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9+6+ P7#')ua "Y 5� 7  LE7.................................................................................................................... 8# 

9+/+#+5� 7 P7#') RY+:N7 ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg 8# 

9+/+.+*@#I"+# + L(J9# gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg 8. 

9+/+/+[5D"?D C-M55 gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg 8. 

9+/+4+["#:.c@ + L`"]?D ^LQ#5= "Y L@#5ND P7#') gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg 8. 



NDE/NDT 
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9+4+L(M + [Y?w6K# P9?e7 ....................................................................................................................... 8/ 

9+4+#+["#:.c@ ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg 8/ 

9+4+.+<5=  n+?X7 + 5-JZ/ [$9" []?`gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg 84 

9+9+ 81?B [?TR:(9k ................................................................................................................................. 8% 

9+9+#+8-V ,D ]?-@  L(-Dgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg 8% 

9+9+.+R:(9k LS-M#5/ [?T?h?X/ ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg 8% 

9+9+/+Li-N7 u9#5> \?!Q{7 ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg 87 

9+9+4+C9Y+:N7  L(M [?Tggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg 87 

9+9+9+,q(4  L)?J64# [?T+[Y?w6K# ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg 88 

9+%+\#Y?.(E-V .......................................................................................................................................... 88 

9+;+j4#57 ................................................................................................................................................ 8$ 

%+C-1?ZM  ?T]?-@ + L/?X-XN/ [?Tggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $& 

%+2+R?%:9Y ................................................................................................................................................ $& 

%+3+ [?T:(9#5Mx-`k Y?o9# ...................................................................................................................... $# 

%+.+#+|k  |k &?954 ["#:9?V?@ + Lc6e>gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $# 

%+.+.+,1$1] ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $# 

%+.+/+&'-`#:@'M 59] :?a Lo9":/ PS> 5---/ + CeE@ gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $. 

%+.+4+Y"'a L%ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $. 

%+6+ LD?9]"#Y'4'7 u9#5> ........................................................................................................................ $. 

%+/+#+                 < |5b7 5-= \#$-.o/ >89?7]k |5b7 5-= [?T?gggggggggggggggggggggggggggg ggggggggggggggggg $. 

%+/+.+!+"  3-X6e7 [?Tggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $/ 

%+/+/+Li-N7 u9#5> gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $/ 

%+4+ 5-JZ/.................................................................................................................................................. $4 

%+4+#+!+"  Ca?` + L`56`Y [?Tggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $4 

%+4+.+,1?w7 + Y#'7 []?e.D gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $9 

%+4+/+H-(S/  5-JZ/ + [5-cE-V [?Tgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $9 

%+4+4+D#5D "Y C7+?X7 !+" 5---/ 5 ?Tggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $7 



 

,-./0!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!1234!
 

%+9+ P-;N/3-Jw/ +  5-JZ/ [#5D [5-%...................................................................................................... $7 

%+%+ jJ4 [:(D........................................................................................................................................... $7 

;+\?X-XN/ [:-;G (9?6@ gggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $8 

;+2+,O{a ............................................................................................................................................... $8 

7+#+#+x-`k  Y'4+ ,D P7#') + ~'JZ7 [?T ?.@k R:@"+kggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $8 

7+#+.+!+"  L(M L`"]?D [?Tggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $$ 

7+#+/+!+"  n+?X7 + 5-JZ/ [?T []?`ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg $$ 

7+#+4+ua + \#Y?.(E-V  LE7 Tn+?X7 + 5-JZ/ [? []?`ggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg #&& 

7+#+9+C-1?ZM + ?T]?-@  L/?X-XN/ [?Tgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg #&& 

;+3+ ,o-6@ [5-%......................................................................................................................................... #&& 

;+6+ \#Y?.(E-V.......................................................................................................................................... #&# 

!
!
!
!
!
!
!
!
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 KPVl!1$0$Q/ 

&l (2 !w"I)#I K[ 9)4= +Q/9%(2 !X/ 

#9  EbD !"#$% WL    ]# C`# ,7?@5D     RY56e% [?TOECD    ,D y'D57`"]?DL (M L "#:.c@ ^[  ]?`]?D + [      um`'/ ,m@ PV 

?T"'E@ "Y PV &?`?(>"?@[ 'z) OECD;O# $@5J/ + C`# R:> n?o@# L &k +"5D[] 9 ?.;V R]?`5L7 :>?Dg 

 ] P7#')9Y?[     ,m;J4 ]#        ^xm`?(7?@ Lmi-N7 u9#5m>{D m9?[ q= - mZL  ?mT"?D ^[  R:m@]   W-c(m`       6mE@ ?mD Y"'ma5D ^L  + 

|k c6e>^L  +" 5D [  R]?`59] LcB"?tA9   ?.;V 5-�2/ C`# "#1% g\#"#Y# R#"    ?T"'E@ "Y PV + [   'z) OECD^  ,m7?@5D   [?mT 

`"]?DL J!(7 L  #5D #" [ J=# -  "?@ ]# &?( .D Y5@-  ] f#$4# ,(9    n?o@# ?.;V R]?`5RY#Y  :@#  ?6@ ,@ 9   # ]# PO?Q (9  :7 \?Z1?i7 W9 &#5

Q#5= Y'q.D "Y #"LJZ/ + - 5/?@#'/ ?.;V 5L7 Y]?`g 

"+k'@[  Q#5= "Y ^L   ,1?w7   ,6M?9Y'q.D    ]# RY?_6`# +B-(A/  [?T   56.DCa?`  ]?`+ k"?@ ^L9 R]?`59]   ?mT      RY5mD 5/s?mD #" 

C`# g;)L   {AE7 Y'4+ 3="/L  JZ/ "Y -  5R]?`  ?T    ~'= "Y .&     k"?m@ ^,6m>1% ~?` L9  \:m7]#"Y  R]?m`59]  ?m.;V [   &":m7 

C9?h" 8bDC`# RY'D  g7] "Y 8@#Y + ,D5o/- ,(["#:.c@ x`?(7 \?-;J)k"?@ ^L9] 95R]?` ?T#$M# #" 9C`# RY#Y 8g 

&?7]?` OECD     x-`k Y"'7 "Y #" LD'a \?){=#    !+" ^?m.;V R]?m`59] |'m-) + ?T   m`"]?D [?mT Bm-(A/ + L   [?mT

LD#5a }-bE/ jJ4 ?.;V R]?`59] ["#:.c@ + 5-JZ/ "Y RY?_6`# Y"'7 L@'(@ [?T:@+" + ?T C`# RY'J@ ["+kg 

 

