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A1B:$1+6:,A! D2&B:1C1:N! 9#A,2! >&B! A,R,2#D,A! :#! 9#A,2! :0,! '#'21',&$! 1',2&B:1C! +,0&R1#$! #3! :0,!
C#6D21'%! +,&9.! D&$:1C62&$2N! :0,! D2&B:1C! 01'%,! $,%1#'B)! U01B! 9#A,2! >&B! R,$131,A! 6B1'%! :0,!
,ZD,$19,':&2! $,B62:B! 3$#9!C#6D21'%!+,&9!:,B:B! $,D#$:,A! 1'![1,!,:!&2)! G4T-=M)!U0,'.! :0,!R,$131,A!
A1B:$1+6:,A!D2&B:1C1:N!,2,9,':!>&B!6B,A! :#!D$,A1C:! :0,!+,0&R1#$!#3! :0,!&$C0,:ND,!C#6D21'%!+,&9!
A,B1%'.! &'A! :0,! $,B62:B! >,$,! 6B,A! :#! C&21+$&:,! &'A! A,31',! :0,! ,ZD,C:,A! +,0&R1#$! #3! :0,!
C#'C,':$&:,A!D2&B:1C1:N!,2,9,':)!
!
C8=8A+;1-%"'12+F%.1G'#"+,#"+H'*-"'40-%&+!21*-'$'-5+
O33,C:1R,!B:$,BBFB:$&1'!C6$R,B!>,$,!A,R,2#D,A!3#$!:0,!B:,,2!&'A!C#'C$,:,!31+,$B!#3!:0,!A1B:$1+6:,A!
D2&B:1C1:N!,2,9,':!9#A,21'%!:0,!C#6D21'%!+,&9!C$#BBFB,C:1#')!U0,!B:$,BBFB:$&1'!C6$R,B!19D21C1:2N!
&CC#6':,A! 3#$! :0,!,33,C:B!#3!C#'C$,:,!C#'31',9,':!&'A!B:,,2! 2#C&2!+6C\21'%)!/1912&$! :#! :0,!>&22!
,33,C:1R,!B:$,BBFB:$&1'!C6$R,B.! :0,B,!9#A,2B!>,$,!A,R,2#D,A!+&B,A!#'! :0,!$,B62:B!#3!A,:&12,A!7g!
31'1:,!,2,9,':!9#A,2B!G&'&2NY,A!6B1'%!8*8e@/M)!U0,!,33,C:1R,!B:$,BBFB:$&1'!9#A,2B!&$,!B0#>'!
1'!L1%)!?)!U0,!C#'C$,:,!+,0&R1#$!3#22#>B!:0,!9#A,2!D$,B,':,A!+N!U&#!,:!&2)!G4T-7M!&B!9#A131,A!+N!
^&1! ,:! &2! G4T-=M!>1:0! &'! &AW6B:,A! :0,! D,&\! B:$,BB! #3! T)X?,I$! &'A! D2&B:1C! D#B:! D,&\! +,0&R1#$! 3#$!
$,C:&'%62&$!C$#BBFB,C:1#'B)!U0,!B:,,2!+,0&R1#$!1B!,2&B:1CFD2&B:1C!>1:0!B:$&1'!0&$A,'1'%!1'!:,'B1#')!!

!

!
G&M! G+M!

