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<;!AH!O:=@!BG!F:JO<=8N!!':JO<=8!FB9@<=>!L<99!G8PD<G8!:!F<=<FDF!:FBD=7!BI!@G:I7N!!5=78G<BG!;DGI:J8;!<=!>G88=!;:=@!
FB9@<=>! D;D:99H! G8PD<G8! FBG8! @G:I7! 7O:=! 8[78G<BG! ;DGI:J8;N! ! )O8! :FBD=7! BI! @G:I7! G8JBFF8=@8@! D=@8G! =BGF:9!
JB=@<7<B=;!<;!:ABD7!SW,Y!<=JO!E8G!IBB7!\:EEGB[<F:789H!,NX!@8>G88;]R!:=@!7O<;!:99BL:=J8!LBD9@!=BGF:99H!A8!:@@8@!7B!
@8;<>=!@<F8=;<B=;N!
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$:G7<=>!E:G:9989!7B!B=8!E9:=8!I:J<9<7:78;!7O8!EGB@DJ7<B=!BI!7O8!E:778G=!:;!L899!:;!7O8!EGB@DJ7<B=!BI!7O8!FB9@N!!$:778G=;!
L<7O!;7G:<>O7!E:G7<=>!9<=8;R!E:G7<=>!9<=8;!E:G:9989!7B!:!;<=>98!E9:=8R!J:=!A8!EGB@DJ8@!FBG8!8:;<9H!:=@!:7!9BL8G!JB;7!
7O:=!E:778G=;!L<7O!<GG8>D9:G!E:G7<=>!9<=8;N!

4:;7<=>!;O:E8;!7O:7!:G8!;HFF87G<J:9!:ABD7!B=8!J8=78G9<=8!BG!E9:=8!G8:@<9H!;D>>8;7!7O8!E:G7<=>!9<=8N!!"DJO!J:;7<=>!
@8;<>=!;<FE9<I<8;!FB9@<=>!:=@!JBG<=>R!:=@!;OBD9@!A8!D;8@!LO8G8M8G!EB;;<A98N!!)O8H!;OBD9@!:9L:H;!A8!F:@8!:;!c;E9<7!
E:778G=;d!LO<JO!G8PD<G8!:!F<=<FDF!BI!O:=@LBGC!<=!7O8!FB9@R!<FEGBM8!J:;7<=>!I<=<;OR!:=@!G8@DJ8!JB;7;N!

&BA36%

.!JBG8!<;!:!;8E:G:78!D=<7!IGBF!7O8!FB9@!:=@!<;!D;8@!7B!JG8:78!BE8=<=>;!:=@!J:M<7<8;!7O:7!J:==B7!A8!F:@8!AH!7O8!
E:778G=!:9B=8N!!&M8GH!:778FE7!;OBD9@!A8!F:@8!AH!7O8!@8;<>=8G!7B!89<F<=:78!BG!G8@DJ8!7O8!=DFA8G!BI!JBG8;!=88@8@!
IBG! :! E:G7<JD9:G! @8;<>=! 7B! G8@DJ8! 7O8! I<=:9! JB;7! BI! 7O8! J:;7<=>N! ! )O8! F<=<FDF! @<:F878G! BI! :! JBG8! 7O:7! J:=! A8!
;DJJ8;;ID99H!D;8@!<=!;7889!J:;7<=>;!<;!@8E8=@8=7!DEB=!7OG88!I:J7BG;e!7O8!7O<JC=8;;!BI!7O8!F87:9!;8J7<B=!;DGGBD=@<=>!
7O8!JBG8R!7O8!98=>7O!BI!7O8!JBG8R!:=@!7O8!;E8J<:9!EG8J:D7<B=;!:=@!EGBJ8@DG8;!D;8@!AH!7O8!IBD=@GHN!

)O8! :@M8G;8! 7O8GF:9! JB=@<7<B=;! 7B! LO<JO! 7O8! JBG8! <;! ;DAf8J78@! <=JG8:;8! <=! ;8M8G<7H! :;! 7O8! F87:9! 7O<JC=8;;!
;DGGBD=@<=>!7O8!JBG8!<=JG8:;8;!:=@!7O8!JBG8!@<:F878G!@8JG8:;8;N!!)O8;8!<=JG8:;<=>!:FBD=7;!BI!O8:7!IGBF!7O8!O8:MH!
;8J7<B=!FD;7!A8!@<;;<E:78@!7OGBD>O!7O8!JBG8N!!.;!7O8!;8M8G<7H!BI!7O8!7O8GF:9!JB=@<7<B=!<=JG8:;8;R!7O8!J98:=<=>!BI!7O8!
J:;7<=>;!:=@!JBG8!G8FBM:9!A8JBF8;!FDJO!FBG8!@<II<JD97!:=@!8[E8=;<M8N!!!

)O8! 7O<JC=8;;!BI! 7O8!F87:9!;8J7<B=!;DGGBD=@<=>! 7O8!JBG8!:=@! 7O8! 98=>7O!BI! 7O8!JBG8!:II8J7! 7O8!A8=@<=>!;7G8;;8;!
<=@DJ8@!<=!7O8!JBG8!AH!ADBH:=JH!IBGJ8;!:=@!7O8G8IBG8!7O8!:A<9<7H!BI!7O8!IBD=@GH!7B!BA7:<=!7O8!7B98G:=J8;!G8PD<G8@N!!5I!
7O8!;<b8!BI!7O8!JBG8!<;!9:G>8!8=BD>OR!GB@;!J:=!BI78=!A8!D;8@!7B!;7G8=>7O8=!7O8!JBG8N!!(:7DG:99HR!:;!7O8!F87:9!7O<JC=8;;!
:=@!7O8!JBG8!98=>7O!<=JG8:;8R!7O8!:FBD=7!BI!G8<=IBGJ8F8=7!G8PD<G8@!7B!G8;<;7!7O8!A8=@<=>!;7G8;;8;!:9;B!<=JG8:;8;N!!
)O8G8IBG8R!7O8!F<=<FDF!@<:F878G!JBG8!FD;7!:9;B!<=JG8:;8!7B!:JJBFFB@:78!7O8!8[7G:!G8<=IBGJ<=>!G8PD<G8@N!

)O8! JB;7! BI! G8FBM<=>! JBG8;! IGBF! J:;7<=>! J:M<7<8;! F:H! A8JBF8! EGBO<A<7<M8! LO8=! 7O8! :G8:;! 7B! A8! J98:=8@! :G8!
<=:JJ8;;<A98N!!)O8!J:;7<=>!@8;<>=!;OBD9@!EGBM<@8!IBG!BE8=<=>;!;DII<J<8=79H!9:G>8!8=BD>O!7B!E8GF<7!G8:@H!:JJ8;;!IBG!
7O8!G8FBM:9!BI!7O8!JBG8N!

(DG3AD=J%!BCD7D366K,5A3>G5BD=J%!BJ575I5>=G5BD%

"7889!J:;7<=>;!A8><=!7B!;B9<@<IH!:7!7O8!FB9@!L:99R!IBGF<=>!:!JB=7<=DBD;9H!7O<JC8=<=>!8=M89BE8!:;!O8:7!<;!@<;;<E:78@!
7OGBD>O!7O8!FB9@KF87:9!<=78GI:J8N!!)O8!MB9DF87G<J!JB=7G:J7<B=!LO<JO!BJJDG;!L<7O<=!:!JGB;;!;8J7<B=!BI!:!;B9<@<IH<=>!
J:;7!F8FA8G!FD;7!A8!JBFE8=;:78@!AH!9<PD<@!I88@!F87:9!IGBF!:=!:@fB<=<=>!O8:M<8G!;8J7<B=R!BG!IGBF!:!G<;8G!LO<JO!
;8GM8;!:;!:!I88@!F87:9!G8;8GMB<G!:=@!LO<JO!<;!E9:J8@!:@f:J8=7!7BR!BG!B=!7BE!BIR!7O8!O8:M<8G!;8J7<B=N!

)O8!9:JC!BI!;DII<J<8=7!I88@!F87:9!7B!JBFE8=;:78!IBG!MB9DF87G<J!JB=7G:J7<B=!:7!7O8!7<F8!BI!;B9<@<I<J:7<B=!<;!7O8!J:D;8!
BI!;OG<=C:>8!J:M<7<8;N!!)O8H!:G8!IBD=@!<=!;8J7<B=;!LO<JOR!BL<=>!7B!@8;<>=R!FD;7!A8!I8@!7OGBD>O!7O<==8G!;8J7<B=;N!!
)O8!7O<==8G!;8J7<B=;!;B9<@<IH!7BB!PD<JC9H!7B!E8GF<7!9<PD<@!I88@!F87:9!7B!E:;;!IGBF!7O8!G<;8G!7B!7O8!7O<JC8G!;8J7<B=;N!

E=>H5D5D@%

5=! 7O8! I<=:9!:=:9H;<;R! 7O8! IBD=@GH`;!J:;7<=>!8=><=88G! <;! G8;EB=;<A98! IBG!><M<=>! 7O8!@8;<>=8G!:!J:;7!EGB@DJ7! 7O:7! <;!
J:E:A98!BI!A8<=>!7G:=;IBGF8@!AH!F:JO<=<=>!7B!F887!7O8!;E8J<I<J!G8PD<G8F8=7;!<=78=@8@!IBG!7O8!ID=J7<B=!BI!7O8!E:G7N!!
)B! :JJBFE9<;O! 7O<;! >B:9! :! J9B;8! G89:7<B=;O<E! FD;7! A8! F:<=7:<=8@! A87L88=! 7O8! JD;7BF8G`;! 8=><=88G<=>! :=@!
EDGJO:;<=>!;7:II!:=@!7O8!J:;7<=>!EGB@DJ8GN!!gB<=79HR!:=@!L<7O!:!JBBE8G:7<M8!:EEGB:JOR!7O8!IB99BL<=>!EB<=7;!FD;7!A8!
JB=;<@8G8@N!

,N! )O8!FB9@<=>!EGBJ8;;R!<7;!:@M:=7:>8;!:=@!<7;!9<F<7:7<B=;N!
*N! ':JO<=<=>!;7BJC!:99BL:=J8!7B!:;;DG8!J98:=!DE!B=!:99!F:JO<=8@!;DGI:J8;N!
SN! 38;<>=!<=!G89:7<B=!7B!J9:FE<=>!:=@!I<[7DG<=>!@8M<J8;!7B!A8!D;8@!@DG<=>!F:JO<=<=>N!
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VN! "898J7<B=!BI!F:78G<:9!;E8J<I<J:7<B=!:=@!O8:7!7G8:7F8=7N!
XN! hD:9<7H!BI!E:G7;!7B!A8!EGB@DJ8@N!

$=LBCG%

57! <;! <FE8G:7<M8! 7O:7! 8M8GH! J:;7<=>! @8;<>=!LO8=! I<G;7! EGB@DJ8@! A8! JO8JC8@! 7B! @878GF<=8!LO87O8G! :99!F:JO<=<=>!
G8PD<G8F8=7;!J:998@!IBG!B=!7O8!@G:L<=>;!F:H!A8!:77:<=8@N!!)O<;!F:H!A8!A8;7!:JJBFE9<;O8@!AH!O:M<=>!:!JBFE9878!
9:HBD7! BI! 7O8! ;:FE98! J:;7<=>! 7B!F:C8! ;DG8! 7O:7! :@8PD:78! ;7BJC! :99BL:=J8! IBG!F:JO<=<=>! 8[<;7;! B=! :99! ;DGI:J8;!
G8PD<G<=>!F:JO<=<=>N!!2BG!F:=H!@8;<>=;!BI!;<FE98!JB=I<>DG:7<B=!7O:7!J:=!A8!F8:;DG8@!L<7O!:!;<FE98!GD98R!:!JBFE9878!
9:HBD7!BI!7O8!J:;7<=>!F:H!=B7!A8!=8J8;;:GHN!!5=!B7O8G!J:;8;R!LO8G8!7O8!F:JO<=<=>!@<F8=;<B=;!:G8!FBG8!JBFE9<J:78@R!
<7!F:H!A8!:@M<;:A98!7O:7!7O8!J:;7<=>!A8!JO8JC8@!FBG8!JBFE98789HR!J:99<=>!IBG!7:G>87!EB<=7;!:=@!7O8!;JG<A<=>!BI!9<=8;!
7B!<=@<J:78!:99!F:JO<=8@!;DGI:J8;N!

':78G<:9!

)O8!F:78G<:9!7B!A8!D;8@!7B!EGB@DJ8!7O8!E:G7!FD;7!A8!<@8=7<I<8@!<=!7O8!BG@8GN!!':78G<:9!IBG!;7889!J:;7<=>;!<;!>8=8G:99H!
BG@8G8@!7B!.")'!G8PD<G8F8=7;R!:97OBD>O!B7O8G!;E8J<I<J:7<B=;!F:H!A8!D;8@N!!)O<;!;DEE98F8=7!JB=7:<=;!:!;DFF:GH!
BI! 7O8! ;JBE8R! JO8F<J:9! JBFEB;<7<B=! G8PD<G8F8=7;! :=@! F8JO:=<J:9! EGBE8G7H! G8PD<G8F8=7;! BI! 7O8;8! F:78G<:9! BG!
EGB@DJ7!;E8J<I<J:7<B=;N!!':=H!G8PD<G8F8=7;!:G8!JBFFB=!7B!;8M8G:9!;E8J<I<J:7<B=;!:=@!:G8!><M8=!<=!.")'!.!-^,W.!
-^,'R!.")'!.!-+SW.!-+S'R!.")'!.!_X-R!.")'!.!_^XR!:=@!5"1!V__+N!

.")'!.!-^,W.!-^,'!a!,Y! 4.")5(6"R!")&&%!.(3!.%%10R!41''1(!/&h#5/&'&()"R!21/!6&(&/.%!
5(3#")/5.%!#"&!

)O<;!;E8J<I<J:7<B=!JBM8G;!:!>GBDE!BI!G8PD<G8F8=7;!7O:7!:G8!F:=@:7BGH!G8PD<G8F8=7;!
BI!7O8!IB99BL<=>!;7889!J:;7<=>!;E8J<I<J:7<B=;!<;;D8@!AH!.F8G<J:=!"BJ<87H!BI!)8;7<=>!
:=@!':78G<:9;!\.")']N!!5I!7O8!EGB@DJ7!;E8J<I<J:7<B=!;E8J<I<8;!@<II8G8=7!G8PD<G8F8=7;R!
7O8!EGB@DJ7!;E8J<I<J:7<B=!;O:99!EG8M:<9N!!.")'!38;<>=:7<B=;i!.!*-W.!*-'R!.!,*^W.!
,*^'R!.!,V^W.!,V^'R!.!*_-W.!*_-'R!.!VV-W.!VV-'R!.!V_VW.!V_V'R!.!XY+W.!
XY+'R!.!-VSW.!-VS'R!.!-VVW.!-VV'R!.!-V-W.!-V-'R!.!^_+W.!^_+'R!.!_,XW.!
_,X'R!.!_X^R!:=@!.!,++*N!

.")'!.!-+SW.!-+S'!a!,X! ")&&%! 4.")5(6"R! 6&(&/.%! /&h#5/&'&()"R! 21/! $/&""#/&!
41().5(5(6!$./)"!

)O<;!;E8J<I<J:7<B=!JBM8G;!:!>GBDE!BI!JBFFB=!G8PD<G8F8=7;!7O:7R!D=98;;!B7O8GL<;8!
;E8J<I<8@!<=!:=!<=@<M<@D:9!;E8J<I<J:7<B=R!;O:99!:EE9H!7B!;7889!J:;7<=>;!IBG!EG8;;DG8K
JB=7:<=<=>! E:G7;! D=@8G! 8:JO! BI! 7O8! IB99BL<=>! .")'! ;E8J<I<J:7<B=;N! ! .")'!
38;<>=:7<B=;i!.!*,YW.!*,Y'R!.!*,-W.!*,-'R!.!SX,W.!SX,'R!.!SX*W.!SX*'R!.!
S^_W.!S^_'R!.!V^-W.!V^-'R!.!__+R!:=@!.!__XW.!__X'N!

.")'!.!_X-W.!_X-'!a!,X:! 5(T&")'&()!4.")5(6"R!")&&%!.(3!.%%10R!41''1(!/&h#5/&'&()"R!
21/!6&(&/.%!5(3#")/5.%!#"&!

)O<;!;E8J<I<J:7<B=!JBM8G;!:!>GBDE!BI!G8PD<G8F8=7;!7O:7!:G8!F:=@:7BGH!IBG!J:;7<=>;!
EGB@DJ8@! AH! 7O8! <=M8;7F8=7! J:;7<=>! EGBJ8;;! 7B! F887! 7O8! F87:99DG><J:9!
G8PD<G8F8=7;!BI!7O8!IB99BL<=>!;7889!J:;7<=>!;E8J<I<J:7<B=;!<;;D8@!AH!.")'N!!.")'!
38;<>=:7<B=;i!.!*-W.!*-'R!.!,*^W.!,*^'R!.!,V^W.!,V^'R!.!*_-W.!*_-'R!.!VV-W.!
VV-'R!.!V_VW.!V_V'R!.!XY+W.!XY+'R!.!-S*W.!-S*'R!.!-VSW.!-VS'R!.!-VVW.!
-VV'R!.!-V-W.!-V-'R!.!^_+W.!^_+'R!.!_,XW.!_,X'R!.!_X^R!:=@!.!,++*N!

.")'!.!_^XW.!_^X'!a!,Y! ")&&%! 5(T&")'&()! 4.")5(6"! 6&(&/.%! /&h#5/&'&()"R! 21/!
$/&""#/&K41().5(5(6!$./)"!

)O<;!;E8J<I<J:7<B=!JBM8G;!:!>GBDE!BI!JBFFB=!G8PD<G8F8=7;R!LO<JO!:G8!F:=@:7BGH!
IBG! ;7889! J:;7<=>;! EGB@DJ8@! AH! 7O8! <=M8;7F8=7! J:;7<=>! EGBJ8;;! IBG! EG8;;DG8K
JB=7:<=<=>! E:G7;! D=@8G! 8:JO! BI! 7O8! IB99BL<=>! .")'! ;E8J<I<J:7<B=;N! ! .")'!
38;<>=:7<B=;i!.!*,YW.!*,Y'R!.!*,-W.!*,-'R!.!SX,W.!SX,'R!.!SX*W.!SX*'R!.!
S^_W.!S^_'R!.!V^-W.!V^-'R!.!__+W.!__+'R!:=@!.!__XW.!__X'N!

5"1!V__+i*+,X! ")&&%!4.")5(6"!a!6&(&/.%!)&4?(54.%!3&%5T&/0!/&h#5/&'&()"!
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)8;7;!

)8;7<=>!8=;DG8;!7O:7!7O8!F:78G<:9!F887;!7O8!G8PD<G8F8=7;!BI!7O8!;E8J<I<J:7<B=e!JB=;8PD8=79HR!78;7<=>!<;!F:=@:7BGHN!!
'BG8!IG8PD8=7!78;7<=>!BG!B7O8G!78;7;!F:H!A8!<FEB;8@!AH!D;8!BI!;DEE98F8=7:GH!G8PD<G8F8=7;!BI!EGB@DJ7!;E8J<I<J:7<B=;!
BG! >8=8G:9! G8PD<G8F8=7! ;E8J<I<J:7<B=;N! ! )O8! 98:;7! 78;7<=>! @B=8! JB=;<;78=7! L<7O! 7O8! >B:9;! :99BL;! IBG! 7O8! FB;7!
8JB=BF<J:9!EGB@DJ7N!

5=!:@@<7<B=!7B!;E8J<IH<=>!78;7!F87OB@;R!:JJ8E7:=J8!JG<78G<:!FD;7!A8!:>G88@!B=N!!)O8!FBG8!78;7<=>!:=@!7<>O78G!7O8!
:JJ8E7:=J8!JG<78G<:R!7O8!FBG8!8[E8=;<M8!7O8!;7889!J:;7<=>!EGB@DJ8@R!L<7OBD7!=8J8;;:G<9H!<=JG8:;<=>!7O8!PD:9<7H!BG!
;8GM<J8:A<9<7H!BI! 7O8!;7889!J:;7<=>N! !?8=J8R! 7O8!8[78=7!BI! 78;7<=>!:=@!:JJ8E7:=J8!JG<78G<:!;OBD9@!A8!A:;8@!B=! 7O8!
@8;<>=!:=@!;8GM<J8!G8PD<G8F8=7;N!

)O8!F8JO:=<J:9!EGBE8G7<8;!G8PD<G8@!:G8!BA7:<=8@!IGBF!78;7!A:G;!J:;7!;8E:G:789H!IGBF!BG!:77:JO8@!7B!7O8!J:;7<=>;!7B!
LO<JO!7O8H!G8I8GN!!)O8!F8JO:=<J:9!EGBE8G7<8;!BA7:<=8@!G8EG8;8=7!7O8!PD:9<7H!BI!;7889R!AD7!@B!=B7!=8J8;;:G<9H!G8EG8;8=7!
7O8!EGBE8G7<8;!BI!7O8!J:;7<=>;!7O8F;89M8;N!!"B9<@<I<J:7<B=!JB=@<7<B=;!:=@!G:78R!<I!JBB9<=>!@DG<=>!O8:7!7G8:7F8=7R!:II8J7!
7O8!EGBE8G7<8;!BI!7O8!J:;7<=>R!LO<JO!<=!7DG=!:G8!<=I9D8=J8@!AH!J:;7<=>!7O<JC=8;;R!;<b8R!:=@!;O:E8N!!5=!E:G7<JD9:GR!7O8!
O:G@8=:A<9<7H! BI! ;BF8! >G:@8;!F:H! G8;7G<J7! 7O8!F:[<FDF! ;<b8! :7! LO<JO! 7O8! G8PD<G8@!F8JO:=<J:9! EGBE8G7<8;! :G8!
BA7:<=:A98N!
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!MEE'1N%.2%E'"#1('$%!0#&(2(&'"(.)!%
2.1%&'1-.)%'),%'$$.N%&'!"%!"##$!%

)O8!.F8G<J:=!"BJ<87H!BI!'8JO:=<J:9!&=><=88G;!\."'&]!UB<98G!:=@!$G8;;DG8!T8;;89!4B@8!F:C8;!8[78=;<M8!D;8!BI!
7O8!.")'!;E8J<I<J:7<B=;!L<7O!;9<>O7!FB@<I<J:7<B=;N!!2BG!7O8!;:C8!BI!JBFE:G<;B=R!7O8!."'&!;E8J<I<J:7<B=;!D;8!7O8!
EG8I:J8!".!;B!7O:7!".!*,Y!<;!G89:78@!7B!.")'!.!*,YW.!*,Y'N!!?BL8M8GR!LO<98!.")'!.!*,YW.!*,Y'!JBD9@!A8!D;8@!
IBG!7O8!;:C8!BI!JBFE:G<;B=!BI!>G:@8;R!."'&!".!*,Y!JB=7:<=8@!<=!"8J7<B=!55R!FD;7!A8!D;8@!LO8=!JBFE9H<=>!L<7O!
7O8!JB@8N!

)O8!.F8G<J:=! 5GB=!:=@!"7889! 5=;7<7D78! \.5"5]! :=@! 7O8!"BJ<87H!BI!.D7BFB7<M8!&=><=88G;! \".&]!@8M89BE8@!:! IBDG!
=DFA8G!LGBD>O7!:99BH!@8;<>=:7<B=!;H;78FR!LO<JO!<;!D;8@!8[78=;<M89HN!!)O8;8!;7889;!O:M8!A88=!<@8=7<I<8@!<=!7O8!.5"5!
J9:;;<I<J:7<B=!AH!:!=DF8G<J:9!<=@8[!;H;78F!7O:7!<;!E:G7<:99H!@8;JG<E7<M8!BI!7O8!JBFEB;<7<B=N!!)O8!I<G;7!@<><7!<=@<J:78;!
7O8!7HE8!7B!LO<JO!7O8!;7889!A89B=>;N!!.!c,d!<=@<J:78;!:!J:GAB=!;7889R!:!c*d!<=@<J:78;!:!=<JC89!;7889R!:=@!:!@<><7!>G8:78G!
7O:=!c*d!<=@<J:78;!:99BH;!B7O8G!7O:=!=<JC89!BG!:99BH!JBFA<=:7<B=;N!!2BG!9BL!:99BH!;7889;R!7O8!;8JB=@!@<><7!<=@<J:78;!7O8!
:EEGB[<F:78!E8GJ8=7:>8!BI!7O8!EG8@BF<=:=7!:99BH!898F8=7N!!#;D:99H!7O8!9:;7!7LB!BG!7OG88!@<><7;!<=@<J:78!7O8!:M8G:>8!
J:GAB=!JB=78=7!<=!cEB<=7;dR!BG!OD=@G8@7O;!BI!:!E8GJ8=7N!!)OD;R!c*SV+d!<=@<J:78;!:!=<JC89!;7889!BI!:EEGB[<F:789H!Sj!
=<JC89! \SN*X! 7B!SN-X]!:=@!+NV+j!J:GAB=!\+NS^! 7B!+NVS]N! !)O8!A:;<J!=DF8G:9;! IBG! 7O8!M:G<BD;! 7HE8;!BI!.5"5!;7889;!
\<=J9D@<=>!E9:<=KJ:GAB=!;7889;]!:G8!9<;78@!<=!7O8!7:A98!A89BLN!!)O8!A:;<J!=DFA8G<=>!;H;78F!:@BE78@!AH!7O8!"BJ<87H!
BI!.D7BFB7<M8!&=><=88G;!<;!PD<78!;<F<9:GR!@<II8G<=>!B=9H!<=!F<=BG!@87:<9;N!!)O8!".&!?:=@ABBC!;OBD9@!A8!JB=;D978@!
IBG!JBFE:G<;B=N!

