)6)81*162 ,

,<-=! F1&1R&1F<! B)=*&-3)=! +<)! B)>-9-+-'9! '>! +<)! F1&1;)+)&=! >'&! ;1*&'V).);)9+=! '>! =<1..'K!
>'49B1+-'9=!+'!3)!4=)B!>'&!W"N2!;'B).J!2'4&!*1=)=!K)&) !*'9=-B)&)B!K<-*<!1&)!*<1&1*+)&-d)B!35!
B->>)&)9+! >'49B1+-'9! .15'4+J! ,13.)! : J#! =<'K=! +<)! ;1-9! *<1&1*+)&-=+-*=! '>! +<)! 34-.B-9R=!
*'9=-B)&)BJ!!

!

S4;8.) XHFU)6451)/D4+4/0.+5=05/=),2)0D.);<587519=)/,1=57.+.7H )

0#:'C"U;&%:&#5" 93()(+-')&2-&+2" Z(+)$ ,'%'*'#-"+$:' "

"#$%&'()! *!+,#)!-!()./'0!)'//12'3 ! 456 !

78'%3'/!! 3')129'3!6!()./'0 ! 45- !

:138';! ! 3')129'3!6!()./'0 ! 45< !

=#$>()/11)! (#,;%'!+,#)!-!()./'0!).8,!9.+(' ! 45* !

='!?1&'/ ! 3')129'3!6!()./'0 ! 45@!

,<)! -9F4+! F1&1;)+)&=! '>! +<)! ;1*&'V).);)9+=! *19! 3)! =43B-C-B)B! -9+'! +<&))! ;1-9! R&'4F=!
B)=*&-3)B! -9! +<)! >'..'K-9R/! >'49B1+-'9! *1F1*-+5H! >'49B1+-'9! =+->>9)==! 19B! ;'B).! =F)*->-*!
F1&1;)+)&=J!!

A.+,31)#.,!21B12#)0C!

,<)!3)1&-9R!*1F1*-+5!'>!=<1..'K!>'49B1+-'9!49B)&!*';3-9)B!.'1B-9R!-=!&)F&)=)9+)B!1=!1!=4&>1*)!
-9! +<)! =F1*)! '>! +<)! &)=4.+19+! >'&*)=! OMH! C)&+-*1.! .'1Bc! ]! <'&-d'9+1.! .'1Bc! WH! 3)9B-9R! ;';)9+P!
1*+-9R!'9!+<)!>'49B1+-'9!O=))!2-R4&)!: JQPJ!!

U4++)&>-).B!e! `'++1&B-!O#GG$P!4=)B!+'!>-+!+'!+<)!B1+1!>'&!*'<)=-'9.)==!B&5!='-.!+<)!>'&;!=<'K9!-9!
2-R4&)!: JQ1PH!-9!K<-*<!1!=5;;)+&-*1.!F1&13'.1!-9+)&=)*+=!+<)!M!1T-=H!1+!=.'F)!+H!1+!+<)!'&-R-9!19B!1+!
M;1T H! K<)&)! M;1T ! -=! +<)! *)9+&1.! C)&+-*1.! .'1B! *1F1*-+5! '>! +<)! >''+-9RJ! 04*<! F1&13'.1=! <1C)! +<)!
)^41+-' 9=/!

!

! ! ! ! ! ! !"# ! ! ! !"# ! ! ! !!!! ! ! ! ! !!!!!!!!!!!!!!O: J#P!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" DG"

!

 

! ! ! ! ! ! ! !"# ! ! ! !"# ! ! ! !!!! ! ! ! ! !!!!!!!!!!!!!!O: J6P!

!

n<)9!M!-=!;4*<!=;1..)&!+<19!M;1T H!)^41+-'9!O: J#P!&)B4*)=!+'!]!q!Ml+ <H!19B!+<)&)>'&)!+<!-=!&).1+)B!
+'!+<)!>''+-9RV='-.!>&-*+-'9J!2&';!+<)!=-;F.)!'3=)&C1+-'9!+<1+!+<)!)**)9+&-*-+5!&1+-'!O)lU!q!WlUMP!
'>!195!C)&+-*1.!.'1B!*199'+!)T*))B!7JQH!+<-=!-=!+<)!;1T-;4;!F'==-3.)!C1.4)H!1+!=;1..!MH!'>!+; c!+<)!
F1&1;)+)&!+; !-9!)^41+-'9!O: J6P!-=!)^41.!+'!7J::!1**'&B-9R!+'!W)5)&<'>!+<)'&5!O#GQ:P!19B!+'!7J$_!
1**'&B-9R!+'!M)=-*i=!*'&&)*+-'9!O#G8QPJ!,<)!;1T-;4;!C1.4)=!'>!]!19B!W!1&)!1++1-9)B!1+!MlM;1T !
)^41.!+'!7 JQJ!

!

!
G59<+.)XĤ)G458<+.).1@.8,>.=)+.840519)J%O)\LO)J%O)6f(L)417)J%O)\O)6f(L)J2+,3)(<00.+25.87)g)E,004+75O)FeeKL)

"4)! +'! +<)! <-R<! K1+)&! +13.)! .)C).H! +<)! 3)1&-9R! *1F1*-+5!K1=! *'9=-B)&)B! 49B)&! 49B&1-9)B!
*'9B-+-'9= ! 19B! K-+<! 1! =.-R<+.5! B->>)&)9+! >1-.4&)! )9C).'F)! 1+! .'K! C1.4)=! '>! +<)! C)&+-*1.! .'1BH!
&)>.)*+-9R!+<)!)>>)*+!'>!+<)!*'<)=-'9!O?'&&)-1!e!%1'.4**-H!67#GPJ!

2-91..5H! +<)! =+&)9R+<! F1&1;)+)&=! *<1&1*+)&-d-9R! +<)! =4&>1*)! '>! 4.+-;1+)! .'1B=! 1&)! B)>-9)B! 1=!
>'..'K=/ !

V +<)!;1T-;4;!*)9+&)B!C)&+-*1.!.'1B!*1F1*-+5H!M;1T q^.-; !UH!+<1+!*'&&)=F'9B=!+'!+<)!4.+-;1+)!
=+1+-*!3)1&-9R!*1F1*-+5!'>!+<)!>'49B1+-'9!*<1&1*+)&-d)B!35!1!K-B+<!)^41.!+'!UH!19B!*19!3)!
)C1.41+)B!35!=+19B1&B!=4F)&F'=-+-'9!>'&;4.1!O)JRJ!U&-9*<V]19=)9H#G87P/!

!

! !"# ! ! ! ! ! ! !
! ! !

! !!! ! !
! ! !

! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!O: J: P!

!

E9! K<-*<! >'&! C)&+-*1.! *)9+&)B! .'1BH! +<)! '9.5! 9'+! 94..! *'&&)*+-9R! >1*+'&! -=! &).1+)B! +'! +<)!
>'49B1+-'9!=<1F)!OU~a!1&)!+<)!>'49B1+-'9!B-;)9=-'9=P/!

!

!!!!!!!!!!!!!!!! !
! ! ! ! ! !!

!

!
! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!O: J$P!

!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" DX"

!

 

K<)&)! 04!-=!+<)!49B&1-9)B!=<)1&!=+&)9R+<H!1==4;)B!1+!+<)!B)F+<! '>!-9+)&)=+!)^41.!+'!#6!
\%1!31=)B!'9!+<)!*'9=-B)&1+-'9=!*1&&-)B!'4+!-9!=)*+-'9!#JSJ!

V +<)! ;1T-;4;! 31=)! =<)1&! *1F1*-+5H!] ;1T H! 19B! ;1T-;4;! 31=)! ;';)9+! *1F1*-+5! W;1T H!
K<-*<! *19! 3)! *1.-3&1+)B! 31=)B! )-+<)&! '9! ;1+)&-1.! F1&1;)+)&=! O)JRJ! ='-.V>'49B1+-'9!
>&-*+-'9! &)=-=+19*)P! '&! '9! +<)'&)+-*1.! C1.4)=J! E9! +<)! >'..'K-9R! 191.5=)=! >'&! 49B&1-9)B!
*'9B-+-'9=/ !

!

!!!!!!!!!!!!!!!! !"# ! ! ! ! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!O: JQP!
! !"#

! !"# !!
! ! !!" !! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!O: JSP!

!
K<)&)!A!-=!+<)!>'49B1+-'9!1&)1J!

A.+,31)#.,!()#DD,'((C!

,<)! >'49B1+-'9! ).1=+-*! -;F)B19*)=! *19! 3)! )C1.41+)B! 35! 4=-9R! =+19B1&B! >'&;4.1=H! )JRJ! `1d)+1=!
O#GG#P! F&'F'=)B! *.'=)B! >'&;! ='.4+-'9=! >'&! B591;-*! =+->>9)==! 19B! B1=<F'+! *')>>-*-)9+=! >'&!
1&3-+&1&5! =<1F)B! >'49B1+-'9=! '9! <';'R)9'4=! <1.>V=F1*)! =4&>1*)J! E;F)B19*)! >'&;4.1=! 1&)!
B)&-C)B!>'&!19!1&3-+&1&-.5V=<1F)B!>'49B1+-'9!;1+H!K-+<!>'49B1+-'9b='-.!*'9+1*+!=4&>1*)!1&)1!OA3P!
'3+1-9)B!>&';!1!*-&*4;=*&-3)B!&)*+19R.)!K-+<!B-;)9=-'9!6a!T!6U!OaxUH!U!19B!a!1&)!=);-VK-B+<!
19B!=);-!.)9R+<!'>!+<)!*-&*4;=*&-3)B!&)*+19R.)P!O=))!2-R4&)!: JSPJ!,<)!'+<)&!-9F4+!F1&1;)+)&=!>'&!
*';F4+1+-'9!'>!+<)!-;F)B19*)=!-9!+<)!=-T!;'B)=!'>!C-3&1+-'9!1&)/!!

V ;';)9+=!'>!-9)&+-1!13'4+!TH!5!OE3TH!E35Pc!
V F'.1&!;';)9+!'>!-9)&+-1!13'4+!d!O|+P!'>!+<)!1*+41.!='-.!>'49B1+-'9!*'9+1*+!=4&>1*)c!
V ) !-=!+<)!*5*.-*!>&)^4)9*5!O-9!&1Bl=P!'>!-9+)&)=+c!
V =<)1&!;'B4.4=!O`Pc!
V %'-=='9i=!&1+-'!O* Pc!
V +<)!=<)1&!K1C)!C).'*-+5!OM0Pc!
V hha5=;)&i=! 191.'Rii! K1C)! C).'*-+5! OMa1PH! -J)J! +<)! 1FF1&)9+! F&'F1R1+-'9! C).'*-+5! '>!

*';F&)==-'9 b)T+)9=-'9!K1C)=!49B)&!1!>'49B1+-'9!19B!&).1+)B!+'!M0!1**'&B-9R!+'/!
!

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

! ! ! !
! ! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!O: J8P!

!

,<)!=+1+-*!=+->>9)==!>'&!+<)!=-T! ;'B)=! '>!C-3&1+-'9!>'&!&)*+19R4.1&!>'49B1+-'9=! '9!<';'R)9'4=!
<1.>V=F1*)!F&'F'=)B!35!`1d)+1=!O#GG#P!1&)!=4;;1&-d)B!-9!+<)!>'..'K-9R!>'&;4.1/!

!

M)&+-*1.H!d! ! ! !
! !"

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

!

!

! !!"

! O: J_P!

]'&-d'9+1.H!5!O+&19=C)&=)!B-&)*+-'9P! ! ! !
! !"

! ! !
! ! ! !!

!

!

! !!"

! O: JGP!

]'&-d'9+1.H!T!O.'9R-+4B-91.!B-&)*+-'9P! ! ! ! ! ! !
! !! !!"

! !!" ! !
! !

!

!
! O: J#7P!

@'*\-9R!&TH!O1&'49B!T!1T-=P! ! !" !
!

! ! !
!!"

! !!" !

!

! !!"

! !! ! ! !!
!

!
! O: J##P!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" DH"

!

 

@'*\-9R!&5H!O1&'49B!5!1T-=P! ! !" !
!

! ! !
!!"

! !!" !
!

!

! !!"

! O: J#6P!

,'&=-'91. ! ! ! ! ! !!!
! !!" ! ! !! ! !

!

!

!"

! O: J#: P!

K<)&)!!|+!Oq!E3T}E35P!-=!+<)!F'.1&!;';)9+!'>!-9)&+-1!'>!+<)!>'49B1+-'9V='-.!*'9+1*+!=4&>1*)J!

 

,<)!- ;F)B19*)!'>!1!>'49B1+-'9H!&)F&)=)9+-9R!-+=!>'&*)VB-=F.1*);)9+!'&!;';)9+ V&'+1+-'9!&1+-'H!-=!
&)F&)=)9+)B! -9! +<)! >'&;! )TF&)==)B! 35! )^41+-'9! $J6J!,<)! &1B-1+-'9! B1;F-9R! *'9+&-34+-'9! -9!
)^41+-'9! $J6H! >'&! +<)! =-T! ;'B)=! '>! C-3&1+-'9! >'&! &)*+19R4.1&! >'49B1+-'9=! '9!<';'R)9'4=! <1.> V
=F1*)!F&'F'=)B!35!`1d)+1=!O#GG#P!1&)!=4;;1&-d)B!-9!+<)!>'..'K-9R!>'&;4.1/!

 

M)&+-*1.H!d!
! ! ! ! ! ! !" ! ! ! ! ! !

n-+<!! ! !F.'+)B!-9!R&1F<!*!'>!2-R4&)!: JS!
O: J#$P!

]'&-d'9+1.H!5!O.1+)&1.!B-&)*+-'9P!
! ! ! ! ! ! ! ! ! ! ! ! !

n-+<!! ! !F.'+)B!-9!R&1F<!B!'>!2-R4&)!: JS!
O: J#QP!

]'&-d'9+1.H!T!O.'9R-+4B-91.!B-&)*+-'9P! ! ! ! ! ! ! ! ! ! ! ! O: J#SP!

@'*\-9R!&TH!O1&'49B!T!1T-=P!
! !" ! ! ! ! !" !!" ! ! !" !

n-+<!! !" !F.'+)B!-9!R&1F<!)!'>!2-R4&)!: JS!
O: J#8P!

@'*\-9R!&5H!O1&'49B!5!1T-=P!
! !" ! ! ! ! !" !!" ! ! !" !

n-+<!! !" !F.'+)B!-9!R&1F<!>!'>!2-R4&)!: JS!
O: J#_P!

,'&=-'91. !
! ! ! ! ! ! ! !! ! ! ! !

n-+<!! ! !F.'+)B!-9!R&1F<!R!'>!2-R4&)!: JS!
O: J#GP!

 

2'&!='-.!+5F)!AH!+<)!=+->>9)==!19B!B1;F-9R!*')>>-*-)9+=!'>!+<)!>'49B1+-'9=!<1C)!3))9! )C1.41+)B!
*'9=-B)&-9R!+<)!&).1+-'9=<-F=!B)=*&-3)B!13'C)H!+1\-9R!-9+'!1**'49+!1!<';'R)9)'4=!='-.!F&'>-.)H!
=-9*)!'9.5!1!=<1..'K!B)F+<!-=!-9C'.C)B!-9!+<)!&)=F'9=)!'>!+<)!>''+-9R=H!*<1&1*+)&-d)B!35!M0!)^41.!
+'!#G7!;l=H!+!)^41.!+'!#_J$!\Dl; : !19B!* !)^41.!7J$QJ!,<)!*'&&)=F'9B-9R!=<)1&!;'B4.4=!-=!)^41.!
+'!S8J8!W%1J!

,<)! &1B-1+-'9! B1;F-9R! *')>>-*-)9+! B)F)9B! '9!! ! ! ! !! !!" ! ! ! !O=))! 2-R4&)!: JSPH!K-+<! +<)!
>&)^4)9*5!O'P!>'&!*';F4+1+-'9!'>!+<)!*-&*4.1&!>&)^4)9*5!) !Oq6!, !>P!1==4;)B!>'&!='-.!+5F)!A!)^41.!
+'! #JS8! ]d! O-J)J! 7JS=PJ! ,<-=! C1.4)!K1=! =).)*+)B! +1\-9R! -9+'! 1**'49+! 3'+<! +<)! F)&-'B! '>! +<)!
=+&4*+4&)=!+'! 3)! *'9=-B)&)B!19B!+<)!A2!+&)9B!=<'K9! -9!2-R4&)!#J#G1PH!+<)! .1++)&!<1=!F)1\=H! '>!
1.;'=+!)^41.!C1.4)H!3)+K))9!7J$!19B!#JS8!]dJ!A==4;-9R!U!)^41.!+'!7JS!;H!+<)!&)=4.+-9R!1' !-=!)^41.!
+'!7J7#8J!

 



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" =I "

!

 

 

G59<+.)XHY)!?1435/)74=D>,0)/,.225/5.10=),1)D,3,9.1,<=)D482 B=>4/.)J2+,3)6?8,14W5=).0)48HO)PQQYLH)

4.3'%!(B'2#D#2!B1/1E')'/(C!

,<)!;1*&' V).);)9+!;'B).!=F)*->-*!F1&1;)+)&=!1&)!+<)!>'..'K-9R/ !

V +<)!4F.->+!-9-+-1+-'9!F1&1;)+)&!O•P!-=!'9.5!B)F)9B)9+!'9!+<)!1==4;)B!=+&)==!B-=+&-34+-'9!
'>! C)&+-*1.! =+&)==)=! 49B)&9)1+<! +<)! >'49B1+-'9! 19B! -+=! C1.4)! *19! 3)! B)+)&;-9)B! >&';!
=-;F.)!=+1+-*!*'9=-B)&1+-'9=J!E9!+<)!>'..'K-9R!191.5=-=H!-+!-=!=)+!)^41.!+'!:H!35!1==4;-9R!1!
.-9)1&! B-=+&-34+-'9! '>! C)&+-*1.! =+&)==)=! 49B)&9)1+<! +<)! >'49B1+-'9!>'&! +<)! ='-.! 1+! +<)!
3)R-99-9R!'>!+<)!191.5=-=c!

V +<)! ='-.l>''+-9R! *'9+1*+! B)R&1B1+-'9! OB;R P! +<1+! +1\)=! -9+'! 1**'49+! +<)! B)*&)1=)! '>! +<)!
*'9+1*+!1&)1!B4)!+'! -9).1=+-*!&'*\-9RH!-=!)C1.41+)B!31=)B!'9! *1.-3&1+-'9!+'!)TF)&-;)9+1.!
&)=4.+=J!E9!+<)!>'..'K-9R!191.5=) =!-+!-=!=)+!)^41.!+'!7J#c!

V &)>)&)9*)!F.1=+-*!;'B4.4=!O1' PH!=)+!)^41.!+'!7J6c!
V +<)!)TF'9)9+!>'&!.'1B-9R!<-=+'&5!-9!49.'1B-9Rl&).'1B-9R!O9y@PH!=)+!)^41.!+'!#c!
V F.1=+-*!F'+)9+-1.!F1&1;)+)&!O" 2PH!=)+!)^41.!+'!6c!
V 3'49B-9R!=4&>1*)!+5F)!O&4R35!31..c!=*1..'F!=<1F)c!)..-F='-BPH!-9!+<)!>'..'K-9R!191.5=-=!+<)!

€=*1..'F€!=<1F)!K1=!*'9=-B)&)BH!K<-*<!-=!=4-+13.)!>'&!;'B)..-9R!+<)! 49B&1-9)B!&)=F'9=)J!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" =>"

!

 

,<)!B)>-9-+-'9!'>!+<)!;1*&' V).);)9+!;'B).!F1&1;)+)&=!+1\)=!1BC19+1R)!'>!+<)!*1.-3&1+-'9!K'&\!
*1&&-)B!'4+!35!%-19)=)!O67#_PJ!

!"#"#"!  9166)51(,:%&21,; <+=/>12*?,

2-R4&)!: J8!=<'K=!+<)!F'=-+-'9! '>!+<)!68!>'49B1+-'9!3)1;=! '>!+<)!Y-(.C)=+!-9B)T!34-.B-9RH!K<)&)!
)1*<!3)1;!-=!;'B)..)B!35!1!;1*&' V).);)9+J!Y-(.C)=+!34-.B-9R!-=!1!$!49-+=!+)&&1*)B!<'4=)H!K-+<!+<)!
>'49B1+-'9=!'>!+<)!;1-9!K1.. =!*'9=+-+4+)B!35!S7!*;!*'9+-94'4=!*'9*&)+)!>''+-9R=H!K<-.)!+<)!'9)=!
'>!+<)!=)*'9B1&5!F1&+-+-'9!K1..=!O-J)J!3)1;=!9z!67H!66H!6$!19B!6S!-9!2-R4&)!: J8P!1&)!::!*;!K-B)J !

 

 

G59<+.)XHR)S.++4/.7)D,<=.) n)o5-8@.=0p)d)>,=505,1),2);.43 =)+.>+.=.10519)=5198.)34/+,B.8.3.10 =H)

2'&! )1*<! '>!+<)! ;1*&' V).);)9+ =!*'9=-B)&)BH!,13.)! : J6!=4;;1&-d)=!+<) -&!-9-+-1.!=+->>9)==H!,13.)!
: J: ! =4;;1&-d)=! +<)! >'49B1+-'9! *1F1*-+-)=! 19B! ,13.)! : J$! =4;;1&-d)=! +<)! &1B-1+-'9! B1;F-9R!
)^4-C1.)9+!B1=<F'+!*')>>-*-)9+=J!

!

!

!

!

!

!

!

!

!

!

!

!

!
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!

 

S4;8.) XHPU)$150548)=05221.==),2)0D.)34/+, B.8.3.10 =),2)o5-8@.=0)517.k);<587519H)

 

 

 

 

 

 

 

 

 

 

 

 

 

!"#$%&'()!
!*+$&,+-%()!!

()+-.!/!
0+%(%&+-()!!
($+1-2!3

!*+$&,+-%()!!
()+-.!3!

!0+%(%&+-()!!
($+1-2!/! 4+$5&+-()!

6,! 67 6$8! 68 6$7! 6%!

9#(: ;<=: ;<=: !;<:=$(2 ;<=: !;<:=$(2 !;<:=$(2
> ?@ABCC?D@?BCEF >G>BECH DDHBFHC ?@BHDC >>EB>A?
D E@@B?GEDGAB?G@ EDFB?DH ?>>B@AC EAB?G> ?>EBEF?
? E?HBGEEDH>B?>@ ACCBFGG ?EABEF@ A>BAEF EADBE>A
E E?HBGEEDH>B?>@ ACCBFGG ?EABEF@ A>BAEF EADBE>A
A E?HBGEEDH>B?>@ ACCBFGG ?EABEF@ A>BAEF EADBE>A
G E?HBGEEDH>B?>@ ACCBFGG ?EABEF@ A>BAEF EADBE>A
F E?HBGEEDH>B?>@ ACCBFGG ?EABEF@ A>BAEF EADBE>A
C EDGBG>DDCDBGC> A?>BAHF ??EB@D@EHBECA E@DBEDC
H ?@ABCC?D@?BCEF >G>BECH DDHBFHC ?@BHDC >>EB>A?
>@ ?@ABCC?D@?BCEF >G>BECH DDHBFHC ?@BHDC >>EB>A?
>> E@@B?GEDGAB?G@ EDFB?DH ?>>B@AC EAB?G> ?>EBEF?
>D E?HBGEEDH>B?>@ ACCBFGG ?EABEF@ A>BAEF EADBE>A
>? E?HBGEEDH>B?>@ ACCBFGG ?EABEF@ A>BAEF EADBE>A
>E E?HBGEEDH>B?>@ ACCBFGG ?EABEF@ A>BAEF EADBE>A
>A E?HBGEEDH>B?>@ ACCBFGG ?EABEF@ A>BAEF EADBE>A
>G E?HBGEEDH>B?>@ ACCBFGG ?EABEF@ A>BAEF EADBE>A
>F EDGBG>DDCDBGC> A?>BAHF ??EB@D@EHBECA E@DBEDC
>C ?@ABCC?D@?BCEF >G>BECH DDHBFHC ?@BHDC >>EB>A?
>H H>GBCEAFFFBGDG >?@BFD? G>AB>EGAC?DBCDFGA?GB@>?
D@ C?CBC@HF?HBDFF ?HBDG? AF@BF@EE@FEBF>@A>CEBCH@
D> H>GBCEAFFFBGDG >?@BFD? G>AB>EGAC?DBCDFGA?GB@>?
DD C?CBC@HF?HBDFF ?HBDG? AF@BF@EE@FEBF>@A>CEBCH@
D? H>GBCEAFFFBGDG >?@BFD? G>AB>EGAC?DBCDFGA?GB@>?
DE C?CBC@HF?HBDFF ?HBDG? AF@BF@EE@FEBF>@A>CEBCH@
DA H>GBCEAFFFBGDG >?@BFD? G>AB>EGAC?DBCDFGA?GB@>?
DG C?CBC@HF?HBDFF ?HBDG? AF@BF@EE@FEBF>@A>CEBCH@
DF H>GBCEAFFFBGDG >?@BFD? G>AB>EGAC?DBCDFGA?GB@>?
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!

 

S4;8.) XHXU)G,<17405,1)/4>4/50?),2)0D.)34/+, B.8.3.10 =),2)o5-8@.=0)517.k);<587519H)

 

)

!

!

!

!

!

!

!

!

!

!

!

!"#$%"&'("%$)*+, '
-"+%)#.'/$%"#.$0'

1+2)343'-+/"'/0"+%'
*+5+*)$6'+,7#.'8'

1+2)343'-+/"'373"#$'
*+5+*)$6'+%74#&'9'

1+2)343'-+/"'/0"+%'
*+5+*)$6'+,7#.'8

1+2)343'-+/"'373"#$'
*+5+*)$6'+%74#&'9

QQ_N_MAX QQ_HX_MAX QQ_MY_MAX QQ_HY_MAX QQ_MX_MAX 

:"+3 1; 1; 1;3 1; 1;3
< =>=?< =>=<@ =>=<A =>=<@ =>==B
C =><<D =>=<D =>=@A =>=<D =>==D
@ =><@E =>=CC =>=FD =>=CC =>=<=
F =><@E =>=CC =>=FD =>=CC =>=<=
E =><@E =>=CC =>=FD =>=CC =>=<=
B =><@E =>=CC =>=FD =>=CC =>=<=
A =><@E =>=CC =>=FD =>=CC =>=<=
? =><@= =>=C< =>=FE =>=C< =>==D
D =>=?< =>=<@ =>=<A =>=<@ =>==B
<= =>=?< =>=<@ =>=<A =>=<@ =>==B
<< =><<D =>=<D =>=@A =>=<D =>==D
<C =><@E =>=CC =>=FD =>=CC =>=<=
<@ =><@E =>=CC =>=FD =>=CC =>=<=
<F =><@E =>=CC =>=FD =>=CC =>=<=
<E =><@E =>=CC =>=FD =>=CC =>=<=
<B =><@E =>=CC =>=FD =>=CC =>=<=
<A =><@= =>=C< =>=FE =>=C< =>==D
<? =>=?< =>=<@ =>=<A =>=<@ =>==B
<D =>@FE =>=EB =>=CE =>=EB =>@C@
C= =><?D =>=@< =>==A =>=@< =><AB
C< =>@FE =>=EB =>=CE =>=EB =>@C@
CC =><?D =>=@< =>==A =>=@< =><AB
C@ =>@FE =>=EB =>=CE =>=EB =>@C@
CF =><?D =>=@< =>==A =>=@< =><AB
CE =>@FE =>=EB =>=CE =>=EB =>@C@
CB =><?D =>=@< =>==A =>=@< =><AB
CA =>@FE =>=EB =>=CE =>=EB =>@C@



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" =="

!

 

S4;8.) XHKU)&475405,1)743>519)74=D>,0)/,.225/5.10=),2)0D.)34/+, B.8.3.10 =),2)o5-8@.=0)517.k);<587519H)

 

 

 

 

 

 

 

 

 

Cz Cy Cx Cry  Crx Ct

!"#$ %&'() %&'() %&'() %&'*$+() %&'*$+() %&'*$+()
, -./0+ 12301 4/10+ -01 50/ .04
+ ,/3/0, -+30, .3,04 4,0/ ,05 ,/05
4 +52+0/ ,,++03 31,0. 1/04 ,0, +.05
1 +52+0/ ,,++03 31,0. 1/04 ,0, +.05
. +52+0/ ,,++03 31,0. 1/04 ,0, +.05
3 +52+0/ ,,++03 31,0. 1/04 ,0, +.05
/ +52+0/ ,,++03 31,0. 1/04 ,0, +.05
2 ,--.0- ,5/.02 3,10/ 1,0/ ,0, ++0,
- -./0+ 12301 4/10+ -01 50/ .04
,5 -./0+ 12301 4/10+ -01 50/ .04
,, ,/3/0, -+30, .3,04 4,0/ ,05 ,/05
,+ +52+0/ ,,++03 31,0. 1/04 ,0, +.05
,4 +52+0/ ,,++03 31,0. 1/04 ,0, +.05
,1 +52+0/ ,,++03 31,0. 1/04 ,0, +.05
,. +52+0/ ,,++03 31,0. 1/04 ,0, +.05
,3 +52+0/ ,,++03 31,0. 1/04 ,0, +.05
,/ ,--.0- ,5/.02 3,10/ 1,0/ ,0, ++0,
,2 -./0+ 12301 4/10+ -01 50/ .04
,- .-5/04 ,33/02 433-0+ ,402 1--0+ 1+.04
+5 4+1-05 -,/04 +5,20, +04 +/10. +4405
+, ../-0, ,33/02 444.03 ,402 1--0+ 1+.04
++ 4+1-05 -,/04 +5,20, +04 +/10. +4405
+4 ../-0, ,33/02 444.03 ,402 1--0+ 1+.04
+1 4+1-05 -,/04 +5,20, +04 +/10. +4405
+. ../-0, ,33/02 444.03 ,402 1--0+ 1+.04
+3 4+1-05 -,/04 +5,20, +04 +/10. +4405
+/ .-5/04 ,33/02 433-0+ ,402 1--0+ 1+.04



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" =B"

!

 

!"#"#"@ A1*)5:1(,:%&21,; BC1/(16?,

2-R4&)!: J_!=<'K=!+<)!F'=-+-'9!'>!+<)!#S!>'49B1+-'9!3)1;=!'>!+<)![K).B)&!-9B)T!34-.B-9RH!K<)&)!
)1*<!3)1;!-=!;'B)..)B!35!1!;1*&' V).);)9+J! , <)!>'49B1+-'9=! '>!+<)! ;1-9!K1..=!1&)!*'9=+-+4+)B!
35!S7!*;!*'9+-94'4 =!*'9*&)+)!>''+-9R=J!

 

 

G59<+.)XH[ )!.04/D.7)D,<=. )nNM.87.+p)d)>,=505,1),2);.43 =)+.>+.=.10519)=5198.)34/+,B.8.3.10 =H)

2'&! )1*<! '>!+<)! ;1*&' V).);)9+ =!*'9=-B)&)BH!,13.)! : JQ!=4;;1&-d)=!+<) -&!-9-+-1.!=+->>9)==H!,13.)!
: JS! =4;;1&-d)=! +<)! >'49B1+-'9! *1F1*-+-)=! 19B!,13.)! : J8! =4;;1&-d)=! +<)! &1B-1+-'9! B1;F-9R!
)^4-C1.)9+!B1=<F'+!*')>>-*-)9+=J!

S4;8.) XĤU)$150548)=05221.==),2)0D.)34/+, B.8.3.10 =),2)NM.87.+)517.k);<587519H)

)

!"#$%&'()!
!*+$&,+-%()!!

()+-.!/!
0+%(%&+-()!!
($+1-2!3

!*+$&,+-%()!!
()+-.!3!

!0+%(%&+-()!!
($+1-2!/! 4+$5&+-()!

6,! 67 6$8! 68 6$7! 6%!

9#(: ;<=: ;<=: !;<:=$(2 ;<=: !;<:=$(2 !;<:=$(2
> ?@ABCC?D@?BCEF >G>BECH DDHBFHC ?@BHDC >>EB>A?
D ACCBAAH EFCB>>H FABG?@ ?H>B@>D>ADEBHA@>?CDBCHF
? E?CBG@E?EEBAAA A>B?CD DH@BGD@ACEB@GFEECBDG?
E ?CAB@>ADAABDFD ?FDBCAD DHFBGHC EDBHF@ DF@B?C>
A AADB?@@?GGBAFC >DEGB@EEEEABAG> GHBGHD >@CHB>CA
G F>>BCAH ACHBFAF HGB@CE EFEBGGFDFEFBACHDFAHBHCE
F DFHBA@E>CGBHFA >>EBDEG D@FBGDE DFB@AD CDBFFG
C ???B?H? DD>BG@@DDDBEHF DA?B>H? ?AB@AD >AGBACG
H EC@BHH??>CBC@G FHAB@G??C>BHHD ACB>EA GE>BE@G
>@ EC@BHH??>CBC@G FHAB@G??C>BHHD ACB>EA GE>BE@G
>> ?E?B>C@ DG>BAFA ?GBA?F DDFBHA> DEFBDCC >FEBEF?
>D G>@BG@>EHFBHFH FHBDAH E@ABH@F>F>>BFAF >ACEBHF>
>? ?D>BH@@DE?B?CH ??B?D@ D>EB>GA >HABECA >?FBAD@
>E G?>BAGC A>GBH>? CDBFD? ED@B>@D>H@>BHDA>FHEB?FD
>A A>GBFHE ?EDBFE@ >@@ABC?GE>?BCDA G?BH>C CEABFDE
>G G?>BAGC A>GBH>? CDBFD? ED@B>@D>H@>BHDA>FHEB?FD



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" =W"

!

 

S4;8.) XHYU)G,<17405,1)/4>4/50?),2)0D.)34/+, B.8.3.10 =),2)NM.87.+)517.k);<587519H)

 

 

S4;8.) XHRU)&475405,1)743>519)74=D>,0)/,.225/5.10=),2)0D.)34/+, B.8.3 .10=),2)NM.87.+)517.k);<587519H)

 

 

 

!"#$%"&'("%$)*+, '
-"+%)#.'/$%"#.$0'

1+2)343'-+/"'/0"+%'
*+5+*)$6'+,7#.'8'

1+2)343'-+/"'373"#$'
*+5+*)$6'+%74#&'9'

1+2)343'-+/"'/0"+%'
*+5+*)$6'+,7#.'8

1+2)343'-+/"'373"#$'
*+5+*)$6'+%74#&'9

QQ_N_MAX QQ_HX_MAX QQ_MY_MAX QQ_HY_MAX QQ_MX_MAX 

:"+3 1; 1; 1;3 1; 1;3
< =>=?< =>=<@ =>=<A =>=<@ =>==B
C =><DD =>=@C =>=<E =>=@C =><=A
@ =><@F =>=CC =>=<= =>=CC =>=E?
E =><<@ =>=<? =>=@E =>=<? =>==?
F =><?@ =>=@= =>=D= =>=@= =>=<@
B =>CF@ =>=E< =>=<? =>=E< =><A@
A =>=A< =>=<< =>=<@ =>=<< =>==F
? =>=DC =>=<E =>=CC =>=<E =>==A
D =><F@ =>=CE =>=BC =>=CE =>=<<
<= =><F@ =>=CE =>=BC =>=CE =>=<<
<< =>=DB =>=<F =>==A =>=<F =>=CE
<C =>C=D =>=@E =>=<F =>=@E =><<A
<@ =>=?A =>=<E =>==B =>=<E =>=C=
<E =>C<? =>=@F =>=<B =>=@F =><C?
<F =><B? =>=CA =>=AB =>=CA =>=<C
<B =>C<? =>=@F =>=<B =>=@F =><C?

Cz Cy Cx Cry  Crx Ct

!"#$ %&'() %&'() %&'() %&'*$+() %&'*$+() %&'*$+()
, -./0. 1,,0/ .-10+ 201 30- +0,
+ +4,104 25.0/ ,5+504 50/ 2.0. .+0+
. ,5-+05 /.20. 4.,0, ,02 +40, 202
1 ,,1-04 /./0. 5.30. +/0- 302 504
5 +54-0/ ,.,503 4-/0- ,+304 ,0/ +50,
/ 13--03 ,+,404 +,2.04 -0+ ,2104 //0-
- /.-01 .+.02 .+.02 /0, 30/ ,01
4 44.0/ 1-301 1+-0/ ,103 304 .0,
2 +33+04 ,3,-04 -+-03 /402 ,0. ,101
,3 +33+04 ,3,-04 -+-03 /402 ,0. ,101
,, 2+.0. 11/02 12,0/ ,0. 20/ .05
,+ .,5305 ,3330- ,/3,0, 502 ,3-04 .-0,
,. 4.-0+ 1350+ 1150- ,0+ -0+ +0-
,1 .+2,02 ,3150/ ,/-+02 /0+ ,+.03 1+0.
,5 ++3402 ,,++0/ 43,04 2+01 ,01 ,20.
,/ .+2,02 ,3150/ ,/-+02 /0+ ,+.03 1+0.



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" =G"

!

 

!"#"#"D A1*)5:1(,:%&21,; E)(C10 ?,

2-R4&)!: JG =<'K=!+<)!F'=-+-'9! '>!+<)!#:!>'49B1+-'9!3)1;=! '>!+<)!U1BK)R!-9B)T!34-.B-9RH!)1*<!
3)1;! 3)-9R!;'B)..)B!35!1!;1*&' V).);)9+J! , <)!>'49B1+-'9=!'>!+<)!;1-9!K1..=!1&)!*'9=+-+4+)B!35!
S7!*;!*'9+-94'4=!49&)-9>'&*)B!;1='9&5! >''+-9R=J!

 

 

G59<+.)XHe)!.04/D.7)D,<=. )n(47M.9p)d)>,=505,1),2);.43 =)+.>+.=.10519)=5198.)34/+,B.8.3.10 =H)

2'&! )1*<! '>!+<)! ;1*&' V).);)9+ =!*'9=-B)&)BH!,13.)! : J_!=4;;1&-d)=!+<) -&!-9-+-1.!=+->>9)==H!,13.)!
: JG!=4;;1&-d)=! +<)! >'49B1+-'9! *1F1*-+-)=! 19B!,13.)! : J#7!=4;;1&-d)=! +<)! &1B-1+-'9! B1;F-9R!
)^4-C1.)9+!B1=<F'+!*') >>-*-)9+=J!