L1%6$,!?V!H#6D21'%!+,&9!9&:,$1&2!9#A,2B!3#$!G&M!C#'C$,:,!&'A!G+M!B:,,2!
!
C8=8=+H'*-"'40-%&+!21*-'$'-5+;#&%2+
8'! cD,'/,,B! A1B:$1+6:,A! D2&B:1C1:N! 9#A,2! >&B! A,R,2#D,A! 3#$! :0,! C#6D21'%! +,&9B! 6B1'%! :0,!
9&:,$1&2!9#A,2B!&'A!,2,9,':!A1B:$1+6:1#')!cR,$!:0,!01'%,!2,'%:0!GA,31',A!&B!0&23!:0,!A,D:0!#3!:0,!
B,C:1#'M.! 3#6$!,f6&2! 2,'%:0!,2,9,':B!>,$,!&BB1%',A!&DD$#D$1&:,! B,C:1#'!%,#9,:$N!&'A!'#'21',&$!
9&:,$1&2!+,0&R1#$)!8'!,2&B:1C!,2,9,':!>1:0!C$&C\,A!:$&'B3#$9,A!D$#D,$:1,B!>&B!6B,A!1'!+,:>,,'!
:0,!:>#!01'%,B)!g1BD2&C,9,':FC#':$#22,A!CNC2,B!>,$,!&DD21,A!B1912&$! :#! :0#B,!A,BC$1+,A!1'! :,B:B!
+N! [1,! ,:! &2)! G4T-=M)! U01B! 9#A,2! 1B! A,D1C:,A! 1'! L1%)! PG&M)! 8B! B0#>'! 1'! L1%)! d.! :0,! 3#$C,F
A,3#$9&:1#'! $,BD#'B,!D$,A1C:,A!6B1'%! :0,!9#A,2! 3#22#>,A! :0,!9,&B6$,A!,ZD,$19,':&2!+,0&R1#$!
>1:0!$,&B#'&+2,!&CC6$&CN)!I,&\!3#$C,B!&$,!C&2C62&:,A!&CC6$&:,2N.!&'A!CNC21C!A,%$&A&:1#'!9&:C0,A!
$,&B#'&+2Ni!:01B!C#$$,2&:1#'!C#'31$9B!:0&:!:0,!,33,C:1R,!B:$,BBFB:$&1'!9#A,2B!>,$,!$,&B#'&+2,)!
!
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!%#
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! P!

G&M! !

G+M! !!
L1%6$,!PV!g,D1C:1#'!#3!C#6D21'%!+,&9!9#A,2B!G&M!A1B:$1+6:,A!D2&B:1C1:N!G+M!C#'C,':$&:,A!D2&B:1C1:N!

!
L1%6$,!dV!H#9D&$1B#'!#3!cD,'/,,B!A1B:$1+6:,A!D2&B:1C1:N!9#A,2!&'A!,ZD,$19,':&2!:,B:1'%!A&:&!G[1,!,:!&2)!4T-=M)!

!
C8=8C+6#($%(-"1-%&+!21*-'$'-5+;#&%2+
U0,! C#6D21'%! +,&9B! #3! :0,! &$C0,:ND,B! >,$,! 31$B:! 9#A,2,A! &'A! &'&2NY,A! 6B1'%! :0,! A1B:$1+6:,A!
D2&B:1C1:N! 9#A,2! GL1%)! P&M! &2#'%! >1:0! :0,! 9&:,$1&2! ,33,C:1R,! B:$,BBFB:$&1'! C6$R,B! GL1%)! ?M)! U0,!
$,B62:B! 3$#9! :0,B,! &'&2NB,B! >,$,! :0,'! 6B,A! :#! C&21+$&:,! :0,! 9#9,':F$#:&:1#'! +,0&R1#$! #3! :0,!
D2&B:1C!01'%,B!1'!:0,!C#'C,':$&:,A!D2&B:1C1:NF+&B,A!9#A,2!3#$!:0,!&$C0,:ND,!C#6D21'%!+,&9.!>01C0!
1B!B0#>'!1'!L1%)!P+)!U0,!$,B62:B!3$#9!:0,!A1B:$1+6:,A!D2&B:1C1:N!&'&2NB,B!>,$,!6B,A!:#!A,31',!&'!
,'R,2#D,! C6$R,! 3#$! 9#9,':F$#:&:1#'! +,0&R1#$! #3! :0,! D2&B:1C! 01'%,)! U01B! >&B! 3#22#>,A! +N!
B,2,C:1'%! D&$&9,:,$B! A,31'1'%! :0,! CNC21C! +,0&R1#$! 1'C26A1'%! :0,! $,2#&A1'%.! A,:,$1#$&:1#'! &'A!
6'2#&A1'%! B:133',BB)!U0,!9#A131,A! h+&$$&F",A1'&Fb$&>1'\2,$! A,:,$1#$&:1#'!9#A,2!>1:0! D1'C0,A!
0NB:,$,:1C! $,BD#'B,! >&B! 6B,A! :#! A,31',! :0,! D2&B:1C! 01'%,! ,2,9,':B! G^1%'#B! ,:! &2)! 4T--M)! L1%)! X!
B0#>B!:0,!,'R,2#D,!#3!:0,!9#9,':F$#:&:1#'!+,0&R1#$!3#$!:0,!D2&B:1C!01'%,B)!U0,!,'R,2#D,!C6$R,!
1B!A,31',A!+N!&!D2&B:1C!$#:&:1#'!#3!T)T4?!$&A!&'A!:0,!62:19&:,!$#:&:1#'!C&D&C1:N!#3!T)T?!$&A)!L1%)!Q!