![%0l 2(:/ (2 !F(9)[ & '4356 ?()[(2 K4-&% +)(= )I 

 ?D R"#'JT9 :(B :9   Z/ R"?D"Y ,6A@ W--  ]"# PQ#57 W9D?L  Jb/ + -  WLD#5a  ?T  (rJT + - JZ/ W-"#:.c@ + 5[ 59] ?m.;V R]?` 

   % "#5K ,4'/ Y"'7-Y5 g       L7 ?.T#" ,Aq> ]# LJ.7 "?-eD [#$4# ^?.;V            5mD L@?(6EQ+ 5-�2/ ?.@k !$9"+5M + LD#5a #59] :(>?D

   C>#1% :T#'a ,Aq> Y5A;J) g eD "Y-"?[   ]"# ^Y"#'7 ]# 9D?L  Jb/ + -  WLD#5a             PAmE7 "?-meD ^\#5m-JZ/ + ["#:m.c@ ^?mT

L7       ]?-@ ?.@k n?o@# [#5D #59] :(>?D        B-(A/ ]# LZ-`+ RY+:N7 + ,D5o/5V W-`:(.7 ,D     L7 ["?S6D# [?T    :>?D g    !"#$m% Wm9#

,D P;) + ?.;V "Y ~+#:67 |'-) L7 LM5Z7 #" ?.@k R:@"+kY'4+  :(@ g]# :(/"?q) "'@17 P7#')* 

#+   P7#') ,D y'D577]-W 

.+   P7#') ,D y'D57|k   

/+  ?T"?D[4"?a L   

4+  PV [#$4# ~{NJh# 

 E@ "Y?T"'[ 'z)  OECD  7] P7#') -(L  7] :(@?7 -W R]51  #5c@#+" ^?T  W-7] + L9   R$m-1   ?mT        C?m_/# \":m@ ,mD  Lm7   :m6M# g

 6K+ :(B5TL # 9    D C?_/# DY#'Q ,@'% W- eD :(6_-  :(6eT |5b7 "? g V CeE@L     Y"#'m7 ,m;J4 ]# [      meD ,m@ Cm`# -  mV "?- 8

L7  :9k g|k c6e>L   @56E7 |5b7 P7?) L  7?J/ "Y ,@ C`# L#Y Y'4+ ?T"'E@ Y" gY"'7 "Y?T"?D [4"?a L m7 L   &#'m/ ,mD 

 6E@ Y"'a5DL+ ~{NJh# Y"'7 "Y  ,1?w7 ,D 5�#  u9#5>N7-iLY5@ R"?># g   m`"]?D R'mN@ + \?ZMYL ]#  R]?m`59]  ?mT "Y 

D- ?T"'E@ W[  5X/ 'z) 9   ,D?E7 E?qL7  :>?D g      ]# &?`"]?D Y"#'7 5F@# "Y9   #5D Y"#:@?6`# !+" B[ jJ4  "+k[ RY#Y     ~?X6@# + ?T
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){=#  ̀  ,D \?- :7 36e959   7 RY?_6`# PV CL :((@ g`"]?DL ?T[ + 9  �Y#'Q ]+5D \"'O "Y RUL :(@?7 W-7] R]51  m` ^?T- + ?.D{

'Y?w/ n?o@# L7 Y'>g 
 

<*0X4E 20AI%( & '(&)"* ')I +%04#,6 �46)#1T4F ')I 

h'/-   +?w/ + ?.eA) ^\?N9 Y#:Z/ 5[   ]# !+"  [?T JZ/ -    ?T"'E@ "Y RY?_6`# Y"'7 5[   'z) OECD    !"#$% "Y,9#"# 

 C`# R:> gua  LE7   n+?X7 + 5-JZ/    []?`V-Y?.(E[ 5D  +"[ # 9(JL M55 ^- 5D"?D C[  Q#5= P7#') ^L JZ/ ^-   "#:m.c@ + 5[  + 

Y?w6K# P7#')[ :-@2/7 L :(@g 

 

<*0X4E !6; ')I 

   ?6@ ,D ,4'/ ?D9  7] |5b7 (-W  @ R]51'D,    ~?` "Y #$$9  ?.>{/ ]'(T ^[ 5J6e7 [ #5D [  6m`Y -D?L    ,mD !+"   [?mT   5m6.D

#5D[ ̀ "]?D L JZ/ ^-  "#:.c@ + 5[  @ Y"'7 -C`# ]? g# "Y9@ !"#$% W-@ $-XN/ ,D ]?-7] "Y )-  mV ,m(-8 D- m(L  mD#5a + }mX@ L 

>?@L|k ]#  c6e>L7] ^-W R]51 ?T^CeE@ + ?`5M 9 8R]?`59] Y'.E7 ?.;V L7 :>?Dg 
 

7 ,-O'/L Y'>* 

#+   .o/ ]# RY?_6`#- jJ4 \#$ "+k[  RY#Y "?@Y'a   ?D ?T9   "Y :,7?@5D  [?T ̀ "]?D L (M L  D PV -     # ]# ?/ YY5% ~+#:67 56E m9 W

5=9   jJ4 \?){=# CKY ) "+k[   ̀ "]?D u`'/ R:> L  #$M# PV 9  8:D?9 gW9#5D?(D D   ,?4[     #5mD CmK+ '5O [  Y"#+ 

6`Y &Y5@LD &?7] ^\?){=# -56E[`"]?D '5O L;J) L  :T#'aY5%9:g 

.+ ?.>{/L9  7] "Y -  .o/ ,Z`'/ ,(- bE/ \#$-  Z/ + }-- D#5a WL ?`59]R]  ^?T     8bD "Y ,B    |k ]# G"?ma    "Y ,mB + 

 8bDY5-% \"'O |k Pa#Yg 

/+ ?T"'E@[ ?D 'z) 9 :!+" [?T  L@'(GJZ/-n+?X7 + 5 ]?`[?7]k #" 9  xm`?(7 + :m((@ 8  W95m/  + 5m6.D9  #" ?m.@k W

  |?b6@#:(9?J@ g(rJT-  W    ,D y'D57 \?){=#&?A7#  Lo(` $T ^9,(  ?T   +  !+" Y5A;J)  ?T @ - ?D $9 #5D :[   ?z)#  3T#5M

>Y'g 

4+ XN/-   #5D \?Z1?i7 + \?X[     ,Z`'/ + Y'q.D !+"  [?T ]"# 9D?L ] 95  R]?`  ?T   "Y         ̂"#'m>Y + Cbm` Lmi-N7 u9#5m> 