!"#"$%&'(()*)+',)-.$#/(,01$
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=*5.$ 5.*(+2#55$ 5.##25$ *'#$&-5.$ -0.#+$ 5A#)(0(#9$ -+$ ."#$ K*5(5$ -0$ )-&A-5(.(-+$ ;5(+4$ ."#$ *22-/$ 9#5(4+*.(-+$ 5/5.#&$
*9-A.#9$K/$."#$%22-/$=*5.(+4$L+5.(.;.#$6%=L7C$ $!"#5#$%=L$*22-/$9#5(4+*.(-+5E$#C4C$=DMN1E$"*@#$K##+$*9-A.#9$K/$
%,!1$*+9$*'#$A'#0#''#9$0-'$)*5.$*22-/$-@#'$."#$)-''#5A-+9(+4$B'-;4".$5.##2$9#5(4+*.(-+$-0$."#$%&#'()*+$L'-+$*+9$
,.##2$ L+5.(.;.#$ 6%L,L7C$ $!"#$ '#*5-+$ 0-'$ ."(5$ (5$ ."*.$ ."#$4'*9#5$ (+.#+.(-+*22/$"*@#$9(00#'#+.$)-&A-5(.(-+5$ ."*+$ ."#('$
B'-;4".$)-;+.#'A*'.5C$

!"#$'*+4#5$-0$('-+E$)"'-&(;&E$*+9$+()>#2$0-'$."#$)*5.$*22-/$)-&A-5(.(-+5$&-5.$B(9#2/$;5#9$*'#$(9#+.(0(#9$B(."$*$2#..#'$
B"()"$(5$A*'.$-0$."#$%=L$4'*9#$9#5(4+*.(-+C$$!"#$(+(.(*2$2#..#'$-0$."#$4'*9#$9#5(4+*.(-+E$=$-'$JE$(+9()*.#5$B"#."#'$."#$
*22-/$(5$(+.#+9#9$A'(&*'(2/$0-'$*O;#-;5$)-''-5(-+$5#'@()#$6=7$-'$#2#@*.#9$.#&A#'*.;'#E$(C#C$"#*.M'#5(5.*+.E$5#'@()#$6J7C$$
!"#$5#)-+9$2#..#'$-0$."#$%=L$9#5(4+*.(-+$9#+-.#5$."#$+-&(+*2$)"'-&(;&M+()>#2$./A#C$$%5$."#$+()>#2$)-+.#+.$-0$."#$
4'*9#$(+)'#*5#5E$."#$2#..#'$(+$."#$%=L$9#5(4+*.(-+$(+)'#*5#5$0'-&$%$62-B#5.7$.-$P$6"(4"#5.7C$$Q;&#'*25$0-22-B(+4$."#$
2#..#'5$'#2*.#$.-$."#$&*?(&;&$)*'K-+$)-+.#+.$-0$."#$)-''-5(-+M'#5(5.*+.$6=7$*22-/5C$$R"#+$;5#9$B(."$"#*.$'#5(5.*+.$
4'*9#5$6J7E$."#$+;&#'*25$*'#$."#$&(9A-(+.$-0$*$SCHS$)*'K-+$'*+4#C$$L0$*99(.(-+*2$*22-/(+4$#2#&#+.5$*'#$(+)2;9#9$(+$
."#$4'*9#E$."#/$*'#$9#+-.#9$K/$."#$*99(.(-+$-0$*$2#..#'$.-$."#$%=L$9#5(4+*.(-+C$$!";5E$=DMN1$(5$*+$*22-/$0-'$)-''-5(-+$
'#5(5.*+.$ 5#'@()#$-0$ ."#$HTU$='$*+9$TU$Q($ ./A#$B(."$*$&*?(&;&$)*'K-+$)-+.#+.$-0$SCSNU$*+9$B"()"$)-+.*(+5$
&-2/K9#+;&C$

!"#$=D$ 4'*9#$ *22-/5$ )-+5.(.;.#$ ."#$&-5.$ .#)"+-2-4()*22/$ (&A-'.*+.$ *+9$ "(4"#5.$ .-++*4#$ 5#4&#+.$ -0$ )-''-5(-+M
'#5(5.*+.$)*5.(+4$A'-9;).(-+C$$!"#5#$HT='MTQ($*22-/5$*'#$."#$)*5.$)-;+.#'A*'.5$-0$."#$HN='MNQ($-'$%L,L$FSS$5#'(#5$
B'-;4".$5.*(+2#55$5.##25C$$L+$4#+#'*2E$."#$)*5.$*+9$B'-;4".$*22-/5$A-55#55$#O;(@*2#+.$'#5(5.*+)#$.-$)-''-5(@#$&#9(*$
*+9$."#/$*'#$0'#O;#+.2/$;5#9$(+$)-+V;+).(-+$B(."$#*)"$-."#'C$

L&A-'.*+.$9(00#'#+)#5$9-$#?(5.E$"-B#@#'E$K#.B##+$."#$)*5.$=D$4'*9#$*22-/5$*+9$."#('$B'-;4".$%L,L$)-;+.#'A*'.5C$$
1-5.$5(4+(0()*+.$*&-+4$."#5#$(5$."#$9(00#'#+)#$(+$*22-/$&()'-5.';).;'#$(+$."#$#+9M;5#$)-+9(.(-+C$$!"#$=D$4'*9#$)*5.$
*22-/5$*'#$9;A2#?$0#''(.#M(+M*;5.#+(.#$*+9$;5;*22/$)-+.*(+$0'-&$G$.-$WSU$0#''(.#E$9#A#+9(+4$-+$."#$A*'.();2*'$*22-/E$
B"#'#*5$ ."#('$ B'-;4".$ )-;+.#'A*'.5$ *'#$ 0;22/$ *;5.#+(.()C$ $ !"#$ 0#''(.#$ (+$ )*5.$ 5.*(+2#55$ B(."$ 9;A2#?$ 5.';).;'#5$ (5$
&*4+#.()E$*$A-(+.$."*.$(5$-0.#+$)-+0;5(+4$B"#+$)*5.$5.*(+2#55$5.##25$*'#$)-&A*'#9$.-$."#('$B'-;4".$)-;+.#'A*'.5$K/$
)"#)>(+4$."#('$*..'*).(-+$.-$*$&*4+#.C$$!"(5$9(00#'#+)#$(+$&()'-5.';).;'#5$(5$*..'(K;.*K2#$.-$."#$0*).$."*.$."#$)"#&()*2$
)-&A-5(.(-+5$-0$."#$)*5.$*+9$B'-;4".$*22-/5$*'#$9(00#'#+.$K/$(+.#+.C$$D#''(.#$(5$A'#5#+.$K/$(+.#+.$(+$)*5.$=D$4'*9#$
5.*(+2#55$ 5.##25$ 0-'$ ."'##$ '#*5-+5X$ .-$ A'-@(9#$ 5.'#+4."E$ .-$ (&A'-@#$ B#29*K(2(./E$ *+9$ .-$ &*?(&(Y#$ '#5(5.*+)#$ .-$
)-''-5(-+$(+$5A#)(0()$#+@('-+&#+.5C$

8#2-B$(5$*$2(5.$-0$"(4"$*22-/$)*5.$5.##2$5A#)(0()*.(-+5E$B(."$5;&&*'/$9#.*(25$-+$."#$0-22-B(+4$A*4#5C$$Q-.#$."*.$."#$
@*2;#5$4(@#+$(+$."#$5;&&*'/$-0$."#$5A#)(0()*.(-+5$*'#$5.*.#9$B(."$#(."#'$ZC,C$=-+@#+.(-+*2$Z+(.5$6Z,=,7$-'$1#.'()$
6,L7$;+(.5E$*+9$*'#$.-$K#$'#4*'9#9$5#A*'*.#2/C$$Z+(.5$4(@#+$(+$K'*)>#.5$*'#$,L$;+(.5C$$!"#$@*2;#5$5.*.#9$(+$#*)"$5/5.#&$
*'#$ +-.$ #?*).$ #O;(@*2#+.5$ 65-0.$ )-+@#'5(-+7[$ ."#'#0-'#E$ #*)"$ 5/5.#&$&;5.$ K#$ ;5#9$ (+9#A#+9#+.2/$ -0$ ."#$ -."#'C$$
=-&K(+(+4$ @*2;#5$ 0'-&$ ."#$ .B-$ 5/5.#&5E$ K/$ ;5(+4$ )-+@#'5(-+$ #O;*.(-+5$ 6"*'9$ )-+@#'5(-+7E$ &*/$ '#5;2.$ (+$
+-+)-+0-'&*+)#$B(."$."#$5A#)(0()*.(-+C$$%25-$+-.#$."*.$."#$@*2;#5$(+$."#$.*K2#$*'#$4(@#+$(+$*$&(+(&;&$-@#'$&*?(&;&$
0-'&*.C$$!"(5$&#*+5$."*.$(0$."#$@*2;#$(5$*$&(+(&;&$(.$B(22$K#$2(5.#9$(+$."#$;AA#'$A-'.(-+$-0$."#$5A#)(0()*.(-+\5$.*K2#$'-B$
*+9$(+$."#$2-B#'$A-'.(-+$-0$."#$'-B$(0$(.$(5$*$&*?(&;&$@*2;#C$$D(+*22/E$+-.#$."*.$.*K2#5$*+9$."#('$0--.+-.#5$&*/$K#$5A2(.$
*)'-55$.B-$-'$&-'#$A*4#5C$
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%,!1$%$H]NI%H]N1$^$H]$ ,.##2$=*5.(+45E$%;5.#+(.()$1*+4*+#5#$
%,!1$%$]T_I%$]T_1$^$HW$ ,.##2$=*5.(+45E$L'-+M="'-&(;&$*+9$L'-+M="'-&(;&MQ()>#2E$J#*.$`#5(5.*+.E$0-'$a#+#'*2$%AA2()*.(-+$
%,!1$%$FGHI%$FGH1$^$Hb$ =*5.(+45E$%;5.#+(.()E$%;5.#+(.()MD#''(.()E$D-'$:'#55;'#M=-+.*(+(+4$:*'.5$
%,!1$%$WW_I%$WW_1$^$HH$ ,.##2$=*5.(+45E$="'-&(;&MQ()>#2ML'-+$%22-/$6]GMH]$=2*557E$0-'$J(4"M!#&A#'*.;'#$,#'@()#$
%,!1$%$WTWI%$WTW1$^$HG$ =*5.(+45E$Q()>#2$*+9$Q()>#2$%22-/$
%,!1$%$GbSI%$GbS1$^$H]$ =*5.(+45E$="'-&(;&MQ()>#2$%22-/$
%,!1$%$_WFI%$_WF1$^$HF*!H$ =*5.(+45E$L'-+M="'-&(;&E$L'-+M="'-&(;&MQ()>#2E$=-''-5(-+$`#5(5.*+.E$0-'$a#+#'*2$%AA2()*.(-+$
%,!1$%$_WWI%$_WW1$^$HF$ =*5.(+45E$L'-+M="'-&(;&MQ()>#2E$=-''-5(-+$`#5(5.*+.E$0-'$,#@#'#$,#'@()#$
%,!1$%$_W_I%$_W_1$^$Hb*$ ,.##2$=*5.(+45E$,.*(+2#55E$:'#)(A(.*.(-+$J*'9#+(+4$
%,!1$%$NTSI%$NTS1$^$HF$ =*5.(+45E$L'-+M="'-&(;&MQ()>#2M1-2/K9#+;&$=-''-5(-+M`#5(5.*+.E$c;A2#?$6%;5.#+(.()ID#''(.()7$0-'$

a#+#'*2$%AA2()*.(-+$
%,!1$%$TTSI%$TTS1$^$HW*$ =*5.(+45E$L'-+MQ()>#2M="'-&(;&$*+9$Q()>#2$%22-/5E$,A#)(*22/$=-+.'-22#9$0-'$:'#55;'#$`#.*(+(+4$:*'.5$

0-'$=-''-5(@#$,#'@()#$
L,d$WTTHX]SHG$ ,.##2$=*5.(+45$0-'$:'#55;'#$:;'A-5#5$
L,d$HHT_]X]SHG$ =-''-5(-+M`#5(5.*+.$=*5.$,.##25$0-'$a#+#'*2$%AA2()*.(-+5$
L,d$HHT_FX]SHG$ J#*.M`#5(5.*+.$=*5.$,.##25$0-'$a#+#'*2$%AA2()*.(-+5$
L,d$H]_]GXHTT_$ Q()>#2$*+9$Q()>#2$%22-/$=*5.(+45$
L,d$HTTbSX]SHG$ =*5.$,.##25$*+9$%22-/5$B(."$,A#)(*2$:"/5()*2$:'-A#'.(#5$
e2-/9\5$`#4(5.#'$`;2#$]CWCN$^$Hb$$ ,.##2$=*5.(+45$:*'.$]E$="*A.#'$WE$,#).(-+$NX$%;5.#+(.()$,.*(+2#55$,.##2$=*5.(+45$
1LeM=M]W_S_IF$^$NT$ =*5.(+45E$D#''-;5E$=-''-5(-+M`#5(5.*+.E$%;5.#+(.()E$="'-&(;&MQ()>#2$
1LeM=M]W_S_Ib ^ NT =*5.(+45E$D#''-;5E$="'-&(;&$,.##2E$0-'$:'#55;'#M=-+.*(+(+4$:*'.5$,;(.*K2#$0-'$J(4"M!#&A#'*.;'#
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!"#$%!%&'()!&'($%*%&'% "#++,%-!"#./0"1%!2"#+/.#.-%$!/0!/+"+%

#345%56784948:;4<=%8<>7?5%@:A947BA%:C5;7=4;48%D:=E:=757%5;77B%8:5;4=E5%:=A%:BB<F%D<A4948:;4<=5G%

!"#$%&'&(%#)&)"%#)*%+)& ,(%*-,#.&,/*0/1-)-/+2&3&45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;!"
6>E&F+1" (;6?&)<;6?5;>?& ,& *>& ,<& *G& +8& 18& 0&

!!%
HI&&JI% K% &GJL%

&GML% &&GJ%D4=% N% N% N% &GJJ% JGJO%

PQ&
HI&&&I% K% JGI

&GJL%
&&GL
&RGJ% N% N% N% &GJJ% JGJO%

PQ'%
HI&&'I% K% &GJL%

&G'%
&&GL%
&RGJ% N% N% N% &GJJ% JGJO%

PQM%
HI&&MI% K% &G&'%

&G'(%
&&GL%
&RGJ% N% N% N% &GJJ% JGJO%

PQR%
HI&&RI% K% &G'%

&GML%
&&GL%
&RGJ% N% N% N% &GJJ% JGJO%

-%
HI&MJI% K% &GJL%

&GML%
&&GL%
&RGJ%

&GL%
'GL% N% N% &GJJ% JGJO%

S%
HI&RLI% K% JGO%

&GM%
&&GL%
&RGJ% N% N% MGJ%

RGJ%
%

&GJJ% JGJO%

+Q&
HI&'RI% K% JGO

&GM%
&&GL
&RGJ% N% JGI

&G'% N% &GJJ% JGJO%

+Q'%
HI&MMI% K% &GJL%

&GRL%
&&GL%
&RGJ% N% &G(%

'G&% N% &GJJ% JGJO%

T%
HI&MRJ% K% &GJL%

&GML%
UGJ%
(GJ% N% JGI%

&G'% N% &GJJ% JGJO%
"
#"78;4<=%54V7%6?78BCA75%;37%C57%<9%:BB%E?:A75%:=A%;37%6?<AC87?%53<CBA%W7%8<=5CB;7A%:5%;<%E?:A75%6?:8;48:BBF%<W;:4=:WB7%9<?%:%6:?;48CB:?%A754E=%?7XC4?7AG%T4=:B%57B78;4<=%53:BB%W7%WF%DC;C:B%:E?77D7=;%

W7;Y77=%D:=C9:8;C?7?%:=A%6C?83:57?G
!
#2=B755%<;37?Y457%56784947A1%0?:A7%!%Y4BB%W7%5C66B47AG%

!"#$%!%'IO)!%'IO$%*%&R% "#++,%-!"#./0"1%.Z[/Q-@Z[$.2$%!/S%.Z[/Q-@Z[$.2$Q/.-\+,1%@+!#%Z+"."#!/#1%T[Z%0+/+Z!,%!]],.-!#.[/%

#345%56784948:;4<=%8<>7?5%4?<=Q83?<D4CD%:=A%4?<=Q83?<D4CDQ=48^7B%:BB<F%8:5;4=E5%9<?%37:;Q?7545;:=;%57?>487G%%#37%E?:A75%8<>7?7A%WF%
;345% 56784948:;4<=% :?7% E7=7?:B% 6C?6<57% :BB<F5% :=A% =<% :;;7D6;% 3:5% W77=% D:A7% ;<% 4=8BCA7% 37:;Q?7545;4=E% :BB<F5% C57A% 9<?% 56784:B%
6?<AC8;4<=%:66B48:;4<=G%

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

*%,(#+-,#.&0"/0%")-%1#"
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3#&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;&
6>E&F+1&

(;6?&
)<;6?5;>?!"

);>A8@;&1?<;>B?H& I8;@E&1?<;>B?H& %@G>B&
3$

"
,& *>& 18& 0& 1& ,<& +8& *G%" /?H;<&&JA8& *06& JA8& *06&

@T%
HI'UJM% % OJ% R(L% ML% 'RJ% 'L#

JG'J%
JGRJ% 'GJJ% 'GJJ% JGJR% JGJR% &(GJ%

'MGJ%
(GJ%

&'GJ% JGLJ% %

@@%
HIMLJM% % OL% L&L% ML% 'RJ% &J#

JG'J%
JGLJ% 'GJJ% 'GJJ% JGJR% JGJR% 'RGJ%

'(GJ%
&&GJ%
&RGJ% JGLJ% %

@.%
HIRJJM% % OJ% R(L% ML% 'RJ% &J#

JG'J%
JGLJ% 'GJJ% 'GJJ% JGJR% JGJR% 'UGJ%

MJGJ%
&RGJ%
&(GJ% JGLJ% %
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!"#$%&'&
(%#)&)"%#)*%+)&

*%,(#+-,#.&0"/0%")-%1#"
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3#&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;&
6>E&F+1&

(;6?&
)<;6?5;>?!"

);>A8@;&1?<;>B?H& I8;@E&1?<;>B?H& %@G>B&
3$

"
,& *>& 18& 0& 1& ,<& +8& *G%" /?H;<&&JA8& *06& JA8& *06&

@\%
HIR''R% % UL% RLJ% ML% 'RJ% &J#

JG'J%
JGUJ% 'GJJ% 'GJJ% JGJR% JGJR% 'RGJ%

'(GJ%
&(GJ%
''GJ% JGLJ% %

@+%
HIMRJM% % (L% L(L% RJ% 'OL% I#

JG'J%
JGLJ% 'GJJ% 'GJJ% JGJR% JGJR% 'UGJ%

MJGJ%
(GJ%

&&GJ% JGLJ% %

@#%
/J(UJL% % UL% RLJ% N% N% R#

JGML%
JGOL% 'GJJ% 'GLJ% JGJR% JGJR% &LGJ%

&IGJ%
MMGJ%
MOGJ% JGLJ% %

@2%
/J(JJR% % UL% RLJ% N% N% R#

JGML%
JGOL% 'GJJ% 'GLJ% JGJR% JGJR% &OGJ%

'&GJ%
MOGJ%
R&GJ% JGLJ% %

@_%
/J(JJ&% % UJ% R&L% N% N% N% JGML%

JGOL% 'GJJ% 'GLJ% JGJR% JGJR% &JGJ%
&RGJ%

L(GJ%
U'GJ% JGLJ% %

@`%
/JUJJU% % UJ% R&L% N% N% N% JGML%

JGOL% 'GJJ% 'GLJ% JGJR% JGJR% &LGJ%
&IGJ%

URGJ%
U(GJ% JGLJ% %

@-%
HI'UJL% % LL% M(J% N% N% N% JGLJ% &GJJ% 'GJJ% JGJR% JGJR% 'UGJ%

MJGJ% RGJJ% JGLJ% %

@S%
HIMJJL% % OL% L&L% ML% 'RJ% (# JGLJ% &GLJ% 'GJJ% JGJR% JGJR% 'UGJ%

MJGJ%
RGJ%
OGJ% JGLJ% %

@,%
/J(UJR% % UL% RLJ% ML% 'RJ% &J#

JG'J%
JGUJ% 'GJJ% 'GJJ% JGJR% JGJR% '(GJ%

M'GJ%
&(GJ%
''GJ% JGLJ% %

@/%
HIR'&M% % UM% RML% N% N% (#

JG'J%
JGLJ% 'GJJ% 'GJJ% JGJR% JGJR% &IGJ%

'MGJ%
'MGJ%
'OGJ% JGLJ% %

@]%
/J(OJL% % U'GL% RMJ% MR% 'ML% RGL#

JGML%
JGOL% 'GJJ% 'GLJ% JGJR% JGJR% 'R%

'(%
MM%
MO% JGLJ% %

@0&J$//%
HI'UJR% % OU% L'L% MM% ''L% 'J% JGJO%

JG&&%
MGJ%

LGJ'% JGOJ% JGJRJ% JGJM% &(GL%
'JGL%

&&GL%
&MGL%

JG'L%
JGRL%

-C%JGLJ%
/W%a-Wb$%/%JG'JQJGMJ%

-#&L-%
/J(&L&% % UM% RML% 'L% &OJ% 'JGJ% JGJL%

JG&L%
JG&L%
&GLJ%

JG&L%
&GLJ% JGJM% JGJM% &IGJ%

'&GJ%
M&GJ%
MRGJ% N% %

"#!5Q8:5;%<?%:5%:E?77A%C6<=%WF%;37%D:=C9:8;C?7?%:=A%6C?83:57?G%
!#_37?7%7BB46575%aNb%:667:?%4=%;345%;:WB7%;37?7%45%=<%?7XC4?7D7=;1%:=A%;37%7B7D7=;%=77A%=<;%W7%:=:BFV7A%<?%?76<?;7AG%
%#_37=%.-.%;75;%W:?5%:?7%C57A%4=%;7=54B7%;75;5%:5%6?<>4A7A%9<?%4=%;345%56784948:;4<=1%;37%E:E7%B7=E;3%;<%?7AC87A%578;4<=%A4:D7;7?%?:;4<%53:BB%W7%Rc&G%
&
#-:5;4=E5%3:>4=E%:%56784947A%D<BFWA7=CD%?:=E7%:E?77A%C6<=%WF%;37%D:=C9:8;C?7?%:=A%;37%6C?83:57?%D:F%:B5<%W7%9C?=4537A%C=A7?%;345%56784948:;4<=G%

'%/4<W4CD%a/Wb%:=A%8<BCDW4CD%a-Wb%W<;3%A754E=:;7%7B7D7=;%R&G%
$%0?:A7%@0&J$//%53:BB%3:>7%:%=4<W4CD%8<=;7=;%<9%=<;%B755%;3:=%(%;4D75%;37%8:?W<=1%WC;%=<;%<>7?%&GJJdG%

!"#$%!%ML&)!%ML&$%*%&U% -!"#./0"1%!2"#+/.#.-1%!2"#+/.#.-QT+ZZ.#.-%aS2],+`b1%T[Z%]Z+""2Z+Q-[/#!././0%]!Z#"%

#345%56784948:;4<=%8<>7?5%:C5;7=4;48%:=A%:C5;7=4;48Q97??4;48% aAC6B7eb%5;77B%8:5;4=E5%9<?%>:B>751% 9B:=E751% 94;;4=E51%:=A%<;37?%6?755C?7Q
8<=;:4=4=E%6:?;5G%

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

*%,(#+-,#.&0"/0%")-%1&&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;&
6>E&F+1&

(;6?&
)<;6?5;>?!"

);>A8@;&1?<;>B?H& I8;@E&1?<;>B?H#& %@G>B%"
3$& ,& *>& 18& 1& 0& ,<& +8& *G& ,K&

4+KD%& L& +& ,9&JA8& *06& JA8& *06&
-+'J/'%
HI'(J'% "#$% (J% LLJ% RJ% 'OL% MJ% JG'J% &GLJ% &GLJ% JGJRJ% JGJRJ% 'MGJ%

'UGJ%
(GJ%

&&GJ% JGLJ% N% N% JGJ(%
JG'J% N%

-TM%
HI'OJJ% "#% OJ% R(L% MJ% 'JL% ML% JGJM% &GLJ% 'GJJ% JGJRJ% JGJRJ% &OGJ%

'&GJ%
(GJ%

&'GJ% JGLJ% N% N% N% N%

"()*#"#+,-."#+,-* / 01 %23453678
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!"#$%&'&&
(%#)&)"%#)*%+)&

*%,(#+-,#.&0"/0%")-%1&&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;&
6>E&F+1&

(;6?&
)<;6?5;>?!"

);>A8@;&1?<;>B?H& I8;@E&1?<;>B?H#& %@G>B%"
3$& ,& *>& 18& 1& 0& ,<& +8& *G& ,K&

4+KD%& L& +& ,9&JA8& *06& JA8& *06&
-TM!'

#

HI'OJJ% "#% OO% LMJ% ML% 'RJ% ML% JGJM% &GLJ% 'GJJ% JGJRJ% JGJRJ% &OGJ%
'&GJ%

(GJ%
&'GJ% JGLJ% N% N% N% N%

-T(%
HI'UJJ% "#% OJ% R(L% MJ% 'JL% ML% JGJ(% &GLJ% 'GJJ% JGJRJ% JGJRJ% &(GJ%

'&GJ%
(GJ%

&&GJ% JGLJ% N% N% N% N%

-T(!'
#

HI'UJJ% "#% OO% LMJ% ML% 'RJ% ML% JGJ(% &GLJ% 'GJJ% JGJRJ% JGJRJ% &(GJ%
'&GJ%

(GJ%
&&GJ% JGLJ% N% N% N% N%

-TM$%
HI'(JJ% "# OJ R(L MJ 'JL MJ JGJM &GLJ &GLJ JGJRJ JGJRJ &OGJ%

'&GJ%
IGJ%

&MGJ%
'GJ%
MGJ% N N N N

-TM$!'
#

HI'(JJ% "#% (J% LLJ% MO% 'LL% MJ% JGJM% &GLJ% &GLJ% JGJRJ% JGJRJ% &OGJ%
'&GJ%

IGJ%
&MGJ%

'GJ%
MGJ% N% N% N% N%

-T($%
HI'IJJ% "#% OJ% R(L% MJ% 'JL% MJ% JGJ(% &GLJ% &GLJ% JGJRJ% JGJRJ% &(GJ%

'&GJ%
IGJ%

&'GJ%
'GJ%
MGJ% N% N% N% N%

-TM$/%
HI'(JR% "#% OL% L&L% MO% 'LL% ML% JGJM% &GLJ% &GLJ% JGJRJ% JGJRJ% &OGJ%

'&GJ%
IGJ%

&MGJ%
'GJ%
MGJ% N% N% JG&J%

JG'J% N%

-T(-%
HI'O&J% "#% OJ% R(L% MJ% 'JL% MJ% JGJ(% &GLJ% 'GJJ% JGJRJ% JGJRJ% &(GJ%

'&GJ%
IGJ%

&'GJ% JGLJ% 9# N% N% N%

-T&J%
HI'LIJ% "#% OJ% R(L% MJ% 'JL% ML% JGJR%

JG&J% &GLJ% 'GJJ% JGJRJ% JGJRJ% &(GJ%
'&GJ%

(GJ%
&&GJ% JGLJ% N% N% N% N%

-T&J$%
HI'IJ&% "# OJ R(L MJ 'JL MJ JGJR%

JG&J% &GLJ &GLJ JGJRJ JGJRJ &(GJ%
'&GJ%

IGJ%
&'GJ%

'GJ%
MGJ% N N N N

-T&J$-% "#% OJ% R(L% MJ% 'JL% 'J% JG&J% &GLJ% &GLJ% JGJRJ% JGJRJ% &LGJ%
&(GJ%

&MGJ%
&UGJ%

&GOL%
'G''L%

:# N% N% N%

-T&J"$=/%
HI'IO'% "#% (L% L(L% R'GL% 'IL% MJ% JG&J% OGJJ%

IGJJ%
MGLJ%
RGLJ% JGJMJ% JGJUJ% &UGJ%

&(GJ%
(GJ%
IGJ% N% N% N% JGJ(%

JG&(% N%

-0M$%
HI'III% "#% OL% L&L% ML% 'RJ% 'L% JGJM% &GLJ% &GLJ% JGJR% JGJR% &(GJ%

'&GJ%
IGJ%

&MGJ%
MGJ%
RGJ% N% N% N% N%

-0U$$=/%
HIMOIJ% "#% (L% L(L% R'GL% 'IL% MJ% JGJU% RGJ%

UGJ% &GJJ% JGJMJ% JGJRJ% 'JGL%
'MGL%

&&GL%
&MGL%

&GLJ%
MGJJ%

JG&J%
JGMJ%

JG&J%
JGMJ%

JG'J%
JGRJ% N%

-0($%
HIMJJJ% "#% OL% L&L% ML% 'RJ% 'L% JGJ(% &GLJ% &GLJ% JGJR% JGJR% &(GJ%

'&GJ%
IGJ%

&MGJ%
MGJ%
RGJ% N% N% N% N%

-@(%
HIMRJJ% "# UL RLJ '( &IL MJ JGJ( &GLJ &GLJ JGJRJ JGJRJ ''GJ%

'UGJ%
&'GJ%
&LGJ% JGLJ N N N N

-@&J%
HIMRJ&% "#% OJ% R(L% MJ% 'JL% MJ% JGJR%

JG&J% &GLJ% 'GJJ% JGJRJ% JGJRJ% ''GJ%
'UGJ%

&'GJ%
&LGJ% JGLJ% N% N% N% N%

-@'J%
HIMRJ'% "#% OJ% R(L% MJ% 'JL% MJ% JGJR%

JG'J% &GLJ% 'GJJ% JGJRJ% JGJRJ% ''GJ%
'UGJ%

&'GJ%
&LGJ% JGLJ% N% N% N% N%

-\'J%
HIR'J'% "#% UL% RLJ% '(% &IL% MJ% JGJR%

JG'J% &GLJ% &GOL% JGJRJ% JGJRJ% 'MGJ%
'OGJ%

&IGJ%
''GJ% JGLJ% N% N% N% N%

-\M$-C/%
HIM'LR% "#;% (J% LLJ% M(% 'UJ% ML% JGJ'L% &G'J% &GJJ% JGJ&J% JGJRL% &IGL%

'JGL%
&OGL%
&IGL%

UGJ%
OGJ% N% N% JG&(%

JG'R%
JGLJ%
&GJJ%

-/M$/%
HIRUL&% "#;% (J% LLJ% M(% 'UJ% ML% JGJM% 'GJJ% &GJJ% JGJ&J% JGJRJ% 'JGJ%

''GJ%
'MGL%
'LGL%

UGJ%
OGJ% N% N% JG&(%

JG'U% JGOL%

-/O$%
/J(JJO% "# U' R'L 'L &OJ ML JGJO &GLJ &GLJ JGJRJ JGJRJ &IGJ%

''GJ%
'OGL%
MJGL%

'GJ%
MGJ% N N N MGJ%

RGJ%
-#&L-%
/J(&L&% :5%8:5;% UM% RML% 'L% &OJ% 'J% JGJL%

JG&L%
JG&L%
&GLJ%

JGLJ%
&GLJ% JGJM% JGJM% &IGJ%

'&GJ%
M&GJ%
MRGJ% N% JGLJ%

&GLJ% N% N% N%

@0&J$=/%
HI'UJR% :5%8:5;% OU% L'L% MM% ''L% 'J% JGJO%

JG&&%
MGJ%
LGJ% JGOJ% JGJMJ% JGJRJ% &(GL%

'JGL%
&&GL%
&MGL%

JG'L%
JGRL%

<# N% JG'J%
JGMJ% JGLJ%
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!"#$%&'&&
(%#)&)"%#)*%+)&

*%,(#+-,#.&0"/0%")-%1&&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;&
6>E&F+1&

(;6?&
)<;6?5;>?!"