 

S4;8.) XH[ U)$150548)=05221.==),2)0D.)34/+, B.8.3.10 =),2)(47M.9) 517.k);<587519H)

 

!"#$%&'()!
!*+$&,+-%()!!

()+-.!/!
0+%(%&+-()!!
($+1-2!3

!*+$&,+-%()!!
()+-.!3!

!0+%(%&+-()!!
($+1-2!/! 4+$5&+-()!

6,! 67 6$8! 68 6$7! 6%!

9#(: ;<=: ;<=: !;<:=$(2 ;<=: !;<:=$(2 !;<:=$(2
> ?@ABCD@>D>BDCD E?BCEC >DFB?DD >ABG@C ?GBCAA
? HG?BHCE DF>BCE? CAB?G@ EGEBC?? >HHCBGF>>D>FBED?
E EEEBEGE ??>BA@@ ???BDGC ?HEB>GE EHB@H? >HABHFA
D ?CCBF@@>FHBFG> >>>BHH@ ?@AB?@> ?ABF@D F>B@>G
H ?CCBF@@>FHBFG> >>>BHH@ ?@AB?@> ?ABF@D F>B@>G
A ?CCBF@@>FHBFG> >>>BHH@ ?@AB?@> ?ABF@D F>B@>G
C F@HB@ACACDBFGE >>>BCHD HEFBEADEGCCBA?AD?E>B?EA
F EEEBEGE ??>BA@@ ???BDGC ?HEB>GE EHB@H? >HABHFA
G E?CBGE@?>FB@AE ?@GBEF@?DFBH?F EDB??C >DCB?C?
>@ A@CBA@@D@EBFCC>AFHBHD@DGHB?C? CFBCAD >HHABEFE
>> E@HBFFE?@EBFDC >A>BDFG ??GBCGF E@BG?F >>DB>HE
>? ?GDBC?C ??@BEFC ?GB?CG >GABAG? >D@B??> GGBFF>
>E >FCBAHE >EEB?A? >DBDEE >?GBFCC ?>B>EH ?>BC??



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" =X"

!

 

S4;8.) XHeU)G,<17405,1)/4>4/50?),2)0D.)34/+, B.8.3.10 =),2)(47M.9) 517.k);<587519H)

 

 

S4;8.) XHFQU)&475405,1)743>519)74=D>,0)/,.225/5.10=),2)0D.)34/+, B.8.3.10 =),2)(47M.9) 517.k);<587519H)

 

 

 

 

 

 

!"#$%"&'("%$)*+, '
-"+%)#.'/$%"#.$0'

1+2)343'-+/"'/0"+%'
*+5+*)$6'+,7#.'8'

1+2)343'-+/"'373"#$'
*+5+*)$6'+%74#&'9'

1+2)343'-+/"'/0"+%'
*+5+*)$6'+,7#.'8

1+2)343'-+/"'373"#$'
*+5+*)$6'+%74#&'9

QQ_N_MAX QQ_HX_MAX QQ_MY_MAX QQ_HY_MAX QQ_MX_MAX 

:"+3 1; 1; 1;3 1; 1;3
< =>=?? =>==@ =>==A =>==@ =>==B
C =>C=< =>=BC =>=<? =>=BC =><=D
B =>=EC =>=<? =>=CC =>=<? =>==F
? =>=F= =>=<< =>=<B =>=<< =>==A
A =>=F= =>=<< =>=<B =>=<< =>==A
@ =>=F= =>=<< =>=<B =>=<< =>==A
F =>CEA =>=?D =>=C< =>=?D =>CBA
D =>=EC =>=<? =>=CC =>=<? =>==F
E =>=E= =>=<? =>=C< =>=<? =>==@
<= =>C=F =>=BB =><<@ =>=BB =>=<A
<< =>=D< =>=<B =>=<F =>=<B =>==@
<C =>=F@ =>=<C =>==@ =>=<C =>=<A
<B =>=BF =>==A =>==B =>==A =>==B

Cz Cy Cx Cry  Crx Ct

!"#$ %&'() %&'() %&'() %&'*$+() %&'*$+() %&'*$+()
, -./01 ,1+01 ,2+0. /03 /0- /0.
+ +1./0/ 24+0+ ,3-203 305 2302 --0,
- 1.,03 ..20/ .+504 ,.0/ /01 -0,
. 4-,0, --401 -+/05 302 /04 ,0.
3 4-,0, --401 -+/05 302 /04 ,0.
4 4-,0, --401 -+/05 302 /04 ,0.
5 .53403 ,.+,02 +33203 10. -/20- ,/305
1 1.,03 ..20/ .+504 ,.0/ /01 -0,
2 1+/03 .-501 .,50/ ,-0/ /05 +02
,/ -/-+03 ,32/01 22.0- -3+03 ,01 -40.
,, 5-40- -2+02 -5.0+ 20. /05 +0,
,+ 42.0+ -3+01 -5/0. ,0/ .05 ,01
,- +1.0/ ,4/0. ,3+0- /0+ /0. /0+



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" =H"

!

 

!"#"#"F A1*)5:1(,:%&21,; A+=G2*6))*?,

2-R4&)!: J#7 =<'K=!+<)!F'=-+-'9!'>!+<)!_!>'49B1+-'9!3)1;=!'>!+<)!"-(\=+&11+!-9B)T!34-.B-9RH!K-+<!
)1*<!3)1;!;'B)..)B!35!1!;1*&' V).);)9+J! , <)!>'49B1+-'9=!'>!+<)!;1-9!K1..=!1&)!*'9=+-+4+)B!35!
S7!*;!*'9+-94'4=! *'9*&)+)! >''+-9R=J!

 

 

G59<+.)XHFQ)!.04/D.7)D,<=. )n!5-W=0+440p)d)>,=505,1),2);.43 =)+.>+.=.10519)=5198.)34/+,B.8.3.10 =H)

2'&!)1*<!'>!+<)!;1*&' V).);)9+ =!*'9=-B)&)BH!,13.)! : J##!=4;;1&-d)=!+<) -&!-9-+-1.!=+->>9)==H!,13.)!
: J#6!=4;;1&-d)=!+<)!>'49B1+-'9! *1F1*-+-)=!19B!,13.)! : J#: !=4;;1&-d)=!+<)!&1B-1+-'9!B1;F-9R!
)^4-C1.)9+!B1=<F'+!*')>>-*-)9+=J!

!

S4;8.) XHFFU)$150548)=05221.==),2)0D.)34/+, B.8.3.10 =),2)!5-W=0+440)517.k);<587519H)

 
 

 

 

 

 

 

!"#$%&'()!
!*+$&,+-%()!!

()+-.!/!
0+%(%&+-()!!
($+1-2!3

!*+$&,+-%()!!
()+-.!3!

!0+%(%&+-()!!
($+1-2!/! 4+$5&+-()!

6,! 67 6$8! 68 6$7! 6%!

9#(: ;<=: ;<=: !;<:=$(2 ;<=: !;<:=$(2 !;<:=$(2
> ?@ABCD@>DEBDDD E?BF>E >A?BGGH ??BDA> HHB@AD
? GGGBGCG??>BDFF ???B@CE ?HGB>CG GHBFH? >HDBHAD
G A>@BA?CH@HBFH@@>??BDC@DAGBAGC>>GB@F@@@FABGAD
@ ?@ABCD@>DEBDDD E?BF>E >A?BGGH ??BDA> HHB@AD
H GGGBGCG??>BDFF ???B@CE ?HGB>CG GHBFH? >HDBHAD
D A>@BA?CH@HBFH@@>??BDC@DAGBAGC>>GB@F@@@FABGAD
E >EACBCDG>HCGB??@?A?B@EA>??GB>GFGEAGAB>>?@C>FCBFC?
A >EACBCDG>HCGB??@?A?B@EA>??GB>GFGEAGAB>>?@C>FCBFC?



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" BI"

!

 

S4;8.) XHFPU)G,<17405,1)/4>4/50?),2)0D.)34/+, B.8.3.10 =),2)!5-W=0+440)517.k);<587519H)

 

S4;8.) XHFXU)&475405,1)743>519)74=D>,0)/,.225/5.10=),2)0D.)34/+, B.8.3.10 =),2)!5-W=0+440)517.k);<587519H)

 

!"#"#"H A1*)5:1(,:%&21,; A1,I)>16?,

2-R4&)!: J##! =<'K=! +<)! F'=-+-'9! '>! +<)!6_! >'49B1+-'9! 3)1;=! '>! +<)! ")! ]1C)& ! -9B)T! 34-.B-9RH!
K<)&)! )1*<! 3)1;! -=! ;'B)..)B! 35! 1! ;1*&' V).);)9+J! , <)! >'49B1+-'9=! '>! +<)! ;1-9! K1..! 1&)!
*'9=+-+4+)B!35!S7!*;!*'9+-94'4 =!49&)-9>'&*)B!;1='9&5!>''+-9R=J!

 

 

G59<+.)XHFF)!.04/D.7)D,<=. )n!.)\4@.+p) d)>,=505,1),2);.43 =)+.>+.=.10519)=5198.)34/+,B.8.3.10 =H)

!"#$%"&'("%$)*+, '
-"+%)#.'/$%"#.$0'

1+2)343'-+/"'/0"+%'
*+5+*)$6'+,7#.'8'

1+2)343'-+/"'373"#$'
*+5+*)$6'+%74#&'9'

1+2)343'-+/"'/0"+%'
*+5+*)$6'+,7#.'8

1+2)343'-+/"'373"#$'
*+5+*)$6'+%74#&'9

QQ_N_MAX QQ_HX_MAX QQ_MY_MAX QQ_HY_MAX QQ_MX_MAX 

:"+3 1; 1; 1;3 1; 1;3
< =>=?@ =>==@ =>==@ =>==@ =>==A
B =>=@B =>=<A =>=BB =>=<A =>==C
D =>B@@ =>=A@ =>BAB =>=A@ =>=BB
A =>=?@ =>==@ =>==@ =>==@ =>==A
? =>=@B =>=<A =>=BB =>=<A =>==C
E =>B@@ =>=A@ =>BAB =>=A@ =>=BB
C =>CAE =><BB =>=?A =><BB <>?BB
F =>CAE =><BB =>=?A =><BB <>?BB

Cz Cy Cx Cry  Crx Ct

!"#$ %&'() %&'() %&'() %&'*$+() %&'*$+() %&'*$+()
, -../0 +01/2 +01/2 2/- 3/4 3/.
+ 552/0 -13/- -+1/0 ,-/3 3/5 2/,
2 -5+5/, +4.1/. ,--2/2 ,315/2 +/0 ,,3/4
- -../0 +01/2 +01/2 2/- 3/4 3/.
4 552/0 -13/- -+1/0 ,-/3 3/5 2/,
0 -5+5/, +4.1/. ,--2/2 ,315/2 +/0 ,,3/4
1 ,24.3/, 2024/3 1..1/3 23/3 4,01/5 ,142/3
5 ,24.3/, 2024/3 1..1/3 23/3 4,01/5 ,142/3



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" B>"

!

 

2'&!)1*<!'>!+<)!;1*&' V).);)9+ =!*'9=-B)&)BH!,13.)! : J#$!=4;;1&-d)=!+<) -&!-9-+-1.!=+->>9)==H!,13.)!
: J#Q!=4;;1&-d)=!+<)!>'49B1+-'9! *1F1*-+-)=!19B!,13.)! : J#S!=4;;1&-d)=!+<)!&1B-1+-'9!B1;F-9R!
)^4-C1.)9+!B1=<F'+!*')>>-*-)9+=J!

!

S4;8.) XHFKU)$150548)=05221.==),2)0D.)34/+, B.8.3.10 =),2)!.)\4@.+ )517.k);<587519H)

 

 

 

 

 

 

!"#$%&'()!
!*+$&,+-%()!!

()+-.!/!
0+%(%&+-()!!
($+1-2!3

!*+$&,+-%()!!
()+-.!3!

!0+%(%&+-()!!
($+1-2!/! 4+$5&+-()!

6,! 67 6$8! 68 6$7! 6%!

9#(: ;<=: ;<=: !;<:=$(2 ;<=: !;<:=$(2 !;<:=$(2
> ?@ABCC@D@EBAFF >GHBHG@D?DBFDA ?>B?C@ >>ABF>>
D FD>BHFC DHCBFGE E>>B>CE ?DCBHEE FABH>A ?AFBAHH
? F?DB?E? DAGBFA@ EEGB??D ??CB@G@E@B?CD FD?BC>?
F F@?B@@>DGHB@CGF?HB>GD ?>?B?EA FEBHHF ?DDBEHF
E FEHB@D>?@DBAFF GH@BHGH?G@BHAF EFB?>@ EDGB@?D
G ?@ABCC@D@EBAFF >GHBHG@D?DBFDA ?>B?C@ >>ABF>>
H FD>BHFC DHCBFGE E>>B>CE ?DCBHEE FABH>A ?AFBAHH
A F?DB?E? DAGBFA@ EEGB??D ??CB@G@E@B?CD FD?BC>?
C F@?B@@>DGHB@CGF?HB>GD ?>?B?EA FEBHHF ?DDBEHF
>@ FEHB@D>?@DBAFF GH@BHGH?G@BHAF EFB?>@ EDGB@?D
>> ?>FBFGG D?HB@H@?DBD@H D@CB?GC>HCB>AA >DGBD?>
>D ?AABEF? ?@@BHGF F?BE>A DEHBEAA ?AFBCGD DA@B@GD
>? F>HBE?? ?DGB@GD FAB@EF DHGBGA@FC?BC>@?H@B>??
>F F>AB?FE ?DGBHH? FAB>AD DHHBD>H FCHBD>D ?HDBCF@
>E ?C?BFCG ?@EB@H? FFBDAC DG@BAFDF@DB?HDDCFB>@?
>G ?DEBAE@DFGBHEF ??BC>F D>GBH>A D@FBE>H>F?BAFG
>H >EFHB>HA>?GFBAEG D?CBAEE >@E?B@HEDEFHDBCGE?DFA>BFCF
>A GH@B??FFFGBF@ADDAGBE>DEEDB@D@ACB>EG DDDHB?GA
>C EEEBA?G FFABH?@ H@BDGC ?GABCEH>DH>BHDE>>>EBHHG
D@ ?A?BFD> DEFBDDH ?GHBFGD DCGB?>? FDBHDD DGGB@CE
D> >?>HB?HG>>FCBG>D >CCBHEE ACDBGC>>G?EDBFGCD@DADBGA>
DD A>FBE?G GA?BEH@ >>?B?EF EFFBAE? F>>ABDCAFF@?B@@A
D? A@AB?AHEF@BG?CF@DGBG@CGHHBC?E >>DB?>E FDC@BCA@
DF E>FBEE? F>>BADH G?BEEE ?F>BD?A CC>BH?D A?>BHEF
DE HEHBGC? E@EBCFH??>HBAHC G?>BEEF >@?BHH@?F?FBFFE
DG GH@B??FFFGBF@ADDAGBE>DEEDB@D@ACB>EG DDDHB?GA
DH FCFBH?H ?CFB>CD G@B?EE ?DHBCAD AHDB?ED H>EB>GH
DA FCFBH?H ?CFB>CD G@B?EE ?DHBCAD AHDB?ED H>EB>GH



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" B6"

!

 

S4;8.) XHF^U)G,<17405,1)/4>4/50?),2)0D.)34/+, B.8.3.10 =),2)!.)\4@.+ )517.k);<587519H)

 

 

!

!

!

!

!

!

!

!

!

!

!

!"#$%"&'("%$)*+, '
-"+%)#.'/$%"#.$0'

1+2)343'-+/"'/0"+%'
*+5+*)$6'+,7#.'8'

1+2)343'-+/"'373"#$'
*+5+*)$6'+%74#&'9'

1+2)343'-+/"'/0"+%'
*+5+*)$6'+,7#.'8

1+2)343'-+/"'373"#$'
*+5+*)$6'+%74#&'9

QQ_N_MAX QQ_HX_MAX QQ_MY_MAX QQ_HY_MAX QQ_MX_MAX 

:"+3 1; 1; 1;3 1; 1;3
< =>=?@ =>=<A =>=<B =>=<A =>==C
@ =><@? =>=@= =>=DA =>=@= =>==E
A =><A@ =>=@< =>=DB =>=@< =>=<=
D =><@= =>=<E =>=A? =>=<E =>==E
F =><DA =>=@A =>=FD =>=@A =>=<=
C =>=?@ =>=<A =>=<B =>=<A =>==C
B =><@? =>=@= =>=DA =>=@= =>==E
? =><A@ =>=@< =>=DB =>=@< =>=<=
E =><@= =>=<E =>=A? =>=<E =>==E
<= =><DA =>=@A =>=FD =>=@A =>=<=
<< =>=?D =>=<A =>==C =>=<A =>=<?
<@ =><<D =>=<? =>==? =>=<? =>=AD
<A =><@C =>=@= =>==E =>=@= =>=D@
<D =><@C =>=@= =>==E =>=@= =>=D@
<F =><<C =>=<? =>==? =>=<? =>=AC
<C =>=?E =>=<D =>==C =>=<D =>=@<
<B =>CAA =><=D =>=DC =><=D <>=EC
<? =>@AF =>=A? =><DE =>=A? =>=<B
<E =><?F =>=A= =>=<A =>=A= =>=E@
@= =><<@ =>=<? =>=AA =>=<? =>==?
@< =>F@B =>=?C =>=A? =>=?C =>BF?
@@ =>@EE =>=DE =>=@@ =>=DE =>@D@
@A =>@EC =>=D? =>@AB =>=D? =>=@<
@D =><CB =>=@B =>=<@ =>=@B =>=BF
@F =>@BA =>=DD =>@=@ =>=DD =>=@=
@C =>@AF =>=A? =><DE =>=A? =>=<B
@B =><FE =>=@F =>=<< =>=@F =>=CB
@? =><FE =>=@F =>=<< =>=@F =>=CB



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" BD"

!

 

S4;8.) XHFYU)&475405,1)743>519)74=D>,0)/,.225/5.10=),2)0D.)34/+, B.8.3.10 =),2)!.)\4@.+ )517.k);<587519H)

 

!

D<><6 9(%&8)(-&$#"$."-3'"'S;&A(%'#-".$$-&#5"*(+)$,'%'*'#- "

,<)!);F.'5)B!>''+-9R!;1*&' V).);)9+!;'B).=!+<)!='-.!49B)&!1!=-9R.)!>''+-9R!'&!>'49B1+-'9!3)1;J!
]'K)C)&H!R-C)9!+<1+!-9!+<)!B)C).'F;)9+!'>!>&1R-.-+5!>49*+-'9=!1!=-;F.->-)B!0"N2!=5=+);!1FF&'1*<!
-=!4=)B! +'! &)F&)=)9+! +<)! =+&4*+4&1.! =5=+);=! O?&'K.)5! )+! 1.JH! 67#GPH! +<)! B)&-C1+-'9! '>! 19!
X)^4-C1.)9+Z!;1*&'V).);)9+!>'&!19!)9+-&)!34-.B-9R!K1=!9))B)BJ!

!"#"3"# 9166)51(,+'(1J,K&+/(+'0 ,

E9!'&B)&!+'!B)&-C)!19!)^4-C1.)9+!;1*&'V).);)9+H !+<)!>-&=+!=+)F!K1=!+'!34-.B!1!;4.+-F.)VB)R&))=V'>!
>&))B';!OW"N2P! ;'B).!>'&! +<)! *'9=-B)&)B!-9B)T!34-.B-9R!O2-R4&)!: J#6PH!Y-(.C)=+H!1!+K'V=+'&)5!
49&)-9>'&*)B! ;1='9&5! Oy@WP! +)&&1*)B! -9B)T! 34-.B-9R! K-+<! >'4&! 49-+=J! W1='9&5! F-)&=! 19B!
=F19B&).=!1&)!-9+&'B4*)B!1=!*'.4;9=!19B!3)1;=H!&)=F)*+-C).5H!+'!;'B).!+<)!+&19=C)&=)!K1..=!O/ V
B-&)*+-'9P!19B!1FF&'T-;1+).5! ;'B).!+<)!=)^4)9*)! '>! 'F)9-9R=! -9!+<)!+K'!>1•1B)=!1.'9R!+<)!. V

Cz Cy Cx Cry  Crx Ct

!"#$ %&'() %&'() %&'() %&'*$+() %&'*$+() %&'*$+()
, -./0, .,/0+ 1/20+ 303 20- +0+
+ ,./-04 -/40+ 42.0/ 130- ,0, /0.
1 ,5.,02 /,.05 4+405 ..0, ,0, 301
. ,11/02 -2/01 54404 1+04 ,02 -02
5 ,-1+05 //205 4--01 550- ,0+ ,,0-
4 -./0, .,/0+ 1/20+ 303 20- +0+
- ,./-04 -/40+ 42.0/ 130- ,0, /0.
/ ,5.,02 /,.05 4+405 ..0, ,0, 301
3 ,11/02 -2/01 54404 1+04 ,02 -02
,2 ,-1+05 //205 4--01 550- ,0+ ,,0-
,, -4/03 1320/ .+30/ ,0+ 40. +0.
,+ ,,410+ 51-0. 4..03 ,04 ,40- 402
,1 ,.440. 5340+ --502 ,0/ ++0/ /0,
,. ,.-205 53-0/ ---0+ ,0/ +102 /0,
,5 ,+1/0- 5.-0. 45403 ,04 ,-04 401
,4 /,+05 .,+03 .5.0+ ,0+ -04 +0/
,- ,23,-03 12/+05 4-/,0. ,/0+ 1,5,01 ,24305
,/ 144505 ,3-50- ,,+302 5,40, +02 510,
,3 +4230- //.0+ ,1+40+ +04 -.0. +50-
+2 ,,.203 41+05 5+-0, +401 203 50-
+, 32-40/ +54+0- 541-03 ,50, ,/,20/ 4,502
++ ./+503 ,..+0- +5340/ /05 1+10, ,,201
+1 .-/203 +5-+05 ,.+30+ ,2.-02 +05 ,2-01
+. +,3402 -3-0, ,,,402 +0. 5.05 ,/03
+5 ..,201 +1-10+ ,1,/0. /++02 +01 /.01
+4 144505 ,3-50- ,,+302 5,40, +02 510,
+- +2/,0- -5504 ,25-03 +0+ .40. ,40+
+/ +2/,0- -5504 ,25-03 +0+ .40. ,40+



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" B="

!

 

B-&)*+-'9J! 04*<! >1•1B)=! 1&)! 9'+! -B)9+-*1.H! 34+!K)&) ! ;'B)..)B! K-+<! +<)! =1;)! R)';)+&5! >'&!
=-;F.-*-+5H! -9! +<)! 1==4;F+-'9! +<1+! =;1..! *<19R)=! -9! +<)! R)';)+&5! B'! 9'+! 1>>)*+! +<)!
*<1&1*+)&-=1+-'9! '>! +<)! )^4-C1.)9+! ;1*&'V).);)9+J! ,<)! &-R-B! &)-9>'&*)B! *'9*&)+)! =.13=! 1&)!
;'B)..)B!K-+<!+K'!&-R-B!B-1F<&1R;=!.-9\-9R!+<)!*'.4;9!9'B)=!1+!+<)!+K'!>.''&!.)C).=J!!

A!+'+1.!'>!68!>''+-9R!;1*&' V).);)9+=!1&)!-9+&'B4*)B!1+!+<)!31=)!'>!+<)!;'B).!OK<)&)!R&)5!3.'*\=!
1&)! .'*1+)B! -9!2-R4&)!: J#6PH! -9! *'&&)=F'9B)9*)!+'! +<)! *)9+&'-B! '>! ;1='9&5! F-)&=J!@)-9>'&*)B!
*'9*&)+)!>'49B1+-'9!3)1;=!*'99)*+!+<)!4FF)&!9'B)=!'> !+<)!;1*&' V).);)9+=J!U'+<!;1='9&5!19B!
&)-9>'&*)B!*'9*&)+)!K)&)! *'9=-B)&)B!1=! .-9)1&!).1=+-*! ;1+)&-1.=H!-9!+<)!W"N2! ;'B).=H!K-+<!+<)!
1*+41.! C1.4)=! >'&! +<)! ).1=+-*! ;'B4.4=! 19B! B)9=-+5J! ,<)! +'+1.! ;1==! '>! +<)! ;'B).=H! R-C)9! 35! +<)!
=4F)&=+&4*+4&)!;1==!F.4=!+<)!>'49B1+-'9!;1==H!91+4&1..5!)^41+)=!+'!+<)!1*+41.!+'+1.!;1==!C1.4)=!
4=)B!>'&!+<)!)^4-C1.)9+!=-9R.)!;1*&' V).);)9+!F&'F)&+-)=J!

!

!

G59<+.)XHFPU)SD.)6!mG)3,7.8)<=.7)2,+)0D.)0.++4/.7)517.k);<587519=H)

,<)!)^4-C1.)9+!;1*&' V).);)9+!*1.-3&1+-'9!&)^4-&)=!+<)!*';F4+1+-'9! '>!+<)!O).1=+-*P!=+->>9)==)=H!
3)1&-9R!*1F1*-+5!19B!B1;F-9R!*')>>-*-)9+=!1.'9R!+<)!=-T!B-&)*+-'9=J!W'=+!'>!+<)!F1&1;)+)&=!K)&)!
*';F4+)B! 191.5+-*1..5! =+1&+-9R! >&';! +<)! >'49B1+-'9! R)';)+&5! 19B!F&'F)&+-)=! '>! +<)! =-9R.)!
;1*&' V).);)9+=H! K<-.)! +<)! &);1-9-9R! '9)=! &)^4-&)B! +<)! '4+F4+! >&';! +<)! ;'B).J! ,<)! ;'B).!
'4+F4+!F1&1;)+)&=!9))B)B!>'&!+<)! *1.-3&1+-'9!1&)!+<)!C)&+-*1.!&)1*+-'9=! '>!+<)! ;1*&'V).);)9+=!
19B!+<)!31=)!=<)1&!*1F1*-+-)=!-9!+<)!+K'!<'&-d'9+1.!B-&)*+-'9=!. !19B!/ /!3'+<!'4+F4+!&)=4.+=!K)&)!
'3+1-9)B! >&';! +K'! F4=<'C)&! 191.5=)=H! 1.'9R!. !19B!/ J! ,<)! .1++)&! K)&)! *1&&-)B! '4+! F4=<-9R! +<)!
=+&4*+4&)!-9! .'1B!*'9+&'.!K-+<!F'-9+!>'&*)=! .'*1+)B!1+!+<)!>.''&! .)C).=H!1**'&B-9R!+'!1!+&-19R4.1&!
B-=+&-34+-'9J!

,<)! C)&+-*1.!=+->>9)==H!%- H!1=!K)..!1=!+<)!<'&-d'9+1.!=+->>9)==!-9!+<)!+K'!B-&)*+-'9=H!%(. !19B!%(/ H!K)&)!
'3+1-9)B!35!=-;F.5!=4;;-9R!4F!+<)!=+->>9)==!C1.4)=! '>!+<)!=-9R.)! ;1*&'V).);)9+=H!1==4;-9R!1!
&-R-B!3)<1C-'4&! '>!+<)!>'49B1+-'9!F.19)J!,<)!+'&=-'91.!=+->>9)==H!%3H!B')=!9'+!F.15!1!&'.)! -9!+<)!
>&1R-.-+5!*4&C)!B)&-C1+-'9!=-9*)!+<)!;'B).=!&)F&)=)9+!+<)!&)=F'9=)!-9!1!=-9R.)!C)&+-*1.!F.19)J!2'&!
+<)!&'+1+-'91.!=+->>9)==!-9!+<)!+K'!B-&)*+-'9=H!%0. !19B!%0/ H!+<)!.'K)&!3'49B!K'4.B!3)!=-;F.5!+<)!
=4;!'C)&!+<)!=-9R.)!;1*&' V).);)9+=H!1=!B'9)!>'&!+<)!'+<)&!=+->>9)==!*';F'9)9+=H!K<-.)!1B'F+-9R!
+<)!4FF)&!3'49B!K'4.B!;)19!1**'49+-9R!>'&!3'+<!+<)!&'+1+-'91.!=+->>9)==!'>!)1*<!;1*&'V).);)9+!
19B!+<)-&!C)&+-*1.!=+->>9)==!*'9+&-34+-'9!>'&!1!&-R-B!&'+1+-'9!'>!+<)!>'49B1+-'9!F.19)J!2'&!+<)!*1=)!
1+! <19BH! -+! K1=! B)*-B)B! +'! );F.'5! +<)! &'+1+-'91.! =+->>9)==! 4FF)&! 3'49BH!1.+<'4R<! =)9=-+-C-+5!
=+4B-)=! B);'9=+&1+)B! +<)! =;1..! -9>.4)9*)! '>! +<-=! =+->>9)==! -9! +<)! 'C)&1..! &)=F'9=)! '>! +<)=)!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" BB"

!

 

34-.B-9R=H!1=!B-=*4==)B!3).'KJ!,<)!&'+1+-'91.!=+->>9)==!1&'49B!+<)!R)9)&-*!<'&-d'9+1.!B-&)*+-'9H!
%0 H!K1=!+<4=!&)+&-)C)B!>'&!1!49-+!&'+1+-'9!1=!>'..'K=/!

!

! ! ! ! ! ! !!
!"#
! ! ! ! ! !

! ! ! ! !!
!"#
! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!O: J67P!

!

K<)&)!+<)!-9B)T!4!=F19=!1..!+<)!506"=-9R.)!;1*&' V).);)9+=!-9!+<)!;'B).!O-J)JH!68!-9!+<)!+)&&1*)B!
34-.B-9R!;'B).PH!K<-.)!74!-=!+<)!B-=+19*)!'>!+<)!4V+<!;1*&' V).);)9+!>&';!+<)!>'49B1+-'9!*)9+&'-BJ !

0-9*)!+<)!B591;-*!3)<1C-'4&!'>!+<)=)!34-.B-9R=!'9!=<1..'K!>'49B1+-'9=!-=!B&-C)9!;'&)!35!=.-B-9R!
+<19!35!&'*\-9RH!+<-=!*<'-*)!=<'4.B!9'+!.)1B!+'!-;F'&+19+!C1&-1+-'9=!-9!+<)!&)=4.+=J!,'!C)&->5!+<-=H!
+<)!>&1R-.-+5!*4&C)=!K)&)!1.='!&)+&-)C)B!35!4=-9R!1!&)B4*)B!&'+1+-'91.!=+->>9)==H!-9!3)+K))9!+<)!
+K'!)T+&);)!C1.4)=J!E9!F1&+-*4.1&H!31=)B!'9!)TF)&+!(4BR);)9+H!&1+<)&!+<19!&-R'&'4=!;)*<19-*1.!
*'9=-B)&1+-'9=H!'9)!+)9+<!'>!+<)!4FF)&!3'49B!K1=!1B'F+)BH!1!C1.4)!+<1+!-=!'>!*'4&=)!.1&R)&!+<19!
+<)!.'K)&!3'49BJ!2'&!1..!+<)!*'9=-B)&)B!34-.B-9R=H!+<-=!&)B4*)B!=+->>9)==!.)B!+'!=;1..!+'!9)R.-R-3.)!
C1&-1+-'9=! -9! +<)! >&1R-.-+5! *4&C)! K-+<! &)=F)*+! +'! +<)! '9)! '3+1-9)B! K-+<! +<)! 4FF)&! 3'49BH! 1=!
)TF)*+)BJ!

?'9*)&9-9R!+<)!3)1&-9R!*1F1*-+5H!+<)!C)&+-*1.! *';F'9)9+H!8 #+. H!K1=!*';F4+)B!1=!+<)!=4;! 'C)&!
+<)!=-9R.)! ;1*&'V).) ;)9+=H!K<-.)!>'&!+<)! '+<)&! *';F'9)9+=!+<)!>4..5! *'4F.)B!3)<1C-'4&! '>!+<)!
;1*&' V).);)9+! -9! +<)! =-T! B-&)*+-'9=! K1=! 4=)B! >'&! B)>-9-9R! +<)! =-d)! '>! -+=! 3'49B-9R! =4&>1*)J! E9!
F1&+-*4.1&H!+<)!3)1&-9R!*1F1*-+5!-9!+<)!<'&-d'9+1.!B-&)*+-'9H"( #+. H!K1=!'3+1-9)B!1=!>'..'K=/ !

!

! !"# ! !
! !" !! !! !"# !!

!"#
! ! !

! !"
! ! ! ! ! ! ! ! !!!!!!!!!!!O: J6#P!

!

K<)&)! ( #+.94! -=! +<)! ;1T-;4;! <'&-d'9+1.! *1F1*-+5! '>! )1*<! ;1*&' V).);)9+! -9! +<)! B-&)*+-'9!
*'9=-B)&)BH!19B!: 8( !19B!: 8(94!1&)!>49*+-'9!'>!+<)!1FF.-)B!C)&+-*1.!.'1BH!>'&!+<)!)^4-C1.)9+!;1*&'V
).);)9+! 19B! >'&! )1*<! '>! +<)! =-9R.)! ;1*&' V).);)9+=H! &)=F)*+-C).5J! ,<-=! >49*+-'9! '>! +<)! 1FF.-)B!
C)&+-*1.! .'1B! &).1+)=! +<)! ;1T-;4;! <'&-d'9+1.! *1F1*-+5! '>! +<)! ;1*&'V).);)9+! K-+<! -+=! 1*+41.!
<' &-d'9+1.! =<)1&! *1F1*-+5J! E9! 49B&1-9)B! *'9B-+-'9=! K-+<! d)&'! 31=)! =4*+-'9H! =4*<! >49*+-'9!
1==4;)=!1!X=*1..'F!=<1F)Z!19B!B)F)9B=!'9!+<)!C1.4)!'>!: 8H!K<-*<!-=!+<)!&1+-'!3)+K))9!+<)!+'+1.!
C)&+-*1.!&)1*+-'9!'>!+<)!34-.B-9R!19B!-+=!C)&+-*1.!3)1&-9R!*1F1*-+5J!

!

! !" !
! ! ! ! ! ! !

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

!" !! ! ! ! ! !!
!! ! ! ! ! ! ! !!!!!!!!!!!O: J66P!

!

24&+<)&!B)+1-.=!'9!+<)!-9C'.C)B!^419+-+-)=!*19!3)!>'49B!-9!?'&&)-1!e!%1'.4**-!O67#GPJ!

E9! '&B)&! +'! '3+1-9! +<)! &'+1+-'91.! 3)1&-9R! *1F1*-+5H!0 #+. H! +<)! :"! C)&+-*1.V<'&-d'9+1.V&'+1+-'91.!
-9+)&1*+-'9!=4&>1*)!>'&!+<)!*1F1*-+5!K1=!4=)B!+'!B)&-C)!+<)!>'..'K-9R!)TF&)==-'9/!!

!

! !"# !
! ! !! !! !

! !
! ! !

! !" ! ! !
! !

! !" !! !"#

!
!! ! ! ! ! ! ! ! !!!!!!!!!!!O: J6: P!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" BW"

!

 

K<)&)! ; <9%! -=! +<)! 4.+-;1+)! <'&-d'9+1.! >'&*)! 1+! +<)!%V+<! >.''&! .)C).H! '3+1-9)B! >&';! 1! F4=<'C)&!
191.5=-=!-9!+<)!&).)C19+!<'&-d'9+1.!B-&)*+-'9!19B!*'9=-B)&-9R!1!+&-19R4.1&!B-=+&-34+-'9!1.'9R!+<)!
34-.B-9R!<)-R<+H!8 $!-=!+<)!94;3)&!'>!=+'&)5=H!1%!-=!+<)!<)-R<+!'>!+<)!%V+<!>.''&!.)C).H!19B!( <!-=!+<)!
=4;! '>! ; <9%!>'&! 1..! =+'&)5=! 19B! *'&&)=F'9B=! +'! +<)! 4.+-;1+)! 31=)! =<)1&! C1.4)J!: 8( !K1=! 1.&)1B5!
B)>-9)BH! K<-.)!: 80 ! -=! 1.='! 1! >49*+-'9! '>! +<)! 1FF.-)B! C)&+-*1.! .'1B! +<1+! &).1+)=! +<)! ;1T-;4;!
&'+1+-'91.!;';)9 +!*1F1*-+5!'>!+<)!;1*&'V).);)9+!K-+<!-+=!1*+41.!;';)9+!*1F1*-+5J!,<)!+'&=-'91.!
*1F1*-+5!-=!'>!9'!-9+)&)=+!>'&!+<)!6"!191.5=)=!F)&>'&;)BJ!

,<)! )^4-C1.)9+! B1=<F'+! *')>>-*-)9+=!;'B)..-9R! +<)! &1B-1+-'9! B1;F-9R! -9! +<)! ='-.! 1.'9R! +<)! =-T!
B-&)*+-'9=! K)&)! *';F4+)B! 35! =4;;-9R! 4F! +<)! C1.4)=! '>! +<)! =-9R.)! ;1*&'V).);)9+=J! E9! K<1+!
*'9*)&9=!+<)!&'*\-9R!&)=F'9=)!+<-=!*'&&)=F'9B=!+'!1! .'K)&!3'49B!1==4;F+-'9J!D'9)+<).)==H!1=!
;)9+-'9)B!13'C)H!+<)!&)=F'9=)! '>!+<)!34-.B-9R=!*'9=-B)&)B!-=!;1-9.5!B';-91+)B!35!=.-B-9R!19B!
9'+!35!&'*\-9RJ!

2-91..5H! +<)! X;'B).! =F)*->-*! F1&1;)+)&=Z! O=))! >-91.! =43V=)*+-'9! '>! 0)*+-'9 ! :J#J#J6P! >'&! +<)!
)^4-C1.)9+!>''+-9R!;1*&' V).);)9+!-9!0)-=;'0+&4*+!K)&)!=)+!)^41.! +'!+<'=)! '>!+<)!=-9R.)!>''+-9R!
;1*&' V).);)9+=J! ,<)! .1++)&!1==4;)B!C1.4)=! *'9=-=+)9+!K-+<!+<)! *1.-3&1+-'9!F&'*)B4&)!B'9)! -9!
+<)!K'&\!35!%-19)=)!O67#_PJ!,<)!=*1..'F!=<1F)!K1=!1==4;)B!>'&!+<)!3'49B-9R!=4&>1*)H!=-9*)!+<)!
B591;-*!191.5=-=!-=!F)&>'&;)B!49B)&!49B&1-9)B!*'9B-+-'9=J!