 @ Y"'7-  ]?L7  :>?D g(rJT- XN/ W-   #5D \?Z1?i7 + \?X[ 6`Y -D?L   ,D !+"  [?T  #5D 56.D [   C5?_Q  R]?m`59]   ?mT  ]# 

@-?T+5[7] -(LDk ^LN7 + -iL C`# ["+5hg 

9+   AE/ + &?7]?`-/{L @?.4 L   "#5K5D C.4 "Y [     / ~Y?q/ "'!(7 ,D y?q/"# "?o  ^|!+"  ?T      ,mD y'D57 \s'wN7 + 

JZ/-"#:.c@ + 5[ R]?`59]% PA> ?.;V -Y5g 
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\><4-),* ?2&Q5/ & K"4X4E  
\>\>K/Q3/  

    ?D ?.;V R]?`59]W-72/ ,-A/     #5D x`?(7 R?%[     ?T"?D "'q) C.4 PV R]?`+" [ A-M#5/ L      R#" [?.;V "Y L/?-Q [5O?() ^

eN7 L7 |'  :@'> g       + |';i7 L9k"?@ ]# &?(-J=# W9#5D?(DJ9#Y R]?`59] L^   [5-%"?@ ,D n$;6e7 !+" ?T ^L`"]?D |';i7 [

 ?.@k ]# ["#:.c@ + 5-JZ/L7 :>?Dg 

        &?`?(>"?@ ,1?` W9:(B \?Z1?i7 + \?X-XN/ (9?6@PJQ  PX@+ OECD    ,(-7] "Y !+"  ?T    ["#:.c@ ^L(M L`"]?D [

  +B-(A/  ?T ]?e.D [[ 5%"?AD    ?T"'E@ "Y R:> ,6M[ 'z) ^   x1?K "Y !"#$% ?T ,;J4 ]# L9H PmV L`"]?D H  ~?m` "Y#$7% ^

HPV ["#:.c@ H ~?` "Y#$8# + H + []?e.Dn+?X7 []?`PV  H ~?` "Y#$8/,6M?9 "?E6@#  :@#2g  

   ]# L@?`?(>"?@#7    'z) "'E@ OECD   \?mX-XN/ W9# $@5J/ ,@ :@Y#Y "#5K ,Z1?i7 + L`"5D Y"'7 #" (9?6@ W9#   5mD

 [+"!+" ?T + B-(A/ ?TC>#Y "#5K R#" [?.;V f#$4# ["#:.c@ + 5-JZ/ [g 

   +" 5D !"#$% W9#[ ?.@?J1# [  ,1'@ :(@?7 R]?`59]  ,9?V ^?T  + ?T&'-`#:@'M ?T  mT+5% + Y"#Y $m@5J/ L  ^&?mwwb67 ]# 

/?){=#L     Y"'7 "Y #" x-`k  ?T    |'-) + &'-`#:@'M  ?T ^!+" [?T`"]?D L 9?m`?(> C.4 L 59] |'m-)   + R]?m`!+"  [?mT 

"#:.c@ + 5-JZ/[ ?D x`?(67 x-`k ?TR]?`59] [^RY5@ Cq�  :@#g 
 

\>b> +)RV.P%  

L7 RY?_6`# :ZD ,D W9# ]# ,G L/?Q{iO# + \?-1 ,)'Jo7 L;qK \?Z1?i7 ?D "?%]?` Y'> OECD  ^Lm`"]?D Y"'7 "Y

+ ["#:.c@  ?.;V []?e.DL7 :>?Dg 
 

\>b>\>K-)T/ )$0,6  

   @ [#"#Y R#" [?.;V :-;@ 8X[    7 ?.T#" ,Aq> "Y L       L7 LQ#5= ["'= Es'JZ7 + :(>?D           ?m/ &?mA7s# Lm6Q ,m@ :@'>

#&&   ~?`  "'= ,D    :(>?D RY?_6`# PD?K WJ9#  g       R]?` I?N1 ]# ,A(9# ]# PqK PV B9  #[  Y'> :7k"?@?@ ^     Y5mA;J) I?N1 ]# :9?D [ 

  Y'> RY?6M#"?@ ]# g         [?T"?D ^Li-N7 \#5�# ^LZ-q= [?9{D ,;J4 ]# L;7#')        |k + L6mE@ ?mD Y"'a5D ^W-c(` R:@]    Lc6me>

R?/'@ #" PV :-_7 5J) L7 5/ L7 Y'4+ ,D PV [#5D $-@ [5c9Y \{AE7 &k 5D R+{) W-(rJT + :((@ k"+,;J4 ]# :@* 

•  "'q) PV &k [+" ]# L)'@ ,D ,@ L@?e@ [#5D J57 L6Q + x-`k Be9" &Y5Ds?DL7 :((@g 

•          &k jq/ ,D ,@ R]?` [5D"?D C-M55 8T?@       W-9?V PV ]# "?D PJQ ]?o7 &#$-7L7 :9k    &Y'mJ@ Y+:me7 $m-@ LT?% + 

  PV L7 L7#$1#    YY5%          PmV &k ]# ?.@k YY5/ + L=?q/"# R#" ,@ L@?e@ ,D LA;.7 [Y?w6K# ,D5h 57# W9# ,@ Lm7   ^:m>?D

L7 Y"#+ :9?J@g 

•  ,D ]?-@&#$-7PD?K  &k &Y"+k "Y ~+# C1?Q ,D + PV 5-JZ/ [#5D ~'V L.4'/g 

                                                      
 !  [?.>"#$% 5c9Y  OECD    ]# :(/"?q)Hk|  D   L(6D [?.;V ,>5) [:(< #$7.?  ^H ?.;V [5D"?D C-M55 LD?9]"#< H#$7$? ^H   RY?m4 Lm(6D [?m.;V n#+Y [#< H#$8$ ? +

H?.;V C959:7< H#$$.g? 
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,7?@5D  T?L9  #5D ,@ [ ̀ "]?D L "#:.c@ ^[    "?-eD "Y \#5-JZ/ + [  "?-meD C`# R:> ]?=k ?T"'E@ ]# [  \{AmE7 ]# 

     C`# RY'J@ "?A>k #" ?.;V R]?`59] g  ':TL9?.@   ,7?@5D W9# ]#      ?.@?J1# ,@ Ce(9# ?T[R5.D C1?Q "Y R]?`59]   "#Y5mD[ K?mD L 

  #5D ?/ :(@?JD[    7'J) "+57 + "'q) L ;AE7 L     5` $-@ + :9?-@ 8-V ,9?7  "#1%[+" [  Y'm> ,m(-.D jD?(7  g  ,m7?@5D Wm9#    :m9?D ?mT