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

*%0&1 2$%1%#3

,$'/.%4),$&-&#.

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

!"#$%&'()&*+,
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1"#$%&'(1",2,*%

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



! d!

C#9D&$,B! :0,! CNC21C! 9#9,':F$#:&:1#'! +,0&R1#$! D$,A1C:,A! +N! :0,! A1B:$1+6:,A! D2&B:1C1:N! &'A! :0,!
C#$$,BD#'A1'%! C#'C,':$&:,A! D2&B:1C1:N! 9#A,2! 3#$! :0,! &$C0,:ND,! B:$6C:6$,! C#6D21'%! +,&9B)! U0,!
D2&B:1C!01'%,!+,0&R1#$!1B!9#A,2,A!C#'B,$R&:1R,2N!+N!:0,!C#'C,':$&:,A!D2&B:1C1:N!9#A,2.!>0,$,!:0,!
N1,2A! &'A! 62:19&:,! 9#9,':! C&D&C1:N! &$,! 9#A,2,A! &CC6$&:,2N.! +6:! :0,! CNC21C! A,:,$1#$&:1#'! &'A!
0NB:,$,B1B!&$,!9#$,!D6'1:1R,)!U01B!C#'B,$R&:1R,!+,0&R1#$!>&B!,ZD,C:,A.!&'A!&2B#!&CC,D:&+2,!3#$!
:0,!B,1B91C!&'&2NB1B!#3!:0,!&$C0,:ND,!B:$6C:6$,B)!!

!
L1%6$,!XV!O'R,2#D,!C6$R,!3#$!&$C0,:ND,!C#6D21'%!+,&9!

!
L1%6$,!QV!H#6D21'%!+,&9!9#9,':F$#:&:1#'!+,0&R1#$!3#$!A1B:$1+6:,A!&'A!C#'C,':$&:,A!D2&B:1C1:N!,2,9,':B!

!
C8=8J+/"$.%-5<%+3-"0$-0"%+;#&%2+
83:,$!A,R,2#D1'%!:0,!C#9D#B1:,!>&22!&'A!C#6D21'%!+,&9!9#A,2B.!:0,!C#9D#',':B!>,$,!C#9+1',A!
:#%,:0,$! :#! 9#A,2! :0,! >0#2,! &$C0,:ND,! B:$6C:6$,)! U01B! 9#A,2! 1'C#$D#$&:,B! '#'21',&$! 31+,$!
,2,9,':B! &:! :0,! +&B,! #3! :0,! >&22! &'A! C#'C,':$&:,A! D2&B:1C1:N! C#6D21'%! +,&9B)! c:0,$! 19D#$:&':!
C#9D#',':B!1'C26A,!:0,!$1%1A!21'\B!&::&C01'%!:0,!C#6D21'%!+,&9B!:#!:0,!>&22!,2,9,':B!&'A!,2&B:1C!

! p=0.025

! u=0.05

Mn

K

a*K

K=2.5x107 kip*in!

Dmax structures!

a=0.005!
a*K=1.25x105 kip*in!

Dmin structures:"
a=0.0015!
a*K=3.75x104 kip*in

M
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! X!

,2,9,':B!6B,A!&+#R,!:0,!'#'21',&$!>&22!Y#',!&'A!+,:>,,'!C#'C,':$&:,A!D2&B:1C1:N!,2,9,':B)!U0,!
>&22B! &$,! 31Z,A! &:! +#:0!+#::#9!'#A,B)!8'!#R,$R1,>!#3! :0,!9#A,2! 1B! D$,B,':,A! 1'!L1%)! -T)!U01B!
9#A,2! &2B#! 1'C26A,B! &! IFg,2:&! C#269'! G'#:! D1C:6$,AM)! U0,! B,1B91C!>,1%0:! 1B! &DD21,A! :#! :0,! IF
g,2:&!C#269'B!&:!B:#$N!0,1%0:!&'A!:0,!C#269'!1B!&::&C0,A!:#!:0,!>&22B!+N!$1%1A!21'\B)!
!