!"#"3"3 A1*)5:1(,+'(1J,K&+/(+'02,

,<&))!W"N2!;'B).=!O=))! 2-R4&)!: J#: H!2-R4&)!: J#$H!2-R4&)!: J#QH!19B!2-R4&)!: J#SP!K)&) !*&)1+)B!+'!
B)&-C)!+<)!)^4-C1.)9+!>''+-9R!;1*&'V).);)9+!>'&!+<)! >'4&!*'9=-B)&)B!B)+1*<)B!-9B)T!34-.B-9R=c!
[K).B)&H! U1BK)RH!"-(\=+&11+!19B! ")! ]1C)& J! ,<)! =1;)! ;'B)..-9R! =+&1+)R5!1B'F+)B! >'&! +<)!
+)&&1*)B!34-.B-9R!K1=!4=)B!<)&)J! ,<)!+'+1.!94;3)&! '>!>''+-9R! ;1*&' V).);)9+=! -9*.4B)B! -9!+<)!
;'B).=! -=! #S! >'&! [K).B)&! O'9) V=+'&)5PH! #:! >'&!U1BK)R! O'9)V=+'&)5PH! _! >'&! "-(\=+&11+!O+K'V
=+'&)5PH!19B!6_!>'&!")!]1C)&!O'9) V=+'&)5PJ!
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,<)! ;-T)B! 191.5+-*1.! 19B! ;'B). V31=)B! F&'*)B4&)! 1B'F+)B! >'&! +<)! )^4-C1.)9+! ;1*&'V).);)9+!
*1.-3&1+-'9!-=!+<)!=1;)!4=)B!>'&!+<)!+)&&1*)B!-9B)T!34-.B-9RJ!,<)!'9.5!B->>)&)9*)!>'&!+<)!>-&=+!+K'!
19B!>'4&+<!;'B).=!O 2-R4&)!: J#: H!2-R4&)!: J#$!19B!2-R4&)!: J#SP!-=!+<1+!+<)!94;3)&!'>!=+'&-)=H!8 $H!-=!
)^41.!+'!#H!19B!+<4=!+<)!4.+-;1+)!<'&-d'9+1.!>'&*)=!-9!+<)!+K'!<'&-d'9+1.!B-&)*+-'9=!*'-9*-B)!K-+<!
+<)!4.+-;1+)!31=)!=<)1&!C1.4)=!'3+1-9)B!>&';!F4=<'C)&!191.5=)=J!

D<><D ?)$@')-&'2"$."-3'"'S;&A(%'#-".$$-&#5"*(+)$ ,'%'*'#-2 "

,<)! >'..'K-9R! +13.)= H! >&';!,13.)! : J#8! +'! ,13.)! : J6#H! &)F'&+! +<)! &)+&-)C)B! F&'F)&+-)=! '>! +<)!
)^4-C1.)9+! >''+-9R! ;1*&' V).);)9+=! >'&! 1..! +)&&1*)B! 19B! B)+1*<)B!-9B)T! 34-.B-9R=H! -9! +)&;=! '>!
-9-+-1.!=+->>9)==H!>'49B1+-'9!*1F1*-+5!19B!&1B-1+-'9!B1;F-9R!)^4-C1.)9+!B1=<F'+!*')>>-*-)9+=J!!
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%-"O\Dl;P ! %(." O\Dl;P ! %0/" O\D;l&1BP!

#JQ6#L}78! #J#S8L}78! _JQ#$L}7_!

8 #+." O\DP! ( #+.9."O\DP! 0 #+.9/"O\D;P!
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%-"O\Dl;P ! %(." O\Dl;P ! %0/" O\D;l&1BP!
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!
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%-"O\Dl;P ! %(." O\Dl;P ! %0/" O\D;l&1BP!
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8 #+." O\DP! ( #+.9."O\DP! 0 #+.9/"O\D;P!
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! &(." O+'9l=P! &0/" O+'9v; 6l=P!
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!
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%-"O\Dl;P ! %(." O\Dl;P ! %0/" O\D;l&1BP!

SJ:8$L}7S! QJ7QQL}7S! #JQ_QL}7_!

8 #+." O\DP! ( #+.9."O\DP! 0 #+.9/"O\D;P!
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!
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%-"O\Dl;P ! %(." O\Dl;P ! %0/" O\D;l&1BP!

#JQ::L}78 ! #J#$8L}78! 6JGSGL}7_!

8 #+." O\DP! ( #+.9."O\DP! 0 #+.9/"O\D;P!
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D<6 ?&%'".$;#:(-&$#"*(+)$ ,'%'*'#- "

,<)! F-.) V<)1B! ;1*&' V).);)9+! B)C).'F)B! 35! ?'&&)-1! e! %)*\)&! O67#GP!;15! 3)! &)R1&B)B! 1=! 1!
.4;F)B!;'B).!.'*1+)B!1+!+<)!31=)!'>!+<)! =4F)&=+&4*+4&)!+<1+!-9+)9B=!+'!&)F&)=)9+!+<)!3)<1C-'4&!
'>! +<)! )9+-&)! ='-.V>'49B1+-'9! =5=+);J! n-+<! +<)! 1-;! '>! &)1.-=+-*1..5! =-;4.1+-9R! +<)! =)-=;-*!
&)=F'9=)! '>!+<)!=+&4*+4&)H!+<)!;1-9!='4&*)=!'>!9'9.-9)1&-+5!>'&!.1+)&1..5!.'1B)B!F-.)=H!&).1+)B!+'!
='-.!19B!F-.)!-9).1=+-*!&)=F'9=)H!-9*.4B-9R!R1F!'F)9-9R!19B!*.'=4&)H!1&)!*'9=-B)&)BJ!

,<)! ;1*&' V).);)9+! 1B'F+)B! <)&)-9! -=! +<4=!31=)B! '9! +<)! +<&))! >49B1;)9+1.! >)1+4&)=! '>! +<)!
&)=F'9=)! '>! .1+)&1..5! .'1B)B! F-.)=/! -9-+-1.! ).1=+-*! 3)<1C-'4&H! R1F! 'F)9-9Rl*.'=4&)! )>>)*+=! 19B!
>1-.4&)! *'9B-+-'9=J! ,<)=)! +<&))! *<1&1*+)&-=+-*! 3)<1C-'4&=! 1&)! 1..! ;1B)! *';F1+-3.)! 35! 4=-9R! 19!
-9).1=+-*!;'B).! +<1+ !1**'49+=! >'&! +<)! )C'.4+-'9! >&';! -9-+-1.! 9'9.-9)1&! ).1=+-*! 3)<1C-'4&! +'! >4..!
F.1=+-*! >.'K! 1+! >1-.4&)J! 04*<! -9).1=+-*! ;'B).! -=! 31=)B! '9! 1! 3'49B-9R! =4&>1*)! F.1=+-*-+5! +<)'&5!
>'&;4.1+-'9!+<1+! )9=4&)=!1!=;''+<!+&19=-+-'9!>&';! +<)! -9-+-1.! ).1=+-*!F-.)V<)1B!&)=F'9=)! 4F!+'!
9'9.-9)1&!3)<1C-'4&!19B!*'..1F=)J!

,<-=!F-.)V<)1B! ;1*&' V).);)9+! ;'B).! &)F&)=)9+ =!+<)! .1+)&1.! 3)<1C-'4&! '>! =-9R.)! C)&+-*1.! F-.)=H!
=43()*+)B!+'!1!<'&-d'9+1.!.'1B!19B!1!;';)9+H!>&';!+<)!-9-+-1.!=+1R)=!'>!.'1B-9R!4F!49+-.!&)1*<-9R!
>1-.4&)J! ,<)! )>>)*+=! '>! C)&+-*1.! .'1B-9R! 1&)! 9'+! B-&)*+.5! *'9=-B)&)B! -9! +<-=! ;'B).! )T*)F+! >'&! -+=!
-9>.4)9*)! '9! +<)! F.1=+-*! ;';)9+! '>! +<)! F-.)! *&'== V=)*+-'9J! N+<)&K-=)H! -+! -=! *'9=-B)&)B! +<1+! +<)!
4FF)&! d'9)! '>! +<)! ='-.! F&'>-.)H! 49+-.! +<)! B)F+<! 1+! K<-*<! +<)! F.1=+-*! <-9R)! K-..! >'&;H! '9.5!
*'9+&-34+)=!+'!+<)! .1+)&1.! .'1B!&)=-=+19*)J!,<)!C)&+-*1.! .'1B!-=!1==4;)B!+'!3)!+&19=>)&&)B!+'!+<)!
=4&&'49B-9R!='-.!3).'K!+<1+!B)F+<H!K<)&)!+<)&)!-=!9'!-9>.4)9*)!'>!R1F!'F)9-9R!)>>)*+=J!

,<)!1B'F+)B!=5=+);!>'&!9'9.-9)1&!B591;-*!191.5=)=H!1=!;'B)..)B!-9!0)-=;'0+&4*+H!*';F'=)B!'>!
1! 9'9.-9)1&! =+&4*+4&1.! 0"N2! 19B!1! F-.)! ;1*&' V).);)9+H! -=! =<'K9! -9! 2-R4&)!: J#8J! ,<)! =1;)!
=4F)&=+&4*+4&)V&).1+)B!&);1&\=!;1B)!-9!+<)!*1=)!'>!>''+-9R!;1*&' V).);)9+!1FF.5!-9!+<-=!*1=)J!A..!
+<)!=F&-9R=!19B!B1=<F'+=!F&)=)9+!-9!+<)!;1*&'V).);)9+!-;F.);)9+1+-'9!1&)!C-=41.-=)B!-9!+<)!6"!
=*<);)H!1F1&+!>&';!+<)!+'&=-'91.!'9)= H!K<-*<!B'!9'+!F.15!1!&'.)!-9!+<)!191.5=)=!'>!-9+)&)=+J!
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D<6<> !22'22*'#-"$."&#@;-"@()(*'-')2".$)"@&%'".$;#:(-&$#"*(+)$ ,'%'*'#- "

,<-=! =)*+-'9! B)=*&-3)=! +<)! -9F4+! F1&1;)+)&=! >'&! F-.)! ;1*&'V).);)9+=! +'! 3)! 4=)B! >'&! +<)!
*1.-3&1+-'9!=+)F!'>!W"N2!;'B).=!'>!+<)!34-.B-9R=J!A+!+<-=!=+1R)H!+<)!F1&1;)+)&=!1&)!B)&-C)B!'9.5!
>'&! ='-.! +5F)! AH! 3)-9R! +<)! ;)B-19! A2! *<1&1*+)&-d-9R! ='-.! +5F)! A! +<)! ;'=+! &)F&)=)9+1+-C)J! ,<)!
F1&1;)+)&=!B)>-9-+-'9!-=!F&)*)B)B!35!+<)!B)=*&-F+-'9!'>!+<)!>'49B1+-'9!+5F'.'R-)=J!

,<&))!B->>)&)9+! *1=)=!<1C)!3))9! *'9=-B)&)B! *';3-9-9R!+K'!+5F)=! '>!F-.)=!O=))!=)*+-'9! :J6J#J#P!
19B!+<&))!34-.B-9R=!*<1&1*+)&-d)B!35!B->>)&)9+!F&'F)&+-)=!19B!.'1B=J!2-R4&)!: J#_!=<'K=H!>'&!<1.>!
'>!+<)!;'B).H !+<)!F-.)!B-=+&-34+-'9!1==4;)B!>'&!+<)!AF1&+;)9+!-9B)T!34-.B-9R=J!,<)!>'49B1+-'9=!
'>!1..!+<)!34-.B-9R=!<1C)!+<)!=1;)!94;3)&!O-J)J!S8P!19B!F'=-+-'9!'>!+<)!F-.)=H!1=!=<'K9!-9!2-R4&)!
: J#GJ!,13.)! : J66!=<'K=!+<)!;1-9!*<1&1*+)&-=+-*=!'>!+<)!>'49B1+-'9=!*'9=-B)&)BJ!!
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*'99)*+)B!35!&)-9>'&*)B!*'9*&)+)!O@?P!*1FF-9R!3)1;=!K-+<!<)-R<+!)^41.!+'!S77;;H! 19B!1!K-B+<!
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>'49B1+-'9!-=!=<'K9!-9!2-R4&)!: J67J!

2-R4&)!: J6#! =<'K=! +<)! B)+1-.-9R! '>! +<)! F-.)! K-+<! +<)! *<1&1*+)&-=+-*=! '>! -+=! ;1+)&-1.=! 19B!
&)-9>'&*);)9+J! ,<)! *'9*&)+)! -=! 1! U6Q! +5F)H! K<-*<! -=! 1==4;)B! )^4-C1.)9+! +'! ?6Ql:7H!19B! >'&!
K<-*<! -=! 1==4;)B! 1! ‚'49Ri=! ;'B4.4=! '>! :#! `%1J! ,<)! ;1-9! &)-9>'&*);)9+! -=! *'9=+-+4+)B! 35!
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2'&!+<)!X"&-C)V-9Z!-9B)T!34-.B-9RH!-9=+)1BH!19!1.+)&91+-C)!F-.)!+5F'.'R5!K1=!*'9=-B)&)BH!*'9=-=+-9R!
'>! 6Q7T6Q7! ;;! =^41&)! =)*+-'9! *'9*&)+)! F-.)=J! ,<)! F-.)= {! .)9R+<! -=! )^41.! +'! #S!; H! K-+<!1! U6Q!
*'9*&)+)!+5F)H!K<-*<!-=!1==4;)B!)^4-C1.)9+!+'!?6Ql:7H!19B!K-+<!19!1==4;)B!‚'49Ri=!;'B4.4=!'>!
:#! `%1J! ,<)! ;1-9! & )-9>'&*);)9+! -=! *'9=+-+4+)B! 35! $$#6!;;H! +<)! +&19=C)&=1.! &)-9>'&*);)9+! -=!
*'9=+-+4+)B!$_!;;ƒ6Q7 !;;!<''F=J!,<)!=+)).!+5F)!-=!2)UQ77J !

!"3"#"3 4)56%71/181'*,.)6)81*162 ,

0'-. V=+&4*+4&)! -9+)&1*+-'9! '>!F-.)!>'49B1+-'9=!K1=!191.5=)B!4=-9R!+<)! ;1*&'V).);)9+!1FF&'1*<!
F&'F'=)B!35!?'&&)-1!O67##P!19B!?'&&)-1!e !%)*\)&!O67#GPH!K<-*<!-=!B)=*&-3)B!13'C)J!,<-=!0)*+-'9!
B)=*&-3)=!+<)!B)>-9-+-'9!'>!+<)!F1&1;)+)&=!>'&!;1*&'V).);)9+=!'>!F-.)!>'49B1+-'9=!+'!3)!4=)B! -9!
+<)!W"N2! ;'B).J! ,<)! -9 F4+! F1&1;)+)&=! '>! +<)! ;1*&'V).);)9+=! *19! 3)! =43B-C-B)B! -9+'! +<&))!
;1-9!R&'4F=!B)=*&-3)B! -9!+<)!>'..'K-9R!=)*+-'9=/!>'49B1+-'9! *1F1*-+5H!>'49B1+-'9!=+->>9)==!19B!
;'B).!=F)*->-*!F1&1;)+)&=J!

A.+,31)#.,!21B12#)0C!

?'&&)-1!O67##P!<1=!B)+)&;-9)B!+<)!>1-.4&)!=4&>1*)!19B!;)*<19-=;!>'&!.1+)&1..5!.'1B)B!F-.)=!O-J)J!
1!='-.!F1==-C)!K)BR)!>1-.4&)!1+!=<1..'K!B)F+<=!19B!>.'KV1&'49B!>1-.4&)!1+!.1&R)&!B)F+<=H!K-+<!1!
F'==-3.)!R1F!>'&;1+-'9!'9!+<)!31*\!'>!+<)!F-.)H!=))!2-R4&)!: J663P!+<&'4R<!+<)!\-9);1+-*!1FF&'1*<!
'>!5-).B!B)=-R9!+<)'&5J!y9B)&!=)-=;-*!*'9B-+-'9=H!1!=1+4&1+)B!='-.!B)F'=-+!-=!*'9=-B)&)BH!K<-*<!-=!
1==4;)B!+'!3)!-;F)&C-'4=J!?'9=)^4 )9+.5H!-+!&)=F'9B=!K-+<!49B&1-9)B!3)<1C-'4&!19B!+<)!,&)=*1!
>1-.4&)!*&-+)&-'9!;15!3)!1B'F+)B J!2-R4&)!: J661P!=<'K=!+<)!+K'!=-;F.->-)B!R)'+)*<9-*1.!=*)91&-'=!
-9!+)&;=!'>!49B&1-9)B!=<)1&!=+&)9R+<!O04P!*'9=-B)&)B!35!?'&&)-1!O67##PH!K<-*<!-9*.4B)=!*'9=+19+!
'&!.-9)1&!B-=+&-34+-'9!1.'9R!+<)!B)F+<!'>!+<)!='-.!B)F'=-+J!

!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" W="

!

 

!
G59<+.)XHPP)4L)E.,0./D15/48)=/.14+5,=U)/,1=0410)417)851.4+)<17+451.7)=D.4+)=0+.190D)>+,258.=Z);L)=,58)+.=>,1=.)

2,+)>58.BD.47)840.+48)8,47519)JA,++.54O)PQFFLH)

2-R4&)!: J6: !=<'K=!+<)!49B&1-9)B!=<)1&!=+&)9R+<!)C1.41+)B!-9!+<)!=<1..'K!F1&+!'>!+<)!B)F'=-+!'>!
='-.!+5F)!A! '3+1-9)B! -9!=)*+-'9!#JSJ#H!+<)!C1.4)=! *19!3)! -9+)&F'.1+)B!35! .-9)1&!&).1+-'9=<-FH!>'&!
=4*<!&)1='9!+<)!)C1.41+-'9!'>!+<)!*1F1*-+5!'>!+<)!;1*&'V).);)9+!<1=!3))9!)=+-;1+)B!*'9=-B)&-9R!
+<)!.-9)1&!04!B-=+&-34+-'9!F&'F'=)B!35!?'&&)-1!O67##PJ!!

 

 

G59<+.)XHPX):17+451.7)=D.4+)=0+.190D).@48<40.7)51)0D.)=D488,M)>4+0),2)0D.)7.>,=50),2)=,58)0?>.)'H)

,<)!*1F1*-+5!-9F4+!F1&1;)+)&=!'>!+<)!;1*&'V).);)9+=!1&)/! !

o +<)!;1T-;4;!<'&-d'9+1.!F-.)!<)1B!>'&*)!O „ ];1T PH!*1.*4.1+)B!>'&!+<)!*1=)!'>!9'!)**)9+&-*-+5!
'>!+<)!<'&-d'9+1.!>'&*)c!

o +<)!F-.)!5-).B!;';)9+!O „ W;1T qW5Pc!!
o +<)!>.)T4&1.!=+->>9)==!'>!+<)!F-.)!=)*+-'9!OLFEFPJ!!

,<)! .1=+!+K'!F1&1;)+)&=!<1C)!3))9!*1.*4.1+)B!+<&'4R<!1! ;';)9+V*4&C1+4&)!191.5=-=!4=-9R!+<)!
='>+K1&)!?yWUEA!OW'9+)('! e !['K1.=\5H!6778PJ!!

,<)!='-. VF-.)!F.1=+-*! ;)*<19-=;!F1&1;)+)&=!B)C).'F)B!35!?'&&)-1!O67##P!1B'F+=!1!K)BR)V+5F)!
'>! ;)*<19-=;! 31=)B! '9! +<)! '9)! F&'F'=)B! 35! [.1&! e! @19B'.F<! O677_PH! ;'B->-)B! -9! '&B)&! +'!
-9*.4B)!1!F'==-3.)!R1F!'F)9-9R!-9!+<)!31*\!'>!+<)!F-.)!19Bl'&!19!1*+-C)!*'9-*1.!K)BR)!'>!='-.J!,<)!
K)BR)!+<-*\9)==!-=!-B)9+->-)B!35!+<)!B)F+<!dKJ!?'&&)-1!O67##P!*'9=-B)&=!F-.)=!-9C1&-13.5!*.1==->-)B!
1=! .'9R! '&!>.)T-3.)!F-.)=H!+<)! .)1=+!4FF)&!3'49B!K1=!1.K15=! '3+1-9)B!K-+<!+<)!B)>'&;)B!=<1F)!
+<1+!-9*.4B)=!1!F.1=+-*!<-9R)H!>'&;-9R!1+!1!B)F+<!d<H!K-+<!1.;'=+!&-R-B!3)<1C-'4&!'>!+<)!&);1-9-9R!
F-.)! .)9R+<J!0'-.! -9)&+-1! )>>)*+=!K)&)!1.='!1..'K)B!>'&H!1.+<'4R<!+<)5!K)&)!=<'K9!9'+!+'!<1C)!1!
=-R9->-*19+!-9>.4)9*)!'9!+<)!.)1=+!4FF)&!3'49B!C1.4)!O?'&&)-1H!67##PJ!

?'&&)-1!O67##P!B)C).'F)B!1!9'9.-9)1&!*'9=+&1-9)B!'F+-;-=1+-'9!F&'*)B4&)!-9!'&B)&!+'!B)+)&;-9)!
+<)! ;-9-;4;! 4FF)& V3'49B! >1-.4&)! ;)*<19-=;! F1&1;)+)&=J! ,<)! 'F+-;-d1+-'9! F&'*)B4&)! 4=)=!
B-;)9=-'9.)==! F1&1;)+)&=! 19B! )^41+-'9=H! K<)&)! "H! 04H! 19B!+=!1&)! *'9=-B)&)B! 1=! >49B1;)9+1.!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" WB"

!

 

^419+-+-)=J!A!B-;)9=-'91.!191.5=-=!=<'K)B!+<1+!+<)!-9B)F)9B)9+!C1&-13.)=!K)&)!+<)!9'&;1.-=)B!
.'1B!)**)9+&-*-+5H!)9!q!)l"H!F-.)!5-).B!;';)9+H!W 59!q!W5!l!0 4!" : H!19B!='-.!49-+!K)-R<+H!…9!q!…=!"!l!0 4J!

2'&! 1! =+&1-R<+>'&K1&B! 94;)&-*1.! -;F.);)9+1+-'9! '>! +<)!F.1=+-*-+5! >'&;4.1+-'9H! +<)! F-.)V<)1B!
>1-.4&)!=4&>1*)!K1=!1FF&'T-;1+)B!35!1!&'49B)B!*4&C)!*'&&)=F'9B-9R!+'!1!B-=+'&+)B!=4F)&)..-F=)J!
2-R4&)!: J6$!=<'K=!1!9'&;1.-d)B!=4F)&)..-F=)!B)=*&-3)B!35!+<)!>'..'K-9R!)^41+-'9/!

!

! !

! ! !! ! !
! !

! !

! !

! !

!
! !

! !

! !

! ! ! O: J6$P!

!

,<)!F1&1;)+)&=!+H!9] !19B!9W!1&)!B-=*4==)B!.1+)&!-9!+<)!=)*+-'9!13'4+!;'B).!=F)*->-*!F1&1;)+)&= J!

!

!
G59<+.)XHPK)_,+3485I.7)=<>.+.885>=.H)

,<)! )C'.4+-'9! '>! +<)! ;1T-;4;! 9'&;1.-=)B! <'&-d'9+1.! F-.) V<)1B! .'1B! *19! 3)! &).1+)B! K-+<! +<)!
9'&;1.-=)B! 5-).B! ;';)9+! 19B! K-+<! +<)! 9'&;1.-=)B! .'1B! )**)9+&-*-+5! +<&'4R<! +<)! >'..'K-9R!
)^41+-'9H!K-+<!*')>>-*-)9+=!.-=+)B!-9!,13.)! : J6: J!

!

! !" !
! !

! ! ! ! !
! !"

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

! !
! ! ! ! ! !

! ! ! ! ! !

! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!O: J6QP!

!

S4;8.) XHPXU)A,.225/5.10=)2,+)\<1)2500519)2<1/05,1))

!

!

,<)!='-.!K)BR)!9'&;1.-=)B!B)F+<!OdK9P!-=!B)=*&-3)B!35!+<)!>'..'K-9R!)^41+-'9!K-+<!*')>>-*-)9+=!
.-=+)B!-9!,13.)! : J6$J!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" WW"

!

 

!

! !" !
! !

!
!

! !"
! !

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

! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!O: J6SP!

!

S4;8.) XHPKU)A,.225/5.10=)2,+)" #$ !2500519)2<1/05,1))

!

!

A.+,31)#.,!()#DD,'((C!

`1d)+1=!O#GG#P!;1B)!1!*';F.)+)!=4&C)5!'>!>'49B1+-'9!C-3&1+-'9!F&'3.);=!19B!-9*.4B)B!B)+1-.)B!
B)=-R9! *<1&+=!19B! )^41+-'9=!>'&!B-&)*+! *';F4+1+-'9! '>!+<)!F-.)V<)1B! .1+)&1.! 19B!1T-1.! =+->>9)==!
19B!B1;F-9R!*')>>-*-)9+=J!,<)!)TF&)==-'9=!F&)=)9+)B!-9!`1d)+1=!O#GG#P!K)&)!'3+1-9)B!+<&'4R<!
*1.-3&1+-'9! '>!94;)&-*1.!&)=4.+=!19B!1&)!K-B).5!4=)B! -9! )^4-C1.)9+V.-9)1&!191.5=)=! '>!='-.VF-.)V
=+&4*+4&)V-9+)&1*+-'9J! ]-=! )TF&)==-'9=! >'&! F-.)V<)1B! =+1+-*! =+->>9)==! <1C)! 3))9! 1B'F+)BH! K-+<!
=.-R<+! ;'B->-*1+-'9=H! -9! L?! _!b! %1&+! Q!O677$PJ! ,<)! 1FF&'T-;1+)! )TF&)==-'9=! >'&! F-.)V<)1B!
)^4-C1.)9+V.-9)1&!-;F)B19*)=!F&'F'=)B!35!`1d)+1=!O#GG#P!19B!1B'F+)B!-9!L?_!b!%1&+!Q!O677$PH!
K)&)! 1==4;)B! +'! 3)! C1.-B! >'&! &)F&)=)9+-9R! +<)! -9-+-1.! ).1=+-*! B591;-*! =+->>9)==! '>! +<)! ;1*&'V
).);)9+J!,<)=)!>'&;4.1 =!1&)!C1.-B!>'&!='-.!F&'>-.)=!K-+<!*'9=+19+H!.-9)1&!'&!F1&13'.-*!-9*&)1=)!'>!
='-.!=+->>9)==!K-+<!B)F+<J!2-R4&)!: J6Q!&)F&)=)9+=!+<)!='-.!=+->>9)==!)C'.4+-'9!K-+<!B)F+<!-9!=4*<!
-B)1.-=)B!='-.!F&'>-.)=J!!

!

!
G59<+.)XHP^)$7.485I.7)=,58)=05221.==)>+,258.=)J2+,3)A,++.54O)PQFFLH)

,<)! `1d)+1=!O#GG#P!>'&;4.1=!1&)!C1.-B!>'&!>.)T-3.)! '&! .'9R!F-.)=!19B!1&)!=4;;1&-=)B! -9!,13.)!
: J6QJ! E+! 1.='! F&)=)9+=! +<)! F-.)! 1*+-C)! .)9R+<! >'&! .1+)&1.! .'1B-9R! -9!-9)&+-1.! &)=F'9=)H! K<-*<! -=!
=';)K<1+!R&)1+)&!+<19!-+=!=+1+-*!*'49+)&F1&+H!B)>-9-9R!+<)!;-9-;4;!F-.)!.)9R+<!>'&!+<)!F-.)!+'!3)!
*'9=-B)&)B!>.)T-3.)J!E9!+<'=)!)TF&)==-'9=H!"!-=!+<)!F-.)!B-1;)+)&H!L0" !-=!+<)!‚'49Ri!;'B4.4=!'>!+<)!
='-.! 1! B)F+<! )^41.! +'! +<)! F-.)! B-1;)+)&! 19B! LF! -=! +<)! ‚'49Ri=! ;'B4.4=! '>! +<)! F-.)! ;1+)&-1.!
O?'&&)-1H! 67##PJ! ,<)! F-.)V<)1B! =+->>9)==! ;1+&-T! *';F'9)9+=! >'..'K! +<)! =-R9! *'9C)9+-'9!
)TF&)==)B!-9!2-R4&)!: J6SJ!

!

!

!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" WG"

!

 

S4;8.) XHP^U)*58.BD.47)=0405/)=05221.==)/,.225/5.10=)417)4/05@.)8.190D)2,+)28.k5;8.)>58.=)J420.+)"A[)d)*4+0)^O)PQQKLH)

!

!

!
G59<+.)XHPY)C591)/,1@.105,1)2,+)>58.BD.47)8,47519)J2+,3)A,++.54O)PQFFLH)

`1d)+1=!O#GG#P!<1=!1.='!F&)=)9+)B!+<)!*'&&)=F'9B-9R!F-.)V<)1B!B1;F-9R!*')>>-*-)9+=H!K<-*<!1&)!
*';F4+)B!>'&!)1*<!>&)^4)9*5!O>P!1**'&B-9R!+'!+<)!)TF&)==-'9=!-9!,13.)! : J6SJ!,<)=)!*'&&)=F'9B!
'9.5!+'!+<)!&1B-1+-'9!B1;F-9R!*';F'9)9+J!W'&)'C)&H!+<)5!1&)! '9.5!C1.-B!>'&!>&)^4)9*-)=!13'C)!
+<)!>49B1;)9+1.!>&)^4)9*5!'>!C-3&1+-'9!'>!+<)!='-.!B)F'=-+H!=-9*)H!->!+<)!3)B&'*\!-=!1==4;)B!+'!3)!
&-R-BH! 9'! &1B-1+-'9! B1;F-9R! )T-=+=! 3).'K! +<1+! >&)^4)9*5J! ,<)!='-.! B)F'=-+! >49B1;)9+1.!
>&)^4)9*-)=! O>0P! 1=='*-1+)B! +'! )1*<! -B)1.-=)B! ='-.! F&'>-.)! 1&)! 1.='! R-C)9! -9!,13.)! : J6SH! K-+<! a0!
3)-9R!+<)!='-.!B)F'=-+!B)F+<!19B!M0" !19B!M0a=!3)-9R!+<)!=<)1&!K1C)!C).'*-+5!1+!1!B)F+<!'>!'9)!F-.)!
B-1;)+)&!19B!1+!+<)!3'++';! '>!+<)!='-.!F&'>-.)H!&)=F)*+-C).5J!E9!+<)!>'&;4.1=! '>!,13.)! : J6SH!+<)!
>&)^4)9*5!>!-=!1==4;)B!>'&!='-.!+5F)!A!)^41.!+'!#JS8!]d!O-J)J!7JS=PH!+1\-9R!-9+'!1**'49+!3'+<!+<)!
F)&-'B! '>! +<)! =+&4*+4&)=! +'! 3)! *'9=-B)&)B! 19B! +<)! A2! +&)9B! =<'K9! -9!2-R4&)!#J#GH! +<)! .1++)&!
<1C-9R!F)1\=!'>!1.;'=+!)^41.!C1.4)!3)+K))9!7J$!19B!#JS8!]dJ!

!

!

!

!

!

!

!

!

!

!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" WX"

!

 

S4;8.) XHPYU)*58.BD.47)+475405,1)743>519)/,.225/5.10=)2,+)28.k5;8.)>58.=)417)2<1743.1048)2+.]<.1/5.=),2)=,58)
7.>,=50)J420.+)E4I.04=O)FeeFLH)

!

!

,<)! &1B-1+-'9!B1;F-9R!)^4-C1.)9+!B1=<F'+!*')>>-*-)9+=!-9!,13.)! : J6S!1&)!9'9 VB-;)9=-'91. c!+<)!
*'&&)=F'9B-9R!B-;)9=-'91.!>'&;!*19!3)!&)+&-)C)B!4=-9R!+<)!>'..'K-9R!)TF&)==-'9=/!

!

! !! !
! !! !! ! ! !!

!
! O: J68P!

! !! !
! !! !! ! ! !!

!
! O: J6_P!

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

!
! O: J6GP!

!

2-R4&)!: J68!=<'K=!+<)!=<)1&!K1C)!C).'*-+5!F&'>-.)! '>!='-.!+5F)!AJ!n -+<-9!+<)!F-.)! .)9R+<!O#S;PH!
+<)! M=! F&'>-.)H! 19B! *'9=)^4)9+.5! 1.='! +<)! ‚'49R! 19B! =<)1&! ;'B4.4=H! 1&)! &1+<)&! *'9=+19+J!
, <)&)>'&)H!+<)!F-.)V<)1B!=+->>9)==!19B!B1;F-9R!K)&)!=).)*+)B!*'9=-B)&-9R!+<)!*'9=+19+!F&'>-.)J!

!

!
G59<+.)XHPR)CD.4+)M4@.)@.8,/50?)>+,258.),2)=,58)0?>.)'H)



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" WH"

!

 

2'&!+<)!C)&+-*1.!=+->>9)==!*';F'9)9+H!-9!+<)!*1=)!'>!1!F-.)!-9!1!<';'R)9'4=!.15)&H!+<)!='.4+-'9!'>!
+<)!R'C)&9-9R!)^4-.-3&-4;!)^41+-'9!5-).B=!+<)!C)&+-*1.!=+->>9)==![!1+'F!+<)!F-.)!O=))!>'&!-9=+19*)!
W5.'91\5=!e!`1d)+1=H!#GG_P/!

!

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

! ! ! !"#$ ! !
!! ! ! ! ! ! ! ! !!!!!!!!!!!O: J:7 P!

 

-9!K<-*< -  19B & =+19B!>'&!+<)!B-;)9=-'9.)==!F-.)V31=)!=+->>9)==!19B! .'1B!+&19=>)&!On-9\.)&P!
F1&1;)+)&!&)=F)*+-C).5/!

 

! !
! !

! ! ! ! !
! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!O: J:# P!

 

! !
!" !

! ! ! !
! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!O: J:6 P!

!

2&';!+<)!=-;F.)!;)+<'B!'>!@19B'.F<!e!n&'+<!O#G8_PH!-+!>'..'K=!+<1+!+<)!='-.!1&'49B!1!F-.)!=<1>+!
*19!3)!&)F&)=)9+)B!35!B-=+&-34+)B!=F&-9R=!On-9\.)&!1==4;F+-'9PH!+<)!=+->>9)==!'>!K<-*<!OF)&!49-+!
.)9R+<!'>!F-.)P!*19!3)!K&-++)9!1=/!

 

! ! ! !" ! ! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!O: J:: P!

 

K<)&)/ !

 

! !
! !

!" ! ! !
!

! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!O: J:$ P!

 

19B!&; !-=!1!+<&)=<'.B!&1B-4=!3)5'9B!K<-*<!='-.!=)++.);)9+! -=!C19-=<-9R.5!=;1..J!E9!+<)!R)9)&1.!
*1=)!'>!19!-9<';'R)9)'4=!='-.H!& ; !-=!R-C)9!35/!

 

!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!O: J:QP!

 

-9!K<-*< . 1 19B . 2 1&)!);F-&-*1.!>1*+'&=!1**'49+-9R!>'&!='-.!-9<';'R)9)-+5J !

!

E9! 1**'&B19*)! K-+<! `1d)+1=! O#GG#P! +<)! 1T-1.! &1B-1+-'9! B1=<F'+! *')>>-*-)9+! >'&! *'9=+19+! ='-.!
;'B4.4=!*19!3)!)C1.41+)B!K-+<!+<)!>'..'K-9R!>'&;4.1/!

!

! !! ! ! !
! ! ! ! ! ! ! !"# ! ! !!!!!"# !! ! ! !! ! ! !

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

O: J:S P!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" GI"

!

 

! !! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"# !! ! ! ! !

!

n<)&)! ! ! ! ! !" ! ! ! H! K-+<!! !" !-=! +<)! 1C)&1R)! Ma1! 'C)&! +<)! =+&1+4;! B)F+<! ]H!! ! ! !" ! ! ! J! a-9)1&!
-9+)&F'.1+-'9!-=!&)^4-&)B!>'&!>&~>~#JQ>&J!

4.3'%!(B'2#D#2!B1/1E')'/(C!

,<)!F-.)!;1*&' V).);)9+!1**'49+ =!>'&!+<)!+<&))!;1('&!>)1+4&)=!'>!+<)!&)=F'9=)!'>!.1+)&1..5!.'1B)B!
F-.)=/! -9-+-1.! ).1=+-*! 3)<1C-'4&H! R1F! -9>.4)9*)! 19B! >1-.4&)! *'9B-+-'9=J! ,<)=)! +<&))! *<1&1*+)&-=+-*!
3)<1C-'4&=! 1&)! 1..! ;1B)! *';F1+-3.)! 35! 4=-9R! 19! -9).1=+-*! ;'B).H! K<-*<! 1**'49+=! >'&! +<)!
)C'.4+-'9! >&';! -9-+-1.! ).1=+-*! 3)<1C-'4&! +'! >4..! F.1=+-*! >.'K! 1+! >1-.4&)J! 04*<! -9).1=+-*! ;'B).! -=!
31=)B! '9!3'49B-9R!=4&>1*)!F.1=+-*-+5!+<)'&5H!>'&! ;'9'+'9-*!1=!K)..!1=! *5*.-*!F-.)V<)1B! .'1B-9R!
*'9B-+-'9=!O?'&&)-1H!67##PJ!A!;'&)!B)+1-.)B!B)=*&-F+-'9!'>!+<)!+<)'&)+-*1.!1=F)*+=!&)R1&B-9R!+<)!
>'&;4.1+-'9!'>!+<)!F-.)!;1*&' V).);)9+!*19!3)!>'49B! -9!?'&&)-1!e!%)*\)&!O67#GPJ!!

,<-=!=)*+-'9!B)=*&-3)=!+<)!;'B).!=F)*->-*!F1&1;)+)&=!+<1+!*<1&1*+)&-d)!+<)!F-.)! ;1*&'V).);)9+J!
,<)!F1&1;)+)&=! +H!9] !19B!9W!B)=*&-3)!+<)!=<1F)!'>!+<)!B-=+'&+)B!=4F)&)..-F=)!+<1+!1FF&'T-;1+)=!
+<)!F-.)V<)1B!>1-.4&)!=4&>1*)J!9] !-=!)^41.!+'!8J7$!>'&!.-9)1&!49B&1-9)B!=<)1&!=+&)9R+<!F&'>-.)H!9W!-=!
1.K15=!)^41.!+'!6H!19B!+!-=!)^41.!+'!V7JSS8!>'&!.-9)1&!49B&1-9)B!=<)1&!=+&)9R+<!F&'>-.)J!