?z)#[       TY "#5K 8>'V CN/ #" R]?` 5D"?D (  ?.@?J1# ?7# :[ ,9'@?�   #[        R:m9Y?@ :9?q@ $-@ :@"#Y 8X@ PV Y5A;J) "Y ,@    ,m6M5% 

:@'>g 
 

\>b>b>)$(),6  

5Z/ L@?Z7 ?D 59] \?Q{iO#R:> RY5D "?G ,D !"#$% "Y R:> 09 :@#* 

'(%QCw=G 7         Q#5= C-Zh+ ["#:.c@ + K_Q [#5D ,@ L/?7#:K# ,)'JoL   :(D5A-V ?9 R:>[     n?o@# R]?` ~'qK PD?K 

L7 Y'> g 
 

04#,6G  /?7#:K# ,)'Jo7 L   ?z)# Y"'7 "Y ,@ [ ?9 ,6M?9 ~{NJh# x-`k R:9Y m7 n?o@# PV B9 L     Y5mA;J) ?m/ Y'm>

;@L  EbD ?9 L     Y'> ?-Q# &k Y5A;J) ]#  g /#5-JZ/ \?-;J)L  ?-Q# P7?> [ +Y   5D"?D C-M55 ^n#[ (J9# ^L    7 R5-= + RY?4 L   :>?D

(9$c9?4 ?/ RY?` \#5-JZ/ RY+:N7 "Y +L ?T[?.EbD R:-r-V [;O# LY"#Y "#5K PV 5D"?D g 
 

B&)3/ '9)FG  /?7#:K# ,)'Jo7 L       R]?` B9 Y"'7 "Y ,@ <  x-`k :9?q@ E?7+$1   :>?D R:9Y ?       &k Y5mA;J) Y'mq.D Cm.4

 7 n?o@#L   ?D C-M55 89#$M# :(@?7 Y'>5D"[;qK <'i` ,D Cqe@ PV L gn+?X7 \?-;J) ]?`[ ]# ,6`:@k P7?> R]?` L9?T  ,m@ 

    PD?X7 "Y :9?DL9?T"?D    #5D #:6D# ]# ,@ [   Q#5= ?.@k PJN/ L         m7 $m-@ :m@5-% "#5K :@Y'D R:E@ L   Y'm> g       + 5m-JZ/ W-mD \+?m_/

n+?X7 ]?`[7 ?.@k n?o@# ]# ':T "Y E?`?`# L :>?D^ ,@ ?eD ,B B-(A/ ?T + !+" [?T#5D ,='D57 [ ,D?E7 +Y 5T  :(>?Dg 
 

?9)F0$9G             L7 PX6(7 LV ,D R]?`+" CJeK ]# #" "?D ,@ PV ]# L6JeK              #" R]?m`+" &?q-6mEV 8mX@ L/"?q) ,D + :(@

Y"#Y g   L;O# [#$4#R]?`59]     ,1'@ ]# :(/"?q) ?T   ,9?V ^?T     + ?TjJ>  ?T g    PAm> "Y #$m4# Wm9# ]# L9?J@<#+#?   R:m> RY#Y &?mE@ 

C`#g 
 

&l  !X/G !+"  ?T   + PJZ1#"'6`Y  ?T    u`'/ ,@ L9&?7]?`  ?T        + ?T"?AT#" ^'#:T# ,95E/ "Y ,='D57 [!+"  ?mT [

 + ["#:.c@ ^5-JZ/n+?X7 []?` R]?`59] ?.;V ,9#"# L7 YY5%g 
 

6%01F%  'YG  + ?.Q5= ^\?7#:K# ,)'Jo7 !+" ?TR#" B9 ,D &:-`" [#5D ,@ L9 #5D x`?(7 PQ[  Bm9 PAE7 jM" 

    ?9 + L?a R]?`59] "Y R:> ,95E/ j-`+ '#:T# &Y"+k5DR#" R"#Y#  Y"'m7 "Y  uma  LmE7   R]?m`59] ,mD y'mD57     n?mo@# ?mT

7L Y'>g 
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\>b>]> )$)*&+)/%QM% &  

09?5++" ?.;V R]?`59] Y"'7 "Y :9?D ,@ L/?7#:K# + [ 59] <5> ,D Y'> $@5J/ ?.@k L7 :(>?D* 

#+  + |'-) L9?`?(>kx-` [?TZK#+ LLV  ,9?V + ?T ?Tg 

.+ !+"  ?T     LD#5a L9?`?(> C.4 L(M L`"]?D [   + ?.;V R]?`59] |'-) + ?T,9#"#,-O'/  L9?T   Y'mq.D Cm.4 

 W9#!+" ?T 

/+ !+" ?T + 5-JZ/ [n+?X7 []?`LD#5a  ,-O'/ + + ?T L9?T?X/"# + Y'q.D C.4  

4+ ua LT:@?7?`  + 5-JZ/ LE7n+?X7 []?` 

9+  + ?T]?-@ L9?`?(>1?ZMC- ?TL/?X-XN/ [ 

 
s# ` 'z) [?T"'E@ ]# ,G L/OECDY'D 59] MQ?q7 P7?> Y'D R:> R:-`5V * 

#+  L;@ W-Jb/ + LD?9]"#x-`k ?TLD#5a +  ?T 

• x-`k [?T>?@ L(-7] P7#') ]# L 

• x-`k [?T>?@ LDk P7#') ]# L    

• L4"?a [?T"?D 5�# "Y x-`k   

• ~{NJh# 

        R]'Q "Y #" n]s \?){=# 'z) [?T"'EG9?e7P        ,mEX@ ^:"#:7 + Y?(`# ?D R#5JT C'M          n]s Y"#'m7 5mc9Y + ?mT

 + ,-./,9#"# 'J@:@Y g 

.+  ,Z1?i7 + L(-D]?D!+" ?T,='D57 \{AE7 + L`"]?D [* 

• !+" ?TL`"]?D [  

• !+" ?TcB"?tA9 LD?9]"# [L   

• B-(A/ ?T + !+" ?TC959:7 [ 

/+  LD?9]"#!+" ?T + 5-JZ/ [n+?X7 []?`,='D57 \{AE7 +  

 ;J) ,B5%#   n+?X7 + 5-JZ/ \?-  ]?`[ Y"'7 "Y x-`k [?TR:J)  9?`?(> L  ?.mEbD ?9 R:>[  x-m`k  R:m9Y  R]?m`59] 

 7 n?o@#L   \{AE7 PJ) "Y ?7# Y'>["?-eD m7 ]+5D L  :m(@ g #5mD[    ^C-Zmh+ Wm9# Y'mq.D  LD?m9]"# ?mT"?@ [ m/#5-JZ/ L  ?m9 

n+?X7  ]?`[   + P9?e7     ,='D57 \{AE7 + <:(@?7  Y"'7 \?Z1?i7 [  /?){=# N?`#5D L  ?T"?@ ]# ,@ [ ,D?E7  Cm`Y ,D  R:m7k 