!
L1%6$,!-TV!XFB:#$N!B:$6C:6$,!9#A,2!C#9D#',':B!

!
H@'=2-$C*+*'
U0,! &$C0,:ND,! 9#A,2! >&B! B6+W,C:,A! :#! :>#! :ND,B! #3! &'&2NB1BV! '#'21',&$! B:&:1C! D6B0#R,$! &'A!
'#'21',&$!:19,!01B:#$N)!U0,!BNB:,9!#R,$B:$,'%:0!3&C:#$!GSTM!&'A!D,$1#AF+&B,A!A6C:121:N!3&C:#$!Gk:M!
C&'!+,!C&2C62&:,A!3$#9!:0,!'#'21',&$!B:&:1C!D6B0#R,$!+,0&R1#$)![#'21',&$!:19,!01B:#$N!&'&2NB,B!#3!



! Q!

:0,!B:$6C:6$,!&$,!D,$3#$9,A!3#$!==!B,2,C:,A!%$#6'A!9#:1#'B!BC&2,A!6':12!:0,!B:$6C:6$,!3&12B.!1'!21',!
>1:0! :0,!LO"8!IPQ?! 1'C$,9,':&2! AN'&91C! &'&2NB1B! D$#C,A6$,)!U0,B,! $,B62:B! &$,! :0,'! 6B,A! :#!
A,:,$91',! :0,! BD,C:$&2! &CC,2,$&:1#'! #3! ,&$:0f6&\,! C#$$,BD#'A1'%! :#! :0,! 9,A1&'! C#22&DB,! &'A!
C#22&DB,!9&$%1'!$&:1#!GH"(M.!:0,!$&:1#!#3!:0,!9,A1&'!3&126$,!,&$:0f6&\,!BD,C:$&2!&CC,2,$&:1#'!:#!
:0,!9&Z1969!C#'B1A,$,A!,&$:0f6&\,!BD,C:$&2!&CC,2,$&:1#')!
!
J8A+!0*.#G%"+F%.1G'#"+
I6B0#R,$!2#&AB!D$#D#$:1#'&2!:#!:0,!31$B:!9#A,!B0&D,!>,$,!&DD21,A!:#!:0,!B:$6C:6$,)!U0,!D6B0#R,$!
C6$R,! 1B! D2#::,A! 1'! L1%)! --)! I#1':! 8! $,D$,B,':B! :0,! 3#$9&:1#'! #3! :0,! 31$B:! D2&B:1C! 01'%,! 1'! &!
C#6D21'%!+,&9)!U0,!&'&2NB1B!:0,'!D$#%$,BB,B!:#!I#1':!*)!U01B!2#&A1'%!C#$$,BD#'AB!:#!3#$9&:1#'!
#3!D2&B:1C!01'%,B!1'!&22!:0,!C#6D21'%!+,&9B)!U0,!#R,$B:$,'%:0!3&C:#$!GSTM!&B!A,31',A!+N!:0,!LO"8!
IPQ?!D$#C,A6$,!1B!C&2C62&:,A!3$#9!:01B!C6$R,)!U0,!#R,$B:$,'%:0!3&C:#$!3#$!:01B!B:$6C:6$,!1B!4)-)!
!

!
L1%6$,!--V!*&B,!B0,&$!R,$B6B!$##3!A$13:!D2#:!3#$!&$C0,:ND,!B:$6C:6$,!