,<)!F1&1;)+)&=!/ !19B!0!1&)!+K'!*1.-3&1+-'9!F1&1;)+)&=!B)=*&-3-9R!+<)!R1FF-9R!;'B).H!/ !-=!)^41.!
+' !#H!K<)&)1=!0!-=!+1\)9!)^41.!+'!7J77#J!

,<)! F1&1;)+)&=! ] 7F.H! 9y@!19B!#.-; !B)=*&-3)! +<)! )C'.4+-'9! '>! +<)! F.1=+-*! ;'B4.4=! B4&-9R! *5*.-*!
&)=F'9=)H!]7F.!-=!+<)!&)>)&)9*)!F.1=+-*!;'B4.4=!F1&1;)+)&!19B!-=!)^41.!+'!7J6H!9y@!-=!+<)!)TF'9)9+!
>'&!F.1=+-*!;'B4.4=!)C'.4+-'9!19B!-=!)^41.!+'!#H!#.-; !-=!+<)!.'K)&!.-;-+!C1.4)!>'&!+<)!=-;-.1&-+5!&1+-'!
#!3)+K))9!+<)!.'1B-9R!19B!3'49B-9R!=4&>1*)=!-9!49.'1B-9Rl&).'1B-9R!19B!-=!)^41.!+'!7J::J!

!"3"#"!  L.)6*81'*,K/%5G,;A6+>17+'?,

,<)! "&-C)V-9!-9B)T!34-.B-9R! -=! >'49B)B! '9! =^41&)! B&-C)9!F-.)=! '>! K-B+<! 6Q! *;c!19! )^4-C1.)9+!
B-1;)+)&!'>!6_J6!*;!<1=!+<4=!3))9!*';F4+)B!>'&!+<)!1==)==;)9+!'>!;1*&' V).);)9+!F1&1;)+)&= H!
4=-9R!1!*&-+)&-'9!'>! )^41.! *&'==V=)*+-'9!1&)1J!W1+)&-1.!F1&1;)+)&=! '>!+<)!F-.)=!1&)!B)=*&-3)B! -9!
=)*+-'9!:J6J#J#J!

,<)! -9-+-1.! =+->>9)==! F1&1;)+)&=! '>! +<)! ;1*&'V).);)9+! <1 C)!3))9! *';F4+)B! *'9=-B)&-9R! 1! ='-.!
F&'>-.)!K-+<!*'9=+19+!‚'49Ri=!;'B4.4=!1==4;-9R!M =" !)^41.!+'!6#Q!;l=H!B)9=-+5!1!)^41.!+'!#S87!
\Rl; : H!19B!* !)^41.!+'!7J$QJ!

A9!)=+-;1+)! '>!+<)! .'1B! '9!)1*<!F-.)H!+'!3)!4=)B!>'&!+<)!*';F4+1+-'9! '>!+<)! ;';)9+ b*4&C1+4&)!
&).1+-'9=<-FH! -=! )C1.41+)B!B-C-B-9R!+<)!+'+1.! .'1B!35!+<)!94;3)&! '>!F-.)=c!+<)!&)=4.+-9R!C)&+-*1.!
.'1B! -=! )^41.! +'! ##$! \DJ! ,<)! )9=4-9R! ;';)9+ V*4&C1+4&)! F.'+!O'3+1-9)B! 4=-9R!+<)! ='>+K1&)!
?4;3-1 P!-=!=<'K9!-9!2-R4&)!: J6_J!

,<)! )**)9+&-*-+5! '>! +<)! <'&-d'9+1.! .'1B! O)P! *'&&)=F'9B=! +'! +<)! <)-R<+! '>! +<)! )^4-C1.)9+! 0"N2!
;'B).!19B!-=!)^41.!+'!$JQ#!;J !

,<)!;1*&' V).);)9+!F1&1;)+)&=!>'&!)1*<!F-.)!K)&)!)C1.41+)B!31=)B!'9!+<)!>'&;4.1=!B)=*&-3)B!-9!
=)*+-'9!:J6J#J6J!,13.)! : J68!=4;;1&-d)=!+<)!;1*&' V).);)9+!F1&1; )+)&=!>'&!+<)!F-.)=!'>!+<)!"&-C)V
-9!34-.B-9RJ!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" G>"

!

 

!
G59<+.)XHP[ )6,3.10 B/<+@40<+.)+.8405,1=D5>)417)/,++.=>,17519);5B851.4+)4>>+,k53405,1)2,+)>58.)=]<4+.)

=./05,1)(TP^/3)2,+)@.+05/48)8,47).]<48)0,)FFK)W_H)

!

S4;8.) XHPRU)*58.BD.47)34/+, B.8.3.10)>4+43.0.+ =)2,+)!+5@.B51);<587519H)

!

!
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Moment - Curvature Relation

!"#$%& '()* +,-./)0*)%( 12&3,
! " #$%&'#(%)"'*'+ ,-./.

011# 234" #1'+*%5)&#6%&'#7')(#8*%99:'88 ;<,=>?@#

0AA# 234" #AB+%CB:*)&#6%&'#7')(#8*%99:'88 D>.=,/@#

0EE# 23#" #FB*)*%B:)&#6%&'#7')(#8*%99:'88 <.=;?/###

0AE# 23# #AB+-G+B*-#B99G(%)HB:)&#6%&'#7')(#8*%99:'88 ;I=D.,G###

JJKAKELM# 23 #E)N%"O"#7B+%CB:*)&#6%&'#7')(#9B+5'#P%*7#:B#'55':*+%5%*Q<?-@
JJKEKELM# 23" #$%&'#7')(#Q%'&(#"B"':* <.-<

: A# RGS #TN6B:':*#9B+#7B+%CB:*)&#9B+5'#%:#*7'#8O6'+'&&%68'#UV@-,;

: E# RGS #TN6B:':*#9B+#"B"':*#%:#*7'#8O6'+'&&%68'#UV .

! RGS #!%8*B+*%B:#B9#*7'#8O6'+'&&%68'#UV G,-II@

WX# " #E)N%"O"#H)6#('6*7#Y8B%&#P'(H'#('6*7Z ,

T6[6# 23#". #$%&'#9&'NO+)&#8*%99:'88 DI</-D

" RGS #\)6#']B&O*%B:#6)+)"'*'+ D
# RGS #E%:%"O"#H)6#('6*7#']B&O*%B:#6)+)"'*'+ ,-,,D

A,
6& RGS #F'9'+':5'#6&)8*%5#"B(O&O8#6)+)"'*'+ ,-.

: ^F# RGS #TN6B:':*#9B+#6&)8*%5#"B(O&O8#']B&O*%B: D

$_[E# RGS #_BP'+#&%"%*#])&O'#9B+#!T_`L#%:#O:&B)(%:H4+'&B)(%:H-,-<<

a11# R3#8#4"S#B#R2H48S#1'+*%5)&#+)(%)*%B:#()"6%:H# ?,?=I,I#
aAA# R3#8#4"S#B#R2H48S#AB+%CB:*)&#()"6%:H .,;=,;@#
aEE# R3#"#8S#B#R2H#".48S#FB*)*%B:)&#()"6%:H# D.=@.,###
aAE# R3#8#S#B#R2H#"48S#AB+-G+B*-#B99G(%)HB:)&#()"6%:H <>=@@DG###

J 8 R23S V7)9*#5)6)5%*Q ?I/-<



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" G6"

!

 

!"3"#"@ L.)6*81'*,K/%5G,;B7M/)*?,

,<)! [ V>.1+!-9B)T!34-.B-9R!-=!>'49B)B! '9! *-&*4.1&! 3'&)B! F-.)=! '>! $Q! *;! B-1;)+)&c! +<)!;1+)&-1.!
F1&1;)+)&=! '>!+<)!F-.)=!1&)!B)=*&-3)B! -9!=)*+-'9!:J6J#J#J! ,<)! -9-+-1.!=+->>9)==!F1&1;)+)&=! '>!+<)!
;1*&' V).);)9+! K)&) ! *';F4+)B! *'9=-B)&-9R! 1! ='-.! F&'>-.)! K-+<! *'9=+19+! ‚'49Ri=! ;'B4.4=!
1==4;-9R!M=" !)^41.!+'!6#Q!;l=H!B)9=-+5!1!)^41.!+'!#S87!\Rl; : H!19B!* !)^41.!+'!7J$QJ!

A9!)=+-;1+)! '>!+<)! .'1B! '9!)1*<!F-.)H!+'!3)!4=)B!>'&!+<)!*';F4+1+-'9! '>!+<)! ;';)9+ b*4&C1+4&)!
&).1+-'9=<-FH! -=! )C1.41+)B!B-C-B-9R!+<)!+'+1.! .'1B!35!+<)!94;3)&! '>!F-.)=c!+<)!&)=4.+-9R!C)&+-*1.!
.'1B! -=! )^41.! +'! 666J_! \DJ! ,<)!)9=4-9R!;';)9+ V*4&C1+4&)! F.'+!O'3+1-9)B!4=-9R!+<)! ='>+K1&)!
?4;3-1 P!-=!=<'K9!-9!2-R4&)!: J6GJ!

,<)! )**)9+&-*-+5! '>! +<)! <'&-d'9+1.! .'1B! O)P! *'&&)=F'9B=! +'! +<)! <)-R<+! '>! +<)! )^4-C1.)9+! 0"N2!
;'B).!19B!-=!)^41.!+'!SJ6_!;J!,<)!;1*&' V).);)9+!F1&1;)+)& =!>'&!)1*<!F-.)!K)&) !)C1.41+)B!31=)B!
'9! +<)! >'&;4.1=! B)=*&-3)B! -9! =)*+-'9!:J6J#J6c!,13.)! : J6_! =4;;1&-d)=! +<)! ;1*&' V).);)9+!
F1&1;)+)&=!>'&!+<)!F-.)=!'>!+<)![V>.1+!34-.B-9RJ!

!

!
G59<+.)XHPe)6,3.10 B/<+@40<+.)+.8405,1=D5>)417)/,++.=>,17519);5B851.4+)4>>+,k53405,1)2,+)>58.)/5+/<84+)

=./05,1)!TK^/3)2,+)@.+05/48)8,47).]<48)0,)PPPH[)W_H)

!
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!
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! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" GD"

!

 

S4;8.) XHP[ U)*58.BD.47)34/+, B.8.3.10)>4+43.0.+ =)2,+)NB2840);<587519H)

!

!"3"#"D L.)6*81'*,K/%5G,;N1%60,>)',O?,

,<)! `)'&R!C19!0!-9B)T!34-.B-9R!-=!>'49B)B! '9!*-&*4.1&!3'&)B!F-.)=! '>!$Q!*;!B-1;)+)&c!;1+)&-1.!
F1&1;)+)&=! '>!+<)!F-.)=!1&)!B)=*&-3)B! -9!=)*+-'9!:J6J#J#J! ,<)! -9-+-1.!=+->>9)==!F1&1;)+)&=! '>!+<)!
;1*&' V).);)9+! K)&)! *';F4+)B! *'9=-B)&-9R! 1! ='-.! F&'>-.)! K-+<! *'9=+19+! ‚'49Ri=! ;'B4.4=!
1==4;-9R!M=" !)^41.!+'!6#Q!;l=H!B)9=-+5!1!)^41.!+'!#S87!\Rl; : H!19B!* !)^41.!+'!7J$QJ!

A9!)=+-;1+)! '>!+<)! .'1B! '9!)1*<!F-.)H!+'!3)!4=)B!>'&!+<)!*';F4+1+-'9!'>!+<)! ;';)9+ b*4&C1+4&)!
&).1+-'9=<-FH! -=! )C1.41+)B!B-C-B-9R!+<)!+'+1.! .'1B!35!+<)!94;3)&! '>!F-.)=c!+<)!&)=4.+-9R!C)&+-*1.!
.'1B! -=! )^41.! +'! #87J#! \DJ! ,<)!)9=4-9R!;';)9+ V*4&C1+4&)! F.'+!O'3+1-9)B!4=-9R!+<)! ='>+K1&)!
?4;3-1 P!-=!=<'K9!-9!2-R4&)!: J:7 J!

,<)! )**)9+&-*-+5! '>! +<)! <'&-d'9+1.! .'1B! O)P! *'&&)=F'9B=! +'! +<)! <)-R<+! '>! +<)! )^4-C1.)9+! 0"N2!
;'B).!19B!-=!)^41.!+'!8J8Q!;J!,<)!;1*&' V).);)9+!F1&1;)+)&=!>'&!)1*<!F-.)!K)&)!)C1.41+)B!31=)B!
'9! +<)! >'&;4.1=! B)=*&-3)B! -9! =)*+-'9!:J6J#J6c!,13.)! : J6G! =4;;1&-d)=! +<)! ;1*&' V).);)9+!
F1&1;)+)&=!>'&!+<)!F-.)=!'>!+<)!`)'&R!C19!0!34-.B-9RJ!

!

!

!

!

!"#$%& '()* +,-./)0*)%( 12&3,
! " #$%&'#(%)"'*'+ ,-./,

011# 234" #1'+*%5)&#6%&'#7')(#8*%99:'88 ;<=>?/?######

0@@# 234" #@A+%BA:*)&#6%&'#7')(#8*%99:'88 =,C>.<D######

0EE# 23#" #FA*)*%A:)&#6%&'#7')(#8*%99:'88 <=<>;/?######

0@E# 23# #@A+-G+A*-#A99G(%)HA:)&#6%&'#7')(#8*%99:'88 <<;>=C<G######

IIJ@JEKL# 23 #E)M%"N"#7A+%BA:*)&#6%&'#7')(#9A+5'#O%*7#:A#'55':*+%5%*P?,-/
IIJEJEKL# 23" #$%&'#7')(#P%'&(#"A"':* ?;-=

: @# QGR #SM6A:':*#9A+#7A+%BA:*)&#9A+5'#%:#*7'#8N6'+'&&%68'#TU;-,.

: E# QGR #SM6A:':*#9A+#"A"':*#%:#*7'#8N6'+'&&%68'#TU V

! QGR #!%8*A+*%A:#A9#*7'#8N6'+'&&%68'#TU G,-CC;

WX# " #E)M%"N"#H)6#('6*7#Y8A%&#O'(H'#('6*7Z ,

S6[6# 23#"V #$%&'#9&'MN+)&#8*%99:'88 C<;C-D

" QGR #\)6#']A&N*%A:#6)+)"'*'+ <
# QGR #E%:%"N"#H)6#('6*7#']A&N*%A:#6)+)"'*'+ ,-,,<

@,
6& QGR #F'9'+':5'#6&)8*%5#"A(N&N8#6)+)"'*'+ ,-V

: ^F# QGR #SM6A:':*#9A+#6&)8*%5#"A(N&N8#']A&N*%A: <

$_[E# QGR #_AO'+#&%"%*#])&N'#9A+#!S_`K#%:#N:&A)(%:H4+'&A)(%:H-,-==

a11# Q3#8#4"R#A#Q2H48R#1'+*%5)&#+)(%)*%A:#()"6%:H# <>?,D>,==##
a@@# Q3#8#4"R#A#Q2H48R#@A+%BA:*)&#()"6%:H /<D>V=;######
aEE# Q3#"#8R#A#Q2H#"V48R#FA*)*%A:)&#()"6%:H# ?V>=C/########
a@E# Q3#8#R#A#Q2H#"48R#@A+-G+A*-#A99G(%)HA:)&#()"6%:H <C<>..<G######

I 8 Q23R U7)9*#5)6)5%*P ;DC-<



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" G="

!

 

S4;8.) XHPeU)*58.BD.47)34/+, B.8.3.10)>4+43.0.+=)2,+)E.,+9)@4 1)C);<587519H)

!

!

!
G59<+.)XHXQ)6,3.10 B/<+@40<+.)+.8405,1=D5>)417)/,++.=>,17519);5B851.4+)4>>+,k53405,1)2,+)>58.)/5+/<84+)

=./05,1)!TK^/3)2,+)@.+05/48)8,47).]<48)0,)FRQHF)W_H)

!"#$%& '()* +,-./)0*)%( 12&3,
! " #$%&'#(%)"'*'+ ,-./,

011# 234" #1'+*%5)&#6%&'#7')(#8*%99:'88 ;<=>?/?######

0@@# 234" #@A+%BA:*)&#6%&'#7')(#8*%99:'88 =,C>.<D######

0EE# 23#" #FA*)*%A:)&#6%&'#7')(#8*%99:'88 <=<>;/?######

0@E# 23# #@A+-G+A*-#A99G(%)HA:)&#6%&'#7')(#8*%99:'88 <<;>=C<G######

IIJ@JEKL# 23 #E)M%"N"#7A+%BA:*)&#6%&'#7')(#9A+5'#O%*7#:A#'55':*+%5%*P;;-,
IIJEJEKL# 23" #$%&'#7')(#P%'&(#"A"':* ?<-;

: @# QGR #SM6A:':*#9A+#7A+%BA:*)&#9A+5'#%:#*7'#8N6'+'&&%68'#TU;-,.

: E# QGR #SM6A:':*#9A+#"A"':*#%:#*7'#8N6'+'&&%68'#TU V

! QGR #!%8*A+*%A:#A9#*7'#8N6'+'&&%68'#TU G,-CC;

WX# " #E)M%"N"#H)6#('6*7#Y8A%&#O'(H'#('6*7Z ,-,,<

S6[6# 23#"V #$%&'#9&'MN+)&#8*%99:'88 /CD<-=

" QGR #\)6#']A&N*%A:#6)+)"'*'+ <
# QGR #E%:%"N"#H)6#('6*7#']A&N*%A:#6)+)"'*'+ ,-,,<

@,
6& QGR #F'9'+':5'#6&)8*%5#"A(N&N8#6)+)"'*'+ ,-V

: ^F# QGR #SM6A:':*#9A+#6&)8*%5#"A(N&N8#']A&N*%A: <

$_[E# QGR #_AO'+#&%"%*#])&N'#9A+#!S_`K#%:#N:&A)(%:H4+'&A)(%:H-,-==

a11# Q3#8#4"R#A#Q2H48R#1'+*%5)&#+)(%)*%A:#()"6%:H# <>?,D>,==##
a@@# Q3#8#4"R#A#Q2H48R#@A+%BA:*)&#()"6%:H /<D>V=;######
aEE# Q3#"#8R#A#Q2H#"V48R#FA*)*%A:)&#()"6%:H# ?V>=C/########
a@E# Q3#8#R#A#Q2H#"48R#@A+-G+A*-#A99G(%)HA:)&#()"6%:H <C<>..<G######
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!

 

D<6<6 9(%&8)(-&$#"$."-3'"'S;&A(%'#-"@&%'"*(+)$ ,'%'*'#- "

A=! B-=*4==)B! 1.&)1B5! >'&! +<)! 34-.B-9R=! '9! =<1..'K! >'49B1+-'9=H! R-C)9! +<1+! +<)! B)C).'F;)9+! '>!
>&1R-.-+5! >49*+-'9=! -=! 31=)B! '9! B591;-*! 191.5=)=! '>! 0"N2! =5=+);=! O?&'K.)5! )+! 1.JH! 67#GPH!+<)!
*1.-3&1+-'9! '>! 19! )^4-C1.)9+! F-.)! ;1*&'V).);)9+! K1=!9))B)B !1.='! >'&! +<-=! =)*'9B! =)+! '>! -9B)T!
34-.B-9R=J!A=!>'&!+<)! '+<)&!-9B)T!34-.B-9R=H!+<)!>-&=+!=+)F!K1=!+<4=!+'! *&)1+)!1!W"N2! ;'B).! -9!
0)-=;'0+&4*+!>'&!)1*<!-9B)T!34-.B-9RJ!AF1&+;)9+!34-.B-9R=!<1C)!1!.15'4+!+<1+!-=!=-;-.1&!+'!+<1+!'>!
+<)!+)&&1*)B!34-.B-9R=H!34+!*';F1&)B!+'!+<)!.1++)&!+<)5!1&)!+1..)&!O+<&))!'&!>'4&!=+'&-)=P!19B!;'&)!
;1==-C)J!`-C)9!+<)!=-;-.1&-+5!'>!R)';)+&-*!F&'F)&+-)=!>'&!1..!+<)!*'9=-B)&)B!-9B)T!34-.B-9R=H!+<)!
>'49B1+-'9! F.19)!K1=! 1==4;)B! +'! 3)! =1;)! >'&! 1..! '>! +<);H! *';F&-=-9R! 1! +'+1.! '>! S8! F-.)=!
B-=+&-34+)B!1.'9R!+<)!F)&-;)+)&!19B!>-C)!+&19=C)&=1.!1T)=!1.'9R!+<)!/ VB-&)*+-'9!O=))!2-R4&)!: J#GPJ!

A.='H!1R1-9! *'9=-B)&-9R!+<)! =-;-.1&!R)';)+&-*! F&'F)&+-)=! >'&! +<)! +<&))V=+'&)5!y@W!1F1&+;)9+!
-9B)T!34-.B-9R=!-9*.4B)B!-9!+<-=!=+4B5H!91;).5 !"&-C)V-9H![V2.1+!19B!`)'&R!C19!0H!+<)!=1;)!W"N2!
;'B). ! OB-=F.15)B! -9!2-R4&)!: J:# P!K1=! 4=)B! >'&! 1..! '>! +<);H!'9.5! *<19R-9R! +<)! +'+1.! ;1==!
1**'&B-9R.5J!

!

!

G59<+.)XHXFU)SD.)0D+..B=0,+.?)6!mG)3,7.8)<=.7)2,+)!+5@. B51O)NBG840)417)E.,+9)@41)C)4>4+03.10)517.k)
;<587519=H)

A=!>'&!+)&&1*)B!19B!B)+1*<)B!34-.B-9R=H!;1='9&5!F-)&=!19B!=F19B&).=!1&)!-9+&'B4*)B!1=!*'.4;9=!
19B!3)1;=H!&)=F)*+-C).5H!+'! ;'B).!+<)!+&19=C)&=)!K1..=!O/ VB-&)*+-'9P!19B!1FF&'T-;1+).5! ;'B).!
+<)! =)^4)9*)! '>! 'F)9-9R=! -9! +<)! +K'! -B)9+-*1.! >1•1B)=! 1.'9R! +<)!. VB-&)*+-'9J!A! +'+1.! '>! S8! F-.)!
;1*&' V).);)9+=!1&)!-9+&'B4*)B!1+!+<)!31=)!'>!+<)!;'B).H!-9!*'&&)=F'9B)9*)!+'!+<)!F-.)!F'=-+-'9=!
O=))!2-R4&)!: J#GPJ!0-;-.1&.5! +'! +)&&1*)B! 19B! B)+1*<)B! 34-.B-9R=H! +<)! 191.5=)=! K)&)! F)&>'&;)B!
1.'9R!+<)!OK)1\)&P!TVB-&)*+-'9!'>!+<)!34-.B-9R=J!

,<&))!+5F)=! '>!F-.)!1.-R9;)9+=!1&)!F&)=)9+H!19B! -9! )1*<! '>!+<);!F-.)=!<1C)!B->>)&)9+!B-=+19*)=!
3)+K))9! )1*<! '+<)&J! E9! '&B)&! +'! ;'B).! +<)! C)&+-*1.! ;1='9&5! F-)&=! -9! +<)! / VB-&)*+-'9! K-+<'4+!
-9+&'B4*-9R! 'C)&.1FF-9R! '&! 'F)9-9R=!3)+K))9!+<);H!-9=+)1B! '>!*&)1+-9R!1! ;1='9&5!F-)&! '9!+<)!
+'F!'>!)1*<!;1*&' V).);)9+H!1=!B'9)!>'&!+)&&1*)B!19B!B)+1*<)B!34-.B-9R=H!+<)!>'..'K-9R!;'B)..-9R!
=+&1+)R5!K1=!1B'F+)BJ! 2'&! )1*<! F-.)! &'KH! 1! *)9+&'-B! 9'B)! 1+! d)&'! ).)C1+-'9!K1=! *&)1+)BH! 9'+!
&)=+&1-9)B!19B!*'99)*+)B!+'!+<)!4FF)&!9'B)=!'>!+<)!;1*&'V).);)9+=!+<&'4R<!1!&-R-B!.-9\J!E9!+<-=!
K15H!'9.5! '9)!F-)&!F)&!=+'&)5!K1=!*&)1+)B!'9!+<)!+'F! '>!+<-=!*)9+&'-B!9'B)J!,<)9H!+'!3)!13.)!+'!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" GW"

!

 

-9+&'B4*)! +<)! 3)1;=H! +K'! .1+)&1.! 9'B)=! 1+! )1*<! =+'&)5! 19B! >'&! )1*<! F-.)! &'K!K)&) ! *&)1+)BH!
*'99)*+)B!C-1!&-R-B!.-9\=!+'!+<)!*)9+&'-B!K1..!9'B)=J!

,<)!&-R-B!&)-9>'&*)B!*'9*&)+)!=.13=!1&)!;'B)..)B!K-+<!&-R-B!B-1F<&1R;=!.-9\-9R!+<)!*'.4;9!19B!
3)1;!9'B)=!1+!+<)!>.''&!.)C).=J!@)-9>'&*)B!*'9*&)+)!>'49B1+-'9!3)1;=!*'99)*+!+<)!4FF)&!9'B)=!
'>!+<)!;1*&' V).);)9+=J!U'+<!;1='9&5!19B!&)-9>'&*)B!*'9*&)+)! K)&) !-9+&'B4*)B!1=!.-9)1&!).1=+-*!
;1+)&-1.=H! K-+<! +<)! 1*+41.! C1.4)=! >'&! +<)! ).1=+-*! ;'B4.4=! 19B! B)9=-+5J! ,<)! +'+1.! ;1==! '>! +<)!
;'B).H!R-C)9!35!+<)!=4F)&=+&4*+4&)!;1==!F.4=!+<)!>'49B1+-'9!;1==H!-=!1FF&'T-;1+).5!)^41.!+'!+<)!
1*+41.!+'+1.!;1==H!K<-*<!K1=!4=)B!-9!+<)!B)&-C1+-'9!'>!+<)!=-9R.)!;1*&'V).);)9+!F&'F)&+-)=J!

,K'! C1&-19+=! '>! +<)! B)=*&-3)B! W"N2! ;'B).! K)&) ! F&'B4*)BJ! ,<)! >-&=+! '9)H! K<'=)! '4+F4+! -=!
9))B)B! +'! &)+&-)C)! '9)! =+->>9)==! *';F'9)9+! O1=! )TF.1-9)B! 3).'KPH! <1=! 19! 1BB-+-'91.! &-R-B!
B-1F<&1R;!1+!+<)!>'49B1+-'9!.)C).!*'99)*+-9R!+<)!4FF)&!9'B)=!'>!+<)!;1*&'V).);)9+=J!,<)!.1++)&!
9'B)=!<1C)!+<)-&!&'+1+-'9=!&)=+&1-9)B!19B!1!&).1+-C).5!=;1..!<'&-d'9+1.!>'&*)!O+'!=+15!-9!+<)!-9-+-1.!
).1=+-*! B';1-9P! 1.'9R!. !1FF.-)BJ! ,<)! =)*'9B! C1&-19+! '>! +<)! ;'B).H! K<'=)! '4+F4+! -=! 9))B)B! +'!
&)+&-)C)! +<)! &'+1+-'91.! 3)1&-9R! *1F1*-+5H! -=! >'&! F4=<'C)&! 191.5=-=! 1.'9R! +<)!. VB-&)*+-'9H! -J)J! +<)!
'9.5! B-&)*+-'9! '>! -9+)&)=+! >'&! F-.)! ;1*&'V).);)9+=! OK<-*<! K'&\! -9! '9.5! '9)! B-&)*+-'9Pc! +<)!
F4=<'C)&!K1=! *1&&-)B! '4+! F4=<-9R! +<)! =+&4*+4&)! -9! .'1B! *'9+&'.! K-+<! >'&*)=! .'*1+)B! 1+! +<)!
*)9+&'-B=!'>!>.''&!.)C).=H!1**'&B-9R!+'!1!+&-19R4.1&!B-=+&-34+-'9J!

, <)! )^4-C1.)9+! ;1*&' V).);)9+! *1.-3&1+-'9! &)^4-&)=! +<)! *';F4+1+-'9! '>! +<)! =+->>9)==H! *1F1*-+5!
19B! B1;F-9R! 1.'9R! =)C)&1.! B-&)*+-'9=J! W'=+! '>! +<)! F1&1;)+)&=!K)&) ! *';F4+)B! 191.5+-*1..5!
=+1&+-9R!>&';!+<)!>'49B1+-'9!R)';)+&5!19B!F&'F)&+-)=! '>!+<)!=-9R.)! ;1*&'V).) ;)9+=H!K<-.)!+<)!
&);1-9-9R!'9)=!&)^4-&)B!+<)!'4+F4+!>&';!+<)!;'B).J !

,<)!C)&+-*1.!=+->>9)==H!%- H!1=!K)..!1=!+<)!<'&-d'9+1.!=+->>9)==H!%( H!K)&) !'3+1-9)B!35!=-;F.5!=4;;-9R!
4F! +<)! =+->>9)==! C1.4)=! '>! +<)! =-9R.)! ;1*&'V).);)9+=H! 1==4;-9R! 1! &-R-B! 3)<1C-'4&! '>! +<)!
>'49B1+-'9!F.19)J!,<)!+'&=-'91.!=+->>9)==H!%3H!B')=!9'+!F.15!1!&'.)!-9!+<)!>&1R-.-+5!*4&C)!B)&-C1+-'9!
=-9*)!+<)!;'B).=!&)F&)=)9+!+<)!&)=F'9=)!-9!1!=-9R.)!C)&+-*1.!F.19)J!

2'&!+<)!&'+1+-'91.!=+->>9)==H!%0 H!1!;'&)!&-R'&'4=!1FF&'1*<!+<19!+<)!'9)!>'..'K)B!>'&!+)&&1*)B!19B!
B)+1*<)B!34-.B-9R=!K1=!1B'F+)BH!=-9*)!+<)!B591;-*!3)<1C-'4&!'>!1F1&+;)9+!34-.B-9R=!-=!B&-C)9!
;'&)! 35! &'*\-9R! +<19! 35! =.-B-9R/! +<-=! -=! 31=-*1..5! 3)*14=)! +<)5! 1&)! +1..)&! +<19! +)&&1*)B! 19B!
B)+1*<)B!34-.B-9R=J! ,<)!1FF&'1*<! *'9=-=+)B! -9! *';F1&-9R!+<)! -9-+-1.!&'+1+-'91.!=+->>9)==! '>!+<)!
W"N2!;'B).!K-+<!+<)!'9)!'>!+<)!=-;F.->-)B!=5=+);!*';F'=)B!'>!1!9'9.-9)1&!=+&4*+4&1.!0"N2!19B!
19! )^4-C1.)9+! F-.)! ;1*&' V).);)9+! O=))! 2-R4&)!: J#8! 13'C) PJ! ,<)! >'..'K- 9R! =+)F=!K)&) !
-;F.);)9+)B/ !

¥ A!F4=<'C)&!191.5=-=!-=!*1&&-)B!'4+!'9!+<)!W"N2!;'B).c!
¥ ,<)!1C)&1R)!B-=F.1*);)9+!'>!+<)!>'49B1+-'9!F.19)!19B!'>!+<)!4FF)&!>.''&=!1&)!*';F4+)B!

1+!19!)1&.5!=+1R)!'>!.'1B-9RH!='!+'!3)!-9!+<)!;1*&'V).);)9+!.-9)1&!).1=+-*!F<1=)c!
¥ A9! )^4-C1.)9+! >.''&! B-=F.1*);)9+! -=! *';F4+)B! =4;;-9R! 4F! +<)! =-9R.)! >.''&!

B-=F.1*);)9+=!=^41&)B!19B!+<)9!B-C-B-9R!35!+<)!=4;! '>!>.''&!B-=F.1*);)9+=H!1==4;-9R!
)^41.!>.''&!;1==)=c !

¥ ,<)! )^4-C1.)9+! B&->+! &1+-'! -=! '3+1-9)B! 35! =43+&1*+-9R! +<)! 31=)! B-=F.1*);)9+! >&';! +<)!
) ^4-C1.)9+!>.''&!B-=F.1*);)9+!19B!B-C-B-9R!35!+<)!34-.B-9R!*)9+&'-B!<)-R<+c!

¥ A9'+<)&!F4=<'C)&!191.5=-=!-=!*1&&-)B!'4+!'9!+<)!=-;F.->-)B!0"N2!=5=+);c!
¥ A+!+<)!=1;)! )1&.5!=+1R)! '>! .'1B-9RH!+<)! 0"N2!B&->+!&1+-'! -=! '3+1-9)B!35!=43+&1*+-9R!+<)!

>'49B1+-'9! 9'B)! B-=F.1*);)9+! >&';! +<)! =+&4*+4&1.! ;1==! B-=F.1*);)9+! 19B! B-C-B-9R! 35!
+<)!34-.B-9R!*)9+&'-B!<)-R<+c!
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!

 

¥ ,<)!)^4-C1.)9+!B&->+!&1+-'!O&)+&-)C)B!>&';!+<)!W"N2!;'B).P!19B!+<)!0"N2!B&->+!&1+-'!1&)!
*';F1&)BH!19B!*'9=)^4)9+.5!+<)!0"N2!&'+1+-'91.!=+->>9)==H!%0 H!-=!*<19R)B!-+)&1+-C).5!49+-.!
+<)!+K'!B&->+=!1&)!*.'=)!)9'4R<J!

,<)!B)=*&-3)B!1FF&'1*<!R-C)=!+<)!191.5=+!19!-B)1! '>!+<)!)&&'&!B4)!+'!4=-9R!+<)!4FF)&! '&!.'K)&!
3'49B=!>'&!+<)!&'+1+-'91.!=+->>9)==H!19B!-=!1!R4-B)!+'!=).)*+!+<)!;'=+!=4-+13.)!C1.4)J!

2-91..5H! 4=-9R! +<)! >-&=+! C1&-19+! '>! +<)! W"N2! ;'B).H! +<)! <'&-d'9+1.V&'+1+-'91.! '>>VB-1R'91.!
=+->>9)==H!%(0 H! *'&&)=F'9B=! +'! +<)! =4;! '>! &)1*+-'9! ;';)9+=! -9! +<)! &'+1+-'9V&)=+&1-9)B! 4FF)&!
9'B)=!'>!;1*&' V).);)9+=!B-C-B)B!35!+<)!<'&-d'9+1.!B-=F.1*);)9+!'>!+<)!31=)!&-R-B!F.19)J!

?'9*)&9-9R!+<)!3)1&-9R!*1F1*-+5H!+<)!<'&-d'9+1.!*';F'9)9+H!( #+. H!K1=!*';F4+)B!1=!+<)!=4;!'C)&!
+<)! =-9R.)! ;1*&'V).);)9+=H! K<-.)! >'&! +<)! &'+1+-'91.! *';F'9)9+H!0 #+. H! +<)! >'..'K-9R! F&'*)B4&)!
K1=!);F.'5)BJ !

,<)!F-.) V<)1B!>1-.4&)!=4&>1*)!-=!1FF&'T-;1+)B!35!1!&'49B)B!*4&C)!*'&&)=F'9B-9R!+'!1!B-=+'&+)B!
=4F)&)..-F=)!O=<'K9!-9!2-R4&)!: J6$PH!'>!)^41+-'9!O?'&&)-1!)+!1.JH!67#6P/!!

!

! !
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! !

! !

! !"#

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

! !
! ! ! ! !!!! ! !!!!!!!!!!!O: J:8 P!

!

K<)&)! ( <! -=! +<)! 4.+-;1+)! 31=)! =<)1&! '3+1-9)B! >&';! +<)! F4=<'C)&! 191.5=-=H!; <9%!-=! +<)! 4.+-;1+)!
<'&-d'9+1.!>'&*)!1+!+<)!%V+<!>.''&!.)C).H! '3+1-9)B!*'9=-B)&-9R!1!+&-19R4.1&!B-=+&-34+-'9!1.'9R!+<)!
34-.B-9R!<)-R<+H!K<-.)!5( H!50 !19B!=!K)&) !=)+!+'!8J7$H!6!19B!V7JSS8!O1==4;F+-'9!'>!.-9)1&!C1&-1+-'9!
'>!49B&1-9)B!=<)1&!=+&)9R+<PH!&)=F)*+-C).5J!E9!L^J!O:J:8PH!+<)!'9.5!49\9'K9!-=!0 #+. /!+<)!.1++)&!-=!
B)&-C)B! >&';! +<)! &1+-'!0 <"l 0 #+. H! K<-*<! -=! '3+1-9)B! 35! -9+)&F'.1+-'9! -9! *'&&)=F'9B)9*)! '>! +<)!
1*+41.!( <"l ( #+. !C1.4)J!!

?'9*)&9-9R! +<)! &1B-1+-'9! B1;F-9R! *')>>-*-)9+=! >'&! +<)! )^4-C1.)9+! ;1*&'V).);)9+H! +<)5! 1&)!
B)>-9)B! -9! +<)! C)&+-*1.! O&- PH! <'&-d'9+1.! O&( P! 19B! &'+1+-'91.! O&0 P! B-&)*+-'9=J! 0-;-.1&.5! +'!+<)!
=+->>9)==H!1!<'&-d'9+1.V&'+1+-'91.!'>>VB-1R'91.!B1;F-9R!*')>>-*-)9+H!&(0 H!-=!1.='!-9*.4B)B!-9!+<)!=)+!
'>! B1;F-9R! F1&1;)+)&=!19B! &)^4-&)=! 1! F<5=-*1.! B1;F)&! K-+<! *'4F.)B! 3)<1C-'4&! 3)+K))9! +<)!
<'&-d'9+1.!>'&*)!19B! ;';)9+J!0-9*)! -9!+<)!*1=)! '>!0)-=;'0+&4*+!=4*<!*'4F.)B!).);)9+! K1=!9'+!
1C1-.13.)!1+! +<)! +-;)! '>! &499-9R! +<)! 191.5=)=H! 19! )^4-C1.)9+! =)+! '>! 49*'4F.)B! O<'&-d'9+1.! 19B!
&'+1+-'91.P!B1;F)&=!;4=+!3)!-9+&'B4*)BH!1=!>'..'K=!O?'&&)-1H!67##P/!

!

! !!
! ! ! !!

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

! ! !!
! ! ! ! ! ! ! ! !!!!!!!!!!!O: J:_ P!

!