C`#?Y'D :T#'a :-_7 g 

4+ ua  + 5-JZ/ LE7n+?X7 []?` R]?`59] ?T 

        [?9'% ,@ L/?){=# $-@ y?q/"# W9# "Yua  LE7  ?T:@+" + [   L9#54# C-1?ZM  [?T    + 5-JZ/ n+?X7  []?` R]?`59]   ?T

L7 ^:>?D:9Y5% ,-./ 'z) [?T"'EG u`'/ g 
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9+  ,D ]?-@C-1?ZM [?TX-XN/ /?L 

    ?T"'E@ ]# B9 5T ]#[           R]'mQ Y"'m7 "Y #" LFND ,@ :> ,6`#'a 'z)    ?mT[  /?mX-XN/ L     ,mD y'mD57 ]?m-@ Y"'m7 

C-1?ZM  [?T "#:.c@ [   n+?X7 + 5-JZ/ ^  ]?`[ R]?`59]     :(TY x-/5/ ?Tg    +" 5D R+5% \?Z1?i7[ 7?J/ L Y"#'7    :> $@5J67 C'M 

?T?4 "Y +[;qK \?Z1?i7 ]# x`?(7 L OECD:.c@ Y"'7 "Y #"[^]?e.D [n+?X7 +  ]?`[:> RY?_6`# $-@ ?.;V g 

        p#'@# ,JT P7?> ^"'@17 \?X-XN/ + \?Z1?i7R]?`59]   ?.;V L7  :>?D g    \+?_/ jK#+ "YR]?`59]      ]# ?mT ,mq(4    ^p'm@ 

    "Y :9?D Ca?` B-(A/ + W`!+" ?T"#:.c@ L`"]?D [?T"?AT#" + [U/#56`# + [    Y5m-% "#5mK ,m4'/ Y"'m7 5-JZ/  g  5mF@#

?.;V[ J9:K L 'cb`?V[ ?T]?-@ [ 5D"?D [  ?TY"#:@?6`# ^]+57# [`:(T LJ@ B-M#5/ 3oQ + L      Pm7#') 5mD#5D "Y ?m9 + :(m>?D

i-N7L6E@ Y"'a5D ^L ^|k Lc6e>?9{D ?9 [Z-q= LR:E@ C!M?N7  :@#g 

 

\>]>!D+ ,%QI%  

  D?9]"# + Y"+k5DL  ["#:.c@ + 5-JZ/ ^\"?ea R]?`59]?.;V ^ m9 ,D LD?-6`Y [#5D [:-;@ MQ?q7 ]#    "#:m9?V Lm(J9# B

     R#" ,Aq> P@ "YL7  :>?D g           m`:(.7 )m-J) |"?mo/ ,mD ]?-@ + C`# ["#'>Y "?@ 57# W9# ,D LD?-6`Y :(B 5TL  RY+:mN7 + 

Z-`+L ]# B-(A/ [?T7 ,@#"+k'@ L :>?Dg 

 ;@ '#:T#L   *AZ(7 ,Z1?i7 W9#   "?-eD R:((@[  J-T?_7 ]# L 7 L   ;qK \?Z1?i7 "Y ,@ :>?DL OECD ,9#"# ^Y'D R:>   ,mD

+ RU9/?Z1?i7L"#:.c@ ,D y'D57 ,@ [ Y'D ?.;V  +"#:.c@ ,7?@5D ]# ':T ^&k "Y[C`# R:> &#'() 59] <5> ,D PV * 

• 5D"?D C-M55 + [5D"?@ K_Q[WAJ7 &?7] ?/ PV  

• ,M5O R:(9k + ~?Q [#5D [Y?w6K# L9'4 

• R5.D ,D LD?-6`Y "#Y5D[C9Y+:N7 ,D ,4'/ ?D 5J6e7  Y'4'7 L1?7 [?T 

• J9# ]# &?(-J=#&#5M?e7 L( 

• PK#:Q []?`"'q) B-M#5/ ?D Pa#:/ [ 

• M?@ &?(-J=# Y?o9#L 5_` [#5D CQ#" 

    +" 56E-D ,(9$T '5O ?D[ ,q(4   ?T[ P6b7  R:((@ (J9# L RY?4      ,q(4 ,D Cqe@ ?T  ?T[ :7k"?@?@ [  R]?`   #[ ?.@k ^ 7 L  &#'/

(J9#L ,JT  ,q@?4    x`?(7 'N@ ,D #" &#5M?e7  5/[ W-72/ Y'J@ <~?F7 &#'() ,D;V ?.[9?J@?4 ?D B9"?D L  Lm7 xm`?(7?@  @#'/ m( :

  @?4 \?_;/ M)?DL    56E-D "?-eD \?MY?w/ + [   /?_;/ ,D Cqe@ L        PV B9 !$9"+5M 5�# "Y ,@   Cm;) ,D  R]?m` |'m-)  #[ &k 

 7 O"L :TY^'> @: g? "?!6@# ,A(9# ,D ,4'/ ?DL7 Y+"PV + ?.;V ,@  R"Y R]?` I?N1 ]# ?T #[ m(J9# C-Zh+ "Y R"#'JT L  :(m>?D 

#11     @'@?K \?7#$1# 5D R+{) &?`:(.7 L  "?@ + [   K{a# I?N1 ]# ^L      ,@ :(@#:D :9?D $-@ W-72/ (J9# L   ;O# ':T PV L  "#:m.c@ [ 

7 PVL :>?Dg 

,M5O  L9'4          "?-eD \?)'h'7 ]# LA9 PV ["#:.c@ "Y [Y?w6K# $9?Q  C`# C-JT#  g   \:m7]#"Y ["#:m.c@ W-(rJT

    + '#:T# ]# R]?` [5D"?D C-M55 K_Q +,7?@5D ?T L7  :m>?D g  "?-meD "Y ,mB5%#[ Y"#'m7 ]# ^     I?mN1 ]# ,mA(9# ]# PmqK ?m.;V 

R]?`  #[     Y5A;J) I?N1 ]# :@'> :7k"?@?@ [   ]# RY?6M#"?@ 7 L  :@'> g      &?mE@ ?T"'mE@ 5mF@# "Y ?m.;V L(9$c9?m4 3@ "?-eD O5@
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7L    "#:.c@ ,@ :TY[ \:7:(;D    :9?D PV  "'= ,D ;@ L  &#'() ,D     YY5m% <5i7 &'@?K B9  g    5m-= "Y   "'mO Wm9#\  ,m(9$T    ?mT[ 