);>A8@;&1?<;>B?H& I8;@E&1?<;>B?H#& %@G>B%"
3$& ,& *>& 18& 1& 0& ,<& +8& *G& ,K&

4+KD%& L& +& ,9&JA8& *06& JA8& *06&
@\MJ%

HIR'JM% :5%8:5;% UL% RLJ% MJ% 'RJ% &J% JG'L%
JGML% &GLJ% &GOL% JGJRJ% JGJRJ% 'MGJ%

'OGJ%
&IGJ%
''GJ% JGLJ% N% N% N% N%

@\RJ%
HIR'JR% :5%8:5;% U'% R'L% ML% 'RJ% &J% JGML%

JGRL% &GLJ% &GOL% JGJRJ% JGJRJ% 'MGJ%
'OGJ%

&IGJ%
''GJ% JGLJ% N% N% N% N%

@#MJ%
/J(JMJ% :5%8:5;% UL% RLJ% '(% &IL% &L% JG'L%

JGML% 'GJJ% 'GLJ% JGJRJ% JGJRJ% &MGJ%
&OGJ%

MMGJ%
MOGJ% JGLJ% N% N% N% N%

"#"#%f%;<%W7%5<BC;4<=%;?7:;7AG%Z797?%;<%<?4E4=:B%56784948:;4<=%9<?%:AA4;4<=:B%4=9<?D:;4<=%<=%37:;%;?7:;D7=;%?7XC4?7D7=;5G%
!#S7;7?D4=7%WF%;37%JG'd%<9957;%D7;3<AG%
%
#_37=%.-.%;75;%W:?5%:?7%C57A%4=%;7=54B7%;75;5%:5%6?<>4A7A%9<?%4=%;345%56784948:;4<=1%;37%E:E7%B7=E;3%;<%?7AC87A%578;4<=%A4:D7;7?%?:;4<%53:BB%W7%Rc&G%

&%-<BCDW4CD%a-Wb%:=A%=4<W4CD%a/Wb%:?7%:B;7?=:;7%=:D75%9<?%+B7D7=;%R&G%
'#P78:C57%<9%;37?D:B%4=5;:W4B4;F1%0?:A75%-+'J/1%-TM!1%-TM$!1%:=A%-T(!%:?7%=<;%?78<DD7=A7A%9<?%57?>487%:;%;7D67?:;C?75%:W<>7%(JJ<T%gR'L<-hG%%
$#0?:A7%53:BB%W7%XC7=837A%4=%Y:;7?%<?%;37%8:5;4=E5%D:F%W7%9C?=:87%8<<B7A%;<%'JLJ<T%g&&'J<-h%D4=4DCD1%37BA%9<?%&L%D4=%D4=4DCD%:=A%;37=%XC7=837A%4=%Y:;7?%<?%?:64ABF%8<<B7A%WF%<;37?%D7:=5G%
;#-:5;4=E5%<9%;3757%E?:A75%53:BB%W7%37BA%:;%;37%56784947A%;7D67?:;C?7%9<?%:%D4=4DCD%<9%R%3<C?5G%
9%0?:A7%-T(-%53:BB%3:>7%:%8<BCDW4CD%a=4<W4CDb%8<=;7=;%<9%=<;%B755%;3:=%(%;4D75%;37%8:?W<=%8<=;7=;%WC;%=<;%<>7?%&GJJdG##
:%0?:A7%-T&J$-%53:BB%3:>7%:%8<BCDW4CD%a=4<W4CDb%8<=;7=;%<9%=<;%B755%;3:=%&J%;4D75%;37%8:?W<=%8<=;7=;%WC;%=<;%<>7?%&G'JdG%
< 0?:A7%@0&J$=/%53:BB%3:>7%:%8<BCDW4CD%a=4<W4CDb%8<=;7=;%<9%=<;%B755%;3:=%(%;4D75%;37%8:?W<=%8<=;7=;%WC;%=<;%<>7?%&GJJdG

!"#$%!%RRO)!%RRO$%*%&&% "#++,%-!"#./0"1%-@Z[$.2$Q/.-\+,Q.Z[/%!,,[i%a'LQ&'%-,!""b1%T[Z%@.0@Q#+$]+Z!#2Z+%"+Zj.-+%

#345%56784948:;4<=%8<>7?5% 4?<=QW:571%37:;Q?7545;4=E%:BB<F%8:5;4=E5%<9% ;37%'Ld%83?<D4CD1%&'d%=48^7B%8B:551% 4=;7=A7A%9<?%5;?C8;C?:B%
7B7D7=;51%8<=;:4=7?51%:=A%5C66<?;5% 4=%7B78;?48% 9C?=:8751%67;?<B7CD%5;4BB% ;CW7%5C66<?;51%:=A% 9<?%54D4B:?%:66B48:;4<=5%C6% ;<%'JJJ°T%
g&JIL°-hG%%#37%6C?83:57?%53<CBA%4=9<?D%;37%D:=C9:8;C?7?%Y37=%;37%57?>487%;7D67?:;C?75%:?7%;<%7e877A%&(JJ°T%gI(J°-hG%

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

*%,(#+-,#.&0"/0%")-%1&&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;&
6>E&F+1&

(;6?&&
)<;6?5;>?!"

);>A8@;&1?<;>B?H#'$" %@G>B&
3"#'%&

/?H;<&);A?A&'("
,& *>& 0& 1& 18& +8)" ,<& +& M;&JA8& *06& *6B>;?8=&

0;<5;6K8@8?N&
.%

HIMMJM% :5%8:5;% (J% LLJ% I% &GOJ% JG'J%
JGRL% 'GLJ% JGJMJ% JGJMJ% &GOL% &JGJJ%

&RGJJ%
'MGJJ%
'(GJJ% JG'J% 9#

..%
HIMMJM% :5%8:5;% (J% LLJ% R% &GJL% JG'J%

JGRL% 'GLJ% JGJMJ% JGJMJ% &GOL% &JGJJ%
&RGJJ%

'MGJJ%
'(GJJ% JG'J% 9#

"
#!5%:E?77A%C6<=%WF%D:=C9:8;C?7?%:=A%6C?83:57?G%

!
#]?<67?;475%:9;7?%:E4=EG

%
#"3<?;%;7?D1%34E3%;7D67?:;C?7%;7=54B7%6?<67?;F%?7XC4?7D7=;5%9<?%;37%E?:A75%:?7%:5%9<BB<Y5c%#F67%.%45%;<%W7%:E?77A%C6<=%WF%D:=C9:8;C?7?%:=A%6?<AC87?1%:=A%#F67%..%45%;<%3:>7%:%D4=4DCD%<9%'J%^54%g&RJ%

$]:h%;7=54B7%5;?7=E;3%:=A%:%D4=4DCD%7B<=E:;4<=%<9%(dG%
&
##3757%D4=4D:%53:BB%:66BF%Y37=%;75;7A%:88<?A4=E%;<%#75;%$7;3<A5%+(G%$4=4DCD%7B<=E:;4<=%4=%LS%9<?%#F67%.%:=A%..%:?7%(GO%:=A%MGI1%?75678;4>7BF%:88<?A4=E%;<%#75;%$7;3<A5%+($G#

'%#37%5;?755%?C6;C?7%;75;%9<?%;37%E?:A75%45%:5%9<BB<Y5%Y4;3%;37%;7=54B7%5;?755%W74=E%5C5;:4=7A%9<?%:;%B7:5;%&U3c%#F67%.%:;%L%^54%gMR%$]:h%:=A%#F67%..%:;%(%^54%gLL%$]:hG%
$
#Z797?%;<%<?4E4=:B%56784948:;4<=%9<?%A7;:4B5k%=<;7%;3:;%<C;%<9%;37%9<C?%;75;5%a;7=54<=%:9;7?%:E4=E1%D:E=7;48%67?D7:W4B4;F1%5;?755%?C6;C?71%:=A%53<?;%;4D7%34E3Q;7D67?:;C?7b%;37%6C?83:57?%53:BB%567849F%=<%D<?7%

;3:=%;Y<%;75;5G%
;
#-<DD7?84:B%=48^7B%C5C:BBF%8:??475%:%5D:BB%:D<C=;%<9%8<W:B;1%:=A%Y4;34=%;37%C5C:B%B4D4;5%8<W:B;%53:BB%W7%8<C=;7A%:5%=48^7BG%

9
##37%D:=C9:8;C?7?%:=A%6C?83:57?%D:F%:E?77%C6<=%:BB<Y:WB7%B4D4;5%<9%4?<=%:=A%<;37?%7B7D7=;5G%

"()*#"#=>0."#=>0*#/#0?#%23453678#
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!"#$%!%RIR)!%RIR$%*%&L% -!"#./0"1%/.-\+,%!/S%/.-\+,%!,,[i%

#345% 56784948:;4<=% 8<>7?5% =48^7B1% =48^7BQ8<667?1% =48^7BQ8<667?Q54B48<=1% =48^7BQD<BFWA7=CD1% =48^7B% 83?<D4CD1% :=A% =48^7BQ
D<BFWA7=CDQ83?<D4CD%:BB<F%8:5;4=E5%9<?%8<??<54<=%?7545;:=;%57?>487G%

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

*%,(#+-,#.&0"/0%")-%1&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;&
6>E&F+1&

(;6?&
)<;6?5;>?!&

);>A8@;&1?<;>B?H& I8;@E&1?<;>B?H& %@G>B"
3#

"

/?H;<&
);A?A& ,& *>& 18& 0& 1& ,9& *G& M;& +8 ,<& ,K&

4+KD& O& L& P8& 1>&
JA8& *06& JA8& *06& (6<E>;AA&

4(POD&
-l&JJ%
/J'&JJ% :5%8:5;% LJ% MRL% &(% &'L% &J% N% &GJJ% &GLJ% 'GJJ% JGJM% JGJ'% &G'L% N MGJJ% ILGJJ%

D4=% N% N N% N N% N

$'L"%
/'RJ'L% :5%8:5;%<?%"#&% N% N% N% N% N% MJJ'% JG'L% &GLJ% MGL%

RGL% JGJM% JGJ'% 'OGJ%
MMGJ% N MGLJ% W:B:=87% N% $# N% N N% N

$MJ-%%
/'R&MJ% :5%8:5;% UL% RLJ% M'GL% ''L% 'L% N% JGMJ% &GLJ% &GJ%

'GJ% JGJM% JGJ'% 'UGJ%
MMGJ% N MGLJ% W:B:=87% N% &GJ%

MGJ% N% N N% N

$MJ@%
/'RJMJ% :5%8:5;% &JJ% UIJ% UJ% R&L% &J% N# JGMJ% &GLJ% 'GO%

MGO% JGJM% JGJ'% 'OGJ%
MMGJ% N MGLJ% W:B:=87% N% $# N% N N% N

$MLQ&%
#

/'R&ML% :5%8:5;% UL% RLJ% 'L% &OJ% 'L% GG% JGML% &GLJ% &G'L% JGJM% JGJ'% 'UGJ%
MMGJ% N MGLJ% W:B:=87% N% JGL% N% N N% N

$MLQ'%
/JRJ'J% :5%8:5;% UL% RLJ% MJ% 'JL% 'L% N% JGML% &GLJ% 'GJJ% JGJM% JGJ'% 'UGJ%

MMGJ% N MGLJ% W:B:=87% N% JGL% N% N N% N

/M$%
HMJJJM% "#% OU% L'L% RJ% 'OL% 'JGJ% N% JGJM% &GJJ% JGLJ% JGJMJ% JGJ'J% N% MJGJ%

MMGJ% MGJJ% W:B:=87 &GJ% N N% $# N% N

/O$%
/MJJJO% "#% OU% L'L% RJ% 'OL% 'J% N% JGJO% &GJJ% &GJJ% JGJMJ% JGJ'J% N% MJGJ%

MMGJ% MGJJ% W:B:=87% &GJ% N N% $# N% N

/&'$j%
/MJJ&'% "#% OU% L'L% RJ% 'OL% U% N% JG&'% &GJJ% &GJJ% JGJMJ% JGJ'J% N% 'UGJ%

MJGJ%
RGJ%
UGJ%

W:B:=87% &GJJ% N N% JG'J%
JGUJ% N% N

-2L$-C-%
/J(('U% "#% OL% L'J% ML% 'RJ% 'J% N% JGJLJ% &GJ% &GJ% JGJMJ% JGJ'J% &GLJ%

MGLJ%
'GL%
MGL% W:B:=87% M(GJ%

RRGJ%
&IGL%
'MGL%

JGUJ%
&G'J%

$# $# N% N

-_'$%
/'URLL% "#% O'% RIL% RJ% 'OL% 'J% N% JGJ'% &GJJ% JG(J% JGJM% JGJ'% !# &LGJ%

&OGL% 'GJ% W:B:=87% &LGJ%
&OGL%

$# &GJ% $# N% N

-_U$%
/MJ&JO% "#% O'% RIL% RJ% 'OL% 'L% N% JGJO% &GJJ% &GJJ% JGJMJ% JGJ'J% !# &OGJ%

'JGJ% MGJ% W:B:=87% &OGJ%
'JGJ%

$% $% $% N% N

-_U$-%
/'UU'L% "#% OJ% R(L% RJ% 'OL% 'L% N% JGJU% &GJJ% &GJJ% JGJ&L% JGJ&L% !% (GJ%

&JGJ% LGJ% W:B:=87 'JGJ%
'MGJ%

MG&L%
RGLJ%

$% $% N% N

-_&'$_%
/MJJJ'% "#% O'% RIL% RJ% 'OL% R% N% JG&'% &GJJ% &GJJ% JGJMJ% JGJ'J% !% &UGJ%

&(GJ%
RGL%
OGL%

W:B:=87% &LGL%
&OGL%

$% MGOL%
LG'L%

JG'J%
JGRJ% N% N

-`'$%
/'UJLI% "#% O'% RIL% MI% 'OJ% RJ% N% JGJ'% &GJJ% JGLJ% JGJ'J% JGJ'J% !% &LGJ%

&UGL% &GLJ% W:B:=87% ''GJ%
'RGJ%

$% $% $% N% N

-`'$_%
/'UJ''% "#% (J% LLJ% RL% M&J% MJ% N% JGJ'% &GJJ% JG(J% JGJ'L% JGJ'J% !% &'GL%

&RGL%
'GJ%
UGJ% W:B:=87% 'JGJ%

''GL%
$% 'GL%

MGL% JGML% N% N

-iRJ%
/JUJRJ% :5%8:5;%<?%"#% OJ% R(L% '(% &IL% MJ% N% JGRJ% &GLJ% MGJJ% JGJM% JGJ'% !% P% &&GJ% W:B:=87% &RGJ%

&OGJ%
$% $% $% N% N

-iL"=P4$%
/'UJLL% :5%8:5;% N% N% N% N% N% N% JGJL% &GL% JGL% JGJM% JGJ'% N% 'GJ%

MGL% 'GJ% W:B:=87% &&GJ%
&RGJ% N N% N MGJ%

LGJ%
MGJ%
LGJ%

%
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3&
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,& *>& 18& 1& 0& +& +Q,& M;& )8& #@& ,K& ,<& +8&
JA8& *06& JA8& *06& -5:6=?&);A?&

R?S@K&TUV&
LJ%-?QLJ%/4%

Z'JLJJ :5%8:5;% (J% LLJ% LJ% MRJ% LGJ% LJ%gO(h% JG&J% JGMJ% &GJJ% JGJ'% JGJ'% JGMJ% N% &GJJ% JGLJ% JG'L% N% R(GJ%
L'GJ W:B:=87%

UJ%-?QRJ%/4%
Z'JUJJ% :5%8:5;% &&J% OUJ% (L% LIJ% N% &J%g&Rh% JG&J% JGMJ% &GJJ% JGJ'% JGJ'% JGMJ% N% &GJJ% JGLJ% JG'L% N% L(GJ%

U'GJ% W:B:=87%

LJ%-?QLJ%/4Q-W%
Z'JLJ&% :5%8:5;% (J% LLJ% LJ% MRL% LGJ% N% JG&J% JGMJ% JGLJ% JGJ'% JGJ'% JG&U% JG'J% &GJJ% JGLJ% JG'L% &GR%
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L'GJ% W:B:=87%
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,(%*-,#.&,/*0/1-)-/+2&3&&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;&
6>E&F+1&

(;6?&&
)<;6?5;>?!

);>A8@;&1?<;>B?H& I8;@E&1?<;>B?H& %@G>B%"
3#

";E&#&
3&

/?H;<&
);A?A& ,& *>& 18& 0& 1& ,<& +8& *G& ,K& 1;& ,9& O& L& +&JA8& *06& JA8& *06&

-!U/%
HI&ULJ% "#% &RJ% IUL% &ML% IMJ% &L% LJ% # JGJU% JGLJ% &GJJ% JGJ'% JGJ'% &JGL%

&'GL%
UGJ%
(GJ% N% N% N% N% N% N% N%

-!U/$%
HI&LRJ% /#% &&J% OLL% (J% LLJ% &L% ML% '# JGJU% &GJJ% &GJJ% JGJR% JGJM% &&GL%

&RGJ%
MGL%
RGL%

JGRJ%
&GJ% N% N% N% N% N% N%

-!&L%
HI&&LJ% /#%<?%!% IJ% U'J% UL% RLJ% &(% MJ% '# JG&L% &GJJ% &GLJ% JGJR% JGJR% &&GL%

&RGJ% &GJJ% JGLJ% N% N% N% N% N% N%

-!&L$
HI&&L&% /#%<?%!% IJ% U'J% UL% RLJ% &(% MJ% '# JG&L% &GJJ% JGUL% JGJRJ% JGJRJ% &&GL

&RGJ% &GJ% JG&L
&GJ% N% N% N% N% N% N%

-!'($_j%
HI&R''% /#1%K#1%<?%!% &RJ%% IUL%% &&J%% OUJ%% &J%% 'R%% '# JG'J%

JG'(%
JGLJ%
&GJJ% &GJ% JGJMJ% JGJMJ% &&GJ%

&'GL%
JGLJ%
&GJJ%

JGIJ%
&G'L% N% N% N% JGIJ%

&G'L%
JG'J%
JGMJ% N%

-!RJ%
HI&&LM% /#%<?%!% &JJ% UIJ% OJ% R(L% &L% 'L% '# JG'J%

JGRJ% &GJJ% &GLJ% JGJR% JGJR% &&GL%
&RGJ% &GJ% JGL% N% N% N% N% N% N%

-!RJT%
HI&&LR% /#%<?%!% &JJ% UIJ% OJ% R(L% &'% N% '# JG'J%

JGRJ% &GJJ% &GLJ% JGJR% JG'J%
JGRJ%

&&GL%
&RGJ% &GJ% JGL% N% N% N% N% N% N%

"()*#"#1,1."#1,1*#/#0>#%23453678#
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!<6E;&
6>E&F+1&

(;6?&&
)<;6?5;>?!"

);>A8@;&1?<;>B?H& I8;@E&1?<;>B?H& %@G>B%"
3#

"

";E&#&
3&

/?H;<&
);A?A& ,& *>& 18& 0& 1& ,<& +8& *G& ,K& 1;& ,9& O& L& +&JA8& *06& JA8& *06&

-PU%
HI&(JR% /#% &&L% OIJ% (L% L(J% &U% ML% # JGJU% &GJJ% &GJJ% JGJR% JGJM% &LGL%

&OGL%
MGL%
LGL% JGL% N% N% N% N% N% N%

-PMJ%
HI&(JM% "#% UL% RLJ% MJ% 'JL% N% N% '# JGMJ% &GJJ% &GLJ% JGJR% JGJR% &(GJ%

'&GJ% 'GJJ% N% N% N% 9# N% N% N%

--LJ%
HI'U&L% "#% LL% M(J% N% N% N% N% '# JGLJ% &GJJ% &GLJ% JGJR% JGJR% 'UGJ%

MJGJ% RGJJ% N% N% N% N% N% N% N%

-+MJ%
HIMR'M% "# (J LLJ RJ 'OL &J N # JGMJ &GLJ 'GJJ JGJR JGJR 'UGJ%

MJGJ%
(GJ%

&&GJ% N N N N N N N

-TM%
HI'LJJ% :5%8:5;%<?%"#% OJ% R(L% MJ% 'JL% ML% N% $# JGJM% &GLJ% 'GJJ% JGJR% JGJR% &OGJ%

'&GJ%
(GJ%

&'GJ% N% N% N% N% N% N% N%

-TM$%
HI'(JJ% :5%8:5;%<?%"#% OJ% R(L% MJ% 'JL% MJ% N% $# JGJM% &GLJ% &GLJ% JGJR% JGJR% &OGJ%

'&GJ%
IGJ%

&MGJ%
'GJ%
MGJ% N% N% N% N% N% N%

-TM$/%
HI'(JR% :5%8:5;%<?%"#% OL% L&L% MO% 'LL% ML% N% # JGJM% &GLJ% &GLJ% JGJRJ% JGJRJ% &OGJ%

''GJ%
IGJ%

&MGJ%
'GJ%
MGJ% N% N% N% N% N% JG&J%

JG'J%
-T(%

HI'UJJ% "#% OJ&
# R(L&

# MJ&
# 'JL&# ML% N% $# JGJ(% &GLJ% 'GJJ% JGJR% JGJR% &(GJ%

'&GJ%
(GJ%

&&GJ% N% N% N% N% N% N% N%

-T(-%
HI'O&J% "#% OJ% R(L% MJ% 'JL% MJ% N% $# JGJ(% &GLJ% 'GJJ% JGJR% JGJR% &(GJ%

'&GJ%
IGJ%

&'GJ% N% ;# N% N% N% N% N%

-T($%
HI'IJJ% "# OJ R(L MJ 'JL MJ N $# JGJ( &GLJ 'GJJ JGJR JGJR &(GJ%

'&GJ%
IGJ%

&'GJ%
'GJ%
MGJ% N N N N N N

-T&J"$=/%
HI'IO'% "#% (L% L(L% R'% 'IJ% MJ% N% # JG&J% OGJJ%

IGJJ%
MGLJ%
RGLJ% JGJUJ% JGJMJ% &UGJ%

&(GJ%
(GJ%
IGJ% N% N% N% N% N% N% JGJ(%

JG&(%
-T&UT%
HI'OJ&% "#% OJ% R(L% MJ% 'JL% 'L% N% % JG&U% &GLJ% 'GJJ% JG&O% JGJR% &(GJ%

'&GJ%
IGJ%

&'GJ% &GLJ% N% JG'J%
JGML% N% N% N% N%

-T&UT:% "#% OJ% R(L% MJ% 'JL% 'L% N% % JG&U% &GLJ% 'GJJ% JGJR% JG'J%
JGRJ%

&(GJ%
'&GJ%

IGJ%
&'GJ%

JGRJ%
JG(J% N% N% N% N% N% N%

-T'J%
HI'UJ'% "#% OJ% R(L% MJ% 'JL% MJ% N% % JG'J% &GLJ% 'GJJ% JGJR% JGJR% &(GJ%

'&GJ%
(GJ%

&&GJ% N% N% N% N% N% N% N%

-0M$%
HI'III% "#% OL% L&L% ML% 'RJ% 'L% N% $% JGJM% &GLJ% &GLJ% JGJR% JGJR% &(GJ%

'&GJ%
IGJ%

&MGJ%
MGJ%
RGJ% N% N% N% N% N% N%

-0U$$/%
HIMOIJ% "# (L L(L R' 'IJ MJ N % JGJU RGJJ%

UGJJ% &GJJ JGJR JGJM 'JGL%
'MGL%

&&GL%
&MGL%

&GLJ%
MGJJ%

JG&J%
JGMJ% N N N JG&J%

JGMJ%
JG'J%
JGRJ%

-0($%
HIMJJJ% "#% OL% L'J% ML% 'RJ% 'L% N% % JGJ(% &GLJ% &GLJ% JGJR% JGJR% &(GJ%

'&GJ%
IGJ%

&MGJ%
MGJ%
RGJ% N% N% N% N% N% N%

-0&'%
HIMJJ&% "#% OJ% R(L% '(% &IL% ML% N% % JG&'% &GLJ% 'GJJ% JGJR% JGJR% 'JGJ%

'MGJ%
&JGJ%
&MGJ% N% N% N% N% N% N% N%

-@&J%
HIMRJ&% "#% OJ% R(L% MJ% 'JL% MJ% N% % JG&J% &GLJ% 'GJJ% JGJR% JGJR% ''GJ%

'UGJ%
&'GJ%
&LGJ% N% N% N% N% N% N% N%

-@'J%
HIMRJ'% "#% OJ% R(L% MJ% 'JL% MJ% N% % JG'J% &GLJ% 'GJJ% JGJR% JGJR% ''GJ%

'UGJ%
&'GJ%
&LGJ% N% N% N% N% N% N% N%

-\ML$/% "#% (M% LOJ% R&% '(J% ML% N% % JGJML% 'GJJ% &GJJ% JGJML% JGJ'J% ''GJ%
'RGJ%

'JGJ%
''GJ%

UGJ%
UG(% N% N% JGRJ% N% N% JG'&%

JGM'%
-\M$-C/%

HIM'LR% "# (J LLJ M( 'UJ ML N % JGJ'L &G'J &GJJ JGJRL JGJ&J &IGL%
'JGL%

&OGL%
&IGL%

UGJ%
OGJ% N N JGLJ%

&GJJ% N N JG&(J%
JG'RJ%

-\'J%
HIR'J'% "#% UL% RLJ% '(% &IL% MJ% N% % JG'J% 'GJJ% 'GJJ% JGJR% JGJR% 'MGJ%

'OGJ%
&IGJ%
''GJ% N% N% N% N% N% N% N%

-/M$%
HIRUL'% "#% UM% RML% 'L% &OJ% MJ% N% # JGJM% 'GJ% &GJ% JGJM% JGJM% 'JGJ%

''GJ%
'MGJ%
'OGJ%

RGL%
LGL% N% N% N% N% N% N%
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''GJ%
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'LGL%

UGJ%
OGJ% N% N% JGOL% N% N% JG&(%

JG'U%
-/O$%

/J(JJO% "#% U'% R'L% 'L% &OJ% ML% N% # JGJO% &GLJ% &GLJ% JGJR% JGJR% &IGJ%
''GJ%

'OGL%
MJGL%

'GJ%
MGJ% N% N% MGJ%

RGJ% N% N% N%

-/O$"%
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MGLJ% JGJR% JGJM% &(GJ%
'JGJ%

''GJ%
'LGJ%

'GL%
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JGMJ%
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"()*#"#-1=."#-1=*#/#0=@#%23453678#



High Alloy Specifications 46 

 

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

*%,(#+-,#.&0"/0%")-%1&&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;&
6>E&F+1&

(;6?&&
)<;6?5;>?!"