K<)&)!1..!*')>>-*-)9+=!K)&) !*';F4+)B!35!=4;;-9R!4F!+<)!C1.4)=! '>!+<)!=-9R.)! ;1*&' V).);)9+=J!
04*<!=)+!B)>-9)=!19!)^4-C1.)9+!B-1R'91.!B1;F-9R!;1+&-TH!K<-*<!;4=+!3)!)**)9+&-*!-9!'&B)&!+'!3)!
)^4-C1.)9+!+'!+<)!B1;F-9R!*')>>-*-)9+=!1+!+<)!F-.)V<)1BJ! ,<)! )**)9+&-*-+5H!*'&&)=F'9B-9R!+'!+<)!
.)9R+<!'>!1!&-R-B!.)C)&!1&;!*'99)*+-9R!+<)!;1*&'V).);)9+!<)1B!+'!+<)!+K'!B1;F)&=H!-=!*';F4+)B!
1=!+<)!>'..'K-9R!B)F+</!

!

! !"#$ ! ! ! !" ! !! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!O: J:GP!

!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" GX"

!

 

,<)!X;'B).!=F)*->-*!F1&1;)+)&=Z!O=))!>-91.!=43V=)*+-'9!'>!0)*+-'9! :J6J#J6P!>'&!+<)!)^4-C1.)9+!F-.)V
<)1B! ;1*&' V).);)9+! -9! 0)-=;'0+&4*+! K)&) ! =)+! )^41.! +'! +<'=)! '>! +<)! =-9R.)!F-.)V<)1B!;1*&' V
).);)9+ =J!

D<6<D ?)$@')-&'2"$."-3'"'S;&A(%'#-"@&%'"*(+)$,'%'*'#-2 "

,13.)! : J:7 H!,13.)! : J:# !19B!,13.)! : J:6 !&)F'&+!+<)!&)+&-)C)B!F&'F)&+-)=!'>!+<)!)^4-C1.)9+!F-.)V<)1B!
;1*&' V).);)9+=! >'&! +<)! *'9=-B)&)B! 1F1&+;)9+!-9B)T! 34-.B-9R=H! -9! +)&;=! '>! -9-+-1.! =+->>9)==H!
>'49B1+-'9! *1F1*-+5!19B!&1B-1+-'9!B1;F-9R!)^4-C1.)9+!B1=<F'+!*')>>-*-)9+=J!A.+<'4R<! '9.5! '9)!
W"N2!;'B).!K1=!34-.+H!+<&))!B->>)&)9+!)^4-C1.)9+!F-.)V<)1B!;1*&' V).);)9+=!K)&)!*1.-3&1+)B!>'&!
+<)!+<&))!1F1&+;)9+!34-.B-9R=!*'9=-B)&)BH!=+1&+-9R!>&';!+<)!=1;)!W"N2!;' B).!19B!C1&5-9R!+<)!
1*+41.!+'+1.!K)-R<+!'>!+<)!34-.B-9R!OK<-*<!1>>)*+=!+<)!;';)9+!*1F1*-+5!'>!+<)!=-9R.)!F-.)=PJ!

!

S4;8.) XHXQU)*+,>.+05.=),2)0D.).]<5@48.10)34/+,B.8.3.10)2,+) !+5@.B51)517.k);<587519H)))

%-"O\Dl;P ! %(" O\Dl;P ! %0"O\D;l&1BP! %(0" O\DP!

6J__8L}78! #J6_8L}78! 6JS#7L}7S! V:J7G7L}7S!

( #+." O\DP! 0 #+." O\D;P! ! !

6J:G#L}7: ! GJG8GL}7Q! ! !

&(" O+'9l=P! &0"O+'9v; 6l=P! &(0" O+'9v;l=P! !

#J:S8L}7$! _JQ66L}76! V6JSSQL}7:! !

!

S4;8.) XHXFU)*+,>.+05.=),2)0D.).]<5@48.10)34/+,B.8.3.10)2,+)N BG840)517.k);<587519H)

%-"O\Dl;P ! %(" O\Dl;P ! %0"O\D;l&1BP! %(0" O\DP!

$J8_:L}78 ! 6J7Q:L}78! _J_6_L}7S! V8J_S:L}7S!

( #+." O\DP! 0 #+." O\D;P! ! !

QJ:GSL}7:! 6J:__L}7S! ! !

&(" O+'9l=P! &0"O+'9v; 6l=P! &(0" O+'9v;l=P! !

:J$8GL}7$! QJQ#_L}7:! V#J7_6L}7$! !

!

S4;8.) XHXPU)*+,>.+05.=),2)0D.).]<5@48.10)34/+,B.8.3.10)2,+)E.,+9)@41)C)517.k);<587519H)

%-"O\Dl;P ! %(" O\Dl;P ! %0"O\D;l&1BP! %(0" O\DP!

$J8_:L}78 ! 6J7Q:L}78! _J_6_L}7S! V8J_S:L}7S!

( #+." O\DP! 0 #+." O\D;P! ! !

QJ#S7L}7:! 6J_6SL}7S! ! !

&(" O+'9l=P! &0"O+'9v; 6l=P! &(0" O+'9v;l=P! !

:J$8GL}7$! QJQ#_L}7:! V#J7_6L}7$! !

!

! "



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" GH"

!

 

= F&#'()"2;82-);+-;)'"(@@)$(+3"
E9!+<-=!K'&\H!00E!K1=!1.=' !191.5=)B!35!+<)!.-9)1&!=43=+&4*+4&)!1FF&'1*<H!K<-*<!1..'K=!=F.-++-9R!
\-9);1+-*!19B! -9)&+-1.!-9+)&1*+-'9!-9!B->>)&)9+!=43V=+)F=!19B!*'9=-B)&-9R!+<)-&!*';3-9)B!)>>)*+=!
4=-9R!+<)!F&-9*-F.)!'>!=4F)&F'=-+-'9!OW5.'91\-=!)+!1.JH!677SPJ!

[-9);1+-*! -9+)&1*+-'9! *14=)=! 1! ;'B->-*1+-'9! '>! +<)! >&))V>-).B! ;'+-'9! B4)! +'! +<)! R)';)+&5! 19B!
=+->>9)==! '>! +<)!>'49B1+-'9H! '9! K<-*<! 1! B->>)&)9+! ;'+-'9! -=! 1FF.-)BH! *1..)B! 2'49B1+-'9! E9F4+!
W'+-'9! O2EWPJ! E9! F&1*+-*1.! 1FF.-*1+-'9=H! =+&4*+4&1.! )9R-9))&=! *';;'9.5! 9)R.)*+! +<)! )>>)*+=! '>!
\-9);1+-*! -9+)&1*+-'9! O")d-! )+! 1.JH! 67#7PJ! A&4F! O67#Q1H! 67#Q3P! 1.='! B)+)&;-9)B! \-9);1+-*!
-9+)&1*+-'9! +'! 3)! 9)R.-R-3.)! -9! +<)! &)=F'9=)! '>! +<)! =-;F.->-)B! ;'B).=! 4=)B! >'&! B)>-9-+-'9! '>!
>&1R-.-+5! *4&C)=J! A=! 1! *'9=)^4)9*)H! +<)! >&))V>-).B! ;'+-'9! K1=! 4=)B! 1=! -9F4+! ;'+-'9! >'&! +<)!
9'9.-9)1&!B591;-*!191.5=)=!-9!+<-=!=+4B5J!

E9)&+-1.! -9+)&1*+-'9! -9*.4B)=! +<)! B591;-*! &)=F'9=)! '>! +<)! *'4F.)B! ='-. V>'49B1+-'9V=+&4*+4&)!
=5=+);! B4)! +'! +<)! -9F4+! ;'+-'9! 19B! -=! *<1&1*+)&-=)B! F&)B';-919+.5! 35! 1! =<->+! '>! =+&4*+4&1.!
>&)^4)9*-)=! +'! .'K)&! ='-. V=+&4*+4&)! >&)^4)9*-)=H! B4)! +'! ='-.! *';F.-19*)H!19B! 35! 19! -9*&)1=)! '>!
B1;F- 9RH!B4)!+'!&1B-1+-'9!B1;F-9RJ!n-+<-9!+<)!*'4F.)B!=5=+);H!+<)!='-.!-=!&)F.1*)B!35!1!.4;F)B!
F1&1;)+)&!;'B).!O-9*.4B-9R!1!=)+! '>!=F&-9R=!19B!B1=<F'+=H!1=!K)..!1=!;1==)=!-9!=';)!*1=)=P!1+!
+<)!>'49B1+-'9!.)C).H!&)F&)=)9+-9R!+<)!>'49B1+-'9!B591;-*!-;F)B19*)J!,<)!.1++)&!-=!1!*';F.)TV
C1.4)B!>&)^4)9*5!>49*+-'9H!K<'=)!&)1.!19B!-;1R-91&5!F1&+=!B)F)9B! '9!+<)!=+->>9)==!19B! '9!+<)!
)9)&R5!B-==-F1+-'9!F&'F)&+-)=!'>!+<)!='-.!=43=+&1+4;H!&)=F)*+-C).5J!

,K'!B->>)&)9+! ;'B).=!>'..'K-9R!+<)!=43=+&4*+4&)!1FF&'1*<!K)&)! -;F.);)9+)B! -9!0)-=;'0+&4*+!
>'&! B)&-C1+-'9! '>! >&1R-.-+5! >49*+-'9=H! 91;).5! 1! '9)VB-;)9=-'91.! >&)^4)9*5 V-9B)F)9B)9+! ;'B).!
19B! 1!<)&)-9! *1..)B!a4;F)B V%1&1;)+)&! W'B).! Oa%WP! 1**'49+-9R! >'&! >&)^4)9*5VB)F)9B)9*)! '>!
+<)!-;F)B19*)!>49*+-'9=J!,<)=)!;'B).=H !B)=*&-3)B!-9!0)*+-'9=!$J$!19B!$JQH!&)^4-&)!+<)!B)>-9-+-'9!
'>!+<)!-;F)B19*)!>49*+-'9=!'>!+<)!)^4-C1.)9+!>'49B1+-'9=!'>!+<)!34-.B-9R=!O=))!0)*+-'9=!$J6!19B!
$J:PJ!E;F)B19*)!>49*+-'9=!K)&)!)C1.41+)B!'9.5!>'&!='-.!,5F)!A!O=))!0)*+-'9!#P!4=-9R!+<)!='>+K1&)!
"‚DASJ#!O`@?H!67#QP!>'&!3'+<!=<1..'K!19B!F-.)!>'49B1+-'9=H!1=!3&-)>.5!'4+.-9)B!-9!0)*+-'9!$J#J!

=<> [A')A&'K"$."-3'" 2$.-K()'" +$:'".$)"+(%+;%(-&$#"$."&*@':(#+'".;#+-&$#2"

"‚DASJ#!*';F4+)=!+<)!>&)^4)9*5 VB)F)9B)9+!=+->>9)==!19B!B1;F-9R!*'9=+19+=!'>!)-+<)&!=4&>1*)!
>'49B1+-'9=H!);3)BB)B!>'49B1+-'9=!'&!F-.)=H!1=!K)..!1=!F-.)!-9+)&1*+-'9!-9!1!F-.)!R&'4F!19B!'+<)&!
>)1+4&)=J! ,<)!F&'R&1;!&)+4&9=!+<)!&)=F'9=)! '>!&-R-B!>'49B1+-'9=!+'!B->>)&)9+!+5F)=! '>!B591;-*!
.'1B=c!>'&!&-R-B!>''+-9R=H!1..!=-T!B)R&))=!'>!>&))B';!1&)!*'9=-B)&)B!1=!*'4F.)BJ!

,<)! *';F4+1+-'9 ! '>! -;F)B19*)! >49*+-'9=! >'&! =<1..'K! >''+-9R=! -=! )C1.41+)B! 4=-9R! =-;F.->-)B!
1FF&'1*<)=H!K<-*<!*'9=-B)&!+<&))!*1+)R'&-)=!'>!-B)1.-d)B!='-.!F&'>-.)=!O2-R4&)!$J#P/!!

1P <1.>V=F1*)c!!
3P 49->'&;!=+&1+4;!'9!&-R-B!31=)c!
*P .15)&!'9!+'F!'>!1!<1.>V=F1*)!O*';F'=-+)!;)B-4;PJ! !

!

1P !
3P ! *P !

G59<+.)KHFU))C,58)>+,258.=U)4L)D482B=>4/.Z);L)<152,+3)=0+40<3),1)+5957);4=.Z)/L)84?.+),1)0,>),2)4)D482B=>4/.)J2+,3)
!l_'Y HF):=.+i=)341<48LH)



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" XI"

!

 

W'&)'C)&H! >'&!1!*';F'=-+)! ;)B-4;! +<)! ='-.! F&'>-.)! *19! 3)! )-+<)&! 49->'&;! '&! 9'9 V49->'&;! -9!
1**'&B19*)! K-+<! +<)! =*<);1+-d1+-'9! =<'K9! -9!2-R4&)!$J6J! ,<)=)! ;'B).=! &)F&)=)9+! 1! K-B)!
=F)*+&4;!'>!1*+41..5!)9*'49+)&)B!='-.!F&'>-.)=J!!

!

! !
G59<+.)KHPU))C,58)@.8,/50?)>+,258.)2,+)/,3>,=50.)3.75<3)J2+,3)!l_'Y HF):=.+i=)341<48L )

2'&! F-.)! >'49B1+-'9=! -+! -=! F'==-3.)! +'! *'9=-B)&! 1! .15)&)B! ;)B-4;H! >'&! )1*<! .15)&! +<)! >'..'K-9R!
-9F4+! F1&1;)+)&=!3)-9R!&)^4-&)B/! +<-*\9)==H! =<)1&! K1C)! C).'*-+5H! ='-.! 49-+! K)-R<+H! %'-=='9i=!
&1+-'H!B1;F-9R!&1+-'J!

=<><> /$.-K()'"+$#2-)(&#-2"

,<)! ='>+K1&)!-9*.4B)=! =';)! .-;-+1+-'9=! +<1+! =<1..! 3)! +1\)9! -9+'! 1**'49+! >'&! B)>-9-+-'9! '>! +<)!
-9F4+! F1&1;)+)&=J! 2'&! *';F'=-+)! ;)B-4;H! +<)! -;F)B19*)! >49*+-'9=! 1&)! )T1*+! >'&! +<)! &1+-'! '>!
.15)&!+<-*\9)==!+'!<1.>VK-B+<!'>!+<)!=^41&)!>''+-9R!O]l1P!)^41.!+'!7JQH!#H!6H!:!19B!$!>'&!49->'&;!
.15)&=!19B!)^41.!+'!6H!:H!$H!Q!19B!#7!>'&!9'9V49->'&;! .15)&=J!E>!+<)!&1+-'!O]l1P!B')=9i+!*'-9*-B)!
K-+<!'9)!'>!+<)!13'C)!C1.4)=!+<)!F&'R&1;!*<''=)=!+<)!*.'=)=+!O]l1P!&1+-'!1C1-.13.)H!-9+)&F'.1+-'9!
-=!9'+!-;F.);)9+)B!3)*14=)!'>!+<)!=+&'9R!9'9 V;'9'+'9-*!C1&-1+-'9=!1+!<-R<!>&)^4)9*-)=J!

E9! +<)! *';F'=-+) V;)B-4;! 'F+-'9H! 1**4&1+)! C1.4)=! '>! =+->>9)==! 19B! B1;F-9R! 1&)! 4=)B! 1+!
>&)^4)9*-)=!)^41.!+'!7J#7H!7J6QH!7JQ7JJJH!$J8Q!19B!QJ7!+-;)=!OM=H-9l1P!K<)&)!M=H-9!-=!+<)!=<)1&!K1C)!
C).'*-+5!1+!>''+-9R!31=)! .)C).!O=))!2-R4&)!$J: P!19B!X1Z! -=!<1.>!K-B+<! '>!+<)!=^41&)!31=)!O'&!+<)!
)^4-C1.)9+!=^41&)!31=)PJ!2'&!1!>&)^4)9*5!.)==!+<19!7J#7!M=H-9l1H!+<)!F&'R&1;!4=)=!+<)!;-9-;4;!
C1.4)!O7J#7!M=H-9l1P!19B!>'&!>&)^4)9*-)=! -9!+<)!&19R)!O7J#7tQJ7P!M=H-9l1H!1! .-9)1&! -9+)&F'.1+-'9! -=!
-;F.);)9+)BJ!E>!+<)!>&)^4)9*5!-=!R&)1+)&!+<19!Q!OM=H-9l1P!+<)!F&'R&1;!4=)=!+<)!;1T-;4;!C1.4)!'>!
Q!OM=H-9l1PJ!

2'&! *';F'=-+)! ;)B-4;H! %'-=='9{=! &1+-'! '>! +<)! <1.> V=F1*)! -=! 1==4;)B! )^41.! +'! 7J::J! W1+)&-1.!
B1;F- 9R! '>! ='-.! -=! 1==4;)B! 7J7:! 19B! 7J7Q! >'&! +<)! .15)&! 19B! +<)! <1.>V=F1*)H! &)=F)*+-C).5J! ,K'!
C1.4)=!>'&!%'-=='9{=!&1+-'!'>!+<)!.15)&!1&)!1C1-.13.)!7J::!19B!7J$QJ!E>!1!B->>)&)9+!C1.4)!-=!)9+)&)B!
+<)!F&'R&1;!=)+=!-+!+'!+<)!*.'=)=+!'9)!O-9+)&F'.1+-'9!-=!9'+!-;F.);)9+)B!-9!+<)!F&'R&1;!3)*14=)!
'>! 9'9 V;'9'+'9-*! C1&-1+-'9=PJ! ,<&))! C1.4)=! '>! +<)! &1+-'! 3)+K))9! +<)! =<)1&! K1C)! C).'*-+5! 1+!
>''+-9R!31=)!19B!1+!<1.>V=F1*)!1&)!1C1-.13.)!7J_H!7JSH!19B!7J:!O=))!2-R4&)!$J: PH!->!1!B->>)&)9+!C1.4)!-=!
)9+)&)B!+<)!F&'R&1;!=)+=!-+!+'!+<)!*.'=)=+!'9)J!,<)!&1+-'!'>!49-+!K)-R<+!'>!+<)!<1.>V=F1*)!+'!+<1+!'>!
+<)!.15)&!-=!1==4;)B!#J#:J!

2-91..5H! >'&! &)*+19R4.1&! =<1..'K! >'49B1+-'9=! +<)! *'B)! F&'C-B)=! )^41.! C1.4)=! '>! <'&-d'9+1.!
B591;-*!=+->>9)==!-9!T!19B!5!B-&)*+-'9J!!!

=<6 0*@':(#+'".;#+-&$#2".$)"23(%%$K".$;#:(-&$#2"

,<)!>'49B1+-'9=! '>!+<)!34-.B-9R=!*'9=-B)&)B!*'9=-=+! '>!1!R&-B! '>! *'9+-94'4=!3)1;=! '&-)9+)B! -9!
+K'! '&+<'R'91.!B-&)*+-'9=J!?'9C)&=).5H!+<)!=+&4*+4&1.! ;'B).!4=)B!>'&!B)>-9-+-'9! '>!+<)!>&1R-.-+5!
*4&C)=! -=! 1! 0"N2! =5=+);! -9! K<-*<! +<)! *'9+1*+! K-+<! +<)! ='-.! -=! .-;-+)B! +'! 1! =-9R.)! F'-9+J! ,<)!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" X>"

!

 

R)';)+&5! '>! R&-B! >'49B1+-'9=! B')=! 9'+! 1..'K! 1! =-;F.)! 19B! 49-^4)! B)>-9-+-'9! '>! )^4-C1.)9+!
B-;)9=-'9=! >'&! -;F)B19*)! >49*+-'9! * 1.*4.1+-'9J! ! E9! >1*+H! +<)! .1++)&! B)F)9B=! '9! +<)! B)R&))! '>!
>&))B';!191.5=)B!O)JRJ!+&19=.1+-'91.!'&!&'+1+-'91.P!'&!'9!+<)!*';F'9)9+!49B)&!*'9=-B)&1+-'9!O-J)J!
=+->>9)==! '&! B1;F-9RPH! 19B! *'9=)^4)9+.5! +<)! *<1&1*+)&-=+-*=! '>! +<)! &)1.! >'49B1+-'9! +'! 3)!
F&)=)&C)B! 1&)! B->>)&)9+! O*'9+1*+! 1&)1H! -9)&+-1H! )+*JPJ! 2'&! =4*<! &)1='9H! -9! '&B)&! +'! F&'F)&.5!
*'9=-B)&!+<)!&)1.!>'49B1+-'9!R)';)+&5H!+<)!B)>-9-+-'9! '>!+<)! )^4-C1.)9+!>''+-9R!B-;)9=-'9=!>'&!
-;F)B19*)!*1.*4.1+-'9!;1B)!4=)! '>!+<)!*1.-3&1+-'9!=+)F!*1&&-)B! '4+!>'&!+<)!;1*&' V).);)9+!O=))!
0)*+-'9 !:J#J6PH!K<-*<!);F.'5=!1!:"!W"N2!;'B).! '>!+<)!34-.B-9R=J!2'&!)1*<!34-.B-9RH!)^4-C1.)9+!
B-;)9=-'9=! K)&)! )C1.41+)B! -9B)F)9B)9+.5! >'&! =+->>9)==! 19B! B1;F-9RH! 1=! K)..! 1=! >'&! +<)!
+&19=.1+-'91.! 19B!&'+1+-'91.!B)R&))=! '>!>&))B';H! -9! '&B)&!+'!&)F&'B4*)!+<)!=+1+-*!=+->>9)==!19B!
B1;F-9R!)C1.41+)B!>'&!+<)! )^4-C1.)9+! ;1*&'V).);)9+! '>!+<)!0"N2!=5=+);!B)=*&-3)B!-9!0)*+-'9 !
:J#J6J!!

2-C)!-9B)T!34-.B-9R!K)&) !*'9=-B)&)B!>'&!-;F)B19*)!>49*+-'9=!*1.*4.1+-'9H!'9)!+)&&1*)B!34-.B-9R!
K-+<!$!49-+=!OY-(.C)=+PH!19B!>'4&!B)+1*<)B!34-.B-9R=!O[K).B)&H!U1BK)RH!"-(\=+&11+!19B!")!]1C)& PJ!

=<6<> /$&%"*$:'%"

,<)!='-.!;'B).!=).)*+)B!>'&!+<)!*';F4+1+-'9!'> !+<)!-;F)B19*)!>49*+-'9=!'>!=<1..'K!>'49B1+-'9=!
-=!+<)!*';F'=-+)!;)B-4;!O-J)J!='-.!.15)&!K-+<!B)>-9)B!+<-*\9)==!'9!+'F!'>!1!<1.>V=F1*)PJ!U)*14=)!
+<)!&)>)&)9*)!=<)1&!K1C)!C).'*-+5!F&'>-.)!<1=!19!-9*&);)9+!+<1+!-=!&1+<)&!.-9)1&!-9!+<)!4FF)&!F1&+H!
+<)!9'9 V49->'&;!='-.!F&'>-.)! -=!F&)>)&&)B!+'!+<)!49->'&;!-9! '&B)&!+'!1C'-B!-;F)B19*)!>49*+-'9=!
B';-91+)B!35!+<)! ;1-9!>&)^4)9*5! '>!+<)!49->'&;!='-.J! A! *';F'=-+)! ;)B-4;!K-+<!9'9 V49->'&;!
=<)1&!K1C)!C).'*-+5!F&'>-.)!-=!*<1&1*+)&-d)B!35!1!.-9)1&!=<)1&!K1C)!C).'*-+5!F&'>-.)!-9!+<)!.15)&!
19B! *'9=+19+! C1.4)! '9! +<)! <1.>! =F1*)c!F1&+-*4.1&.5H!+<)&)! 1&)! 1! =)+! '>! >-T)B! &1+-'=!3)+K))9! +<)!
-9-+-1.!=<)1&!K1C)!C).'*-+-)=! '>!+<)! .15)&!19B!<1.>V=F1*)!O=))!0)*+-'9! $J#J#!19B!2-R4&)!$J: PJ! ,<)!
;'B).!1..'K=!*'9=-B)&-9R!1.='!1!B->>)&)9+!=<)1&!K1C)!C).'*-+5!>'&!+<)!);3)B;)9+c!<'K)C)& H!+<-=!
-=!9)R.)*+)B!B4)!+'!-+=!.-;-+)B!+<-*\9)==J!!
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,<)! .15)&!F&'F)&+-)=!O)JRJ!+<-*\9)==H!=<)1&!K1C)!C).'*-+5P!K)&)!B)>-9)B!+1\-9R!-9+'!1**'49+!+<)!
='>+K1&)! .-;-+1+-'9=! O=))! =)*+-'9!$J#J#PH! K<-*<! *'9=-B)&=! >-T)B! C1.4)=! '>! +<)! &1+-'! '>! .15)&!
+<-*\9)==!O]P!+'!+<)!<1.>VK-B+<!'>!+<)!)^4-C1.)9+!=^41&)!>''+-9R!O1PJ!W'&)'C)&H!+<)!>-++-9R!'>!+<)!
=<)1&!K1C)!C).'*-+5!F&'>-.)!K1=!*1&&-)B! '4+!>'&!1!&1+-'!3)+K))9!+<)!=<)1&!K1C)!C).'*-+5!1+!+<)!
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31=)!'>!+<)!>''+-9R!OM=H-9P!19B!1+!+<)!<1.>V=F1*)!OM=H]0P!)^41.!+'!7JSJ!`-C)9!+<)!B->>)&)9+!)^4-C1.)9+!
B-;)9=-'9=!*'9=-B)&)B!>'&!=+->>9)==!19B!B1;F-9RH!1=!K)..!1=!>'&!B->>)&)9+!B)R&))=!'>!>&))B';H!+<)!
- >!F&'>-.)! >-++-9R! 9))B=! +'! 3)! &)F)1+)B! >'&! )1*<! '>! +<)! >'4&! *1=)=! 1**'49+)B! >'&J! ,<)! &)=4.+-9R!
F1&1;)+)&=!'>!+<)!>-++-9R!F&'*)B4&)!1&)!=4;;1&-d)B!-9!+<)!>'..'K-9R!=)*+-'9=J!

,<)! -;F)B19*)! >49*+-'9=! B)F)9B! '9! +<)! =<)1&! ;'B4.4=! ` c! -9! '&B)&! +'! 1**'49+! >'&! -+=! 9'9 V
.-9)1&-+5H!1! &)1='913.)! 1FF&'T-;1+-'9! '>! +<)! -;F)B19*)! >49*+-'9=! ;15! 3)! '3+1-9)B! >&';! +<)!
1C1-.13.)! .-9)1&!C-=*').1=+-*!='.4+-'9=H!F&'C-B)B!+<1+!+<)!hh)>>)*+-C)ii!C1.4)=! '>! `!O-J)J!+<)!=)*19+!
;'B4.4=!)=+-;1+)B!31=)B!'9!+<)!=+&1-9!.)C).!&)1*<)B!B4&-9R!=+&'9R!;'+-'9P!-=!4=)B!OW5.'91\-=!
)+!1.JH!677SPJ!!

U1=)B!'9!+<)!&)=4.+=!'>!=-+)!&)=F'9=)!191.5=-=!O@'B&-R4)dVW1&)\!)+!1.JH!67#8H![&4-C)&!)+!1.JH!67#81P!
1! F&'*)B4&)!K1=!B)C).'F)B! +'! '3+1-9! +<)! M0!=*1.-9R! >1*+'&! C)&=4=! %`AJ! 2'&! B->>)&)9+! .)C).=! '>!
=+&'9R! ;'+-'9 ! *'9=-B)&)BH! 1=='*-1+)B! +'! +<)! &).1+)B! %`A! C1.4)=H! +<)! =<)1&! =+&1-9! .)C).! -=!
)C1.41+)B!3).'K!+<)!>'49B1+-'9!B)F+<J!E9!F1&+-*4.1&H!>'&!='-.!,5F)!A!+<)&)!1&)!Q!;! '>!>-9)!=19BH!
K<-*<! -=! =43B-C-B)B! -9+'! +K'! =43.15)&=H! *<1&1*+)&-d)B! 35! B->>)&)9+! B)R&1B1+-'9! *4&C)=! '>! +<)!
=<)1&!;'B4.4=J!?'9=-B)&-9R!#!;!-9!=43.15)&!#!19B!6!;!-9!=43.15)&!6H!+<)!1C)&1R)!=<)1&!=+&1-9!-=!
)C1.41+)B! >'&! B->>)&)9+! .)C).=! '>! %`AJ! 2'&! )1*<! '>! +<)=)! C1.4)=! '>! =<)1&! =+&1-9! +<)! `l`;1T ! -=!
)=+-;1+)BH!K-+<!2-R4&)!$J$!=<'K -9R!+<)!'3+1-9)B!C1.4)=J!
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2'&! )1*<! '>! +<)! +K'! =43.15)&=H! +<)! M0!=*1.-9R! >1*+'&=!K)&) ! -9+)&F'.1+)B! 4=-9R! 19! )TF'9)9+-1.!
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a)  b)  

G59<+.)KĤ)&.8405,1=D5>);.0M..1)*E')417)% C)=/48519)24/0,+=)2,+)=,58)0?>.)'U)4L)C<;84?.+)FZ);L)C<;84?.+)PH)

2-C)!%`A! .)C).=!&19R-9R!>&';!7J7Q!R!+'!7J$:!R!K)&)! *'9=-B)&)B! -9!+<)!B)&-C1+-'9! '>! -;F)B19*)!
>49*+-'9=J!2'&!+<)=)!%`A!C1.4)=H!+<)!)TF'9)9+-1.!&).1+-'9=<-F=!=<'K9!-9!2-R4&)!$JQ!K)&) !4=)B!>'&!
+<)! *';F4+1+-'9! '>! +<)! *'&&)=F'9B-9R! M0! =*1.-9R! >1*+'&=J! 2-91..5H! +<)! M0! F&'>-.)=!K)&) ! =*1.)B!
*'9=-B)&-9R!+<)!;)19!M0!=*1.-9R!>1*+'&!'>!+<)!+K'!=43.15)&=!*'9=-B)&)BH!K-+<!+<)!&)=4.+-9R!C1.4)=!
=4;;1&-d)B!-9! ,13.)! $J#J!

!

S4;8.) KHFU)%C)=/48519)24/0,+=)2,+)=,58)0?>.)'),;0451.7)<=519)0D.).k>,1.10548)+.8405,1=D5>)=D,M1)51)G59<+.)KĤH)

 

 

=<6<6 ?)$+':;)'".$)"&*@':(#+'".;#+-&$#2"+(%+;%(-&$#"

A=!B)=*&-3)B!13'C)H!+<)!>'49B1+-'9=!'>!+<)!34-.B-9R=!*'9=-B)&)B!*'9=-=+!'>!1!R&-B!'>!*'9+-94'4=!
3)1;=! '&-)9+)B! -9!+K'! '&+<'R'91.!B-&)*+-'9=J!n-+<!&)>)&)9*)!+'! +<)! )^4-C1.)9+!0"N2!4=)B!>'&!
>&1R-.-+5! 191.5=-=H! +<)! R)';)+&5! '>!+<)!R&-B! >'49B1+-'9=! B')=! 9'+! 1..'K! 1! =-;F.)! 19B! 49-^4)!
B)>-9-+-'9! '>! )^4-C1.)9+! B-;)9=-'9=! >'&! -;F)B19*)! >49*+-'9! *1.*4.1+-'9J! E9! '&B)&! +'! F&'F)&.5!
*'9=-B)&!+<)!&)1.!>'49B1+-'9!R)';)+&5H!+<)!B)>-9-+-'9! '>!+<)! )^4-C1.)9+!>''+-9R!B-;)9=-'9=!>'&!
-;F)B19*)!*1.*4.1+-'9!;1B)!4=)! '>!+<)!*1.-3& 1+-'9!=+)F!*1&&-)B! '4+!>'&!+<)!;1*&' V).);)9+!O=))!
0)*+-'9 =!:J#J6!19B!:J6J6PH!K<-*<!);F.'5=!1!:"!W"N2!;'B).! '>!+<)!34-.B-9R=J!2'&!)1*<!34-.B-9RH!
)^4-C1.)9+!B-;)9=-'9=!K)&)! )C1.41+)B! -9B)F)9B)9+.5!>'&!=+->>9)==!19B!B1;F-9RH!1=!K)..!1=!>'&!
+<)!+&19=.1+-'91.!19B!&'+1+-'91.!B)R&))=!'>!>&))B';H!-9!'&B)&!+'!&)F&'B4*)!+<)!=+1+-*!=+->>9)==!19B!
B1;F-9R!)C1.41+)B!>'&!+<)!)^4-C1.)9+!;1*&'V).);)9+!'>!+<)!0"N2!=5=+);!B)=*&-3)B!-9! 0)*+-'9 =!
:J#J6!19B!:J6J6J!

E;F)B19*)! >49*+-'9=! 1&)! )C1.41+)B! >'&! &-R-B! 19B!;1==.)==! >'49B1+-'9=! 19B! *'9=-B)&-9R! 1!
%'-=='9i=! &1+-'! )^41.! +'! 7J$Q!B4)! +'! +<)! <-R<VK1+)&! +13.)! .)C).J!?'9=-B)&-9R! +<)! .-;-+)B!
);3)B;)9+!'>!+<)! >''+-9R=H!+<)!*'4F.-9R!=K15-9RV&'*\-9R!+)&;!-=!9)R.)*+)BJ!,<)!='>+K1&)!"‚DA!
SJ#H! >'&! +<)! *';F'=-+)! ;)B-4;! O-J)J! .15)&! 'C)&! <1.>V=F1*)PH! *'9=-B)&=! >-T)B! C1.4)=! '>! ;1+)&-1.!
B1;F-9RH!)^41.!+'!7J7:!>'&!+<)!4FF)&!.15)&!19B!7J7Q!>'&!+<)!<1.>V=F1*)J!!

,<)!- ;F)B19*)!'>!1! >'49B1+-'9H!&)F&)=)9+-9R!-+=!>'&*)VB-=F.1*);)9+!'&!;';)9+ V&'+1+-'9!&1+-'H!-=!
1!*';F.)T!94;3)&!+5F-*1..5!&)F&)=)9+)B!-9!+<)!>'&;/ !
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! ! ! ! ! !"# ! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!O$J6P!

!

-9! K<-*<! 3'+<! [! 19B! ?! 1&)H! -9! R)9)&1.H!>49*+-'9=! '>! >&)^4)9*5J! ,<)! =F&-9R! *'9=+19+! [H! +)&;)B!
B591;-*! =+->>9)==H! &)>.)*+=! +<)! =+->>9)==! 19B! -9)&+-1! '>! +<)! =4FF'&+-9R! ='-.c! -+=! B)F)9B)9*)! '9!
>&)^4)9*5! &).1+)=! ='.).5! +'! +<)! -9>.4)9*)! +<1+! >&)^4)9*5! )T)&+=! '9! -9)&+-1H! =-9*)! ='-.! ;1+)&-1.!
F&'F)&+-)=! 1&)! +'! 1! R''B! 1FF&'T-;1+-'9! >&)^4)9*5V-9B)F)9B)9+J! ,<)! B1=<F'+! *')>>-*-)9+! ?!
&)>.)*+=!+<)!+K'!+5F)=!'>!B1;F-9R!O&1B-1+-'9!19B!;1+)&-1.P!R)9)&1+)B!-9!+<)!=5=+);c!+<)!>'&;)&!
B4)!+'!)9)&R5!*1&&-)B!35!+<)!K1C)=!=F&)1B-9R!1K15!>&';!+<)!>'49B1+-'9H!19B!+<)! .1++)&!B4)!+'!
)9)&R5!B-==-F1+)B!-9!+<)!='-.!+<&'4R<!<5=+)&)+-*!1*+-'9!OW5.'91\-=!)+!1.H!677SPJ!

,<)! )>>)*+! '>! ;1+)&-1.! B1;F-9R! -=! 1FF&'T-;1+).5! O+<-=! 1FF&'T-;1+-'9! -=! 1**4&1+)! 1+! .'K!
B-;)9=-'9.)==! >&)^4)9*5P! +1\)9! -9+'! 1**'49+! 35! ;4.+-F.5-9R! +<)! *';F.)T! =+->>9)==! )C1.41+)B!
>&';!1!='.4+-'9!B)&-C)B!K-+<'4+!*'9=-B)&1+-'9!'>!;1+)&-1.!B1;F-9R!35!+<)!>1*+'&!O#}-6/ PH!K<)&)!
/ !&)F&)=)9+=!+<)!;1+)&-1.!B1;F-9R!*')>>-*-)9+/!

!

! ! ! ! ! !"# ! ! !! ! ! ! ! ! !" ! !" ! ! !
! !"

!
! !! ! ! ! ! !!!!!!!!!!!!!!O$J: P!

!

>&';!K<-*<!-+!-=!F'==-3.)!+'!=)F1&1+)!+<)!&)1.!19B!-;1R-91&5!F1&+!'>!+<)!-;F)B19*)!>49*+-'9/!

!

! ! ! ! ! !" ! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!O$J$P!

! ! ! !
! !"

!
! ! ! ! ! ! ! ! ! ! !!!!!!!!!!!!!!O$JQP!

!

n<)&)! \! -=! +<)! =+1+-*! =+->>9)==H! *! -=! +<)! *'9=+19+! '>! )^4-C1.)9+! C-=*'4=! B1;F-9R! 19B!) ! -=! +<)!
*-&*4.1&!>&)^4)9*5J!

L^J!O$JQP!1..'K=!+'!=)F1&1+)!+<)!*'9+&-34+-'9!'>!;1+)&-1.!19B!&1B-1+-'9!B1;F-9RH!19B!-=!4=)B!>'&!
+<)!B)>-9-+-'9! '>!+<)! )^4-C1.)9+!B-;)9=-'9! '>!+<)!>'49B1+-'9H!3)*14=)!+<)!B1;F-9R!B)>-9)B!>'&!
+<)!;1*&' V).);)9+!-9*.4B) B!'9.5! +<)!&1B-1+-'9!B1;F-9R!*'9+&-34+-'9J!

2'&! +<)! &)1='9=! )TF.1-9)B! 13'C)H! +<)! *';F4+1+-'9! '>! +<)! -;F)B19*)! >49*+-'9=! -=! F)&>'&;)B!
-9B)F)9B)9+.5! >'&! =+->>9)==! 19B! B1;F-9RH! 1=! K)..! 1=! >'&! <'&-d'9+1.! +&19=.1+-'9! 19B! &'*\-9RH!
&)=4.+-9R!-9!>'4&!-9B)F)9B)9+!*1.*4.1+-'9=J!!