#5D R:> '5O["#:.c@ [5-%';4 C.4 [D "Y ~{NJh# :Q ]# 8-D O5@ ]# La5@ Y'D :T#'b@ LM?G ^?T"'Eg 
 

\>d> ,-)./ ()1l)FK 

        \"?ea + LD#5a LD?9]"# + W-Jb/ "Y  RY"#+   f#$4# ,DR]?`59]    LV + ?T    |k ,i` 59] [?T^     \{mzZ7 + \{AE7 

LD   Y"#Y Y'4+ ["?J> g +" + "?AT#" W6M?9   Cme-@ PAmE7 ]# L1?ma $-@ ["#:.c@ + 5-JZ/ [Y?w6K# ,(-.D ! g   )m-XN/ Wm9#

    L(M \?){=# P7?>!+"  ?T   #5D R:> RY?_6`# [[ D?9]"# L x-`k  ?TD#5a + L ?T[ Y'4+ ,D  ,m9?V + ?m.;V ,1'@ "Y R:7k   ?mT[ 

    ?T"'E@ "Y |k ,i` 59][   'z) L7  :>?D gW-(rJT   ,D           ,mD y'mD57 \#"?ea + \{AE7 L9?`?(> :@+"M &'-m`#:@'   ?mT ^

jJ> ?T&'e-@ +  C`# R:9Y5% R"?># $-@ ?Tg 

   FQ?q7 !"#$% W9# "YL     P;) Y"'7 "Y x-`k  ?T    R]?m`59] |'-) +       + ?mT!+"   [?mT  XM'm7 L    #5mD ,m@ [     Wm9# 5m-JZ/ 

x-`k  ?T           ]?m-@ Y"'7 ,1?w7 + \#$-.o/ ?D R#5JT R:> ,6M5% "?AD ^  ,m9#"#    Cm`# R:m>  g mD  , R+{m)^  FQ?mq7 L      Y"'m7 "Y $m-@ 

!+" [?T Q#5=L#54# + [ ]# B9 5T C-1?ZM [?T/#5-JZ/ LC`# R:> RY#Y <5> g 

 59] Y"#'7 P7?> !"#$% W9# ~'wML7 :>?D* 
 

 WL*bGP ?.@k P;) + (9#" |'-)Q 

     \?){=# N?`#5D PwM W9#jJ4  ["+k      'z) [?T"'E@ ]# R:> OECD     C`# R:> W9+:/ + ,-./  g     PmwM Wm9# "Y

LD#5a R"?D"Y  [?.EbD ,D y'D57 [?T59]R]?`C`# R:> MND ?.;V LV + g 
 

 WL*] GP!+" ?TL(M L`"]?D [Q 

    +" 5D PwM W9# "Y[ ?T:@+" [     ?T"'E@ "Y R:> ,6M5% "?AD [ 'z) ^ #5D [ D?9]"# L x-`k  ?T  [   Y'm4+ ,mD    "Y R:m7k 

?z)#[   ?.@?J1# + R]?`59] [ &'-`#:@'M ^   C`# R:> $@5J/  g    ;O# ':T Y"'7 "Y W-(rJTL    D?m9]"# C-JT# + L  x-m`k   ?mT  + 

5Z/  09!+"  [?T   D?9]"# "Y R:> RY?_6`# L x-`k [?T?z)# ,D Y"#+ [  + R]?m`59]  &'-m`#:@'M  ?mT   Cm`# R:m> MmND  g  ,mD

^R+{) Y"'7 "Y PwM W9# "Y !+" [?TD?9]"# L W-Jb/ Y'q.D C.4 "Y x-`k ?TC`# R:> RY#Y ,-h'/ $-@ g 
 

 WL*dGP !+" ?Tn+?X7 + 5-JZ/ [ []?`Q 

    R"?D"Y PwM W9#!+"  ?T   + B-(A/ ?T  [L@'(G       + LmV 5m-JZ/  R]?m`59]   ?m.;V <     'mz) [?T"'mE@ "Y RY?_6m`# Y"'m7

OECD? MND L7 :(@ g E?(Jh,D H-(S/ ?T ,6M?9Y'q.D [!+"  ["#:.c@ + 5-JZ/ [?TC`# R:> L/#"?># $-@g 
 

 WL*_ G Pua LE7  + 5-JZ/ [?Tn+?X7 []?`+\#Y?.(E-V Q 

   PwM W9#,D L;9?e7,7?@5D "Y :9?D ,@  $9"[ + 9#54#LC`?-` &Y5@  ?T[       Y'm> ,m6M5% 5m!@ "Y 5m-JZ/ ,mD y'mD57 

Y"#Y y?q/"#P7?> ^* 

− P9?e7@?7]?` L6959:7 + L 

− ,q(4 ?T[;O# L(J9# ^P7?> 3.7 + L + B-M#5/ ^Y?w6K# ^P9?e7(M L 
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 WL*aGP  + ?T]?-@C-1?ZM ?TL/?X-XN/ [Q 

    W--Z/ 5D R+{),(-7]  ?T R"?D"Y ^L/?X-XN/ L;O# [!+" ?TY'J@ L9#54# [ ?.;V R]?`59] 5-JZ/ &    PmwM Wm9# "Y $m-@

MNDL7  Y'>g 
 

 WL*`GP \?X-XN/ [:-;@ (9?6@Q 

       ,O{a \?X-XN/ + ?TY"+?6`Y (9?6@ PwM W9# "Y      ,7?@5D ,D Y?.(E-V x1?K "Y ?/ C`# R:>   + &#$9"3-Jw/ &?%:@5-% 

"#1c6`?-` <'i` "Y ,='D57[(M ?9 L:9?J@ BJ@ g 
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b>4i J; WDi & $$%( v: 
b>\>K/Q3/  

   PwM W9# "'= ,D   ,O{a (9#"  5/  W9x-`k  ?T    "Y ,@ L9R]?`59]             'mz) [?T"'mE@ "Y #" :mTY O" C`# WAJ7 PV 

,9#"# L7  :(@  3e-@?A7 +          W9# :9:E/ M)?D ,@ L;7#') + x-`k  ?T L7     L7 &?-D #" :@'>  :m9?J@g      "?m.B CmN/ \?m){=# Wm9#

 L;O# &#'(),6`Y 59] [:(D L7 '>:@* 

• W-7] ?D uq/57 P7#') 

• |k ?D uq/57 P7#') 