);>A8@;&1?<;>B?H& I8;@E&1?<;>B?H& %@G>B#"
3#

"

/?H;<&&
);A?A$" ,& *>& 18& 0& 1& ,<& +8& *G& ,K& ,9& 1;& O& L& M;& +&JA8& *06& JA8& *06&

-\M$-C/%
HIM'LR% "#% (J% LLJ% M(% 'UJ% ML% % JGJ'L% &G'J% &GJJ% JGJRL% JGJ&J% &IGL%

'JGL%
&OGL%
&IGL%

UGJ%
OGJ% N% JGLJ%

&GJJ% N% N% N% N% JG&(J%
JG'RJ%

-/M$-C%
H(JJ'J% "#% U'% R'L% 'L% &OJ% ML% % JGJM% &GLJ% &GJ% JGJMJ% JGJ&L% &IGJ%

''GJ%
'OGL%
MJGL%

'GJ%
MGJ% N% MGJ%

MGL% N% % % % %
"
#Z797?%;<%<?4E4=:B%56784948:;4<=%9<?%:AA4;4<=:B%37:;%;?7:;D7=;%4=9<?D:;4<=G%

!#_37=%.-.%;75;%W:?5%:?7%C57A%4=%;7=54B7%;75;5%:5%6?<>4A7A%9<?%4=%;345%56784948:;4<=1%;37%E:E7%B7=E;3%;<%?7AC87A%578;4<=%A4:D7;7?%?:;4<%53:BB%W7%Rc&G%
%
#"C66B7D7=;:?F%4=;7?E?:=CB:?%8<??<54<=%;75;%49%56784947A%WF%;37%8C5;<D7?G%

&
#T<?%<6;4DCD%;7=54B7%5;?7=E;31%AC8;4B4;F1%:=A%8<??<54<=%?7545;:=871%;37%5<BC;4<=%:==7:B4=E%;7D67?:;C?7%53<CBA%W7%4=%7e8755%<9%&IJJ<T%g&JRJ<-hG%

'
#T<?%B<Y%97??4;7%<?%=<=D:E=7;48%8:5;4=E5%<9%;345%E?:A71%;37%9<BB<Y4=E%>:BC75%53:BB%:66BFc%;7=54B7%5;?7=E;31%D4=1%UL%^54%gRLJ%$]:hk%F47BA%6<4=;1%D4=1%'(%^54%g&IL%$]:hG%

$
#T<?%6C?6<575%<9%A7;7?D4=4=E%8<=9<?D:=87%Y4;3%;345%56784948:;4<=1%;37%<W57?>7A%<?%8:B8CB:;7A%>:BC7%9<?%8:?W<=%8<=;7=;%53:BB%W7%?<C=A7A%;<%;37%=7:?75;%JGJ&d%4=%:88<?A:=87%Y4;3%?<C=A4=E%D7;3<A%<9%

Z78<DD7=A7A%]?:8;487%+'IG%
;
#0?:A7%-T(-%53:BB%3:>7%:%8<BCDW4CD%8<=;7=;%<9%=<;%B755%;3:=%(%;4D75%;37%8:?W<=%8<=;7=;%:=A%=<;%D<?7%;3:=%&GJdG%.9%:%8<BCDW4CDQ6BC5Q;:=;:BCD%:BB<F%4=%;37%:66?<e4D:;7%-Wc#:%?:;4<%<9%Mc&%45%C57A%9<?%

5;:W4B4V4=E%;345%E?:A71%;37%;<;:B%8<BCDW4CDQ6BC5Q;:=;:BCD%8<=;7=;%53:BB%=<;%W7%B755%;3:=%I%;4D75%;37%8:?W<=%8<=;7=;%5:=A%53:BB%=<;%7e877A%&G&dG#

!"#$%!%ORO)!%ORO$%*%&U:% "#++,%-!"#./0"1%"#!./,+""1%]Z+-.].#!#.[/%@!ZS+/./0%

#345% 56784948:;4<=% 8<>7?5% 4?<=Q83?<D4CDQ=48^7BQ8<667?% 8<??<54<=Q?7545;:=;% 5;77B% 8:5;4=E51% 8:6:WB7% <9% W74=E% 5;?7=E;37=7A% WF%
6?78464;:;4<=%3:?A7=4=E%37:;%;?7:;D7=;G%

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

*%,(#+-,#.&0"/0%")-%1!&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3#&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;&
6>E&F+1& (;6?&)<;6?5;>?&

);>A8@;&1?<;>B?H& I8;@E&1?<;>B?H& %@G>B&
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HI'&(J%

@IJJ"# &OJ% &&OJ% &RL% &JJJ% L% MOL%gRJh%

JGJO% JGOJ% JGJML% JGJM% &GJJ% &LGLJ%
&OGOJ%

MGUJ%
RGUJ%

'GLJ%
MG'J%

JG&L%
JGML!% JGJL%

@I'L"# &OL% &'JL% &LJ% &JML% L% MOL%gRJh%

@&J'L"# &LJ% &JML% &RJ% IUL% I% M&&%gMMh%

@&JOL"# &RL% &JJJ% &&L% OIL% I% 'OO%g'Ih%

@&&JJ"# &ML% IMJ% &&J% OUJ% I% 'UI%g'(h%

@&&LJ"# &'L% (UJ% IO% UOJ% &J% 'UI%g'(h%

@&&LJ$% N% N% N% N% N% M&J%D:e%gMM%D:eh%

@&&LJ%SP,% N% N% N% N% N% M&J%D:e%gMM%D:eh%
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JGJO% JGOJ% JGJML% JGJM% &GJJ% &RGJ%
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LGLJ%
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MG'J%

JG&L%
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&GOL%
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"()*#"#-1-."#-1-*#/#0?@#%23453678#



High Alloy Specifications 48 

 

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

*%,(#+-,#.&0"/0%")-%1#&&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;&
6>E&F+1&

(;6?&&
)<;6?5;>?!"

);>A8@;&1?<;>B?H& I8;@E&1?<;>B?H& %@G>B&
3$& ,& *>& 18& 0& 1& ,<& +8& *G& ,9& O& +& P& P6& ,;Q.6&JA8& *06& JA8& *06&

O!$#

-SM$_/%
HIMMOI%

"#% &JJ% UIJ% OL% L&L% 'J% JGJMJ% &GJJ%
MGJJ &GJJ% JGJMJ% JGJ'J% 'UGJ%

'(GJ
UGJ%
(GJ

'GJ%
MGL &GJJ% MGJ%

RGJ
JGMJ%
JGRJ

JGJJ&J%
JGJ&JJ

JGJJJ'%
JGJ&JJ

JGJJL%
JGJMJ

"#"77%<?4E4=:B%56784948:;4<=%9<?%:AA4;4<=:B%A7;:4B5%<=%37:;%;?7:;D7=;G%
!
##7=54B7%?7XC4?7D7=;%45%:%5C66B7D7=;:?F%?7XC4?7D7=;G%"77%<?4E4=:B%56784948:;4<=%9<?%:AA4;4<=:B%A7;:4B5G%

%#_37=%.-.%;75;%W:?5%:?7%C57A%4=%;7=54B7%;75;5%:5%6?<>4A7A%9<?%4=%;345%56784948:;4<=1%;37%E:E7%B7=E;3%;<%?7AC87A%578;4<=%A4:D7;7?%?:;4<%53:BB%W7%Rc&G%
&#-SR$-C%3:5%W77=%?7D<>7A%9?<D%;37%5;:=A:?AG%-SR$-C/%45%:=%:8876;:WB7%5CW5;4;C;7%9<?%-SR$-CG##
'%d-?%o%MGMd$<%o%&Ud/%"%RJG%
$%d-?%o%MGM%ad$<%o%JGLd_b%o%&Ud/%"%RLG%

!"#$%!%IIJ)!%IIJ$%*%&R:% -!"#./0"1% .Z[/Q/.-\+,Q-@Z[$.2$% !/S% /.-\+,% !,,[i"1% "]+-.!,,i% -[/#Z[,,+S% T[Z% ]Z+""2Z+% Z+#!././0%
]!Z#"%T[Z%-[ZZ[".j+%"+Zj.-+%

#345% 56784948:;4<=% 8<>7?5% 4?<=Q=48^7BQ83?<D4CD% :=A% =48^7B% :BB<F% 8:5;4=E5% 56784:BBF% 6?<87557A% Y4;3% ?75;?48;7A% D7B;% 6?:8;48751%
Y7BA:W4B4;F%;75;4=E%:=A%=<=A75;?C8;4>7%7e:D4=:;4<=%a/S+b%?7XC4?7D7=;5G%

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

*%,(#+-,#.&0"/0%")-%1&&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;
6>E&F+1&

(;6?&
)<;6?5;>?!"

);>A8@;&1?<;>B?H& I8;@E&1?<;>B?H& %@G>B
3#&

/?H;<&
);A?A$"

,& *>& 18& 0& 1& *G& M;& +8& ,<& +& ,9& O& L& ,K&JA8& *06& JA8& *06&
-\M$-C/% "#% (J% LLJ% M(% 'UJ% ML% JGJ'L% &G'J% JGOL% JGJ'J% JGJ&J% UGJ%

OGJ%
W:B:=87% &OGL%

&IGL%
&IGL%
'JGL%

JG&(%
JG'R%

JGLJ%
&GJJ% % % %

-_Q'$%
/'URLL% "#% O'% RIL% RJ% 'OL% 'J% JGJ'J% &GJJ% JG(J% JGJMJ% JGJ&L% &LGJ%

&OGL% 'GJJ% W:B:=87 &LGJ%
&OGL% % N% &GJJ% N% N%

-/M$-C% "#% U'% R'L% 'L% &OJ% ML% JGJMJ% &GLJ% &GJJ% JGJMJ% JGJ&L% 'GJ%
MGJ% W:B:=87% 'OGL%

MJGL%
&IGJ%
''GJ% % MGJ%

MGL% N% N% N%

$MLQ&%
/'R&ML% :5%8:5;% UL% RLJ% 'L% &OJ% 'L% JGML% &GLJ% &G'L% JGJMJ% JGJ&L% N% MGL% W:B:=87% N% % 'UGJ%

MMGJ% N% N% N%

-_'$-% "#% OJ% R(L% RJ% 'OL% 'L% JGJ'J% &GJJ% JGRL% JGJ&L% JGJ&L% (GJ%
&JGJ% LGJ% W:B:=87% 'JGJ%

'MGJ% % JGLJ% JGLJ% JG'J% MG&%
RGL%

/'$% "#% OU% L'L% RJ% 'OL% 'J% JGJ'J% &GJJ% JG(J% JGJMJ% JGJ&L% MJGJ%
MMGJ% MGJJ% W:B:=87% &GJJ% % JG'J% JG'J% JG'J% N%

"
#"77%<?4E4=:B%56784948:;4<=%9<?%:AA4;4<=:B%A7;:4B5%<=%37:;%;?7:;D7=;G%

!
#_37=%.-.%;75;%W:?5%:?7%C57A%4=%;7=54B7%;75;5%:5%6?<>4A7A%9<?%4=%56784948:;4<=%!%I(L)!%I(L$1%;37%E:E7%B7=E;3%;<%?7AC87A%578;4<=%A4:D7;7?%?:;4<%53:BB%W7%R%;<%&G#

%%"77%<?4E4=:B%56784948:;4<=%9<?%:AA4;4<=:B%A7;:4B5%<=%/<=A75;?C8;4>7%+e:D4=:;4<=%Z7XC4?7D7=;5G%

."[%RII&c'J&L% "#++,%-!"#./0"%T[Z%]Z+""2Z+%]2Z]["+"%

#345% .=;7?=:;4<=:B% ";:=A:?A% 8<>7?5% 5;77B% 8:5;4=E5% C57A% 9<?% 6?755C?7% 6C?6<575G% .;% 4=8BCA75% D:;7?4:B5% Y3483% :?7% C57A% 9<?% ;37%
D:=C9:8;C?7%<9%8<D6<=7=;5%5CWp78;%;<%6?755C?7%>7557B%8<A75%:=A%9<?%<;37?%6?755C?7%8<=;:4=4=E%8<D6<=7=;5%=<;%5CWp78;%;<%8<A:B%
?7XC4?7D7=;5G%

"()*#"#A,B."#A,B*#/#0=#%23453678#



High Alloy Specifications 49 

 

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

*%,(#+-,#.&0"/0%")-%1&
&458>8595&9>@;AA&<6>B;&B8C;>D$&

,(%*-,#.&,/*0/1-)-/+2&3&&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;
6>E&F+1&

(;6?&
)<;6?5;>?!"

#)&"//*&)%*0%"#)F"%& #)&./O&
)%*0%"#)F"%&

/?H;<&
);A?A%& ,& 1-& *>& 0& 1& ,<& *G& +8& L& ,9& /?H;<&

);>A8@;&);A?& -5:6=?&
);A?& -5:6=?&);A?&

I8;@E&
1?<;>B?H&
":WXY
*06&

I8;@E&
1?<;>B?H&
":ZXW
*06&

);>A8@;&
1?<;>B?H&
"5
*06&

#&
3&

[L&
U&

[L&
U&

G,&&

0`&L-?$<L% K#% R'J% Q% UMJ%
OUJ% &U% 'O% % % % JG&'%

JG&I% JG(J% JGLJ%
JG(J% JGJ'L% JGJ'L% RGJJ%

UGJJ%
JGRL%
JGUL% Q% JGJL% JGMJ% %

0`&J-?$<jIQ&% /#% R&L% Q% L(L%
OUJ% &U% % % % % JGJ(%

JG&'%
JG'J%
JGLJ%

JGMJ%
JGUJ% JGJMJ% JGJ&J% (GJ%

IGL%
JG(L%
&GJL% JGRJ% JG&(%

JG'L% Q%

/W%JGJUJQJG&J%
/%JGJMJQJGJOJ%

!B%JGJ'%
#4%JGJ&%
l?%JGJ&

0`&L-?$<IQ&% K#% R&L% Q% U'J%
OIL% &(% 'O% % % % JG&'%

JG&I% &GJJ% JGML%
JGUL% JGJMJ% JGJMJ% (GJJ%

&JGJJ%
JGIJ%
&G'J% JGRJ% JGJL% JGMJ% %

0`(-?/4&'Q&% K#&% MLL% Q% LRJ%
UIJ% &(% RL% % % % JG&J% JGRJ% JGLJ%

JG(J% JGJMJ% JGJ'J% &&GLJ%
&'GLJ% JGLJ% JG(J%

&GLJ% JGJ(% JGMJ% %

0`(-?/4&'Q&% K#'% LJJ% Q% UJJ%
(JJ% &U% RJ% % % % JG&J% JGRJ% JGLJ%

JG(J% JGJMJ% JGJ'J% &&GLJ%
&'GLJ% JGLJ% JG(J%

&GLJ% JGJ(% JGMJ% %

0`'M-?$<j&'Q&% K#% LRJ% Q% ORJ%
((J% &L% 'O% % % % JG'J%

JG'U% JGRJ% JGLJ%
JG(J% JGJMJ% JGJ'J% &&GMJ%

&'G'J%
&GJJ%
&G'J% &GJJ% JG'L%

JGML% JGMJ% _%JGLJ%

0`M-?/4&MQR K#% LJJ% Q% OJJ%
IJJ% &L% LJ% 'O% Q&'J% % JGJL% &GJJ% &GJJ% JGJML% JGJ&L% &'GJJ%

&MGLJ% JGOJ% MGLJ%
LGJJ% JGJ(% JGMJ% %

0`R-?/4&MQR% K#% LLJ% Q% OUJ%
IUJ% &L% LJ% % % % JGJU% &GJJ% &GJJ% JGJML% JGJ'L% &'GJJ%

&MGLJ% JGOJ% MGLJ%
LGJJ% JGJ(% JGMJ% %

0`R-?/4$<&UQLQ&% K#% LRJ% Q% OUJ%
IUJ% &L% UJ% % % % JGJU% JG(J% &GJJ% JGJML% JGJ'L% &LGJJ%

&OGJJ%
JGOJ%
&GLJ%

RGJJ%
UGJJ% JGJ(% JGMJ% %

0`'-?/4/&IQ&&% !#% Q% 'MJ% RRJ%
URJ% MJ% % OJ% Q&IU% % JGJMJ% &GLJ% 'GJJ% JGJML% JGJMJ% &(GJJ%

'JGJJ% Q% IGJJ%
&'GJJ% Q% JGLJ% JG&'%#%/%#%JG'J%

0`L-?/4&IQI% !#% Q% 'JJ% RRJ%
URJ% MJ% % UJ% Q&IU% % % % % % % % % % % % %

0`U-?/4/W&IQ&J% !#% Q% 'JJ% RRJ%
URJ% 'L% % % % % JGJO% &GLJ% &GLJ% JGJRJ% JGJMJ% &(GJJ%

'JGJJ% Q% (GJJ%
&&GJJ% Q% JGLJ% %

0`L-Z/4/W&IQ&& % % % % % % % % % JGJO% &GLJ% &GLJ% JGJRJ% JGJMJ% &(GJJ%
'JGJJ% Q% IGJJ%

&'GJJ% Q% JGLJ% (e-%#%/W%#%&GJJ%

0`'-?/4$</&IQ&&Q'% !#% Q% 'MJ% RRJ%
URJ% MJ% % OJ% Q&IU% % JGJMJ% &GLJ% 'GJJ% JGJML% JGJMJ% &(GJJ%

'JGJJ%
'GJJ%
'GLJ%

IGJJ%
&'GJJ% Q% JGLJ% JG&'%#%/%#%JG'J%

0`L-?/4$<&IQ&&Q'% !#% Q% '&J% RRJ%
URJ% MJ% % UJ% Q&IU% % JGJO% &GLJ% &GLJ% JGJRJ% JGJMJ% &(GJJ%

'JGJJ%
'GJJ%
'GLJ%

IGJJ%
&'GJJ% Q% JGLJ% %

0`L-?/4$</W&IQ&&Q'% !#% Q% '&J% RRJ%
URJ% 'L% % % % % JGJO% &GLJ% &GLJ% JGJRJ% JGJMJ% &(GJJ%

'JGJJ%
'GJJ%
'GLJ%

IGJJ%
&'GJJ% Q% JGLJ% (e-%#%/W%#%&GJJ%

0`'-?/4$</''QLQM% !#% R'J% Q% UJJ%
(JJ% 'J% % RJ% QRJ% % JGJMJ% &GJJ% 'GJJ% JGJML% JGJ'L% '&GJJ%

'MGJJ%
'GLJ%
MGLJ%

RGLJ%
UGLJ% Q% JGLJ% JG&'%#%/%#%JG'J%

0`'-?/4$<-C/'UQLQMQM% !#% R(J% Q% ULJ%
(LJ% ''% % ML% QOJ% % JGJMJ% &GJJ% &GLJ% JGJML% JGJ'L% 'LGJJ%

'OGJJ%
'GLJ%
MGLJ%

LGJJ%
OGJJ% Q% 'GOL%

MGLJ% JG&'%#%/%#%JG''%

0`'-?/4$</'UQOQR% !#% R(J% Q% ULJ%
(LJ% ''% % ML% QOJ% % JGJMJ% &GJJ% &GJJ% JGJML% JGJ'L% 'LGJJ%

'OGJJ%
MGJJ%
LGJJ%

UGJJ%
(GJJ% Q% &GMJ% JG&'%#%/%#%JG''%

0`'/4-?$<'(Q'JQ'% !#% Q% &IJ% RMJ%
UMJ% MJ% % UJ% Q&IU% % JGJMJ% &GJJ% 'GJJ% JGJML% JGJ'L% &IGJJ%

''GJJ%
'GJJ%
'GLJ%

'UGJJ%
MJGJJ% Q% 'GJJ% /%#%JG'J%

:(C#1,,0D+B0>#%23453678#



High Alloy Specifications 50 

 

"##37%;F67%<9%37:;%;?7:;D7=;%45%D:=A:;<?FG%/f%=<?D:B4V7A1%K#f%XC7=837A%:=A%;7D67?7A1%!#f%5<BC;4<=%:==7:B7AG%Z797?%;<%;37%<?4E4=:B%56784948:;4<=%9<?%:AA4;4<=:B%4=9<?D:;4<=%<=%37:;%;?7:;D7=;%
?7XC4?7D7=;5G%
!%#7D67?4=E%45%67?D4;;7AG%
%%Z6JG'c%JG'd%<9957;%F47BA%5;?7=E;3%<?%JG'd%6?<<9%5;?7=E;31%Z6&GJc%&d%6?<<9%5;?7=E;3%a9<?%:C5;7=4;48%5;:4=B755%5;77Bb1%ZDc%;7=54B7%5;?7=E;31%!dc%7B<=E:;4<=%:9;7?%9?:8;C?7%<=%<?4E4=:B%E:E7%B7=E;3%,<fLGUL$"<%
aY37?7%"<%45%;37%<?4E4=:B%8?<55%578;4<=:B%:?7:b1%\jc%."[%jQ=<;83%4D6:8;%5;?7=E;3%
& Z797?%;<%;37%<?4E4=:B%56784948:;4<=%9<?%:AA4;4<=:B%4=9<?D:;4<=%<=%<;37?%;75;5%:;%34E3%;7D67?:;C?75G
'%T<?%7:83%?7AC8;4<=%<9%JGJ&d%8:?W<=%W7B<Y%;37%D:e4DCD%56784947A1%:=%4=8?7:57%<9%JGJRd%D:=E:=757%:W<>7%;37%D:e4DCD%56784947A%Y4BB%W7%67?D4;;7A%;<%:%D:e4DCD%<9%&GRJdG%
$%d-?%o%d$<%o%d/4%o%dj%o%d-C%#%&GJJd%

."[%&&IO'c'J&L% -[ZZ[".[/QZ+"."#!/#%-!"#%"#++,"%T[Z%0+/+Z!,%!]],.-!#.[/"%

#345% .=;7?=:;4<=:B% ";:=A:?A% 567849475% 8:5;% 5;77B5% 9<?% E7=7?:B% 8<??<54<=Q?7545;:=;% :66B48:;4<=5G% % #37% E?:A75% 8<>7?7A% WF% ;345%
.=;7?=:;4<=:B%";:=A:?A%?76?757=;%;F675%<9%:BB<F%5;77B%8:5;4=E5%5C4;:WB7%9<?%W?<:A%?:=E75%<9%:66B48:;4<=%Y3483%:?7%4=;7=A7A%9<?%:%Y4A7%
>:?47;F%<9%8<??<54<=%:66B48:;4<=5G%

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

*%,(#+-,#.&0"/0%")-%1#&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;& (;6?&
)<;6?5;>?!"

"9@8>B&
)H8=J>;AA&

55&

);>A8@;&
1?<;>B?H&

"5
*06&

I8;@E&
1?<;>B?H&
":WXY&
*06&

#&
3&

/?H;<&
);A?A&

,& 18& *>& 0& 1& ,<& *G& +8& /?H;<&-5:6=?&
[L&
U&

0`&'-?&'% !q#% &LJ% U'J% RLJ% &L% 'J% JG&L% &GJ% &GJ% JGJML% JGJ'L% &&GL%
&MGL% JGLJ% &GJ% %

0`O-?/4$<&'Q&% !q#% MJJ% LIJ% RRJ% &L% 'O% JG&J% &GJ% &GJ% JGJML% JGJ'L% &'GJ%
&MGL%

JG'J%
JGLJ%

&GJ%
'GJ% %

0`R-?/4&MQR%aK#&b% !q#% MJJ% OLJ% LLJ% &L% LJ% JGJU% &GJ% &GJ% JGJML% JGJ'L% &'GJ%
&MGL% JGOJ% MGL%

LGJ% %

0`R-?/4&MQR%aK#'b% !q#% MJJ% IJJ% (MJ% &'% ML% JGJU% &GJ% &GJ% JGJML% JGJ'L% &'GJ%
&MGL% JGOJ% MGL%

LGJ% %

0`R-?/4$<&UQLQ&% !q#% MJJ% OUJ% LRJ% &L% UJ% JGJU% JG(% &GJ% JGJML% JGJ'L% &LGJ%
&OGJ%

JGOJ%
&GLJ%

RGJ%
UGJ% %

0`'-?/4&IQ&&% "#% &LJ% RRJ% &(L% MJ% (J% JGJM% &GL% 'GJ% JGJML% JGJ'L% &(GJ%
'JGJ% Q% IGJ%

&'GJ% /%JG'J%

0`'-?/4/&IQ&&% "#% &LJ% L&J% 'MJ%% MJ% (J% JGJM% &GL% &GL% JGJRJ% JGJMJ% &(GJ%
'JGJ% Q% IGJ%

&'GJ% /%JG&'QJG'J%

0`L-?/4&IQ&J% "#% &LJ% RRJ% &OL%% MJ% UJ% JGJO% &GL% &GL% JGJRJ% JGJMJ% &(GJ%
'JGJ% Q% (GJ%

&&GJ% %

0`L-?/4/W&IQ&&% "#% &LJ% RRJ% &OL%% 'L% RJ% JGJO% &GL% &GL% JGJRJ% JGJMJ% &(GJ%
'JGJ% Q% IGJ%

&'GJ% (e-%#%/W%#%&GJJ%

0`'-?/4$<&IQ&&Q'% "#% &LJ% RRJ% &IL%% MJ% (J% JGJM% &GL% 'GJ% JGJML% JGJ'L% &(GJ%
'JGJ%

'GJJ%
'GLJ%

IGJ%
&'GJ% /%JG'J%

0`'-?/4$</&IQ&&Q'% "#% &LJ% L&J% 'MJ%% MJ% (J% JGJM% &GL% 'GJ% JGJML% JGJMJ% &(GJ%
'JGJ%

'GJJ%
'GLJ%

IGJ%
&'GJ% /%JG&'QJG'J%

0`R-?/4$</'UQLQ'% "#% &LJ% UJJ% R'J% 'J% MJ% JGJL% &GJ% 'GJ% JGJML% JGJ'L% 'LGJ%
'OGJ%

&GMJ%
'GJJ%

RGL%
UGL% /%JG&'QJG'J%

0`L-?/4$<&IQ&&Q'% "#% &LJ% RRJ% &(L%% MJ% UJ% JGJO% &GL% &GL% JGJRJ% JGJMJ% &(GJ%
'JGJ%

'GJJ%
'GLJ%

IGJ%
&'GJ% %

0`L-?/4$</W&IQ&&Q'% "#% &LJ% RRJ% &(L%% 'L% RJ% JGJO% &GL% &GL% JGJRJ% JGJMJ% &(GJ%
'JGJ%

'GJJ%
'GLJ%

IGJ%
&'GJ% (e-%#%/W%#%&GJJ%

:(C#1,,0D+B0>#%23453678#



High Alloy Specifications 51 

 

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

*%,(#+-,#.&0"/0%")-%1#&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;& (;6?&
)<;6?5;>?!"