!
J8=+K'D%+L'*-#"5+7%*<#(*%+
U0,!9#A,2!>&B!&2B#!B6+W,C:,A!:#!&CC,2,$&:1#'!:19,!01B:#$N!$,C#$AB)!U0,B,!$,C#$AB!$,D$,B,':,A!44!
A133,$,':!,&$:0f6&\,B!G4!D,$D,'A1C62&$!C#9D#',':B!D,$!,&$:0f6&\,.!:#:&2!#3!==!%$#6'A!9#:1#'BM!
&'A!>,$,!'#$9&21Y,A!&B!BD,C131,A!+N!LO"8!IPQ?)!U0,!%$#6'A!9#:1#'!$,C#$AB!>,$,!:0,'!BC&2,A!
6D!6':12!:0,!B:$6C:6$,!3&12,A)!H#9D2,:,!3&126$,!C&'!+,!A1331C62:!:#!9#A,2!6B1'%!31+,$F+&B,A!9#A,2B!
:0&:! &$,! 9#B:2N! 32,Z6$,! +,0&R1#$! A#91'&:,A.! &'A! '#'FB1962&:,A! 3&126$,! 9#A,B! C&'! #CC6$! &:!
,Z:$,9,2N!2&$%,!1':,$B:#$N!A$13:B!Ga?lM!2,&A1'%!:#!#R,$&22!C#22&DB,)!U0,$,3#$,.!&'!1':,$B:#$N!A$13:!
$&:1#!Ghg(M!#3!?l!>&B!&2B#!6B,A!:#!A,31',!3&126$,)!!
!
I2#:B!B0#>1'%!:0,!$##3!A1BD2&C,9,':!R,$B6B!:19,!3#$!&!/6D,$B:1:1#'!;122B!G$,C#$A!/@IO(!/UK*F
hHHTQTM! %$#6'A! 9#:1#'! >1:0! 1'C$,&B1'%! BC&2,! 3&C:#$! &$,! B0#>'! 1'! L1%)! -4)! U0,! B:$6C:6$&2!
$,BD#'B,!C&'!&2B#!+,!D$#C,BB,A!:#!A,:,$91',!:0,!9&Z1969!1':,$B:#$N!A$13:!$&:1#B)!I2#:B!C&'!:0,'!
+,!A,R,2#D,A!3#$!BD,C:$&2!&CC,2,$&:1#'!&B!&!36'C:1#'!#3!hg()!U0,!hg(!3#$!:0,!/6D,$B:1:1#'!;122B!
$,C#$A! 1B! B0#>'! 1'! L1%)! -7)! U01B! D2#:! B0#>B! &! ',&$2N! 21',&$! $,2&:1#'B01D! +,:>,,'! 9&Z1969!
1':,$B:#$N!A$13:!$&:1#!&'A!BD,C:$&2!&CC,2,$&:1#'!1'!:0,!$,%1#'!#3!1':,$,B:)!

!
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!-T!

!
G&M!

!
G+M!

!
GCM!

L1%6$,!-4V!(##3!A$13:!R,$B6B!:19,!3#$!1'C$,&B,!1':,'B1:N!3#$!&!'#$9&21Y,A!/6D,$B:1:1#'!;122B!%$#6'A!9#:1#'!G/@IO(!
/UK*FhHHTQTM!&:!BC&2,!3&C:#$B!#3!G&M!-.!G+M!7.!&'A!GCM!P!

!

!
L1%6$,!-7V!h'C$,9,':&2!gN'&91C!8'&2NB1B!C6$R,!3#$!/6D,$B:1:1#'!;122B!G/@IO(!/UK*FhHHTQTM!

L1%)!-=!B0#>B!:0,!D$19&$N!$,B62:B.! 1),).! :0,!9&Z)!B:#$N!A$13:! $&:1#!RB)!BD,C:$&2!&CC,2,$&:1#'.! 3$#9!
1'C$,9,':&2!AN'&91C!G:19,F01B:#$NM!&'&2NB,B!C#'A6C:,A!3#$!:0,!%$#6'A!9#:1#'B)!U01B!D2#:!B0#>B!
:0&:! :0,! B:$6C:6$,! 1B! '#:! ,f6&22N! C0&22,'%,A! +N! &22! %$#6'A! 9#:1#'B! +6:! :0&:! :0,! 21',&$! :$,'A!
#+B,$R,A! 1'! :0,! /6D,$B:1:1#'! ;122B! hg(! D2#:! 1B! 91$$#$,A! 1'! #:0,$! $,B62:B)! U0,! 9,A1&'! 3&126$,!
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