• L4"?a [?T"?D 

•  + LD#5a~{NJh# 

                    Lm;@ Cm;) Bm9 L`"5D ?.@k ]# B9 5T ,@ Y"#Y Y'4+ L_;6b7 [?.@#'() 59] ^C'M L;O# [?.T+5% ]# B9 5T "Y

 ?9 + x-`k + L?ax-`k ?T #" &k ]# PO?Q [&?S7# L7 591V Y]?`g 

     !{/ PwM W9# "YL7  Y'>    ]# [:O"Y   [?.;Vx-`k  R:9Y     0;6b7 [?T"'E@ "Y  &#'() ,D      &#$-7 + Y'> RY"+k ~?F7 

LD#5a ?T[ Y'4+ ,DE@ 59'w/ ,D ?.@k "Y R:7k -Y'> R: gL7 !"#$% 59] Y#:)# ?D &#$-7 W9# Y'>* 

& *x-`k Ll$4 L%:9Y 

# *x-`k 5---/ n+$1 ^R:J) L%:9Y 

. *x-`k &?J1# L(9$c9?4 n+$1 ^:9:> L%:9Y 

/ *x-`k L%:9Y "?-eD + &?J1# L(9$c9?4 n+$1 ^:9:> R]?`59] 

     !"#$% "?E6@# &?7] ]#OECD    &#'() ?D H PV C959:7 H   ~?` "Y#$$.             jm4#57 \"?m!@ CmN/ ,m@ L9?m.;V Y#:mZ/ ^

~+ e7 RY'D  :@#            ,@ &?J1k "'E@ [?(F6`# ,D ,6q1# ^C`# RY5A@ L@#:(B 5---/   "?7k    &'m(@# 3T &?mE@     R:m(TY    [:m9:4 [?m.;V

L7  :>?D gY#:Z/       ,D &?J1k "Y ?.;V P@ //$.%       (9$c9?4 ,(9$T ,@ C`# ,6M?9 89#$M# R?c6`Y L     Y+:Q "Y ?.@k /$ Y"?-;-7  "sY 

L7 Y"+k5D Y'>g 

 

b>b>S4/9 )[ &A60/ W/%:i  

;O# &#'() 59] ,`L7 095Z/ R+5% W9# "Y L Y'> *C-1?ZM [?TR]51  #[ ^W-7] R$-1 ?T+ CeE@ g 

 

b>b>\> <4-),* ')I?90-  %' 

Y#:Z/ J@ L    f?z)# ]# C-1?ZM  [?T R]51   #[ #" &#'() ,D B9 ,12e7 RY5m@ !"#$% J"$D     "Y ?m7# ^:m@# LX=?m(7  :m(@?7 

   ,@ WV#IC-1?ZM  [?T  R]51 :9:>   #[  7 O" L    :TY5-�2/   &k \#"?-eD :4 [   C`# RY'D :9:> +  g p'K+ ?A957k R:N67 \s?9# "Y

  7 ~'JZ7 ,1$1]L   1+ :>?DL  >?@ "?�k L     ]# &k ]# x-`k  [?T 4 $L9    (9$c9?4 ,D ]?-@ ?/ L  C`# \+?_67 ^P7?@  g,1$1] ?T[ J"$D 
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  7 C?_/# 56J@L  6M#( 1+ :L   Es'JZ7 x-`k  [?T  ,!Q{7 PD?K   #[    7 "?D ,D #" L  "+k@: g     "Y 5mc9Y \s?m9# ]# 56mE-D ?-@5_-1?@ C1?9#

  1?J6Q# 5ia R5Z7L   7 ,1$1] p'K+ L         ~?` ]# ?o@k "Y #11 :>?D#$7&   ]?e.D ,7?@5D B9 [ R]51   #[   C`# R:> RY?-V  g C`?-`

\s?9#      ,7?@5D B9 R:N67%  D?9]"# ,1?` L ?.;V [   #"#Y )=?m(7 "Y jK#+ [  s?mD P-me@?6V [  R]5m1  [$m-a  #5m4# + !56me% + [ 

!+" [?TY?w6K# ,(-.D [ <Cost effective?#5D []?e.D [n+?X7+  ]?`[C`# RY'D ?.;V  g 

  9?T"'E@ W-D ]#L   RY#Y F`?V ,@    M ^:@#   ^,e@#5M ^:@{(^:l'`     ]?m-@ &?6e;c@# + I+5@ [    ,mD        ,m1$1] 5mD#5D "Y LmQ#5=

,6>#:@  :@#g    ]?-@ &?J1k "?-eD\s?9# + WV#I + 3@ #Y?@?@ + *-9'` ^3@  Q#5= ,D ]?-@ ?-1?69# + ?A957k R:N67L   5mD#5D "Y j7?m4 

,6>#Y ,1$1] :@#g 

R]51 C-1?ZM #[L7 #"  3-eX/ p'@ +Y ,D &#'/ :(D[Y'J@ * 

• ?T+5-@[A-7?(9Y L 

• #5c@#+"L9 
 

• )I&04='(4/)"$2 ! 

T+5-@?[ A-7?(9Y L    XM# \?@5Q 5�# "Y L     W-7] 3l?K +  "'= ,D      ,1$1] n?c(T "Y &?7$JT  Y'4+ ,D 7 L      Mm)?D ,@ :(9k

?T+5-@ Y?o9#[;a#Y L?z)# "Y |?6> 5�# "Y :9:> [7 R]?` L :@'>g 

(9#"   /?@5Q W95/L    M)?D ,@  Y'4+ ,D    x-`k &:7k L7  ?.@?A/ ^Y'>[ XM# L  ^ (m@   L%:m>       @'m%I#+ ?m9 + !$m-1 ^L 

R]?`59]  ,1$1] "Y   ?T[  7 :9:> L  :>?D g       @?7] \?@5Q p'@ W9# ,@ C`# R:> !"#$%L  V ,@ L    5D"?D C-M55 + R]?` [   S?ma 

M?@L ^Ce-@    :@"#Y #" \#5�# W956E-D  g  \?@5Q R]?m`59]  m>?@ L     C'mM \#5m�# ]# ^      ?moD?4 ,mD 5mo(7 L9  R]?m`59]    PmN7 ]# 

,-A/ R?% 6M# +5M ,o-6@ "Y + ?T,@?TY &Y? ?T[7 PV L Y'>g 

?T+5-@[   7 $-@ 3l?K L    :(@#'/x-`k  [?T  ,!Q{7 PD?K   #[    ,D #"  R]?m`59]     (@ Y"#+ ?mT m(: g ?.@'6m`[      ]# 56mE-D R?m/'@ 