"9@8>B&
)H8=J>;AA&

55&

);>A8@;&
1?<;>B?H

"5&
*06&

I8;@E&
1?<;>B?H&
":WXY&
*06&

#&
3&

/?H;<&
);A?A

,& 18& *>& 0& 1& ,<& *G& +8& /?H;<&-5:6=?&
[L&
U&

0`'-?/4$<&IQ&&QM% "#% &LJ% RRJ% &(J%% MJ% (J% JGJM% &GL% &GL% JGJRJ% JGJMJ% &(GJ%
'JGJ%

MGJJ%
MGLJ%

IGJ%
&'GJ% %

0`'-?/4$</&IQ&&QM% "#% &LJ% L&J% 'MJ%% MJ% (J% JGJM% &GL% &GL% JGJRJ% JGJMJ% &(GJ%
'JGJ

MGJJ%
MGLJ

IGJ%
&'GJ /%JG&JQJG'J%

0`'-?/4$</''QLQM% "#% &LJ% UJJ% R'J% 'J% MJ% JGJM% &GJ% 'GJ% JGJML% JGJ'L% '&GJ%
'MGJ%

'GLJ%
MGLJ%

RGL%
UGL% /%JG&'QJG'J%

0`'-?/4$</'LQOQM% "#% &LJ% ULJ% R(J% ''% LJ% JGJM% &GJ% &GL% JGJMJ% JGJ'J% 'RGJ%
'UGJ%

MGJJ%
RGJJ%

UGJ%
(GL%

-C%&GJJ%
/%JG&LQJG'L%

_%&GJJ%

0`'-?/4$</'UQOQR% "#% &LJ% ULJ% R(J% ''% LJ% JGJM% &GJ% &GJ% JGJML% JGJ'L% 'LGJ%
'OGJ%

MGJJ%
LGJJ%

UGJ%
(GJ%

/%JG&'QJG''%
-C%&GMJ%

0`L-?/4$<&IQ&&QM% "#% &LJ% RRJ% 'JL%% MJ% UJ% JGJO% &GL% &GL% JGJRJ% JGJMJ% &(GJ%
'JGJ%

MGJJ%
MGLJ%

&JGJ%
&MGJ% %

0`'/4-?$<-C/'LQ'JQU% "#% LJ% R(J% '&J% MJ% UJ% JGJ'% &GJ% 'GJJ% JGJML% JGJ'J% &IGJ%
'&GJ%

UGJJ%
OGJJ%

'RGJ%
'UGJ%

/%JG&JQJG'L%
-C%JGLJQ&GLJ%

0`'-?/4$<-C/'JQ&(QU% "#% LJ% LJJ% 'UJ% ML% LJ% JGJ'% &GJ% &G'J% JGJMJ% JGJ&J% &IGL
'JGL%

UGJJ
OGJJ%

&OGL
&IGL%

/%JG&(QJG'R
-C%JGLJQ&GJJ%

0`'-?/4$<-C/'LQUQMQM% "#% &LJ% ULJ% R(J% ''% LJ% JGJM% &GJ% &GLJ% JGJML% JGJ'L% 'RGL%
'UGL%

'GLJ%
MGLJ%

LGJ%
OGJ%

/%JG&'QJG''%
-C%'GOLQMGLJ%%

0`M-?/4$<-C/'UQUQM% "#% 'JJ% ULJ% R(J% ''% UJ% JGJM% &GJ% 'GJJ% JGJMJ% JGJ'J% 'RGL%
'UGL%

'GLJ%
MGLJ%

LGL%
OGJ%

/%JG&'QJG'L%
-C%JG(JQ&GMJ%

0`'-?/4$</'LQUQM% "#% &LJ% ULJ% R(J% ''% LJ% JGJM% &GJ% 'GJ% JGJML% JGJ'L% 'RGL%
'UGL%

'GLJ%
MGLJ%

LGL%
OGJ% /%JG&'QJG'L%

"
#!q#f%:C5;7=4;4V71%:4?%8<<B1%q%;7D67?k%"#%f%5<BC;4<=%;?7:;G%"77%<?4E4=:B%56784948:;4<=5%9<?%:AA4;4<=:B%4=9<?D:;4<=G%

!%Z6JG'c%JG'd%<9957;%F47BA%5;?7=E;3%<?%JG'd%6?<<9%5;?7=E;31%ZDc%;7=54B7%5;?7=E;31%!dc%7B<=E:;4<=%:9;7?%9?:8;C?7%<=%<?4E4=:B%E:E7%B7=E;3%,<fLGUL$"<%aY37?7%"<%45%;37%<?4E4=:B%8?<55%578;4<=:B%:?7:b1%\jc%."[%jQ
=<;83%4D6:8;%5;?7=E;3%
%%#37%D4=4DCD%Z6&GJ%>:BC7%45%'L%$]:%34E37?G%

."[%&&IOMc'J&L @+!#QZ+"."#!/#%-!"#%"#++,"%T[Z%0+/+Z!,%!]],.-!#.[/"

#345%.=;7?=:;4<=:B%";:=A:?A%8<>7?5%8:5;%5;77B5%9<?%37:;%?7545;:=;%57?>487G%

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

*%,(#+-,#.&0"/0%")-%1#&
458>8595&9>@;AA&<6>B;&B8C;>D

,(%*-,#.&,/*0/1-)-/+2&3&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D

!<6E;& (;6?
)<;6?5;>?!&

);>A8@;&
1?<;>B?H&

"5&
*06&

I8;@E&
1?<;>B?H
":WXY&
*06&

#
3&

/?H;<&);A?A&

,& 18& *>& 0& 1& ,<& *G& +8& /?H;<A&(6<E>;AA&&
(PO&

*678595&
FA;&

);5:;<6?9<;&
°,$"

0`MJ-?"4O% !%<?%:5Q8:5;% % % % % OLJ% JG'J%
JGML%

&GJ%
'GL%

JGL%
&GJ% JGJML% JGJMJ% UGJ%

(GJ% JG&L% JGL% %

0`RJ-?"4&M% !% % % % MJJ&% (LJ% JGMJ%
JGLJ%

&GJ%
'GL% &GJ% JGJRJ% JGJMJ% &'GJ%

&RGJ% JG&L% JGL% %

:(C#00,-+D+B0>#%23453678



High Alloy Specifications 52 

 

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

*%,(#+-,#.&0"/0%")-%1#&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;& (;6?&
)<;6?5;>?!&

);>A8@;&
1?<;>B?H&

"5&
*06&

I8;@E&
1?<;>B?H&
":WXY&
*06&

#&
3&

/?H;<&);A?A&

,& 18& *>& 0& 1& ,<& *G& +8& /?H;<A&(6<E>;AA&&
(PO&

*678595&
FA;&

);5:;<6?9<;&
°,$"

0`RJ-?"4&O% !% % % % MJJ&% IJJ% JGMJ%
JGLJ%

&GJ%
'GL% &GJ% JGJRJ% JGJMJ% &UGJ%

&IGJ% JGLJ% &GJ% %

0`RJ-?"4'R% !% % % % MJJ&% &JLJ% JGMJ%
JGLJ%

&GJ%
'GL% &GJ% JGJRJ% JGJMJ% 'MGJ%

'UGJ% JGLJ% &GJ% %

0`RJ-?"4'(% !% % % % M'J&% &&JJ% JGMJ%
JGLJ%

&GJ%
'GL% &GJ% JGJRJ% JGJMJ% 'OGJ%

MJGJ% JGLJ% &GJ% %

0`&MJ-?"4'I% !% % % % RJJ&
# &&JJ% &G'J%

&GRJ%
&GJ%
'GL%

JGL%
&GJ% JGJML% JGJMJ% 'OGJ%

MJGJ% JGLJ% &GJ% %

0`'L-?/4"4&(QI% :5Q8:5;% RLJ% 'MJ% &L% % IJJ% JG&L%
JGML%

JGL%
'GL% 'GJ% JGJRJ% JGJMJ% &OGJ%

&IGJ% JGLJ% (GJ%
&JGJ% %

0`'L-?/4"4'JQ&R :5Q8:5; RLJ 'MJ &J IJJ JG&L%
JGML%

JGL%
'GL% 'GJ JGJRJ JGJMJ &IGJ%

'&GJ% JGLJ &MGJ%
&LGJ%

0`RJ-?/4"4''Q&J% :5Q8:5;% RLJ% 'MJ% (% % ILJ% JGMJ%
JGLJ%

&GJ%
'GL% 'GJ% JGJRJ% JGJMJ% '&GJ%

'MGJ% JGLJ% IGJ%
&&GJ% %

0`RJ-?/4"4/W'RQ'R% :5Q8:5;% RJJ% ''J% R% % &JLJ% JGMJ%
JGLJ%

&GJ%
'GL% 'GJ% JGJRJ% JGJMJ% 'MGJ%

'LGJ% JGLJ% 'MGJ%
'LGJ% /W%JG(JQ&G(J%

0`RJ-?/4"4'LQ&'% :5Q8:5;% RLJ% ''J% U% % &JLJ% JGMJ%
JGLJ%

&GJ%
'GL%

JGL%
'GJ% JGJRJ% JGJMJ% 'RGJ%

'OGJ% JGLJ% &&GJ%
&RGJ% %

0`RJ-?/4"4'LQ'J% :5Q8:5;% RLJ% ''J% U% % &&JJ% JGMJ%
JGLJ%

&GJ%
'GL% 'GJ% JGJRJ% JGJMJ% 'RGJ%

'OGJ% JGLJ% &IGJ%
''GJ% %

0`RJ-?/4"4'OQR% :5Q8:5;% RJJ% 'LJ% M% RJJ'% &&JJ% JGMJ%
JGLJ%

&GJ%
'GL% &GL% JGJRJ% JGJMJ% 'LGJ%

'(GJ% JGLJ% MGJ%
UGJ% %

0`RJ/4-?-<'JQ'JQ'J% :5Q8:5;% RJJ% M'J% U% % &&LJ% JGML
JGUJ% &GJ% 'GJ% JGJRJ% JGJMJ% &IGJ

''GJ%
'GLJ
MGJJ%

&(GJ
''GJ%

-<%&(GLQ''GJ%
%%/W%JGOLQ&G'L%

_%'GJQMGJ%

0`&J/4-?/WM'Q'J% :5Q8:5;% RRJ% &OJ% 'J% % &JJJ% JGJL%
JG&'%

JGL%
&GL% 'GJ% JGJRJ% JGJMJ% &IGJ%

'&GJ% JGLJ% M&GJ%
MMGJ% /W%JGLJQ&GLJ%

0`RJ/4-?"4MLQ&O% :5Q8:5;% R'J% ''J% U% % I(J% JGMJ%
JGLJ%

&GJ%
'GL% 'GJ% JGJRJ% JGJMJ% &UGJ%

&(GJ% JGLJ% MRGJ%
MUGJ% %

0`RJ/4-?"4MLQ'U% :5Q8:5;% RRJ% ''J% U% % &JLJ% JGMJ%
JGLJ%

&GJ%
'GL% 'GJ% JGJRJ% JGJMJ% 'RGJ%

'OGJ% JGLJ% MMGJ%
MUGJ% %

0`RJ/4-?"4/WMLQ'U% :5Q8:5;% RRJ% ''J% R% % &JLJ% JGMJ%
JGLJ%

&GJ%
'GL% 'GJ% JGJRJ% JGJMJ% 'RGJ%

'OGJ% JGLJ% MMGJ%
MUGJ% /W%JG(JQ&G(J%

0`RJ/4-?"4M(Q&I% :5Q8:5;% R'J% ''J% U% % &JLJ% JGMJ%
JGLJ%

&GJ%
'GL% 'GJ% JGJRJ% JGJMJ% &(GJ%

'&GJ% JGLJ% MUGJ%
MIGJ% %

0`RJ/4-?"4/WM(Q&I% :5Q8:5;% R'J% ''J% R% % &JJJ% JGMJ%
JGLJ%

&GJ%
'GL% 'GJ% JGJRJ% JGJMJ% &(GJ%

'&GJ% JGLJ% MUGJ%
MIGJ% /W%&G'JQ&G(J%

0Q/4-?'(_% :5Q8:5;% RJJ% ''J% M% % &'JJ% JGML%
JGLL%

&GJ%
'GJ% &GL% JGJRJ% JGJMJ% 'OGJ%

MJGJ% JGLJ% ROGJ%
LJGJ% _%RGJQUGJ%

0Q/4-?LJ/W% :5Q8:5;% LRJ% 'MJ% (% % &JLJ% JG&J% &GJ% &GJ% JGJ'J% JGJ'J% R(GJ%
L'GJ% JGLJ% W:B:=87%

T7%&GJJ%
/%JG&U%

/W%&GJJQ&G(J%

0Q/4-?&I% :5Q8:5;% RRJ% ''J% L% % &&JJ% JGRJ%
JGUJ%

JGL%
'GJ% &GL% JGJRJ% JGJMJ% &UGJ%

'&GJ% JGLJ% LJGJ%
LLGJ% %

0Q/4-?&L% :5Q8:5;% RJJ% 'JJ% M% % &&JJ% JGML%
JGUL% 'GJ% &GM% JGJRJ% JGJMJ% &MGJ%

&IGJ% Q% URGJ%
UIGJ% %



High Alloy Specifications 53 

 

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

*%,(#+-,#.&0"/0%")-%1#&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;& (;6?&
)<;6?5;>?!&

);>A8@;&
1?<;>B?H&

"5&
*06&

I8;@E&
1?<;>B?H&
":WXY&
*06&

#&
3&

/?H;<&);A?A&

,& 18& *>& 0& 1& ,<& *G& +8& /?H;<A&(6<E>;AA&&
(PO&

*678595&
FA;&

);5:;<6?9<;&
°,$"

0`LJ/4-?-<_MLQ'LQ&LQL% :5Q8:5;% R(J% 'OJ% L% % &'JJ% JGRL%
JGLL%

&GJ%
'GJ% &GJ% JGJRJ% JGJMJ% 'RGJ%

'UGJ% Q% MMGJ%
MOGJ%

_%RGJQUGJ%
-<%&RGJQ&UGJ%

0Q-<-?'(% :5Q8:5;% $# $
#

$
# % &'JJ% JGJL%

JG'L%
JGL%
&GL% &GL% JGJRJ% JGJMJ% 'OGJ%

MJGJ% JGLJ% RGJ%
%

-<%R(GJQL'GJ%
T7%W:B:=87%

"
#!f%:==7:BG%"77%<?4E4=:B%56784948:;4<=5%9<?%:AA4;4<=:B%4=9<?D:;4<=%

!%Z6JG'c%JG'd%<9957;%F47BA%5;?7=E;3%<?%JG'd%6?<<9%5;?7=E;31%ZDc%;7=54B7%5;?7=E;31%!dc%7B<=E:;4<=%:9;7?%9?:8;C?7%<=%<?4E4=:B%E:E7%B7=E;3%,<fLGUL$"<%aY37?7%"<%45%;37%<?4E4=:B%8?<55%578;4<=:B%:?7:b%
%%$:e4DCD%C57%;7D67?:;C?7%A767=A5%C6<=%;37%:8;C:B%C57%8<=A4;4<=5%:=A%;3757%>:BC75%:?7%W74=E%E4>7=%<=BF%;<%:4A%;37%C57?G%#3757%:?7%E4>7=%9<?%<e4A4V4=E%7=>4?<=D7=;5G%#37%:8;C:B%:BB<F%8<D6<54;4<=%Y4BB%
:B5<%:9978;%67?9<?D:=87G%
&
#$:e4DCD%3:?A=755%4=%:==7:B7A%8<=A4;4<=%*%8:5;4=E5%D:F%:B5<%W7%5C66B47A%4=%;37%m:5%8:5;n%8<=A4;4<=1%4=%Y3483%8:57%3:?A=755%B4D4;5%Y4BB%=<;%:66BFG%

'%$:e4DCD%@P_%
$%]?<67?;475%:5%:E?77A%C6<=%WF%D:=C9:8;C?7?%:=A%6C?83:57?G%

."[%&'O'Lc&IIO% /.-\+,%!/S%/.-\+,%!,,[i%-!"#./0"%

#345%.=;7?=:;4<=:B%";:=A:?A%567849475%?7XC4?7D7=;5%9<?%=48^7B%:=A%=48^7B%:BB<F%8:5;4=E5G%%#37%E?:A75%8<>7?7A%?76?757=;%;F675%<9%:BB<F5%
5C4;:WB7%9<?%:%W?<:A%?:=E7%<9%:66B48:;4<=%4=%:%Y4A7%>:?47;F%<9%8<??<54>7%:=A%34E3%;7D67?:;C?7%7=>4?<=D7=;5G%

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

*%,(#+-,#.&0"/0%")-%1#&
458>8595&9>@;AA&<6>B;&B8C;>D&&

,(%*-,#.&,/*0/1-)-/+2&3&&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D$&

!<6E;&
6>E&F+1&

(;6?&&
)<;6?5;>?!"

);>A8@;&
1?<;>B?H&

"5&
*06&

I8;@E&
1?<;>B?H&

":WXY&
*06&

#&
3&

/?H;<&);A?A&
,& ,G& ,<& ,9& M;& *>& *G& +8& 0& 1& 18& O& +K& L& +KQ)6&(6<E>;AA&

(P+&

-Q/4II1%@-% :5%8:5;% MRL%
LRL% &'L% &J% % &GJJ% % % &G'L% MGJ% &GLJ% % ILGJ% JGJMJ% JGJMJ% 'GJJ% % % % %

-Q/4-CMJ"4 :5%8:5;% RLJ%
ULJ% 'JL 'L JGML 'UGJ%

MMGJ% MGL &GLJ W:B:=87% JGJMJ JGJMJ 'GJJ JGL

-Q/4-CMJ% :5%8:5;% RLJ% &OJ% 'L% % JGML% % % 'UGJ%
MMGJ% MGL% &GLJ% % W:B:=87% JGJMJ% JGJMJ% &G'L% % JGL% % %

-Q/4-CMJ"4M% :5%8:5;% UIJ%
(IJ% R&L% &J% % JGMJ% % % 'OGJ%

MMGJ% MGL% &GLJ% % W:B:=87% JGJMJ% JGJMJ% 'GO%
MGO% % % % %

-Q/4-CMJ/W'"4'% :5%8:5;% RLJ% ''L% 'L% % JGMJ% % % 'UGJ%
MMGJ% JGL% &GLJ% % W:B:=87% JGJMJ% JGJMJ% &GJ%

'GJ% % &GJ%
MGJ% % %

-Q/4$<M&% _K% L'L%
O'L% 'OL% U% % JGJM% % &GJ% % MGJ% &GJJ% MJGJ%

MMGJ% W:B:=87% JGJMJ% JGJMJ% &GJJ% % % % %

-Q/4$<MJT7L% _K% L'L%
O'L% 'OL% 'J% % JGJL% % &GJ% % RGJ%

UGJ% &GJJ% 'UGJ%
MMGJ% W:B:=87% JGJMJ% JGJMJ% &GJJ% % % JG'J%

JGUJ% %

-Q/4-?''T7'J$<O-C' _K% LLJ%
OLJ% ''J MJ JGJ' LGJ '&GL%

'MGL%
&GL%
'GL%

&(GJ%
'&GJ% &GJJ UGJ%

(GJ% W:B:=87% JGJ'L JGJMJ &GJJ &GLJ JGL

-Q/4-?''$<I/WR% _K% R(L%
U(L% 'OL% 'L% % JGJU% % 'JGJ%

'MGJ% % LGJ% &GJJ% (GJ%
&JGJ% W:B:=87% JGJMJ% JGJMJ% &GJJ% % MG'%

RGL% % %

-Q/4-?&U$<&U% _K% RIL%
UIL% 'OL% 'J% % JGJ'% % &LGJ%

&OGL% % 'GJ% &GJJ% &LGJ%
&OGL% W:B:=87% JGJMJ% JGJMJ% JG(J% &GJJ% % % %

:(C#00,-=D#+B0>#%23453678#



High Alloy Specifications 54 

 

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

*%,(#+-,#.&0"/0%")-%1#&
458>8595&9>@;AA&<6>B;&B8C;>D&&

,(%*-,#.&,/*0/1-)-/+2&3&&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D$&

!<6E;&
6>E&F+1&

(;6?&&
)<;6?5;>?!"

);>A8@;&
1?<;>B?H

"5&
*06&

I8;@E&
1?<;>B?H

":WXY&
*06&

#&
3&

/?H;<&);A?A&
,& ,G& ,<& ,9& M;& *>& *G& +8& 0& 1& 18& O& +K& L& +KQ)6&(6<E>;AA&

(P+&

-Q/4$<&O-?&UT7U_R% _K RIL%
UIL% 'OL% R% % JGJU% % &LGL%

&OGL% % RGL%
OGL% &GJJ% &UGJ%

&(GJ% W:B:=87 JGJMJ% JGJMJ% &GJJ% MG(%
LGM% % JG'J%

JGRJ% %

-Q/4-?'&$<&RT7R_M% _K% LLJ% '(J% MJ% % JGJ'% % 'JGJ%
''GL % 'GJ%

UGJ &GJJ% &'GL%
&RGL W:B:=87% JGJ'L% JGJ'L% JG(J% 'GL%

MGL % JGML% %

-Q/4-?&($<&(% _K% RIL%
UIL% 'OL% 'L% % JGJM% % &OGJ%

'JGJ% % MGJ% &GJJ% &OGJ%
'JGJ% W:B:=87% JGJMJ% JGJMJ% &GJJ% % % % %

-Q/4-?&LT7% _K% R(L%
U(L% &IL% MJ% % JGRJ% % &RGJ%

&OGJ% % &&GJ% &GLJ% % W:B:=87% JGJMJ% JGJMJ% MGJJ% % % % %

-Q/4T7MJ-?'J$<M-C/W% !-% RLJ
ULJ% &OJ% 'L% % JGJL% % &IGL

'MGL%
&GL
MGJ%

'(GJ
M'GJ% &GJJ% 'GL

MGL% W:B:=87% JGJMJ% JGJMJ% JGOL
&G'J% % JGOJ

&GJJ% % %

-Q/4"4I-CM% !-% % % % MJJ% JG&'% % &GJ% 'GR%
RGJ% % &GLJ% %

% W:B:=87% JGJMJ% JGJMJ% (GL%
&JGJ% % % % %

"
#"77%<?4E4=:B%56784948:;4<=%9<?%9CBB%A7;:4B5G%

!%Z6JG'c%JG'd%<9957;%F47BA%5;?7=E;3%<?%JG'd%6?<<9%5;?7=E;31%ZDc%;7=54B7%5;?7=E;31%!dc%7B<=E:;4<=%:9;7?%9?:8;C?7%<=%<?4E4=:B%E:E7%B7=E;3%,<fLGUL$"<%aY37?7%"<%45%;37%<?4E4=:B%8?<55%578;4<=:B%:?7:b%
%%"4=EB7%>:BC75%:?7%D:e4DCD%B4D4;51%7e876;%9<?%=48^7B%9<?%Y3483%54=EB7%>:BC75%:?7%D4=4DCDG%

."[%&IIUJc'J&L% -!"#%"#++,"%!/S%!,,[i"%_.#@%"]+-.!,%]@i".-!,%]Z[]+Z#.+"%

#345%.=;7?=:;4<=:B%";:=A:?A%567849475%8:5;%5;77B%:=A%:BB<F%E?:A75%Y4;3%56784:B%63F548:B%6?<67?;475G%#37%8:5;%5;77B%:=A%:BB<F%E?:A75%
8<>7?7A%WF%;345%.=;7?=:;4<=:B%";:=A:?A%:?7%C57A%4=%:66B48:;4<=5%Y3483%?7XC4?7%B<Y%B4=7:?%;37?D:B%7e6:=54<=1%<?%B<Y%97??<D:E=7;48%
?756<=5751%<?%B<Y%E:BB4=E%6?<67?;475G%

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

*%,(#+-,#.&0"/0%")-%1#&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D$&

!<6E;& (;6?&
)<;6?5;>?!"

);>A8@;&
1?<;>B?H&

"5&
*06&

I8;@E&
1?<;>B?H&

":XWY&
*06&

#&
3&

/?H;<&);A?A&
,& 18& *>& 0& 1& ,<& *G& +8& +& ,G& /?H;<A&-5:6=?&);A?&

[L&
U&

0`&'-?/4&(Q&&%% "#% RRJ%
LIJ% &IL% 'J% (J% JG&L% &GJJ% 'GJ% JGJRL% JGJMJ% &UGL%

&(GL% JGOL% &JGJ%
&'GJ% % %

0`'-?/4/&(Q&M%% "#% RRJ%
URJ% '&J% MJ% &&L% JGJMJ% &GJJ% 'GJ% JGJML% JGJ'J% &UGL%

&(GL% Q% &'GJ%
&RGJ%

JG&J%
JG'J% %

0`'-?/4$</&(Q&R%% "#% RIJ%
UIJ% 'RJ% MJ% (J% JGJMJ% &GJJ% 'GJ% JGJML% JGJ'J% &UGL%

&(GL%
'GL%
MGJ%

&MGJ%
&LGJ%

JG&L%
JG'L% %

0`'-?/4/&IQ&&%% "#% "%RRJ% &(J% MJ% % JGJMJ% &GL% 'GJ% JGJML% JGJ'J% &(GJ%
'JGJ% &GJ% &JGJ%

&'GJ%
JG&J%
JG'J% %

0`M-?/4$="4&OQIQ(%% "#% "%L(J% 'IJ% 'R% % JGJL% MGL%
RGL%

OGJ%
IGJ% JGJRL% JGJMJ% &UGJ%

&(GJ% &GJ% (GJ%
IGJ%

JGJ(%
JG&(% %

0`R-?/4$=/''Q&'QL%% "#% "%L(J% 'IJ% 'R% % JGJU% &GJ% RGJ%
UGJ% JGJRJ% JGJMJ% 'JGL%

'MGL%
&GLJ%
MGJJ%

&&GL%
&MGL%

JG'J%
JGRJ% % /W%JG&JQJGMJ%

j%JG&JQJGMJ%

0`'-?/4$=$<//W'&Q&UQLQM%% "#% LOJ%
(JJ% M&L% 'J% UL% JGJMJ% &GJ% RGJ%

UGJ% JGJ'L% JGJ&J% 'JGJ%
'&GL%

MGJ%
MGL%

&LGJ%
&OGJ%

JG'J%
JGML% % /W%JG'L%

0`M/4-<M'&% "#%o%#% % % % % JGJL% JGLJ% JGU% JGJMJ% JGJ'% JG'L% &GJ% MJGL%
MMGL% % RGJ%

UGL% !B%JG&J%

:(C#0+-+>D#0,,-#%23453678#



High Alloy Specifications 55 

 

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

*%,(#+-,#.&0"/0%")-%1#&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D$&

!<6E;& (;6?&
)<;6?5;>?!"

);>A8@;&
1?<;>B?H&

"5&
*06&

I8;@E&
1?<;>B?H&

":XWY&
*06&

#&
3&

/?H;<&);A?A&
,& 18& *>& 0& 1& ,<& *G& +8& +& ,G& /?H;<A&-5:6=?&);A?&

[L&
U&

0`&/4-<'IQ&O&% "#%o%#% % % % % JGJL% JGLJ% JGL% JGJMJ% JGJ'% JG'L% &GJ% '(GJ%
MJGJ% % &UGJ%

&(GJ%

0`M/4MU&% "#%o%#% "%MIL% 'OL% '(% % JGJL% JGL% JGL% JGJMJ% JGJ'% JG'L% &GJ% MLGJ%
MOGJ% % %

0`L/4"MU&& "#%o%#% "%MIL% 'OL% 'L% % JGJL% JGL% JGL% JGJMJ% JG&J%
JG'J% JG'L% &GJ% MLGJ%

MOGJ% % %

0Q/4-?&M"=P4$<'% :5%8:5;% % % % % JGJL% JGL% &GL% JGJMJ% JGJMJ% &&GJ%
&RGJ%

'GJ%
MGL% W:B:=87% % %

T7%'GJ%
P4%MGJQLGJ%
"=%MGJQLGJ%

"%"#f5<BC;4<=%;?7:;k%"#o#%f%5<BC;4<=%;?7:;%o%;7D67?G%"77%<?4E4=:B%56784948:;4<=%9<?%D<?7%A7;:4B5G#
!#Z6JG'c%JG'd%<9957;%F47BA%5;?7=E;3%<?%JG'd%6?<<9%5;?7=E;31%ZDc%;7=54B7%5;?7=E;31%!dc%7B<=E:;4<=%:9;7?%9?:8;C?7%<=%<?4E4=:B%E:E7%B7=E;3%,<fLGUL$"<%aY37?7%"<%45%;37%<?4E4=:B%8?<55%578;4<=:B%:?7:b1%\jc%."[%jQ
=<;83%4D6:8;%5;?7=E;3%
%%,<Y%97??<D:E=7;48%?756<=57%E?:A75%Y4;3%D:E=7;48%67?D7:W4B4;F1%µ?%#%&GJ&%
&%T<?%B<Y%B4=7:?Q7e6:=54<=%E?:A751%577%<?4E4=:B%56784948:;4<=%#:WB7%RG%
'%,<Y%E:BB4=E%E?:A7%

,B<FAr5%Z7E45;7?%ZCB7%'GRG(%*%&U% "#++,%-!"#./0"%]!Z#%'1%-@!]#+Z%R1%"+-#.[/%(c%!2"#+/.#.-%"#!./,+""%"#++,%-!"#./0"%

#345%"78;4<=%E4>75%;37%?7XC4?7D7=;5%9<?%8:5;4=E5%4=%:C5;7=4;48%5;:4=B755%5;77B5%9<?%6464=E%5F5;7D5%4=%53465%9<?%B4XC7947A%E:5751%
:=A%4=%WCB^%837D48:B%;:=^7?5G%

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

*%,(#+-,#.&0"/0%")-%1&&
458>8595&9>@;AA&<6>B;&B8C;>D&

,(%*-,#.&,/*0/1-)-/+2&3&&
45678595&:;<=;>?&9>@;AA&<6>B;&B8C;>D&

!<6E;& (;6?&
)<;6?5;>?!"