A9!-+)&1+-C)!F&'*)B4&)!K1=!B)C).'F)B !+'!>-+!+<)!-;F)B19*)!)C1.41+)B!>'&!+<)!;1*&' V).);)9+! 19B!
'3+1-9)B!+<&'4R<!+<)!*1.-3&1+-'9!4=-9R!+<)!W"N2!;'B).!'>!+<)!34-.B-9R=c!=4*<!;'B).! *'9=-B)&=!
+<)!&)1.!R)';)+&5!'>!+<)!>'49B1+-'9!3)1;=J!

2'&!)1*<!'>!+<)!>'4&!*1=)=!*'9=-B)&)BH!+<)!>-&=+!=+)F!K1=!+<)!B)>-9-+-'9!'>!)^4-C1.)9+!B-;)9=-'9=!
'>! +<)! >''+-9R! *'9=-B)&-9R! 1! *.'=)BV>'&;! ='.4+-'9! >'&! <1.>V=F1*)H! -9! '&B)&! +'! &)F&'B4*)! +<)!
-;F)B19*)!4=)B!>'&! +<)!;1*&' V).);)9+J! !

2'&!+<)!=+->>9)==!+)&;=!O<'&-d'9+1.!+&19=.1+-'9!19B!&'*\-9RP!+<)!>'&;4.1=!F&'F'=)B!35! `1d)+1=!
O#GG#P!>'&! &)*+19R4.1&! >'49B1+-'9=!K)&) ! 4=)B! O=))! 13'C) Pc! *'9C)&=).5H!>'&! B1;F-9R! +)&;=!1!
*.'=)B V>'&;!='.4+-'9!>'&!*-&*4.1&!>''+-9R=!K1=!1B'F+)BH!F1&+-*4.1&.5!>'&!+<)!<'&-d'9+1.!+&19=.1+-'9!
*';F'9)9+!+<)!M).)+='=!19B!M)&3-*!O#G8:P!='.4+-'9H!K<)&)1=!>'&!+<)!&'+1+-'91.!*';F'9)9+!+<)!
M).)+='=! 19B! n)-! O#G8#P! ='.4+-'9J!,<)! >&1R-.-+5!=+4B5!191.5=)B! +<)! &)=F'9=)! -9! '9)! B-&)*+-'9!
'9.5H!+<)&)>'&)!+<)!4=)!'>!1!*-&*4.1&!>'49B1+-'9!=<1F)!B')=!9'+!1>>)*+!+<)!&)=4.+=J!
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A=!1.&)1B5! ;)9+-'9)BH!+<)! -;F)B19*)!>49*+-'9=!*1 .*4.1+)B!35! "‚DASJ#!>'&!*';F'=-+)! ;)B-4;!
1&)!)T1*+!>'&!>-T)B!C1.4)=!'>!+<)!&1+-'!'>!.15)&!+<-*\9)==!O]P!+'!<1.>VK-B+<!'>!+<)!=^41&)!>''+-9R!O1P!
O=))!2-R4&)!$J: PJ!U1=)B! '9!+<)!F&).-;-91&5!)^4-C1.)9+!B-;)9=-'9=!)=+-;1+)B!4=-9R!*.'=)BV>'&;!
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Stiffness horizontal translation  Stiffness rocking  

  

Damping horizontal translation  Damping rocking  
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Stiffness horizontal translation  Stiffness rocking  
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Stiffness horizontal translation  Stiffness rocking  

  

Damping horizontal translation  Damping rocking  
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*'99)*+)B!35!&)-9>'&*)B!*'9*&)+)!O@?P!*1FF-9R!3)1;=!K-+<!<)-R<+!)^41.!+'!S77!;;H! K<-.)! +<)!
K-B+<!*19!3)!$Q7!;;!'&! SQ7!;;!B)F)9B-9R!'9! +<)!3)1;!F'=-+-'9!OF)&-;)+)&!'&!-9+)&91.PJ!

A.K15=!1=!9'+)B!3)>'&)H!+<)!-9B)T!34-.B-9R=!*'9=-B)&)B!B->>)&!K-+<!&)=F)*+!+'!+<)!*<1&1*+)&-=+-*=!
'>!F-.)=/!

V X[V>.1+Z!19B!X`)'&R!C19!0Z!<1C)!*-&*4.1&!&)-9>'&*)B!*'9*&)+)!F-.)=!K-+<!$Q!*;!B-1;)+)&c!
V X"&-C)V-9Z!<1=!=^41&)!&)-9>'&*)B!*'9*&)+)!F-.)=!K-+<!6Q!*;!K-B+<J!

=<D<> /$&%"*$:'%"

2'&! F-.)! >'49B1+-'9=H! +<)! ='>+K1&)! "‚DASJ#! 1..'K=! +<)! 4=)! '>!1! .15)&)B! ;)B-4;J! 2'&! )1*<!
=+&1+4;H! +<)! -9F4+! F1&1;)+)&=! 1&)/! +<-*\9)==H! =<)1&! K1C)! C).'*-+5H! K)-R<+! '>! 49-+! C'.4;)H!
%'-=='9i=! *')>>-*-)9+! 19B! B1;F-9R! >1*+'&J! ,<)! B)F+<! -9+)&)=+)B! 35! +<)! F&)=)9*)! '>! F-.)=! O-J)J!
#S!;P! -=!=43B-C-B)B!-9+'!+<&))!.15)&=!O91;).5!W#H!W6!19B!W:PH!K<-.)! +<)!='-.!K-+<!+<-*\9)==!'>!
$!;!3).'K!+ <)!F-.)!+-F!-=!*'9=-B)&)B!1=!1!31=)!.15)&!O91;).5!W$PJ!,<)!=<)1&!K1C)!C).'*-+5!19B!
+<)!K)-R<+!>'&!49-+!C'.4;)!O+P! '>! )1*<! .15)&! -=! )^41.!+'!+<)!1C)&1R)!C1.4)!K-+<-9!+<)!=+&1+4;H!
,13.)! $J8!=4;;1&-d)=!+<)!.15)&={!+<-*\9)==)=!19B!+<)!&)=4.+-9R!M0!19B!+!C1.4)=H!K<)&)1=!2-R4&)!
$J:S !&)F&)=)9+=!+<)!M0!F&'>-.)H!*'&&)=F'9B-9R!+'!='-.!,5F)!AH!'>!+<)!.15)&)B!;)B-4;!*'9=-B)&)BJ!
2'&! )1*<! .15)&H!+<)!%'-=='9i=!&1+-'! -=!+1\)9! )^41.!+'!7J$Q!19B!+<)! ;1+)&-1.!B1;F-9R!*')>>-*-)9+!
*'9=-B)&)B!-=!1==4;)B! )^41.!+'!7J76J!!!

!

 

G59<+.)KHXY)%C)>+,258.),2)0D.)<>>.+)PQ)3),2)=,58)0?>.)')J74=D.7)+.7)851.L)417)%C)>+,258.)/,1=57.+.7)2,+)0D.)
84?.+.7)3.75<3)<=.7)2,+)/,3><0405,1),2)53>.741/.)2<1/05,1=),2) >58.)2,<17405,1=H)

!

0

5

10

15

20

0 100 200 300 400

D
ep

th
 (

m
)

VS (m/s)



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >>G"

!

 

S4;8.) KHRU)C,58)/D4+4/0.+5=05/=),2)0D.)2,<+)84?.+=)<=.7)2,+)/,3><0405,1)
),2)53>.741/.)2<1/05,1=),2) >58.)2,<17405,1=H)

 

 

,'!1**'49+!>'&!='-.!9'9.-9)1&-+5H!+<)!=1;)!1FF&'1*<!+'!B)>-9)!+<)!M0!=*1.-9R!>1*+'&=!C)&=4=!%`A!
B)=*&-3)B!-9!=)*+-'9!$J6J#!K1=!*'9=-B)&)BJ!,<)!1C)&1R)!=<)1&!=+&1-9!-=!)C1.41+)B!>'&!)1*<!.15)&!
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=5=+);!1=!19!1**).)&1+-'9!+-;)!<-=+'&5H!+O,PH!1FF.-)B!+'!+<)!>-T)B!=4FF'&+!1+!+<)!31=)J!

!

!

G59<+.)KHKeU)SD.)47,>0.7),1. B753.1=5,148)2+.]<.1/? B517.>.17.10)3,7.8H )

=<=<> ?)$@')-&'2"$."-3'"//0"'%(2-&+">,N"212-'*2".$)"(%%"&#:'C"8;&%:&#52"

,<-=!=)*+-'9!=4;;1&-=)=!+<)!F&'F)&+-)=!'>!+<)!00E!#V"!=5=+);=!+<1+!K)&)!4=)B!-9!+<)!B)&-C1+-'9!
'>! >&1R-.-+5! >49*+-'9=! >'&! 1..!-9B)T! 34-.B-9R=J! 04*<! F&'F)&+-)=! K)&)! '3+1-9)B! 35! 4=-9R! +<)!
-;F)B19*)!>49*+-'9=!F&)=)9+)B!-9!0)*+-'9=!$J6!19B!$J:H!>'&!>''+-9R=!19B!F-.)=!&)=F)*+-C).5J!0-9*)!
+<)! *';F4+1+-'9! '>!+<)=)! -;F)B19*)=!K1=!31=)B! ' 9!+<)! )^4-C1.)9+! ;1*&'V).);)9+!F&'F)&+-)=H!
=';)! =)+=! '>! >49*+-'9=! K)&)! 4=)B! >'&! ;'&)! +<19! '9)! 34-.B-9RH! *<1&1*+)&-=)B! 35! +<)! =1;)!
)^4-C1.)9+!;1*&' V).);)9+J!]'K)C)&H!>'&!)1*<! -9B)T!34-.B-9R!1!49-^4)!=)+!'>!00E!#V"!F&'F)&+-)=!
K1=!B)&-C)BH!3)*14=)!+<)!*1.-3&1+-'9!-=!31=)B!'9!+<)!34-.B-9Ri=!>-&=+!91+4&1.!>&)^4)9*5J!

,<)!>'..'K-9R!+13.)=H!>&';!,13.)! $J#7!+'!,13.)! $J#8H!&)F'&+!+<)!&)+&-)C)B!F&'F)&+-)=!'>!+<)!00E!#V
" ! =5=+);=! >'&! +)&&1*)BH! B)+1*<)B! 19B! 1F1&+;)9+!-9B)T! 34-.B-9R=H! -9! +)&;=! '>! =+->>9)==! 19B!
B1;F-9R!*')>>-*-)9+H!>'&!1..!>-C)!=*1.-9R!>1*+'&=!*'9=-B)&)BJ!

!

S4;8.) KHFQU)*+,>.+05.=),2)0D.)CC$)FB!)=?=0.3)2,+)o5-8@.=0)517.k);<587519H)

" 02#! 026! 02: ! 02$! 02Q!

%."O\Dl;P " 8J#GGL}7S! QJ8#7L}7S! $JQ$QL}7S! :JS8GL}7S! 6JQ8QL}7S!

&."!O+'9l=P" _JQG7L}7$! 8JSG:L}7$! 8J7#$L}7$! SJQ76L}7$! QJS#:L}7$!

!

S4;8.) KHFFU)*+,>.+05.=),2)0D.)CC$)FB!)=?=0.3)2,+) NM.87.+)517.k);<587519H)

" 02#! 026! 02: ! 02$! 02Q!

%."O\Dl;P " 6JGS7L}7S! 6J:_:L}7S ! #JG88L}7S! #JS_6L}7S! #J66:L}7S!

&."!O+'9l=P" 6J$$8L}7$! 6J67$L}7$! 6J77#L}7$! #J_$6L}7$! #JQ_7L}7$!

! "
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! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >D6"

!

 

S4;8.) KHFPU)*+,>.+05.=),2)0D.)CC$)FB!)=?=0.3)2,+) (47M.9 )517.k);<587519H)

" 02#! 026! 02: ! 02$! 02Q!

%."O\Dl;P " 6J:$8L}7S! #J__8L}7S! #JQG6L}7S! #J:Q:L}7S ! GJ8$#L}7Q!

&."!O+'9l=P" #J$SSL}7$! #J:78L}7$ ! #J#G#L}7$! #J#77L}7$! GJ:8:L}7: !

!

S4;8.) KHFXU)*+,>.+05.=),2)0D.)CC$)FB!)=?=0.3)2,+) !5-W=0+440)517.k);<587519H)

" 02#! 026! 02: ! 02$! 02Q!

%."O\Dl;P " :JSQ7L}7S! 6JG##L}7S! 6J:_7L}7S! #JGG#L}7S! #J$7$L}7S!

&."!O+'9l=P" :J$7_L}7$ ! :J7#GL}7$! 6J8:#L}7$ ! 6JQ7SL}7$! 6J##_L}7$!

!

S4;8.) KHFKU)*+,>.+05.=),2)0D.)CC$)FB!)=?=0.3)2,+) !.)\4@.+ )517.k);<587519H)

" 02#! 026! 02: ! 02$! 02Q!

%."O\Dl;P " $J8:8L}7S! :J_:$L}7S ! :J#_7L}7S! 6J87QL}7S! #JGSGL}7S!

&."!O+'9l=P" #J67_L}7Q! #J788L}7Q! GJ_77L}7$! _JG$$L}7$! 8JQ$7L}7$!

!

S4;8.) KHF^U)*+,>.+05.=),2)0D.)CC$)FB!)=?=0.3)2,+) !+5@.B51)517.k);<587519H)

" 02#! 026! 02: ! 02$! 02Q!

%."O\Dl;P " 8J$__L}7S! SJQ8SL}7S! QJ_S_L}7S! QJ:6#L}7S! $J:G$L}7S!

&."!O+'9l=P" SJ67QL}7$! QJG##L}7$! QJSQ:L}7$! QJ$QSL}7$! QJ767L}7$!

S4;8.) KHFYU)*+,>.+05.=),2)0D.)CC$)FB!)=?=0.3)2,+) NBG840)517.k);<587519H)

" 02#! 026! 02: ! 02$! 02Q!

%."O\Dl;P " GJQ$QL}7S! _J6GQL}7S! 8J:#GL}7S! SJQ87L}7S! QJ:76L}7S!

&."!O+'9l=P" #J#__L}7Q! #J#::L}7Q ! #J7_QL}7Q! #J7$8L}7Q! GJ8::L}7$ !

!

S4;8.) KHFRU)*+,>.+05.=),2)0D.)CC$)FB!)=?=0.3)2,+) E.,+9)@41)C)517.k);<587519H)

" 02#! 026! 02: ! 02$! 02Q!

%."O\Dl;P " GJ_$GL}7S! _JS78L}7S! 8JS$:L}7S! SJG77L}7S! QJS$8L}7S!

&."!O+'9l=P" #J#:SL}7Q! #J7_QL}7Q! #J7$6L}7Q! #J77QL}7Q! GJ$6:L}7$!

!

!

!

!

!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >DD"

!

 

=<B F;*@': ,?()(*'-')"Z$:'%"OF?ZT "

,<)!=)*'9B!00E!;'B).!>'..'K-9R!+<)!=43=+&4*+4&)!1FF&'1*<!-9!+<-=!K'&\!-=!1!a4;F)B V%1&1;)+)&!
W'B).!Oa%WP!1**'49+-9R!>'&!>&)^4)9*5!B)F)9B)9*)!'>!+<)!-;F)B19*)!>49*+-'9=J!

LC)9!+<'4R<!+)*<9-^4)=!1&)!1C1-.13.)!+'!B)=*&-3)!>&)^4)9*5!B)F)9B)9*)!'>!195!+5F)!+<&'4R<!1!
R)9)&1.-=)B!a%W!K<'=)!>'&;!-=!9'+!\9'K9!-9!1BC19*)!Oa)=R-B-=!)+!1.JH!67#QPH!+<-=!K'&\!1B'F+)B!
+<)!=-;F.)=+!a%W!*1F13.)!'>!B)=*&-3-9R!1FF&'T-;1+).5H!'C)&!+<)!>&)^4)9*5!&19R)!'>!-9+)&)=+H!+<)!
>)1+4&)=!'>!+K'!*';F'9)9+=!'>!-;F)B19*)H!91;).5!+<)!+&19=.1+-'91.!19B!&'+1+-'91.!+)&;=J!

,<)!a%W!;'B).!F&'F'=)B!35!+<)!@ED,?!n'&\R&'4F!O67#_PH!K<-*<!-=!19!)T+)9=-'9!'>!+<)!;'B).!
35! ")d-! )+! 1.J! O677GP! 19B! ?1&3'91&-! )+! 1.J! O67##H! 67#6H! 67#_PH! K1=! +1\)9! 1=! 1! &)>)&)9*)J!,K'!
C1&-19+=!'>!=4*<!;'B).!K)&)!-;F.);)9+)BH!&).1+)B!+'!=<1..'K!19B!F-.)!>'49B1+-'9=H!&)=F)*+-C).5J!
,<)5!1&)!B)=*&-3)B!-9!0)*+-'9=!$JQJ#!19B!$JQJ6J!

=<B<> F?Z".$)"23(%%$K".$;#:(-&$#2"

2'&!=<1..'K!>'49B1+-'9=H!+<)!;'B).!F&'F'=)B!35!+<)!@ED,?!n'&\R&'4F!K1=!=-;F.->-)B!-9!'&B)&!
+'!9)R.)*+!+<)!&'*\-9RV=K15!*'4F.-9RJ!,<)!1B'F+)B!=5=+);!-=!=<'K9!-9!2-R4&)!$JQ7J!!

!

!

G59<+.)KĤQU)SD.)47,>0.7)#<3>.7 B*4+43.0.+)6,7.8)2,+)=D488,M)2,<17405,1=H)

,<)! *&4*-1.! >)1+4&)! '>! +<-=! a%W! -=! +<)! -9+&'B4*+-'9! '>! 1! +&19=.1+-'91.! >-*+-+-'4=! O9'9VF<5=-*1.P!
;1==! # . ! -9! +<)! -9+)&>1*)! 9'B)! O&)F&)=)9+-9R! +<)! >'49B1+-'9PH! .-9\)B! +'! +<)! R&'49B! 35! 1!
+&19=.1+-'91.! =F&-9R! O'>! *'9=+19+!%.P! 19B! 35! 1! B1=<F'+! O'>! *'9=+19+!&.PJ! ,<-=! =5=+);! -=!
*<1&1*+)&-=)B! 35! 1! >&)^4)9*5VB)F)9B)9+! &)=F'9=)! +'! 19! -9F4+! 19B! +<4=! 1..'K=! >'&! 19!
1FF&'T-;1+)! B)=*&-F+-'9! '>! +<)! >&)^4)9*5! B)F)9B)9*)! '>! +<)! -;F)B19*)J! LTF&)==-9R! +<)!
)^41+-'9!'>!;'+-'9!'>!+<)!=5=+);!K-+<'4+!+<)!=4F)&=+&4*+4&)!-9!+<)!>&)^4)9*5!B';1-9H!-+!*19!3)!
)1=-.5! =))9! +<1+! +<)! B591;-*! -;F)B19*)! B)*&)1=)=! F1&13'.-*1..5! O%. !b!# ."? 6P! K-+<! >&)^4)9*5H!
K<)&)1=!+<)!-;1R-91&5!F1&+!-9*&)1=)=!.-9)1&.5!O&."? P!K-+<!>&)^4)9*5J!E9!*1=)!+<)!>'49B1+-'9!;1==!
-=!+1\)9!-9+'!1**'49+H!-+!-=!1BB)B!+'!+<)!>-*+-+-'4=!;1==!-9!+<)!=1;)!9'B)J!

E9! '&B)&! +'! ;'B).! +<)! >'49B1+-'9! &'+1+-'9H! +<)! a%W! -9*.4B)=! 1! &'+1+-'91.! ;1==!# @/! -9! +<)!
-9+)&>1*)! 9'B)H! .-9\)B! +'! +<)! R&'49B! 35! 1! &'+1+-'91.! =F&-9R! O'>! *'9=+19+!%@/P! 19B! B1=<F'+! O'>!
*'9=+19+!&@/PJ!

,<)!='-.!F'&+-'9! '>!+<)!a%W!-=!+<4=!*<1&1*+)&-=)B!35!+K'!-9B)F)9B)9+!B)R&))=! '>!>&))B';J!,<)!
;1==!;1+&-T!+1\)=!+<)!>'&;/!
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! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >D="

!

 

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

!
! ! !
! ! !"

! ! ! ! ! ! ! !!!!!!!!!!!!!!O$J8P!

!

,<)!=+->>9)==!19B!B1;F-9R!;1+&-*)=H!N!19B!AH!1&)!K&-++)9!=-;-.1&.5J!,<)!=-T!B-1R'91.!+)&;=!'>!+<)!
;1+&-*)=H!91;).5!0 ##H!0 66H!A##H!A66H!B##H!B66H!K<-*<!1&)!*'-9*-B)9+!K-+<!+<)!F1&1;)+)&=!'>!+<)!='-.!
F'&+-'9!'>!+<)!a%WH!1&)!'3+1-9)B!35!>-++-9R!+<)!+K'!*';F'9)9+=!'>!-;F)B19*)!O-J)JH!+&19=.1+-'91.!
19B!&'+1+-'91.P!K-+<!F1&13'.-*!19B!.-9)1&!>49*+-'9=!>'&!+<)!&)1.!19B!-;1R-91&5!F1&+=H!&)=F)*+-C).5J!
2-R4&)!$JQ#!=<'K=!19!)T1;F.)! '>!=4*<!>-+H!>'&!1!=+&4*+4&1.!0"N2!K-+<!>-&=+!91+4&1.!>&)^4)9*5! '>!
8JS! ]dJ!A=!B'9)!>'&!+<)! ;1*&' V).);)9+!*1=)H !-9! '&B)&!+'! *1F+4&)!+<)! -9)&+-1.! -9+)&1*+-'9! )>>)*+=!
3)+K))9! +<)! =4F)&=+&4*+4&)! 19B! +<)! >'49B1+-'9H! +<)! =4F)&=+&4*+4&)! ;1==! -=! F.1*)B! 13'C)! +<)!
R&'49B!1+!+<)!34-.B-9R!*)9+&'-B!<)-R<+H!( )'' J!0-;-.1&.5H!+<)!=)-=;-*!1**).)&1+-'9H!+O,PH!-=! -9F4+!+'!
+<)! =5=+);! 1=! 19! -9)&+-1! >'&*)! <-=+'&5H!'O,PH! 1FF.-)B! +'! +<)! =4F)&=+&4*+4&)! ;1==/! +<-=! 1FF&'1*<!
F&'F)&.5! *'9=-B)&=! +<)! -9)&+-1.! *';F'9)9+=! -9! +<)! F&)=)9*)! '>! +<)! =+&4*+4&)! O=+&4*+4&)! 19B!
>'49B1+-'9! ;1==)=! 19B! +<)-&! -9+)&1*+-'9PH! &)=4.+-9R! -9! 1! &)=F'9=)! -9! +)&;=! '>! &).1+-C)!
B-=F.1*);)9+=!K-+<!&)=F)*+!+'!+<)!R&'49B!;'+-'9J!

!

!
G59<+.)KĤFU)C43>8.)250),2)+.48)417)5349514+?)>4+0=),2)0M,)53>.741/.)/,3>,1.10=O)51)0D.)Q)B)FQ)\I)2+.]<.1/?)

+419.H)

@"D"#"# P6%.16*+12,%M,*:1,QP4,2-2*182,M%6,K&+/(+'02,C+*:,2:)//%C,M%&'()*+%'2,

,<-=!=)*+-'9!=4;;1&-=)=!+<)!F&'F)&+-)=!'>!+<)!a%W!=5=+);=!+<1+!K)&)!4=)B!-9!+<)!B)&-C1+-'9!'>!
>&1R-.-+5! >49*+-'9=! >'&! =<1..'K! >'49B1+-'9!-9B)T! 34-.B-9R=J! 04*<! F&'F)&+-)=! K)&)! '3+1-9)B! 35!
>-++-9R! +<)! -;F)B19*)! >49*+-'9=! F&)=)9+)B! -9! 0)*+-'9!$J6J! 0-9*)! +<)! *';F4+1+-'9! '>! +<)=)!
-;F)B19*)=!K1=!31=)B!'9!+<)!) ^4-C1.)9+!;1*&' V).);)9+!F&'F)&+-)=H!=';)!=)+=!'>!>49*+-'9=!K)&)!
4=)B! >'&! ;'&)! +<19! '9)! 34-.B-9RH! *<1&1*+)&-=)B! 35!+<)! =1;)! )^4-C1.)9+! ;1*&' V).);)9+J!
]'K)C)&H! >'&! )1*<! -9B)T! 34-.B-9R! 1! 49-^4)! =)+! '>! a%W! F&'F)&+-)=! K1=! B)&-C)BH! 3)*14=)! +<)!
-;F)B19*)!>-+!-=!31=)B!'9!+<)!34-.B-9Ri=!>-&=+!91+4&1.!>&)^4)9*5J!

,<)!>'..'K-9R!+13.)=H!>&';!,13.)! $J#_!+'! ,13.)! $J66H!&)F'&+!+<)!&)+&-)C)B!F&'F)&+-)=!'>!+<)!a%W!
=5=+);=!>'&!1..!+)&&1*)B!19B!B)+1*<)B!-9B)T!34-.B-9R=H!-9!+)&;=! '>! ;1==H!=+->>9)==!19B!B1;F-9R!
*')>>-*-)9+=H!>'&!1..!>-C)!=*1.-9R!>1*+'&=!*'9=-B)&)BJ!
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S4;8.) KHF[ U)*+,>.+05.=),2)0D.)#*6)2,+)o5-8@.=0)517.k);<587519H)))

" 02#! 026! 02: ! 02$! 02Q!

# . "O+'9P" 8J6_6L}7: ! QJ_7_L}7:! $JGGGL}7:! $JQ_7L}7:! :J8G:L}7: !

# @/"O+'9v; 6P" $J8$7L}7Q! $JQ7_L}7Q! $J6#QL}7Q! :JGQ7L}7Q! :J$#:L}7Q !

%."O\Dl;P " GJ87GL}7S! 8J8__L}7S! SJ$78L}7S! QJ$7SL}7S! :J_$_L}7S!

%@/"!O\D;l&1BP" 8JS_:L}7_! SJ6#SL}7_! QJ#Q$L}7_! $J:88L}7_ ! :J#86L}7_ !

&. !O+'9l=P" _J7Q7L}7$! 8J678L}7$! SJQ$QL}7$! SJ7Q6L}7$! QJ678L}7$!

&@/"!O+'9v; 6l=P" 8J7QGL}7$! QJ_#8L}7$! $JG#:L}7$! $J6$GL}7$! :J676L}7$ !

!

S4;8.) KHFeU)*+,>.+05.=),2)0D.)#*6)2,+)NM.87.+)517.k);<587519H)

" 02#! 026! 02: ! 02$! 02Q!

# . "O+'9P" 6J868L}76! 6J67GL}76! #J_##L}76! #JQ67L}76! #J7SGL}76!

# @/"O+'9v; 6P" #J$:QL}7$! #J6GSL}7$! #J#G7L}7$! #J##$L}7$! GJG7:L}7:!

%. "O\Dl;P " $JSGQL}7S! :J8_7L}7S! :J#6:L}7S ! 6JS$$L}7S! #J_GGL}7S!

%@/"!O\D;l&1BP" #J:6GL}7_! #J78$L}7_! _JG7:L}78! 8JQ_QL}78! QJQ7GL}78!

&. !O+'9l=P" 6J$#$L}7$! 6J#88L}7$! #JG8SL}7$! #J_#GL}7$! #JQQGL}7$!

&@/"!O+'9v; 6l=P" 6JG$8L}7$! 6J8SGL}7$! 6JS6$L}7$! 6J$G$L}7$! 6J6QGL}7$!

)

S4;8.) KHPQU)*+,>.+05.=),2)0D.)#*6)2,+)(47M.9 )517.k);<587519H)

" 02#! 026! 02: ! 02$! 02Q!

# . "O+'9P" 6JG6SL}76! 6J$7:L}76 ! #J_6SL}76! #JQ6GL}76! #J#:QL}76!

# @/"O+'9v; 6P" #J$87L}7$! #J::6L}7$ ! #J6#SL}7$! #J#6:L}7$ ! GJQQ:L}7:!

%. "O\Dl;P " :J7#:L}7S ! 6J$68L}7S! 6J77SL}7S! #J87:L}7S! #J6:7L}7S!

%@/"!O\D;l&1BP" _JG$_L}78! 8J6:7L}78 ! QJGGSL}78! QJ#78L}78! :J87:L}78 !

&. !O+'9l=P" #J$Q6L}7$! #J6G:L}7$! #J#8GL}7$! #J7__L}7$! GJ68QL}7:!
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&. !O+'9l=P" :J$76L}7$ ! :J7#:L}7$ ! 6J86QL}7$! 6JQ7#L}7$! 6J##$L}7$!

&@/"!O+'9v; 6l=P" 6J$7:L}7Q! #JG_GL}7Q! #J876L}7Q! #JQ:7L}7Q! #J6$QL}7Q!

)



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >DW"

!

 

S4;8.) KHPPU)*+,>.+05.=),2)0D.)#*6)2,+)!.)\4@.+ )517.k);<587519H)

" 02#! 026! 02: ! 02$! 02Q!
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%."O\Dl;P " GJQ:7L}7S! 8JS$8L}7S! SJ6__L}7S! QJ:7QL}7S! :J88:L}7S !
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,<)!=+->>9)==!19B!B1;F-9R!;1+&-*)=H!N!19B!AH!1&)!K&-++)9!=-;-.1&.5J!,<)!>'..'K-9R!&).1+-'9=<-F=!
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! ! !!" ! ! !" ! !

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

! ! ! ! ! ! ! ! !!!!!!!!!!!!!!O$JGP!

!

19B!=-;-.1&.5!>'&!=+->>9)==!19B!B1;F-9RH!>'&!1!+'+1.!'>!9-9)!)^41+-'9=J!04*<!)^41+-'9=!<1C)!+K).C)!
49\9'K9=!19B!<)9*)!+<)!<)-R<+=!1# H!1%!19B!1&!;4=+!3)!1==-R9)B!1&3-+&1&-.5J!0-9*)!1..! ;1+&-*)=!
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!

! !! ! ! ! !! !! ! ! !!!!! !"
! ! ! !! ! ! !! ! ! ! ! ! ! ! !!!!!!!!!!!O$J#7P!

!

19B!=-;-.1&.5!>'&!=+->>9)==!19B!B1;F-9RJ!a-\)K-=)H!+<)!a%W!F1&1;)+)&=!;4=+!3)!F'=-+-C)!B)>-9-+)H!
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,<)!9- 9)!+)&;=! '>!+<)! ;1+&-*)=H!91;).5!0 ##H!0 66H!0 #6H!A##H!A66H!A#6H!B##H!B66H!B#6H!1&)! '3+1-9)B!35!
>-++-9R! +<)! 1C1-.13.)! +<&))! *';F'9)9+=! '>! -;F)B19*)! O+&19=.1+-'91.H! &'+1+-'91.! 19B! &'+'V
+&19=.1+-'91.P!K-+<!F1&13'.-*!19B!.-9)1&!>49*+-'9=!>'&!+<)!&)1.!19B!-;1R-91&5!F1&+=H!&)=F)*+-C).5J!
2-R4&)!$JQ:!=<'K=!19!)T1;F.)! '>! =4*<!>-+H!>'&!1!=+&4*+4&1.!0"N2!K-+<!>-&=+!91+4&1.!>&)^4)9*5! '>!
QJS!]dJ!E+!*19!3)!9'+)B!+<1+!=';)!*';F'9)9+=!'>!+<)!&)1.!F1&+H!-9!F1&+-*4.1&!+<)!+&19=.1+-'91.!19B!
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,<)!B)C).'F;)9+!'>!>&1R-.-+5!>49*+-'9=!>'&!34-.B-9R=!-9!+<)!`&'9-9R)9!&)R-'9!-=!3)5'9B!+<)!=*'F)!
'>!+<-=!K'&\!19B!-9+)&)=+)B!&)1B)&=!1&)!-9=+)1B!&)>)&&)B!+'!?&'K.)5!)+!1.J!O67#GPJ!D'9)+<).)==H!-9!
'&B)&!+'!R1-9!*'9>-B)9*)!'9!+<)!&)=4.+=!+<1+!K)&)!'3+1-9)B!4=-9R!+<)!B->>)&)9+!00E!;)+<'B'.'R-)=!
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,<)! '3+1-9)B! >&1R-.-+5! *4&C)=! >'&! +<)! *'..1F=)! .-;-+! =+1+)! 19B! >'&! +<)!>-C)!-9C)=+-R1+)B! -9B)T!
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+'! +<)! >-T)BV31=)! *1=)c!+<-=! ;)19=! +<1+! 00E! ;15! <1C)! 1! 3)9)>-*-1.! )>>)*+! '9! +<)! =)-=;-*!
C4.9)&13-.-+5!'>!+<)=)!34-.B-9R=J!

E+! -=! 1.='! -9+)&)=+-9R! +'! 9'+-*)! <'KH! >'&! +<)! =+->>)&! 19B! =+&'9R)&! [K).B)&! B)+1*<)B! <'4=)H! +<)!
&)=F'9=)!'>!+<)!&).1+-C).5!K)1\!='-.!F.15=!1!;'&)!B)+)&;-919+!&'.)!-9!+<)!'C)&1..!>&1R-.-+5!'>!+<)!
=5=+);H!19B!<)9*)!9'+!'9.5!+<)!-;F1*+!'>!+<)!00E!;'B)..-9R!3)*';)=!;'&)!)C-B)9+H!34+!='!B') =!
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+57"&C5$)J<)5&)"'<5&,4C5$"'C@",1)"I@C5452)5"'4)D7J!DAW!%.1+>'&;H!D'C);3)&!67#QJ!!

?&'K.)5H!]JH!%-9<'H!@J!†67#8‡!d)LC@,"C5",1)"ZV"'@+24D4,/"+57"&C5$)J<)5&)"#C7)D$"'C@",1)"I@C5452)5"
'4)D7J!DAW!%.1+>'&;H!D'C);3)&!67#8J!!

?&'K.)5H! ]JH!%'.-B'&'H!UJH!%-9<'H!@JH!C19!L.\H! |J!†67#8‡!X2&1;)K'&\!>'&!B)C).'F-9R!>&1R-.-+5!19B!
*'9=)^4)9*)!;'B).=!>'&!.'*1.!F)&='91.!&-=\HZ! 6+@,1J<+%)">L)&,@+H!M'.J!::H!D'J!$H!FFJ!#:6Qb
#:$QJ!

?&'K.)5H!]JH!%-9<'H!@JH!?1C1.-)&-H!2J!†67#G‡!d)LC@,"C5",1)"Ze";@+24D4,/"+57"BC5$)J<)5&)"0C7)D$"'C@"
,1)"I@C5452)5";4)D7J!DAW!%.1+>'&;H!W1&*<!67#GJ!

?&4T!L9R-9))&-9R!†67#$‡!HLL)574."B"U-"d)LC@,$"]OOXR\efPgO`Pfd6[QPO^H!6_!AF&!67#$J!!

?499-9RH!|J?JH!@'3)&+='9H!%J[JH!0)R'H!"J?J!†#GGQ‡!X0<)1&!K1C)!C).'*-+5!+'!)C1.41+)!-9!=-+4!=+1+)!'>!
*'<)=-'9.)==!='-.=HZ!B+5+74+5"I)C,)&154&+D"aC<@5+DH!M'.J!:6H!FFJ!_$_V_Q_J!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >=W"

!

 

"1&)9B).-H!WJ!O677#PJ!T)Z)DCL#)5,"C'"+"5)b"'+#4D/"C'"5C@#+D4h)7"#C7<D<$"@)7<&,4C5"+57"#+,)@4+D"
7+#L452"&<@Z)$H!%<J"J!,<)=-=H!")F1&+;)9+!'>!?-C-.!L9R-9))&-9RH!y9-C)&=-+5!'>!,)T1=H!A4=+-9H!
,)T1=J!

")d-H!2JH!?1&3'91&-H!0JH!a)'9-H!`J!†677G‡!XA!;'B).!>'&!+<)!:"!\-9);1+-*!-9+)&1*+-'9!191.5=-=!'>!F-.)!
R&'4F=!-9!.15)&)B!='-.=HZ!6+@,1J<+%)"65245))@452"_">,@<&,<@+D"T/5+#4&$H!M'.J!:_H!D'J!##H!FFJ!
#6_#V#:7QJ!

")d-H! 2JH! ?1&3'91&-H! 0JH! a)'9-H! `J! †67#7‡! X[-9);1+-*! 3)9B-9R! ;';)9+=! -9! F-.)! >'49B1+-'9=HZ!>C4D"
T/5+#4&$"+57"6+@,1J<+%)"65245))@452H!M'.J!:7 H!D'J!:H!FFJ!##GV#:6J!

2)1&H! ?JLJH! @'3)&+='9H! %J[J! †#GGQ‡! XL=+-;1+-9R! +<)! 49B&1-9)B! =+&)9R+<! '>! =19B/! 1! +<)'&)+-*1.!
>&1;)K'&\HZ!B+5+74+5"I)C,)&154&+D"aC<@5+DH!M'.J!:6H!FFJ!_QGV_87J!

2-R-9-H! @JH! %1'.4**-H! @JH! ?<1+d-R'R'=H! ?J,J! †67#6‡! XA! ;1*&'V).);)9+! ;'B).! >'&! 9'9 V.-9)1&! ='-.!
=<1..'K! >'49B1+-'9V=+&4*+4&)! -9+)&1*+-'9! 49B)&! =)-=;-*! .'1B=/! +<)'&)+-*1.! B)C).'F;)9+!
19B! )TF)&-;)9+1.!C1.-B1+-'9! '9! .1&R)!=*1.)!+)=+=HZ!6+@,1J<+%)"65245))@452"+57">,@<&,<@+D"
T/5+#4&$H!M'.J!$#H!D'J!:H!FFJ!$8QV$G:J!

`1d)+1=! `J! †#GG#‡! X2'49B1+-'9! C-3&1+-'9=HZ! -9!;C<57+,4C5$"65245))@452" (+57SCC%9"O57" )74,4C5H!
219R!]J‚J!OLB-+'&PH!D)K!‚'&\H!M19!D'=+&19B!@)-9<'.B=H!FFJ!QQ:bQG:H!*<1F+)&!#QJ!