?.@'6`[      W-(B R5Z7 "Y :(;D x-`k  L9?T  :@"#Y "#5K  g  ?T+5-@ \#5�# x-@5/[ XM# L 'K ,1$1] B9 5�# "Y ,@ 3l?K + [ Y?o9# 

L7 :@'>+" [ R]?` B9 ,@?TY ?D ?T[?.@'6` ^RY?` [M?@?@ Y'-K + R?/'@ L:>?D 5c@#59+ "?-eD C`# WAJ7 g 

 J"$D W-(rJT ?J@L9     O?a \?q-@5/ "Y 3l?K \#5�# L  ?.@?a ]# [   C7?bh + n5@  L9?T  ,9s ]#    ?mT[     WmAJ7 S?ma 

 C`#:TY [+" gzZDL ]# W-9k ,7?@ ?T[Q#5= ^L,-O'/  ?T[O?a L \#5�# W9# &Y5@ ,(-J@ C.4 #" "#,9#RY5@  :@#g 
 
 



%                                                                                              Repairing Bridge Substructures           

 
W(kN b>\O-4F;  )I'k)w4I WE 0[ 2(%& ! )6)w4= K-g-9 0.% (2 SF:+7\cad 

 
 

 
 W(kNb>bO-4F;  )I'K$)E 0[ 2(%&  )I'S1[  /)=&0"4k WE K/(;!K-g-9 0.% (2  +&% / %&)@%(&%7!\c^b 

 
 



6  B&)3/ & 04#,  )CDE ?9)F0$9 '9)F                                                                                                    13!

 
 W(kNb>]O-4F;  )I'-g-9 0.% (2 )4=0r4-)+ (2 )(4=:/)1=)F ?%0@(g[ K[ 2(%& 0= K.$$07\ccd 

 

• %0w=%&(!$ 

#5c@#+"L9      R]51 C-1?ZM B9 W-Q "Y S?a   #[ R:9:V   #[    ,@ C`#  \":@ ,D  7 C?_/# L     ?7# :6M#   ,m@ "'= &?JT   um`'/ 

\s?9#      7?c(T ^C`# R:> !"#$% R:N67L    +" R:9:V W9# ,@ [ 7 L     5mc@#59+ "?�k :TY[   #"    ~?mq@Y ,mD Y"#Y  g   R]5m1 Cm-1?ZM  #[ 

 #5c@#+" Y?o9# M)?DL9@?a "Y ?.[R:(qeB 5-= ,@#Y$9"  #[(-7]59] |k ,i` 59] ,@ L59] + :@"#Y "#5K  +" R]?`[  ?m(D ?.@k 

 C`# R:>^ 7 L Y'> g5D"?D C-M55 C1?Q W9# "Y[ S?a \:> ,D 8T?@ ,6M?97 O" CeE@ + L  :mTY g    + WmV#I "'mE@ 3mT

 \s?9# 3T     ^?A957k R:N67W-9k  ,7?@     + ?TPJZ1#"'6`Y  L9?T   RY5@ ,-./ #"      ,@ :@# 7 "Y?K #" &?Q#5=L  ,D #" P7?) W9# \#5�# Y]?`

:@"+k |?eQg 

 
 
 
 
 

 
 
 



%"                                                                                             Repairing Bridge Substructures           

 
 W(kNb>dO Q=)#TE J)(/ 04406 NM)[! ?Q=)/ O!$%0w=%&( 2)|$% 0.% (2 KA=)/)k&% WE (2 J)$0{ (2 

+&% /&04k:+ K-g-97!\cc] 

 
 

 
 W(kNb>_OK$)E ,%05=%  )I'-9 J)$0{ (2 !$%0w=%&( 2)|$% 0.% (2 KA=)/)k&% WE K-g 

+&% /&04k:+7!\cc] 

 

 
 



6  B&)3/ & 04#,  )CDE ?9)F0$9 '9)F                                                                                                    15!

b>b>b>S4/9 +)+0R u 

    59] ,D x-`k &:7k Y"#+         7 C?_/# 56J@ W-7] \?@5Q 5�# "Y R]?`L    zZD + :6M#L   ?T"'E@ T-T  ,@'% ,12e7  #[ >?@ L 

    L?a C-1?ZM W9# ]# #" !"#$%RY5A@ :@# g    Lm7 ?m.;V "Y PAmE7 Y?mo9# M)?D ,@ W-7] \?@5Q  Y'm>^  Lm7  :m@#'/ m>?@ L ]# 

?T:(9k5M[ Z-q=L   %Y]#'T ^,1$1] :(@?7 L %Y"'a ^L      #5c@#+" ,D Cqe@ S?a &Y'D N?eQ ^L9<     5-= f?E(7 ?D R]5m1  [#?   s?mD ^

(-7]59] |k ,i` &:7kL 5�# "Y C1?aY L9?T&'rJT  P.` #54# ?9 + R]?` "#'4 "Y ["#Y5qG?a "Y ["?c@#[x->    ?mT  ,mD

"'=x`?(7?@ :>?D . +Y 8bD;O# L W-7] R$-1]# :(/"?q) * 

• +5-@?T[89#$M# &#5E-V  R:(D?93 

• 8T?@ C7+?X7 ,6M?9 

 

• )I&04=' J%0X4E p$%g*% ?Q"[)$  

  (-7] x-> ,B5TL   +" PV ,@ [   L7 ,6a?` &k          W9# p'K+ 5ia :>?D 56E-D Y'> ,12me7    89#$mM#  Lm7   :mD?9 g  xm;=#

         C`# R:> !"#$% *-9'` ]# C`Y W9# ]# :9:> \#5�# g  J@ Y#:Z/ $-@ R:N67 \s?9#L  Y#:ma" p'm@ W9# ]#    RY5m@ Cmq� #" 

C`# g   W9# \#5�#C-1?ZM  ?T  ":K ,D [ 7 L            (9$c9?m4 ?m9 + 5m---/ ,@ :>?D :9:> :@#'/L         @?mJ1# ?m9 + R]?m`+" Pm7?@ L    PmV ]# 

 :>?D ["+5h g   o9":/ + n#"k \?@5QL  Z-q= + L  %"$D RY'/ L     ?.(-7] "Y ,@ ,1?w7 ]# [  x-m>   +" "#Y[  m7 L      u9#5m> ^:mTY

 6b` "?-eDL   #"  Y'4+ ,D L7  Y"+k g/?7#:K#L     PA> "Y ,@ <9+.?  PwM ]# 9 &?E@ R:m> ^  i9#5m> W-m(B "Y L   Cm`# WmAJ7 

:>?q@ :7k"?@g 

 

 

 
 
 
 
 
 
 
 
 
 
 

 

 
 

                                                      
1- Land movement 
2- Increased driving forces 
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