);>A8@;&
1?<;>B?H&
*06&

I8;@E&
1?<;>B?H&
":ZXW&
*06&

%@G>B&
3&

";E&#&
3&

/?H;<&);A?A#

,& 18& *>& 1& 0& ,<& *G& +8& /?H;<A&-5:6=?&);A?&
U& °,&

MJR, "# RMJ '&L 'U RJ R& Q&IU JGJM JG'J%
&GL%

JGLJ%
'GJ% JGJRJ JGJRJ &OGJ%

'&GJ% Q (GJ%
&'GJ% Q

MJR% "#% R(J% ''J% 'U% RJ% R&% Q&IU% JGJ(% JG'J%
&GL%

JGLJ%
'GJ% JGJRJ% JGJRJ% &OGJ%

'&GJ% Q% (GJ%
&'GJ% Q%

M&U,% "#% RMJ% '&L% 'U% RJ% R&% Q&IU% JGJM% JG'J%
&GL%

JGLJ%
'GJ% JGJRJ% JGJRJ% &OGJ%

'&GJ%
'GJ%
MGJ%

IGJ%
&MGJ% Q%

M&U% "#% R(J% ''J% 'U% RJ% R&% Q&IU% JGJ(% JG'J%
&GL%

JGLJ%
'GJ% JGJRJ% JGJRJ% &OGJ%

'&GJ%
'GJ%
MGJ%

IGJ%
&MGJ% Q%

M&O% "#% R(J% 'RJ% 'U% RJ% R&% Q&IU% JGJ(% JG'J%
&GL%

JGLJ%
'GJ% JGJRJ% JGJRJ% &OGJ%

'&GJ%
MGJ%
RGJ%

IGJ%
&'GJ% Q%

MRO% "#% R(J% '&L% ''% ML% R&% Q&IU% JGJU% JG'J%
&GL%

JGLJ%
'GJ% JGJRJ% JGJRJ% &OGJ%

'&GJ% Q% IGJ%
&'GJ% /W%"%(%e%-%#%JGIJ%&%

HI''JL%% "#% UJJ% R'J% 'J% ML% R&% J% JGJM% &GJJ% &GLJ% JGJ'J% JGJML% '&GJ%
'MGJ%

'GL%
MGL%

RGL%
UGL%

/%JG&L%*%JG'J%
-C%&GJJ%

"
#"77%<?4E4=:B%56784948:;4<=%9<?%9CBB%A7;:4B5%<=%37:;%;?7:;D7=;G%

!
#"77%<?4E4=:B%56784948:;4<=%9<?%9CBB%A7;:4B5%5C83%:5%=<=QA75;?C8;4>7%7e:D4=:;4<=%:=A%4=;7?8?F5;:BB4=7%8<??<54<=%;75;5G%

%
##37%E?:A7%2/"%HI''JL%45%;37%8:5;%7XC4>:B7=;%<9%2/"%"M&(JMG%

:(C#0,,?BD#+B0>#%23453678#



High Alloy Specifications 56 

 

&%_37=%EC:?:=;77A%4D6:8;%>:BC75%:;%B<Y%;7D67?:;C?7%:?7%=<;%?7XC4?7A1%;37%D:e4DCD%8:?W<=%8<=;7=;%D:F%W7%JGJ(d%:=A%;37%D:e4DCD%=4<W4CD%D:F%W7%&GJJd%

$.,Q-Q'ROJO)M%*%(I% -!"#./0"1%T+ZZ[2"1%-[ZZ[".[/QZ+"."#!/#1%!2"#+/.#.-1%-@Z[$.2$Q/.-\+,%

#345% 56784948:;4<=% 8<>7?5% :C5;7=4;48% 83?<D4CDQ=48^7B% :BB<F% 8:5;4=E5% 9<?% 8<??<54<=Q?7545;:=;% :=A% B<Y% D:E=7;48% 67?D7:W4B4;F%
:66B48:;4<=5G%

0"%L-/F1&10%,-M-,#)-/+&
&

*-.&A:;=8R8=6?8G>&4=@6AAD

"%0.#,%*%+)&10%,-M-,#)-/+&
*-.S,SY\]W]^_&

#1)*&A:;=8R8=6?8G>&4B<6E;D
$.,Q"Q&OLJI%a.b% !%ORR%a-T(b%
$.,Q"Q&OLJI%a..b% !%ORR%a-T(-b%
$.,Q"Q&OLJI%a...b% !%ORR%a-T($b%

$.,Q"Q(UO%a.b% !%ORR%a-T(b%
$.,Q"Q(UO%a..b% !%ORR%a-T(-b%
$.,Q"Q(UO%a...b% !%ORR%a-T($b%

!AA4;4<=:B%=<;75%9<?%56784948:;4<=%:?7%:5%9<BB<Y5k%577%<?4E4=:B%D4B4;:?F%56784948:;4<=%W<<^B7;%9<?%9C?;37?%4=9<?D:;4<=1%4=8BCA4=E%KC:B4;F%!55C?:=87%]?<>454<=5G%%#Y<%A4997?7=;%B7>7B5%D:F%W7%56784947Ak%B7>7B%.%3:5%
=<%D:E=7;48%?75;?48;4<=5%:=A%B7>7B%..%3:5%B<Y%?7B:;4>7%D:E=7;48%67?D7:W4B4;FG%%T<?%:BB%E?:A751%5C66B7D7=;:?F%?7XC4?7D7=;5%"l&%a4=;7?E?:=CB:?%8<??<54<=%;75;b%:=A%"l'%a;7=54<=%;75;b%<9%!"#$%!%ORR%53:BB%W7%
D:=A:;<?FG%%_37=%;F67%..%45%56784947A1%;37%?7B:;4>7%D:E=7;48%67?D7:W4B4;F%<9%;37%8:5;4=E5%53:BB%=<;%7e877A%&GM%9<?%94?5;%:?;48B7%:=A%&GU%9<?%XC:B4;F%8<=9<?D:=87%;75;5k%C=B755%<;37?Y457%56784947A1%;37%947BA%
5;?7=E;3%53:BB%W7%JGL%<7?5;7A5%9<?%94?5;%:?;48B7%;75;4=EG%%@7:;%;?7:;%8:5;4=E%67?%!"#$%!%ORR%7e876;%;37%D4=4DCD%;7D67?:;C?7%53:BB%W7%&ILJ°TG%%!9;7?%:BB%8B7:=4=E%:=A%D:834=4=E1%;37%8:5;4=E%53:BB%W7%
6:554>:;7A%4=%:88<?A:=87%Y4;3%KKQ]QMLG%

$.,Q-Q'ROJO)U%*%(I% -!"#./0"1%T+ZZ[2"1%-@Z[$.2$%"#++,1%T[Z%]Z+""2Z+Q-[/#!././0%]!Z#"%"2.#!P,+%T[Z%@.0@Q#+$]+Z!#2Z+%
"+Zj.-+%

#345%56784948:;4<=%8<>7?5%&'d%83?<D4CD%5;77B%8:5;4=E5%9<?%34E3%;7D67?:;C?75%:=A%9<?%4D6:8;%:;%B<Y%;7D67?:;C?75G%

0"%L-/F1&10%,-M-,#)-/+&
&

*-.&A:;=8R8=6?8G>&4=@6AAD&

"%0.#,%*%+)&10%,-M-,#)-/+&
*-.S,SY\]W]^`&

#1)*&A:;=8R8=6?8G>&4B<6E;D&
$.,Q"Q&UIIM%a&b% !%'&O%a-!&Lb%
$.,Q"Q&UIIM%a'b% !%R(O%a-!&L$1%8B:55%!b%

!AA4;4<=:B%=<;75%9<?%56784948:;4<=%:?7%:5%9<BB<Y5k%577%<?4E4=:B%D4B4;:?F%56784948:;4<=%W<<^B7;%9<?%9C?;37?%4=9<?D:;4<=1%4=8BCA4=E%KC:B4;F%!55C?:=87%]?<>454<=5G%%!"#$%!%OLO%E?:A7%+M/%8:5;4=E5%:?7%4=;7=A7A%9<?%
C57%Y37?7%74;37?%-!Q&L%<?%-!Q&L$%45%C57Ak%E?:A7%+M/%3:5%W7;;7?%Y7BA:W4B4;F1%8<??<54<=%:=A%7?<54<=%?7545;:=871%B<Y%;7D67?:;C?7%6?<67?;475%5C83%:5%=<;83%;<CE3=7551%:=A%4D6?<>7A%5<C=A=755%:=A%8:5;4=E%
83:?:8;7?45;485G%%-!&L$%8:5;4=E5%53:BB%W7%=<?D:B4V7A%:=A%;7D67?7A%<=BF%Y4;3%:%;7D67?4=E%;7D67?:;C?7%=<;%B755%;3:=%&&JJ°Tk%:%B4XC4A%XC7=83%53:BB%=<;%W7%C57A%Y4;3<C;%;37%67?D4554<=%<9%;37%-<DD:=A%<?%
:E7=8F%8<=87?=7AG%

EF2G8HI#J7K5I47L#J6F7#+M1MA#/#0?#%23453678#



Centrifugally Cast Specifications 57 

 

!"##$%&'()'#$*+%,$-'!.+/,),/$*,(0!'
)(%'/+0*%,)"1$--&'/$!*'!*++-!

!"#$%&'(&)&#'(*&$+&,"-*.'+/0)##1&,)(*&(*""#&(2",'+',)*'$-(3&%'*4&(/55).1&6"*)'#(&$-&*4"&+$##$%'-0&2)0"(7&&8$*"&*4)*&*4"&
9)#/"(&0'9"-&'-&*4"&(/55).1&$+&*4"&(2",'+',)*'$-(&)."&(*)*"6&%'*4&"'*4".&:7;7&<$-9"-*'$-)#&:-'*(&=:;<;>&$.&?"*.',&
=;@>&/-'*(3&)-6&)."&*$&A"&."0).6"6&("2).)*"#17&&:-'*(&0'9"-&'-&A.),B"*(&)."&;@&/-'*(7&&C4"&9)#/"(&(*)*"6&'-&"),4&(1(*"5&
)."& -$*& "D),*& "E/'9)#"-*(& =($+*& ,$-9".('$->F& *4"."+$."3& "),4& (1(*"5&5/(*& A"& /("6& '-6"2"-6"-*#1& $+& *4"& $*4".7&&
<$5A'-'-0& 9)#/"(& +.$5& *4"& *%$& (1(*"5(3& A1& /('-0& ,$-9".('$-& "E/)*'$-(& =4).6& ,$-9".('$->3& 5)1& ."(/#*& '-&
-$-,$-+$.5)-,"&%'*4&*4"&(2",'+',)*'$-7&&G#($&-$*"&*4)*&*4"&9)#/"(&'-&*4"&*)A#"&)."&0'9"-&'-&)&5'-'5/5&$9".&5)D'5/5&
+$.5)*7&&C4'(&5")-(&*4)*&'+&*4"&9)#/"&'(&)&5'-'5/5&'*&%'##&A"&#'(*"6&'-&*4"&/22".&2$.*'$-&$+&*4"&(2",'+',)*'$-H(&*)A#"&.$%&
)-6&'-&*4"&#$%".&2$.*'$-&$+&*4"&.$%&'+&'*&'(&)&5)D'5/5&9)#/"7&&I'-)##13&-$*"&*4)*&*)A#"(&)-6&*4"'.&+$$*-$*"(&5)1&A"&(2#'*&
),.$((&*%$&$.&5$."&2)0"(7&

G;C?&G&JKLMG&JKL?&N&OP& <"-*.'+/0)##1&<)(*&I"..'*',&G##$1&;*""#&Q'2"&+$.&R'04SC"52".)*/."&;".9',"&
G;C?&G&JTOMG&JTO?&N&OJ& <"-*.'+/0)##1&<)(*&G/(*"-'*',&;*""#&Q'2"&+$.&R'04SC"52".)*/."&;".9',"&
G;C?&G&LUVMG&LUV?&N&OJ& <"-*.'+/0)##1&<)(*&@.$-S<4.$5'/5S8',B"#&R'04SG##$1&C/A'-0&+$.&Q."((/."&G22#',)*'$-&)*&R'04&

C"52".)*/."(&
G;C?&G&LLUMG&LLU?&N&OO& <"-*.'+/0)##1&<)(*&<).A$-&;*""#&Q'2"&+$.&R'04&C"52".)*/."&;".9',"&
G;C?&G&VWKMG&VWK?&N&OJ& <"-*.'+/0)##1&<)(*&I"..'*',MG/(*"-'*',&;*)'-#"((&;*""#&Q'2"&+$.&<$..$('9"&X-9'.$-5"-*(&
@;Y&OPTVPSKZKUOT& <"-*.'+/0)##1&<)(*&;*""#&)-6&G##$1&Q.$6/,*(Z&R")*&["('(*)-*&?)*".')#(&



Centrifugally Cast Specifications 58 

 

!"#$%!%&'()!%&'($%*%+,% -./#01234!556%-!"#%2.001#1-%!5576%"#..5%818.%270%9149:#.$8.0!#30.%".0;1-.%

#<=>%>?@A=B=ACD=EF%AEG@H>%A@FDH=BIJCKKL%AC>D%CKKEL%>D@@K%?=?@%=FD@FM@M%BEH%I>@%=F%<=J<:D@N?@HCDIH@O%<=J<:?H@>>IH@%>@HG=A@P%

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

*%,(#+-,#.&/"0/%")-%1
23454363&657899&:;5<8&<4=85>&

,(%*-,#.&,0*/01-)-0+?&@!

23;A4363&B8:C85D&657899&:;5<8&<4=85>&

!:;E8&
;5E&F+1&

(8;D&
):8;D385D"#

)859478&1D:85<DG& H487E&1D:85<DG&
%7I5<&
@$&

"8E&#&
@&

0DG8:&)89D9%#
,& *5& /& 1& 14& ,:& *I&J94& */;& J94& */;&

(;:E5899&
23;A>&
(KL&

-8+%

Q+'R'+
/#%EH%S#% (R% &RT% ,R% '&T% '&% ,R% 'T+% TP'R%

TP,T%

TPUT
TPT,T% TPT'R%

TP+T%

TPRT
V%

TP&&%

TP(R

-8'%

Q++R&W%
/#%EH%S#% (T% &+R% ,T% 'TR% ''% ,R% 'T+%

TP+T%

TP'T%

TP,T%

TP(+%
TPT,T% TPT'R%

TP+T%

TPRT%

TPRT%

TPU+%

TP&&%

TP(R%

-8R%

Q&'T&R%
/#%EH%S#% XT% ('T% (T% &+R% +U% ,R% ''R% TP'T%

TP,T%

TPWT%
TPT,T% TPT'R% TPWR%

&PTT%

(PRT%

TP&R%

TP(R%

-8RY%

QR+R&R%
/#%EH%S#% (T% &+R% ,T% 'TR% ''% ,R% ''R% TP+R%

TP,T%

TP(T%
TPT,T% TPT'R%

+PTT%

'PTT%

&PTT%

(PTT%

TP&R%

TP(R%

-8X%

QU'TXT%
/#%EH%S#% XT% ('T% (T% &+R% +U% ,R% ''R% TP'T%

TP,T%

TP(R%
TPT,T% TPT'R%

TP'R%

+PTT%

UPTT%

+TPTT%

TPXT%

+P'T%

-8++%

Q+'TW'%
/#%EH%S#% WT% &UR% &T% 'WR% 'T% ,R% 'T+%

TPTR%

TP'T%

TP,T%

TPUT%
TPT,T% TPT'R% TP(T%

+PTT%

+PRT%

TP&&%

TP(R%

-8+'%

Q++R('
/#%EH%S#% (T% &+R% ,T% 'TR% ''% ,R% 'T+%

TPTR%

TP+R

TP,T%

TP(+
TPT,T% TPT'R% TPRT%

TPUT%

+P'R

TP&&%

TP(R

-8+R%

Q++R''%
/#%EH%S#% (T% &+R% ,T% 'TR% ''% ,R% 'T+% TP+R%

TP,T%

TP(T%
TPT,T% TPT'R%

+P+R%

+P(R%
V%

TP&&%

TP(R%

-8'+%

Q,+R&R%
/#%EH%S#% (T% &+R% ,T% 'TR% ''% ,R% 'T+%

TPTR%

TP+R%

TP,T%

TP(T%
TPT,T% TPT'R% TPRT%

'P(R%

,P,R%

TPUT%

+PT(%

-8''%

Q'+UXT%
/#%EH%S#% WT% &UR% &T% 'WR% 'T% ,R% 'T+%

TPTR%

TP+R%

TP,T%

TPWT%
TPT,T% TPT'R% TP(T%

'PTT%

'PWR%

TPXT%

+P'T%

-8-!+R%

QX++RT%
/#%EH%S#% XT% ('T% (R% &RT% +U% ,T% ''R% TP+R% +PTT% TPT,T% TPT'R% +PRT%

++PR%

+&PT%
TPRT%

!
""@@%EH=J=FCK%>?@A=B=ACD=EF%BEH%CMM=D=EFCK%M@DC=K>%EF%<@CD%DH@CDN@FDP%
#
%.KEFJCD=EF%=F%'%=FP%ZRT%NN[%I>=FJ%C%>DCFMCHM%HEIFM%>?@A=N@FO%=F%@=D<@H%D<@%DHCF>G@H>@%EH%KEFJ=DIM=FCK%M=H@AD=EFP%
$
%9LMHE>DCD=A%D@>D%*%>@@%EH=J=FCK%>?@A=B=ACD=EF%BEH%BIHD<@H%M@DC=K>P%

%"
\<@H@%@KK=?>@>%]V^%C??@CH%=F%D<=>%DCYK@O%D<@H@%=>%FE%H@_I=H@N@FDP

""

!"#$%!%&R+)!%&R+$%*%+&% -./#01234!556%-!"#%!3"#./1#1-%"#..5%818.%270%9149:#.$8.0!#30.%".0;1-.%

#<=>%>?@A=B=ACD=EF%AEG@H>%CI>D@F=D=A%CKKEL%>D@@K%?=?@%BEH%I>@%=F%<=J<:D@N?@HCDIH@O%AEHHE>=G@O%EH%FIAK@CH%?H@>>IH@%>@HG=A@P%

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

*%,(#+-,#.&/"0/%")-%1
23454363&657899&:;5<8&<4=85>&

,(%*-,#.&,0*/01-)-0+?&@
23;A4363&B8:C85D&657899&:;5<8&<4=85>&

!:;E8&
;5E&F+1&

(8;D&
):8;D385D"#

)859478&
1D:85<DG&

H487E&
1D:85<DG& %7I5<&

@&
0DG8:&)89D9&

,& *5& /& 1& 14& +4& ,:& *I& ,M& );& +&
J94& */;& J94& */;& (NE:I9D;D4C&

)89D%#
-82,%

QX'RTT%
"#% WT% &UR% ,T% 'TR% ,R% % TPT,% +PRT% TPT&T% TPT&T% 'PTT%

UPT%

+'PT%

+WPT%

'+PT%
V% V% %



Centrifugally Cast Specifications 59 

 

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

*%,(#+-,#.&/"0/%")-%1&
23454363&657899&:;5<8&<4=85>&

,(%*-,#.&,0*/01-)-0+?&@&
23;A4363&B8:C85D&657899&:;5<8&<4=85>&

!:;E8&
;5E&F+1&

(8;D&
):8;D385D"#

)859478&
1D:85<DG

H487E&
1D:85<DG %7I5<&

@&
0DG8:&)89D9&

,& *5& /& 1& 14& +4& ,:& *I& ,M& );& +&
J94& */;& J94& */;& (NE:I9D;D4C&

)89D%#
-82,!%

QX'RTT%
"#% WW

$
% R,R

$
% ,R

$
% '&T

$
% ,R

$
% % TPT,% +PRT% TPT&T% TPT&T% 'PTT%

UPT%

+'PT%

+WPT%

'+PT%
V% V% %

-82U%

QX'(TT%
"# WT &UR ,T 'TR ,R TPTU +PRT TPT&T TPT&T 'PTT

UPT%

++PT%

+UPT%

'+PT%
V V

-82U!%

QX'(TT%
"#% WW

$
% R,R

$
% ,R

$
% '&T

$
% ,R

$
% % TPTU% +PRT% TPT&T% TPT&T% 'PTT%

UPT%

++PT%

+UPT%

'+PT%
V% V% V V%

-82,$%

QX'UTT%
"#% WT% &UR% ,T% 'TR% ,T% % TPT,% +PRT% TPT&T% TPT&T% +PRT%

XPT%

+,PT%

+WPT%

'+PT%

'PT%

,PT%
V% V V%

-82U$%

QX'UT&%
"#% WT% &UR% ,T% 'TR% ,T% % TPTU% +PRT% TPT&T% TPT&T% +PRT%

XPT%

+'PT%

+UPT%

'+PT%

'PT%

,PT%
V% V V%

-82+T$-% "#% WT% &UR% ,T% 'TR% 'T% % TP+T% +PRT% TPT&T% TPT&T% +PRT%
+,PT%

+(PT%

+RPT%

+UPT%

+PWR%

'P'R%

+P'%NC`%

+T%`%-%N=F
&
%

V
&
% V%

-82U-%

QX'W+T%
"#% WT% &UR% ,T% 'TR% ,T% % TPTU% +PRT% TPT&T% TPT&T% 'PTT%

XPT%

+'PT%

+UPT%

'+PT%
V%

+%NC`%

U%`%-%N=F
&
%

V
&

V

-82U-%]#C%NC`^
%
%

%
"# WT &UR ,T 'TR ,T TPTU +PRT TPT&T TPT&T 'PTT

XPT%

+'PT%

+UPT%

'+PT%
V

+%NC`%

U%`%-%N=F%
TP+T V

-89U%

QX,&TT%
"#% (R% &&U% 'U% +XR% ,T% % TPTU% +PRT% TPT&T% TPT&T% +PRT%

+'PT%

+RPT%

''PT%

'(PT%
V% V% V V%

-89'T%

EH%

-89+T%

QX,&T'%

"#% WT% &UR% ,T% 'TR% ,T% % TP'T
'
% +PRT% TPT&T% TPT&T% 'PTT%

+'PT%

+RPT%

''PT%

'(PT%
V% V% V V%

-8a'T%

QX&'T'%
"#% (R% &&U% 'U% +XR% ,T% % TP'T% +PRT% TPT&T% TPT&T% +PWR%

+XPT%

''PT%

',PT%

'WPT%
V% V% V V%

-8.'T/%

QX'UT'%
"#% UT% RRT% &T% 'WR% ,T% % TP'T% +PRT% TPT&T% TPT&T% +PRT%

UPT%

++PT%

',PT%

'(PT%
V% V% V

TPTU%

TP'T%
!
""@@%EH=J=FCK%>?@A=B=ACD=EF%BEH%CMM=D=EFCK%M@DC=K>%EF%<@CD%DH@CDN@FDP%
#
"#<@%?HE?@HD=@>%><EbF%CH@%EYDC=F@M%YL%CMcI>D=FJ%D<@%AEN?E>=D=EF%b=D<=F%D<@%K=N=D>%><EbF%=F%D<@%DCYK@%DE%EYDC=F%C%B@HH=D@:CI>D@F=D@%HCD=E%D<CD%b=KK%H@>IKD%=F%D<@%<=J<@H%IKD=NCD@%CFM%L=@KM%>DH@FJD<>%=FM=ACD@MP%!%

KEb@H=FJ%EB%=N?CAD%GCKI@>%NCL%M@G@KE?%=F%D<@>@%NCD@H=CK>%b<@F%@`?E>@M%DE%>@HG=A@%D@N?@HCDIH@%CYEG@%UTT
E
2%Z&'R

E
-[P%

$
"9LMHE>DCD=A%D@>D%*%>@@%EH=J=FCK%>?@A=B=ACD=EF%BEH%BIHD<@H%M@DC=K>P%

%
"/E%M@>=JFCD=EF%C>%L@D%C>>=JF@M%YL%!"#$%EH%"2"!P%

&
"4HCM@>%-82+T$-%CFM%-82U-%NCL%<CG@%C%AEKINY=IN%?KI>%DCFDCKIN%AEFD@FD%NC`=NIN%EB%+P,RdP%
'
"eL%CJH@@N@FD%Y@Db@@F%D<@%NCFIBCADIH@H%CFM%D<@%?IHA<C>@HO%D<@%ACHYEF%AEFD@FD%EB%4HCM@%-89'T%NCL%Y@%H@>DH=AD@M%DE%TP+Td%NC`P%\<@F%>E%CJH@@MO%D<@%JHCM@%M@>=JFCD=EF%><CKK%Y@%-89+TP%

!()*"!"+,-.!"+,-*"/"-+"$01231456"



Centrifugally Cast Specifications 60 

 

!"#$%!%(TU)!%(TU$%*%+&% -./#01234!556%-!"#%107/:-907$13$:/1-a.5%9149:!5576%#3e1/4%270%80.""30.%!8851-!#17/%!#%9149%

#.$8.0!#30."%

#<=>%>?@A=B=ACD=EF%AEG@H>% =HEF:A<HEN=IN:F=Af@KO%<=J<:CKKEL% DIY@>%NCM@%YL%D<@%A@FDH=BIJCK%AC>D=FJ%?HEA@>>% =FD@FM@M%BEH%I>@%IFM@H%

?H@>>IH@%CD%<=J<%D@N?@HCDIH@>P%

!"#$%&'&(%#)&)"%#)*%+)& ,(%*-,#.&,0*/01-)-0+?&@&&
23;A4363&B8:C85D&657899&:;5<8&<4=85>"&

!:;E8&
;5E&F+1& (8;D&):8;D385D& ,& *5& 14& ,:& +4& /& 1& *I& +M&

9-,T%

QX'(+,%
C>%AC>D%

TP'R%

TP,R%

TPR%

+PT%

TPRT%

'PTT%

'(%

,T%
&PT% TPT&% TPT&% TPRT% V%

9gRT%

QX'(+R%
C>%AC>D%

TP&R%

TPRR%
+PRT%

TPRT%

'PTT%

'(%

,T%

&%

W%
TPT&% TPT&% TPRT% V%

9.,R%

QX,&+,%
C>%AC>D%

TP,T%

TP&T%
+PRT%

TPRT%

'PTT%

'(%

,T%

U%

++%
TPT&% TPT&% TPRT% V%

92,T%

QX'UT,%
C>%AC>D%

TP'R%

TP,R%
+PRT%

TPRT%

'PTT%

+X%

',%

X%

+'%
TPT&% TPT&% TPRT% V%

99,T%

QX,R+,%
C>%AC>D%

TP'R%

TP,R%
+PRT%

TPRT%

'PTT%

'&%

'U%

++%

+&%
TPT&% TPT&% TPRT% V%

99,,
#
%

QX,(,,%
C>%AC>D%

TP'U%

TP,U%
+PRT%

TPRT%

'PTT%

'&%

'(%

+'%

+&%
TPT&% TPT&% TPRT% V%

91,R%

QX&(+,%
C>%AC>D%

TP,T%

TP&T%
+PRT%

TPRT%

'PTT%

'(%

,T%

+&%

+U%
TPT&% TPT&% TPRT% V%

9a,T%

QX&'T,%
C>%AC>D%

TP'R%

TP,R%
+PRT%

TPRT%

'PTT%

',%

'W%

+X%

''%
TPT&% TPT&% TPRT% V%

9a&T%

QX&'T&%
C>%AC>D%

TP,R%

TP&R%
+PRT%

TPRT%

'PTT%

',%

'W%

+X%

''%
TPT&% TPT&% TPRT% V%

95,T%

/TU(+,%
C>%AC>D%

TP'R%

TP,R%
+PRT%

TPRT%

'PTT%

'U%

,'%

+U%

''%
TPT&% TPT&% TPRT% V%

95&T%

/TU(+&%
C>%AC>D%

TP,R%

TP&R%
+PRT%

TPRT%

'PTT%

'U%

,'%

+U%

''%
TPT&% TPT&% TPRT% V%

9/&T%

%
C>%AC>D%

TP,R%

TP&R%
+PRT%

TPRT%

'PTT%

+X%

',%

',%

'W%
TPT&% TPT&% TPRT% V%

98/Y%

/'UWT+%
C>%AC>D%

TP,U%

TP&R%

TPRT%

+PRT%

TPRT%

+PRT%

'&%

'W%

,&%

,W%
TPT,% TPT,% TPRT%

TPR%

+PR%

98/Y"%

/'UWT'%
C>%AC>D%

TP,U%

TP&R%

TPRT%

+PRT%

TPRT%

'PTT%

'&%

'W%

,&%

,W%
TPT,% TPT,% TPRT%

TPR%

+PR%

9#RT%

/TUTRT%
C>%AC>D%

TP&T%

TP(T%
+PRT%

TPRT%

'PTT%

+R%

+X%

,,%

,W%
TPT&% TPT&% TPRT% V%

93RT%

/TUTTR%
C>%AC>D%

TP&T%

TP(T%
+PRT%

TPRT%

'PTT%

+W%

'+%

,W%

&+%
TPT&% TPT&% TPRT% V%

9\RT%

/TUTT(%
C>%AC>D%

TP&T%

TP(T%
+PRT%

TPRT%

'PTT%

+T%

+&%

RU%

('%
TPT&% TPT&% TPRT% V%

9hRT%

/T(TRT%
C>%AC>D%

TP&T%

TP(T%
+PRT%

TPRT%

'PTT%

+R%

+X%

(&%

(U%
TPT&% TPT&% TPRT% V%

!"
\<@H@%@KK=?>@>%]V^%C??@CH%=F%D<=>%DCYK@%D<@H@%=>%FE%H@_I=H@N@FDO%CFM%D<@%@K@N@FD%F@@M%FED%Y@%CFCKLi@M%EH%H@?EHD@MP%

#"
$CFIBCADIH=FJ%AEFDHEK%><EIKM%@F>IH@%D<CD%D<=>%AEN?E>=D=EF%AEFDC=F%C%N=F=NCK%CNEIFD%EB%B@HH=D@%



Centrifugally Cast Specifications 61 

 