`@?!V!`)'+)*<9-*1.!@)=)1&*<!?)9+&)!'>!n)=+)&9!N9+1&-'!y9-C)&=-+5!†67#Q‡!Tc8He`Q"N"H"L@C2@+#"
'C@" ,1)" &C#L<,+,4C5" C'" ,1)" @)$LC5$)" C'" @4247" 'C<57+,4C5$" ,C" +DD" ,/L)$" C'" 7/5+#4&" DC+7$J!
N9+1&-'H!?191B1J!

[.1&H! AJH! @19B'.F<! WJ2J! †677_‡! XyFF)&V3'49B! 19B! .'1BbB-=F.1*);)9+! ='.4+-'9=! >'&! .1+)&1..5!
.'1B)B! F-.)=! -9! *.15=! 31=)B! '9! )9)&R5! ;-9-;-=1+-'9HZ!IYC,)&154J<)!H! M'.J! Q_H! D'J! #7H! FFJ!
_#QV_67J!

[&1;)&H!0JaJ!†6778‡!X`)'+)*<9-*1.!L1&+<^41\)!L9R-9))&-9RHZ!?'4&=)!D'+)=H!L4&'F)19!0*<''.!>'&!
ABC19*)B! 0+4B-)=! -9! @)B4*+-'9! '>! 0)-=;-*! @-=\! O@N0L! 0*<''.PH! E=+-+4+'! y9-C)&=-+1&-'! B-!
0+4B-!04F)&-'&-!OEy00PH!%1C-1H!E+1.5J!

[&4-C)&H!%JH!B)!a19R)H!`J!†67#Q‡!I)CDC24&+D"$&1)#+,4$+,4C5"C'",1)"$1+DDCb"$<S$<@'+&)"C'"I@C5452)5`"
;C@"$4,)"@)$LC5$)",C")+@,1J<+%)$"'C@",1)"I@C5452)5"2+$"'4)D7`"[+@,"F9"[+@,"FF9"[+@,"FFF`"").+1&)=J!
DAW!%.1+>'&;H!|49)!67#QJ!

[&4-C)&H! %J%JH! n-)&=;1H! AJ! †67#S‡!0C74'4&+,4C5" C'" ,1)" 2)CDC24&+D" #C7)D" 'C@" $4,)" @)$LC5$)" +," ,1)"
I@C5452)5"'4)D7J!").+1&)=J!DAW!%.1+>'&;H!|49)!67#S!

[&4-C)&H!%J%JH!n-)&=;1H!AJH![.''=+);19H!2J]JH!B)!a19R)H!`JH!['&>>H!WJH!0+1g)4H!|JH!U4=*<)&H!2JH!]1&+-9RH!
@JH!`499-9\H! |JaJH! †67#81‡! X?<1&1*+)&-=1+-'9! '>! +<)! `&'9-9R)9! =43=4&>1*)! >'&! <1d1&B! 19B!
&-=\! ;'B)..-9RHZ!8),1)@D+57$"aC<@5+D"C'"I)C$&4)5&)$"f"I)CDC24)")5"04!5SC<bH!M'.J!GSH!D'J!QH!
FFJ!6#QV6::J !

[&4-C)&H!%J%JH!C19!")B);H!LJH!@';-(9H!@JH!B)!a19R)H!`JH!['&>>H!WJH!0+1g)4H!|JH!`499-9\H!|JaJH!@'B&-R4)dV
W1&)\H! AJH! U';;)&H! |J|JH! C19! L.\H! |JH! "''&9<'>H! "J! †67#83‡! XA9! -9+)R&1+)B! =<)1&VK1C)!
C).'*-+5! ;'B).! >'&! +<)! `&'9-9R)9! R1=! >-).BH! ,<)! D)+<)&.19B=HZ!U<DD),45" C'" 6+@,1J<+%)"
65245))@452H!M'.J!#QH!D'J!GH!FFJ!:QQQb:Q_7J!

[&4-C)&H!%J%J!†67#_‡![)@$C5+D"BC##<54&+,4C5$J!").+1&)=J!

a)=R-B-=H! DJH! [K'9H! NJ0JH! 0)T+'=H! AJ! †67#Q‡! XA! +-;) VB';1-9! =)-=;-*! 00E! 191.5=-=! ;)+<'B! >'&!
-9).1=+-*!3&-BR)!=+&4*+4&)=!+<&'4R<!+<)!4=)! '>!1!>&)^4)9*5VB)F)9B)9+! .4;F)B!F1&1;)+)&!
;'B).HZ!6+@,1J<+%)"65245))@452"_">,@<&,<@+D"T/5+#4&$H!M'.J!$$H!D'J!#:H!FFJ!6#:8V6#QSJ!

a0,? m a-C)&;'&)!0'>+K1&)! ,)*<9'.'R5!?'&F'&1+ -'9!†67#:‡! G>ETc8Hi +"2)5)@+DEL<@LC$)" '454,)"
)D)#)5,"L@C2@+#"&+L+SD)"C'"$4#<D+,452"&C#LD)."L@CSD)#$J!a-C)&;'&)J!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >=G"

!

 

W1.()&=H! "JH! 0+1g)4H! |JH! M19! B)&! W)4.)9H! WJ|JH! "1;3&-9\H! @JWJ! †67#Q‡! XABC19*)=! -9! *'9=+&4*+-9R!
&)R-'91.! R)'.'R-*1.! C'T).! ;'B).=H! -..4=+&1+)B! 35! +<)-&! 1FF.-*1+-'9! -9! 1RR&)R1+)! &)='4&*)!
1==)==;)9+=HZ!8),1)@D+57$"aC<@5+D"C'"I)C$&4)5&)$"fI)CDC24)")5"04!5SC<bH!M'.J!G$H!FFJ!6Q8b
687J!

W)9^H! 2J! ‚J! †677:‡!T/5+#4&"L@CL)@,4)$"C'"$+57/"+57"2@+Z)DD/"$C4D$H! %<J"J! ,<)=-=H! ")F1&+;)9+! '>!
?-C-.!L9R-9))&-9RH!y9-C)&=-+5!'>!,)T1=H!A4=+-9H!,)T1=J!

W)5)&<'>H!`J`J!†#GQ:‡!X,<)!3)1&-9R!*1F1*-+5!'>!>'49B1+-'9=!49B)&!)**)9+&-*!19B!-9*.-9)B!.'1B=HZ!
-9! [@C&))7452$" C'" ,1)"g@7" F5,)@5+,4C5+D"BC5')@)5&)" C5">C4D" 0)&1+54&$" +57";C<57+,4C5$"
65245))@452H!Y4&-*<H!M'.J!#H!FFJ!$$7V$$QJ!!

W'9+)(' H!aJAJH!['K1.=\5H!WJ|J!†6778‡!BK0UFHi >),"C'"&C7)$"'C@",1)"+5+D/$4$"C'"@)45'C@&)7"&C5&@),)"
#)#S)@$J! ,)*<9-*1.! @)F'&+! D'J! E0V78V7#H!")F1&+;)9+! '>! ?-C-.H! ?'9=+&4*+-'9H! 19B!
L9C-&'9;)9+1.!L9R-9))&-9RJ!D'&+<!?1&'.-91!y9-C)&=-+5J!

W'=15\! †67#Q‡!d)LC@,"C5"$C4DE$,@<&,<@)"45,)@+&,4C5"]>>F^"4#L)7+5&)" '<5&,4C5$" 'C@">Tj;"$/$,)#$J!
DAW!%.1+>'&;H!N*+'3)&!67#QJ!

W5.'91\-=H!`JH!`1d)+1=H!`J!†#GG_‡!X0)++.);)9+!19B!1BB-+-'91.! -9+)&91.!>'&*)=! '>!R&'4F)B!F-.)=!-9!
.15)&)B!='-.HZ!I)C,)&154J<)H"M'.J!$_H!D'J!#H!FFJ!QQb86J!

W5.'91\-=H! `JH! D-\'.1'4H! 0JH! `1d)+1=H! `J! †677S‡! X2''+-9R=! 49B)&! =)-=;-*! .'1B-9R/! A91.5=-=! 19B!
B)=-R9! -==4)=! K-+<! );F<1=-=! '9! 3&-BR)! >'49B1+-'9=HZ!>C4D" T/5+#4&$" +57" 6+@,1J<+%)"
65245))@452H!M'.J!6SH!D'J!GH!FFJ!_6$V_Q:J!

D)R4==)5H! "JH! n-()K-*\&);)H! nJ[J"JH! M1-BH! ‚J%J! †#G__‡H! X?'9=+19+VC'.4;)! >&-*+-'9! 19R.)! '>!
R&194.1&!;1+)&-1.=HZ!B+5+74+5"I)C,)&154&+D"aC<@5+DH!M'.J!6QH!D'J!#H!FFJ!Q7VQQJ!

%)*\)&H! AJH! %1'.4**-H! @JH! ?<1+d-R'R'=H! ?JH! ?'&&)-1H! AJAJH! 2-R-9-H! @J! †67#$‡! X,<)! &'.)! '>! 9'9V.-9)1&!
B591;-*! ='-. b>'49B1+-'9! -9+)&1*+-'9! '9! +<)! =)-=;-*! &)=F'9=)! '>! =+&4*+4&)=HZ!U<DD),45" C'"
6+@,1J<+%)"65245))@452H!M'.J!#6H!D'J!:H!FFJ!##Q8b##8SJ!

%-19)=)H! `J! †67#_‡!8C5ED45)+@" )'')&,$" C5" ,1)" $)4$#4&" @)$LC5$)" C'" S<4D7452$" b4,1" 'C<57+,4C5E
$,@<&,<@)" 45,)@+&,4C5J! %<J"J! ,<)=-=H! %'.-+)*9-*'! B-! W-.19'H! ")F1&+;)9+! '>! ?-C-.! 19B!
L9C-&'9;)9+1.!L9R-9))&-9RH!W-.19'H!E+1.5J!

%&)1&'H! ?J! †67#Q‡!T),)@#45+,4C5" C'" &/&D4&" @)$4$,+5&)" C'" &D)+5" $+57$" '@C#" &C5)" L)5),@+,4C5" ,)$,"
S+$)7"C5"$,+,)"L+@+#),)@J!%<J"J!,<)=-=J!y9-C)&=-+5!'>!2)&&1&1H!E+1.5J!

@19B'.F<H!WJ2JH!n&'+<H!?J%J!†#G8_‡!XA91.5=-=!'>!B)>'&;1+-'9!'>!C)&+-*1..5!.'1B)B!F-.)=HZ!aC<@5+D"C'"
I)C,)&1 54&+D"65245))@4529"H>B6H!M'.J!#7$H!D'J!#6H!FFJ!#$SQb#$__J!

@ED,?! n'&\R&'4F! †67#_‡H!d)$<D,$" C'" ,1)" OPQVEOPQR" F#LD4&4," $)4$#4&" @4$%" C'" &C7)E&C5'C@#452"
$,@<&,<@)$" 45" F,+D/" ]dF83B^" L@C!)&,J! @)ayE0! &)F'&+H! @)+)! B)-! a13'&1+'&-! y9-C)&=-+1&-! B-!
E9R)R9)&-1!0-=;-*1!O@)ayE0PH!D1F.)=H!E+1.5J!AC1-.13.)!1+!<++F/llKKKJ&).4-=J-+lJ!

@'B&-R4)dVW1&)\H!AJH! [&4-C)&H! %J%JH! W)-()&=H! %JH! U';;)&H! |J|JH!"'=+H!UJH!C19! L.\H!|JH!"''&9<'> H! "J!
†67#8‡! XA! @)R-'91.! 0-+)V@)=F'9=)! W'B).! >'&! +<)! `&'9-9R)9! `1=! 2-).BHZ!U<DD),45" C'" ,1)"
>)4$#CDC24&+D">C&4),/"C'"H#)@4&+H!M'.J!#78H!D'J!QH!FFJ!67S8b6788J!

@';-(9 H! @J! †67#8‡!I@C5452)5" -)DC&4,/" 0C7)D" OPQR"E"I@C5452)5" '<DD" )D+$,4&" Z)DC&4,/" #C7)DJ! DAW!
%.1+>'&;H!0)F+);3)&!67#8 J!

019+1;1&-91H! |JH! ?<'H! `J?J! †677#‡!X")+)&;-91+-'9! '> !?&-+-*1.! 0+1+)! %1&1;)+)&=! -9! 019B5! 0'-.=m
0-;F.)!%&'*)B4&)HZ!I)C,)&154&+D"3)$,452"aC<@5+DH!M'.J!6$H!D'J!6J!

0)-=;'='>+H! 0)-=;'0+&4*+! 67#G! †67#G‡!H" &C#L<,)@" L@C2@+#" 'C@" $,+,4&" +57" 7/5+#4&" 5C5D45)+@"
+5+D/$4$"C'"'@+#)7"$,@<&,<@)$J!AC1-.13.)!1+/!<++F/llKKKJ=)-=;'='>+J*'; J!



! "#$#%&#'()"*(+)$,'%'*'#-".$)"//0"(#(%12&2"&#"-3'"4)$#&#5'#")'5&$#" >=X"

!

 

0+1>.)4H! |JH! W1.()&=H! "JH! `499-9\H! |JaJH! W)9\'C-*H! AJH! U4==*<)&=H! 2J0J! †67##‡! X:"! ;'B)..-9R! '>! +<)!
=<1..'K!=43=4&>1*)! '>!Y)).19BH!+<)!D)+<)&.19B=HZ!8),1)@D+57$"aC<@5+D"C'"I)C$&4)5&)$H!M'.J!
G7H!D'J!$H!FFJ!6G:b:#7J!

0+1g)4H! |JH!W1.()&=H! "JH!U4==*<)&=H!2J0JH! `499-9\H! |JaJH!0*<'\\)&H! |JH! "1;3&-9\H!@JWJH! ]4;;).;19H!
]J|JH!0*<-(>H!WJaJ!†67#6‡!I)C3j["#C7)DD)@452J!,DN!@)F'&+!67#6V@#7GG#J!,DN!Oy+&)*<+P/!6#S!
FFJ!AC1-.13.)!1+!KKKJB-9'.'\)+J9.l)9lK19+ V\9'K V;'&) J!

0+1g)4H! |JH! "43).11&H! ?JnJ! †67#S‡![@C7<&," $L)&4'4&+,4C5" ><S$<@'+&)" #C7)D" I)C3j[J! ,DN! @)F'&+!
67#SV@#7#::!C#J:J!,DN!Oy+&)*<+P/!Q:!FFJ!AC1-.13.)!1+!KKKJB-9'.'\)+J9.l)9lK19+ V\9'K V
;'&) J!

C19! B)&! W)4.)9H! WJ|JH! "''&9)931.H! |J?JH! `499-9\H! |JaJH! 0+1g)4H! |JH! 0*<'\\)&H! |JH! M)&9)=H! @JnJH! M19!
`))&H!2J?JH!M19!`)==).H!0J2JH!M19! ])+)&)9H!0JH!M19!a))4K)9H!@J|JnJH!U1\\)&H!WJAJ|JH!U'R11&BH!
%J|J2JH!U4==*<)&=H!2J0JH!`&->>')9H!|JH!`&4-(+)&=H!0J]JaJaJH![-B)9H!%JH!0*<&''+H!UJWJH!0-;;).-9\H!]J|JH!
M19! U)&\).H! nJNJH! M19! B)&! [&'R+H! @JAJAJH! n)=+)&<'>>H! nJLJH! M19! "11.)9H! ,JWJ! †67#:‡! X:"!
R)'.'R5! -9! 1! 6"! *'49+&5/! F)&=F)*+-C)=! >'&! R)'.'R-*1.! =4&C)5-9R! -9! +<)! D)+<)&.19B=HZ!
8),1)@D+57$"aC<@5+D"C'"I)C$&4)5&)$"f"I)CDC24)")5"04!5SC<bH!M'.J!G6H!FFJ!6#8b6$#J!!

M).)+='=H!AJ!0JH!n)-H! ‚J,J!†#G8#‡!Xa1+)&1.!19B!&'*\-9R!C-3&1+-'9! '>!>''+-9R=HZ!a`">C4D"0)&1`";C<57`"
T4Z`9"H>B6H!M'.J!G8H!FFJ!#668V#6$_J!

M).)+='=H! AJ0JH! M)&3-*H! UJ! †#G8:‡! XM-3&1+-'9! '>! C-=*').1=+-*! >'49B1+-'9=HZ!a`" 6+@,1J<+%)" 652@2`"
>,@<&,`"T/5+#4&$H!M'.J!6H!D'J!#H!FFJ!_8V#76J!

M)=-*H! AJ0J! †#G8Q‡! XU)1&-9R! *1F1*-+5! '>! =<1..'K! >'49B1+-'9=HZ! -9!;C<57+,4C5" )5245))@452"
1+57SCC%J! n-9+)&\'&9! ]J! 2J! 19B! 219R! ]J! ‚J! OLB=P/! #6#V#$8H! D)K! ‚'&\/! C19! D'=+&19B!
@)-9<'.BJ!

!



!##'C" !M" !" DN" +$;@%':"#$#%&#'()" 23(%%$K" .$;#:(-&$#" *(+)$,
'%'*'#-" .$)" 2'&2*&+" 2$&%,2-);+-;)'" &#-')(+-&$#" (#(%12&2"
O*(#;2+)&@-" 81" 9$))'&(" P" ?($%;++&Q" 2;8*&--':" -$" R()-3S;(J'"
R#5&#'')&#5"(#:"/-);+-;)(%"N1#(*&+2T"

!

!

!

!

!

!
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NONLINEAR  PILE -HEAD MACRO -ELEMENT FOR THE SEISMIC 
ANALYSIS OF STRUCTURES ON FLEXIBLE PILES  

Ant—nio A. Correia and Alain Pecker 

 

ABSTRACT 

Performance-based design (PBD) procedures require accurate estimates of both maximum and 
residual displacements in structural systems. Macro-element models are already proven tools for 
designing structures on shallow foundations according to PBD, since they represent a very cost-
effective solution in terms of balance between physical behaviour, simulation accuracy and 
computational cost. This work extends the macro-element approach to the analysis of laterally loaded 
pile-shafts and soil-pile-structure interaction. The lateral response of the entire soil-pile system to 
seismic actions is thus condensed at the pile-head, being represented by a zero-length element located 
at the base of the columns and subjected to the foundation input motion. 

The macro-element model is presented, based on the three fundamental features of the response of 
laterally loaded piles: initial elastic behaviour, gap opening/closure effects and failure conditions. 
These three characteristic behaviours are all made compatible by using an inelastic model which 
accounts for the evolution from initial nonlinear elastic behaviour to full plastic flow at failure. Such 
inelastic model is based on a bounding surface plasticity theory formulation that ensures a smooth 
transition from the initial elastic pile-head response up to nonlinear behaviour and collapse.  

In order to validate the macro-element, its response is compared with numerical results from advanced 
simulations of pile lateral behaviour and with load tests on real piles. 

Keywords: macro-element; soil-pile-structure interaction; pile-head; lateral response; gap; bounding 
surface plasticity. 

 

1. INTRODUCTION  

Recent tendencies in seismic design procedures call for an accurate determination of maximum and 
residual displacements of structural systems, thus requiring efficient design tools for analysing the 
nonlinear seismic performance of structures. While macro-element approaches have proven to be 
adequate for performance-based design of shallow foundations (e.g. Figini et al. [2012]), there are no 
equivalent simplified tools for the analysis of deep foundations. This work aims at broadening the 
scope of such method to the seismic design of extended pile-shaft-supported bridges. Figure 1 depicts 
alternative models for analysing the lateral response of piles, either by using the concept of 
experimentally determined p-y curves or by using a pile-head condensation of the response as adopted 
in the model proposed herein. 

The pile-head macro-element may be regarded as a lumped model located at the base of the 
superstructure which intends to represent the behaviour of the entire soil-foundation system. With the 
aim of realistically simulating the seismic response of a structure, nonlinear cyclic behaviour has to be 
considered not only for the superstructure but also for both the foundation and the supporting soil. The 
main sources of nonlinearity for laterally loaded piles have been shown to be related to soil and pile 
inelastic response, including gap opening and closure. Only when these effects are fully captured, one 
can carry out a performance-based assessment of the structure [Correia, 2011]. 



 

Figure 1. Alternative analysis models for laterally loaded extended pile-shaft  
supports in bridges (Hutchinson et al. [2002]) 

The basic idea of the pile-head macro-element is to replace the full description of the soil and pile 
kinematic, static and constitutive behaviour, in the continuum mechanics sense, by the corresponding 
generalised force and displacement quantities. In fact, while constitutive formulations are usually 
conceived using stress and strain tensors, in this work we are concerned instead with generalised 
forces and displacements. These kinematic and static quantities are related through the inelastic 
constitutive relationships that compose the core of the macro-element. They may be based on any 
viscoelastic-plastic model, after reformulating it in terms of those generalised entities. 

The shallow foundation macro-element developed by Cremer et al. [2001, 2002] adopted a multi-
surface plasticity model. However, it was verified that the kinematic and/or isotropic evolution of the 
inner yield surfaces may become numerically intensive and time consuming, especially for complex 
geometries of the yield surfaces. On the other hand, bounding surface plasticity models have already 
been successfully adopted in shallow foundation macro-element formulations [Chatzigogos, 2007; 
Chatzigogos et al., 2009, 2010; Figini, 2010; Figini et al., 2012]. One such model is adopted herein 
and presented in the following section, together with the fundamental features of the response related 
to initial elastic behaviour, gap opening/closure effects and failure conditions. 

 

2. MACRO -ELEMENT MODEL  

A pile-head macro-element model is proposed to represent the lateral behaviour of single vertical 
piles, subjected to a horizontal load and a moment, from the initial stages of loading up until reaching 
failure. The effects of vertical loading are not directly considered in this model except for its influence 
on the plastic moment of the pile cross-section. Otherwise, it is considered that the upper zone of the 
soil profile, until the depth at which the plastic hinge will form, only contributes to the lateral load 
resistance. The vertical load is assumed to be transferred to the surrounding soil below that depth, 
where there is no influence of gap opening. 

A saturated soil deposit is considered and, upon seismic motion, is assumed to be impervious. The soil 
is thus considered to have undrained behaviour since the aim of the macro-element is to simulate the 
pile response under seismic actions, or short-term cyclic loads, and the Tresca failure criterion is 
assumed to be valid. Figure 2a represents two simplified geotechnical scenarios considered in this 
study, in terms of undrained shear strength (Su) distribution along the depth of the soil deposit: 
constant or linear. Figure 2b illustrates the characteristic soil response for a laterally loaded long pile, 
namely: a soil passive wedge failure at shallow depths and flow-around failure at larger depths, with a 
possible gap formation at the back of the pile. 



 

Figure 2. Simplified (a) geotechnical scenarios and (b) soil response for pile-head lateral loading 

It seems natural to consider, in the context of a bounding surface plasticity model, the failure surface 
presented in Correia et al. [2019] as the limit yield surface for laterally loaded piles in the space of 
generalised forces. It should be pointed out that, for dimensional consistency when formulating a 
plasticity model in the loading space instead of the usual stress space, the generalised forces should 
either have the same dimensions or be dimensionless. The same applies to the corresponding 
generalised displacements. Throughout this work, the variables employed in the plasticity formulation 
are dimensionless, unless explicitly stated otherwise. The normalisation adopted for the macro-
element is based on using the pile diameter, D, and the pile yield moment, My, as the normalising 
variables. 

The proposed macro-element is based on the three major features of the behaviour of laterally loaded 
piles, namely: 

 Initial elastic response, i)

 Gap opening and closure, ii)

 Failure loading conditions. iii)

The bounding surface plasticity model is used to represent a continuous transition between the initial 
elastic response and the plastic flow at failure, for monotonic as well as cyclic pile-head loading 
conditions. The gapping behaviour is represented by a nonlinear elastic model which, however, takes 
into account and is influenced by the plastic deformation state in the surrounding soil. 

An additive decomposition of the displacement rate in its elastic, gap and plastic components is 
considered: 

 plegplgapelegp qqqqqq !!!!!! +=++=  (1) 

where egpq!  is the elastic-gap-plastic displacement rate and gapeleg qqq !!! +=  is the elastic-gap 
displacement rate. The following paragraphs describe the macro-element model characteristics and 
how each of these displacement components is computed. 

 

2.1 INITIAL ELASTIC RESPONSE 

The initial elastic lateral response of single piles has been extensively studied through several 
sophisticated numerical methods, as reviewed in Correia [2011]. For the purpose of this macro-
element model, the pile-head impedances available in literature are deemed to represent such 
behaviour with sufficient accuracy. 

Within the scope of this work, the expressions of the pile-head static stiffnesses presented in EC 8 Ð 
Part 5 [2003], for the simplified soil profiles consisting of either constant shear wave velocity, VS, a 

Soil wedge failure 
in front of the pile 

Gapping on the 
back of the pile 

Soil flow around 
the pile 
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linearly increasing one with depth, or a parabolically increasing one with depth are used. Other 
authors also proposed approximate expressions for the pile-head stiffness coefficients in different 
simplified soil profiles [Randolph, 1981; Davies and Budhu, 1986; Budhu and Davies, 1987, 1988; 
Gazetas, 1991]. Several numerical methods have also been proposed for the determination of the 
elastic response of laterally loaded piles in more complex soil profiles, which may be used in order to 
obtain the corresponding pile-head stiffnesses. Note that, in the macro-element framework, these 
stiffness coefficients, and hence the soil YoungÕs modulus at the depth of one diameter, ESD, and the 
pile YoungÕs modulus, Ep, are deemed to represent the initial elastic response and not an equivalent-
linear or effective stiffness state. 

The evolution of the pile-head loading is assumed to obey the rate form of the elastic constitutive 
relationships: 

 ( ) ( )plgapegpelgapegelelel qqqKqqKqKQ !!!!!!! !!=!==  (2) 

In this equation, the dimensionless components of the pile-head load and displacement vectors and of 
the initial elastic symmetric stiffness matrix are given by: 
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The subscript n in these variables stands for normalised or dimensionless. 

 

2.2 GAPPING BEHAVIOUR  

Gap opening and closure in laterally loaded piles is a very complex behaviour and it has considerable 
influence on the response of a single pile, as discussed in Correia et al. [2019], particularly for the soil 
profile with constant Su. For that case, during a monotonic loading application a gap will develop on 
the back of the pile. The failure mechanism used herein predicts that it will reach a depth 
corresponding to the active soil wedge depth at failure conditions, which is also the depth at which the 
plastic hinge will  form on the pile.  

For the soil profile with linear Su, instead, no gap opening was predicted for the failure mechanism in 
Correia et al. [2019] and numerical simulations clearly show that the gap influence for this particular 
soil profile is of much less significance. Nevertheless, a gap will certainly develop for cyclic loading 
conditions, which are not considered in yield design theory, due to the increasing plastic deformations 
in the surrounding soil and the progressive soil heave in front of the pile. 

Based on results from other authors and on numerical simulations presented later, a gap evolution 
model is proposed here. A first important note is that the initial horizontal stress state around the pile 
was found to have only a very small influence on the gap behaviour and is thus disregarded in this 
model. 



Despite expression (2) being similar in form to the one used in plasticity theories, this model assumes 
that the elastic-gap displacement components, qeg, have a nonlinear elastic and non-dissipative 
behaviour. Hence, no irreversible components of displacement exist when plasticity is not considered. 
This is successfully simulated by considering that the same tangent stiffness is valid for both loading 
and unloading. However, when plasticity is present, it will affect the gapping behaviour and this 
interaction must, therefore, be taken into account. The following expression formalises the rate form 
of the nonlinear elastic constitutive relationship: 

 egegqKQ !! =  (4) 

The elastic-gap stiffness matrix, K eg, varies during loading application. It is computed, in a simplified 
manner, as the inverse of a weighted average of the initial elastic flexibility matrix and a flexibility 
matrix considering an open gap on both the front and the back of the pile. The latter is obtained as 
described in the following paragraph. 

(a)  Flexibility matrix with full gap around the pile.  This corresponds to the limit case where a full 
gap has developed, on both the front and back of the pile, up to a depth zgap. It remains permanently 
open due to irreversible deformations of the soil surrounding the pile. Figure 3 describes the variables 
of interest for this situation. It is assumed that the pile is long enough below depth zgap so that the 
Òflexible pileÓ stiffnesses, defined in (3), may be used as if the pile head was at such depth. Moreover, 
it is assumed that the soil and pile moduli of deformation correspond to the initial ones below that 
depth, while an effective stiffness to yield is considered for the pile length above it. This portion of 
the pile behaves as a cantilever on a deformable foundation. A statically equivalent loading at depth 
zgap to the pile-head loading is given by: 
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The conjugate relationship for the pile-head displacements derives directly from Figure 4 and is 
expressed by: 
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In this expression, qp is the pile cantilever contribution for the total deformation above depth zgap. The 
pile displacements at depth zgap are only due to soil flexibility and are expressed as: 

 QZFFFq el

n

n

ngap

el

n

nel

n

n

M

H
zM

Hu
=!

"

#
$
%

&
!
"

#
$
%

&
=!

"

#
$
%

&
=!

"

#
$
%

&
=

'

'

'

'
'

1

01

,(
 (7) 

 
Figure 3. Permanent full gap up to depth zgap 



 
Figure 4. Transmission of displacements from depth zgap to the pile-head 

where Fel is the static pile-head flexibility matrix for a long pile, given by: 
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On the other hand, the pile cantilever effective flexibility contribution to the total displacement is: 
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By replacing (9) and (7) into expression (6), one finally obtains the formula for the total pile-head 
displacements with a full gap around the pile: 
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The rate form of this relationship is assumed to produce the same tangent stiffness, which corresponds 
to ignoring a possible variation of the gap depth during the application of a load increment. 

(b)  Gap behaviour during virgin loading phase.  Following the reasoning presented thus far, during 
virgin loading phase the elastic-gap stiffness matrix will decrease progressively as the gap depth 
increases. For a given gap depth, the elastic-gap stiffness matrix, relating the pile-head loading rate to 
the rate of displacements according to (4), is assumed to be computed by the following expression: 
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According to (11), the elastic-gap flexibility matrix with a gap opening on the back of the pile equals 
the average of the initial elastic flexibility matrix and the elastic flexibility matrix corresponding to 
the case of a full gap opening around the pile down to the current gap depth. 

On the other hand, the current gap depth value indirectly relates the gapping and plastic behaviours. In 
fact, in this model, it is considered that the maximum gap depth equals the soil wedge depth, zw, 
obtained for the failure mechanism through yield design theory [Correia et al., 2019]. Furthermore, it 
is assumed that the current gap depth is inversely proportional to the loading parameter, ! , which 
varies between +! and 1 and is inversely proportional to the distance from the current loading point to 
the failure surface. The gap depth evolution is thus governed by the following relation: 



 
!"
w

gap
z

z =  (12) 

In this expression, "  > 0 is a calibration parameter that affects the gap depth rate of growth with 
loading evolution. Note that the asymptotic behaviour of zgap respects the limiting conditions of being 
zero for the initial state, where !  = +! , and being equal to zw at failure, where !  = 1. 

(c)  Gap behaviour during unloading/reloading phases.  It is assumed that the elastic-gap tangent 
stiffness varies according to (11) and (12), similarly to the virgin loading case. Therefore, detachment 
and re-attachment on opposite sides of the soil/pile interface is considered in the gapping model. 

Moreover, since irreversible plastic displacements occur in the surrounding soil mass and the soil 
presents an increased stiffness upon unloading, an accumulated cyclic gap opening is considered. This 
corresponds to an increasing minimum gap depth, min

gapz , which is not closed during subsequent 

loading cycles. It is assumed that this value depends on the cumulative plastic dimensionless 
displacement, pl

ncumu , , according to the following law: 

 ( )pl
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gap ezz
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In this expression, # > 0 is the second calibration parameter of the macro-element model, while max
gapz  

is the maximum gap depth attained in previous loadings, corresponding to the loading parameter ! min: 

 
( )!" min

max w
gap

z
z =  (14) 

On the other hand, (13) may be used to determine the value of the loading parameter corresponding to 
the unloading point at which the minimum gap depth is attained: 
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Inside the loading surface corresponding to this loading parameter value, i.e. for min
gapz

!! > , there is a 

swift evolution between the elastic-gap stiffness related to a gap open on one side of the pile, defined 
in (11), and the stiffness related to an open gap on both sides, obtained by (10). This evolution is 
expressed by the following relation: 
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These expressions are valid for both unloading and reloading. 

 

2.3 FAILURE SURFACE FOR LATERALLY LOADED PILES 

The bounding surface in the macro-element model proposed hereafter corresponds to the failure 
surface for laterally loaded piles. Since there is no evidence showing that non-associative behaviour 
should be considered, associative plasticity will be used and the bounding surface will act 
simultaneously as the plastic potential surface. Hence, it is important to define this surface as 
accurately as possible and preferably by using a simple and smooth function to represent it. The 



failure surface adopted in this work is the one derived in Correia et al. [2019], which satisfies those 
requirements. 

No axial load effects are considered in this macro-element formulation and, consequently, the failure 
surface is defined in the loading space of the pile-head horizontal force and moment only. 
Furthermore, as already mentioned, a planar loading is assumed.  

A ÒroundedÓ approximate failure surface was proposed in Correia et al. [2019], which is based on the 
so-called superellipse. This corresponds to a generalisation of the common ellipse. Supposing a 
superellipse centred at the point (Hc, Mc), with a horizontal axis length 0, =euH  and a vertical axis 

length My, which is also superimposed to a distortion of its shape, $ < 0, this approximate failure 
surface can be expressed as: 
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The positive exponents nH and nM control the curvature of the sides of the superellipse and should be 
"  2 so that no corners arise. If both exponents equal two, the common ellipse is retrieved. 

Figure 5 represents such distorted superellipse configuration, centred at the origin (Hc = Mc = 0), with 
its parameters calibrated in order to fit the failure surface for the linear Su soil profile obtained in 
Correia et al. [2019]. It provides a good approximation to the failure surface resulting from the failure 
mechanism optimisation. A distorted superellipse will be used hereafter as the failure surface for the 
macro-element. 

 
Figure 5. Distorted superellipse configuration for linear Su 

2.4 BOUNDING SURFACE PLASTICITY M ODEL 

The first important concept in bounding surface plasticity is that the generalised forces are limited by 
the bounding surface: 

 ( ) 0, =SQF  (18) 
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where Q  is the image point at the bounding surface and it is related to the current loading point, Q, 

by a mapping rule, ( )SQMapQ ,= , satisfying certain conditions [Dafalias, 1986]. The image point 
must always lay on the bounding surface and the generalised forces vector, by definition, always lies 
on the loading surface: 

 ( ) 0, =SQf  (19) 

The internal variables, S, present in both (18) and (19), describe the evolution of both surfaces. 

The choice of one loading surface over the infinite number of surfaces that pass through the loading 
point is related to the particular mapping rule chosen. In fact, the loading surface, and its evolution in 
size and/or position with the loading point variation, is simply a practical way of defining the mapping 
rule with some kind of physical reasoning. Note that the loading surface may never cross the 
bounding surface, i.e. it is always enclosed by it. This is usually guaranteed by defining the image 
point as the one having the same unit normal vector to the bounding surface as the unit normal vector 
to the loading surface at the current loading point. Such a constraint is not absolutely necessary except 
when the loading point reaches the bounding surface, thus coinciding with the image point. 

For simplicity reasons, the loading surface is also usually assumed to have a similar shape to the 
bounding surface. It shares a lot of properties with the yield surface of classical plasticity. The main 
difference between the two is that the loading function is always equal to zero, while a yield function 
can be less or equal to zero. The loading surface moves with the loading point, even upon unloading, 
while a yield surface represents the maximum extent of previous yielding. Figure 6 exemplifies these 
concepts for a radial mapping rule and circular surfaces. 

 
Figure 6. Radial mapping rule in bounding surface plasticity 

Probably the most successful mapping rule for the image point is the radial projection on the 
bounding surface [Dafalias, 1986; Borja et al., 2001]. The concept of such mapping is shown in 
Figure 6, where the bounding surface is schematically shown as a circle of centre BS

0Q  and described 
by: 

 ( ) 0,0 =! SQQ BSF  (20) 

A projection centre, QP, is used to radially project the current loading point on the bounding surface. 
The radial mapping rule thus takes the following form: 

 ( ) ( )PPP QQQQQQQ !++=!+= )1( µµ  (21) 



The mapping variable, µ, varies between zero, when QQ = , and infinity, when PQQ =  (in which 
case the image point is indeterminate). By imposing that the unit normal vector to the loading surface 
at the loading point and the unit normal vector to the bounding surface at the image point must 
coincide, together with the mapping rule (21), one is indirectly defining an appropriate loading 
surface. Such loading surface is centred at the point LS

0Q  and is defined by the following equation: 

 ( ) ( ) 0,)(, 00 =!!+=! SQQQQSQQ BS
P

LS Ff µ  (22) 

This loading surface is homologous to the bounding surface and the projection centre QP occupies the 
same relative position inside both surfaces. It is consequently also called the homology centre. In fact, 
the loading surface represents the locus of all loading points Q with the same value of µ for a given 
position of the homology centre. 

It can be easily shown that, for a loading surface defined as above, all the governing equations of the 
plasticity problem can be applied indifferently to the bounding surface or to this loading surface 
instead (see, for instance, Borja et al. [2001]). It is noted that µ, in such case, is to be treated similarly 
to an isotropic hardening parameter for the loading surface. 

From (21), the similarity ratio between the bounding and the loading surfaces is given by the 
following expression: 
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where % is the normalised distance between the loading point and the homology centre with respect to 
the distance between the latter and the image point. It varies between zero and one. 

In the following, our attention will be focused on the simplest of the radial mapping rules, which will 
prove to be most helpful for the rest of the work. Firstly, a monotonic loading is considered. 
Afterwards, cyclic behaviour is analysed. 

2.4.1 Radial mapping from the origin 

If one considers that both the bounding and loading surfaces are centred at the origin of the loading 
space, the homology centre will consequently also be positioned at that point: 

 0QQQ === P
LSBS
00  (24) 

Hence, the simplest of the mapping rules results: 
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The loading parameter ! , equal to 1+µ, decreases from infinity to one as the loading vector increases 
from zero until it reaches the bounding surface. It will be used to represent the similarity ratio for this 
particular mapping rule. Moreover, the bounding surface will be assumed to maintain its shape and 
size all the time. Hence, one can represent the self-similar bounding and loading surfaces by the 
following expressions: 
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It is clear from the above, that the loading parameter represents the scale factor of the bounding 
surface relative to the loading surface. More importantly, it represents the isotropic hardening 
parameter of the current yield/loading surface. 