!"#$%!%((T)!%((T$%*%++% -./#01234!556%-!"#%-!0e7/%"#..5%818.%270%9149%#.$8.0!#30.%".0;1-.%

#<=>%>?@A=B=ACD=EF%AEG@H>%ACHYEF%>D@@K%?=?@%NCM@%YL% D<@%A@FDH=BIJCK%AC>D=FJ%?HEA@>>% =FD@FM@M% BEH%I>@% =F%<=J<:D@N?@HCDIH@O%<=J<:

?H@>>IH@%>@HG=A@P%%8=?@%EHM@H@M%IFM@H%D<=>%>?@A=B=ACD=EF%><CKK%Y@%>I=DCYK@%BEH%BI>=EF%b@KM=FJO%Y@FM=FJO%CFM%ED<@H%BEHN=FJ%E?@HCD=EF>P%

!"#$%&'&(%#)&)"%#)*%+)& *%,(#+-,#.&/"0/%")-%1&&
23454363&657899&:;5<8&<4=85>&

,(%*-,#.&,0*/01-)-0+?&@&&
23;A4363&B8:C85D&657899&:;5<8&<4=85>&

!:;E8&
;5E&F+1& (8;D&):8;D385D"#

)859478&1D:85<DG& H487E&1D:85<DG& %7I5<&
@&

"8E&#&
@& 0DG8:&)89D9$# ,& *5& /& 1& 14&J94& */;& J94& */;&

\-!%

QT'RT&%
% (T% &+R% ,T% '+T% '&% ,R% % TP'R

$
% TPWT

$
% TPT,R% TPT,R% TP(T%

\-e%

QT,TT,
% WT% &UR% ,(% 'RT% ''% ,R% % TP,T% +PTT% TPT,R% TPT,R% TP(T%

\--%

QT'RTR%
% WT% &UR% &T% 'WR% ''% ,R% % TP'R

%
% +P'T

%
% TPT,R% TPT,R% TP(T%

!
"9@CD%DH@CDN@FD%?@H%M@>=JF%CFM%A<@N=ACK%AEN?E>=D=EFP%
#
"9LMHE>DCD=A%CFM%BKCDD@F=FJ%D@>D>%*%>@@%EH=J=FCK%>?@A=B=ACD=EF%BEH%BIHD<@H%M@DC=K>P%
$
2EH%@CA<%H@MIAD=EF%EB%TPT+d%Y@KEb%D<@%>?@A=B=@M%NC`=NIN%ACHYEF%AEFD@FDO%CF%=FAH@C>@%EB%TPT&d%NCFJCF@>@%CYEG@%D<@%>?@A=B=@M%NC`=NIN%b=KK%Y@%?@HN=DD@M%DE%C%NC`=NIN%EB%+P+Td%

%
"2EH%@CA<%H@MIAD=EF%EB%TPT+d%Y@KEb%D<@%>?@A=B=@M%NC`=NIN%ACHYEF%AEFD@FDO%CF%=FAH@C>@%EB%TPT&d%NCFJCF@>@%CYEG@%D<@%>?@A=B=@M%NC`=NIN%b=KK%Y@%?@HN=DD@M%DE%C%NC`=NIN%EB%+P&Td%

!"#$%!%UW')!%UW'$%*%+&% -./#01234!556%-!"#%2.001#1-)!3"#./1#1-%"#!1/5.""%"#..5%818.%270%-7007"1;.%./;107/$./#"%

#<=>%>?@A=B=ACD=EF%AEG@H>%A@FDH=BIJCKKL%AC>D% B@HH=D=A)CI>D@F=D=A%>D@@K%?=?@% =FD@FM@M% BEH%J@F@HCK%AEHHE>=G@%>@HG=A@P% %#<@>@%>D@@K>%CH@%

>I>A@?D=YK@%DE%@NYH=DDK@N@FD%=B%I>@M%BEH%?HEKEFJ@M%?@H=EM>%CD%@K@GCD@M%D@N?@HCDIH@>P%

!"#$%&'&(%#)&)"%#)*%+)& *%,(#+-,#.&/"0/%")-%1$&&
23454363&657899&:;5<8&<4=85>&

,(%*-,#.&,0*/01-)-0+?&@$&&
23;A4363&B8:C85D&657899&:;5<8&<4=85>&

!:;E8&
;5E&F+1& (8;D&):8;D385D"&

)859478&1D:85<DG& H487E&1D:85<DG&
%7I5<&
@&

0DG8:&)89D9&
,& *5& /& 1& 14& +4& ,:& *I& +& ,6& ,I&J94& */;& J94& */;&

(;:E5899&
23;A>&

&(KL&O(",P&

QX,+U,% \S% XT% ('T% (R% &'T% 'R% 'XT%Z,TPR[% TPT,T% 'PT% TPT&T% TPT,T% 'PT%
&PTT%

(PTT%

'TPT%

',PT%

'PTT%

&PTT%

TPTU%

TP'R%
+PTT%

TPRT%

+PRT%

QX,RRT% \S% XT% ('T% (R% &'T% 'T% 'XW%Z,+PR[% TPT,T% 'PT% TPT&T% TPT,T% 'PT%
RPTT%

UPTT%

',PT%

'(PT%

'PTT%

&PTT%

TPTU%

TP'R%
+PTT%

TPRT%

+PRT%

-g&$-I$/%

QX&,TT%
\S% ++T% W(T% WT% &UT% 'T% V% TPT&%

TPRT%

+PRT%
TPT&% TPT&% +P+T%

&PR%

(PT%

'&PR%

'(PR%

'PR%

&PT%

TP+U%

TP'(%

+P,%

,PT%
V%

!
""@@%EH=J=FCK%>?@A=B=ACD=EF%BEH%CMM=D=EFCK%M@DC=K>%EF%<@CD%DH@CDN@FDP%
#"
\<@H@%@KK=?>@>%]V^%C??@CH%=F%D<=>%DCYK@%D<@H@%=>%FE%H@_I=H@N@FDO%CFM%D<@%@K@N@FD%F@@M%FED%Y@%CFCKLi@M%EH%H@?EHD@MP%



Centrifugally Cast Specifications 62 

 

1"7%+,RU,:'j'T+R% -./#01234!556%-!"#%"#..5%!/g%!5576%807g3-#"j%9.!#:0."1"#!/#%$!#.01!5"%

#<=>%1FD@HFCD=EFCK%"DCFMCHM%>?@A=B=@>%AC>D%>D@@K%CFM%F=Af@K%CKKEL%JHCM@>%BEH%@K@GCD@M%D@N?@HCDIH@%>@HG=A@%?HEMIAD>%NCFIBCADIH@M%YL%

A@FDH=BIJCK%AC>D=FJP%

!"#$%&

*%,(#+-,#.&/"0/%")-%1"&
23454363&657899&:;5<8&<4=85>&

,(%*-,#.&,0*/01-)-0+?&@&
23;A4363&B8:C85D&657899&:;5<8&<4=85>&

)859478&
1D:85<DG&

"3&
*/;&

H487E&
1D:85<DG&

"BQRS&
*/;&

#&
@&

0DG8:&)89D9&

,& 14& *5& /& 1& ,:& +4& *I& +M& L& ,I& 0DG8:9&
TQQ&G:&"6BD6:8&)89D&

)89D&
)83B8:;D6:8&

°,&
1D:899&
*/;&

4h'R-H/="=+U:X% &RT% ',T% +R% UTT% (T%
TP+R%

TP,R%

TPR%

'PR%
'PT% TPT&T% TPT,T%

+WPT%

+XPT%

UPT%

+TPT%
TPRT% % % % %

4h&T-H/="='R:+' &RT ''T +T XTT ,&
TP,T%

TPRT%

+PT%

'PR%
'PT TPT&T TPT,T

'&PT%

'WPT%

++PT%

+&PT%
TPRT

4h&T-H/="='R:'T% &RT% ''T% U% XTT% &W%
TP,T%

TPRT%

+PT%

'PR%
'PT% TPT&T% TPT,T%

'&PT%

'WPT%

+XPT%

''PT%
TPRT% % % % %

4h&T-H/="=/Y'&:'&% &RT% ''T% +T% XTT% &U%
TP,T%

TPRT%

+PT%

'PR%
'PT% TPT&T% TPT,T%

',PT%

'RPT%

',PT%

'RPT%
TPRT%

TPUT%

+PUT%
% % %

4h+T/=-H"=/Y,':'T% &&T% +UT% 'T% UTT% U&%
TPTRT%

TP+R%

TPR%

+PR%
'PT% TPT&T% TPT,T%

+XPT%

'+PT%

,+PT%

,,PT%
TPRT%

TPRT%

+PRT%
% % %

4h&T/=-H"=,U:+X% &'T% ''T% (% XTT% ,&%
TP,T%

TPRT%

+PT%

'PR%
'PT% TPT&T% TPT,T%

+UPT%

'+PT%

,(PT%

,XPT%
TPRT% % % % %

4h+'/=-H"=/Y,R:'(% &&T% +WR% 'T% UTT% WT%
TPTU%

TP+R%

TPR%

+PR%

TPR%

+PR%
TPT,T% TPT,T%

'&PT%

'WPT%

,&PT%

,WPT%
TPRT%

TP(T%

+P,T%
% % %

4h&T/=-H"=/Y,R:'( &&T ''T & XTT &X
TP,T%

TPRT%

+PT%

'PR%
'PT TPT&T TPT,T

'&PT%

'WPT%

,,PT%

,(PT%
TPRT

TPUT%

+PUT%

4h&'/=-H"=/Y#=,R:'R% &RT% ''T% U% XRT% &'%
TP,U%

TP&U%

+PR%

'PR%

TPR%

+PR%
TPT,T% TPT,T%

'&PT%

'WPT%

,&PT%

,WPT%
TPRT%

TP(T%

+PUT%
% %

#=%TPT(%N=FP
#
%

!MM=D=EF%H@_I=H@M%

4h&'/=-H\"=,R:'R:R% &RT% ''T% &% XRT% ,R%
TP,U%

TP&R%

+PT%

'PT%

TPR%

+PR%
TPT,T% TPT,T%

'&PT%

'WPT%

,&PT%

,WPT%
TPRT% %

&PT%

(PT%
% %

4h&'/=-H"=/Y#=&R:,R% &UT% 'WT% R% +TRT% '+%
TP,U%

TP&R%

+PT%

'PT%

TPR%

+PR%
TPT,T% TPT,T%

,,PT%

,(PT%

&&PT%

&WPT%
TPRT%

TPRT%

+PRT%
% %

#=%TPT(%N=FP
"#
%

!MM=D=EF%H@_I=H@M%

4hRT/=-H-E\,R:'R:+R:R% &RT% 'RT% R% XRT% &T%
TP&R%

TPRR%

+PT%

'PT%
+PT% TPT&T% TPT,T%

'&PT%

'(PT%

,,PT%

,WPT%
TPRT% %

&PT%

(PT%

+&PT%

+(PT%
%

4:/=-H'U\% &&T% '&T% ,% +TRT% 'T%
TP,R%

TPRR%

+PT%

'PT%
+PR% TPT&T% TPT,T%

'WPT%

,TPT%

&WPT%

RTPT%
TPRT% %

&PT%

(PT%
% 2@%YCKCFA@%

4:/=-H'U\-E &TT ''T R +TRT 'T
TP&T%

TPRR%

+PT%

'PT%

TPR%

+PR%
TPT,T TPT,T

'WPT%

,TPT%

&WPT%

RTPT%
TPRT

&PT%

(PT%

'PR%

,PR%

4:/=-HRT/Y% R&T% ',T% U% XTT% (T% TP+T% +PT% TPR% TPT'T% TPT'T%
&UPT%

R'PT%
YCKCFA@% TPRT%

+PTT%

+PUT%
% %

/%TP+(%

2@%+PT%
!"
0?TP'j%TP'd%EBB>@D%L=@KM%>DH@FJD<%EH%TP'd%?HEEB%>DH@FJD<O%0Nj%D@F>=K@%>DH@FJD<O%!dj%@KEFJCD=EF%CBD@H%BHCADIH@%EF%EH=J=FCK%JCJ@%K@FJD<%5EkRP(R!"E%]b<@H@%"E%=>%D<@%EH=J=FCK%AHE>>%>@AD=EFCK%CH@C^O%a;j%1"7%;:

FEDA<%=N?CAD%>DH@FJD<%%
#"
7D<@H%N=AHE%CKKEL=FJ%@K@N@FD>%ACF%Y@%>IY>D=DID@M%BEH%D=DCF=INP%#<@%DEDCK%N=AHE%CKKEL=FJ%@K@N@FD>%><CKK%Y@%TPT(d%N=FP



Test Methods 63 

 

!"##$%&'()'!*$+,$%,'*-!*'#-*.(,!'
)(%'!*--/'0$!*1+2!'

!"#$"%#&'

(#)*%+,'%)'$#-.%$#/'*0'#+).$#'*12*'*1#'3$0/.4*'&%55'3#$60$7')26#58'2+/'#40+07%42558'%+')#$"%4#9'':;4#))%"#'*#)*%+,'
2+/'0"#$58')*$%+,#+*'$#-.%$#7#+*)'%+4$#2)#'*1#'40)*'06'*1#'3$0/.4*'&%*10.*'%+4$#2)%+,'"25.#9''!+'*1#'0*1#$'12+/<'
%+).66%4%#+*'*#)*%+,'0$'0"#$58'52;'$#-.%$#7#+*)'2$#'7#2+%+,5#))9''(1#$#60$#<'%*'=#407#)'*1#'*2)>'06'*1#'4.)*07#$'*0'
/#4%/#'&12*'*#)*)'2+/'$#-.%$#7#+*)'2$#'+#4#))2$8'60$'1%)'0$'1#$'2335%42*%0+9'

?#412+%425'3$03#$*%#)'2+/'41#7%425'40730)%*%0+25'5%7%*)'2$#',#+#$2558'*1#').=@#4*'06'AB(?'72*#$%25')3#4%6%42*%0+)9''
(1#)#'7.)*'=#'40+*$055#/'2+/'*#)*#/'%+'3$0/.4*)'0$/#$#/'*0'*10)#')3#4%6%42*%0+)9''C0+).5*'*1#'52*#)*'$#"%)%0+)'06'*1#'
AB(?'B*2+/2$/)'$#6#$#+4#/'%+'*1%)'/04.7#+*'60$'70$#'%+60$72*%0+9'

?#412+%425'(#)*%+,'

3456789:;<'

?#412+%425'*#)*%+,'%)',#+#$2558'42$$%#/'0.*'%+'2440$/2+4#'&%*1'7#*10/)'/#)4$%=#/'%+'AB(?'A'DEF<'GB*2+/2$/'(#)*'
?#*10/)' 2+/' H#6%+%*%0+)' 60$' ?#412+%425' (#)*%+,' 06' B*##5' I$0/.4*)J9' ' (1#)#' 7#*10/)' 40"#$' 3$04#/.$#)' 2+/'
/#6%+%*%0+)' 60$' *1#'7#412+%425' *#)*%+,'06'&$0.,1*'2+/'42)*')*##5'3$0/.4*)9' '(1#'"2$%0.)'7#412+%425' *#)*)'1#$#%+'
/#)4$%=#/'2$#'.)#/'*0'/#*#$7%+#'3$03#$*%#)'$#-.%$#/'%+'*1#'3$0/.4*')3#4%6%42*%0+)9''K2$%2*%0+)'%+'*#)*%+,'7#*10/)'
2$#'*0'=#'2"0%/#/'2+/')*2+/2$/'7#*10/)'06'*#)*%+,'2$#'*0'=#'60550&#/'*0'0=*2%+'$#3$0/.4%=5#'2+/'40732$2=5#'$#).5*)9''
(1#'*#)*'7#*10/)'70)*'06*#+'.)#/'%+')*##5'42)*%+,)'%+45./#'*#+)%0+'*#)*%+,<'12$/+#))'*#)*%+,<'2+/'%7324*'*#)*%+,9'

(1#'7#412+%425'3$03#$*%#)'2$#'0=*2%+#/'6$07'*#)*'=2$)'2+/'$#3$#)#+*'*1#'-.25%*8'06'*1#')*##5'6$07'&1%41'*1#'42)*%+,)'
12"#' =##+' 30.$#/9' ' (1#' 3$03#$*%#)' 2$#' +0*' %/#+*%425'&%*1' *1#' 3$03#$*%#)' 06' *1#' 42)*%+,)<'&1%41' 2$#' 266#4*#/' =8'
)05%/%6%42*%0+'$2*#)'2+/'4005%+,'$2*#)'/.$%+,'1#2*'*$#2*%+,<'&1%41'%+'*.$+'2$#'%+65.#+4#/'=8'42)*%+,'*1%4>+#))<')%L#<'
2+/')123#9'

*=;>?9;'*=>@?;7'

(1#'*#+)%0+'*#)*'%)'*1#'70)*'.+%60$758'2335%#/'*#)*'.)#/'*0'"#$%68'*1#'7#412+%425'3#$60$72+4#'06'*1#'72*#$%259''(1#'
*#)*'$#).5*)'%+45./#'*#+)%5#')*$#+,*1<'8%#5/')*$#+,*1<'#50+,2*%0+'2+/'$#/.4*%0+'%+'2$#29''(1#')*$#+,*1'7#2).$#7#+*)'
2$#'.)#6.5'%+'/#*#$7%+%+,'*1#'502/'=#2$%+,'4232=%5%*%#)'06'*1#'72*#$%259''H.4*%5%*8'7#2).$#7#+*)',%"#'2+'%+/%42*%0+'06'
*1#'2=%5%*8'06'*1#'72*#$%25'*0'.+/#$,0'/#60$72*%0+9''(1#'*#+)%0+'*#)*'%)'.)#/'*0'"#$%68'*12*'*1#'7#412+%425'3#$60$72+4#'
06' *1#'72*#$%25' %)'40+)%)*#+*9' ':"25.2*%+,'3#$60$72+4#' %+')#$"%4#'#+"%$0+7#+*)'728' $#-.%$#' %+60$72*%0+'06'0*1#$'
72*#$%25'3$03#$*%#)').41'2)'6$24*.$#'*0.,1+#))<'62*%,.#<'4$##3M$.3*.$#<'#*49'

.48<;=>>'*=>@?;7'

N2$/+#))'*#)*%+,'%)'.)#/'2)'2'-.%4>'#)*%72*%0+'06')*$#+,*1'2+/O0$'&#2$'$#)%)*2+4#9''P*'%)'32$*%4.52$58'.)#6.5'%+'*1#'
40+*$05' 06' 1#2*' *$#2*7#+*' 60$' 42$=0+' 2+/' 50&' *0' 7#/%.7' 25508' )*##5)9' ' (1#' 70)*' 40770+58' .)#/' 7#*10/' 60$'
/#*#$7%+%+,'12$/+#))'%+')*##5'42)*%+,)'%)'*1#'Q$%+#55'(#)*9''(1#'R04>&#55'*#)*'.)#)'2'7.41')7255#$'3$0=#'2+/'&1#+'
.)#/'0+'42)*')*##5)'%)').=@#4*'*0'"2$%2*%0+)9''C0+"#$*%+,'+.7=#$)'7.)*'=#'/0+#'&%*1'42$#'=#42.)#'*1#'40+"#$)%0+)'
6$07'Q$%+#55' *0'R04>&#55' %)'+0*'#;24*'2+/'"2$%#)')07#&12*'/#3#+/%+,'0+'*1#'24*.25'25508'*#)*#/9' 'B*2%+5#))'42)*'
)*##5)<'#;45./%+,'72$*#+)%*%4',$2/#)<'2$#'*$#2*#/'60$'40$$0)%0+'$#)%)*2+4#<'+0*'*0'/#"#503')*$#+,*1'2+/'*1#'12$/+#))'
/0#)'+0*'$#52*#'*0'1#2*'*$#2*7#+*9'

1AB45@'*=>@?;7'

P7324*'*#)*%+,',%"#)'*1#'270.+*'06'#+#$,8'2=)0$=#/'=8'2'72*#$%259''A')2735#'06'*1#'72*#$%25'%)'1%*'&%*1'2'1277#$'
*12*'12)'2'>+0&+'#+#$,89''(1#'/%66#$#+4#'%+'#+#$,8'*1#'1277#$'12)'26*#$')*$%>%+,'*1#'72*#$%25'%)'*1#'%7324*')*$#+,*1'
06'*1#'72*#$%259''(1%)'3$0"%/#)'2'.)#6.5'7#2).$#'06'*0.,1+#))'0$'$#)%)*2+4#'*0').//#+'62%5.$#9''S0$'50&'*#73#$2*.$#
)#$"%4#' *1%)' *#)*' =#407#)' %+4$#2)%+,58' %730$*2+*' =#42.)#'70)*' )*##5)' =#407#' 5#))' *0.,1' 2)' *1#' *#73#$2*.$#'



Test Methods 64 

 

/#4$#2)#)9''P7324*'*#)*%+,'%)'2+'AB(?'$#-.%$#7#+*'%+')3#4%6%42*%0+)'60$'72*#$%25'.)#/'%+'50&'*#73#$2*.$#')#$"%4#9''
(1#'C12$38'KM+0*41'%)'*1#'70)*'40770+58'2335%#/'7#*10/9'

T0+/#)*$.4*%"#':;27%+2*%0+'

3456789:;<'

T0+/#)*$.4*%"#'#;27%+2*%0+'*#)*%+,'%)'/0+#'*0'"#$%68'*1#'7#412+%425'%+*#,$%*8'0$')0.+/+#))'06'*1#')*##5'42)*%+,9''P*'
42+'=#')#32$2*#/'%+'*0').$624#'#;27%+2*%0+'7#*10/)'&1%41'%+45./#'"%).25<'5%-.%/'3#+#*$2+*<'2+/'72,+#*%4'32$*%45#'
2+/').=).$624#'0$'%+*#$+25 #;27%+2*%0+'7#*10/)'&1%41'%+45./#'$2/%0,$2318'2+/'.5*$2)0+%4)9''T0*'0+58'7.)*'2'*#)*'
7#*10/'=#'410)#+<'=.*'25)0'2+'244#3*2+4#'4$%*#$%0+'7.)*'=#'2335%#/9''A44#3*2+4#'4$%*#$%2')10.5/'=#'$#52*#/'*0'*1#'
)#$"%4#'$#-.%$#7#+*)'=#42.)#'0"#$58')*$%+,#+*'4$%*#$%2'2//'/%$#4*58'*0'*1#'40)*9''S0$'4$%*%425')#$"%4#'=0*1').$624#'2+/'
%+*#$+25'#;27%+2*%0+'728'=#'$#-.%$#/'*0'2)).$#'*1#'2**2%+7#+*'06'*1#'5#"#5'06')0.+/+#))')3#4%6%#/9''

C?>:4D'-E4A?;4@?9;'

-F:?BA=;@'
%=F:?8=<'

-;4GD=>'
,=@=5@?9;'9H'

$<I4;@47=>' /?A?@4@?9;>' %=A486>'

B.$624#'40732$2*0$'
'
I04>#*'$.5#'
'
B*$2%,1*':/,#'
'
U0$>72+)1%3'
)*2+/2$/)'

B.$624#'652&)'V'4$24>)<'
30$0)%*8<')52,'
%+45.)%0+)<'2/1#$%+,'
)2+/<')425#<'#*49'

W0&'40)*'
'
C2+'=#'2335%#/'&1%5#'
&0$>'%)'%+'3$04#))<'
3#$7%**%+,'40$$#4*%0+'06'
62.5*)'

A335%42=5#'*0').$624#'
/#6#4*)'0+58'
'
I$0"%/#)'+0'3#$72+#+*'
$#40$/'

B10.5/'25&28)'=#'*1#'
3$%72$8'7#*10/'06'
%+)3#4*%0+<'+0'72**#$'
&12*'0*1#$'*#41+%-.#)'
2$#'$#-.%$#/'

AB(?'A'XFY'V'Z[' B*2+/2$/' I$24*%4#' 60$' B*##5' C2)*%+,)<' B.$624#' A44#3*2+4#' B*2+/2$/)<' K%).25'
:;27%+2*%0+'

BCRA(A'C0732$2*0$)' B*##5'C2)*%+,'R#)#2$41'2+/'($2/#'A))04%2*%0+'\BCRA(A]'C0732$2*0$'I52*#)'M'60$'
#)*2=5%)1%+,'7.*.2558'2,$##2=5#'244#3*2+4#'4$%*#$%2'60$'2')3#4%6%4'32$*'

PB!'ZZ^EZ_YFFX' B*##5'2+/'P$0+'C2)*%+,)'V'K%).25':;27%+2*%0+'06'B.$624#'`.25%*8'

?BB'BIM[[MYFZZ `.25%*8'B*2+/2$/'60$'B*##5'C2)*%+,)'60$'K25"#)<'S52+,#)< 2+/'S%**%+,)<'2+/'!*1#$'
I%3%+,'C0730+#+*)'\K%).25'?#*10/'60$':"25.2*%0+'06'B.$624#'P$$#,.52$%*%#)]'

/?F:?<'J=;=@84;@'-E4A?;4@?9;'KJ*L'

-F:?BA=;@'
%=F:?8=<'

-;4GD=>'
,=@=5@?9;'9H'

$<I4;@47=>' /?A?@4@?9;>' %=A486>'

C077#$4%25'>%*)<'
40+*2%+%+,'65.0$#)4#+*'
0$'/8#'3#+#*$2+*)'2+/'
/#"#503#$)'
'
A335%42*%0+'#-.%37#+*'
60$'*1#'/#"#503#$'
'
A')0.$4#'06'.5*$2"%05#*'
5%,1*'V'%6'65.0$#)4#+*'
7#*10/'%)'.)#/'

B.$624#'/%)40+*%+.%*%#)'
+0*'$#2/%58'"%)%=5#'*0'*1#'
.+2%/#/'#8#'

A335%42=5#'*0'72,+#*%4<'
+0+72,+#*%4'72*#$%25)'
'
:2)8'*0'.)#'
'
W0&'40)*'

!+58').$624#'
/%)40+*%+.%*%#)'2$#'
/#*#4*2=5#'

'

AB(?'A'^FDOA'^FD?'V'ZY' B*##5' C2)*%+,)<' B.$624#' A44#3*2+4#' B*2+/2$/)<' ?2,+#*%4' I2$*%45#' 2+/' W%-.%/'
I#+#*$2+*'P+)3#4*%0+'

AB(?':'Za[O:'Za[?'V'ZY' B*2+/2$/'(#)*'?#*10/'60$'W%-.%/'I#+#*$2+*':;27%+2*%0+'

AB(?':'bDD'V'ZD' B*2+/2$/'R#6#$#+4#'I10*0,$231)'60$'W%-.%/'I#+#*$2+*':;27%+2*%0+'

PB!'Db[YMZ_YFZD' T0+MH#)*$.4*%"#'(#)*%+,'V'I#+#*$2+*'(#)*%+,'V'c#+#$25'3$%+4%35#)'



Test Methods 65 

 

PB!'b^XE_YFZF' B*##5'42)*%+,)'V'W%-.%/'I#+#*$2+*'P+)3#4*%0+'