The plastic displacementsÕ evolution is described by the plastic flow rule: 

 g
pl nq !!! =  (27) 

where the unit normal vector to the plastic potential surface, ng, defines the direction of the plastic 
displacementsÕ increments. The plastic multiplier or consistency parameter, !! , is greater than zero 

only when plastic deformation occurs, and is identical to zero otherwise. 

The evolution of the internal variables or hardening parameters is defined by the hardening rule, 
which in this case can be expressed as a scalar hardening rule of the following type: 

 ( )!!"! ,Q!! =  (28) 

The hardening function !  needs to be completely defined in classical plasticity theory context. 
However, one of the differences towards bounding surface plasticity is that the latter uses a direct 
definition of the plastic modulus instead. Hence, a full explicit description of !  is not required, as 
seen below. 

The so-called consistency condition in bounding surface plasticity enforces that the image point must 
always lie on the bounding surface, allowing the computation of the plastic multiplier value [Correia, 
2011]. It implies that: 
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The notation can be simplified using the following definitions: 
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where nF is the unit normal vector to the bounding surface. 

The plastic modulus at the current loading point, Hpl, for this mapping rule, is now defined as: 
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And, using expression (29) and the mapping rule for the image point, the plastic multiplier becomes: 

 ( ) ( )QnQn !!! !=!= FplFpl HH
11

"  (32) 



In bounding surface theory, the plastic modulus at the current loading point, Hpl, is obtained by a 
function depending only on the distance between the loading and image points. This function must 
respect some limiting behaviours, namely: 

 When the distance becomes zero and the loading point coincides with the image point, the plastic i)
modulus must be equal to plH , 

 During elastic behaviour the plastic modulus function must be infinite, ii)

 In between the above limits, the plastic modulus must be monotonically decreasing. iii)

According to the a priori definition of the plastic modulus, the evolution of the hardening parameters 
is now constrained by the scalar expression (31). Therefore, in bounding surface plasticity, the 
hardening rule does not have to be completely defined as in (28). 

The bounding surface adopted in the macro-element model presents no hardening since it represents a 
failure surface. Hence, the plastic modulus when the yield/loading surface reaches it is equal to zero. 
An example of a simple plastic modulus in the macro-element context is the one used by Chatzigogos 
[2007] and Chatzigogos et al. [2009, 2010] for monotonic loading of shallow foundations: 

 ( ) !! ln0
plpl HH =  (33) 

This expression, where plH0  is a constant coefficient for calibration, correctly starts at infinity for 
zero loading and tends to zero as the loading point reaches the bounding surface. It will also be used 
in the pile-head macro-element. 

The distorted superellipse, as defined by Equation (17), is used to represent the bounding, loading, 
and plastic potential surfaces. Moreover, the parameters specified in Correia et al. [2019] are adopted 
for the constant Su and the linear Su soil profiles. 

This macro-element model thus assumes a radial mapping from the origin for virgin loading in order 
to define the image point on the bounding surface. For the planar loading considered and using 
dimensionless variables, the bounding surface corresponding to (17) is defined by: 

 ( ) 01,
0,

=!+!=
=

M

H

n
n

n

n
eun

n
nn MM

H
H

MHF "  (34) 

The corresponding self-similar yield/loading surface is described by: 
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In the context of return mapping procedures for solving plasticity problems, the evolution of the 
loading parameter !  is determined by inverting expression (31).  

In order to determine the plastic displacement components, the gradient of the bounding surface at the 
image point must be derived: 
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These gradient components are given by: 
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In the following sections, particular aspects of the cyclic response in this model are analysed, and the 
return mapping algorithms for solving the plasticity problem are exposed. 

2.4.2 Cyclic Response 

As presented so far, the radial mapping model predicts inelastic behaviour while loading but an elastic 
response for unloading. This produces an unrealistic behaviour upon partial unloading/reloading 
cycles, since the corresponding stress-strain loops are not closed [Dafalias, 1986]. Chatzigogos et al. 
[2009, 2010], for instance, used such model for their shallow foundation macro-element. It has a 
reloading behaviour slightly different from the initial loading one, which is represented by expression 
(33). They assume a less plastic response during reloading relative to the initial loading response: 
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where ! min < !  is the minimum value of the loading parameter attained during virgin loading and the 
constant exponent nR controls the difference between the loading and reloading stiffnesses. 
Nevertheless, this will produce a similar behaviour to the one pointed out by Dafalias [1986]. While 
such model may represent sufficiently well the response of a shallow foundation for cyclic vertical 
loading, for moment and/or horizontal loading it would be desirable that the response would also be 
inelastic while unloading. For cyclic soil behaviour and cyclic pile lateral response the same applies. 

A more realistic behaviour is obtained, as shown later, by assuming that, upon unloading, there is a 
discrete relocation of the projection centre to the point of load reversal. This was idealised and 
implemented by the author, but it had been already proposed by several authors, as early as Mr—z and 
Zienkiewicz [1984] or Borja et al. [2001]. 

Figure 7 represents the concept of this cyclic model. Assuming radial mapping from the origin for 
virgin loading, the initial loading surface grows, centred at the origin, until the load reversal point is 
reached. The plastic modulus may be assumed to evolve according to an expression like (33). Upon 
unloading, the homology centre is relocated to the load reversal point and a second loading surface 
originates within the first one, both surfaces remaining in contact at such point. 

In order to avoid over-shooting phenomena, it is suggested that the plastic modulus now varies 
between infinity and the plastic modulus at the moment of load reversal, which is attained when the 
second loading surface expands to the point it becomes identical to the initial one. When this happens, 
the homology centre has reached the origin and the second loading surface vanishes. The first one 
becomes active again, with radial mapping from the origin once more. 



 
Figure 7. Evolution of loading surface and homology centre for cyclic behaviour 

It is noted that the suggested plastic modulus variation with the evolution of the second loading 
surface corresponds to making a double projection of the loading point. The load reversal point is 
used to project the current loading point on the initial loading surface and the first projection centre, 
the origin, is used to project this first image point into the bounding surface. The plastic modulus may 
then be computed according to: 

 ( )
!
!
"

#

$
$
%

&
''
(

)
**
+

,
+=

URn
plpl HH

21
021

1
ln

1
ln,

--
--  (39) 

In (39), min1 /1 !" =  is the similarity ratio between the first loading and the bounding surfaces, while 

%2 is the similarity ratio between the second and the first loading surfaces and nUR is a calibration 
constant. 

If more than two loading surfaces are created by successive load reversals of decreasing amplitude, 
the same process is repeated internally to each loading surface. An increasingly higher number of 
projection centres and loading surfaces are then successively created, and multiple radial mapping 
operations are performed in order to obtain the image point and the plastic modulus. Expression (39) 
may be easily generalised for such case. Dafalias [1986] mentions that the concept of generating new 
loading surfaces at each load reversal and the corresponding rule for their hierarchical elimination can 
be traced back to the work by Phillips [1972]. 

The cyclic features adopted for the macro-element follow these concepts of discrete relocation of the 
homology centre upon load reversals, with the subsequent generation of new loading surfaces. The 
behaviour was described as being similar to a multi-yield surface kinematic plasticity formulation, 
with the sequential creation of loading surfaces and the continuous evolution of the plastic modulus. 

There are, however, three main changes to the aforementioned description. The first is that only a 
limited number of loading surfaces is accepted to co-exist in a cyclic loading with decreasing 
amplitude, so as to limit computational effort and memory requirements. This limit was chosen to be 
two, for the analyses presented in this work. Hence, in a given moment, the formulation considers: the 
bounding surface; the outer loading surface corresponding to virgin loading and to the minimum value 
attained by the loading parameter, ! min; and a possible loading surface corresponding to unloading or 
reloading inside the latter one. 



It should be noted that, by setting this limit, overshooting is only formally prevented at the virgin 
loading surface and not in an inner unloading/reloading cycle. However, this was deemed to represent 
a good compromise between accuracy and complexity in the formulation. Numerical tests have shown 
that no significant overshooting problem occurs. 

A second change is concerned with the evolution of the homology centre when unloading or 
reloading. This point, together with the centre of the current loading surface and the current loading 
point are deemed to always being aligned in the same line centred at the origin, as represented in 
Figure 8. This feature leads to a gradual evolution of the homology centre location if the load 
eccentricity changes. Nevertheless, it always corresponds to a common point between the current 
loading surface and the previous one, although not necessarily the point of load reversal anymore. It is 
noted that, if the load eccentricity is constant, the two approaches coincide. 

 
Figure 8. Evolution of homology centre during unloading 

The third change is that, although formally there is a relocation of the homology centre and the 
generation of a new loading surface upon a load reversal, in practical terms the approach used in this 
formulation is different. In fact, it is easier to keep track of the current loading point, and of the size of 
the active loading surface, by using a concentric loading surface, i.e. centred at the origin, than to use 
a non-concentric loading surface. This concentric current loading surface is easily defined, and its 
evolution is computed similarly to the evolution of the virgin loading surface. However, the plastic 
modulus now is computed through expression (39), considering the current unloading/reloading state. 
Figure 9 represents the conceptual differences in the approaches. 

 
Figure 9. Concentric vs. non-concentric current loading surface 

Hence, the current loading surface is always defined by expression (35) and it presents isotropic 
hardening/softening. It evolves with the current loading point, always centred at the origin, from being 



a vanishing elastic nucleus at the origin when the loading starts up to the outermost loading surface 
corresponding to the virgin loading state. Upon unloading, this current loading surface softens 
isotropically and the image point at the bounding surface is located at the opposite side. It is pointed 
out that, for the loading surface to be able to soften, the plastic multiplier !!  may now assume 
negative values. 

The following paragraphs clarify and summarise the plastic modulus computation for the three 
possible loading states. 

(a)  Virgin loading state.  For this loading state, the simplest of the mapping rules is applied in order 
to define the image point at the bounding surface. It is represented in Figure 10 and it is defined in 
expression (25). As already mentioned before, the loading parameter !  decreases gradually from 
infinity to one. The plastic modulus value is therefore assumed to be given by: 
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Figure 10. Image point and plastic modulus computation for the virgin loading case 

(b)  Unloading state.  In the most general case of unloading state, which is unloading from a previous 
reloading state, one must consider the bounding surface, the current loading surface, the outermost 
loading surface attained during virgin loading and the loading surface passing through the load 
reversal point for unloading. These are depicted in Figure 11. The image point at the bounding surface 
is now defined as: 

 QQ !"=BS  (41) 

where !  is the current loading parameter. The image point at the outermost loading surface attained 
during virgin loading is computed as: 
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On the other hand, the homology centre is defined as: 
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where ! U is the loading parameter associated to the load reversal point for unloading. 



 
Figure 11. Image point and plastic modulus computation for the unloading case 

For this case, the distances from the homology centre, PQ , to the image point at the outermost 

loading surface attained during virgin loading, 
min!Q , and to the loading point, Q, are given by: 

 

BS
U

P

BS
U

P

QQQ

QQQ

!!
"

#
$$
%

&
'='=

!!
"

#
$$
%

&
+='=

((
)

((
) (

11

11

min
max min

 (44) 

Hence, the normalised distance % between the loading point and the homology centre with respect to 
the distance between the latter and the image point 

min!Q  corresponds to the ratio: 
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It should be pointed out that this expression, for the similarity ratio between the non-concentric 
current loading surface and the concentric loading surface corresponding to ! min, is only valid until the 
loading point unloads to zero. If the load point continues to move on the same direction, it becomes a 
reloading state. The plastic modulus during unloading is computed through an expression equivalent 
to the one presented in expression (39): 
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Immediately after the load reversal, !  = ! U, % = 0 and the plastic modulus is infinite, as expected. At 
the point of zero loading, !  is infinite, ( )minmin / !!!" += U  and the plastic modulus will be equal to 

( )[ ]minminmin0 /)(lnln !!!! UUR
pl nH ++ . 

(c)  Reloading state.  The macro-element behaviour during reloading after unloading is very similar to 
the one exposed above for the unloading state. Hence, one still needs to consider the bounding 
surface, the current loading surface, the outermost loading surface attained during virgin loading and, 



now, the loading surface passing through the load reversal point for reloading. There are, however, 
two possible reloading states that must be analysed, as represented in Figure 12. A parameter that 
allows distinguishing between both situations is: 

 ( )QQ != Usignr  (47) 

This parameter is either 1 or -1. If it is positive, the reloading is in the same direction of the loading at 
the previous load reversal point for unloading. Otherwise, the unloading reached the point of zero 
loading and continued reloading from zero in the same direction, i.e. opposite to the previous load 
reversal point for unloading. 

The image points at the bounding surface and at the outermost loading surface attained during virgin 
loading are now computed as: 

 QQ !=BS  (48) 
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On the other hand, the homology centre definition now depends on r and is given by: 
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where ! R is the loading parameter associated to the load reversal point for reloading. It is pointed out 
that ! R = ! U if r = -1. 

 
Figure 12. Image point and plastic modulus computation for the two reloading cases 

For the reloading case, the distances &max and & and the normalised distance % are computed as: 
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The corresponding plastic modulus during reloading is given by: 
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For r = 1, % will vary between zero, when !  = ! R, and one, when !  = ! min. The plastic modulus will be 
respectively equal to infinite and to !ln0

plH . On the other hand, for r = -1, % will vary between 

( )minmin / !!! +U , when !  is infinite, and one, when !  = ! min. The plastic modulus will be respectively 

equal to the one obtained for unloading, at the transition point from unloading to reloading, and to 
!ln0

plH . 

When the outermost loading surface attained during virgin loading is reached, the virgin loading state 
is activated again. The plastic modulus is continuous at that point, although the rate of its evolution is 
discontinuous. 

2.4.3 Return Mapping Algorithm  

The previous paragraphs have thoroughly presented the constitutive relationships for the macro-
element in terms of generalised forces and displacements. The problem now arises of determining, for 
a given generalised displacements history, the corresponding evolution of the generalised forces. This 
is accomplished by integrating the rate form of the constitutive equations. 

Exact analytical solutions for the classical plasticity evolution problem are only available for the 
simplest elastic-plastic problems [PrŽvost, 1987]. The first exact solution was obtained by Krieg and 
Krieg [1977] for the case of isotropic elastic-perfectly plastic Von Mises model. Despite exact 
solutions have been developed over the years for other plasticity models, the more complex ones have 
no analytical solution. Moreover, the exact solutions, although error-free, are computationally too 
slow to be used in practice. Hence, all elastic-plastic problems are numerically implemented with 
some error. Explicit one-step forward Euler schemes should not be considered due to their inherent 
error accumulation characteristics. Iterative schemes using some form of predictor or trial elastic step 
followed by a plastic corrector step should be used instead. The plastic consistency is restored in the 
plastic corrector step through a return mapping algorithm. It involves an integration which is usually 
performed using a backward Euler scheme, an implicit one requiring iterations. The global solution is 
strongly affected by the accuracy, stability and computational efficiency of such algorithms [PrŽvost, 
1987]. 

A general framework for developing consistent, accurate and stable return mapping algorithms was 
formulated by Simo and co-workers [Simo and Ortiz, 1985; Simo and Taylor, 1985; Ortiz and Simo, 
1986; Simo and Hughes, 1998; Ortiz and Martin, 1989]. The most successful of the return mapping 
algorithms in classical plasticity are the closest point projection and the cutting plane algorithms. 
They both apply to the case of a general yield condition, flow rule and hardening law. 

The closest point projection algorithm relies on an implicit backward Euler integration scheme, the 
normality to the yield and plastic potential surfaces is enforced at the final Ð and unknown Ð state, and 
the consistency condition is solved using NewtonÕs method. The algorithm is consistent with the 
constitutive relations to be integrated (i.e., first-order accurate), unconditionally stable and achieves a 
quadratic convergence rate. It can be exactly linearized in closed form, leading to a consistent 
algorithmic tangent moduli matrix. It requires, however, the computation of the second-order 
derivatives of both the yield and plastic potential surfaces, which may prove to be exceedingly 



laborious or even impossible for complex plasticity models [Ortiz and Simo, 1986; PrŽvost, 1987; 
Simo and Hughes, 1998]. 

On the other hand, the cutting plane algorithm is an efficient and simpler procedure, which bypasses 
the need for computing such second-order derivatives. In this algorithm the return mapping is defined 
iteratively. At each iteration, the plastic corrector problem is integrated about the current values of the 
state variables by an explicit procedure in order to satisfy the linearized version of the consistency 
condition. As such, the normality to the yield and plastic potential surfaces is enforced at the initial Ð 
and known Ð state. This algorithm is consistent but only conditionally stable and it cannot be exactly 
linearized in closed form. Hence, a consistent algorithmic tangent moduli matrix cannot be obtained 
for this case. Nevertheless, it also achieves a quadratic convergence rate for the update [Ortiz and 
Simo, 1986; PrŽvost, 1987; Simo and Hughes, 1998]. 

In view of the fact that the macro-element comprises two nonlinear mechanisms Ð gapping and 
inelasticity Ð, a modified version of the usual return mapping algorithms is required. A cutting plane 
algorithm is preferred, instead of a closest point projection one, since there is no sufficient 
information on the yield and plastic potential surfaces so as to consider correctly their second 
derivatives. 

Moreover, given that the elastic-gap constitutive relationships, expressed through expression (4), 
relate directly the elastic-gap displacements and forces without separating both components, a simpler 
version of the cutting plane algorithm is devised. This is based on a Newton-Raphson iterative 
scheme, which is described in the following paragraphs. 

(a)  Predictor or trial elastic-gap step.  An initial trial elastic-gap step is computed by freezing the 
plastic flow. Considering all state variables known at load step N, the input for the next step is the 
increment of total displacements: 
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The trial values of the relevant state variables are: 
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The trial vector of generalised forces is coherently given by: 
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If the loading point corresponds to a load reversal point, this trial elastic-gap state is correct. Hence 
this is a nonlinear elastic unloading or reloading step. The analysis parameters are updated, namely, 
the loading parameter through solving equation (35) and the elastic-gap stiffness matrix through 
expression (11) or (16). 

Otherwise, a return mapping or corrector phase is required. As predictor step, the initial state is 
computed with the current tangent stiffness and no plastic flow or hardening: 
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The vector of generalised forces for the first iteration thus corresponds to: 
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In order to iteratively update the remaining state variables associated to this generalised forcesÕ 
vector, a corrector phase is implemented which depends on whether the loading point is inside or 
outside the bounding surface. 

(b)  Corrector step inside the bounding surface.  The vector of generalised displacements at iteration 
k can be obtained as the sum of its components: 
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 (59) 

The corresponding elastic-gap displacements are obtained through the elastic-gap constitutive 
relationships, while the plastic displacements are updated using the flow rule. Using an explicit 
integration scheme for these variables, one obtains: 
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The discrete version of the hardening law, using also an explicit update, leads to: 
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 (62) 

Up to this point, all variables used were already known from the previous step. In order to compute 
the new value of the plastic multiplier, NewtonÕs method is now applied to both the displacement 
residue and the yield condition. The current displacement residue is defined as: 
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It is now imposed that the linearized prediction for the updated displacement residue should be zero: 
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Solving this equation for the increment of generalised forces, one finds: 
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The linearization of the discrete consistency condition gives: 
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Finally, the plastic multiplier increment corresponds to: 
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At this point, the vector of generalised forces may be updated with the increment given by expression 
(65) and the iterative process may be repeated from expressions (59) to (67), until the displacement 
residue and the bounding surface function are smaller than a given tolerance. 

(c)  Corrector step outside the bounding surface.  When the loading point is outside the bounding 
surface this problem reduces to a classical plasticity one, where the bounding surface behaves as the 
yield surface. Expressions (59)-(61) and (63)-(65), of the corrector step inside the bounding surface, 
remain unaltered. The loading parameter, ! , is now constant and equal to one and the elastic-gap 
stiffness matrix is given by: 
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The linearization of the discrete consistency condition now results in: 
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Replacing expression (65) in this one and solving for the incremental plastic multiplier leads to: 
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Similarly to the previous case, the iterative process is repeated until the displacement residue and the 
bounding surface function are smaller than a given tolerance. 

(d)  Tangent stiffness matrix.  If one wished to update the global tangent stiffness matrix, the 
consistent algorithmic tangent moduli matrix would be computed through: 
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However, there is no explicit algorithmic formula for the increments gap
N 1+q!  and pl

N 1+q! . 
Consequently, as already mentioned, such consistent matrix cannot be determined and it has to be 
replaced by the continuum tangent moduli matrix corresponding to the last converged state. 

Hence, considering eg
N 1+K  and 1, +Ngn  to be defined at the last converged state, expression (71) may be 

developed as: 
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The incremental consistency condition is given by: 
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Replacing (72) in (73), the plastic multiplier is computed as: 
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Finally, replacing the plastic multiplier expression in (72) defines the continuum tangent moduli 
matrix: 
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Instead of using for 1, +Ngn  the values corresponding to the last converged state, one can also compute 

secant values based on the iterative procedure of the previous increment. In fact, one can assume that, 
after r iterations, the increment of plastic displacements is given by: 
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which defines an equivalent increment for the plastic multiplier and an equivalent normal unit vector 
to the plastic potential surface. 

 

3. VALIDATION TESTS FOR  PILE -HEAD MACRO -ELEMENT  

The macro-element model presented previously was implemented in the structural analysis software 
SeismoStruct [Seismosoft, 2019]. It requires the definition of the following 15 input parameters: D, 
KHH, KMM, KHM, Hu, e=0, My, nH, nM, $, zw, ( )

effppIE , " , #, plH0  and nUR. Only the last four of these 

parameters must be calibrated, since all the remaining ones are computed directly through expressions 
developed in the literature [e.g. Gazetas, 1991; Correia et al., 2019]. 

Amongst the four calibration parameters, two of them are related to monotonic response Ð "  and plH0 , 

and the other two are related to cyclic behaviour Ð # and nUR. Alternatively, two of the parameters are 
related to the gapping behaviour Ð "  and #, and the other two are related to the plasticity model Ð plH0  

and nUR. The parameters " , plH0  and nUR are always positive, while # can also be equal to zero if no 
residual gap opening is considered.  

In the following, the influence of those four calibration parameters is analysed and several validation 
tests for the macro-element are performed by comparing its response both to numerical results 
obtained with OpenSees [McKenna et al., 2000] and to real lateral load tests on piles. 



 

3.1 INFLUENCE OF M ACRO-ELEMENT CALIBRATION PARAMETERS  

In order to test the influence of the four macro-element calibration parameters, a soil profile with 
constant Su = 80 kPa is considered. The shear wave velocity is assumed to be VS = 200 m/s and the 
PoissonÕs ratio is taken equal to 0.5. It is further assumed that the pile has a diameter D = 1 m and 
above-ground height equal to e = 5 m, corresponding to the load eccentricity. Table 1 and Table 2 
summarise all assumed input parametersÕ values. The effective flexural stiffness of the pile cross-
section is the one corresponding to yield, as suggested by Priestley et al. [2007]. 

Table 1. Pre-determined geometric and elastic macro-element parameters 

D 

[m]  

KHH 

[MN/m]  

KMM 

[MNm/rad]  

KHM 

[MN/rad]  

zw 

[m]  

(EpI p)eff 

[MNm 2] 

1.00 647 1343 -544 1.24 580 

 

Table 2. Pre-determined failure surface parameters 

Hu,e=0 

[kN]  

My 

[kNm]  
nH nM $ 

1834 3200 8.435 2.000 -0.597 

 

The most important of the macro-element calibration parameters is the reference plastic modulus 
value, plH0 , which determines the relative amount of irreversible displacements occurring during 
monotonic loading. For convenience, it is defined relatively to the dimensionless component of the 
initial elastic stiffness matrix for horizontal displacement, i.e. the normalised value HHn

pl KH /0  is 
used. The effect of this variable is shown in Figure 13, where the pile-head response is plotted in 
terms of displacement, with "  = 1. 

 

 

Figure 13. Influence of the normalised reference plastic modulus (H0
pl/KHHn) on the pile-head displacement 

This normalised reference plastic modulus has a very significant effect on the amount of irreversible 
displacements. As its value increases, the response will tend to become more similar to an elastic-
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perfectly plastic one. As it decreases, more nonlinear behaviour and irreversible displacements are 
expected to occur for lower values of the loading parameter. 

On the other hand, the gap evolution parameter, " , has a much less significant influence on the 
response of the macro-element. It mainly affects the quasi-elastic stiffness evolution at low levels of 
displacement. Such effect is clear in Figure 14, where the pile-head response is again plotted in terms 
of displacement, now with HHn

pl KH /0  = 1. 

 
Figure 14. Influence of gap evolution parameter "  on the pile-head displacement 

Regarding cyclic behaviour, the significant influence of the unloading/reloading exponent, nUR, is 
shown in Figure 15, with # = 0. It can be seen that this parameter controls the amount of plastic 
response upon unloading/reloading. When it equals one, the cyclic response to a given load follows 
MasingÕs rule, i.e. it is symmetric. For other values it may increase or reduce the irreversible 
displacements, depending on if its value is smaller or higher than one, respectively. It should be noted 
that upon completing a full cycle to a given load level, the same displacement of the monotonic 
response is always attained, for # = 0. 

 
Figure 15. Influence of unloading/reloading exponent nUR on the pile-head displacement 

This parameter can alternatively be interpreted as controlling the amount of hysteretic damping of the 
macro-element response. 
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The residual gap parameter, if different than zero, always increases the amount of displacement upon 
unloading/reloading to the same load with opposite sign. This can be clearly seen in Figure 16, where 
nUR = 1. 

 
Figure 16. Influence of residual gap parameter #  on the pile-head displacement 

The residual gap parameter has a smaller influence on the overall response than nUR, and its value can 
be conjugated with the latter one, if nUR > 1, in order to produce a quasi-symmetric cyclic response 
with different amounts of hysteretic damping. If nUR < 1, on the other hand, the response can never be 
symmetric. 

A comparison of the responses for a symmetric loading cycle and for asymmetric loading cycle with 
the same limits but containing several unload/reload inner cycles was also performed. The 
corresponding response, purely for illustrative purposes, is presented in Figure 17. 

 
Figure 17. Asymmetric loading history displacement response 

 

3.2 COMPARISON WITH FINITE ELEMENT RESULTS 

The response of the macro-element will now be calibrated and compared to numerical simulations 
performed with OpenSeesPL [Lu et al., 2011], which is a graphical user interface for OpenSees 
[McKenna et al., 2000] dedicated to solid finite element analysis of piles. Static, cyclic and dynamic 
analyses of a laterally loaded pile with D = 1 m were performed. The pile-column had an above-
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ground height of e = 5 m. Two different soil profiles were considered: (i) a soil profile with constant 
Su = 80 kPa, shear wave velocity VS = 200 m/s and a depth LS = 15 m; (ii) a soil profile with a linearly 
increasing Su with depth. The latter had an undrained shear strength constant of proportionality m = 
0.25, a depth LS = 30 m and assumed that the maximum soil shear modulus was related to the 
undrained strength by Gmax = 1100 Su. 

The soil model used a multi-yield surface plasticity formulation according to Elgamal et al. [2003], 
assuming that the Von Mises failure surface was attained for an octahedral shear strain of 10%. The 
soil was modelled as being fully saturated and with a very low permeability, thus having an undrained 
behaviour for all practical purposes. Moreover, a tension cut-off was considered for both the soil 
domain and the soil-pile interface layer [Correia, 2011]. 

(a)  Soil profile with constant Su.  The horizontal load-displacement response obtained with solid 
finite elements for a pushover analysis in undrained conditions is shown in Figure 18, for various 
types of soil and pile behaviour. One can observe that gapping effects are limited in the linear elastic 
range of response but become significant with increasing load level. 

Figure 19 presents the three-dimensional soil mesh in its deformed configuration for a monotonic 
pushover with full nonlinear response with gapping. At this load level, close to failure, it is interesting 
to note the very limited dimension of the soil region contributing to the response. 

 
Figure 18. Pushover curves for the constant Su soil profile with: elastic behaviour with gapping (EG), and without 

gapping (EnoG), full nonlinear response with gapping (NG) and without gapping (NnoG) 

 
Figure 19. Deformed mesh and stress ratio contour 
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Figure 20 illustrates the similar responses obtained in a fully coupled dynamic analysis, with 
simulation of the pore pressure variations in rapid loading conditions, and the results obtained in static 
analyses with equivalent dry soil conditions.  

 
Figure 20. Load-displacement response for the constant Su soil profile for monotonic,  

cyclic and dynamic loading conditions and undrained behaviour 

The macro-element parameters are now calibrated in order to reproduce the results obtained with solid 
finite elements. For the simulations performed with this soil profile, the macro-element properties are 
the ones indicated in Table 1 and Table 2. In order to calibrate the remaining four macro-element 
parameters, the following approach is employed: 

 The gap evolution parameter, " , is calibrated using the simulation results with elastic soil and pile i)
response but including gapping behaviour. Moreover, the pile initial elastic flexural stiffness is 
considered, EpIp, instead of the effective one, and a very large value is considered for plH0  so that 
no plastic displacements occur before the bounding surface is attained, 

 Afterwards, the full nonlinear monotonic results are considered for calibrating the reference ii)
plastic modulus plH0 , 

 Finally, cyclic nonlinear results are used to calibrate simultaneously # and nUR with the purpose of iii)
replicating both the symmetric response obtained for cyclic loading and the amount of hysteretic 
damping evidenced by solid finite element simulations. 

This methodology was applied using the solid finite element results for pile-head displacement. Table 
3 presents the values obtained for the macro-element calibration parameters. The comparison of 
macro-element response with the one obtained by solid finite elements is presented in Figure 21 and 
Figure 22, in terms of pile-head displacement both for monotonic and cyclic loading. 

Table 3. Calibration results for macro-element parameters 

"  #  
HHn

pl

K
H 0  nUR 

4 45 0.30 1.30 

 

Before even discussing the calibration results, attention must be pointed out to the fact that the initial 
elastic stiffnesses computed by the approximate expressions from literature give very good results for 
this case. 
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More important, however, for the objectives of this work, is the fact that the failure conditions 
predicted by the results obtained with the yield design theory parametric study from Correia [2019] 
are correct. In fact, it can be clearly seen in Figure 21 that the maximum horizontal load obtained in 
the numerical simulation with solid finite elements is very similar to the one predicted by the 
superellipse failure surface based on those parametric study results. Furthermore, the slight under-
prediction of the failure load by the macro-element may be attributed to the fact that OpenSeesPL [Lu 
et al., 2011] uses Von Mises failure criterion, while the macro-element is using the values obtained 
with Tresca failure criterion. As previously mentioned, the difference in both criteria may reach about 
15% for a plane strain mechanism. 

 
Figure 21. Comparison of Macro-Element (ME) vs. OpenSeesPL (OS) pile-head monotonic load-displacement 

response, for constant Su soil profile and for both elastic and nonlinear behaviour 

 
Figure 22. Comparison of Macro-Element (ME) vs. OpenSeesPL (OS) pile-head cyclic  

load-displacement response, for constant Su soil profile 

By applying the abovementioned calibration methodology to the displacement response, one can 
validate the behaviour of the macro-element by verifying that it adequately reproduces the overall 
response obtained with solid finite elements. Furthermore, and probably more important as a 
validation result, the response in terms of pile-head rotation is also adequately reproduced. In fact, for 
monotonic loading, with either elastic or nonlinear response, the results are at least as accurate as the 
ones used for calibrating the macro-element. For cyclic loading, albeit a slightly higher hysteretic 
damping obtained in the cyclic response of the macro-element, the results are also very satisfactory. 
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(b)  Soil profile with linear Su.  Starting with the results obtained with OpenSeesPL [Lu et al., 2011], 
they follow closely what was obtained for the previous soil profile. However, two important 
differences arise: (i) gapping has a much-reduced influence; (ii) the overall flexibility is extremely 
larger. These observations can be verified in the pushover results of Figure 23. 

 
Figure 23. Pushover curves for the linear Su soil profile with: elastic behaviour with gapping (EG), and without 

gapping (EnoG), full nonlinear response with gapping (NG) and without gapping (NnoG) 

It is interesting to note that albeit the virtual failure mechanism for this soil profile considered no 
contribution from gapping Correia [2019], it influences slightly the results both in terms of strength 
and stiffness. Hence, in the macro-element analyses this gapping influence will be considered also for 
this soil profile. The macro-element properties are now the ones indicated in Table 4 and Table 5. 

The calibration of the macro-element parameters was performed as proposed for the other soil profile 
and the results are presented in Table 6. Both parameters associated with cyclic response were found 
to give good results having the same values than before. 

Table 4. Pre-determined geometric and elastic macro-element parameters 

D 

[m]  

KHH 

[MN/m]  

KMM 

[MNm/rad]  

KHM 

[MN/rad]  

zw 

[m]  

(EpI p)eff 

[MNm 2] 

1.00 72.9 744.2 -168.5 3.86 580 

 

Table 5. Pre-determined failure surface parameters 

Hu,e=0 

[kN]  

My 

[kNm]  
nH nM $ 

642.2 3200 7.040 2.000 -0.667 

 

Table 6. Calibration results for macro-element parameters 

"  #  
HHn

pl

K
H 0  nUR 

12 45 0.12 1.30 
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The comparison in terms of pile-head displacement for both monotonic and cyclic loading of the 
macro-element response with the one obtained by solid finite elements is shown in Figure 24 and 
Figure 25. 

 
Figure 24. Comparison of Macro-Element (ME) vs. OpenSeesPL (OS) pile-head monotonic load-displacement 

response, for linear Su soil profile and for both elastic and nonlinear behaviour 

 
Figure 25. Comparison of Macro-Element (ME) vs. OpenSeesPL (OS) pile-head cyclic  

load-displacement response, for linear Su soil profile 

The same conclusions drawn for the other soil profile apply in this case. One may verify once more 
that the initial stiffnesses and the failure load are adequately predicted by the approximate expressions 
presented in this thesis. It is also clear that the response in terms of displacement, used for calibration 
purposes, is well replicated by the macro-element analyses. On the other hand, the response in terms 
of pile-head rotation, used for validation effects, is again properly reproduced. 

 

3.3 COMPARISON WITH UCLA PILE TESTS 

In a report by Stewart et al. [2007] a series of full scale cyclic large deflection lateral load tests of 
drilled shaft foundations were described. They performed three tests with reinforced concrete circular 
piles of the same diameter, D = 0.61 m (2 ft), in both a flagpole and a fixed-head configuration, as 
well as in a nine-pile group arrangement. The first two tests will be considered here for assessing the 
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macro-element capabilities. The last two tests are further described and analysed in Lemnitzer et al. 
[2010]. 

The site conditions at the depth range of interest correspond roughly to an OC silty clay with 
undrained shear strength of about Su = 187 kPa (3900 psf). Despite the water table was at large depths, 
due to the high saturation levels of the surficial layers and the high loading rate during the test, 
undrained soil behaviour was assumed. The initial undrained soil modulus of deformation was taken 
as ES = 335 MPa (7000 ksf) and, with a PoissonÕs ratio of 0.5, the maximum soil shear modulus was 
assumed to be G = 112 MPa. A soil unit weight of 19 kN/m3 was measured. 

(a)  Flagpole test.  This free-head pile was subjected to a lateral force only, at a height of e = 4.06 m 
(13Õ4ÕÕ). It had a below-ground length of LP = 7.62 m (25 ft). A cyclic displacement history was 
imposed at the top of the column. Three cycles were performed at each displacement level. The 
displacement levels corresponded to multiplying a predicted yield displacement of 50.8 mm (2 in) by 
the following factors: 1/8, ", #, $, 1, 1 ", 1 #, 2, 3, 4, 6, 8.  

Figure 26 represents the experimental load-deflection response. These results clearly show a strength 
degradation effect for repeated cycles at the same displacement level. Nevertheless, there seems to be 
some influence of creep deformations on these plots, evidenced by the decrease of strength at 
maximum load conditions for each cycle and displacement level. 

Given the cross-sectional properties indicated in the aforementioned reports, the nominal pile yield 
moment corresponds to My = 510 kNm. The horizontal failure load obtained by the predictive 
expression in Correia [2019] is equal to 121 kN, which agrees well with the experimental results. 
Once more, pre-determined macro-element parameters are computed through the expressions 
presented in Correia [2019] and are summarised in Table 7 and Table 8. 

 
Figure 26. Experimental load vs. top displacement response for the flagpole test (after Stewart et al. [2007]) 

Table 7. Pre-determined geometric and elastic macro-element parameters 

D 

[m]  

KHH 

[MN/m]  

KMM 

[MNm/rad]  

KHM 

[MN/rad]  

zw 

[m]  

(EpI p)eff 

[MNm 2] 

0.61 573 362 -264 0.25 54.7 

 

 

-150

-100

-50

0

50

100

150

-600 -400 -200 0 200 400 600

Horizontal displacement [mm]

H
or

iz
on

ta
l l

oa
d 

[k
N

]

Exp.



Table 8. Pre-determined failure surface parameters 

Hu,e=0 

[kN]  

My 

[kNm]  
nH nM $ 

792 510 8.435 2.000 -0.597 

 

Regarding the macro-element calibration parameters, it was found that the gapping behaviour had 
little influence on the results due to the shallow wedge geometry. Consequently, the default values 
were adopted for "  and #. The remaining macro-element parameters, related to inelastic monotonic, 
H0

pl, and cyclic, nUR, response, were calibrated to the values shown in Table 9. 

Table 9. Calibration results for macro-element parameters 

"  #  
HHn

pl

K
H 0  nUR 

1 0 0.3 0.25 

 

Figure 27 illustrates the monotonic response of the macro-element in comparison to the cyclic load-
displacement results. The monotonic curve correctly envelopes the cyclic results and the maximum 
horizontal load is correctly predicted. 

Figure 28 represents the macro-element response for three load cycles at the maximum displacement 
level of the experimental test. The strength degradation with subsequent cycles appears to be correctly 
captured. Experimental hysteretic loops are somewhat thinner than the macro-element ones at low 
loading levels, but the overall loop area seems to be similar. It should be mentioned that the plastic 
hinge in the experimental test formed deeper than expected by the failure mechanism theoretical 
results (where zh = zw). If the passive wedge depth is increased accordingly, the macro-element 
hysteretic loops tend to get thinner, although the gap influence was not large in this test as already 
mentioned. 

 
Figure 27. Comparison of Macro-Element (ME) monotonic vs. flagpole cyclic (Exp.) load-displacement results 
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