?BB'BIM^DMYFZb' `.25%*8'B*2+/2$/'60$'B*##5'C2)*%+,)'2+/'S0$,%+,)'60$'K25"#)<'S52+,#)<'S%**%+,)<'2+/'
!*1#$'I%3%+,'C0730+#+*)'V'W%-.%/'I#+#*$2+*':;27%+2*%0+'?#*10/'

#47;=@?5'J48@?5D='-E4A?;4@?9;'K#*L'

-F:?BA=;@'
%=F:?8=<'

-;4GD=>'
,=@=5@?9;'9H'

$<I4;@47=> /?A?@4@?9;> %=A486>

B3#4%25'4077#$4%25'
#-.%37#+*'
'
?2,+#*%4'30&/#$)'V'/$8'
0$'&#*'60$7d'728'=#'
65.0$#)4#+*'60$'"%#&%+,'
.+/#$'.5*$2"%05#*'5%,1*'

:;4#55#+*'60$'/#*#4*%+,'
).$624#'2+/').=).$624#'
/%)40+*%+.%*%#)'*0'
233$0;%72*#58'eJ'=#50&'
*1#').$624#'V'#)3#4%2558'
4$24>)'

I#$7%*)'40+*$055#/'
)#+)%*%"%*8'
'
R#52*%"#58'50&'40)*'
7#*10/'

A335%42=5#'*0'
6#$$072,+#*%4'72*#$%25)'
0+58'
'
R#-.%$#)')>%55'%+'
%+*#$3$#*2*%0+'06'
%+/%42*%0+)'2+/'
$#40,+%*%0+'06'%$$#5#"2+*'
32**#$+)'
'
H%66%4.5*'*0'.)#'0+'$0.,1'
).$624#)'

:50+,2*#/'
/%)40+*%+.%*%#)'32$255#5'
*0'*1#'72,+#*%4'6%#5/'
728'+0*',%"#'32**#$+d'
60$'*1%)'$#2)0+'*1#'6%5#/'
)10.5/'=#'2335%#/'6$07'
*&0'/%$#4*%0+)'2*'0$'
+#2$'$%,1*'2+,5#)'*0'
#241'0*1#$'

AB(?'A'^FDOA'^FD?'V'ZY' B*##5' C2)*%+,)<' B.$624#' A44#3*2+4#' B*2+/2$/)<' ?2,+#*%4' I2$*%45#' 2+/' W%-.%/'
I#+#*$2+*'P+)3#4*%0+'

AB(?':'EF^'V'Z[' B*2+/2$/'c.%/#'60$'?2,+#*%4'I2$*%45#':;27%+2*%0+'

AB(?':'ZY['V'ZD' B*2+/2$/' R#6#$#+4#' I10*0,$231)' 60$' ?2,+#*%4' I2$*%45#' P+/%42*%0+)' 0+' S#$$0.)'
C2)*%+,)'

AB(?':'ZbbbO:'Zbbb?'V'Za!Z' B*2+/2$/'I$24*%4#'60$'?2,+#*%4'I2$*%45#':;27%+2*%0+'

PB!'b^Xa_YFZF' B*##5'42)*%+,)'V'?2,+#*%4'32$*%45#'%+)3#4*%0+'

?BB'BIM[DMYFZY' `.25%*8'B*2+/2$/'60$'B*##5'C2)*%+,)'2+/'S0$,%+,)'60$'K25"#)<'S52+,#)<'S%**%+,)<'2+/'
!*1#$'I%3%+,'C0730+#+*)'V'?2,+#*%4'I2$*%45#':;27%+2*%0+'?#*10/'

A55'*1#').$624#'#;27%+2*%0+)'$#-.%$#')#"#$%*8'5#"#5)'*0'=#')#*'60$'244#3*2+4#9''?#*10/)'06'#)*2=5%)1%+,')#"#$%*8'5#"#5)'
=8'2))%,+%+,'+.7#$%425'"25.#)' *0'/%)40+*%+.%*8'2**$%=.*#)'2$#' %55.)*$2*#/' %+'S%,.$#'Z' 60$' *1#' 5#+,*1'06')%+,5#' 5%+#2$'
/%)40+*%+.%*%#)' 2+/' 2$$28)' 06' 25%,+#/' 5%+#2$' 0$' +0+5%+#2$' /%)40+*%+.%*%#)9' ' S0$' +0+5%+#2$' %+/%42*%0+)<' 244#3*2+4#'
4$%*#$%2'2$#'*83%42558'#;3$#))#/'=8'5%7%*%+,'*1#'G72@0$J'/%7#+)%0+'06'*1#'%+/%42*%0+<'*1#'5#+,*1'2+/'&%/*1<'0$'*1#'2$#2'
06'*1#'%+/%42*%0+9''T0*#<'S%,.$#'Z'%)'2+'#;2735#'2+/'%)'+0*'32$*'06'2+8'244#3*2+4#')*2+/2$/'.+5#))'2,$##/'.30+'=8'
*1#'3$0/.4#$'2+/'=.8#$'06')*##5'42)*%+,)9'



Test Methods 66 

 

'
S%,.$#'Z_'W#+,*1'7#2).$#7#+*'06'5%+#2$'/%)40+*%+.%*%#)d'5%+#2$'2$$28)'06'' S%,.$#'Y_'A$#2'7#2).$#7#+*d'/%27#*#$'0$'5#+,*1<'2+/'&%/*1'7#2).$#7#+*'
5%+#2$'2+/'+0+M5%+#2$'/%)40+*%+.%*%#)' 06'/%)40+*%+.%*8'2$$28)'

W%<'U%<'H%'f'W#+,*1<'&%/*1<'/%27#*#$'06'%+/%"%/.25'/%)40+*%+.%*%#)<'0$'45.)*#$)'
W<'U<'H'f'W#+,*1<'&%/*1<'/%27#*#$'06'/%)40+*%+.%*8'2$$28)'
/'f'H%)*2+4#'=#*&##+'/%)40+*%+.%*%#)<'0$'/%)40+*%+.%*8'45.)*#$)'
W%+#2$'/%)40+*%+.%*8'f'W%'"'DU%'
W%+#2$'2$$28'f'W'"'[U'
H%)*2+4#'=#*&##+'/%)40+*%+.%*%#)'&%*1%+'2+'2$$28'f'/'g'W%72;<'*12*'%)<'/'g'H%72;'
W%72;<'H%72; f'W2$,#)*'5#+,*1<'0$'/%27#*#$'06'/%)40+*%+.%*8<'0$'45.)*#$'&%*1%+'2+'2$$28

(1#'AB?:'C0/#'12)'7#*10/)'2+/'244#3*2+4#'4$%*#$%2'%+'B#4*%0+'PPP'2+/'B#4*%0+'KPPP9''P+'B#4*%0+'KPPP'\+0+M+.45#2$]'
32$29' ^MZFD\2]' 2+/' ^MYDF\2]' +0' 5%+#2$' /%)40+*%+.%*%#)' 2$#' 2550&#/9' ' (1%)' %)' 2' 452))%4' #;2735#' 06' 0"#$58' )*$%4*'
$#-.%$#7#+*)'=#42.)#'%*'$#-.%$#)'255'/%)40+*%+.%*%#)'*0'=#'#5%7%+2*#/9''P+'B#4*%0+'PPP'\+.45#2$]'32$29'TQMY[b[9D'2+/'
TQMY[ba9D'2550&'%+/%42*%0+)'06'ZOZaJ9''(1#'+.45#2$')#4*%0+'%)'24*.2558'#2)%#$'*0'407358'&%*1'=#42.)#'%*'/0#)'2550&'
60$')07#')7255'%+/%42*%0+)'&%*10.*'$#&0$>9''(1#'40/#'40+*2%+)'1%,1')*2+/2$/)'06'-.25%*8<'=.*'*1#)#'+##/'+0*'=#'.)#/'
60$'255'42)*%+,)'60$'255'2335%42*%0+)9''R2*1#$<'*1#')#$"%4#'40+/%*%0+)')10.5/'=#'.)#/'*0'1#53'4100)#'233$03$%2*#'5#"#5)'
06'244#3*2+4#9'



Test Methods 67 

 

%4<?9784BM?5'-E4A?;4@?9;'K%*L'

-F:?BA=;@'
%=F:?8=<'

-;4GD=>'
,=@=5@?9;'9H'

$<I4;@47=>' /?A?@4@?9;>' %=A486>'

C077#$4%25';M$28'0$'
,2772'.+%*)<'72/#'
#)3#4%2558'60$'%+)3#4*%+,'
&#5/)<'42)*%+,)<'2+/'
60$,%+,)'
'
S%57'2+/'3$04#))%+,'
624%5%*%#)'

P+*#$+25'724$0)403%4'
652&)'V'4$24>)<'30$0)%*8<'
=50&'105#)<'+0+M
7#*255%4'%+45.)%0+)<'
)1$%+>2,#<'#*49'

U1#+'*1#'%+/%42*%0+)'
2$#'$#40$/#/'0+'6%57<'
,%"#)'2'3#$72+#+*'
$#40$/'

R#-.%$#)')>%55'%+'
4100)%+,'2+,5#)'06'
#;30).$#<'03#$2*%+,'
#-.%37#+*<'2+/'
%+*#$3$#*%+,'%+/%42*%0+)'
'
R#-.%$#)')26#*8'
3$#42.*%0+)'
'
C$24>)'/%66%4.5*'*0'/#*#4*'

R2/%0,$231%4'
%+)3#4*%0+'%)'$#-.%$#/'
=8'72+8'40/#)'2+/'
)3#4%6%42*%0+)'
'
h)#6.5'%+'-.25%6%42*%0+'06'
3$04#))#)'
'
Q#42.)#'06'40)*<'%*)'.)#'
)10.5/'=#'5%7%*#/'*0'
*10)#'2$#2)'&1#$#'
0*1#$'7#*10/)'&%55'+0*'
3$0"%/#'*1#'2)).$2+4#'
$#-.%$#/

AB(?':'^b'V'ZF' B*2+/2$/'c.%/#'60$'R2/%0,$231%4'(#)*%+,'

AB(?':'ZbY'V'^Y' B*2+/2$/'?#*10/'60$'C0+*$055%+,'`.25%*8'06'R2/%0,$231%4'(#)*%+,'

AB(?':'bba'V'Z[' B*2+/2$/'R#6#$#+4#'R2/%0,$231)' 60$'B*##5'C2)*%+,)'.3' *0'Y' %+9' %+'(1%4>+#))' \D'
B#*)d'iM$28)<'P$%/%.7<'C0=25*]'

AB(?':'ZXa'V'Z[' B*2+/2$/'R#6#$#+4#'R2/%0,$231)'60$'N#2"8M&255#/'\Y'*0'bMZOY'%+9]'B*##5'C2)*%+,)'
\D'B#*)d'iM$28<'c2772'R28)<'Q#*2*$0+]'

AB(?':'YXF'V Z[ B*2+/2$/'R#6#$#+4#'R2/%0,$231)'60$'N#2"8M&255#/'\bMZOY'*0'ZY'%+9]'B*##5'C2)*%+,)'
\Y'B#*)d'iM$28<'Q#*2*$0+]'

AB(?':Z^Y'V'Z[' B*2+/2$/'R2/%0,$231)'06'P+"#)*7#+*'B*##5'C2)*%+,)'60$'A#$0)324#'A335%42*%0+)'

PB!'b^^D_YFZ[' B*##5'2+/'P$0+'C2)*%+,)'V'R2/%0,$231%4'(#)*%+,'

PB!'[[E^_YFZD' T0+M/#)*$.4*%"#' *#)*%+,'V'R2/%0,$231%4'(#)*%+,'06'?#*255%4'?2*#$%25)'h)%+,'S%57'
2+/'iM'0$'c2772'R28)'V'Q2)%4'R.5#)'

?BB'BIM[bMYFZD' `.25%*8'B*2+/2$/'60$'B*##5'C2)*%+,)'60$'K25"#)<'S52+,#)<'S%**%+,)<'2+/'!*1#$'I%3%+,'
C0730+#+*)'V'R2/%0,$231%4':;27%+2*%0+'?#*10/'

"D@84>9;?5'*=>@?;7'K"*L'

-F:?BA=;@'
%=F:?8=<'

-;4GD=>'
,=@=5@?9;'9H'

$<I4;@47=>' /?A?@4@?9;>' %=A486>'

B3#4%25'4077#$4%25'
#-.%37#+*< #%*1#$'06'*1#'
3.5)#M#410'0$'
*$2+)7%))%0+'*83#'

B.=M).$624#'
/%)40+*%+.%*%#)<'
%+45./%+,'*10)#'*00'
)7255'*0'=#'/#*#4*#/'=8'
0*1#$'7#*10/)'
'
:)3#4%2558'60$'/#*#4*%+,'
).=).$624#<'352+2$'
/%)40+*%+.%*%#)'

K#$8')#+)%*%"#'

I#$7%*)'3$0=%+,'06'
@0%+*)'%+244#))%=5#'*0'
$2/%0,$2318'

R#-.%$#)'1%,1'/#,$##'
06')>%55'%+'%+*#$3$#*%+,'
3.5)#M#410'32**#$+)'
'
I#$72+#+*'$#40$/'%)'
+0*'$#2/%58'0=*2%+#/'

'

AB(?'A'aF^OA'aF^?'M'ZY' B*2+/2$/' I$24*%4#' 60$' C2)*%+,)<' C2$=0+<' W0&M25508<' 2+/' ?2$*#+)%*%4' B*2%+5#))'
B*##5<'h5*$2)0+%4':;27%+2*%0+'(1#$#06'

PB!'b^^Y_YFFa' B*##5'42)*%+,)'V'h5*$2)0+%4':;27%+2*%0+'

?BB'BIM^bMYFZ[' `.25%*8' B*2+/2$/' 60$' S#$$%*%4' 2+/' ?2$*#+)%*%4' B*##5' C2)*%+,)' 2+/' S0$,%+,)' 60$'
K25"#)<'S52+,#)<'S%**%+,)<'2+/'!*1#$'I%3%+,'C0730+#+*)'V'h5*$2)0+%4':;27%+2*%0+'
?#*10/'



Special Practices 68 

 

!J-01$/'!*$+,$%,'J%$0*10-!'

S#$$%*#'C0+*#+*'

AB(?'A'XFFOA'XFF?'V'Zb' B(::W' CAB(PTcB<' AhB(:TP(PC' AWW!j<' :B(P?A(PTc' S:RRP(:' C!T(:T('
(N:R:!S'

(1%)' 3$24*%4#' 40"#$)' 3$04#/.$#)' 2+/'/#6%+%*%0+)' 60$' #)*%72*%+,' 6#$$%*#' 40+*#+*' %+'
4#$*2%+' ,$2/#)' 06' 2.)*#+%*%4' %$0+M41$07%.7M+%4>#5' 25508' 42)*%+,)' *12*' 12"#'
40730)%*%0+)' =252+4#/' *0' 4$#2*#' *1#' 60$72*%0+' 06' 6#$$%*#' 2)' 2' )#40+/' 312)#' %+'
270.+*)' 40+*$055#/' *0' =#' &%*1%+' )3#4%6%#/' 5%7%*)9' ' ?#*10/)' 2$#' /#)4$%=#/' 60$'
#)*%72*%+,'6#$$%*#'40+*#+*'=8'41#7%425)<'72,+#*%4<'2+/'7#*2550,$231%4'7#2+)9'

(1#'*#+)%5#'2+/'%7324*'3$03#$*%#)<'*1#'&#5/2=%5%*8<'2+/'*1#'40$$0)%0+'$#)%)*2+4#'06'
%$0+M41$07%.7M+%4>#5'25508'42)*%+,)'728'=#'%+65.#+4#/'=#+#6%4%2558'0$'/#*$%7#+*2558'
=8'*1#'$2*%0'06'*1#'270.+*'06'6#$$%*#'*0'*1#'270.+*'06'2.)*#+%*#'%+'*1#'7%4$0)*$.4*.$#9''
(1#'6#$$%*#'40+*#+*'728'=#'5%7%*#/'=8'3.$412)#'0$/#$'$#-.%$#7#+*)'0$'=8'*1#'/#)%,+'
40+)*$.4*%0+'40/#)',0"#$+%+,' *1#'#-.%37#+*' %+'&1%41' *1#'42)*%+,)'&%55'=#'.)#/9''
(1#'-.2+*%*8'06'6#$$%*#'%+'*1#')*$.4*.$#'%)'6.+/27#+*2558'2'6.+4*%0+'06'*1#'41#7%425'
40730)%*%0+' 06' *1#' 25508' 2+/' %*)' *1#$725' 1%)*0$89' ' Q#42.)#' 06' )#,$#,2*%0+<' *1#'
41#7%425'40730)%*%0+<'2+/<'*1#$#60$#<'*1#'6#$$%*#'40+*#+*<'728'/%66#$'6$07'30%+*'*0'
30%+*'0+'2'42)*%+,9''H#*#$7%+2*%0+'06'*1#'6#$$%*#'40+*#+*'=8'2+8'06'*1#'3$04#/.$#)'
/#)4$%=#/' %+' *1#' 60550&%+,' 3$24*%4#' AB(?' A' XFFOA' XFF?' %)' ).=@#4*' *0' "2$8%+,'
/#,$##)'06'%73$#4%)%0+'&1%41'7.)*'=#'$#40,+%L#/'%+')#**%+,'$#25%)*%4'5%7%*)'0+'*1#'
$2+,#'06'6#$$%*%4'40+*#+*')3#4%6%#/9''B0.$4#)'06'#$$0$'%+45./#'*1#'60550&%+,_'

Z9' P+' H#*#$7%+2*%0+)' 6$07' C1#7%425' C0730)%*%0+' V' H#"%2*%0+)' 6$07' *1#' 24*.25'
-.2+*%*8'06'#241'#5#7#+*'3$#)#+*'=#42.)#'06'41#7%425'2+258)%)'"2$%2+4#<'25*10.,1'
30))%=58'7%+0$'%+'#241'42)#<'42+'$#).5*'%+').=)*2+*%25'/%66#$#+4#)'%+'*1#'$2*%0'06'*0*25'
6#$$%*#M3$070*%+,'*0'*0*25'2.)*#+%*#M3$070*%+,'#5#7#+*)9''(1#$#60$#<'*1#'3$#4%)%0+'
06' *1#' 6#$$%*#' 40+*#+*' #)*%72*#/' 6$07' 41#7%425' 40730)%*%0+' /#3#+/)' 0+' *1#'
244.$248'06'*1#'41#7%425'2+258)%)'3$04#/.$#9'

Y9' P+'H#*#$7%+2*%0+)' 6$07'?2,+#*%4'R#)30+)#' V'I12)#)' 0*1#$' *12+' 6#$$%*#' 2+/'
2.)*#+%*#'728'=#'60$7#/'2*'4#$*2%+'*#73#$2*.$#)'2+/'3#$)%)*'2*'$007'*#73#$2*.$#9''
(1#)#'728')0'25*#$' *1#'72,+#*%4' $#)30+)#'06' *1#'25508' *12*' *1#' %+/%42*#/' 6#$$%*#'
40+*#+*' %)' -.%*#' /%66#$#+*' 6$07' *12*' 06' *1#' )27#' 41#7%425' 40730)%*%0+' *12*' 12)'
.+/#$,0+#'/%66#$#+*'*1#$725'*$#2*7#+*9''A5)0<'=#42.)#'*1#'72,+#*)'0$'3$0=#)'06'
*1#' "2$%0.)' 7#2).$%+,' %+)*$.7#+*)' 2$#' )7255<' /%66#$#+*' /#,$##)' 06' ).$624#'
$0.,1+#))'0$' ).$624#'4.$"2*.$#'&%55' "2$8' *1#'72,+#*%4' 5%+>2,#'&%*1' *1#'72*#$%25'
=#%+,'7#2).$#/9'

D9' P+' H#*#$7%+2*%0+)' 6$07' ?#*2550,$231%4' :;27%+2*%0+)' V' ?#*2550,$231%4' 30%+*'
40.+*'#)*%72*#)'06'6#$$%*#'3#$4#+*2,#'728'"2$8'&%*1'*1#'#*41%+,'*#41+%-.#'.)#/'60$'
%/#+*%6%42*%0+'06'*1#'6#$$%*#'312)#'2+/'&%*1'*1#'+.7=#$'06',$%/'30%+*)'410)#+'60$'*1#'
#;27%+2*%0+<'2)'#;352%+#/'%+'(#)*'?#*10/':'[aY9'

PB!'ZD[YF_YFZ[' H:(:R?PTA(P!T'!S'S:RRP(:'C!T(:T('PT'AhB(:TP(PC'B(APTW:BB'B(::W'
CAB(PTcB'

B##'0$%,%+25')3#4%6%42*%0+'60$'/#*2%5)9'



Special Practices 69 

 

U#5/%+,'

AB(?'A'bXXOA'bXX?'V'ZE' B(::W' CAB(PTcB<' U:WHPTc<' `hAWPSPCA(P!TB' !S' IR!C:HhR:B' ATH'
I:RB!TT:W'

(1%)'3$24*%4#'#)*2=5%)1#/'*1#'-.25%6%42*%0+)'06'3$04#/.$#)<'&#5/#$)<'2+/'03#$2*0$)'
60$'*1#'62=$%42*%0+'2+/'$#32%$'06')*##5'42)*%+,)'=8'#5#4*$%4'2$4'&#5/%+,9'

AB?:'QIKC'B#4*%0+'Pi'V'ZE' `hAWPSPCA(P!T'B(ATHARH'S!R'U:WHPTc'ATH'QRAkPTc'IR!C:HhR:B<'
U:WH:RB<'QRAk:RB<'ATH'U:WHPTc'ATH'QRAkPTc'!I:RA(!RB'

B#4*%0+' Pi' 06' *1#' AB?:' Q0%5#$' 2+/' I$#)).$#' K#))#5' C0/#' $#52*#)' *0' *1#'
-.25%6%42*%0+'06'&#5/#$)<'&#5/%+,'03#$2*0$)<'=$2L#$)<'2+/'=$2L%+,'03#$2*0$)<'2+/'
*1#'3$04#/.$#)'*12*'*1#8'#73508'%+'&#5/%+,'2+/'=$2L%+,'2440$/%+,'*0'*1#'AB?:'
Q0%5#$'2+/'I$#)).$#'K#))#5'C0/#'2+/'*1#'AB?:'QDZ'C0/#'60$'I$#)).$#'I%3%+,9'

PB!'ZZ^EF_YFZa' BI:CPSPCA(P!T' ATH' `hAWPSPCA(P!T' !S' U:WHPTc' IR!C:HhR:B' S!R'
IR!HhC(P!T'U:WHPTc'!S'B(::W'CAB(PTcB'

(1%)'P+*#$+2*%0+25'B*2+/2$/')3#4%6%#)'10&'2'&#5/%+,'3$04#/.$#')3#4%6%42*%0+'\UIB]'
60$'3$0/.4*%0+'&#5/%+,'06')*##5'42)*%+,)'%)'-.25%6%#/9'

TAKB:A'(IYbX'V'^[' R:`hPR:?:T(B' S!R' U:WHPTc' ATH' QRAkPTc' IR!C:HhR:' ATH'
I:RS!R?ATC:'`hAWPSPCA(P!T'

(1%)' /04.7#+*' 40+*2%+)' *1#' $#-.%$#7#+*)' 60$' *1#' -.25%6%42*%0+' 06' &#5/%+,' 2+/'
=$2L%+,' 3$04#/.$#)<'&#5/#$)<'&#5/%+,' 03#$2*0$)<' =$2L#$)' 2+/'=$2L%+,' 03#$2*0$)'
*12*'7.)*'=#'7#*'3$%0$'*0'2+8'3$0/.4*%0+'62=$%42*%0+9'

(ARH:C'ZYbE^[[F'R#"'A'V Fa cR!hTH'C!?QA('K:NPCW:'U:WHPTc'C!H:'V B(::W

(1%)' 40/#' 40+*2%+)'&#5/%+,' $#-.%$#7#+*)' 2335%42=5#' *0'&#5/%+,' ,$0.+/' 407=2*'
"#1%45#)<'0*1#$'25508')*$.4*.$#)'2+/'40730+#+*)9'

AUB'HZ9aOHZ9a?'V'ZE' B(RhC(hRAW'U:WHPTc'C!H:'V'B(APTW:BB'B(::W'

(1%)'40/#'40"#$)'*1#'$#-.%$#7#+*)'60$'&#5/%+,')*2%+5#))')*$.4*.$25'2))#7=5%#)9'



Specification Agencies 70 

 

0(,-'$+,'!J-01)10$*1(+'$2-+01-!'

$A=8?54;'!95?=@N'H98'*=>@?;7'4;<'#4@=8?4D>'
K$!*#L'
ZFF'Q2$$'N2$=0$'H$%"#'
U#)*'C0+)10104>#+<'IA'Z^bYX'
\aZF]'XDYM^[FF'
l&&&92)*790$,m'
'

$A=8?54;'3:8=4:'9H'!M?BB?;7'
K$3!L'
ZaX[['T0$*1412)#'H$%"#'
N0.)*0+<'(i'EEFaF'
\YXZ]'XEEMaFFF'
l&&&9#2,5#90$,m'
'

$A=8?54;'+4@?9;4D'!@4;<48<>'1;>@?@:@='
K$+!1L'M'hB'P+*#$+2*%0+25'B*2+/2$/)'!$,2+%L2*%0+'\PB!]'7#7=#$'
ZX^^'W'B*$##*<'TU<'ZZ*1 S500$
U2)1%+,*0+<'HC'YFFDa'
\YFY]'Y^DMXFYF'
l&&&92+)%90$,m'
'

/D9N<O>'%=7?>@=8'9H'!M?BB?;7'
K/%L'
EZ'S#+41.$41'B*$##*
W0+/0+<':CD?'bQB<'hn'
obb'\F]YFMEbXXMbE^a'
l&&&95$90$,m'
'

$A=8?54;'!95?=@N'9H'#=5M4;?54D'-;7?;==8>'
K$!#-L'M'Q0%5#$'2+/'I$#)).$#'K#))#5'C0/#'C077%**##'
(&0'I2$>'A"#+.#'
T#&'j0$><'Tj'ZFFZa'
\XFF]'XbDMYEaD'
l&&&92)7#90$,m'
'

+4@?9;4D'$>>95?4@?9;'9H'09889>?9;'-;7?;==8>'
K+$0-L'
Z[XD['I2$>'(#+'I524#'
N0.)*0+<'(i'EEFXb'
\YXZ]'YYXMaYFF'
l&&&9+24#90$,m'
'

$A=8?54;'J=@89D=:A'1;>@?@:@='
K$J1L'
ZYYF'W'B*$##*<'TU'
U2)1%+,*0+<'HC'YFFF[
\YFY]'aXYMXFFF'
l&&&923%90$,m'
'

$>>95?4@?9;'9H'$A=8?54;'%4?D894<>'
K$$%L'
bY['D$/'B*$##*'BU'
U2)1%+,*0+<'H9C9'YFFYb
\YFY]'aD^MYDb['
l&&&922$90$,m'
'

#4;:H45@:8=8>'!@4;<48<?P4@?9;'!95?=@N'9H'@M='C4DI='4;<')?@@?;7'
1;<:>@8NQ'1;5R'K#!!L'
ZYE'I2$>'B*$##*'T:'
K%#++2<'KA'YYZXFMbaFY'
\EFD]'YXZMaaZD'
l&&&97))1-90$,m'
'

,=H=;>='/97?>@?5>'$7=;5N'K,/$L',95:A=;@'!=8I?5=>'
'
Q.%5/%+,'bOB#4*%0+'H'
EFF'R0==%+)'A"#+.#'
I1%52/#531%2<'IA'Z^ZZZM[F^X'
\YZ[]'EDEMXFFF'
l-.%4>)#2$419/5297%5m'
'!95?=@N'9H'$:@9A9@?I='-;7?;==8>'

K!$-L'
bFF'C0770+&#25*1'H$%"#'
U2$$#+/25#<'IA'Z[F^a'
\EYb]'EEaMbXbZ
l&&&9)2#90$,m'
'



 

B(::W'S!hTH:RBp'B!CP:(j'!S'A?:RPCA'
EXF'?CARHW:'HRPK:<'hTP('c<'CRjB(AW'WAn:<'PWWPT!PB'aFFZb'

&&&9)6)290$,'




